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Aljerthaw   Construction   Co..    Methods 

71,    129,    403.    404,    465,  olli 

.\bilene,   Kans.,   City  Manager  Plan 97 

Abutments;   Bridge    501,   503,  573 

Accidents: 

Building;   Orpheum  Theater  Failure,   New 

Yorlc     22S 

Dams;  Discussion  of  Causes  of  Failure....  376 
Dams;    Failure    of    Stonv    River    Concrete 

179,  .191,  206 

Sewers;  32xplosions  in 236,  250 

Street;    Kngland    542 

Accounting    Systems    (see    "Cost    Account- 
ing")      

Aeration  Basin  Design,  Arma,  Kas 224 

Aggregate;  Testing  tor  Concrete  Road  Con- 
struction      599,  621 

Air  Compressor;    Oil  Engine  Driven 710 

Akron,    Ohio,    Concrete    Stack,    Wrecking. . .   657 
Alabama; 

Cost    Accounting     System     for     Contract, 

Convict  and  Hired  Labor  Road  Work.   734 
Sand,    Clay    and    Gravel    Roads    in    Perry 

County    424 

Alhambra.  Cal.,  Cost  of  Constructing  Hunt- 
ington   Drive    208 

Alkali;    Effect  on   Concrete 506 

Allamakee    County,     Iowa,     Road    Dragging 

System     680 

Amiesite;  Construction  Methods  and  Costs..      S3 
Anchor  Bolts  for  Concrete  Work,  Screw  In- 
serts       514 

Anchor  Ice;   Removal  by  Compressed  Air...   462 
Anheuser-Busch    Brewery   Settling  and   Co- 
agulation   Plant 115 

Apprai.sial: 

Fire  Protection  Service 579 

Gas  Lighting  Plant;   Rate  Case 509 

Gomg  Value,    Court   Decision    in    Lighting 

Rate    Case 459 

Land,  Method  of  Valuing 453 

Pipe;   Honolulu   Water  Works 463 

Prices     of     Materials,     Determination     of 

Unit     562 

Public    Utility;    Limited   Time    Allowed   in 

Ohio    ^. . .   432 

Railway;   Development   Cost 320 

Railway;    Principles   and   Methods 

:>,>:.   365,   415,  452 

Railway;    Tables    for    Estimating'   Grading 

Quantities     617 

Telephone   Plant,   Life  of   404 

Water  Pipe    464 

Water     Works;     Honolulu,     Methods     and 

Costs    462,  49D 

Water  Works;   Wisconsin  Plants 638 

Aquaphonf s    S2 

Afiiieducts: 

Break   In   Montreal.   Repairing IIS 

Catsklll;  Shafts  for  Citv  Tunnel 511 

Design    of   Proposed,    Winnipeg,    Man 7.' 

Hetch   Hetchv  Water  Supply    Plans.  ..640,  641 

Los  .\ngeles;   Tunnel  Driving  Costs 730 

Arch   Centering: 

Specifications     644 

Steel     385,  387 

Trusses    508 

Wooden    3S4 

Arches; 
Concrete;   Fixed  and  Three-Hinged,  Com- 
parisons        247 

Design   of   Spans 644,  646 

Forms    for    Concrete 386 

Reinforced    Concrete    Viaduct 383 

Arma,   Kans.,  Aeration  Basin,  Proposed  De- 
sign      224 

Asbestos  Shingle  Roofs 410 


Asphalt: 

Bermudez    90 

Concrete  Pavement;  Asphaltlc  Oil  Surface  208 

Distributing    Apparatus 20S,  707 

Distributo!,  Heater  and  Patching  Machine 

Combined    388 

Floors    550 

Linings  for  Small. Storage  Reservoirs 303 

Pavement,   Winnipeg,   Day  Labor,   Costs..  544 

Poured  Bitumen  Sheet  Asphalt  Patch 73S 

Roofing     410 

Surfaces,  Byer  lite  88 

Surfaces;    Pioneer  Road    89 

Surfaces;  Specifications,  Washington,  D.  C.  678 

Surfaces;     Sun    Hydrolene 90 

Surfaces;    Texaco    89 

Waterproofing  with   350 

Atlanta,  Ga.,  Sewage  Disposal  Works,  Oper- 
ation   of    421 

Auburn,  N.  Y.,  Double  Check  Valve  Install- 
ation   and    Testing 583 

Auto   Trucks   (see    "Motor  Trucks") 

B 

Backfilling   Machine    70S 

Bacteriology: 
Experiments   to   Obtain   Data  on   Bacteria 

in    Drinking    Water    580 

Occurrence    and    Isolation    of    B.    Coll    in 

Water     16:i 

Ballville,  Ohio.   Power  Plant 217 

Baltimore    Sz    Ohio    Terminal   Warehouse    in 

New   York    602 

Baltimore,    Md.: 

Fallsway   Viaduct 506 

Laying  New  Water  Pipe  Line 162 

Loch    Raven    Water    Supply    Conduit;    De- 
sign and   Construction 666 

Bar   Bending    Device 654,  709 

Barge    Canal,    New    York    State 493 

Barges;  Construction,  Transporting,  Anchor- 
age, Location,  etc.,  for  Cofferdam  Con- 
struction   in    Mississippi    Klver 376 

Battle  Creek,   Mich.,   Use  of  Well  Points  In 

Quicksand    Trenching 241 

Bell  and   Spigot  Joints,  Tests  at  Boston 56S 

Bending  Device  for  Steel  Bars  or  Rods,. 654,  709 
Berlin: 

Street  Traffic  Conditions 490 

Wood    Blocks.    Treatment 682 

BIcomac   Concrete   Pavement 90 

Bids: 

lyowest,    and    Lowest    Responsible 656 

Preparing  Calls;  To  Encourage  Close  Bid- 
ding       655 

Quantity  System   of   F.stlmating 656,  653 

Well  Driving;  Regulations,  San  Diego,  Cal.  639 
Binders: 

Standard    Binder    B 81 

Texaco     8'J 

Uglte     SH 

Bituminous: 

Asphalt    (see   "Asphalt") 

Coatings   for   Waterproofing  Masonry   and 

Bridge   Moors 350 

Concrete  Pavement.  Bituminous  Top 84 

Concrete    Pavement.    Clinton,    Iowa,    Con- 
struction Methods  and   Costs 262 

Concrete    Pavement,    History   of   Develop- 
ment      373 

Concrete   Road;    Costs,    Speclflcatlons   and 

Malnten.ance    17 

Concrete;   Specifications,  Wnshlnglon,  D.  C.  678 

Construction   Methods   and   Costs 83 

Costs:   Surface,   Concrete  Road 17 

Distributor;  Flexible,  Mechanical 707 

Distributor,     Heater    and     Patcher,    Com- 
bined   Machine    388 


Bituminous:    (Continued) 

Filler  for  Vt^ood  Block  Pavement 

Gravel    Concrete    Surface 

Macadam;      Construction      Across      Lav 

Flows,  Hawaii    

Macadam;   Failures  and   Successes 

Macadam;  Mixing  Method,  Costs 

Macadam;    Penetration   Method,    Standar 

Binder   B    

Mixing  Method 

Pavement,  Penetration  Method,  Bermude 

Asphalt    Binder 

Pavements  and   Surfaces;   Equipment  an 

Methods  for  Maintaining 

Penetration  Method,  Texaco  Road  Asphal 

Binder    

Penetration     Method;      Byerlite     Asphalt 

Methods   and    Costs 

Penetration   Method,   Ugite   Binder 

Poured  Bitumen  .Sheet  Asphalt  Patch,... 
Roao  Surfaces,  a  Planer  for  Smoothing. . 

Roofing    Materials 

Sprayers    

Surfaces;   Reasons   for  Failure   of  Certaii 

Types    

Tarvia 

Wearing  Surfaces,  Concrete  Pavement... 

180,    20S 

Blasting: 

Diamond   Drill  for   Boring  Holes 

Drilling  Blast  Holes  for  Sewer  in  Rock.. 

Explosives;  Methods  of  Using 

Spacing,  Drilling  and  Loading  Holes 

Bogue  Phalla  Drainage  W'orks 

Boilers: 

Depreciation,  Honolulu  W'ater  Works 

Water  Works  Plant,   Efficiency  Tests 

Boise  Irrigation    Project 

Bond   Between   Concrete  and   Steel 711 

Bookkeeping  (see  "Cost  Accounting,") 
Boston,   Mass.: 

Cleaning  Water  Kpes  by  Force  Pump 

Foundations:  Data  on  Soil  Tests 

High     Pressure     System;     Tests    of    Cas' 

Iron  .lolnts  and  Joint  Materials 

Piles;    Loading   Tests 

Snow  Removal  Methods , 

Street    Traffic   Conditions 

Trenching:   Costs  of   Drill   Work 

Brick-Clnder  Roads   In  Mississippi 

Brick: 

Floors   

I,<iylng;   Rate  of  Performance   

Paving:    Convict-Made,    New  York 

Pavement;    Concrete   Curb   for 

Pavement:  Vertical   Fiber-Brick  Laid  Flal 

Roads;    Curves,    Super-elevation 

Roads:  Without  Permanent  Curbs  or  Edg- 
ing    

Sewers,     Chicago;    Construction     Methods 

and   Costs 

Vitrified,  Pavement;  Methods  and  Costs  ol 

Laying.    Carlisle.    Pa 

Bridges: 

Abutments 501,  503,  573. 

Approach  .Spans,  Design  and  Construction 

Arch  Spans.  Design 644, 

Bascule;    Design    and    Erection    Features, 

Seattle    

Bush   River   

Carbon  Steel  and  High-Alloy  Steels,  Com- 
parison      

Chlcagc;    Milwaukee  Ave.   and   Desplaines 

St 

Cleveland.  Ohio:  Nickel  Plate  Grade  Cross- 

•  Ings    Elevation 

Concrete  Arch:   Fixed   p.nd   Three-Hlr.ged; 

Relative  Advantages   

Concrete;  Forms  and  Centers 
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ete;      Reinforced     Highway,      Scioto  ^^^ 

III;  ViiinforcidV  Milwaukee  Ave.  and 

iBpialni-s   St.,    Chicago. »-» 

ete;   Kelnforced,   Slab  Spans 13? 

etc;    Reinforcing   Steel ;-KiWi;' 

ete:    Relative   Advantages   of  Differ- 

It   Types    ^j?, 

ete;   Specltlcatlons    *" 

ete"  Viaduct,  Cincinnati 1»9.  2".  J«6 

ete;  Waterpioollng  "^J 

ruction   Kqulpment   .....•■■• •■••  " 

ictor«   I'lant  for  Construction.  ..384.  576 

ICstlniatcd    Unit    Prices    and    Con- 

ict    Bid "i 

Materials •• •  •"- 

nelnforced    Concrete,     Beam    and  ^^ 

^'  River  "viaduct:    Design    and 

tinn   Features    ^'^-  ^ii 

4oS 

NdGiinpowder   I;lver,   Re- 

iTcto   Slab   Span ■..••  19» 

I,    L'uLiM'  -I'racU  Sl.-el  Railway. .  .ail,  o72 

ni   Fnllsway   Vla.lii.t 60u 

n:   i31-ft.   Truss  SP^'"S- v  • ' '  U  '  V-'^^' 
n-     Fort     Worth,      Kelnforced     Con- 

ete    Beam    and    Girder..... • l»} 

n     Highway.   Kelnforced   Concrete...  64J 
n-     Hopple    Street    Reinforced    Con- 

eto    f jj 

n   of   Test •• •, •  •  •  1"' 

n-    Piers.    Concrete   and    Stone    Ma- 

nry     **' 

n-    Reinforced  Concrete  Arches......  382 

n:  Kelnforced  Concrete;  Chicago  Via- 

i(.ja         w-S> 

n-    Steel;    Dead    Weights    and    Live 

)ads    °''° 

n    Theoretical  and  Practical;  Fallacy 

Dividing "; 

n;  Unusual  Highway 2 

Ion  Methods   _*i 

•en-   Overloading  as  Cause B4o 

{Ivor,  Ma.s3.,  Substructure  Work 441 

way  Viaduct,  Baltimore.  Md 506 

i;   Concrete  TUc lOa 

(•    Methods   of   Waterproollng 3oO 

1-    Noiseless  and   Waterproof,   Cleve- 

r,.l      iihl,, 363 

•  I  Section 640 

■  d  Concrete  Slab ni'i 

r   19^ 

I  Construction S 

ts  and  Load  Tests...   lOi; 
!    Concrete.    Design..  643 

II    119,   244.  306 

643,    64S.  6S5 

.  .  .itsburgh.  Pa 358,  6S4 

,1 347.  361 

I    Railway 440 

9,  6S4 

ting 67 

'  '-atures 11 

.!  Large 578 

in   iinrt   Posts 198 

reto   Highway;   Speclflca- 

309 

'.   Concrete;  Superstructure,  De- 

244 

'••  "-reto  Viaduct.   Fort  Worth  .500 

.\pproaches.  Design 644 

i)n 645 

643 

Wis 9 

Out 353 

i  III    .-ic;88  In  End  Posts 
198 

■  s  River  Railway 572 

Alloy 685 

I'd  In  Certain  Track  Ele- 

361 

572 

!    Renalrs 441 

and      Construc- 

438.  R74 

N«w    H.Tzelton,    B.    C 320 

,   fltv  Wntorway 311 

106.  646 

Hon 9 

Nicholson, 

375.  382 

Columbus,    Ohio,    Design   Fea- 

643 

v.    .1.    Water    Purification    and 
Mg    Plants 275 

J.  P.  Morgan  &  Co.  225 

:a. 54.-, 

'    Reinforced   Concrete.  227 

ment   129 

Protection      from 

132 

lis   Of 7».    123,    129,  228 

II    643.  545,  546 

I'nrt    In 73 

1   onirp 712 

nnd    Practical;    Fal- 

627 

1   Concrete... 263,  266 

274 

nun  nd  Strength 

469,  470 

TV;  ncretc 264 

•  w  york..v   228 

662 

and    Prop- 

600 

and  Conatnictlon  of 

, S49 

602 

riving.  Piling;  Methods  and 

69 

laaiiuna.  on  Yielding  Subsoil 616 


EullUlngs:    (Continued)       „       ,        „  „, 

Foundations;    Tests   of   Bearing  Power  of 

Piles    

Foundations;    Tests   of   Bearing   Power   of 

Soils     ,• • ■i^^' 

Height;  Providing  in  Advance  lor  In- 
creased      , 

Inspection  During   Construction 

Inspector;    Problems   of :---u 

Labor.  Organization  of  Construction  Force 
Loft;  Some  Features  of  Design  in  a  Chi- 

Materials;'  Selection  and  Purchase 

Oliice:  Mich.  Cent,  lly.,  Detroit 

Pile    Footings,    Cost   of •■■•••. •-■•.,• 

r.econstructlon  Methods  and  Costs oii, 

Roofs;  Materials  Adapted  to 

Stack:  Wrecking  Reinforced  Concrete.^.. 

Terminal,  Passenger,  Mich.  Cent.  Ry.,  De- 
troit      X- •;■•,:,■   ■ 

Terminal  Warehouse   of  B.   &  O.   in  >tew 

York  City •  • :  •  J,  •  •  a;-  •  •, 

Bulkhead    Wall:    Concrete    Protected    Steel 

Sheet  Pile 

Bush    River   Bridge r    ■;,;■ 'J  i,"   i' 

Bvberry  and  Bensalem  Service  Test  Road. 
Byerlite   Asphalt 


548 

323 

291 
133 

22S 
131 

325 
129 
712 
69 
545 
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712 

662 

495 

195 
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Cables;     Strength     Required     for    Handling 

Loads    ^-  •  •  ,■  L 

Cablewavs;  Construction  Plant  of  Tunkhan- 

nock  Creek  Viaduct 

Caissons:  „ 

Floating,    Locks,    Panama   Canal •••••• 

Construction  Methods  and  Costs;  St.  Louis 

3io. 

Foundation:  J  ."p.  "Morgan  &  Co..  Building 
Launching  and  .Sinking.  Mississippi  River 
Shaft,     Steel     Cutting      Edge,      St.      Louis 

Water   Supply    

California;                           „       ^       ,.           „., 
Concrete     Highway     Construction,     Bitu- 
minous   Surface    

Concrete    Pavement   Construction 

Irrigation  Pumps,   Prevailing  Types  in 

Petrolithlc   Pavement,   Methods  and  Costs 

Roads;    Cost    Accounting    Systems 

Street   Tree   Planting   and   Cultivation 

Calumet-Sag  Channel  Earth  Slides  on 

Canada: 

Railway   Construction   in   1913 

Sewage    Treatment    Plants;      Design,      m 
Saskatchewan     

Canals: 

Arkansas    Vallev    Water    Supply,    Moun- 
tain   Side    Ditch 

Concrete-Lined;   Cost   

Costs:   Construction   Work  at   Panama..!, 

Drainage:   Slope  Paving   

Earth    Slides    on    Calumet-Sag 

Irrigation:    Typical   Inclined  Drop 

Irrigation;    Water  Losses 

I.,;indsllde:   Repairing  Damage 

Lining;    Costs   of 

Mountain-Side,    Engineering    DifTicultlcs. . 

572, 

New  York  State  Barge 

Operation      Problems      Connected      With 

Mountain   Side    572, 

Panama  (see  "Panama  Canal"). 
St.  Mary's:   Milk  River  Project,  U.  S.  Re- 
clamation   Service    

Tables   of   Volumes   for 

Timber   Lined   Drainage 

Water    Power;     Operating    Difflculties    of 

Mountainside   572, 

Car   Couplers,   Tests 

Car  Shops;   Macon.  Ga..  Methods  and  Costs 

of    IJeconstructlng    

Carbon  Steel  and  High-Alloy  for  Bridges 

Carlisle    Pa.:' 

.Sewer    Crossing.    Letort    Spring,    Inverted 

Svphon     

Vltrllied  Brick  Pavement 

Cars; 

Clearances  on  Curves,  Formulas  for 

Intonirban.  Cost  of  Painting 

T' lintinr;,    Cost  of 

Miill:   Hoat   Insulation  Tests 

(■■  fitlon  With;  Cost 

rr                    I'se   of    Manufacturers',   by   En- 
o.iiccrlng    Students 

Catsklll  Aqueduct: 

CItv  Tunnel.  Designing.  Shafts  In  Earth.. 

Drilllni:    Rf cords    on    Kenslco    Dnm 

Cedar  River  Wood  Stavo   Pipe   Line 


471 

387 

51 

376 

225 
379 

521 


ISO 
208 
396 
126 
538 
127 
C15 

10 

422 


591 
SO 
589 
615 
615 
537 
721 
593 
723 


591 
493 


591 


537 
617 
486 

591 
498 


545 
683 


50  S 
440 

357 
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563 

392 
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Cement: 

Grouting    534.  655.  675.  676 

Lining     Irrigation     Ditches,     Cement-Gun 

Process    397 

Mortar;    As    Waterproofing 351 

Portland,    Production  In   1913 262 

I'urchase    for    State    Aid    Roads    by   High- 
way Commissions  292 

Sands;   Tests   of   Illinois 603 

Tests:    Sieving    237 

Tile  Roofa    411 

f.  ■    '  ,  iii: 

Steel     Structures     to     Prevent 

■  ion    444 

I.aiiii^   Irrigation  Ditches  With 397 

Lining   Small    Slor,ii:c    Reservoirs.   Cost  of  480 
Centralla,   III.;   Method   of   Financing  Water 

Sut'Ply    Project    487.  495 

Chains;    Strength   for  Handling  Loads 471 

Champaign.  III..  Iron  Remov.al  Plant 355 

Charleston.    S.    C. :    Undordrain    System    of 

Mechanical  Filter   Plant 669 

Check     VnK-e»:     Double.     Installation     and 

Tesllnmat  Auburn,  N.  Y 883 

Chester  roiiilty  Home,   Pa.,   Sewage   Treat- 
ment  PJint    99 


304 
321 


Drainage  District;  Caluraet-Sag  Channel..  615 
K.xperts'   Report  on  Future    Water  Supply     _ 

and  Sewage  Disposal  Policy 5o9 

Refuse    Collection    and     Disposal;     Report 

Recommending   Methods    426 

Sewer  Construction;   Methods  and  Costs..   201 

Street    Traffic    Conditions 490 

Traffic  Diagram  Showing  Width  of  Road- 
ways       44S 

Unit  Prices  for  Electric  Current  for  Oper- 
ating Railways  94 

Viaducts:    Milwaukee    Avenue     and     Des- 

plaines   Street    525 

Water      Meterage;      Growing      Sentiment 

Favoring    712 

Water  Supply  and  Sewage  Disposal   Con- 
ditions      448,  559 

ChlcUasha.  Okla.;  Data  and  Cost  of  Driving 

Piling   for   Building 69 

Chimneys: 

Concrete,    Design    of    220-Ft.     Reinforced, 

Penarth,   Wales   327 

Wrecking  21S-Ft.   Concrete   657 

Chutes,  Concrete 501.  503,   505,  531,  663 

Cincinnati,  Ohio: 

Eden    Park    Reservoir;    Reconcreting   Lin- 

ii)o.        567 

Hopple   Street  Viaduct 199,    244.  306 

Intercepting  Sewers,  Design  of  Ne%v 697 

Sewerage    Report    628,647 

Sewerage   System   for 104 

Storm    Water    Sewers,    Procedure    in   De- 
signing       647 

Cinder    Concrete    Floors,    Use    and    Proper- 
ties       600 

City  Manager  Plan 97 

City  Managers;  Problems  of  and  Convention  733 
Clay-Macadam     Roads,       Experimental       at 

Pomeroy,  tVash 119 

Clay: 

Linings  for  Small  Storage  Reservoirs 

Roads  of  Sand  and 319, 

Vitrified     Block     Pavement;     Construction 

Methods  and  Costs 84,    S5,   86, 

Vitrified  Brick,   Convict  Made,  for  Roads. 

Vitrified  Brick  Pavement 

Vitrified,  Water  Pipe 

Cleveland,  Ohio: 

Bridges;    Grade   Crossing  Elevation  Work 

of  Nickel  Plate    

Filtration  Plant,   Preliminary  Work 

Track   Elevation   Work 233,  347, 

Clinton,     Iowa;     Concrete     Pavement     Con- 
struction Methods  and  Costs 

Coal   Tar;    W'aterproofing  Materials 

Coatesville,  Pa.,  Water  Supply  Storage  Dam 
Cofferdams: 
Bracing    for   Walls;     Caisson     Foundation 

Work    

Bridge   Pier  Construction 

Difficult  Construction  in  Mississippi  River 

375, 

Excavation,    Unwatering    and    (Concreting 

Operations     

Coll;  Occurrence  and  Isolation  of,  in  Water. 
Columbus,   Ohio: 
Thawing    Frozen    Water    Pipes    by    Elec- 
tricity    

Water  Purification;  Facilities  for  Handling 

Lime    

Williams  Bridge   Over  Scioto  River 

Columns: 

Concrete:  Guard  for  Corners,  and  Clip  An- 
chor for   

Design ;    Reinforced    Concrete 

Graphical  Design  of  Eccentrically  Loaded. 
Compressed  Air: 

Jlixing  and  Placing  Concrete  with. 342,  533, 

Removal   of  Anchor  Ice  at  Moline 

Conconully    Dam,    Cost 

Concrete: 

Abutments 501.   503.   573, 

Aggregate;    Testing,    for    Road    Construc- 
tion    599, 

Aegresiate;    Washing    

.Viiuertucts;    Winnipeg,    Man 

Arclics;    Forms    and    Centering 385.  386, 

Block:   Chimney.   Design 

Brldm-."-    Fixed    and    Three-Hinged   Arch.. 
Bridi;ps:    Relative   Advantage   of  Different 

Types    

Bridges:    Surface  Finish 

Caisson:  St.  Louis  Intake  Tower 

CanrtI   Lining,   Cost 

Chutes 501,   503,  505,   531, 

Cinder:  Tests,  Fire  and  Stresses 

Columns;  Guard  for  Corners 

Construction   Plants   Described 502,  507, 

Core   Wall   Construction 

Costs;  I'.idding  Prices,  Bridge  Construction 

Costs ;  D  I  ms   

Costs;  Encasing  Steel  Structures 

Costs :   Ford    

Costs;    Panama   Canal 43, 

Costs:  Pavement   84, 

Costs;   Itoad  Construction. ISO, 

Costs:     Road    Maintenance 

Costs;   Road   Surfaces 

Costs;  Roads:  Force  Account  and  Contract 

553, 

Costs;  Tunnel  Lining 

(iosts;    A'laduct   Construction 

Costa;    '\Vater    for   Mixing    in    Road    Con- 
struct Ion    

Curb  and  Gutter,  Washington,  D.  C 

Curb;   Construction  Methods 

Curb;  Guard  and  Clip   .\nchors  for 

Curb;  Interlocking  lor  Brick  Pavement.... 
Dams;   Failure  of  Stony  River. ..  .179,  191, 

Dom.s;  lluacal.  Mex 

Dams;    Intake;   Tallulah  Falls;   Construc- 
tion   I'eatures    

Dams:   Water  Power.  Huacal.  Mexico 

Dollnltlon  

Disintegration  

Effect  of  Alkali 


676 

515 

446 

7 


361 
o24 

361 

262 
351 
189 


226 
197 


376 


3S0 
163 


415 


411 

C43 


122 
227 
264 

724 
46.3 
256 

643 

621 
263 

387 
327 
247 

235 
644 
381 

80 
663 
601 
122 
587 
674 
645 
588 
441- 
598 

46 
208 
213 

17 
543 

554 

SO 

504 

179 
679 
446 
122 
425 
206 
587 

214 

587 
683 
505 
506 


Engineering   and    Contracting 


Concrete:   (Ccnilnued) 

Effect  of  Electric  Current SOfi 

Effect  of  Sea  Water 506 

Encasing   Steel   Pipe 667 

Encasing   Steel   Structures,    Methods   and 

Costs    443 

Encasing:  Wood  Stave  Pipe 593 

Fence;    Cost    and    Construction    Methods, 

La   Salle,   III 188 

Floors ;    Bridge    646 

Floors,  Composition  and  Construction 550 

Floors;   Design  of  Slabs,  Reinforced   Cin- 
der      602 

Floors;  Flat  Slab  Type,  -rests 264 

Floors;  Hardening  Material 578 

Floors;    Reinforced   Slab,    Bridge 195 

Floors;   Reinforced   Slab,   Cinder 600 

Floors;  Stresses   602 

Floors;    Tile,    Bridge lOfi 

Ford ;  Cowles.   Neb 598 

Forms   (see  "Forms  for  Concrete  'Work.") 

Highway  Construction  in  California 180 

Lining  for  Railway  Tunnel rs'12 

Lining  for  Rock  Tunnel;  Costs 724 

Lining  for  Small  Storage  Reservoirs.  .304,  486 

Lining:  Mine  Shaft.  Placing 514 

Lining;  Resei-voir,  Construction  Plant  and 

Methods   567 

Lining;    Tunnel.    Methods   and    Costs 53 1 

Locks;   Panama   Canal 43 

Mixer   and    Conveyer,    Pneumatic 342,533 

Mixing  and  Placing  Methods 

503,  507.  533.  568,  585,  587 

Mixing  Plant;  Panama  Canal,   Locks 42 

Nomenclature    6.S2 

Panama   Canal  Work.   Unit  Costs.. 43.  46,  589 
Pavement:    Asphalt   and    Bituminous   Sur- 
face.   Washington.    D.    C 678 

Pavement;    Bituminous,    Surface,    History 

of  Development    372 

Pavement;  Bituminous  Surface:  Construc- 
tion Methods  and  Costs,  Clinton.  Iowa  262 
Pavement;  Bituminous  Wearing  Surfaces, 

Service  Records   209 

Pavement;  Bituminous  Top,  Costs 84 

Pavement;      Construction     Methods     and 

Costs    208 

Pavement;  Construction  and  Service  Rec- 
ords   in    Ohio 286 

Pavement;  Costs   208 

Pavement;  Crackless.  Construction  of ?s^ 

Pavement;   Cracks,    Prevention   of 257 

Pavement;     Expansion    and    Contraction, 

Causes    257 

Pavement ;    Grand   Haven.    Mich .'.  209 

Pavement;   Huntington   Drive,   Alhambra, 

Cal 208 

Pavement:    Surfaced    with    Asphaltic    Oii 

and   Stone  Screenings 208 

Pavement:   Thermal  and  Traffic  Effects..  324 

Piers:     Bridge.     Design 684 

Piers;  Forms  for s^f, 

Piers;    Specifications fl43 

Piers;   Steel   Conduit  Built   on 691 

Piles;   Loading  Tests 548 

Plant;  Viaduct  Construction 385 

Pneumatic  Mixing  and  Conveying  Plant.. 

342     533     70  J 

Poles,    La    Salle,    111.,  'Construction    Costs 

and  Methods   188 

Proportioning  Gravel    599.   621    682 

Protection  for  Steel  Sheet  Pile  Bulkhead 

Wall     jQS 

Railings    504 

Reinforced:    Aqueducts 76 

Reinforced;   Arch   Spans.   Design 644,  646 

Reinforced;  Arches  of  Viaduct 383 

Reinforced;  Bond  Between  Steel  and  Con- 

Crete     ■■•..... 711,  716 

Reinforced:   Bridges.   Load  Tests 106 

Reinforced:   Bridges,   Slab  Span   Design.,   ins 

Reinforced:    Canals.    Inclined   Drop .';37 

Reinforced;    Chimney,    220-ft.    in    Wales..   327 
Reinforced;   Columns;  Design;   Considera- 
tions Affecting 227 

Reinforced;    Conduit,    Break   in.    and   Re- 
pairs      115 

Reinforced;    Corrosion    of   Metal S^n'i 

Reinforced.  Co.sts,  Dams aoi 

Reinforced;  Culverts:  Some  Specifications  ?ni 
Remforced;  Dams;  Design  of  Arch... 571,  587 
Reinforced;    Dams,    Elkhart,    Ind.,    Water 

Power    585 

Reinforced:     Dams;    Rock    Run    Storage, 

Design     l»o 

Reinforced;    Electrolysis   in   Buildings. 263,  ?66 

Reinforced:   Factory   Building.    Tests ?64 

Reinforced;  Fence  for  Reservoir ?"« 

Reinforced:    Floor   Sinhs.    Cinder KOn 

Reinforced;  Floors.   Flnt  Slab  Bridge R7R 

Reinforced:  Highway  Brldce  Design......   643 

Reinforced:    Highway    Bridges.    Specifi'-n- 

„  ,  t'ons     303.  64? 

Reinforced;  P.ivement:  Cracks  in 26' 

Reinforced:    Piers.    Bridge <) 

Reinforced:    Pipe.    Laying    in    Old    Brick 

Conduit     152 

Reinforced;  Poles.  Withstand  Storm...!!.  541 

Reinforced ;  Railing.  Viaduct 246 

Reinforced;  Reservoir.  Construction  Meth- 
ods            1; 

Reinforced;  Reservoir.  Design  of  Settling.  115 
Reinforced;    Sewer   Pipe;   Manufacture   in 

Freezing   Weather 253 

Reinforced;  Shafts  for  City  Tunnel,  Cats- 
kill    Aqueduct    512 

Reinforced;    Stack.   Wrecking.   21 8-f t 657 

Reinforced;  Standpipe.  Fulton.  N.  T 460 

Reinforced.    Terminal   Warihouse 662 

Reinforced:    Trestle.    Design 644 

Reinforced;    Trolley   Line    Pole 279 

Reinforced;     Viaduct.     Design     of    Hopple 

Street.    Cincinnati 199.    244.306 

Reinforced:  Viaduct.  Fort  Worth,  Design, 

Construction  and  Costs 500 


Concrete:    (Continued) 

Reinforced:   Viaducts.  Milwaukee   Avenue 

and   Desplaines   Street.    Chicago 526 

Reinforced;    'Water    Pipe 7 

Reinforced;  Williams  Bridge   643 

Reinforcement     (see     "Reinforcement     in 

Concrete  Work.") 
Reservoirs;     Lining.     Construction     Plant 

and  Methods    567 

Retaining  Wall  Approaches,  Design 644 

Roads;  Aggregates  for 211 

Roads;   Asphaltic  Oil   Surface 208 

Road.^:   Biluminous  r'^-nv^^l 705 

Roads;    Bituminous    Surfaces;    California, 

Construction   Methods   and   Costs 181 

Roads:  Bituminous  Surfaces.  Maintenance 

Costs    and   Methods    17 

Roads;     Bituminous     Wearing     Surfaces, 

Service    Records     209 

Roads;     Construction     Features,     Recom- 
mendations        426 

Roads;    Construction   Methods   and    Costs 

210,    551 

Roads;  Construction  Methods  and  Service 

Records  in  Ohio  286 

Roads:    Costs 121,    210,    543,351 

Roads;   Cracks;  Prevention  of 257,  543 

Roads;   Eauipment  for  Construction 680 

Roads;       Expansion       and       Contraction, 

Causes    257 

Roads;   Failure,   Causes  of 426 

Roads;   Hauling  and   Handling  Materials; 

Economic  Methods    211 

Roads;  Importance  of  Sub-grade 543 

Roads;   La  Salle.   III..  Construction  Meth- 
ods   and    Costs 188 

Roads;    IMaintenance    and    Repair,    Meth- 
ods   and    Costs 210 

Roads:   ^Materials  Recommended 426 

Roads;  Milwaukee  County,  Wis 543,  551 

Roads;    Mixing   and    Placing   of   Concrete 

212,  553 

Roads;   Preparation  of  Sub-grade 211 

Roads;     Proportions    and    Consistency    of 

Concrete  213 

Roads;    Reports    at     National   Conference 

of    Builders    210 

Roads;    Specifications    554 

Roads;   Stresses   and   Thickness   of   Slabs 

179,  186 

Roads;  Surfaces.   Hydrated  Lime  in 679 

Roads;  Technical  Results  of  National  Con- 
ference at  Chicago 235 

Roads;  Testing  of  Aggregate 599,  621 

Roads:   Thickness,   Crown  and  Grade 213 

Roads;    Transportation   of  Materials 553 

Roads:    Volume   and    Cost   of   Water   Re- 
quired       179 

Roads:  Wayne  County,  Mich 210 

Sand:  Tests  of.  Illinois 603 

Screw  Insert  for  Anchor  Bolts 514 

Sewers;    Chicago;    Construction    Methods 

and  Costs    201 

Specifications;   Bridge  Work 643 

Streaks;   Peculiar  Appearance  in  Walls..   586 

Tests;  Action  of  Sea  Water R16 

Tests;    Bond    Stress 717 

Tests;    Cinder.   Floor   Slabs 601 

Tests :  Flat  Slab  Floor 264 

Tile:  Bridge  Floor  Construction   of 106 

Towers 501.  503.  505.  507.  531.  663 

Track  Elevation  Work  at  Cleveland.   O..   23.3 

Tunnel  Lining  80,  178 

Waterproofing;    Specifications   for   Bridge.  644 

Watertight    Construction    353 

Conduits: 
Arkan.sas  Valley:  Maintenance  Problems.  591 

Break  in  Water  Supply:  Montreal 118 

Brick;    Laving   Steel   and   Concrete   Pipes 

in  Old   162 

Costs;   Various  Types 80 

Evaporation  and  Seepage  Losses 80 

Explosions   in   Underground 250 

Location:    Discussion   and    Data   on    Eco- 
nomic         80 

Location:  Under  City  Streets,  Desirability 

of    Better    113 

Mountain-Side;     Engineering     Difficulties 

572,  591 

Steel:    Baltimore  Water  Supply 666 

Steel:     Water     Power     Plant,     Cuyahoga 

River    691 

Connecticut;    Dam    and    Reservoir    Inspec- 
tion  Regulation    696 

Construction        Equipment;        Design       and 

Strength  of  Load  Handling 459,  470 

Construction  Plant;  Machines,  Devices  and 

Materials     707 

Construction   Work;   Cost   Accounting   Sys- 
tem     403,   404,  465 

Contracts;   Type  for  Building  Construction.     73 
Contractors: 
Bidding;    Preparing    Calls    to    Encourage 

Close    655 

Building;  Problems  of 123.  129 

Cost  Accounting  System  on  Construction 

Work    403.    404,465 

Engineers'  Estimates  as  They  Affect 670 

Estimating,    Quantity    System 656,  658 

Locomotive,  Gasoline,  for  Light  Service..   564 

Problems    of 71,    129,  228 

Road;  Grading.  Time  Estimates 555 

Road;   Organization  and   Equipment  Data 

as  an  Aid  to 543 

Well    Driving;   Advantages   of  Unit  Price 

Basis    628 

Well    Driving;    Bidding   Regulations.    San 

Diego.  Cal 639 

Convict  Labor: 
Alabama:    Cost   Accounting   System. .  .711,  734 
Brick  Making  for  New  York  State  Roads.  515 

Cost  of  Equipping  Force 542 

Cost  of  Road   Building  by 711,  734 

Louisiana  Highway  Department 542 


Copper:  Average  Prices 

Core  Wall  Construction 

Corrosion: 

Iron,   Electrol\'tic.   in   Soils 

Reinforcing  Metal  in  Concrete 

Steel;  Prevention  by  Encasing  Structures 
in   Concrete    

Cost  Accounting   Systems: 

Construction  Work   403.   404, 

Panama  Canal    

Railway,  I.   C.  C.  Regulation '. 

Road    Construction,    Alabama 711, 

Road  Construction;  California  State 
Highways    

Roads;  Highway  Department  of  Los  An- 
geles   County.    Calif 

Sewerage  Construction  in  Chicago 

Water  Works;  Large  and  Small  Prop- 
erties      

Cost  Estimates: 

Art  of  Making  Rapid  and  Reliable  Pre- 
liminary      

Engineers';  Discussion  of  Effect  on  Con- 
tractor     

Quantity   System    656, 

Costs; 
Accounting  Systems   (see  "Cost  Account- 
ing,  etc.") 
Appraisal;  Honolulu  Water  Works. ..  .462, 

Bituminous   Pavement    

Bituminous  Surfaces.  Concrete  Roads 

Bridge;    Estimated,   Bid.   Contract 1 

Bridge ;    Materials    ; 

Bridge;    Reinforced    Concrete,    Beam   and 

CJirder  Type   1 

Building;    Pile    Footings 

Building;    Reconstruction    543,   545,  I 

Canal;  Panama  1,  19-66.  294.  I 

Cement-Gun  Lining  for  Irrigation  Ditches  ; 
(iement-Gun    Lining    for    Small    Storage 

Reservoirs     ' 

Concrete ;    Dams    '• 

Concrete;   Encasing  Steel   Structures < 

Concrete;   Gravel.  Proportioning ( 

Concrete;  Panama  Canal  Work 43,  46,  i 

Concrete;  Paved  Ford,  Cowles,  Neb i 

Concrete;    Pavement    84,  ! 

Concrete;  Roads,  Bituminous  Surfaces. 17,  1 

Concrete;  Roads,  Built  by   Contract J 

Concrete;  Roads,  Built  by  Force  Account  I 
Concrete;  Roads,  Maintenance. ..  .17,  121,  i 
Concrete;  Roads,  Milwaukee  County,  Wis.  I 

Concrete;   Roads,   One-Course ; 

Concrete;   Roads,   Repair 5 

Concrete;    Roads,    Surface I 

Concrete;  Roads,  Water  for  Construc- 
tion       1 

Concrete:    Roads,    with    Line    Poles    and 

Fence    1 

Conduits;  Various  Types 

Dams;    ConconuUy    S 

Dams;    Concrete    Work E 

Dams ;    Huacal,    Sonora E 

Diamond    Drill    Borings 2 

Drag    Scraper    Excavation 3 

Dredging;  Panama  Canal  Work 60,  66,  5 

Drilling    174,    224,  2 

Drills;    Repairs    to   Rock 6 

Dump  Car  and   Cart  Excavation 3 

Dust   Laying  with  Dustoline 5 

Earthwork;  Balancing  Cut  and  Fill 5 

Earthwork;    Concrete    Road    Construction 

543,     5 

Earthwork;   Wheeled   and   Fresno   Scran- 

ers     627,  6 

Estimates;    Reliable   Preliminary 319,  3 

Estimates:    Quantity   .Svstem 656,  6 

Excavation,    Building  Foundation 

Excavation:  Ditches,  Drag  Line  Excavat- 
or      303,  3 

Excavation;  Labor  and  Materials....:....  5 
Excavation;  Panama  Canal.. 57,  59,  60.  66.  5 
Excavation;      Wheelbarrow     and     Wheel 

Scraper     3 

Excavation:  Dump  Car  and  Cart 3 

Filtration  Plant:  Construction  and  Oper- 
ation  Data    6 

Foundations;   Driving  Piling 

Gatun    Dam,    Locks   and   Spillway 5 

Hoisting     

Irrigation;    ConconuUy    Dam 2 

Irrigation:  Lining  Ditches  by  Cement- 
Gun    Process    3; 

Irrigation;  Lining  Small  Storage  Reser- 
voirs        4i 

Levee   Construction    41 

Loading     Motor     Trucks      from     Ground 

Storage    Piles    2( 

Locks:       Panama       Canal       Construction 

41.    65,  51 

Macadam;   Maintenance   in   York   County, 

Ont 6; 

Machinery;  Panama  Canal   ( 

Materials;     Determination     of     Unit,     for 

Valuation  of  Plant 5( 

Mir.aflores  D.ams,   Locks  and  Spillway 5! 

Motor   Trucks;   Operation   and  Upkeep...   7( 

Painting  of  Interurban  Cars J 

Panama  Can.al;  Construction..!.  19.  37.  41. 

12.    43,    46,    57.    59.    60.    63.    65.    66,    294,  5! 
Panama    Canal    Estimates    and    Actual.. 

1,    22,   24,     J 

Pavement,  Bituminous   i 

P.avement;    Brick.    Vitrified,    Carlisle.    Pa.  44 

Pavement;   Concrete 84,  208,  2( 

Pavement;   Macadam,  Maintenance 51 

Pavement;    Material    54 

Pavement:    Petrolithic    12 

Pavement:   Vitrified  Block 67 

Pedro-Miguel,  Dam,  Locks  and  Spillway.  58 
Piling;  Driving  for  Building  at  Chickasha, 

Okia 6 

Pine:  Cast  Iron:  Diaeram  for  Estimatine.  24 
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i:   (Continued) 

K)   LayInK:  St«M-i  nnd   InRol  Iron   IX)CK- 

iMir.    Cti.ii.    N.    V 2<l 

)«  lAnv.   K'lmir  ut  Wood  Stnvi-,  S>-iitlU'  336 
u.r       II,  lit;      Hydro-Ek'ctrlc.      Tunnel 

•:..n     .    532 

inK   riiint.  Owvnaboro.   Ky.  •   5B7 
iii:    s.wuge,  Experlmi-nts  nt 

l.>ii  H 

Wit:  :  Electric  for  Coal  Mine, 

,■.„  296 

357 

■  r   Supply 566 

,     ...lion,   l^rnln.  Ohio  137 

HHK.  1-^irtli  and  Kock  Excu- 

391 

<   .-..-        D2 

•al 427 

1 3!«D 

...  Concrete  Sur- 

705 

iidiim 290 

.  i.vll 290 

Surfaced 83 

IT   155 

1.1    >'i>nlntct 551 

iicnt-Concrete,       Bltumlnoua 

17 

ninni 121 

17.   121. 

189.    20S,    210.    213.    513.  551 
Suitable     for     Southern 

1S3 

■f    l.nlMir 711,  734 

I   of  Convict  Force 542 

!.  Wlsionnln.; 680 

704 

515.  704 

73S 

.17.   702.  70fi 
,  .11  704 

•  Trurk.s  702 

..ri.     18 

I'lny  and  Uruvul  In  Alabama  424 

1  "iumbo   155 

290 

...   389 

...     17 

....   554 

!.M 374 

■  11 290 

I    Itiiil 654 

a  GtorKla 632 

I.      Motive      Power      for 

14 

' :  leniTnl   Dnto 423 

I   Concn-t.-.   Chlrngo....   201 
iii.M       OporiXlon      and 

of  Data  on 253 

..n 508 

.    .  rtrlc.  Operating..   293 

•>w    r  i.  IpMa 697 

low    i  n.    Pa 491 

■"  ;..:a.iry    of   Conference 

624 

^tnictlon.  Panama  Canal.  .37,     65 

•  ''■■■ '•■n-  in  Price 133 

'•nnni 41,     4"! 

In  St.   Paul..   737 
In  Oklahoma  153 

232 

itlon   Project.  254 
.11     »  ,11.1   Power  Plant, 

i-.n 632 

(Ion    of   Short .'94 

•  n 729 

93 

I  Driven 665 

ti.   iniipertlon  and 

83 

!nf1ii*»n''ln(c,      .  ,      637 

m.l 

•  11 

.'.f." 

;..r    Mil. I     ^\'l..  .■l|.,.irr.iw     K«.!i. 

392 

•il:  r'.nmtnrl  nn;  an  Fuel  for 

430 

657 

I  Ford 598 

nd  I'linniber  on  Lock  Conntmctlon, 

I  111  «     I  ■  I  nul  .     16 

•1  Work    .   472 
iiik:     For 

589 

...   549 

151,  626 

to  Water  Hupply 109.  «in 


I,     58 

•rollthlc     Pavement, 

126 

.   .    .   .1 'anal...!.   27,  33.  66,     68 

Kelnforrod     <'oncretc,     Sperlflra- 
»     309 

■:  <;ii>ird  for  and  Clip  Anchor....   122 

•  ItitfrT     nnd 679 

■    'Irk    Pnvemont 446 

k  I'.ulier 679 

for     Urirk     Povo- 

i2.-, 

<• 679 

ilructlon    by    Oraut    In- 

67R 

Ilydro-Blectric    Dvvelop- 

690 
I 


"onrrete;    Str**iiAofi. 

'nrMi.itn     f..r      <traamt. 


r.Ti 
587 


Dams:     (Conllnue.l)  .    „,  ,  r-,. 

Barren  Jack,  New  South  AVales. ........ ..  o71 

Conconullv,    Okanonan   Irrigation  Project, 

Cost  ;^--;--;---  -^^ 

Concrete    Areh;    De.xlnn   and   Con.struction 

Metho<l.s    and    Co.sts ■  ■  •   586 

Concrete ;    Korm.s 586,  o8S 

Concrete   intake.    Tallulah   P'alls   Develop- 

menl    •_•  •,  ■   czi 

Concrete:   MIxIne  and   Placing 985.  587 

Concrete;     Reinforcement     "JSS'  ro^ 

Con.'itrucilon     Plant     4.sO.  Ml 

Core  Wall  Con.-ilniition Ml 

Co.st.-i:    Concrete    Work -Jll 

Co.st..;;   r.   S.    Irrigation ^5" 

Cut-Off  Wall;  Croul   Injection VU> 

CuyahoKa    Water    Power 6J1 

Cyeloplan   Masonry.  Tallulah   Falls 214 

Design;     Concrete    .Vrch 587.534 

Design;    Formula    for   Stresses 5rl 

DeslKii;     K.Hiiidatlons On.  69^ 

Design:  Neglected  Factors  in  Masonry.GUO,  bl.i 
Design:  Several  interesting  Examples....  571 
Diversion:       Design,      Orland      Irrigation 

Project    594 

Earth;  Concrete  Core  Wall l>T4 

Elkhart,     Ind.,     Hydro-Electric     Develop- 

ment    584 

Failures;    Discussion    of    Causes .■ 

376.  GOO.  611,  612,  675,  692 

Foundations:  Importance  of 611,  692 

Gatun.  Credit  for  Plan  of 68.  347,  349 

Gatun,   Design,   Construction  and  Costs.. 

1,    29.    34,  589 

Grout    injection    6;4 

Hetch  lletcliy  Water  Supply 640 

Hinckston    Kun    «'■* 

Huacal.      Sonora,      Mexico.      Construction 

Methods  and  Costs 586 

Inspection:    Connecticut,    Regulation 696 

Irrigation    Canal,    East    Park    Reservoir. 

Cal 594 

Kachess:     B\iel     Costs     on     Construction 

Plant   4sn 

Kensico    294 

Mlraflores:      Construction      Methods     and 

Co.sts     31,     33 

Mississippi  River.  No.  2 675 

Pedro  Miguel,   Construction  an«l  Costs...     30 

Rock  Run.  Coatesviile.  Pa 189 

Spillways     584 

Stonv  River,   W.    V'a.,   Failure  of 

." 179,    191.    206,  611 

Upward  Pressure. .  .376.  600,  611.  612.  675,  692 
Water  Power:  Cuyahoga  River,  Akron,  O.  691 

■Water    Power;    Elkhart.    Ind 584 

Water   Power;  Huacal.  Sonora.  Mexico...   586 

Water  Power;    Plant  at  Rallville,  Ohio 217 

Water  Supply  Storage.  Rock  Run 189 

Day    I^bor : 

Contract  Work  vs 543 

Municipal    Construction    5J ! 

IVinama   Canal,   Construction  by 1 

Roads.  Concrete,   Cost  of  Construction  by  553 

De  I.e,«sep's  Panama  Canal  Plan 1,     20 

Depreciation: 

Boilers;   Honolulu  Water  Works 500 

Meters:    Venturl    500 

Oil    Tanks     500 

Pumps     500 

Railway  Properties;  Principles  and  Meth- 
ods   of    Computing 415 

Reservoirs     500 

Telephone    Plant    403 

Water     Pipe     465 

Water  Works  Distribution  System:  Hon- 
olulu       463 

Wells     500 

Derrick    Barges    380 

Derricks: 

Design  and   Strength   for   Handling  Ixiads  472 

Vlailuct    Construction    Plant 387 

DCS   Moines    River   Viaduct 571,  572 

Design: 

Aeration  Baaln   224 

Ariueducts;     Winnipeg    Additional     Water 

Supply     75 

Arch  Spans   ;...644.  646 

Bridge;  llascule,  Salmon  Boy,  Seattle...  438 
Bridge;  City  Waterway  at  Tacoma,  Wash.  311 

Bridge;    llighwiiy    9,613 

Bridge:  Reinforced  Concrete  Highway..  643 
Bridge:       Reinforced       Concrete,       Hopple 

Street,  Cincinnati    199,  241,  306 

Bridge:   Reinforced  Concrete  Slab  Span..   195 

Bridge;     Test     107 

Bridge;    Truss    Span 358 

Bridge;  Wllllnms,  Scioto  River 643 

Building:    Analysis    by    Contractor 73 

Biilldinj;     I^ift     32.'i 

Cnniils:    Incllni-d    Drop,    Irrigation 537 

Canals;   Mountain-Side    672 

Car  Shop.*;    New    Hay  f(»r   Macim 515 

Chimney;   Reinforced  Concrete  Block 327 

Columns;   Reinforced   <^oncrete 227 

Conduits:    Mounlaln-Slde    572,591 

Dnins:    Concnte    Arch 587 

litiiiis;   Kormnlfi    for  Stresfies 671,  587 

Ii.iinv       v..  inil;itlon!i     611.692 

1'  il    Water    Power.    Mexico 586 

li  .iiry:   Neglected  Factors.  .  .600,  612 

1'  Kun   Water  .'Supply  .'Storage..    1!"" 

li.iin.-.    .Sivi-rnl    Interesting    Examtil»'S. . . .   571 

Damn;   Water   Power 586 

Diversion    Dnm.    .Siilllwny   nnd   Controlling 

Works    of    Ir'-lgntlon    Canal ,'94 

Engineering:  Theoretical  vs.  Proctlcal...  627 
Erection  E'lulpment;  Need  of  Better.  .469.  470 
Fence  for   Reservoir:   Reinforced  Concrete  298 

Filtern;    Old   nnd    New   Types 193 

Filtration  Plant.  Mechanical.  Evanston..  160 
Filtration     Plant.    Mechanical,    St.     Louis 

319.     3S3 

Flllrotlon   Plant,    Woco.    Texas 727 


Design:  (Continued)  .      ,,,   i  <-no 

Floors;    Reinforced    Concrete    Slab MJ 

Ford,  Concrete    I'aved,   Cowles,   Neb 598 

Gatun   Dam  and   Spillway ...35,     38 

Iinhoff    Tanks    ,.99.  10} 

Iron-Removal   Plant  at   Champaign,   111...   35o 
Joints  for   Submerged   Pipe   Lines,   Flexi- 

Ijle     431,  432 

Piers;    Bridge,    Concrete    and    Stone    Ma- 
sonry        B84 

Piers:    Highway   Bridge,   Reinforced  Con- 
crete           •; 

Poles-   TroUev   Line,    Reinforced  Concrete.  2i9 

Pumping  Plant:    Bridgeton.    N.   .1 .. 27d 

Pumping  r-lant:    Drainage.   Quincy,  HI- ■  ■ .   614 
Pumping      Station.       Sewage,      Hartford, 

Conn f  2? 

Pumping   Stations:    Small ■  ■  •  171 

Reservoirs;   Settling  and  Coagulation,   St. 

Louis     11-? 

Retaining    Wall    V^V    AX 

Sewage    Pumping    Stations lil.  400 

Sewage  Treatment   Plant,   Chester  Coun- 

tv    Home,    Penn OS' 

Sewase      Treatment      Plants.     Residential 

and  Institutional   !"'•' 

Sewage  Treatment  Plants:  Saskatchewan 

Cities     f2_ 

Sewerage  System  for  Cincinnati 1U4 

Sewers  and  Sewage  Treatment  Works  at 

Vincennes,    Ind 31 J 

Sewers,    Intercepting.    Cincinnati 69 1 

Sewers;    Storm    Water.    Studies    for.    Cin- 

cinnati     *' ' 

Shafts    in    Earth    for    City   Tunnel.    Cats- 

kill    Aqueduct    511 

Sludge    Tanks    101 

Steel     Pipe      Conduit,      Baltimore     Water 

Supply     ••••   666 

Structural  Steel  Plant ^-^^V  i?S 

Towers  for  Radiotelegraph  Service,  Steel.  518 

Tre.stle:    Reinforced    Concrete 644 

Viaduct;  Des  Moines  River 571,  57 J 

Viaduct:    Desplaines    Street,    Chicago 526 

Viadyct:  Fallsway.  Baltimore,  Md 506 

Viaduct;       Reinforced       Concrete,       Fort 

Worth,   Texas    501 

Viaduct;      Reinforced      Concrete,      Hopple 

Street,  Cincinnati   199,  244,  306 

Viaduct:  Reinforced  Concrete;  Milwaukee 

Ave.,     Chicago    526 

Viaduct;    Tunkhannock    Creek 382 

W'arehouse.    B.    &    O.    Terminal    in    New 

York    City    662 

Water  Purification  Pl.int.  Bridgeton,  N.  J.  275 

Water    Purification    Plants.    Poor 165 

Desplaines    Street   Viaduct,    Chicago 526 

Detroit.   Mich. : 
Michigan  Central  Passenger  Terminal  and 

Office     Buildings 712 

Sewer    Construction:     Contractor's    Plant 

and   Methods    ■  ■  ■   254 

Sewer  Explosions   236,  250 

Water  Works:   Handling  of  Meters 41.! 

Diamond   Drill   Borings,    Cost   of 239 

Diamond  Drills;   Boring  Blast  Holes 560 

Diseases:  Water- Borne,  Data  on 498 

Distributors;  Oil   and  Asphalt 388,  707 

Ditch    Riders   and    Water   Masters 536 

Ditches:  ,,  ,„, 

Drainage:    Marion    County,    Mo 484 

Excavating   Costs   with    Drag   Line   Exca- 
vator       303 

Irrigation:    Lining    by    Cement-Gun    Pro- 

ce.ss    ■  •  •  ■   39 1 

Irrigation:    Location;   Finding  Center  Cut 

of    Banked     481 

Volumes    in    Level    Section 302 

Diversion  Dam,  Unusual   Design 59 1 

Drag  Line  Excavators 303,  392,  492 

Drainage: 

Bids;   Calls  for:    Bogue   Phalia   Works 655 

Calumet-Sag    Canal.    Earth    Slides 615 

Canals:     .Slope     Paving 615 

Canals:    Timber    Lined 486 

Chicago;  Report  on  Conditions 448 

Ditches;  Construction  of  Open 484 

DItchi's:     Excavating     Costs     with     Drag 

Line     Excavator     303 

Ditches:    Volumes  In   Level  Section 302 

Marlon    County,    Mo..    System 482 

Mine:    Constructing   Tunnel   for 237 

National    Congress    and    the    Flood    Prob- 
lem         403 

Open  I  Htches:  Construction   484 

Pumping   Plant:    Design.   Quincy.   Ill 614 

River  K.gulatlon  and  Control  in  Antiquity  534 

Roads:    Concrete.    Sub- trade 543 

Soil      Piiiosity.      and      Distance      Between 

Channels    398 

Surveys     and     Plans    for     Comprehensive 

System    482 

Tile    Drains    484 

Dredging: 

Barge  Canal.  New  York  State 494 

Panama    Canal.    Unit    Costs 60,     66 

Dredges : 

Dipper:   Work  on   Barge  Canal 493 

Suction:   l.,evee  Construction 492 

Drilling: 

Blast     Holes    for    Sewer    In    Rock,    Jack- 

hnnuner  Drill    174 

Blast   Holes;   Spacing  and   Loading  Meth- 

o<ls     393 

Costs;    Hand.    Steam    and    Air 224 

Costs;    Kensico   Dam 295 

Costs;    Ore    Prospecting 239 

Costs;    Repairs   to   Rock    Drills 653 

Diamond;    Cost    In    Alaska 239 

Mine  Drainage  Tunnel.  Pennsylvania 237 

Outfit     394 

River     Bottom;     Methods     of     Anchoring 
Caisson     379 


Engineering   and    Contracting 


Wells.    San    Diego, 


Drills: 

Specifications;     12-in.      -       cQn 

Qg^\  DOJ 

Water    Works    Tunnel.............. 522 

Wells:   Financial  Hazard  of  Driving bJS 

Costs:     Repairs     •••• 

Diamond;  Boring:  Blast  Holes.............. 

Electric- Air;    Time      and      Cost    Studies, 

Kansico   Dam    •. 

Gasoline-Operated    Pulsator   Air 

Gasoline    Rock,    Self-Contamed 513 

Jackhamer    ;  ■  • ;  •  ^r'. 

Rock-    Automatic    Piston   Rod    \\  iper 

Rock;    Repair   Costs ............ 

Dump  Car  and  Cart  Excavation  Co.st 

Dust   Prevention    

Duty  of  Water   


Club   of   Baltimore 348 


H 


653 
560 


295 
429 


171 
.51)5 
653 
392 
542 
478 
I 


Engineers 
Engines: 

Costs;  Fuel  and  Operative,  Oil,  Steam  and 
Electric  Power A'  V  '  W.'  ■  : 

Triple    Expansion    Pumping;    Duty     lest 

03^t3^  oi)7 

England:  Street' Accidents.  ....•:_....... ....  542 

Erection    Equipment;    Need    of   Better    De- 

•signed    ''5!),  470 

Estimating;   Quantity   System. .......... .656,  658 

Estimates  of   Costs;   Reliable   Preliminary. .   319 
Evanston,   111.;   Design  and  Construction  of 

Filtration    Plant    : • • 

Evaporation   Dosses   from    Irrigation   Lanals 


160 


720 


Filtration:    (Continued)  .  ,„ 

Mechanical;  New  Plant  at  St.  Louis.. 319,  33 

Mechanical,    Toronto    -  •  • ;; ?r 

Operation  of  Small  Plants,  Faulty lb 

Rapid    Sand;    Experiments    

Rapid    Sand.    Waco.    Texas >;■;;■■• 

Sand,   Slow   and   Rapid:    Daia  on  Costs.. 
Slow   Sand;   Experimental,   Operation  and 

Slow  Sand,  illinois •  ■ 

Toronto  Plant;   Propo.sed   New.... ■ 

Financing   of   Water   Supply   and   Sewerage 

Projects,    Emergency    4S(,  i. 

Fireprooting;  Tests  of  Cinder  Concrete 

^'^listofHigT Pressure   System;    Tests   of 


from     Profile, 


Earth    Roads;    vs.    Macadam,    Economies    of 

Construction     • .  • •   ■*  i » 

Earth   Slides  at  Culebra  Cut. .......... ...1,     58 

Earth  Slides  on  the  Calumet  Sag  Channel.   615 
Earthwork;  (see  also  'Dredging,       Excava- 
tion." "Grading,"  etc.) 


Backfilling  Machine 
Balancing     from     Profile, 

Costs     

Car,   Cart   and  Wheelbarrow.. 
Costs,    Wheeled    and    Fresno 


708 

Methods     and 

595 

392 

Scrapers. . 

. .392,    627,  629 

OCiO 

Drag   Scraper f't 

Drainage  Ditch  Excavation 4St) 

Dump    Carts    

Excavator,    Keystone    • . .  ■ .  •  ■  • 

Fresno   Scrapers:    Costs. ....... -^'JA    bj( 

Grading   Quantities,    Tables   for  Estimat-   ^^^ 

Overhaul'  ■comp'u't'at'i'o'n  ".'.'.'.. 9'l',  458    620 

Pick     and     Shovel     Excavation;     Rating 

Tabic  

Roads:    Milwaukee   County,  '^Vis.,   Costs 

Wheel  Scrapers   ........  -392    627,  b.J 

Eden    Park    Reservoir,    Cincinnati,    Recon 
creting   Lining    


392 
620 
629 


616 
552 


567 


Education:  ^   „.    ,.  ,  tt„; 

Engineering  Experiment  Stations  at  Uni- 

versifies    U' ;■"..■  V"  Tiru.  u 

Engineering  Graduates:  Extent  to  Which 

They    Follow    Profession -.•.   4Ji 

Engineering    Students,    Use    of   Manufac- 

turers'    Catalogues    48  ( 


Engineering:   Training  for  Public   Speak- 


291 


296 


294 
98 


ing 
Electrical    Apparatus:  c,,„„„ 

Coal   Mine  Equipment,  Costs:  vs.   Steflm. 

Electric-Air  Drills.   Cost  and  Time  Stud- 
ies,   Kensico    Dam • 

Motor   Driven   Contractor's   Hoists 

Pumping   Water    Supplies,    Economy   and 
Service        * 

Railway-Wrecking  Crane  for  Tunnel  Line  589 

Shovels,    Operating    Costs... jf^ 

Thawing  Out  Water  Pipes  by 4ib 

Current   for  Operating  Railways,   Charges     ^ 

for     ,'r,i 

Destroying   Teredos   by J" 

Effect    on    Concrete ■^'"'; 

Transmission    Line   Tower   Location t>4 

Electrolysis:  .    „_„ 

Prevention     ; .l"'''  '^"^ 

Reinforced  Concrete  Buildings;  Investlga- 

tions      263,  266 

Electrolytic    Iron    •";•,:,■•■,■,•• o-i 

Elevators:    Passenger:   Bank  Building £'* 

Elizabeth     Lake     Tunnel •■,■■•: iii 

Elkhart,    Ind.:    Water   Power   Plant 584 

Empire  Water  Meter •• 

Engineering:  .  t,~»«.. 

Congress    at    Panama   Exposition,    mte'"- 

national     *28,  ^^i 

627 
375 


Critics     ■ ,•■;.'■'  ■.'.'  ■  'i' 

D' -<ii;niiiK:  Theoretical  and  Practical. 
Exp.-nni.nt  Stations;  Dev.-lopment  of 
Gr.ulu.il.s:   Extent  to  Which    They  Follow 

tlji.    rrol'.ssion    

Higliw:i\-;    IsMMsas   ^' "  ■  ■  i  ' 

Maititrnrin.-..      Problems;      Water      Supply 

("oiuhiit    572, 

Munii-ip.-a;    Epitome   on...... •,-X'..;' 

Students;   Use     of     Manufacturers    Cata- 

logues  

Supervision    of    Work    by    Non-Technical 

Board    

Engineers: 

As   Public   Speakers 

Building    Contractor    and .•••■ 

City:    Fee    System    of    Supporting 

land.   Cal 


431 
155 


591 
95 


432 


291 
71 


Oak- 
236 


Consult  ing;  In  Water  Works '  Prn'ct'lce .  207',  21 9 
Estimates,    Cost,    As    They    Affect    Con- 

tractor.s     

Failures:    Should    They    he    Described. 207,  301 
Flood    Control    Methods;    Pnsltlon    on 
Initiative;    Applied    and    Mis.-inDlled.  . . 

Master    In    Chancery:    Little    Rock 

Material    Status;    Improvement    of 

Panama  Canal,  Work  of 

Panama- Pacific    Congres.s    .  . .  ■••••■. .  •»'='' 

Part  In  Regulation   of   Public  Utilities 

Patenting    of    Ideas ■  ■  ■ 

Professional    Standing    and    Pay.. 

Public      .Service      Commissionersnlp 

ducements   to    

Self  Confidence.   Excessive 


.95 


In- 


Ex- 


Excavation: 

Balancing    Cut     and     Fill 

Method   and   Cost 

Building,    Costs    ■  .  ■  • 

Computation    of    Overhaul 

Costs;    Drainage    Ditch;    Drag    Line 

cavator „„, 

Costs;    Earth   and  Rock VV  '  Vq' '  "en      fiR 

Costs:    Panama    Canal.  ........ .57     59.    60,     66 

Costs-   Roads  in  Milwaukee  County,  Wis.  552 
Dipper   Dredge;    New    York    State    Barge 

Canal     

Drag  Line  and  Dredge -  - . 

Drainage    Ditches;    Method    of    Computa- 

tion     ill 

Earth:   Time  Estimates    .  . .......   bbb 

Earth;     Wheel     Scraper,     Drag     Scraper, 

Dump    Car,    Cart    and    Wheelbarrow 

Costs    %ii 

Foundation,    Bridge    ^^^ 

Grading;   Contract  Time   

Keystone    Excavator    

Locks.    Panama   Canal....... ;.-.:••-- 

Panama  Canal;   Costs  and  Quantities.. 
Panama  Canal.   Estimated  and  Actual..! 


595 

70 

620 

303 


493 
492 


55 
620 
40 
36 
294 
Panama  Canal":  Unrt"(S,Vti.:. .:  .57.  59.  60.     66 
Pick  and  Shovel.   Rating  Table    ..........   616 

Quicksand:    Use   of   Well   Points   for   Un- 

watering ^J| 

Railway   Construction   Work .■■  ^»i 

Roads;    Concrete.    Costs 54J.  iai 

Roadwork.    Costs     ■.••.• ;  •  •  •  •  ■.•  •■•••;  °"" 

Rock;   Boring  Blast  Holes  with   Diamond  ^^^ 

Rock;' '  Costs' '  '.'.'.'.■.'.■.■.■.■.■.'.'.'. ■■■::^^}'  ^^^ 

Rock:      Railway     Construction      Methods 

and  Costs    ■"Jl. 

r;ock;     Time     Estimates ^J''' 

Rock.    Tunnel    Driving    Costs   .........    i-J 

Shovels;   Comparative   Operating  Costs  ot 

Steam    and    Electric j^^ 

Tables  of  Volumes  for  Canals bi( 

Tunneling    (see    "Tunnels") 

Volumes     in     Level    Section.     Tables    for 

Computation    • •  •  ■ .  •  •  ■  •   '"^ 

Wheeled  and  Fresno  Scrapers. ..  .392.  627.  629 

Excavators:  ^^^    ^^^    ^^, 

St'eam  Shovel' '  Type'  'w'itl'i'  Three   Buckets  620 
Keystone     .;  *  ■  ■  w  Vi ' '  j  ^ 

Expansion   Joints;   Waterproofing  Methods 

Explosions  in  Sewers,  Data  on 

Explosives;   Methods  of  Using 


.236, 


352 

250 

393 

I 


Factories;   Niagara  Falls  Shredded  Wheat  Co 
Test  of  Reinforced  Concrete  Building.  264 


491 
442 
645 
228 
612 


6( 


Pipe   Joints 


5( 


Hydrant  Rentals  :"Discussion  of  Equitable  5^ 
Philadelphia   High-Pressure    System,   Op- 

eration  ot •;••;■ 

Water    Works,     Requirements     in     Town 

of    4.011" " 

Flood   Control:  „      .  <.  k 

Ancient  Jlethods,  Review  of •  •  ■   » 

Board  of  Army  Engineers,  Recommenda- 

tions    of - -. 1 

Columbus,   Ohio.   Study  of  Reservoirs....   1 
Damage    Caused    by    Artificial    Structures 

Limiting  Waterways           .....^...3^0,  i 
Federal  Government.  Point  of  \  lew 6 

fncrlate'of  Channel' Capacity  as  a  Means 

^fi  ^ 


Bituminous   Surfaces.    Some.  Reasons   for 

Bridge;  Foundation.  Fall  River.  Miss 

Bridge:   Overloading  as   Cause    ....  .^••. 
Building;    Orpheum    Theater.    New  York 
Dams;  Neglected  Factors  in  design  .  .600.  hi. 
Dams:  Stony  River.  W.  Va. . .  179    li".  .206.  611 
Dams-    Upward    Pressure    and    CoefHcient 

of' Slldmg  Friction.. 376.   600.   611.   fi.12.  675 
Engineer.s'    Mistakes.    Value    of    Descrip-  ^^^ 

301 
266 


•i31 

299 
428 
1 
652 
123 
429 
ISO 

151 

^„ 67 

Societies;   Formation  of   National 428 

Societies;   Function    "f ■•■.••,■••  v-i:; ila 

Societies;   Influence    in   Civic    Affairs 348 

Societies:  Queries  Directed   to »» 

Theoretical  vs.   Practical •. •   bJ7 

Water   Supply   Projects.   Securing   Expert 


of 


Methods;   Position   of  Engineer .. 

National     Drainage     Congress     and 

Problem    of    .•"'.■•  1' Vt,^"^? 

Reservoirs;  Arguments  Against  Use  ot 
Reservoirs;    Cost   of 


the 


Eng'nTers'', '  Slioul'd '  They'  be  Described ?. . 
Reinforced     Concrete     Structures;     Elec- 

trolvsis  as  a  Cause • . .  ■  ./b-s. 

Roads;    Bituminous,    Macadam,    Penetra- 
tion Method,  Discussion  of 

Roads:    Concrete,    Causes   of 

Fall    River.    Mass.,    Bridge 

Fall.sway    Viaduct,    Baltimore,   Md 

Fences: 

Concrete,      Construction      Methods      and 

Costs  

Reinforced'Concrete.     for     Reservoir     at 

Woodvllle,   Pa.    ..••••• cr,A„,.' 

Fertilizer:     Sewage     and     Sewage     Sludge, 
Value  of 


459 
426 
441 
506 


509 


193 


275 
524 
694 
160 


Filters: 

Design  of  Old  and  New  Types 

Pressure;   Mistake   in   Repairing 301 

Brhlcvt'on,  N.  J.,  Plant,  Design,  Construc- 
tion   and    Operation    

Cleveland.    Ohio;    Project  .........■■•■••  . 

Cnsm-    Construction   and   On^Tiition   Data. 

Design:    Evanston    Plant,    Mechanical 

Design    of   Small    Plants,  •  Poor IJ'J^ 

Design:    Waco    Plant 

Evanston.   111.,   Plant :V,;';K,; 

Illinois:  Data  on  Processes  and  Plant  De- 

tails  '•'^ 

Increased  Demand  for  Water  Following 
Introduction    of 'J 

Iron  Removal  Plant  at  <~;hampal|n 3.5R 

Lawrence   Experiment   Station   Studies.       139 

Mechanical:   Charleston,    S.    C,   Remodel- 

Ing   Underdraln ;  "69 

Mechanical.    Design    and    Construction    of 

12,000.on0-Gal.    Plant   at   Evanston 16" 

Mechanical:     Illinois     1^2 


Floors:  c 

Asphalt     r 

Asphalt  Block   ;  ; 

Bridge ;' '  Concrete '  'Tile   Construction .. ... .  ^ 

Bridie:   Design   of   Noiseless   and  Water-  , 

proof,    Cleveland,    Ohio • ; 

Bridge;  Methods  of  Waterproofing j 

Bridge:    Plan   and   Section .  ••••.■ •  •  •  • 

Bridge    Reinforced  Concrete  Slabs. ..  .195, 

Cinder  Concrete:  Use  and  Properties | 

Cinder  or  Gravel ; 

Concrete    •,■„;•■: ' 

Concrete,  Flat  Slab    Tests. ..  ....^ 

Concrete:   Material   f?.'"  Hardening. ......  • 

Fireproof;  Tests  on  Cinder  Concrete  Slabs 

Gravel     ■  ■  g^g' 

Reinforcement '  for '  Cinder '  Concrete  Slabs 

Shop;  "^Composition  "and  '  'Con'struc't'iin  'of 
Various   Types    ■  v  • 

Stresses    • ^°°- 

Tests;   Cinder   Concrete 

Wood  Block   

Wood   Set  in    Pitch  or  Tar 

Forms   for  Concrete: 

Abutments    VnV 

Arches   ^'*''' 

Bridges;    Specifications 

Buildings:    Drawings,    Plans.. 

Culverts;   Panama  Canal  Work 

Dams;   Steel  and  Wood 

Dams;    Walk     •,,,  • 

Dome  Centering   ;  Al- •  •  ■.• '   " 

Encasement   for  Steel  Structures......... 

Girders     ■ 5U8,  d^J. 

Handling   Methods    •  ■  •  ■  ■  •  •  ■ 

Piers    S"'  »"^' 

Road  Construction    

Span.    Concrete    Viaduct 

Standpipe   Construction    

Steel;    Dam    Construction 

Steel:  Tunnel  Lining ••• 

W'all:   Panama  Canal  Locks •". 

Wj,  tpi-    Pine    • * 

Fort   Worth.    Texas,   Vitrified   Block   Pave- 
ment     

Foundations: 

Tiridge;    Excavation    i^ ''",'."' 

Bridge:   Failure  and  Method  of  Repairing 

Bridge;    Pile   Footings......... 

Building;    Driving   Piling.  Costs 

Building:   On   Yielding  Subsoils... 

Dams    .;,'••■,■/■■  "V  * 

Piles;    Loading  Tests;   Results  «' ■•.■•-•  ■ 
Roads;     Soil;     Michigan     State     Highway 

Reports     .•<;';■ oiV 

Tests  of  Bearing  Power  of  Soils Ji» 

^r^sr^Iron^B^irand  Spigot  Joints,,  Tests 
Cast   Irciii   Pipe:   (■.>nditioii  of  Inside  Atte 

17    Years'     Service ■ • . 

Cast   Iron    Pipe:    Diagram   for   Determln 

Ing  Cost  per  foot "v,"  '  j;. 

Fresno  Scrapers:     Economic     Handling     o 

Earth  

Fuel-      Construction'     Plant:      Comparativi 

Costs  of  Wood  and  Coal... ;  •  >^  ' ' 

Fulton     N     Y.,   Standpipe,   Reinforced   Con 

Crete  Construction  Methods  and  Plan 


.611 


27 
160 


Gages:   Pres.sure  Recording:  Use  and  Bene 
fits  In  Water  Works  Operation 

'  l",lghting.  Rate  Case,  King's  County,  N.  T 

Mains"  Location,   Deslrabilitv   of  Better. 

Pipe   Line:    High   Pressure   Steel,   Inspec 

tion.   Coating  and  Testing 

Gatun  Dam:  ,  ^     ,r  i   —^     . 
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ers       472 
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Ice,  Anchor;  Removal  by  Compressed  Air...   462 
Illinois: 
Gravel  Testing  Outfit  and  Sieve  Analysis 

Method   651 

Roads;   Equipment  and   Machinery 73S 

Sands;  Mortar-Making  Qualities;  Tests...   608 

Water  Purification  Data 191 

Imhoff  Tanks 99.  101,  105,  252,  421,  424 

Indexing;  Novel  Method  Used  in  E.   &  C...   263 

Indiana:  Water  Consumption  in 570 

Initiative — Applied  and  Misapplied 95,  292 

Inspection: 
Building  Construction:  Problems  of.... 72,  228 

Building;  During  Construction   133 

Dams  and  Re.servoirs,  Connecticut 696 

Gas  Pipe  Line,  Steel  382 

Intakes;  Water  Supply: 
Dam,    Tallulah    Falls:    Construction    Fea- 
tures    214 

Hetch  Hetchy  Water  Supply  641 

Location    of   Water    Supply    607 

Towers;      St.      Louis.     Mo.,     Construction 
Plant,  and  Cofferdam  Installation.  .375,  376 

Tunnel  and  Crib.  Toronto 607,  610 

Tunnel     and     Shafts,     St.     Louis     Water 

Works    520,   724 

Intercepting  Sewer  Design,  Cincinnati 697 

International  EnRineering  Congress 628,  652 

Interstate    Commerce    Commission: 

Accounting  Rules  of 320 

Standard     Railway     Property    Maps    and 

Profiles   279 

Iowa: 

Gravel-Concrete  Roads,  Proportioning 623 

Gravels:    Sieve  Analysis  Methods 651 

Road  Dragging  in  Allamakee  County 680 

Road     Survey     Practice     and     Balancing 

Earthwork,   Storm  Lake    595 

Iron: 

Blast  Furnaces  Constructed  During  1915.  .   150 

Electrolytic  Corrosion   in  Soils 164 

Electrolytic;    Experiments    at    University 

of  Illinois  547 

Removal  Plant  at  Champaign,  III 355 

Irrigation: 

Boise  Project   724 

Canals;  Typical  Inclined  Drop,  Milk  River.  537 

Costs:  Conconully  Dam   256 

Costs ;  Resurvey 254 

Ditch  Riders   536 

Ditches;  Center  Cut  of  Banked 481 

Ditches:  Lining  by  Cement-Gun  Process.  397 
Diversion   Dam,    Spillway  and   Controlling 

Works.  Unusual  Design  594 

Duty  of  Water   478 

Efliclency  of  Works 721 

Evaporation    711,    720 

Hawaii    397 

Hearings   on    Government   Projects 671 

Lining   of   Canal 723 

Management   of   Systems 141,  535 

Milk  River  Project,  St.  Mary's  Canal 537 

Minidoka   Project    613.  723 

Okanogan  Project;  Conconully  Dam,  Costs  256 

Oklahoma  igg 

Organization    and    Training   of   Operating 

and  Maintenance  Force 535 

Orland    Project,    Cal.;     East    Park    Feed 

Canal     594 

Power   Plants;    Commercial  Development, 

Minidoka    613 

Pumping   Plant,   Minidoka  Project 613 

Pumping  Plants  in  South  Africa 306 

Pumps;  Prevailing  Types  in  California...  396 
Reservoirs:  Linings  for  Small  Storage. 304,  4S6 
River  Regulation  and  Control  in  Antiquity  534 

Seepage    711,   720 

Summary  of  Results 154 

Surveys:    Methods    and    Cost    of    Making 

Topographic    254 

Truckee-Carson  Project,  Nevada ?54 

Water:     losses 711,  724 

Watermasters  '  536 


Jackhnmer  Drill   174 

Joints:  Expansion  352 

Joints;   Pipe  T,ine: 

Bell  and  Spigot ;  Tests 668 

Design   of  Flexible,   for   Submerged  Lines 

„.    ••■■ 431,  432 

High  Pressure  System  at  Boston 568 

Tests  of  Materials   568 


Kansas;     Highway    Engineer    or    Manager 

Districts  155 

Kansas  City,  Mo.;  Pavements,  Thermal  arid 

Tra  mc  Effects 324 

Kenlsco  Dam   294 

Keystone  Excavator !    .  $20 

Key      West.      Fla.;      Radiotelegraph      Steel 

Towers   5ig 

Kings  County  Lighting  Co.  Rate  Case,  New 

,.,       York   509 

Kinney  Heater  and  Bitumen  Distributor...   707 
Klondike  Pipe  Line 664 


La    Salle,    III.:    Concrete    Road,    Line    Pole 

ond  Fence  Construction   I88 

Labor: 

Convict:  Cost   In  Alabama 711    734 

Earthwork    with     Wheeled    and     Fresno 
Scrapers;  Human  Element 627,  629 


Labor:    (Continued) 

Grading;  Time  Estimates   555 

Municipal    Construction    by    Day 543 

Panama   Canal   Construction   by   Day 1 

Road  Maintenance,  Statute  Labor  System.  655 

United  States  Bureau  of  Safety 10 

Wages;  Causes  of  Higher  Standard 348 

Laramie    Poudre    Tunnel 730 

Lawrence    Experiment    Station    Studies    in 

Water  Purification    13J 

Lead;  Average  Prices   562 

Lee,    Edward   Hervey    96 

Lesseps.  de;  Panama  Canal  Plan 1,     20 

Letort  Spring  Sewer  Crossing 508 

Levees: 

Marion  County,  Mo.,  Drainage  System 482 

Sand   Core,    Sacramento   Valley;    Methods 

and   Costs  of  Construction 492 

Tables  for  Level  Section  Excavation 302 

Lighting,    Gas;    Rate    Case,    Kings    County, 

N.    Y 609 

Lighting,    Plants;   Going   Value;    Court   De- 
cision in  Rate  Case  in  Oklahoma 459 

Lighting,    Street;    Small   Towns 477 

Lime;  Storing,  Conveying  and  Weighing  Fa- 
cilities  at   Columbus    411 

Little    Rock,    Ark..     Water    Rate    Dispute. 

Engineer  Master  in  Chancery 299 

Loader.  Wagon;  Tilting  Car-Side 710 

Loading  and  Unloading  Problem 526 

Loading  Device  for  Motor  Trucks 206 

Loch   Raven  Water   Supply   Conduit,   Balti- 
more        666 

Locks : 

Concrete:   Forms  for   43 

Costs;  Panama  Canal   41.  65,  589 

Gates:  Panama  Canal   47 

Gatun:   Concrete  Work    43.  589 

Gatun ;    Excavation    40,  589 

Gatun;   Map   Showing    34 

Miraflores;    Excavation    41,  589 

Pedro  Miguel;  Excavation    41.  589 

Panama  Canal;  General  Description.  Con- 
struction  Methc.ds  and   Costs 40 

Panama  Canal;  History  of  Plans  for,  and 

Location  of  1.     57 

Panama   Canal;    Unit   Construction   Costs 

41.  65,   589 

LocoiTiotives: 

Gasoline;    For  Contractors   and   Light   In- 
dustrial .Service    564 

Laboratory  Tests  at  University  of  Illinois.   531 
Loft  Building  in  Chicago;   Design  and  Con- 
struction        325 

London;  Street  Traffic  Conditions  490 

Lorain.  Ohio.  Water  Works;  Inspection  and 

Efficiency  Tests   134 

Los  Angeles  County.  Cal.;  Cost  Accounting 

System   of   Highway  Department 538 

Louisiana:    Road    Construction    by    Convict 

Labor     542 

Lucania    Tunnel     731 

Lynn,  Mass.;  Sewage  Disposal  Studies 14 

M 

Macadam : 
Bituminous:     Road     Construction     Across 

Lava  Flows.   Hawaii    289 

Construction  Methods  and  Costs 85 

Construction  Without  Rolling   598 

Damage  by  Motor  Buses   542 

Experimental     Clay     Roads     at     Pomery. 

Wash 119 

Maintenance  In  York  County,  Ont 626 

Pavement:  Maintenance  Costs 516 

Road   Construction   Economics 370 

Roads;  Bituminous  Surfaced;  Penetration 

Method    459 

Roads;  Michigan:  Costs  '704 

Water-Bound;  Discussion  of  Economy....     95 
Machinery  and  Appliances: 

Air   Compressor.    Oil   Engine   Driven 710 

Backfilling  Machine   '708 

Bending  Device  for  Bars  or  Rods 654.  '70S 

Bitumen   Heater  and   Distributor 707 

Concrete     Mixer     and     Conveyor.     Pneu- 
matic      342,  533,  724 

Costs;  Panama  Canal   66 

Cranes;    Electric   Railway- Wrecking 589 

Cranes;  Panama  Canal  46 

Distributor.    Heater   and   Patcher   for   Bi- 
tuminous Materials    388 

Drag  Line   Excavators   493 

Dredges:   Dipper    493 

Dredges;    Suction    492 

Drills;  Electric  Air  295 

Drills;  Gasoline-Air    429 

Drills;  Gasoline  Rock    514 

Electric  Motor  Drive  for  Hoists 98 

Electrical  Apparatus  for  Th.awing  Frozen 

Pipe   416 

Engines   (sec  "Engines"). 

Electric  Shovels;  Operating  Costs 293 

Erection  Equipment.  Design  and  Strength 

for  Handling  Loads   459,  470 

Excavator;     Drag     Line,     Cost     of     Work 

with    303 

Exc/ivator;    Keystone    620 

Handling        Equipment,        Design        and 

Strength     459,  470 

Handling  Equipment,  Progress   in 599 

Hoists:  liJlectric   Motor  Drive   for 98 

IjOcomotlves   (see   "Locomotives"). 

Panama  Canal.  Costs   65 

Panama  Canal  Equipment   65 

Pile  Drivers   69 

Pipe  Cleaning  Machine  for  Water  Main..   223 
Piston  Rod  Wiper  for  Rock  Drills.  Auto- 
matic        666 

Planer    for    Smoothing    Bituminous   Road 

Surfaces     390 

Portable  Truck  Loader 206 
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Machinery:    (Continued) 

Productograph    for    Recording    Operation 

of  Machines   238 

Pumps   (see  "Pumps"j; 

Road  Machinery;   Care  of  476 

Road   Oiler:    Hot  Penetration    708 

Sand   and   Gravel   Washer,    Portable 709 

Scrapers;  Wheeled  and  Fresno 627,  620 

Snow   Scrapers    597 

Steam   Shovels;    Operating   Costs 293 

Track   Laying  Machine    395 

Tractors    91 

Travelers,  Bridge  Erection   11,     13 

Valve- Opening    Device,    Portable    Power- 
Driven    221 

Wagon  Loader,  Tilting  Car-Side  710 

Wagon  Tire-Setting  Machine   128 

Macon    Railway   &    Light   Co.,   Macon,   Ga., 

Car  Shops   545 

Madison.  Wis.:   Water  Pipe  System 63S 

Madrid,  Iowa:  G.  M.,  &  St.  P.  Viaduct 572 

Mains,  Water: 

Cleaning;    Mechanical,    Methods   and    Re- 
sults: Hartford,   Conn 222 

Costs;   Effect  of  Pipe  Diameter 638 

Gate    Valves    in:    Portable    Power-Driven 

Opening  Device    221 

Leaks;  Locating  b.v  Water  Hammer  Dia- 
gram       412 

Location;  Desirability  of  Better  System..  113 

Machine  for  Cleaning   223 

Riverside,    Cal.,    Extensions    7 

Wisconsin  Cities;  Data  on  Sizes  and  Mile- 
age       637 

Management: 

Building  Contractor's  Problems   72 

Building    Construction    129 

City,   Abilene,   Kans 97 

City:    Problems    of 733 

Efficiency  at  the  Source 207 

Highway  Districts  in  Kansas  155 

Irrigation   Systems    141,  535 

Maps: 

Highway  Surveys   in   Michigan    489 

Hydraulic     Elements     of     Water     Supply 

Projects,  Value  of  Profile  and 375 

Standard  Railway,   Prescribed  b.v  I.   C.   C.  279 
Water  AVorks  Distribution  System:  Value 

of     461 

Marion  County,  Mo.,   Drainage  System 4SS 

Mar.shall-Russell    Tunnel 731 

Mary-Frances    Reservoir    7,       8 

Maryland;    Road    Maintenance    Costs 706 

Mar>-yiIIe,  Mo.,  Water  Tower 693 

Massachusetts    Institute    of   Technology....   548 

Measurements,  Standardization  of 662 

Meters,  Water: 
Chicago:   Growing  Sentiment   Favoring....   712 
Comparison    of   Construction    and    Opera- 
tion  of   Various   Types 2 

Depreciation     500 

Handling  at  Detroit   413 

Honolulu:   Depreciation  of    500 

Installation   6 

Rates:   Typical  in  Washington  Towns 82 

Repairs     415 

St.   Louis:   Adaptability  and   Performance 

of  Several   Types   in   Service 2 

St.     Louis:     Purchasing    and    Installation 

Methods   6 

Specifications;     Purchase    Under,     at    St. 

Louis     243 

Water;  Testing,  Detroit  Methods    414 

Water;   Testing;  Machine  for    5 

Venturi;     Depreciation,     Honolulu    Water 

Works    500 

Michigan: 

Highway  Surveys  and  Plans 387,  488 

Roads;   Costs  of  Gravel  and   Macadam...  704 

State    Reward    Roads 705 

Michigan    Central    Ry.    Terminal    and    Office 

P.tiildings    in    Detroit 712 

Milk   River   Irrigation   Project    537 

Mill     Construction:     Yellow     Pine     Timber. 

Grading   for    664 

Milwaultee  Avenue  Viaduct,  Chicago 526 

Milwaukee    County,     Wis.,     Concrete     Road 

Construction    543,  551 

Milwaukee,  Wis.,  Water  Works:  Pipe  Diam- 
eters and   Costs    638 

Mineral  W.aters,    Decrease    in  Use  of 2 

Minidoka    Irrigation    Project 613,723 

Mining: 

Diamond  Drill  Borings;   Cost   in  Alaska..   239 
Drainage     Tunnel;     Plant     and     Drilling 

Methods   237 

Equipment    for    Coal;    Comparative    Costs 

of  Steam  and  Electric   296 

Shaft;  Concrete  I..inlng.  Placing 514 

Miraflores    I^ocks    and    Dam;    Construction 

Methods  and  Costs    31,   39,  41,  599 

Mission    Tunnel     731 

Mississippi;    Brick-Cinder    Road    Construc- 
tion        155 

Mollne,    III.;     Removal    of     Anchor    Ice    at 
Water  Works   Intake   by   Compressed 

Air    462 

Monahan  Backfilling  Machine  708 

Montreal: 

Break  in  Water  Supply  Conduit,  and  Re- 
pairs       118 

Street  Traffic  Conditions   490 

Mortars:   Illinois  Sands;  Tests  of 603 

Motor  Buses: 

Road   Damage    by    542 

Value  for  Surface  Transit   491 

Motor  Traffic:  Increase  in  Oakland,  Cal....  290 
Motor   Trucks: 

Costs;  Operation  and  Upkeep    702 

Distributor   for   Bituminous   Materials....  707 

Loading  from  Ground  Storage  206 

Operation:    Factors    in    Cost 703 


Motor  Trucks:    (Continued) 

Tire    Equipment    703 

Transporting   Pipe    Line   Material   Across 

Desert    154,  565 

Municipal: 

Construction    by    Day    Labor    at    Winni- 
peg, t^anada  543 

Engineer-Manager  Plan  of  Government..     97 

Engineering,  an  Epitome  on    95 

Engineering    Department,     Supported    bv 

Fees,  Oakland.  Cal 236 

Sewage    Treatment    Plants;     Suggestions 

on  Operation   423 

N 

National     Conference     on     Concrete     Road 

Building   210 

National  Drainage  Congress   403 

Nebraska:    Sand-Gumbo   Roads    155 

New    Bedford,    Mass..    Water   Pipes,    Condi- 
tion  After   17   Tears 726 

New     Orleans;     Drainage     System,     Timber 

Lined  Canal   486 

New  York  City: 

Baltimore   cS:   Ohio  Terminal  Warehoxise.  .   662 
Cinder  Concrete  Floors    Approved  Design.s  600 

Street  Traffic  Conditions   490 

New  York  State: 

Barge  Canal  Work   493 

Governor  Glynn's  .Suggestion  of  Convict 

Made    Paving   Brick    515 

Highway   Department.    Organization 91 

Roads;   Bituminous,    Gravel.   Concrete....   705 
Supreme  Court  Decision  in  (3as  Rate  Case  509 

Newark,  N.  J.,  Street  Traffic  Conditions 490 

Newhouse    Tunnel    731 

Nickel   Steel  for  Bridges    685 

North    Side    Point    Bridge,    Pittsburgh,    Pa. 

358,    684 

Northern  Ohio  Traction  &  Light  Co 690 


Oakland.   Cal.: 

Engineering  Department;  Fee  System....  236 

Street    Monuments;    Standard 317 

Ohio: 
Concrete   Road   Construction   and   Service 

Records 286 

Public  Utilities  Appraisal  in  Four  Months.  432 

Village  Water  Supply,  Data  627 

Oil: 

Distributors   388,  707,  70S 

Pipe   Line:   Transporting  Material 154 

T.anks:   Depreciation    snn 

Oiling    Streets    in    St.    Paul 737 

Okanogan  Irrigation  Project    256 

Orpheum  Theater  Failure.  New  York 228 

Overhaul;    Computation    Methods    595,  620 

Owensboro,   Kv. ;   Cost   of   Obtaining  Water 

from  Wells   566 

P 

Painting    Interurban    Cars;    Costs 92 

Paints: 

Bridges;  Steel  Railway  440 

Composition;   for  Bridge  Steelwork 360 

P.anama   Canal : 

Caissons,   Floating  Locks   51 

Construction  Work,  Volume  and  Cost 589 

Cost   Accounting    63 

Costs;  Comparison  of  Estimated  with  Ac- 
tual      294 

Costs;    Concrete    43,    46,589 

Costs;   Construction  Work   589 

Costs;  Dredging  60,  66,  589 

Costs;  Embankment  Construction   37 

Costs;  Excavation    57,  59,  60,  66,  589 

CJosts;  Lock  Construction   41,  65,  589 

Costs:    Machinerv    65 

Costs;   Spillway  Construction    37,  65,  589 

Costs;    Stone    Production    41,  42 

Costs;   Total,  Estimated  and  Actual 

1,    22,    24,  29 

Cucarach.a  Slide   1.  68 

Culebra  Cut  1,  27,  33.  56.  58 

Dams:    Cost    and    Value    of   Construction 

Work     589 

Dams:    Gatun 1,    29.    34.589 

Dams;    Mir.nflores    31.  589 

Dams:    Pedro    Miguel    30,589 

Day   Labor   Construction    Policy 1,  22 

De  Les.seps'   Plan  and  Work  on   1,  20 

Dredging:  Volume  and  Costs   589 

Engineers,   and  Work   of   1 

Excavation;    Culebrn    .Slides    1.  58 

Excav.ation;    Estimated  and   Actual 1 

Excav.ation;    Quantities    and    Unit    Costs. 

37,     294.  589 

French  Plans  and  Work  ,\ccomplished.20,  24 

Gatun  Pnm:  Credit  for  Plan  of 68,  347.  349 

Gatun  Dam;  Plan  and  Construction.  His- 
tory of   1 

History   of  Project  and  Construction 

1.    19,  67 

Lock  Gate  Structures   47 

Locks;   Cost  and   Volume  of  Construction 

Work    589 

Locks;   Gatun    1.  34.  589 

Locks;   General  Description,  Construction 

Methods  and  Costs  40 

Locks;  I/a  Boca  1 

Locks;  Mira Mores   1 ,  589 

Locks:  Origin  and  Adoption  of  Plan  for..  1 

Locks;    Plan   Adopted    33 

Locks;     Plan     of    International    Board    of 

Consulting   Engineers    28 

Locks;      Plan    of    Third    Isthmian    Canal 

Commission     28 

Machinery;    Contractors    and    Supplies....  65 
Plans    for    Construction,     Suggested    and 

Adopted     1,  19 


Panama   Canal   (Continued) 

Sea  Level  Channels   

Sea  Level  vs.  Lock;  Review  of  Discus- 
sion    1,  27 

Spillways;  Gatun  37,  38.  39 

Stone    Supply    

Panama-Pacific  Exposition   628 

Paris.  France: 

Sewage   Collection   and  Disposal 

Street   Traffic   Conditions    

Trees,    Street    

Patenting  of  Engineering  Ideas............ 

Pavement: 

Alhambra.  Cal 

Amiesite;  Costs  and  Methods   

Asphalt;  Day  Labor  vs.   Contract  Costs., 

Asphalt;    Poured    Bituminous    Patch 

Asphalt;  Specifications  for  Wearing  Sur- 
face     

Asphalt:    Thermal   and  Traffic   Effects..., 

Bituminous  Concrete;   Clinton.  Iowa 

Bituminous  Concrete;   Costs    

Bituminous  Concrete;  History  of  Develop- 
ment     

Bituminous   Concrete;    Service   Records.. 

Bituininous  Concrete;  Specifications 
Washington.   D.    C 

Bituminous;  Equipment  and  Methods  foi 
Maintaining    

Bituminous  Macadam:  Mixing  Method..., 

Bituminous;  Mixing  Method.  Topeka 

Bituminous;  Mixing  Method.  Ugitf 
Binder     

Bituminous;   Topeka.   Costs    

Brick:  Concrete  Curb  for 

Brick;    Convict    Plant    for   Making 

Brick;  Vertical  Fiber,  Laid  l="lat 

Brick;  Vitrified:  Methods  and  Costs  o: 
Laying    

Byberry  .and  Bensalem  Road    

Carlisle.  Pa 

(jlinton.    Iowa    

(Concrete ;   Bituminous   Surfaces 

84,    209,    262 

Concrete;    Construction  Methods  and  Cost; 

Concrete;  Crackless  Construction  of 

Concrete;    Cracks,    Preventing 

Concrete:  Expansion  and  Cohtraction 
Causes    

Concrete;   Grand  Haven.  Mich 

Concrete:  Ohio;  Construction  Methods 
and  Service  Records    , 

Concrete;  Reinforcement;  Value  in  Pre- 
venting Cracking 

Concrete;  Surfaced  with  Asphaltic  Oil  anc 
Stone    Screenings    

Concrete;  Thermal  and  Traffic  Effects..., 

Contract:    Construction   by 

Co.sts;  Amiesite   

Costs:    Asphalt    

Costs;  Bitimiinous   88 

Costs:  Bituminous  Mixing  Method,  To- 
peka      

Costs:    Concrete,    Alhambra,    California.., 

Costs;    (Concrete,    Bituminous   Surface.  .84 

(iosts;  Contract  and  Day  Labor 

Costs;  Experimental  Road  at  Philadelphie 

(josts;  Macadam,  Maintenance   

(iosts;    Petrolithic    

Costs;   Vitrified   Block    84 

Costs ;   Vitrified  Brick    

Cudahy  City,  Cal 

Curb  and  Gutter  Construction,  Washing- 
ton. D.   C 

Curb,  Concrete   425,  446 

Curb,   Granite    

Curb  Guards,  Improved  Clip  Anchors  for. 

Day  Labor 

Experimental,  Byberry  and  Bensalenr 
Road   

Governor  Glynn's  Suggestions 

Grand  H.-iven.  Mich 

Granite  Block;  Rate  of  Wear  and  Strengtl 

Granite  Block,  Thermal  and  Traffic  Ef- 
fects    

Has.sam  Concrete,  Bituminous  Top,  Meth- 
ods and  Costs   

Huntington   Drive,   Alhambr.a,   Cal 

Macadam;   Bituminous,  Mixing  Methods. , 

Macadam;  M.aintenance  Cost   

Macadam;  Thermal  and  Traffic  Effects... 

Maintenance  Costs.  Mac.ad.am    

Maintenance;  Equipment  and  Methods 

Ohio   

Petrolithic.  Construction  Methods  anc 
Costs    

Philadelphia.  Experimental    

Repaving;  Financing,  Statistics  an( 
Methods     

Rocmac   

Service  Records   209 

Specifications.  Asphalt  and  Bituminous 
Concrete  

Specifications:  Wearing  surface   

Surfaces:  Experimental  Road  at  Phila- 
delphia. Costs    

Thermal  and  Traffic  Effects,  In  Kansas 
City  

Topeka    Specifications    

Vitrified  Block;  Concrete  Base   

Vitrified  Block;   Fort  Worth,   Texas 

Vitrified    Brick    

Washington,   D.   C 678, 

Winnipeg,  Canada;  Day  Labor  vs.  Con- 
tract Work   

Wood  Block;  Berlin    

Wood  Block:  Bituminous  Filler  and  Dry 
Mortar  Bed   

Wood  Block;  Comparison  of  European  and 

American   Practice    

Pedro  Miguel  Locks  and  Dam 30,  41, 

Penarth,  Wales,  220-Ft.  Chimney 

Penetration    Method    of    Bituminous    Roac 

Construction   

Pennypack  Creek  Plant,  Philadelphia 
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delphia.  Pa. : 

jerrv  and  Bensalem  Service  Test  Road. 

rh  Pressure  Fire  System   ■: 

)uIation  and  Sewer  GaKings;  Studies.. 

)W  Removal:  Methods  and  Costs 

eet  Traffic  Conditions  .•■•.•:• 

ter  Waste  Prevention;  Systematic  At- 
tempt    

opines:   Road  Construction    •  •  v.- • 

and  Shovel  Excavation:  Ratme  Table. 

dge:  Bush  and  Gunpowder  River .. 

dge;  Design  :■■■■. • 

dge:  Highway.  Unusual  Design 

dge;    North  Side  Point,  Pittsburgh.... 

dge:  Reinforced  Concrete   9.  19". 

icrete:   Steel  Penstoclt   

icrete;  Stone  Masonry  Facing ■ 

.ign   9.  !"• 

'ms  for  Concrete •  •  •  • 

rt  Worth  Viaduct   oOi, 

Drivers,  Construction  and  Cost 


dge  Foundations   

nrrete;   Bearing  Power    

iding  Tests.  Results  of 

i.ing  Timber:    Device   for W'.," 

sts  of  Supporting  Power.  Boston,  Soils 
>oden ;  Bearing  Power   


83 
114 
560 
597 
490 

82 
1.16 
616 

197 
197 
9 
684 
386 
691 
684 
684 
386 
503 
69 

572 
548 
548 
710 
330 
548 


iving    Methods    and    Costs,    Chickasha. 

Okla..  Building   

crlocking   Wood   Sheet    

:cl   Sheet.  Concrete  Protected   

redos;  Destroying  by  Electricity.. 


69 
169 
495 
489 


243 
568 


St  Iron :  Costs   243 

St  Iron:  Life  of  and  Tests  4bJ 

sts;    Diagram   for   Estimating   on   Cast 

Iron    

nts:  Bell  and  Spigot  

nts:   Flexible.   Design    431,  43Z 

nts:  Tests  of  Materials  for  High  Pres-    ^ 

sure  System   '6* 

wer;  Reinforced  Concrete:  Manufacture 

in    lYeezing    Weather 253 

;el:   Coating  and  Testing 382 

;el:    Life    of ''63 

bmerged;  Design  of  Flexible  Joints  for 

431,    432 

50d  Stave:  Encasing  in  Concrete 593 

)od    Stave :    Honolulu 464 

ood   Stave:   Mountain-Side  Water  Sup- 
ply,   Difficult    Construction 591 

Lines: 
s;     High     Pressure     Steel;     Inspection 

Coating  and  Testing 382 

ints.    Design    of    Flexible 431,  432 

ondike:  Construction   Methods 664 

I:    Transporting    Material    For,    Across 

Desert     154.  565 

ver    Crossings    8 

vtrr-'lde.   Cal.,   Methods   of  Laying 7 

wer;   Contractor's   Plant 402 

w-r:    Wroi":ht-Iron:    Methods    of    Lay- 
ing  Sea-Outlet 402 

ibiiitrgifl:   Design  of  Joints 431,  432 

ansportinir    Material    Across    Desert    by 

Motor   Truck    1 54,  565 

ood    Stave;    Method    and    Cost    of    Re- 

p.iiring,    Seattle    336 

ood:   Water   Supply;   Methods  for   Lay- 
ing an  8-ln.   9-mile  Line 221 

'.«.  Water: 

pprai.Hal     463 

altlmore.   Md 162,  667 

i.Mt  Iron:   Diagram  for  Estimating  Costa  243 

i.st  Iron:  In.spection  of  17  Year  Old 726 

i.it    Iron:    Life  and  Tests 463 

•waning   bv    Force   Pump 668 

jnrrete.    Reinforced;    Methods    of    Lay- 

Inr     7,  16? 

indltlon    After   17   Years'    Service 726 

out:  Ca.Ht  Iron.  Estimating  by  Diagram..  243 

nut;    Factors    AITerting 638 

I.  I:   laying  at  Utira.  N.   Y 2M 

\\iHvl   Stave.  Repairs.,- 336 

■  u'   Rivers    8 

Te.ils    of    Materials 668 

iiiit^;    Vitriried   Clay 7 

nylng;    Methods   and    Costs 

7,   162.  221.  241.  244,  fi^f 

fvr    Bedford.    M.ish 726 

einforced   Concrete.   Methods   of   Laying 

7.    162 

leel    nnd    Ingot    Iron:    Lockbar.    Method 

and  Cost  of  Lnvinc 244 

teel:    Ijiying   In   Brick  Conduit  at   Balti- 
more        162 

leel:   Ijiying  In   Frozen  Oround 664 

tecl.   Riveted.    Method   of  Laying 7 

tcel;     Protcrling    Methods 6«7 

teel;    Tubprcules    in 726 

teel    Water   Supply    Conduit,    Baltimore. 

Design 8B6 

hawing  Frozen,  by  Electrical  Apparatus.  415 

r'-nrhlng   In    Qul^k.^and 241 

itrinid    Clay.    Jointing 7 

llrlllcd  Clay.   Methods  of  Laying 7 

rIsconHin:   Data  on  Size  and  Mileage....  637 

r'ood  SInvc 336 

ton    Rod    Wiper    for    Rock    Drills.    Auto- 
matic        565 

tsburgh.  Pa.; 

lorth    Side    Point    Bridge 358.684 

treet   Traffic   Conditions 490 

ncr     for     Smoothing     Bituminous     Road 

S''rf)>rps      .190 

nt  Performance,  Device  for  Recording. .  238 

os: 

teinforred    Concrete;   Withstand    Storm..   541 

'rollj-v  Tine.  Relnforc.>d  < 'oncrete 2*79 

ntieroy.   Wash.;    Clay-Macadam    Roads...   119 
pulatlon    Studies   and    Sewer    Gogings   at 
Philadelphia     S60 


296 

14 

567 


588 
217 
584 

690 
533 

613 


Portland  Cement  I'roduction  in  1913 262 

Power" 
Costs.   Comparative:   Steam  and  Electric 

Coal  Mine  Equipment 

Costs.  Oil,   Steam  and  Electric  Compared 
Costs:   Pumping   Plant:   Owensboro,   Ky.. 

Costs;   Sewage   Pumping 14 

Water:  (see  "Hydro- Electric  Develop- 
ment.") 

Power   Plants:  „         ^ 

Huacal,  Sonora,  Mexico,  Dam  Construc- 
tion       ■  ;  •  • 

Hydro- Electric:  Ballville,   Ohio 215, 

Hvdro- Electric:    Elkhart,   Ind .■• 

Hydro-Electric:    Northern    Ohio    Traction 

&    Light    Co •• 

Hydro-Electric.   Tallulah   Falls.   Ga 

Minidoka  Project;  Commercial  Develop- 
ment     ;■•■;;■;■• 

Prices:   Materials:   Determination  for  \alu- 

at  ion    Purposes    ■   5b- 

Produrtogrniph   for   Recording   Operation   of  ^ 

Machines    •■■■  "p!; 

Public  Service  Commissions;  Engineers  For  151 
Public    ftilities: 

Regulation.   Engineer's  Part   in l^i 

Valuation  Principles  ,and  Methods. ... 

342,    365,    415,452 

Pumping!    Electric;    Economic    .and    Service 

Advantages:   Public  Water   Supplies. .   357 

Pumping  Plants: 

Costs;  Wisconsin   Cities 

Design:   Bridgeton,   N.   J •. 

Drainage:   General   Design,   Qulncy,   111. 

Economy    in    Selection    and    Operation    of 

Equipment    278 

Investigation  and  Efilciency  Tests,  Lo- 
rain.  Ohio    

Irrigation:  in  South  Africa 

Minidoka    Irrigation,    Commercial    Supply 

of    Surplus    Power 613 

Motive     Power    for     Sewage;     Oil.     Steam 

and    Electric    Compared 14 

Owensboro.   Ky. :   Water   .Supply,   Costs...  567 

Sewage  Disposal  at   I-ynn.  Mass 14 

Wisconsin    Cities:    Statistics 638 

Costs    of    Operation 137 

Pumping  Stations:  „    ,„, 

Sewage,   Design   and  Operation   of   Small,  lil 

Sewage,   Hartford.   Conn..  Design  of 400 

Toronto    Water    Supply 610 

Pumps: 

Centrifugal:  Selection,  Application,  Oper- 
ation,   Limitations    406 

Cleaning   Water   Pipes   with 668 

Cracked  by  Freezing;  Repairing  with  Cast 

Lead    fi42 

Depreciation,    Honolulu    Water  Works 500 

Duty  Test  of  Triple  Expansion;  Spring- 
field,   111 357 

Irrigation;   EfRciency  of  Various  Types...   396 
Irrigation  Work;  Prevailing  Types  in  Cal- 
ifornia        396 

Water   Works,    Owensboro,    Ky 566 

Water  Works:    Purchase  and  Testing;    South- 
western   Practice    72S 


638 
275 
614 


136 
306 


Quaker  Oats  Co.'s  Plant  at  Akron,  Ohio 657 

Quantity    .System    of    Estim.nting 656,658 

Quarrying:    Drilling   Costs,   Kensico  Dam...   294 

Quarries;  I*an.ima  Canal 41 

Quebec   Bridge:   Erection   Features 11,     67 

Qulncy,   HI.,  Drainage   Pumping  Plant 614 


Radiotelegraph   Steel  Towers.  Design 518 

Rail-Bending    Device 654.  709 

Rail  .loint  for  Steam  Shovel  Track,  Flexible  346 

Railing,   Concrete    50 J 

Railways: 

Bridges    (.see  also   "Bridges.") 
Bridges;  Cleveland,  Ohio,   Nickel  Plate... 
Bridges;  Painting  and  Paints  for  Steel... 
Bridges;  Specifications  for  Unit  Stress  in 

End  Posts  

Canadian  Construction  in   1913 

Car    .Shops.    Reconstruction    Methods    and 

Costs,    Macon,    Ga 

Cars.  Mail,  Heat  Insul.ation  of  Walls 

Cars;    Painting   (^'osts 

Clearances  of  Cars  on   Curves 

Costs;  Earth  and  Rock  Excavation 

Costs:    Location  Survey  for  Short   Line... 

Earthwork.    Computing   Overhaul 

Electric:    Rates    for    Current 

Electric:  Trolley  Line  Pole  of  Reinforced 

Concrete     

Excavation:    Methods   and    Costa 

Excavation;    Pick   and    Shovel,    Table   for 

Rating    

Financing  and   Accounting  Methods 

Government    Regulation    

Grade    Elimination     

Grades    and    Curves,    Construction    Meth- 
ods  and    (^osts    

Grading   Quantities;    T.ables    for    Estimat- 
ing      

Industrial;    Hauling   Road    Material. .  .552. 

I  .ocat  ion ;   Cost  of  .Survey 

Location:  Modern  Methods  of  Econom''"aI 

229. 

Locomotives:     Gasoline     for     Contractors 

and    Light    Industrial    Service 

Maps.     Standard     Property    and     Profiles, 

Prescribed    by    I.    C.    C 

Portable     Narrow-Gage,     for    Road    Con- 
struct ion    Haulage    

Rail  Bending  Device 654. 

Rail   Joint    for   Steam    Shovel    Track 

Rates:    Government    Regulation 

Snow   Removal:   Organization.   Equipment 
and  Methods   


364 

440 

198 
in 

545 
563 

92 

367 

391 

232 

91 

94 

?7I1 
391 


616 

178 
233 


301 


6'7 

232 

420 

564 

279 

2«8 
709 
346 
178 

541 


Railways:   (Coniinued) 

Spiral     Basement     Curves;     Methods     of 

Staking    off    '. •  •   368 

Terminal     and      OfRee     Buildings;      Mich. 

Cent.,    Detroit    712 

Ties;   Metal,    in   Switzerland 'H* 

Track   Elevation;    Cleveland.   Ohio. 233,    347,  361 

Track    Laying    Machine 395 

Track  Laying   Methods   and  Costs 395 

Tunnels;    Costs    394,  565 

Tunnels:    Lining  with   Concrete   by   Com- 
pressed   Air    342 

Tunnels:   Loneest   in  World 234 

Tunnels:    Rock.    Tunnel   City.   Wis 175 

Tunnels:    Short    394 

Valuation:    Principles    and    Methods 

342,    365,    415,  452 

Viaducts  (.see  "Viaduct.s.") 

AA'atnuga    &    Yadkin    Valley.    Construction 

and    Costs    301 

Water  Softening  for:  Data  and  Discussion  41^ 

"Window    Dressing"     320 

Wrecking  Crane  for  Tunnel  Line,  Electric 

Power     589 

Rates:  ^,  ,  „, 

Electric  Railways.   Current.  Charges  for..     94 
Gas   I  ighting:    Kings   County    Case.   New 

York     509 

Hvdrant   Rentals   for  Fire   Service 579 

Light;    Court    Decision    on    Case    in   Kings 

"  Countv.    Okla 4.50 

PuVilic   Service:   Based  on  Physical  Value.  456 

Railway;   Government  Regulation 178 

Railway:    Principles   and   Methods   of   De- 
termining         343 

Water;    Factors    Determining 637 

Water;    Little   Rock.    Ark.,    Engineer  Mas- 
ter in  Chancery 299 

Water;  Relation  of  "Out-of-Pocket  Cost 

to     336 

Water:  Schedule  Granting  Lower  Rates  to 

Large    Consumers.    Computing    of 3..' 

Water:    Small   Towns   of  AVashington 82 

Water:    State    Regulation 240 

Rawlev   Tunnel    731 

Reclamation    (see   "Drainage"    and   "Irriga- 
tion.") 
Reclamation   Service.   Report   of   Committee 

on    Appropriations    671 

Reinforcement  for  Concrete: 

Bars;   Bending  Machine  for 6=;J.  'Jno 

Bond   Between   Concrete  and   Steel 711,    an 

Bridges:   Arch    248 

Bridges:    Specifications    643 

Dams:  Construction  and  Costs 5SS 

Floors:    Cinder    Concrete 601 

Floors,  Terminal  Warehouse 663 

Pavement;  Value  in  Prevention  of  Crack- 
ing       ?"' 

Stack:   Methods  of  Wrecking 657 

Viaduct.    Spans    527 

Water    Pipes 7 

Refuse  Collection  and  Disposal  m  Chicago.   426 

Reservoirs:  . 

Anheu.ser-Busch    Brewery.    St.    i.ouis it's 

Apprai.sal.  Honolulu  Water  W^orks 400 

Cement-Gun  Lining  for  Small.   Cost 486 

Construction    Methods ■       8 

Desien;   Reinforced  Concrete  Settling  and 

Coagulation    115 

Fence.    Protecting.    Reinforced    Concrete; 

Woodville.    Pa 298 

Flood  Control  bv  Means  of,  Columbus,  O.  166 

Flood    Control;    Costs    300 

Flood  Control;   Reasons  Against  Use  of..   ?'o 

Hetch   Hetchy  Project 640 

High   .Service    •) 

Inspection;    Connecticut    Re'Ti'-'tion 6''6 

Irrigation:    Linings   for   Small    Storafre 304 

Lininsr;     Reconcreting.     Cincinnati    Water 

Works     5«7 

Power  Plant.  Ballville.  Ohio 218 

Reinforced  Concrete.   Settling  and  Coagu- 
lation  Plant  at   St.    Louis 115 

Water    Storage;    Advantages    and    Disad- 
vantages        642 

Water    Works:    Owensboro.    Ky 566 

Water  Works,  Riverside,   Cal.,    Structural 

Features     7,       8 

Water  Works;  Toronto.  Proposed  New...   610 

Retaining  Walls: 

Bridge   .Approaches,   Design 644 

Design    and    Construction 9,     11 

Rivers: 
Crossing;  Water  Supply  Pipe,  Winnipeg. .     77 

Flood   Control    320.   338.  340 

Increase  of  Channel  as  a  Means  of  Flood 

Prevention     340 

Improvements:    Ancient    Methods 534 

Riverside.     Cal.,     Water     Supply     Improve- 
ments           7 

Roads: 

Administration  nnd   Financing 1'4 

Alabama;    Cost    .\i'i-ounting    System 734 

Alabama:    .Sand-(^lay     424 

Allamakee   County,   Iowa,    Dragging   Sys- 
tem        680 

Amiesite;  Construction  Methods  and  Costs     83 

Asph.altic    Surfaces     208 

Bituminous  Concrete;  Construction  Meth- 
ods         84 

Bituminous  Concrete;   Costs    209 

Bituminous   Concrete  Highway  Construc- 
tion  in   California 180 

Bituminous   Concrete;   Maintenance  Costs 

and    Methods    17 

Bituminous  Concrete;   Service   Records...   209 
Bituminous;     Construction    Methods    and 

Costs     84 

Bituminous  Gravel  Concrete  Surface,  Cost  705 
Bituminous  Macadam  Across  Lava  Flows, 

Hawaii    289 

Bituminous     Macadam.     Mixing     Method, 

Cost   83 
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459 


Roads:  (Continued) 

Bituminous    Macadam:    Penetration    Sys 
tem:  Failures  J^nd  Successes    ... ..... 

BitumTnous   Pavement.    Topeto   Speciflca       ^^ 

Bitum*inousV  Plan4r"for    Smoothing 390 

R  turn  nous   Surfaces:    Maintenance. . . .  ...   444 

iStuminSul  Surfaces:  Reasons  for  Failure  ^^^ 


Roads:    (Continued) 

Failures;    Bituminous    Surfaces. . 


491 
42f) 


Methods ■•■••,■• 'i;  V. HI 


292, 


of  Certain  Types 
Brick-Cinder,  Mississippi  .  . .  • -^ 
Brick;  Curves,  Super-elevation 
Brick;     Without     Permanent 

Edging 


155 

596 


Fo"d"ToncTrte' Paved, ' Cowles,   Neb 

Good:   Lack  of  Data  on  \  alue 

Orading;   Contract   Time......... •--- 

Orldinl-   Cost,  Labor  and  Equipment... 
Grtdinl:   Methods  Used  in  Wisconsin... 

Gravel  Aggregate   in  Concrete^  

Gravel  '^     " 


598 
317 
553 
555 
473 
705 


Curb.s     or 


290 
. .   558 


17 


Bridge  Sites": 'M^Uiods  of  Staking  Out....  558 

ivber"r?'lnd  Bensalem' Service  Test '.V.'.:.     83 
cilifornia"  Asphaltic  Surfaced  Concrete..   208 
ct    fornia-     Highway    Construction.......   180 

gtment-cbnfrete    with    Bituminous    Sur- 
faces    Costs    of   Maintenance.......  ■• 

Cemenf'pSrchising.   for     State    Aid.    by 

Highway    Commissions    ^J^ 

glS;^eS'""rspkWmc-SuVfacWin  Ca^orr^  208 
Concrete;  Bituminous  Gravel  Surface,  ^^. 
ConSSl:  Bituminous_,Surfaces:::::i7,;84  209 
S°oS^;:|re;   Srnl?r\ict^o^n"'Smeni...  680 

^°"S^d...^^sr^V?r2sl^f?tll.f  554 
Concrete:    Cofitract    and    Day   Labor .  .553,  554 

Concrlte:   Cracks,   Prevention  of .257    543 

Concrete:  Earthwork  Costs y     ,''     oii 

ConcrftI  Essentials  of  AggreBates  for  211 
Concrete;     Expansion     and     Contraction.  ^^^ 

Causes    y  '■'  i 426 

Concrete :    Expansion    Joints . ^'V 

Concrete"    Gravel,    Sieve   Analyses........   651 

ConcrftI      Hauliiig    and    Handling    Mate-    . 

Hals-   Economic   Methods. ....... -.211,  553 

Concrete-  Hvdrated  Lime  in   Surfaces     ..   679 
Concrete;       Maintenance       and       Repair,  ^^^ 
ConcJite"  Ma?e"ils.°R\"ommendat\ons. . :  426 
Con?rftl;  Milwaukee   County,  Wis.... 54.3,  o51 

Concrete  Mixing  and  Placing.  .■•■  •■•212.  553 
Concrete     National   Conference   of   Build- 

ers     Reports   of  Committees... 210 

Concretef  Preparation  of  Sub-grade.      .^^  211 

Concrete;   Proportion   and   Cons  stencjoi  ^io 

CoScrfte      Proportioning    Gravel 621,  68„ 

Concrete;    Service    Records ''"^'554 

Concrete:    Specifications. •  •  ••,••/: 

cSncrett;  Stresses  and  Thickness  of  Slabs  ^^^ 

Concrete-, '  Subl grade ,'jmportance^ of .  • .  • ,  5 


„.„.^.    Concrete,    Proportioning ^il 

Crflvel     Michigan.    Costs —  •  •  •  •    '"* 

Grlvel;  sUve  Analyses  for  Proportioning.  651 
Hauling    and    Handling    Materials^.^.^..  .^.^.^._  ^^^ 

HauiingMateViais;  Length  and  Costs. ...  704 
Hau  inl  Materials:  Portable  Railways  for  288 
HlwaUl      Bituminous     Macadam     Across  ^^^ 

Lava  Flows    :    '  r: ' ' y X^'~'Wf' r^An ' 

Hydrated  Lime;  Use  in  Surfaces  of  Con-  ^^^ 

Crete    •,%'"■, 738 

TUinois-    Equipment  Used. •„-,-" 

lo-^a;    Aliamikee   County,   Dragging   Sys-  ^^^^ 

'concrete  Construction. .....   188 


111. 


459 
598 


119 
515 


626 

704 


tem 
Mactdam,"  BiWiAous.^Mrxing    Method.     ^^ 

Macadam!  Biiumi'nousV  PenetratioA  Meth- 
Mac?adam; '  ConkirucVi-on  '  w"ithour  RoUing. 
Macadam;    Experimental    Cla> .    Pomeroj, 

Wash ■A--;- 

Macadam:  Maintenance  C^^^- ■  VconntV 
Macadam;   Maintenance   in  York   County 

Ont 

Macadam;  Michigan;   Costs. . . ■  ■ .  •  ■  ■  • 

Macldam   vs.    Earth,   Economics   of   Con-   ^^^ 

struction    ^, 

Macadam;    Water   Bound ^^^ 

Machinery;    Care   of •• • ^7 

Mafntenance;     Bituminous     Concret| H 

TV/Tnintenance-  B  tuminous  burtaces. . . .;  ■ 
MlintlnlncI;    Cement-Concrete.    Bitumi- 

nous    Surfaced    •• 

Maintenance;    Concrete    •••••• 

Maintenance;  Costs,  .Maryland^. .  .^^^-  •  ■  • 
Maintenance;  Dragging  System,  Iowa.... 
Maintenance^  Macadam  ■■■■■■■  A  "' \'i. 
Ml^'.itenlnce:      Motor     Truck     Operation  ^^^ 

...   124 


17 
210 
706 
680 
62i; 


Roads:   (Continued) 

Surfaces:   Sand-Clay  Mixtures.  Investiga-  ^^^ 

tion     ;  ",'r." 44fi 

surfaces:    Selection    of   Type.. ^^^ 

Surfaces-    Wisconsin    Methods.. •■■ 

ISrveys    for    Trunk    Line    Highways    m  ^^„ 

Survev's'^KansV  Baiancing  Earthwork::  •  595 
lurvlvl':      Reconnaissance.      Methods      of  ^^^ 

Making     ^7 

?rp^toil?Co'n'^tru'ction-  Methods  'and  Cost  ^^^ 

in   Virginia 54 

Topeka  Specifications   •••••; 0,7 

Transportation  D.ita.   Plea  for 317 

-^^S^^T^^^^^^  HWt-^^  3/4 

and   Costs ■■  ^''' 84 

Vitrified  Block,  Concrete  Base 'J 

Wayne    County.    Mich ^^ 

^^;^fii^"^S^?eie;   m-in^k^Co..  554 
Wisconsin;    Instructions    to    Foremen    on  ^^^ 

State   Aid  .•■■•••; ]   653 

Rock  Drill  Repair  Costs 

^"Btsfi^r  BJ,°i^ng     Holes     with   Diamond  ^^^ 

Bost°on,"Trenching,"costsof  Hand.  Steam 

and  Air  Drill  A\  ork. " 

Contract  Time.  Determining -^^^ 

DrilUn°g""^  Mine-  Drainage-  Tunnel.    Plant 

and  Methods  Used jg,, 

If ''SsSvate"su°ppiy  Tunnei: : : : ::::::'  525 

rubaqueous  Shield  Driver,  Tunnels. . 
Tunnel  Driving   (see     Tunnels.    ) 
Rock   Slides  at   Culebra  Cut •■•• 

Rocmac     :^  • .' J 

Rolling  Loads  on  Bridges 


54L> 
64' 


543 


grcrltr;    TechK>esults   of   National  ^^^ 

621 
213 


Conference  at  Chicago .  ■ ,, 

Concrete;   Testing   of   Aggregate.  ._^^^.j;99,  621 


Concrete;   Thickness    ^rown  and  Grade^. 
Concrete:    Water    Used    in    Con.struct.on,  ^^^ 

Volume   and   cost. ....  .••.••■ „.« 

Concrete:   Wayne   County,   Mich .•■  ^i" 

Construction    Equipment    . ....  -A' ;, ■;••„■"'{ 
Contractor:   Organization   and   Equipment  ^^^ 

Cont^'rfctor^'Time.'betefminaUon'ot:^::.  555 
Convict    Brick-Making    Plant,    New   York  ^^^ 

State    ■  •  • 711    734 

Cnnvict    Labor.    Alabama rjii 

Cos"t  Accounting  System,   Alabama  •••    -34 

Cost     Accounting     System,     Los     Angeies 

County    Highway    Department 6^« 

Costs.     Amiesite     i t'  '  sk"  Van'    705 

Costs:    Bituminous 1'-    »'••    -""•  ^^- 

Costs:    Brick-Cinder i.„'JfV/.'o= 'l sh'    200 

Costs-  Concrete.  Bituminous  Surfaces.lsiJ.  ju,i 
cSltsi  Concrete,  by  Force  Account  and  ^_.^ 
CosS^'J^ncrete,  qne^urse:  ConstrucUcm  213 


179 
.  .   680 


Co.sts;    Concrete    Surface. 

Costs:  Concrete.  Water  for. . 

Costs:   Equipment    ....■••••••  Deter- 

Costs:    Grading.    Contract    Time.    Deter     ^_^ 

mining    Y25    7ni 

Costs:  Gravel   • • 559 

Costs;   Labor  on   Concrete -  - -,    7^^ 

Costs;    Macad.im    "     '   73J 

Costs;.  Machinery ;7"9in"'iY5    702'  706 

gSill;  K^'Vitghwayl^o.^^u^ion..:  704 
gSlts!   lervic^e'^TesCByberry-andBen-     ^^ 

salem     290 

Costs :     Shell    ......  •  •  •  •  ■  ■  •  •  •••,•■ ; ;     '17 

Costs;   Surface  Treatment.  I'lim 

Costs:    Tarring   Concrete ■••■     ^^ 

Costs;   Wooden   Guard   Rail.    


Country:    Systematized    Majntenajice.^ 


655 


states ■  •  •.■  •  • _   506 

Curves;    Super-elevtition  _ ■••• 543 


Maintenance';' Organization  of  Force... 
Maintenance;    Sub-Oiganization    for    Effl-    ^^ 

MaintenlnieV  'syst;maii'ze<i'  Country  .■•■.■■. .   G5n 
Maintenance:  York  County.  Ont... V, 

Maps     Montana,    County   Specifications....  ^-3b 

Mtryland:' Maintenance"  Cosis.:. .:.:  '..^-^  706 
Meteorological   Experiments.   Scotch   Test  ^^^ 

Mich'^gan;   Costs' of  GraVel  and  "Macadam  ^^^ 

MicK-^-ys'forTnnik  Line  High:  ^^^ 

Milwa'Sfee"  "co.".;  Wis:,"  "concrete 543.  5,51 

Mississippi.   Brick-Cinder    ggg 

Mississippi;    Slag    . . .  ■. -232    3I8 

Missouri    "Road   Da>s    n6 

^SSA;'^£^ca^ion^nd;CoWst^ction^:  476 
National    Highway    Legislation    and    Im-  ^^^ 

provement    Funds ^^. 

Nebraska;    Sand-Gumbo    „j5 

g^;^;  Co'n''crfte,'consirubUon"Methods  and  ,^^ 

Service  Records ^Qg 

Oiler.    Hot    Penetration .^pg 

gl^^iz^S^  and  "Bqu^n^nt  paia. .  j^.  •   543 
Pent"rItion   System  of  Applying   Bitumi-  ^.^ 

nous    Binders    y>^'''A 156 

Philippines.   Construction  of  Good ........   i 

Repairs;   Methods  and  Costs ^^^ 

Rocmac  Pavement    .jjg 

Rolling    Maintenance    ■ -,- •<,- -.•f.-JiaiV  " "  "swi  321 

^*'"  Methods  tnd  Costs  in   Alabama 424 

Irn^lg'u^^U'^'^f.'oVt^^Uon-^leth^ 
Se,e?tTo^n^  o^  M^ate^Tal^f  Fa"c"t"o"r"s  •Lim"i"ting.  446 

Service   Records    33 

Service    Tests     .".'.'.153.  290 

llkli   Cons{ruiUo£M"et"hodk'  and    Costs:  ^^^ 

153 
(^lauses 683 


^ Materials  Adapted  to  Building. ... 
Reservoir:    Construction   Methods. 
Roosevelt   Tunnel 
s;    Str«     -"- 
Loads 


41' 


Ropes;    Strength      Required      for    Handling  ^„^l 


53 
73 
43 


^,    Construction 
Pascagoula.  Miss. 
Slag;    Southern  States 
S_Pecmcations:     AccePt^^^s    Su-rface.    Ce- 


Damage   by   Motor   Bu.ses. 


17 


292.  317 


680 
Fresno 
.627.  629 


DatTSn  Value  of  Good:  Lack  of   .^ 
Distributing.   Heating   and   1  .itcnmg   ma     ^^^ 
DistXtor  "fo;  " Bituminous" Ma^Hai;..  708 
Dragging;   System   in   Allamakee   County. 

EarS'^MoVing" "  "by  '  Wheeled"  and 
Eart1iwo?rBal"ancing  "cut"  ani" Fill  from  ^^^ 

Profile      i;.>;6 

Earthwork;   Time   Estimates •   a^^. 

Economies    of    "^"ad    Da>s_.^.  ....■•■•  • 
Equipment   pata  for   Contractor 
Equipment  for   Construction....^.- 
Excavation:  Earth  and  Rock.  Time  £-su     ^^^ 

mates    «* ' '  \ 

Experimental   at    Ph|ladeIPWa.   Construe- 

tion   Methods   and   Costs ^^^ 

Experimental.   Scotch    ...^■■-  •  -^-  •  •  -p-  -,-.^ 
Exoerlmental;    U.    b.    umce      ui  ... 


Milwaukee 


Specifications; 

ment-Concrete   Base 
Specifications:         Concrete, 

State-Xmr-Pu'^rchase  "of  "cem"e"nt  "by"  Com-  ^^^ 
missions 


Sacramento .  Valley.   Sand  Core  Levee.    ....   492 

St    Croix  River  Bridge.  Hudson,    wis 

^*i-u?ajfnn   Plant     New   Mechanical. ..  .319,  333 
Cviter      De^parT^en^   Specifications     for 

Water   Meters.   Purchase   Under -ii- 

Water  Meters!  Disbussion  of  Performances       , 
of  Several  Types  in  Service.  .....•■•  •-•       ' 

Watef'supply. 'intake.  Tunnel  and.  Shafts  ^^ 

water  'works:  "intal".;"  Tower.  ConstrucUon  ^ 

St  M"a"r"y'"s""can"al."Miik"'River.....-.-.-.- 
It  Paul  Street  Sprinkling  and  tpiling.... 
lalmon  "Bay  Bascule  Bridge,  Seattle 

^  Wa?ir^SisfAbution   System.   Employes  66 

ply   Plans    

Sand:        .  65.  B'l 

Co^c'reL  "poads."  "Proportioning",  .    . .  .^^.^-  6^ 

Tllinois-    Mortar-Making   Qualities.   Tests,  bi 

Ivashef:  Portable,  for  Contractors    Use..  7C 

Washing 

Sand-Clay  Roads:  j^g    3. 

Annlvsps    of    Materials l.    \      ■'    .  t« 

Conitruction   Methods  -and  Costs   in  Ala-  ^, 

bama    e; 

Tests    of    Mixtures.  .■..■■--•  •-• ,1 

ra;^^du?krKiv^er?^Hrdr?-S?i^c  "PeveiopI  ^ 
ment    

Sanitation:  ^ 

B.   Coli   in   Water.  ...---■■•  • ;  5 

Bacteria  in  Drinking  Water 

Ch^c^igo^Water"  "suppfy  "and  'SeWage   Dis-  ^ 
Hyi^mor^e'^i^^nt-of'WaterVEstab: 

lished   as   Good    Practice 

Panama  Canal  \\  ork. ■  •  ■^-. -.-.j-  -,-.-/-  'C,y 

Preventable  Destruction  of  Child  Lite  oy 

Polluted  Water  Supplies.... ; 

SaT«e^.Tn!  Kf'T'J^^tmTnt' -piants': 
Scafr.^'¥s|yT^^c?^l^^  concrete"  S^  , 


554 


Scioto"  River    Bridge 

Scrapers.    Snow    ...  -  •  ■  \-  'p  • "     „.    Economic 

Scrapers.    Wheeled    and    tresno.    ^'^"""-27 

Earth  Moving    "-'' 


Economic 


State  ■•I'.oad  Da^y«^^^.  ^^-^  ■^•b'y"Non-Tech 


292.  318        Screens: 


432 

83 

28S 


Supervision  of 

nlcal   Board    

Surfaces;   Amiesite    ••••;.■••■',•-' 

Surf^cll;  "BUumiijous"  Gravel    Concrete,  ^^^ 

Methods  and  Cost A' ' ' ' 'ot'»' '  Rase 

Surfaces;    Bituminous   on    Concrete    B^^e  ^^^ 

Surfaces:' ■i3"ltu"mino"u"s":""spe"c"ifi"c"atlons   and  ^^^ 

Maintenance     •  •  •  •  • 704 

Surfaces;   Costs.   Michigan. ... 

lurflcls;  Failure  of  Bituminous 491 

Surfaces;  Hydrated  Lime 


.Sewage.    Removal    of    Suspended    Matter 

UnderdraiA"  "sysiem"  'of  ' Charleston "  "Filier 

Screw'^in^lrt"  for  'Anchor "  Bolts"  "in"  "Concrete 

sea  WateJ':   Effect  "on"  "concrete.'.".'. 506, 

Seenafe^L^sses;   irrigation  Canais Til, 

Self    Confidence.    Excessive 

Settling   Basins.   Costs 


Engineering    and    Contracting 


c-    Disposal:  ^21 

"it^port  "on  Condllions.   Experts'  ^.^ 

Motive 

.:«.'.'.'.'.'.  B09 
14 

•  i^" ::::;::.: 252 

:     viianla,  Ga «1 

315 

r:   Costs. !■• 

gn  and  Operation  ^^ 

*  252 

J  of  Suspend"? J  Matter 

:;:  25S 

.312 


1       Plant 

n-t    Affectlnc •  101 

.    iiome  Plant.  Deslm  and 

■  .    InvestlWatlons    Prcpara- 

■  -=   for 1"^ 

nces   or   Small  Instltu- 

,     , i61» 

99 

ns    for    Sas-  ^^^ 

, ..,vi' in. '.'..'..'■'.  252 

.n     at     University     of 

- '    -V  'r'nlversVties 423 

99,  16» 

;.Vnts 423 

...Mpn .....  169 

Contact    Beds:    Recent 

--hie    to    Local 

423 

,.eratlon...99.  101 
iu«.   V.  of  Mich...  103 
,  Deslxn  and  Op- 
.7 100.  mt 

'  Ivanccs 252 

•  c   Device   at 
idelphia 313 

'hlcairo.  Construction  Methods  and 

!;;!;;!!  201 

697 

-  I  too'  to 

104 

.•«-s 62'!.  647 

-ids  and  Costs 

,        201 

V  I  j»borvs!  Contract  Work. .  544 

Recent    Advances 253 

or  »    Plant    and    Methods  at   Dc- 

.      254 

•,,r'r. '.■     Winnipeg |J* 

■vw;;;;"/;;;/"./;:::::  m 

-  r.hon  SOS 

■n 253 

Inverted     Siphon. 

50^ 

rm  Water  System.  647 

697 

.,.r  Trench  in  Rock..  174 

236.  2Sn 

icrts:   Kmereency 487 

„»    t.  .,  ,i,tlon   and.   at 

BRO 

•  rmtl 697 

"'"     Methods 

506 

Pa 50? 

:-,  .T  .  .T.'iii...  1  ■•-.... ly  of  Bet- 

113 

W»«»    rjf^w*     V    J 402 

•    ' '-.tlon   and 

560 

'-Iron. . .   402 
'      '.ure 

...   253 
,tl..  647 
in   iy-ci-mtlon 

252 

nes.   tnd..  De- 

112 

-    ln« 402 

647 

■  c.    Canada.   Construction  by  Day 
1^    544 

'irt..    KI1 

...    520 

....   SI 4 

290 


Snow   Removal:      ,,  ..     ,  5:7 

Boston.    Mass..    Methods a=^ 

Conference    .■.■.■.'.■.■.■.".49V.  597 

PWtaderphia:'M4thi)ds   and   Costs 597 

^'itw^vSs  'Or^AiiAtion.    ■Equipiiient    and 

Scranton.  Pa.'.'  jieih'ods  'and  Costs . . . .... .  491 

Summary  of  Suggestions  Offered  at  Con- 
f erence     

^°Blarlne  Power  310.  319.  328.  515 

Formations    Underljing    Cities ^*^-  |sl 

Porosity     *^* 

^'BrldSs":°  ffighway.    Rein'<';.<;«^ .  Concrete  ^^^ 

Bridges  ;■ '  'superstructure • ;.-  •  244 

Concrete  RoSds.  Milwaukee  County.  ^Ms.  5o4 

Culverts:    Reinforced    Concrete J«» 

Pavement:  Asphalt  and  Bitummous  Con- 

Crete.  Washincton.  D.  C <>j^ 

Road  Maps.   County.  Mont.ina '^^ 

Roads:    Acceptance   Clauses •■  okj 

Roads:      Bituminous      Surface.      Concrete 

j)^3g  * ' 

Roads:  Concrete;  Milwaukee  County.  Wis  554 
Stress.    Unit,    in    End    Posts    of    Railroad 

Bridges "IJ 

Water  Meters:    St.    I>ouis.  ................  243 

Water     Treatment     by     Hypochlorite     or 


idj 


I^auid    Chlorine 


297 


Waterproofing   for  Bridge  Floors 3a2 

Well   Driving.    San  Diego.  Cal b^» 

Williams   Bridge    <"■»■> 

Spillways:  „        ,  1-     c^  rroo 

Costs:    Panama   Canal ■• •>'.   0=.  if> 

Elkhart,  Ind..   Water  Power  Dam a|4 

Gatun     il-  itl 


Miraflores 


.39.  RSfl 


Panama  Canal  Unit  Costs 3,.  60,  oSfl 

Siphon:   Unusual  Design »»* 

Splicing  Timher  Pile.  Device  for '10 

Sprinkling    Filters:  . 

Operation:    Regulating   Device ^1^ 

Recent    .\dvances ■fj- 

Stadia  Wires  for  Running  Grades... joS 

Stack:  Wrecking  218-ft.  Reinforced  Concrete  6b7 

Standpipes;     Reinforced    Concrete      Fu'ton 

XT..  ConstrucUon  Plant  and  Method  460 

Steam  Shovels: 

ETcavation  Rating  Table "S 

Operating  Costs  .••i-:-; Z'li 

Track  for,  Flexible  Rail  Joint 346 

Steel:  ,-. 

Alloy  Steels:  Development ■■■■  577 

Arch  Centering  •  ■  •  • 38».  i%i 

Bending  Device  for  Bars  or  Rods lOv 

Bond  Between  Concrete  and.  Tests ill,   il6 

Bridges:  1-oads  and  Stresses 6S0 

Bridges:   Paints  for • -i;;  v- v,-, i"  *** 

Carbon:  Comparison  with  High-Alloy,  for 


Bridges 


6SS 


90 


r'omrv<i«tMnn  and  rooslructlon 649 

eht  Co.,  R^ronstruc- 

643 

-    Tn     and     Op«»mtlnj, 
i.  tn     Tendencle» 699 

or----^iir,r       .<;i««m      and    ETIectrlc 

Jii 

'»»t» 293 

.-   TttNe  for «K 

•    for  Truck »4« 

J93 

•vj  Vallpy  Con- 

691 

•n   D«m,   Orland 
;  ..,.   ;    691 

Min..   Conatmctlon  Methods 

S«» 

IM 

410 

"■<  F*>rm  of  Indicator.     .  T0« 

•    1.     5t 

.^g  Channel.  Chicago  615 


Concrete  Encasement  for  Structures 443 

Conduit:   Water    Power    Plant.    Cuyahoga 

River    "'1 

Fluctuations  in  Price  from  1898  to  1913...  133 
Forms  for  Concrete  Construction.  Dams. .  588 
Forms    for    Wall    Construction    at    Gatun 

L^o<;lts     ^  ^ 

Forms:  Tunnel  Lining   532 

Nickel:     for    Bridges ■ 68a 

Open-Hearth     Furnaces     Constructed     in 

19JS     150 

Pipe;  Conduit.  Baltimore  Water  Supply...   66fi 

Pipe:    Life  of  Water 463 

Pip-    I-ln.-    t„, 

J-  •  Tubercles  in i26 

p..  .  oncrete  Viaduct.  Steel  Work  530 

R.  Floors     663 

Reir.fu.'-cement:  Concrete  Arch  Bridge 24R 

Reinforcement;    Tests    711.  716 

Roofs     •• •/•■•  ■*11 

Sheet  Pile  Bulkhead  Wall,  Concrete  Pro- 
tected     •,■  •  ill 

Structural    Steel    Plant.    Designing 1d1.  156 

Structural    Work,    Designing,    Theoretical 

vs.    Practical    627 

Towers    for    Radiotelegraph    Service.    De- 
sign       S18 

Viaducts;     Des     Moines     River,     Double- 
Track     572 

Water    Ploe    Line.    Laying    In    Old    Brick 

Conduit     152 

W.t. -..r.K.nng  Method.o    ^'■'^ 

\\  r.    Mao-vlUe.   Mo 693 

.St!  1    -32 

Stoi,.       .     ; ,1.  Canal 41.     42 

Ptonv   River   Dnm   Failure 179.   191.  206 

Storm    lJ<ke       Ta..       Survey      Practice    and 
Method  of  Balancing  Earthwork  from 

TTofilo     .■••••  i;,-  ••   ^'^ 

Stoughton.     Canada.     Laying     9-mlle     Pipe 

Line     221 

Storm  Water  Sewers: 

rinrlnnntl.    Ohio    64, 

Need  of  More  Accurate  Data 253 

Strawberry    Tunnel     '32 

Str..  f 

1    542 

1  'Wns 478 

1  ■   l  Conduits,  Deslra- 

-vstem 113 

•id.   Cal..   Standard..   317 

....  -..n    557 

Sni.-.v  I;.  mo\aJ.  Philadelphia.  Methods  and 

Co.ts     597 

Sn.'U    r- inovnl     Pv  =  t.  m  nt  r  iMIc  Service 

541 

737 

T:  Me* 489 

Tri.    ri»nt>r.»  i.na  Cultiv.itlon  In  Callfor- 

nl.i    127 

Tree«:  Paris:  Planting  and  Oare  of 18 

Structural    Shops:    Modem    Tendencies    In 

Equipping  and  Operating 699 


Structural  Steel  (see  "Steel.") 

Sun    Hydrolene    Asphalt 

Surveys:  „  •  i« 

Costs:   Built-up  Towns    1S3 

Costs:    Railway    Location m 

Drainage    System      for      Marion    County, 

Mo..   Comprehensive,   Plans 482 

Highway:  Methods  of  Making:  Michigan.  387 
Quantity;    Purposes    and    Advantages    of 

Svslem     606.  6d8 

Railway  Location  Methods 230.  232 

Roads:    Methods    of    Making    Reconnais- 

sance     ,    ■  • ; ?2s 

Roads:  Practice  at  Storm  Lake,  Iowa 595 

Topographic;      Methods     and      Costs     on 

Truckee-Carson    Project   in   Nevada..  za4 


Tacom»,    Wash..     City    Waterway    Bridge. 

De-'ign    and    Construction 311 

Tainter  Gate  Dam.  Elkhart.  Ind .o84,  586 

Tallulah  Falls.  Ga.,  Water  Power  Develop- 

ment     214,  532 

Tanks;   Oil;    Depreciation    "UV 

Tanks;    Sewage: 

California    Conditions ■  -  •  }>>} 

Design  of  IrahofE. 9».  JOJ 

Experiments  at  U.   of  Mich..............  lOS 

Imhoff  99.  101.  105.  252.  421,  424 

Simple  Septic 169 

Tanks:  Water  Supply:   MaryyiUe,  Mo 693 

Tarkio,  Mo..  "Road  Days"  Work -.-  318 

Tarvia    ^^-  .It 

Telephone  Plant:  Depreciation... 403 

Teredos.   Destro\-ing  by  Electricity .-  483 

Terminals;   B.   &  O..  Freight  Warehouse  m 

New    York    "62 

Tests  of  Materials  and  Apparatus: 

Boilers :  Efficiency ■  •  -  •  135 

Bridges;    Loading    107.  645 

Car    Couplers     *»» 

Cement;    Sieving ..■• "' 

Cinder  Concrete  noor  Slabs 601 

Concrete;    Action  of   Sea  Water sl6 

Concrete  Aggregate  for  Road  Constructmn  ^^^ 

Concrete ;"A'pproiim'ate"stresses  on  Slabs.  1S6 

Concrete;   Cinder,   Adhesion  to  Steel.. bUi 

Concrete:  Pavement:  Expansion  and  Con- 

traction    Causes -  •  •  Z»8 

Concrete;    Bond    Stress. .      ............ .11,   '16 

Concrete:   Reinforced  Cinder  Slabs 601 

Concrete;  Reinforced,  Effects  of  Electro!- 

ysis      263.  266 

Dams;  Uplift  Pressure  67S 

Electrolytic  Iron    **' 

Fireproofing  Materials    :  •  •  i,  ■ :  •  SJI} 

Floors;  Reinforced  Cinder.  Concrete  Slab.  601 

Gas  Pipe:  High  Pressure  Steel .- 38Z 

Gravels:  Outfit  of  Illinois  Highway  Com- 
mission       °°i 

Gravels:  Sieve  Analysis 651 

Heat  Insulation   ■• •••• »" 

Joint  Material.  High  Pressure  System. . . .  568 
Locomotive,  Laboratory.  University  of  n- 

linois     .;•••.;■••. ,?a\ 

Meters:   Water.  Accuracy.  St.   Louis j*~ 

Meters:   Water.   Detroit  Methods «« 

Mortar:    Illinois   Sands |«J 

Piles ;  Bearing  Power iv  •  V  ' 

Piles:       Supporting      Power      in      Boston 

Ground    ?30 

Pipe:   Cast  Iron  Bell  and   Spigot J68 

Pipe;  Cast  Iron:  Old  Water 463 

Pipe;  Jointing  Material    J6» 

Pumping  Engine:   Efficiency.... ■■■•  136 

Pumping      Engine:       Triple      Expansion: 

Duty:  Springfield.  Ill •■••  3.S7 

Pumps     ■  ■  ••  ■ ; 136.   'rf 

Reinforced    Concrete    Building. .^64 

Roads:  Experimental  at  Philadelphia....  83 
Sand-Clay  Mixture  for  Road  W  ork.. 321.  626 
Sands:  Mortar-Making  Qualities  of  Illinois  603 

Turbines:    Structures.   Power  Plant.. 5S4 

Valves;   Double  Check.  Water  Supply 583 

^Vater:    After   Cleaning  Mains 222 

■Water   Meters:   Machine   for * 

Water    Works.    Efficiency 13« 

Texaco    •  •  ■ ; Ai 

Ties:    Metal;    Switzerland 234 

Tile   Drains    JJ* 

Tile   Roofs    *»" 

Timber  Products: 
Caissons  (see  "Caissons.") 
Cofferdam.*  (see  "Cofferdams") 

Floors:    Wood    Block • J" 

Lining  for  a  Drainace  Canal Jj* 

Piles:    Device   for   Splicing 71Q 

Piles:   Spruce.  Load  Tests M» 

Piling.  Interlocking  Wood  Sheet    169 

Pipe:   Wooden,   Methods  of  Laying ...   ZJl 

Wood   Block   Pavement .152.   426.  625 

Wood  Borers.  Destroying  by  Electncitv. .  489 

Wood    Stave    Pipe 336.    464.591 

Yellow  Pine:   Rules  for  Grading 664 

Tin:   Average   Prices. 


Tire   Setting  Machine IJ; 

Topeka     "* 

Toronto.   Ont. :  ... 

Street    Traffic   Conditions • jw 

Water  Supply;  Proposed  Additional 607 

Tower*  * 

Radiotelegraph   Service:   Design   of   Steel.  518 
Transmis.^ion     Line;      LocaUon.     Modem 

Practir.      HJ 

Water.  MaryviUe.  Mo •»* 

Elevating;   Cleveland.   Ohio .233.  347.  361 

Joint    Flexible   Rail,   for   Steam   Shovel...  346 

Laving;    Methods     J'j 

Machine  for  l.j>\ing  and  Costs Jss 

Tractors:     Gasoline;     Dust-Proof     Running 


Parts 


91 


Trade  Wastes:   Disposal  of *5S 
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Traffic  Conditions: 

Streets  of   Large  Cities ,V' 

Studv  of  Ettects  on  Pavements  in  Kan- 
sas   City •••;• 

Transmission   Line;   Tower   Location,   iloa- 

ern  Field  and  Office  Practice 

Transportation  and  Haulage: 

Concrete     Road     Materials;      Economical 

Methods     

Freight:  Efficiency  of  Teams 

Pipe    Line    Materials,    Across    Desert    by 

Motor  Trucks 154,  563. 

Road  Materials 211.  288.  552.  553. 

Portable   Railways  for  Road  Material 

Snow     A-  •  •  ■  •. •.•,■ 

Travelers;   Quebec  Bridge  Erection 11. 

Trees:  .        .      „  ,., 

Planting  and   Cultivation  m   California. . . 

Street;    Paris    

Trenching: 

Backfilling    Machine    

Boston:  Costs  of  Drilling 

Quicksand;    Use   of   Well   Points   for   Un- 

watering    

Trent  Road  Viaduct    •  • 

Trestles;  Design  and  Construction 9. 

Tunkhannock     Creek     Viaduct,     Nicholson. 

Pa.   37o, 

Tunnels:  .    „    „ 

Alkali  Summit.  C.  B.  &  Q.  Ry 

American:   Driving  Costs 

Costs ;    Lining    80. 

Costs.  Railway   

Costs :    Subaqueous    Shield-Driven 

Driving:    Methods   and   Costs 532. 

Electric  Wrecking  Crane  for  Railway 

Excavation  and  Timbering.  Sparta.  Wis.. 

Lining;   by  Compressed  Air 342. 

Lining.  Concrete   80.  178,  342. 

Lining.    Costs    •,•,•••,•.•• 

Pneumatic  Mixing  and  Placing  Machine 
for  Concrete  Lining   342. 

Project  to  Connect  England  and  Ireland. 

Railway;    Short.   Costs 

Kailway;   Table  of  Longest  in  World 

Railwav,  Tunnel  Citj'.  Wis..  Construction 
Method     

Rock;  Plant  and  Drilling  Methods 

Shafts  in   Earth  for.   Catskill  Aqueduct.. 

St.  Louis  Wati-r  Works  Intake:  Lining 

Water:  Hvdro- Electric  Development.  Tal- 
lulah  Falls.  Ga..  Construction  Meth- 
ods  and   Cost    

Water    Supply.      St.      Louis,    Contractor's 

Plant    and    Methods 515. 

Turbines:  Power  Plant;  Test  Structures; 
Lubrication,  etc 


489 
324 
564 


211 
738 

565 
704 
288 
624 
13 

127 
18 

708 
224 

241 
106 
644 

382 


342 
729 

93 
394 
56.5 
729 
589 
177 
532 
532 

93 

532 
10 

394 
234 


175 
237 
.Ml 
724 


532 
520 
584 


U 

Ugite    Binder     i,-.;--     ^^ 

Vnderdrain     System    of    Charleston     Filter 

Plant     oo9 

Underpinning     of     Buildings     Adjacent     to 

Construction   Work    225 

Union  Rotary  Water  Meter 3 

United  States  Bureau  of  Labor  Safety 10 

United  States  Office  of  Experimental  Roads  390 

Universitv  of  Illinois 531.  547.  563.  603 

Urbana.  111..  Iron-Removal  Plant  at 355 

Utica.    N.    T..    Method   and  Cost   of   Laying 

Water   Pipe    244 


221 
583 


452 
500 


526 
106 
504 
572 
572 
199 
526 
506 
500 


306 
526 
578 


Valve     Opening    Device,    Portable     Power- 
Driven     - 

Valves;     Double     Check.     Installation     and 

Testing.   Auburn.   N.   T 

Valuation    of   Public     Utilities      (see       Ap- 
praisal.") 
Valuation    of    Railway    Properties;    Princi- 
ples and  Methods 342,  365,  41j). 

Venturi    Meters    ••2, 

Viaducts: 

Chicago;    Milwaukee     Avenue     and   Des- 

plaines    Street    

Concrete   Tile    Floor   Construction 

Costs:    Reinforced    Concrete •• 

Des    Moines    River    571, 

Design;   Double-Track   Steel  Railway. 571, 

De.sii;n :  Reinforced  Concrete 

De.=plaines    Street.    Chicago 

Fallswav;  Baltimore.  Md 

Fort  Worth.   Texas.   Reinforced   Concrete 
Hopple    St..    Cincinnati;    Reinforced   Con- 
crete    199.  244. 

Milwaukee   .-Vvenue.  Chicago 

R.nilwav:  Data  on  Several  l^rge 

Reinforced    Concrete.    Beam    and    Girder 

Type     •• ■■:■ 

Tunkhannock  Creek.  Nichol.=nn,  Pa...3io. 

Vienna:   Street  Traffic  Conditions 

Vitrined  Block: 

Gutters:  Wnshington.  D.  C 

Pavement.    Carlisle.    Pa ■•■• • 

Pavement;      Construction     Methods     and 

Costs    "■ 

Pavement:  Fort  AVorth.  Texas 

Village  'Watfr  Sunply 

Vincennes.   Ind. ;   Sewerage  System 

W 

Waco.    Texas:    Filtr.itlon    PI.tpI 727 

W.ige.«:   Higher  Standard.  Causes  of •■'4>l 

■W.Ttron   Lo,Tder.    Tilting   C.nr-Sidc 710 

Wncons;  Tire  Setting  Machine 128 

Walls: 

Re.=ervolr.   Section  and   Lining 8 

Underpinning.   Adjacent   tn  Building  Site.  225 
Warehouse,  Terminal,  B.  &  O..  in  New  York 

City    662 

Washington.   DC;  „  ^     „ 

Asphalt  and  Bituminous  Concrete  Pave- 
ment       678 

Curb  and  Gutter  679 


.500 
382 
490 


679 
446 

85 
676 
627 
312 


Washington    State;    Water    Supply    Condi- 
tions  in   Cities    81 

Watauga  &  Yadkin  Valley  Railroad 391 

Water   Analysis;    Occurrence   and   Isolation 

of  B.   Coli 163 

Water  Consumption; 

Indiana   Cities    570 

Owensboro,   Ky.,   Records 566 

Statistics;  Faulty  Nature  of  American 599 

Water   Hammer   Diagram,    Locating   Leaks 

by    412 

Water;   Irrigation,   Duty   of 478 

Water  Losses  in   Irrigation   Systems 720 

Water  Mains: 

Cleaning;    Mechanical;    Methods  and  Re- 
sults  at    Hartford,   Conn 222 

Costs;  Pipe  Diameter,  Effect  of 638 

Gate    Valves    in:    Portable    Power-Driven 

Opening  Device   221 

Leaks;      Locating     by     Water     Hammer 

Diagram     412 

Location;  Desirability  of  Better  System..  113 

Machine   for   Cleaning 223 

Riverside.    CaJ..    Extensions 7 

Sizes  and  Mileage  in  Wisconsin  Cities 637 

Water  Meters: 

Chicago:  Growing  Sentiment  Favoring 712 

Comparison    of    Construction    and   Opera- 
tion of  Various  Types 2 

Depreciation     500 

Handling;   Detroit  Water  Works  Depart- 
ment       413 

Honolulu.  Depreciation  of  500 

Installation     6 

Rates;   T>'pical,   in  Washington  Towns...  82 

Repairs     415 

St.   Louis;  Adaptability  and   Performance 

of  Several  Types  in  Service 2 

St.     Louis:     Purchasing    and    Installation 

Methods    6,  243 

Specifications;     Purchase    Under;    at    St. 

Louis     243 

Testing;  Detroit  Methods 414 

Testing:  Machine  for   5 

Venturi ;    Depreciation    500 

Water  Pipes; 

Appraisal     463 

Baltimore,  Md.,  Water  Supply 162,  667 

Cast  Iron;  Diagram  for  Estimating  Costs.  243 

Cast  lion:  Life  and  Tests 463,  716 

Cleaning  bv  Force  Pump 668 

Concrete;   Reinforced;   Laying  in  Existing 

Brick   Conduit    162 

Concrete;    Reinforced.   Methods   of  Laying       ■ 

Condition   After  17  Tears'    Service 726 

Cost;   Cast  Iron;   Estimating  by  Diagram  243 

Cost:   Diameter.   Effect   on   Average 638 

Cost;  Laj-ing.  Utica.  N.  T 244 

Cost:  Wood   Stave,  Repairs 336 

Crossing    Rivers    8 

Joints;    Tests    of    Materials;    High    Pres- 
sure   Svstem    568 

Joints;   Vitrified   Clay 7 

Laying;  Methods  and  Costs 

..: 7.  162.  221,   241,  244,  664 

New   Bedford.    Mass 726 

Reinforced  Concrete.  Methods  of  Laying.7.  162 
Steel    and    Ingot    Iron:    Lockbar.    Method 

and   Cost   of   Laying 244 

Steel;   Baltimore   Plant 162.  667 

Steel;  Laying  Heavy,   in  Klondike 664 

Steel;  Laying  in  Old  Brick  Conduits 162 

Steel;    Protecting   Methods 667 

Steel:    Tubercles    in 726 

Thawing  Frozen  by  Electrical  Apparatus 

at    Columbus    4l3 

Trenching  in  Quicksand  for  Laying 241 

Valuation     464 

Vitrified   Clay    ^ 

Wisconsin:   Data  on   Sizes  and  Mileage..  63/ 
Wood   Stave;   Repair  Methods  and  Costs; 

Seattle     336 

Wooden:  Methods  of  Laying  8-in..  9-mile 

Line     221 

Water    Pollution;    Court   Decisions 277 

Water   Power    (see    "Hydro-Electric   Devel- 
opment.") 
Waterproofing : 

Concrete  Bridges.   Specifications 644 

Masonry  and   Bridge   Floors 3o0 

Water   Purification: 

B.   Coli.   Occurrence   and   Isolation 163 

Bacteria:   Death  Rate.   Manner,  etc 580 

Bridgeton.     N.     J..     Plant.    Design,    Con- 

struction   and   Operation 2i5 

Buffalo.   Specifications  for  Plant  and  Ma- 

teri.al     297 

Chorlnated  Lime.  Proper  Use 165 

Design    of    Small    Plants,    Poor,    and    Im- 
proper   Operation    IJs 

Disea.ses.   Water-Borne.    Data  on 498 

Hypochlorite:   Established  as  Good  Prac- 

ticc     M" 

Hvpnrlilorlte:     Specifications    for    Use    at 

"    Buffalo     •■   297 

Illinois;  Data  on  Process  and  Plant  Details  191 
Iron    Removal    Plant    at    Champaign-Ur- 

bana.  Ill •  •, J55 

I>awrence  Experiment  Station  Studies 139 

Lime:     Facilities    for    Handling,    at    Co- 

lumbus.    Ohio    ....4U 

State   Supervision   of  Municipal   Supplies.  354 
Storage;  Safeguarding  Quality  of  Water  in  641 
Water  Rates: 

Engineer    as   Master    In    Chancery.   Little 

Rock  Controversy   299 

Factors  Determining   637 

Relation    of   "Out-of-Pocket"    Costs 336 

State    Regulation    of 240 

Water  Softening: 

For  Railways:   Dat.a  and  Discussion 413 

Owensboro.    Ky..    Plant • 566 

Water  Storage;  Self-Purlflcation  and  Care.  641 


Water  Supply: 

Check    Valves   Between    Public    and    Pol- 
luted Industrial;  Auburn,  N.  Y 583 

Chicago.  lU.,  Experts'  Report  on  Future..  559 

Chicago;    Report    on    Conditions 448 

Conduits;    Maintenance     Problems     Con- 
nected with  Mountain-Side 572.  591 

Diseases  Due  to  Impure 498 

Engineering;  Aspects  in  Small  Cities.. 67,     81 

Financing  of  Projects,  Emergency 487,  495 

Ground;    Cost    of   Obtaining   from   Wells; 

Owensboro,    Ky 566 

Hetch    Hetchy;    Plans     and     Preliminary 

Studies     640 

Hydrants;  Rental,  Equitable  for  Fire  Ser- 
vice      579 

Increased  Demand  Following  Filtration..  124 
Map  and  Profile  of  Hvdraulic  Elements  of 

Project.    Utility   of 375 

Montreal;   Break   in  Aqueduct 118 

Ohio    Villages,    Data    on 627 

Preventable  Destruction  of  Child  Lite  by 

Polluted    301 

Securing   Expert   Advice   on   Projects.  .67,     81 

Storage    Problems    641 

"Toronto;    Proposed   Additional 607 

Village    627 

"«'innipeg.  Man..  Proposed  Aqueduct 75 

Water  Tower  at  Jlarj'ville.  Mo 693 

■tVater  Tunnel.  Tallulah  Falls,  Ga 532 

Water      Waste      Prevention;      Philadelphia 

Force,  Organization  and  Instructions.     82 
Water  Works: 

Accounting   System   for 77 

Aeration  Basin;   Proposed  Design,  Arma, 

Kas 224 

Anchor  Ice  Removed  by  Compressed  Air.  462 
Appraisal:    Honolulu,    Methods   and   Costs 

462,     499 

Appraisal:  Wisconsin  Plants 638 

Arma,  Kas.;  Aeration  Basin 224 

Baltimore;    Steel     Conduit,     Design     and 

Construction     666 

Boston:  High  Pressure  System 568 

Bidders;   Lowest  and  Lowest  Responsible  656 
Centralia.      111..      Method      of      Financing 

Project    495 

Cincinnati:  Eden  Park  Reservoir 567 

Conduits:  Steel.  Design  and  Construction.  666 

Costs:    Factors    Influencing 637 

Costs;    Toronto,    Extensions 611 

Court  Decisions   of   Controversies  Caused 

by    Polluted   Water    277 

Distribution     System;     Factors    AfiEecting 

Costs     638 

Distribution    System,    San    Diego,   Cal 667 

Distribution  System;  Value  of  Map 461 

Economy    in    Selection   and    Operation    of 

Machinery,    etc 278 

Eden      Park,      Cincinnati.      Reconcreting 

Reservoir     567 

Engineering  Advice.   Experts'   Required..     67 

Engineers;   Consulting.   Practice 219 

Extensions   7,  607,  611 

Financing    Projects    487,  495 

Fire    Protection    Requirements    in    Towns 

of   4,000    525 

Fire  Service;  High  Pressure  System,  Phil- 
adelphia       114 

Fire  Service;  Hydrant  Rentals 579 

Fire  Service;  Pipe  Line.  Joints;  Boston..  568 
Gages:     Pressure     Recording;     Use     and 

Benefits     581 

Head  Works.  Miscellaneous  Structures  at      7 

High  Pressure  Fire  Systems 114.  568 

Honolulu;  Methods  and  Costs  of  Appraisal 

462,     499 

Indiana  Cities:  Private  and  Municipal 570 

Individuality  of  Systems 637 

Intake    Location    607 

Intake    Tower,    Construction    Plant    and 

Cofferdam.   St.   Louis   375.  376 

Intake   Tunnel  and   Crib.   Toronto 608 

Intake;  Tunnel  and  Shafts;  St.  Louis,  Mo. 

515.    520.    724 

Lorain.  Ohio;  Investigation  and  Efficiency 

Tests     134 

Machinery:      .Selection      and      Operation; 

Economy  in    278 

Management;   Essentials   of  Efficient  and 

Economical   241 

Maps   of   System.   Value   of 461 

Moline.  111..   Removal  of  Anchor  Ice 462 

Operation:  Influence  of  State  Legislation.   239 
Operation;     Necessity    for    State    Super- 
vision    354 

Organization   of  Department:   San   Diego, 

Cal - 667 

Owensboro.  Kv..  Plant 566 

Philadelphia;   High   Pres.sure   System 114 

Pipe     Lines;     Flexible     Joints     for     Sub- 
merged     431,  431 

Polluted  Supply,  Court  Decisions  in  Con- 
troversies      277 

Pressure  Recording  Gages;  Use  and  Bene- 
fits      581 

Pumping    by    Electricity;    Economic    and 

Service    Advantages 3R7 

Pumps:    Purchrf^o   and    Testing 728 

Reservoirs,   Construction   Methods 7 

Reservoirs;    Honolulu    499 

Reservoirs:      Reconcreting,      Eden     Park, 

Cincinnati   567 

RIver.side,    Cal.,    Structural    Features    of 

Extension    7 

.San    Diego,   Cal..   Distribution    System 667 

St      Louis;    Intake;     Construction    Meth- 

o.V    275.  376.  515.  520.  724 

Standplne;    Reinforced    Concrete;    Fulton, 

N.    T 460 

Storage  Dam:  Deslen  of  Rock  Run i^i 

Tank:    Maryville.    Mo 693 

Topogr.Tphv    and    Geology,    Influence    on 

Costs    637 

Toronto    Proposed  Tmprovementa f"'' 

Tower;    Mar>-vllle,    Mo 693 
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•  r    Wiirks:    (ronlliiudl) 

xluatlon;  State  Repulatlon  of  Operation.  240 
live   Opening   Device.   Portable,    Power- 
Driven   .221 

Isrrnsln;  Data  Showing  Individuality  of 

Plant.s   • 637 

-ne  County.  Mirh..  Concrete  Roads 210 

Points   for   VnwaterinK   Quicksand    In 

Excavation    °4i 

Ik: 

8t    of   Obtaining   Water    from.    Owens- 

boro,  Ky P55 

preciatlon.   Honolulu  Waterworks 500 

luse.'j.    Riverside.    Cal •  •  •       ' 

n    PloBo.    Cal fi28.  Mfl 

nkiOK:    DecreasinR   Financial    Hazard...   628 
.eclflcatlons     for    PrlvinB,     San     Diego, 
Cal 639 


Western    Society   of   Engineers 96 

Wheelbarrow  Excavation  Costs 392 

Wheel  Scraper  Excavation  Costs 392 

Wheel   Scrapers;   Moving  Earth  with... 627,  629 
Williams     Reinforced     Concrete      Highway 

Bridge    643 

"Window  Dressing"  by  Railways 3Z0 

Winnipeg,   Man.: 

Aquiiduct;   Design   of   Proposed   New 75 

Municipal   Construction   with    Day    Labor 

vs.    Contract  Work 543 

Wisconsin:  ,,„ 

Pumping   Plant   Statistics 638 

Road   Construction   Eouinment,    Concrete.   681 
Roads:    Concrete,    in    Milwaukee    County 

543,  551 

Water   Mains:   Data   on    Sizes   and   Mile- 
age   in    Cities 6.17 

Water  Works  Plants,  Valuation  and  Rates  638 


^Vood    B)ook    Floors 549 

Wood  Block  Pavement: 

Berlin    ' 426 

Bituminous  Filler  and  Dry  Mortar  Bed..  625 
European    and    American    Methods    Com- 
pared   1 52 

Treatment.  Berlin   682 

Honolulu   Water  Works 464 

Repair  Methods  and  Costs.   Seattle 336 

Mountain   Side  Water  Supply 591 

Woodville,   Pa.,   Reinforced  Concrete  Reser- 
voir  Fence    298 

Wrecking:     Concrete    Stack.    Methods    and 

Costs    657 

Y 

Yellow  Pine  Timber,   Rules  for  Grading....   664 
York    County,    Ont.,    Macadam   Maintenance 

in     626 
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The   Panama  Canal. 

The  total  bond  issue  autliorized  for  con- 
itructing  the  Panama  Canal  was  in  round  fig- 
ures $375,000,000.  The  total  appropriations 
made  to  July  1,  1913,  and  chargeable  against 
this  authorized  bond  issue  were  $338,800,000. 
Dn  July  1,  1913,  there  remained  of  this  sum 
ippropriated  as  cash  on  hand  a  total  of  some 
^21.000.000.  The  expenditure  for  canal  con- 
struction to  Julv  1,  1913,  had  been  therefore 
shout  $317,800,000.  Including  the  cash  on 
hand  and  the  remainder  of  the  authorized 
bond  issue  available  for  appropriation  there 
was  on  July  1,  1913,  some  $57,200,000  of  the 
original  bond  issue  remaining  to  complete  the 
canal.  All  of  these  sums  are  exclusive  of  ap- 
propriations for  military  defense  of  the 
Canal  Zone  and  these  had  up  to  July  1,  1913, 
amounted  to  nearly  $10,700,000.  What  will  be 
the  final  cost  of  the  canal?  The  1906  estimate 
of  the  minority  members  of  the  International 
Board  of  Consulting  Engineers  was  $139,705,- 
200.  The  revised  estimated  of  1908  increased 
this  amount  to  $297,766,000. 

In  this  issue  we  publish  an  article  describ- 
ing the  structures  of  the  Panama  Canal  and 
the  principal  methods  and  costs  of  performing 
the  construction  work.  From  this  article  the 
engineer  can  see  for  what  the  expenditures 
so  far  made  have  been  made,  in  what  manner 
this  money  has  been  expended  and.  finally, 
what  work  remains  to  be  paid  for.  The  pur- 
pose of  this  article,  however,  is  not  to  furnish 
a  basis  for  speculation  on  the  total  cost  to 
the  United  States  of  its  trans-isthmian  water- 
way; its  purpose  is  to  indicate  in  what  man- 
ner a  great  piece  of  engineering  construction 
has  been  planned  and  prosecuted  by  American 
engineers. 

The  plan  of  the  Panama  Canal  is  an  Ameri- 
can plan.  European  engineers  who  have  had 
any  part  in  trans-Panama  canal  planning  have 
favored  sea  level  canals.  De  Lesseps  could 
conceive  of  no  other  than  a  sea  level  canal. 
It  is  true  that  he  modified  his  original  plan 
;ind  permitted  the  substitution  of  a  lock  canal 
plan  in  place  of  the  plan  on  which  he  began 
work,  but  he  was  driven  by  necessity  to  sub- 
mit to  the  change.  The  new  French  canal 
company  which  took  over  the  debris  of  De 
Lesseps'  efforts  was  likewise  constrained  to 
accept  the  lock  canal  plan.  When  the  Inter- 
national Board  of  Consulting  Engineers,  as- 
sembled by  the  United  States  in  19i>0  to  de- 
cide on  a  canal  plan,  made  its  recommenda- 
tions every  European  engineer  of  the  Board 
was  allied  with  the  majority,  which  favored 
a  sea  level  canal.  The  minority  members,  who 
favored  a  lock  canal,  were  all  American  en- 
gineers. The  Isthmian  Canal  Commission  and 
its  chief  engineer,  John  F.  Stevens,  supported 
the  minority  recommendation  of  a  lock  canal 
and  was  in  turn  supported  by  the  Secretary 
of  War,  Mr.  Wm.  H.  Taft.  There  was  a  division 
of  opinion  in  Congress  so  that  the  Senate 
might  for  a  while  "play  politics,"  hut  the 
decision  finally  favored  a  lock  canal.  The  lock 
canal  plan  was  distinctly  the  American  plan 
for  a  Panama  Canal. 

The  lock  canal  plan  was  not  only  distinc- 
tively .Xmerican,  but  the  particular  plan  for  a 
lock  c.inal  which  was  decided  upon  was  dis- 
tinctive from  all  previous  plans  for  a  lock 
canal.  .'Ml  other  plans  had  sought  for  the 
longest  possible  stretches  of  sea  level  chan- 
nel ;  their  locks  were  placed  the  farthest 
possible  distances  inland.     Traditional  concep- 


tion of  the  immeasurable  superiority  of  ocean- 
level  waterway,  one  might  imagine,  so  over- 
shadowed trans-isthmian  canal  planning  that 
thought  of  a  lock  was  to  be  dared  only  when 
no  possible  way  remained  for  a  channel  open 
to  the  sea.  The  five  American  engineers  of 
the  minority  of  the  International  Board  of 
Consulting  "Engineers  reversed  all  precedent ; 
instead  of  seeking  the  longest  possible  sea 
levels  they  purposely  .stopped  both  Atlantic 
and  Pacific  sea  level  channels  at  the  first 
points  inshore  where  it  was  practicable  to 
build  locks  and  secure  super-levels  of  economic 
length.  The  first  Atlantic  locks  were  located 
at  Gatun  only  a  few  miles  from  the  shore  of 
Limon  I3ay:  the  Pacific  locks  were  located  at 
La  Boca  only  a  little  beyond  the  shore  line  of 
the  Gulf  of  Panama.  Unstable  foundations  at 
La  Boca  caused  the  original  location  of  uhe 
first  Pacific  locks  to  be  changed,  .but  the 
Gatun  location  remained  and  Gatun  lake 
and  the  co-ordinate  dam  and  locks  of  Gatun 
constitute  the  unique  feature  of  the  .A.merican 
Panama  canal  plan. 

Gatun  lake  is  the  summit  level  of  the 
Panama  Canal  and  its  waters  carry  ships  for 
32  miles  of  the  total  50  miles  of 
Panama  channel  from  deep  water  to  deep 
water  in  the  opposite  oceans.  The  structural 
and  the  constructional  features  of  Lake  Gatun 
are  explained  elsewhere;  its  enormous  sig- 
nificance as  a  structural  part  of  the  Panama 
Canal  can  hardly  be  overestimated.  Credit  for 
making  Gatun  Lake  a  feature  of  the  Ameri- 
can Panama  canal  plan  belongs  first  to  John 
F.  Stevens,  who  realized  its  possibilities  and 
inaugurated  investigations  in  proof  of  its  con- 
structional practicability  and  then,  when  the 
International  Board  of  Consulting  Engineers 
took  up  its  work,  contended  fiercely  for  a 
lock  canal  with  Gatun  Lake  as  its  summit 
level.  Credit  is  secondarily  due  to  Engineers 
Ripley,  Randolph,  Stearns,  Noble  and  Abbot, 
who,  as  the  minority  of  the  International 
Board  of  Consulting  Engineers,  supported 
Mr.  Stevens  and  the  Isthmian  Canal  Com- 
mission and  lent  their  influence  and  high  au- 
thority in  upholding  the  plan  before  Con- 
gress. 

Gatun  dam,  next  to  Culebra  Cut,  from  the 
llrst  held  most  firmly  of  all  the  Panama 
Canal  structures  the  notice  of  the  American 
people.  It  was  of  all  the  canal  structures 
subjected  most  to  criticism.  In  a  way  this 
fact  is  curious.  The  La  Boca  dam  and  lock 
foundations  disclosed  from  the  first  conditions 
alarming  to  engineers  yet  work  nroceeded 
for  some  time  on  these  Pacific  counterparts 
to  tlic  Gatun  locks  and  dam  and  no  Ameri- 
can newspaper  gave  more  than  a  passing 
news  dispatch  to  them,  wliile  alongside  they 
were  printing  most  alarming  articles  on  the 
Gatun  dam  whose  foundations  had  from  the 
first  been  held  unquestionably  stable  by  all 
the  engineers  of  the  canal.  Again,  too,  the 
engineering  judgment  and  foresight  which 
approved  the  Gatun  dam  were  assailed,  while 
the  one  great  engineering  miscalculation  at 
Panama,  the  rock  slides  at  Culebra,  drew 
scarcely  a  single  criticism. 

Culelira  Cut  was  undoubtedly  in  the  popular 
mind  the  main  spectacular  feature  of  the 
canal  at  Panama.  To  engineers  it  pre- 
sented at  first  no  consideration  beyond  those 
of  an  ordinary  railway  cutting  in  the  United 
States  except  the  single  consideration  of  its 
enormous  dimensions  The  French  engineers 
who  began  the  cut  held  it  to  be  merely  the 
problem  of  removing  a  calculated  prism  of 
earth    and    rock.      The      French      company's 


geologists,  two  famous  authorities  in  their 
science,  could  see  no  danger  in  possi- 
ble slides  and  Cucaracha  slide  had  al- 
ready shown  evidence  of  its  power.  The  first 
Isthmian  Canal  Commission  of  1901,  officially 
reported,  as  is  quoted  elsewhere,  that  slides 
of  rock  were  a  remote  danger.  Advocates  of 
the  sea  level  canal  plan  when  the  question  of 
the  canal  plan  was  before  the  Senate  m  1906, 
were  strenuous  in  their  contention  that  slides 
were  matters  of  unimportance  in  planning  a 
cut  of  whatever  dimensions  at  Culebra.  Blame 
for  these  opinions,  fatuous  as  they  were,  can- 
not be  severe  nor  can  it  be  placed  on  any  one 
expert  more  than  another  for  the  opinion  was 
general  that  Culebra  cut  offered  no  obstacles 
to  construction  beyond  the  immense  volume  of 
material  to  be  removed  from  the  calculated 
prism.  Even  after  rock  slides  developed  at 
Culebra  and  began  to  multiply  confidence  was 
felt  that  each  was  the  last. 

It  has  been  noted  in  detail  elsewhere  what 
volumes  of  excavation  were  added  to  Culebra 
Cut  by  slides,  but  a  summary  in  other  terms 
is  not  out  of  place.  According  to  the  esti- 
mates of  the  majority  and  the  minority  of  the 
International  Board  of  Consulting  Engineers 
a  sea  level  canal  would  require  a  cut  at 
Culebra  of  110,000,000  cu.  yds.,  and  an  8o-ft. 
level  lock  canal  would  require  a  cut  at  the 
same  point  of  53,800,000  cu.  yds.  The  esti- 
mate of  1908  called  for  a  cut  of  78,000,000 
cu.  yds.,  of  which  13,000,000  cu.  yds.  were  due 
to  prism  enlargement.  In  1910'  the  estimate 
was  increased  to  84,000.000  cu.  yds.,  the  ad- 
dition being  to  provide  for  slides  already  de- 
veloped. In  1911,  the  estimate  was  made  89,- 
000,000  cu.  yds.,  the  increase  being  due  to 
slides,  .\gain,  for  the  same  cause,  in  1912  a 
new  estimate  of  94,000,000  cu.  yds.  was  made, 
and  on  Tune  30,  of  the  year  just  passed  an 
increase  to  over  100,000,000  cu.  yds.  was  esti- 
mated. These  figures  tell  the  story  of  en- 
gineering miscalculation  at  Culebra.  The 
questions  which  occur  are:  What  would  have 
been  the  volume  of  slides  had  a  sea-level 
canal,  with  a  cut  some  80  ft.  deeper  at 
Culebra,  been  adopted  for  construction  ?■ 
Would  sea-level  canal  advocates  have  re- 
mained advocates  of  a  sea-level  canal  had 
they  anticipated  any  considerable  portion  of 
the  trouble  which  slides  have  caused?  In- 
deed, would  not  the  lock  canal  advocates  have 
considered  seriously  a  higher  summit  level  and 
more  locks  had  they  foreseen  what  volumes 
of  sliding  rock  would  have  to  be  excavated 
at  Culebra? 

There  is  little  profit  in  speculating  on  what 
might  have  hapoened  had  the  true  conditions 
of  rock  stability  at  Culebra  been  anticipated. 
It  is  better  to  notice  that,  because  of  con- 
stant increase  in  excavating  efficiency,  costs 
were  so  considerably  reduced  below  the 
originallv  estimated  cost  that  the  total  cost  of 
Culebra  Cut  with  its  20,000,000  extra  cu.  yds. 
of  excavation  will  probably  not  materially  ex- 
ceed the  estimated  total.  This  fact  is  one  of 
the  marks  of  credit  which  stand  on  the 
records  of  the  engineers  who  have  directed  the 
work  at  Panama.  Another  greater  mark  is 
that  all  the  millions  expended  have  not  in- 
cluded the  smallest  of  sums  misappropriated. 

There  have  been  many  of  the  opinion  that 
day  labor  construction  of  the  Panama  Canal 
was  a  mistaken  policy.  There  is  none,  we 
feel,  who  believes  that  any  engineer  having 
direction  of  day  labor  work  at  Panama  did 
not  utilize  every  cent  honestly  and  with  every 
effort  to  secure  the  greatest  return  possible 
from  its  expenditure.     L'nder  these  conditions 
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'lay  labor  construction  reaches  the  greatest 
( conoiny  that  it  is  capable  of  attaining.  Un- 
der no  other  conditions  and  seldom  under 
tlicse   conditions   can    day    labor    construction 

ompari-   in   economy    with   contract  construc- 
tion 

The  enormous  output  of  excavated  material 
at  Culebra  has  been  one  of  the  most  noted 
items  of  the  canal  work.  It  was  the  fashion 
ilurmg  the  earlier  ilays  of  the  work  to  con- 
trast this  output  with  the  monthly  or  yearly 
excavation  records  of  the  French  engineers. 
There  was  more  of  vanity  than  of  iustice  in 
these  CDUiparisons.  Tile  difference  between 
French  jardages  and  .American  yardages  at 
Culebra  and  indeed  everywhere  on  the 
-canal,  indicates  the  increase  in  efficiency  ot 
excavating  machinery  between  1885  and  lOO.j. 
The  notal)lc  thing  is  not  that  .\meric;in  yard- 
ages so  much  exceeded  l-'re.ich  yardages,  but 
that  the  h'rench  directors  of  canal  work  se- 
cured as  great  outputs  as  they  did  with  the 
plant  with  which  they  had  to  work.  There 
was  another  advantage  possessed  by  the 
American  builders  which  their  French  pre- 
decessors did  nut  have.  This  was  im- 
measurably more  healthful  living  and  work- 
ing conditions.  In  this  matter  also  the  French 
engineers  have  been  somewhat  ove/-blamcd 
They  did  not  quite  likely  lay  the  stress  that 
they  might  on  sanitation,  but  they  did  not  in 
1882-"i  know  sanitation  as  it  was  known  20 
years  later  and  neither  they  nor  anyone 
knew  that  inos(|uitoes  and  no  other  agent 
propagated  yellow  fever  and  its  almost  as 
objectionable  if  less  deadly  companion  disease, 
malarial  fever.  Mosquito  extermination 
counted  far  more  toward  the  faster  work  at 
Panama  of  .Americans  as  compared  with 
Frenchmen  than  did  so-called  superior 
Yankee  push  and  efficiency. 

The  work  of  sanitation  at  Panama  does  not 
reauirc  much  space  to  describe  but  it  was  the 
most  nearly  marvelous  of  all  the  work  of  the 
Americans  at  Panama.  .\t  no  previous  time 
could  it  have  been  accomplished  so  effectively, 
^wcausc    until    19O0    it    was    not    known    that 


yellow  fever  and  malaria  were  misquito-borne 
diseases  and  then  or  even  four  years  later 
wdien  .Americans  occupied  Panama,  the  fact 
was  the  accepted  belief  of  only  a  few.  It 
has  been  said  that  sanitation  at  Pan.mia  was 
merely  a  matter  of  intelligent  administration 
and  this  is  true  but  the  intelligence  required 
was  of  the  kind  that  could  take  every  ad- 
vantage of  scientific  research  and  leave  no 
precaution  untested  because  of  previous  be- 
liefs. 

The  canal  at  Panama  is  above  all  the  work 
of  the  engineer  as  a  builder  and  as  a  sani- 
tarian but  it  is  also  the  work  of  the  en- 
gineer as  a  designer,  and  the  designing  en- 
gineer deserves  co-ordinate  mention  with  the 
construction  engineer  and  the  sanitary  en- 
gineer. The  locks  with  their  gates  and  valves 
and  safety  devices,  the  power  plants  and  the 
system  of  power  transmission  and  control 
called  for  designing  ability  of  high  character. 
.-\11  general  plans  were  worked  out  by  the 
canal  engineers  and  then  planned  in  detail  in 
conjunction  with  the  engineers  of  the  manu- 
facturers who  built  the  several  parts  and  ap- 
pliances. .A  glance  at  the  list  of  the  manu- 
facturers w'hich  is  gi\en  elsewhere  and  at 
the  money  value  represented  by  their  con- 
tracts will  demonstrate  more  forcefully  than 
many  words  the  character  and  magnitude  of 
the  designing  engineers'  work  at  Panama. 

This  discussion  of  the  work  at  Panama 
though  confined  solely  to  general  features 
has  touched  only  the  main  points  deserving 
notice.  It  has,  however,  reached  the  limits  of 
available  time  and  space  and  the  reader  must 
supply  from  the  article  which  is  printed  else- 
where in  this  issue,  the  many  deficiencies  that 
exist. 


A    Decrease    in    the    Use    of    Mineral 

Waters. 

During  li)12  l.-^OO.OOO  gals,  less  mineral 
and  table  w-atcr  were  consumed  in  the  United 
States  than   during  the  year   1911.     This   de- 


crease in  consumption  represented  a  total  de- 
crease in  the  expenditure  for  such  waters  of 
$250,000  for  the  year.  A  bulletin  recently  is- 
sued bv  the  United  States  Geological  Survey 
states  that  02,000,000  gals,  of  mineral  water 
were  consumed  in  1912,  and  cost,  at  the  source 
of  supply,  about  $6,500,000,  This  figure  does 
not,  of  course,  represent  the  full  cost  to  the 
consumer.  The  price  of  mineral  waters  ranges 
from  a  minimum  for  the  table  waters  sold  in 
large  containers  to  a  maximum  for  waters 
possessing  medicinal  properties  and  for  the 
higher  grade  of  table  waters  which  are  bottled 
and  carbonated.  The  decrease  in  consump- 
tion of  the  waters  under  consideration  is  a 
matter  of  interest  to  engineers  who  are  en- 
gaged in  water  supply  practice. 

While  perhaps  not  the  sole  cause,  we  feel 
sure  that  first  among  the  causes  leading  to  the 
reduction  in  the  use  of  mineral  water  during 
1912  is  the  greatly  improved  quality  of  many 
public  water  supplies.  The  installation  of  nu- 
merous emergency  hypochlorite  plants  in  con- 
nection with  domestic  water  supplies  has 
given  that  portion  of  the  public  most  likely  to 
buy  bottled  water  for  table  use  greater  confi- 
dence in  the  purity  of  the  public  supply.  The 
rapid  advance  in  the  adoption  of  filtration  for 
surface  supplies  has  of  course  also  had  its 
influence  in  decreasing  the  use  of  table  waters. 
Readers  will  recall  that  the  chief  reason  that 
work  on  the  construction  of  the  Minneapolis 
filter  plant  was  carried  on  during  the  winter 
was  to  have  the  plant  ready  for  operation  as 
soon  as  possible  so  as  to  save  the  people  of  that 
city  the  $40,000  per  month  which  they  had  been 
paying  for  bottled  water   for  table  use. 

The  saving  indicated  for  the  year  1912  is. 
of  course,  comparatively  small  and  is  of  in- 
terest chiefly  as  indicating  a  growing  public 
confidence  in  the  purity  of  public  water  sup- 
plies. With  the  general  adoption  of  filtration 
for  surface  supplies  and  the  universal  avail- 
ability of  emergency  disinfecting  plants,  the 
expenditure  of  money  for  bottled  water  for 
table  use  will  become  practically  nil. 
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A  Discussion  on  the  Construction  and 
Operation  of  the  Several  Types  of 
Meters  and  Their  Adaptabil- 
ity  to   Various    Kinds   of 
Service-Performance  of 
Water  Meters  in 
St.  Louis. 

.■\»  early  as  l>'fli  the  St.  Louis  water  depart- 
Tiient  had  a  few  water  meters  in  service.  The 
only  meter  then  known  was  the  Worthington 
plunger,  which  is  very  similar  to  a  double  pis- 
ton pump.  .\  so-called  modern  type  of  water 
meter  such  as  the  rotary  piston  began  to  dis- 
place the  phinscr  type  about  1892  and  has,  till 
rcccntl>,  continued  to  be  the  type  preferred 
by  the  department.  The  disk  and  velocity 
t\  "    Acd  later,  but  the  velocity  type  was 

'  \'<r<  tnarniralc  on  small   flows  and 
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It  IS  essentia!  to  know  the  construction  and 
operation  of  the  various  types  in  order  to 
compare  their  performance  and  discuss  their 
adaptability  to  various  kinds  of  service.     The 
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Fig.   1.   Diagrammatic  Section  of  the   Hersey 
Rotary  Water  Meter. 

oldest  type,  the  duplex  plun.gcr,  is  mentioned 
only  as  a  matter  of  historic  interest  for  it  is 
now  olisoletc  for  measuring  water  supplies.  It 
is  still  used,  though,  to  measure  hot  water, 
beer,  oil  and  other  liquids  which  would  ruin 
the    hard    rubber    ii.-irts    m.d    in    all    modern 


types.  It  will  suffice  to  describe  its  operation 
as  similar  to  that  of  a  duplex  water  pump  with 
its  parallel  cylinders  and  sliding  valve.  A 
driving  arm  and  pawl  transmit  the  recipro- 
cating motion  of  the  plunger  to  a  ratchet  wheel 
on  the  under  side  of  the  recording  dial.  The 
other  types  can  be  classed  as  modern  and  are 
of  the  same  general  scheme  :  they  differ  prin- 
cipally in  their  measuring  chamber  and  are 
classified  accordingly.  The  water  passing 
through  the  measuring  chamber  operates  a 
hard  hubber  pistim.  disk  or  wheel.  Within  the 
same  casing,  lubricated  by  the  circulation  of 
water,  is  a  train  of  bronze  gears  which  reduces 
and  transmits  the  piston  motion  through  a 
stuffing-box  to  the  recording  dial.  The  dial 
and  gear  train  spindles  arc  connected  by  a 
pair  of  gears  which  cm  be  changed  so  as 
to  correct  any  small  inaccuracies  of  registra- 
tion. The  modern  types  may  then  be  classified 
as  rotary,  disk  and  velocity.  There  are  several 
models  on  the  market  which  are  a  combina- 
tion of  these.  The  Venturi  meter  is  not  con- 
sidere<l  in  this  paper,  for  it  is  not  used  on 
ordinary  city  service  cotinections. 

The  Crown  was  the  first  of  the  rotary  piston 
type,  and  was  introduced  in  St.  Louis  early  in 
the  nineties.  The  Crown  was  soon  followed 
by  another  rotary,  known  as  the  Hersey 
Rotary.  The  general  arrangement  of  the  parts, 
piston  and  chamber  walls  bears  such  similari- 
ties and  contrasts  to  the  Crown  meter  that 
one  might  easily  imagine  the  Crown  piston 
and  chamber  adapted  to  a  circular  motion  in- 
stead of  a  series  of  swinging  motions.  The 
water  enters  the  measuring  chamber  through 
the  ports  in  the  bottom,  and  leaves  through  the 
opening  at  the  center  of  the  top. 

The  hard  rubber  ring  and  piston  are  hollow, 
and  the  piston  is  of  such  specific  gravity  that  it 


weighs  in  water  about  35  per  cent  of  its  weight 
in  air.  Figure  1  is  a  horizontal  section 
through  the  measuring  chamber,  showing  the 


port  .J  and  outlet  port  12  are  on  the  point  of 
opening.  In  a  complete  revolution  every 
point  in  the  piston  describes  a  circle  of  radius 


Fig.   2. 


Sectional    Views  of    Empire    Rotary  Water  Meter,  Illustrating  Various   Positions 

of   Ring-Shaped   Piston. 


position  of  the  piston  with  respect  to  the- inlet 
and  outlet  ports  in  the  bottom.  At  the  instant 
■shown,  water  enters  the  chambers  E  through 
the  inlet  ports  1,  i,  3,  4  and  (5  in  the  bottom. 
It    will    be    noticed    that    the    si.x    inlet    ports 


PC.  In  its  motion  it  is  quite  evident  that 
all  surfaces  of  contact  are  sliding,  in  con- 
trast to  that  of  the  Crown,  where  the  sides 
are  in  rolling  contact  while  the  top  and  bot- 
tom only  are  in  sliding  contact.    The  increased 


controlled  by  a  hard  rubber  pin  in  the  center 
of  the  piston,  sliding  in  a  circular  ring  B 
concentric  with  the  chamber.  In  Figs.  ■2a-2d 
the  water  enters  port  D  in  the  bottom  plate 
and  discharges  from  E  in  the  top  plate. 

The  piston  is  so  controlled  by  the  diaphragm 
C  and  ring  B  that  there  is  always  some  point 
a  on  the  outer  edge  of  the  piston  in  contact 
with  the  outer  chamber  wall,  while  diametri- 
cally opposite  on  the  inside  of  the  piston  ring 
there  i^  continually  a  point  b  in  contact  with 


Fig.  5.  Disk  Meter  With  Conical  Disk  and 
Flat    Bottomed   Chamber. 

the  inner  wall,  the  guide  ring  B.  Conse- 
quently this  diametrical  line  of  contact  ab 
separates  the  inlet  from  the  outlet  spaces. 
As  the  pressure  acts  in  a  direction  against 
the  projection  of  this  diametrical  line,  it  acts 
parallel  with  the  contact  surfaces,  and  thus 
excessive  friction  is  avoided.  In  Fig,  2a  the 
spaces  1  and  3  are  filling  while  2  and  4  are 
discharging,  thereby  causing  the  piston  to 
move  in  a  direction  indicated  by  the  arrow. 
On  moving  to  position  in  Fig.  2b  the  inlet 
space  1  has  enlarged :  3  and  4  have  combined 
and  are  about  to  discharge  througli  port  E : 
while  the  outlet  space  2  has  diminished.  Fig. 
2c  shows  the  inlet  .space  1   still  enlarging,  and 


Fig.   3.   Sectional    Diagram    of    Union    Rotary 
Meter. 

are  twice  as  large  in  area  as  the  outlet  ports 
7,  8,  9,  10,  11  and  12,  because  there  is  a  cor- 
responding set  of  outlet  ports  in  the  top  plate. 
Ax  the  s:inie  instant  water  is  discharging  from 
chambers  D  through   the  outlet  duct  ports   10 


Fig.  4. 


Disk  Meter  With  Flat  Disk  and  Coni- 
cal  Chamber. 


and  11  to  the  cylindrical  opening  in  the  cen- 
ter of  the  piston,  which  in  turn  is  always 
open  to  the   outlet   of   the   meter.     The   inlet 


Fig.    6.   Velocity    Type   of    Meter,    in    Which    Water   Enters   at   Center  of   Wheel    and    Dis- 
charges at  Outer  Edge. 


wear  of  all  sliding  surfaces  in  the  llcrsey 
Rotary  is  very  noticeable,  and  the  frictioi\ 
caused  by  the  sliding  contact  of  these  roughly 
worn  surfaces  seem  to  account  for  its  marked 
loss  in  sensitiveness.  The  volume  discharged 
per  revolution  is  the  volume  of  the  chamber 
minus  that  displaced  by  the  piston  and  the 
cylindrical  outlet   pocket  in  its  center. 

Another  meter  classed  as  rotary  is  the  Em- 
pire. The  motion  of  the  ring-shaped  piston 
might  be  described  as  oscillating.  The  cen- 
ter of  the  piston.  Figs.  2a-2d,  describes  a  cir- 
cle about  the  center  of  the  chamber,  while 
the  slot  in  the  ring  reciprocates  along  the  sta- 
tionary   diaphragm.      The    circular    motion    is 


Mt  tile  same  time  the  newly  formed  inlet  spaci 
3  and  the  nutlet  spaces  4  and  2  as  diminish- 
ing. In  Fig.  2d  the  inlet  space  1  has  become 
a  ma.ximum  and  is  about  to  discharge  and 
become  2  of.  Fig.  2a.  This  would  bring  the 
piston  into  its  original  position  of  Fig.  2a. 
From  the  foregoing  explanation  it  is  quite 
evident  that  the  annular  space  between  the 
outer  and  inner  walls  A  and  B  of  the  cham- 
ber is  filled  and  discharged  in  each  oscillatioi 
of  the  piston. 

The  Union  Rotary  Meter,  as  shown  in  Fig 
3.  is  another  of  the  rotary  type.  The  design 
of  the  rotors  is  similar  to  that  of  a  well- 
known  type  of  blower.     The  rotors  are  maii 


of  hard  rubber  and  are  fixed  in  relative  po- 
sition by  two  elliptical  hard-rubber  gears. 
The  volume  per  revolution  will  be  equal  to 
the  volume  of  the  chamber  minus  the  vol- 
ume displaced  by  the  two  rotors.  The  direc- 
tion in  which  the  rotors  turn  is  controlled  by 
a  V-shaped  guide  vane  at  the  inlet  which  di- 
vides and  deflects  the  incoming  stream  so  that 


Fig.   7.  Velocity    Meter   With    Two    Reaction 

Wheels  on  Same  Shaft,  Giving  Balanced 

End   Thrust. 

it  flows   around  by  the  wall  of   the  chamber 
to  the  outlet. 

The  most  popular  meter  in  sizes  smaller 
than  3  ins.  is  the  disk  type  (Figs.  4  and  5), 
so-called  from  the  shape  of  its  hard-rubber 
piston.  The  disk-shaped  piston  may  be  said 
to  mutate  or  wobble  about  the  ball  and  socket 
bearinR  at  its  center.  The  chamber  in  which 
the  disk  mutates  may  be  described  as  a  por- 
tion of  a  sphere  enclosed  by  the  zone  gen- 
erated by  the  revolution  of  an  arc  about  the 
diameter  as  an  a.xis.  There  are  two  shapes 
of  disk,  one  flat  and  the  other  conical,  re- 
quiring a  corresponding  difference  in  the 
chamliers.  Figure  4  shows  a  meter  with  a 
flat  disk;  the  top  and  bottom  of  the  cham- 
ber are  conical  in  shape  and  symmetrical.  Fig- 
ure 5  shows  a  meter  where  the  disk  is  conical 
and  the  bottom  of  the  chamber  flat.  A  di- 
aphragm  extending    from    the   outer    wall   of 


Fig.   8.  Compound    Meter    Designed    to    Give 

Minimum    Impedance   to    Large    Flows 

and     Accurate     Measurement    of 

Small    Flows. 

the  chamber  to  the  ball  of  the  disk  at  the 
center  divides  the  chamber  so  that  the  water 
cntcrine  at  f>nc  side  of  the  diaphragm  travels 
around  the  annular-shaped  chamber,  forcing 
the  disk  before  it,  and  is  discharged  from  the 
opening  at  the  other  side  of  the  diaphragm. 
The  two  lines  of  contact  between  the  disk  and 
top  and  bottom  of  the  chamber  divide  it  into 
four  parts,  of  which  two  are  continually  filling 
and   the  other  two  discharginR.     This   results 


in  a  continuous  flow,  and  the  volume  displaced 
per  revolution  is  the  volume  of  the  chamber 
minus  that  displaced  by  the  disk. 

The  foregoing  types  measure  water  by 
positive  piston  displacement,  in  contrast  to 
the  velocity  type,  which  measures  the  volume 
of  flow  by  its  velocity.     These  velocity  types 


valve  is  opened  to  the  atr  , sphere  when  the 
valve  is  seated.  T  'is  arrangement  holds  the 
valve  closed  under  a  pressure  equal  to  the 
difference  between  the  total  resultant  hy- 
draulic pressure  on  both  sides  of  the  valve 
gate  and  the  total  atmospheric  pressure 
on     the     groove     of     the    valve    seat.       The 


Fig.  9.   Hersey  Detector  Meter — Suitable  for    Use  on  Fire  Protection  Services. 


operate  as  reaction  water  wheels.  Figure  0 
shows  a  velocity  type  meter  where  the  water 
enters  at  the  center  of  the  wheel,  reacts 
against  the  curved  vanes  and  discharges  at 
the  outer  edge.  Another  design  of  velocity 
meter  is  shown  in  Fig.  7,  where  two  reaction 
wheels  are  mounted  on  the  one  shaft  so  that 
the  end  thrust  is  balanced  by  the  water  re- 
acting against  the  blades  from  both  ends  of 
the  runner.  The  weight  of  the  runner  in 
water  is  carried  by  agate  or  hard-rubber  bear- 
ings at  the  bottom  of  the  shaft.  From  tests 
made  on  the  various  types  of  velocity  meters 
the  double  balanced  wheel  appears  to  be  the 
most  sensitive  to  low  velocities. 

Figure  8  shows  a  compound  meter  which  is 
designed  to  give  a  minimum  impedance  on 
large  flows  and  to  measure  accurately  small 
flows.  On  small  flows  the  disk  meter  op- 
erates, and  when  its  capacity  is  reached  the 
weighted  valve  is  unseated,  closing  the  small 
meter  and  opening  the  velocity  meter  to  op- 
erate on  the  larger  rates  of  flow. 

Meter  manufacturers  in  the  past  have  been 
endeavoring  to  construct  a  meter  suitable  for 
fire-protection  service,  and  up  to  the  pres- 
ent time  only  one  make  has  been  approved  by 
the  fire  underwriters.  The  value  of  such  a 
meter  for  detecting  the  theft  of  water  from 
fire  protection  services  will  be  understood  by 
any  one  familiar  with  water  works.  A  strik- 
ing example  of  its  use  was  made  in  a  city 
of  Michigan,  where  after  installing  one  of 
these  meters  on  the  fire  service  of  a  manu- 
facturer, it  was  found  that  water  was  being 
stolen  at  the  rate  of  about  $5,000  a  year. 
From  the  evidence  it  appeared  that  this  theft 
had  been  going  on  for  about  four  years:  the 
jury  rendered  a  verdict  against  the  defendant 
for  $1.5,812. 7(>.  Figure  9  shows  such  a  meter. 
The  main  pipe  is  equipped  with  a  weighted 
check  valve  in  front  of  which  is  a  bafllle  ring 
to  deflect  about  !>  per  cent  of  the  main-pipe 
flow  through  the  proportional  meter.  A 
rnetcred  by-pass  half  the  diameter  of  the  main 
line  connects  the  two  sides  of  the  check  valve. 
An  annular  groove  in  the   seat  of  the  check 


groove  in  the  seat  is  of  such  area  that 
the  check  valve  is  unseated  when  the  pres- 
sure drop  around  the  valve  is  (i  per  cent. 
The  metered  by-pass  registers  the  entire  flow 
at  rates  which  are  not  sufficient  to  open  the 
valve  gate.  On  flows  that  keep  the  check 
valve  open  the  proportional  meter  operates 
so   as   to   register   that   portion    which   passes 
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Fig.  10.    Proportional    Flow  and  Accuracy  of 

Registration  on    Main    Line  and   By-Pass 

at   Various    Rates  of   Flow  Through   a 

4x12-in.    Detector    Meter. 


through  the  main  line.  The  function  of  the 
ball  weight  is  to  reseat  the  check  valve,  for 
it  would  tend  to  float,  as  no  excess  pressure 
is   created   above   it   when   unseated.     Figure 
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10  serves  to  illustrate  the  proportional  amounts 
ind  accuracy  of  registration  on  both  the  main 
ine  and  by-pass  at  various  rates  of  flow 
;hrough  a  4x2-in.  detector  meter.  This  de- 
rector  meter  is  quite  adaptable  to  services 
xhere  both  large  and  small  rates  of  flow  are 
desired.  The  feature  in  the  detector  of  meas- 
uring large  flows  in  proportion  is  used  in  a 
io-called  "proportional  meter."     One  model  is 
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Fig.  11.   Comparative  Impedance  to  Flow  of 
Various  Types  and    Sizes  of  Water   Meters. 


1  straight  section  of  pipe  with  a  baffle  ring 
to  deflect  a  portion  of  the  water  through  a 
small  meter,  calibrated  to  register  directly  the 
total  flow.  The  other  model  operates  in  the 
;ame  way,  but  in  addition  is  equipped  with 
1  by-pass,  so  that  the  meter  can  be  repaired 
ivithout   interrupting   the  water    service. 

The  remainder  of  this  paper  will  be  de- 
I'oted  to  the  comparative  performances  and 
:haracteristics  of  the  various  types. 

The  curves  of  Figs.  11  and  12  serve  to 
;how  the  comparative  impedance  of  the  dif- 
ferent   types    and    sizes    at    various    rates    of 


uniform  practice  of  piston  speed  represents 
the  maximum  that  is  consistent  with  a  good 
wearing  efficiency. 

It  has  been  the  experience  of  the  St.  Louis 
Water  Department  that  rotary  meters  lose 
their  accuracy  and  sensitiveness  gradually. 
They  will  still  continue  to  operate  when  they 
have  become  so  worn  as  to  register  as  low  as 
60  to  80  per  cent  of  accuracy.  These  large 
inaccuracies  can  be  attributed  to  the  wearing 
of  the  comparatively  large  sliding  surfaces  ex- 
posed to  the  grinding  action  of  grit  in  the 
water.  This  excessive  wear  results  in  a  large 
amount  of  play  between  the  piston  and  the 
chamber,  permitting  water  to  slip  through 
without  acting  on  the  piston.  The  sliding 
surface  exposed  to  grit  is  far  greater  in  the 
rotary  type  than  in  any  other. 

Our  observations  indicate  that  the  disk  type 
maintains  its  accuracy  better  than  the  rotary. 
The  disk  type  generally  maintains  an  ac- 
curacy of  90  per  cent  or  better  until  it  fails 
entirely.  The  maintained  accuracy  can  be  ex- 
plained by  the  fact  that  the  wearing  surface 
of  a  disk  is  concentrated  at  the  ball  and 
socket  bearing.  This  affords  only  a  small 
surface  exposed  to  grit  and  slippage.  When 
the  wear  in  the  bearing  allows  sufficient  play, 
the  edge  of  the  disk  will  bind  in  the  cham- 
ber and  so  cease  to  operate  and  probably 
break.  These  disks  are  cheap  to  replace  as 
compared  to  the  pistons  of  the  rotary  type. 

The  velocity  type,  due  to  the  small  wear- 
ing surface  exposed  to  grit,  maintains  its  ac- 
curacy very  well.  It  is  used  only  in  the  larger 
size — that  is,  3-in.  and  above,  and  is  by  far 
the  cheapest  in  first  cost  and  maintenance.  It 
is  also  most  accessible  for  repairs  and  is  es- 
pecially adapted  to  the  services  of  consumers 
where  large  rates  of  flow  are  used,  or  where 
water  is  used  onlv  at  long  intervals  of  time. 


bell  shape  of  the  upper  casing  causes  the 
stress  of  freezing  in  a  vertical  direction.  The 
bottom  is  so  designed  that  it  will  break  before 
the  other  parts  are  permanently  distorted. 
When  the  bottom  is  released  the  measuring 
chamber  is  so  designed  as  to  be  free  to  fall 
apart  in  case  it  is  subjected  to  an  internal 
stress.  Our  experience  finds  that  on  re- 
placing   a    broken    bottom     of     such    frozen 
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Fig.   12.   Comparative   Impedance  to   Flow  of 
Various  Types  and    Sizes  of  Water  Meters 

meters  the  accuracy  has  not  been  affected. 
And  so  the  measuring  chambers  of  many 
makes  of  disk  meters  have  special  features 
which  are  advanced  as  arguments  in  their 
favor.  The  wearing  surfaces  of  the  meas- 
uring chamber  of  a  disk  meter  are  confined 
to  the  ball  and  socket  bearing  and  the  di- 
aphragm. To  reduce  the  cost  of  repairing  a 
badly  worn  ball-socket  bearing,  some  firms 
construct  the  disk  chamber  in  three  parts  in- 
stead of  two,  so  that  only  the  top  and  bottom 


Fig.  13.  View  of  Machine  for  Testing  Small    Meters,  Ten  at  a  Time. 


flow.  From  these  curves  it  is  evident  that 
near  full  capacity  the  impedance  of  the  ve- 
locity type  is  much  less  than  that  of  the  disk 
type,  which  in  turn  is  less  than  that  of  the 
rotary.  On  their  smallest  flows  the  im- 
pedance of  any  type  is  ncgliblc.  The  fact 
must  not  be  overlooked  that  the  full  capacity 
Df  the  disk  type  can,  within  limits,  be  easily 
regulated  by  the  size  of  inlet  and  outlet  pass- 
ages to  the  measuring  chamber.  The  meter 
Tianufacturers  are  quite  uniform  in  the  mat- 
ter of  full  capacity,  disk  mutations  per  cubic 
foot,  and  the  size  of  measuring  chamber.  This 


It  is  not  particularly  adapted  to  services  that 
have  small  fixtures  and  openings,  for  the  ve- 
locity type  will  not  register  leaks  and  will 
only  partly  register  the  small  streams. 

The  disk  type  is  about  one-third  less  in 
first  cost  than  the  rotary,  due  in  a  measure 
to  the  greater  amount  of  hard  rubber  and 
machinery  necessary  in  the  piston  and  cham- 
ber of   the   rotary  type. 

The  disk  type  in  the  smaller  sizes  is  more 
accessible  to  repair.  One  make  embodies  in 
the  design  properties  for  incurring  a  minimum 
amount  of  damage  in  case  of  freezing.    The 


plates  need  be  replaced  when  the  bearing  is 
worn.  Some  also  construct  the  ball  of  the 
disk  so  that  it  can  be  taken  apart  and  ad- 
justed for  wear  by  the  insertion  of  paper  be- 
tween the  halves.  E.xcessive  wear  on  the 
diaphragm  caused  by  the  tendency  of  the  disk 
to  rotate  about  its  spindle  must  be  avoided  if 
the  meter  is  to  be  reasonably  accurate  on 
small  rates  of  flow.  Several  firms  entirely 
avoid  this  wear  on  the  diaphragm  by  a  thrust 
roller  which  is  placed  in  the  edge  of  the  disk 
at  a  point  diametrically  opposite  the  diaphragm 
and  so  takes  the  side  thrust  while  oscillating 
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in  a  vertical  slot  in  the  side  of  the  measuring 
chamber.  From  the  data  which  the  depart- 
ment now  keeps  it  will  be  able  in  a  few 
years  to  determine  whether  or  not  this  feature 
is  an  advantage.  As  previously  shown,  some 
meters  have  flat  disks  and  others  conical.  The 
advantage  claimed  for  the  conical-shaped  disks 
is  that  any  section  is  a  curve,  so  that  it  will 
embody  the  strengthening  efTect  of  an  arch. 
Many  firms  strengthen  the  flat  disks  by  a 
steel  reinfiiricnunt.  In  the  case  of  the  flat 
disk  the  horizontal  thrust  of  the  water  in  mo- 
tion is  less  than  in  that  of  a  conical  disk  and 
is  proportional  to  the  sine  of  the  angle  be- 
tween the  disk  and  the  horizontal. 

The  gear  train  in  any  meter  which  transfers 
the  piston  motion  to  the  dial  is  generally  made 
of  phosphor  bronze  pinions,  gears  and  shafts, 
while  the  frame  is  bronze.  One  difTiculty  ex- 
perienced in  the  past  with  ge.tr  trains  in  St. 
Louis  water  is  a  heavy  white  deposit  of  cal- 
cium carbonate  vvhich  becomes  so  thick  as  to 
interfere  with  their  operation.  This  calcium 
ticposit  also  closed  strainers  and  passages  and 
covered  pistons  and  chambers  with  a  hard 
white  deposit.  It  is  almost  impossible  entire- 
ly to  remove  this  coating  by  a  mechanical 
process.  The  department  now  removes  this 
coating  quickly  and  cheaply  with  a  dilute  so- 
lution of  muriatic  acid  and  so  restores  to 
service  many  meters  and  parts  which  were 
formerly  condemned  for  scrap.  The  pistons 
of  rotary  meters  being  hollow  and  having 
small  openings  for  the  admission  of  water 
resulted  in  a  deposit  of  calcium  carbonate  on 
the  inside  of  such  pistons.  For  example,  a 
piston  taken  from  service  weighing  10%  lbs.. 
after  treatment  in  acid  lost  2Vi  lbs.  In  all 
simitar  cases,  the  piston  becomes  more  buoy- 
ant and  responds  to  small  rates  of  flow, 
whereas  it  failed  to  do  so  before  the  acid 
bath.  Another  difficulty  experienced  is  in  the 
gear  train,  and  is  due  to  the  soluble  salts  in 
our  water  which  set  up  an  electrolytic  action 
li'vi.i-.ii  tti.  i,:,rn  having  different  ziric  con- 
the  parts  containing  more 
I  to  the  action  of  the 
electrolytic  solution  become  electro-positive 
with  respect  to  the  parts  containing  less  zinc, 
causing  the  parts  high  in  zinc  to  disintegrate 
and  leave  the  copper  constituent  in  a  porous 
rin.  This  electrolytic  action  was 
Mr.  Monfort,  chief  chemist  of 
i...      ■    I  ■•'■- department,  and  described 

l>v  him  II  cfore  the  .American  Water 

\Vorks    .\  .      11    convention    at    New    Or- 

leans in  lUlU.    As  a  remedy  he  suggested  that 
the  various  parts  should  as  nearly  as  possible 
l)c  of  the  same  alloy.     Accordingly  a  change 
was  made  \r\-  one  firm  in  the  construction  of 
the    frame   posts   of   the  gear   train   so  as   to 
conform  with  Mr.  Monfort's  suggestion.    The 
'    i'd  with  the  upper  part   of 
•    a  unit  and   so  lessen  the 
•'•■■■wise   be   of   a    slightly 
'•  containing  the  feat- 
throughoiit   the  gear 
Iran  I  in  a  specification  un- 

der iiascs  misters.    To  pre- 

vent «:i>rr. ..■>!.. II   and  increase  the  wearing  effi- 
r'lrnrv,    nnr    firm   constructs   a   gear   train    of 
hard-rubber    thrust    bear- 
r-bronze     pinions.       Some 
i!ri  rain  in  which  jewels  serve 

a«   ■ 

''  ■    ■■'  a  meter  becoming  fast 

ind  such  cases  are  so 
I   tvprs  that   this  was 
thf  '.ears  past.  Upon 

r\.  .;  chamber  of  this 

f'  t   •  .    loiiiid  tilt  piston  had  so  worn 

a«    •  1    thin    film    rif    deposit    to    form 

so  that  the 

t  the  cham- 

|M  r   revolution. 

1  acid,  the  meter 

.  of  9i)  per  cent, 

the  acid  hath  it  had  been  110 


Tb 
r.T   ■ 

li.m 
t"  • 
the 
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:i    round    di.il,    where 

■n   of   a 

•rding 

of 


ploys  hard-rubber  bushings  for  the  bearings. 
The  other  is  known  as  the  straight-reading 
type  register,  and  consists  of  a  set  of  rollers, 
one  for  each  digit.  The  roller  of  the  lowest 
digit  is  geared  directly  to  the  source  of  mo- 
tion, while  the  others  are  operated  by  trippers 
on  a  countershaft.  The  vital  point  of  a 
straight-reading  register  lies  in  the  design  of 
this  countershaft  and  its  trippers,  because  the 
trippers  for  the  higher  digits  operate  so  sel- 
dom that  unless  some  means  is  provided  for 
preventing  it,  they  become  tightly  corroded 
to  the  shaft,  and  in  so  doing  the  tripper  shaft 
breaks  when  the  trippers  of  the  higher  digits 
are  brought  into  operation.  There  are  two 
designs  which  are  covered  by  patents,  one  pro- 
viding for  an  intermittent  motion  of  the  coun- 
tershaft and  the  other  for  a  continuous  mo- 
tion. In  the  former,  the  first  tripper  is 
fastened  to  its  shaft  so  that  the  shaft  turns 
once  for  each  revolution  of  the  first  digit 
roller.  In  the  case  of  the  latter,  the  tripper 
shaft  is  geared  directly  to  the  main  spindle, 
so  that  it  operates  continuously  with  the 
source  of  motion.  •  To  prevent  tampering 
with  meters,  vvc  deem  it  necessary  to  seal  the 
dials  only.  Tampering  with  the  measuring 
chamber  or  train  gear  is  hardly  ever  done. 
and  is  so  easy  to  detect  that  the  department 
considers  it  over-precaiitious  to  seal  the  main 
casing,  especially  in  view  of  the  fact  that  the 
meters  are  read  once  a  month.  The  depart- 
ment now  uses  an  aluminum  seal  which  is  ex- 
ceedingly cheap. 

Meters  are  purchased  under  specifications 
which  are  designed  to  admit  of  standard 
makes  that  will  insure  satisfactory  perform- 
ance as  to  wear,  corrosion  and  accuracy.  The 
specifications  contain  clauses  fixing  the  maxi- 
mum impedance  on  full  (low,  the  limits  of 
accuracy  at  various  rates  of  flow,  and  the 
uniformity  of  the  alloy  in  the  gear  train.  It 
also  provides  for  sealing  facilities,  guarantees 
as  to  wear  and  costs  of  repair  parts ;  and  a 
special  design  for  the  dial  cover.  The  dial 
cap  specified  is  a  hinged  glass  cover  and  is 
designed  to  avoid  the  usual  trouble  of  con- 
densation which  becomes  so  dense  on  the 
under  side  of  the  glass  as  to  prevent  reading 
the  dial  unless  the  seal  is  broken  and  the  dial 
cap  removed.  The  hinged  glass  cover  opens 
to  an  angle  of  4-j°,  so  that  the  cover  will  drop 
back  into  position  after  the  moisture  has  been 
removed.  In  order  to  clean  the  glass  it  is 
not  necessary  with  this  arrangement  to  break 
the  wire  seal  that  passes  through  the  screws. 
The  hinged  cover  can  be  sealed  in  cases  where 
it  is  considered  necessary.  This  arrangement 
is  intended  to  be  used  only  with  a  straight- 
reading  type  of  register;  for  it  is  evident  that 
the  hands  of  a  round-reading  dial  could  be  so 
twisted  as  to  be  difficult  of  detection. 

Each  bidder  under  the  specifications  fur- 
nishes three  sample  meters  of  the  smallest 
size,  all  of  which  are  tested  according  to  the 
specifications.  One  of  the  samples  is  sub- 
mitted to  an  endurance  run  and  tested  for  ac- 
curacy at  fixed  intervals  of  registration.  The 
%-in.  size  arc  stopped  at  250,000  cu.  ft.  and 
the  %-in.  at  375,000  cu.  ft.  They  arc  then  ex- 
amined and  classified  as  to  wear  and  accuracy. 
Recently  disk  meters  were  purchased  under 
specifications  for  about  half  of  what  was 
formerly  paid   for  rotary  meters. 

The  policy  of  the  <lepartment  in  installing 
meters  is  to  place  them  in  basements  wherever 
possible.  Whenever  the  basement  is  consi(l- 
ercd  unsuitable  for  such  reasons  as  inaccessi- 
bility for  reading  or  repairing,  eximsurc  to 
frost,  or  a  place  of  business  not  being  ad- 
jacent t'l  the  building  line,  the  meter  is  in- 
stalled in  .1  ronrrrle  box  beneath  the  sidewalk 
"r  street.  '  h  the  sidewalk.  Meters  2 
"}''  or  -1  installed  with  brass  coup- 
lings and  ^1. Ill  lead  pipe  to  insure  flexibil- 
ity, for  in  replacing  with  another  make,  thcv 
are  often  ..i  .rri.r,,.'  l.,,,.i!m  Meters  .T  ins. 
and  lariic  'tions.  In  recent 
ycrs  it  i  ;  c  of  the  depart- 
ment when  invtailing  meters  3  ins.  or  larger  to 
set  a  valve  on  the  main  line  about  one  foot 
from  the  outlet  of  the  meter  and  insert  be- 
tween this  valve  rind  the  meter  a  1-in.  opening 
for  testing  the  meter  in  its  service  position. 
In   removing  a  large  meter  that  has  been   in 


place  for  a  few  years,  great  <lilticulty  is  usuall\ 
experienced  in  loosening  the  flanged  joint.  Tc 
break  these  joints  quickly  and  not  disturt 
the  piping,  a  piece  of  apparatus  has  been  de- 
signed ;  it  consists  of  a  channel  beam  sup- 
ported by  two  posts  so  tliat  by  operating  thi 
two  liraw  screws  simultaneously  a  shearina 
force  of  10,000  lbs.  can  be  applied  to  each 
joint.  Frorn  a  test,  it  appears  that  120  lbs 
per  inch  of  joint  surface  is  amply  sufficient.  Or 
this  basis  a  force  of  about  '8.000  lbs.  per 
joint  will  loosen  a  6-ir.  meter,  the  largest 
size  in  general  service.  In  connection  with 
the  work  of  removing  and  installing  largt 
meters,  the  department  has  in  operation  a  XVz- 
ton  truck  equipped  with  a  chain  block  and 
trolley  so  that  one  man  can  handle  a  meter 
weighing  half  a  ton.  This  truck  was  illus- 
trated and  described  in  Engixkerin'g  anelCon- 
TR.\cTiNG  of  Feb.  19,  1913.  The  4-in.  I-beam 
on  which  the  trolley  operates  is  supported  by 
a  framework  of  2^4-in.  T-bars  and  extends 
the  entire  length  and  30  ins.  over  the  rear  of 
the  body. 

It  is  the  intention  of  the  department  to  test 
rneters  at  about  certain  intervals  of  registra- 
tion. These  intervals  are  selected  where  it  is 
supposed  the  w-ear  in  service  will  most  affect 
the  accuracy.  The  scheme  includes  a  time 
limit  in  which  the  meter  must  be  tested  at 
least  once,  even  though  the  registration  has 
not  reached  the  first  interval.  This  time  limit 
is  necessary  because  of  the  corrosion  in 
meters  that  have  only  a  small  circulation  of 
water.  All  sizes  of  meters  are  tested  in  the 
testing  department  on  a  Mueller  meter  test- 
ing machine  equipped  with  auxiliary  apparatus 
for  testing  large  meters.  It  is  equipped  with 
a  multiple  cock  so  that  meters  can  be  tested 
for  accuracy  on  various  rates  of  flow.  In 
testing  on  rates  of  flow  greater  than  3/10  cu. 
ft.  per  minute,  a  quantity  of  10  ft.  on  the 
dial  is  weighed  in  the  tank  by  the  automatic 
recording  scale.  The  accuracy  in  per  cent 
when  the  dial  of  meter  records  10  cu.  ft.  is 
then  represented  by  the  result  of  dividing  H2-") 
by  the  number  of  pounds  in  the  tank.  The 
operator  is  provided  with  a  diagram,  so  that, 
knowing  the  weight  of  water  in  the  tank,  he 
can  read  therefrom  the  accuracy  in  per  cent. 
In  order  to  save  time  when  testing  on  streams 
3/10  of  a  cu.  ft.  per  minute  or  smaller,  onl\- 
1  cu.  ft.  is  recorded  on  the  dial.  The  long 
machine  shown  in  Fig.  13  is  designed  to  test 
small  meters  only,  but  will  test  as  many  as 
ten  at  a  time.  They  are  arranged  in  series 
and  held  in  place  by  hydraulic  pressure  in 
the  cylinder  at  the  inlet  end  of  the  machine. 
On  this  machine  a  man  can  easily  test  meters 
at  the  rate  of  90  a  day,  as  compared  with 
about  1.5  a  day  on  the  machine  formerly  used. 
In  testing  3,  4  and  G-in.  meters  on  large  rates 
of  flow,  the  water  is  measured  in  a  calibrated 
tank  holding  50  cu.  ft.  It  is  30  ins.  in  diameter, 
so  that  each  Vi  in.  of  height  represents  l/li> 
cu.  ft.  The  tank  is  calibrated  only  in  the  vi- 
cinity of  10  and  50  cu.  ft.,  and  the  water 
level  is  read  by  means  of  glass  tubes  and 
scales.  In  testing  by  quantities  of  100  cu. 
ft.,  each  V4-in.  calibration  represents  1/10  of 
one  per  cent. 

Before  replacing  3.  4  and  0-in.  meters  the\ 
arc  tested  in  service  by  connecting  a  test  meter 
to  the  1-in.  valve  for  that  purpose.  The  op- 
erator is  provided  with  a  stop  watch,  so  that 
he  can  regulate  the  rates  of  ^ovi  to  corres- 
I)on(l  with  the  standard  shop  test  as  shown 
in  the  chart.  When  such  a  meter  in  service 
shows  an  error  of  about  lu  per  cent  or  less 
on  the  smaller  flgws,  it  is  regeared  to  register 
accurately.  When  in  error  more  than  10  per 
cent  it  is  replaced  and  repaired  in  the  shop 
by  refitting  the  piston  chamber.  For  repair- 
ing and  refitting  meters  a  machine  shop  is 
now  being  equipped  with  such  machines  as  a 
lathe,  pipe  machine,  drill-press,  .erinder. 
shaper,  and  a  drilling  and  milling   machine. 

In  concluding,  it  might  he  mentioned  that 
within  the  past  year  and  a  half  the  system  of 
operation  in  the  meter  department  has  been 
changed  with  the  view  of  handling  its  work 
more  thoroughly  and  efficiently.  In  the  sys- 
tem now  used,  the  department  replaces  de- 
fective meters  smaller  than  3  ins.  so  as  to  re- 
pair and   test  them   in   the   shop,   after  which 
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they  are  placed  in  stock  ready  for  service. 
Also  the  system  of  records  now  in  use  results 
in  more  thorough  work  as  it  keeps  a  check  on 
each  man's  work.  This  system  is  in  contrast 
to  the  one  it  has  replaced,  where  meters  were 
repaired  in  place.  The  old  system  proved  very 
unreliable  and  inefficient.  In  addition  to  the 
present  value  of  the  record  system,  its  great- 
est value  is  in  the  future  use  of  the  data  to 
determine  therefrom  the  maintenance  cost  and 


ends  of  pipe  larger  than  8  ms.  in  diameter 
will  be  plugged  by  riveting  a  cast  iron  flange 
to  the  pipe  and  bolting  to  it  a  blind  flange, 
using  a  %-in.  rubber  gasket.  All  plugs  or 
caps  will  be  so  installed  as  to  be  watertight. 
Reinforced  Concrete  Pipe. — About  17,4.50  ft. 
of  30-in.  reinforced  concrete  pipe  will  be  in- 
stalled. The  pipe  will  be  designed  to  with- 
stand an  internal  pressure  of  20  lbs.  per 
square    inch    and    the    external    load    resulting 


Fig.    1.   Cross   Section   of   Reservoir   Embank 

Reservoir    at    R 


accuracy  in  service  of  the  various  types  and 
makes  of  meters.  Since  this  system  has  been 
in  operation  about  80  per  cent  of  the  7,000 
meters  in  service  on  July,  1911,  have  been  re- 
paired ;  about  60  tested,  and  over  14  per  cent 
condemned  and  replaced  with  new  ones.  There 
are  7,370  meters  now  in  service,  which  is  about 
7  per  cent  of  the  total  number  of  service  con- 
nections. The  revenue  from  these  metered 
connctions  in  the  past  has  amounted  to  about 
40  per  cent  of  the  total  revenue  of  the  water 
department. 


Some  Structural  Features  of  the  New 
Water  Supply  Works  at  Riverside, 
California. 
(StafT  Article.) 
A  news  article  published  in  Engineering 
AND  CoNTR.ACTiNG  of  Nov.  12,  1913,  outlined 
briefly  the  nature  and  e.xtent  of  the  exten- 
sive improvements  to  the  water  supply  and 
distribution  system  of  Riverside,  Calif.,  for 
which  contracts  were  recently  awarded.  To 
summarize,  the  improvements  will  include  60 
miles  of  water  mains,  a  3,000,000-gal.  dis- 
tributing reservoir,  two  booster  pumping  sta- 
tions, two  high  service  reservoirs  of  500,000 
gals,  capacity,  a  30-in.  supply  line  and  the 
head  works.  The  new  supply  will  be  de- 
rived from  flowing  artesian  wells  about  12 
miles  from  the  city.  The  water  will  be  con- 
ducted to  an  existing  reservoir  and  thence  by 
gravity  to  the  new  distributing  reservoir. 
Some  of  the  structural  features  of  tlic  works 
are  here  illustrated  and  described.  The  article 
relates  primarily  to  a  description  of  methods 
specified  for  laying  steel,  reinforced  concrete 
and  vitrified  clay  pipe,  and  for  the  construc- 
tion of  the  three  reservoirs  and  the  miscel- 
laneous structures  at  the  head  works. 

PIPE    LINES. 

Rii'ctcd  Steel  Pipe. — The  pipe  will  be  given 
a  cover  of  2%  ft.  The  top  and  bottom  widths 
of  the  trench  will  be  not  less  than  Wz  ft. 
greater  than  the  nominal  diameter  of  the  pipe 
laid.  The  pipe  will  be  laid  with  drive  joints, 
driven  not  less  than  3  ins.  or  as  much  farther 
as  may  be  necessary  in  order  to  secure  water- 
tight joints.  ,'\t  junctions  with  existing  cross 
mains  and  in  all  other  places  where  it  is  im- 
practicable to  use  drive  joints,  the  joints  will 
be  made  with  Dayton  couplincs  nr  equivalent. 

h^nr  plugging  the  dead  ends  of  pipes  8  ins. 
or  less  in  diameter,  painted  wooden  plugs  will 
be  used.  These  plugs  will  l)c  of  best  quality 
red  wood,  constructed  on  a  taper,  and  truly 
circular  in  section.  The  plug  will  be  driven 
snugly  into  place  and  in  order  to  secure  if 
thus  lugs  will  be  riveted  to  the  sides  of  the 
pipe  and  a  bar,  extending  over  the  end  of  the 
plug,  will  be  securelv  bolted  to  the  lugs.  Dead 
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from  a  pipe  cover  of  S  ft.  The  working 
stress  in  the  concrete  will  not  exceed  600 
lbs.  per  square  inch  and  that  in  the  steel  will 
not  exceed  16,000  lbs.  The  minimum  thick- 
ness of  30-in.  pipe  will  be  3%  ins.  The  circu- 
lar reinforcement  will  consist  of  reinforcing 
bars  rolled  spirally  or  of  reinforcing  mesh  to 
give  the  required  sectional  area  of  steel.  Ef- 
fective longitudinal  bars  will  also  be  provided. 
The  forms  for  the  concrete  pipe  will  con- 
sist of  cast  iron  bottom  rings  and  steel  plates 
rolled  to  a  true  cylinder.  The  forms  will 
not  be  removed  until   12  hours  after  the  final 


the  clay  pipe  lines  is  desirable  the  method 
specified  for  ensuring  it  is  of  interest.  .\s  a 
cementing  medium  for  the  joints  "G-K"  com- 
pound, or  equivalent,  will  be  used.  A  gasket 
of  clear  oakum  or  jute  will  be  calked  tightly 
into  place  to  a  depth  just  sufficient  to  leave 
1  in.  for  the  jointing  compound.  An  asbestos 
runner  will  be  clamped  around  the  pipe  at 
the  bell,  leaving  a  triangular  gate  at  the  top 
through  which  to  pour  the  compound. 

The  jointing  compound  will  be  heated  in 
an  iron  not  of  sufficient  size  to  hold  material 
for  jointing  10  or  more  joints.  It  will  be 
continually  stirred  w'hile  heating  and,  when 
in  a  state  as  liquid  as  water,  will  be  poured 
into  the  joint  through  the  open  space  between 
the  runner  and  the  bell.  A  pouring  vessel 
large  enough  to  completely  make  one  joint 
at  a  single  pouring  will  be  used  and  the  run- 
ners will  not  be  removed  until  the  compound 
has  thoroughly  set.  Jointing  of  pipes  on  the 
bank  of  the  trench  will  not  be  allowed  unless 
special  permission  to  do  so  is  granted  by  the 
engineer. 

HEAD   WORKS. 

Well  Houses. — Well  houses  will  be  con- 
structed over  some  of  the  wells.  These 
houses  are  6  ft.  4  ins.  by  5  ft.  in  plan.  The 
floor  and  walls  are  of  plain  concrete  6  ins. 
thick.  The  walls  are  4  ft.  6  ins.  high.  The 
roof  is  made  of  1-in.  tongue  and  groove  lum- 
ber on  2x4-in.  framing.  The  ridge  of  the 
roof  is  set  8  ins.  off  center  and  the  short  side 
of  the  roof  is  hinged  for  a  door  which  ex- 
tends the  full  width  of  the  house.  The  well 
casing  extends  18  ins.  above  the  floor  of  the 
house.  After  emerging  from  the  well  the  water 
passes  over  a  rectangular  weir  18  ins.  long 
and  8  ins.  deep,  thence  leaving  the  house 
through  a  vitrified  clay  collecting  pipe.  The 
portion  of  the  house  surrounding  the  well 
casing — that  is,  up-stream  from  the  weir,  is 
to  be  flushed  out  at  intervals  through  an  8- 
in.  sluice  gate  the  bottom  of  which  is  at  the 
floor  \c\e\. 
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Fig.  2.   Plan  and   Section  of  Supply  Control    for  the  Frances-Mary 

Reservoir. 


set  of  the  cement.  ."Xs  soon  as  the  forms  arc 
removed  the  interior  of  the  pipe  will  be  given 
a  brush  coat  of  neat  cement.  The  pipe  will 
then  be  covered  with  burlap  and  kept  wet  for 
at  least  16  days.  The  pipe  will  not  be  hauled 
until  it  has  reached  an  age  of  at  least  30 
days. 

Refore  laying  the  concrete  pipe  will  be 
subjected  to  a  hydraulic  pressure  of  20  lbs. 
per  square  inch.  One  pipe  out  of  each  suc- 
cessive set  of  100  pipe  manufactured  will  be 
tested  in  this  manner  for  1.5  mimites.  Dur- 
ing this  test  no  leakage  other  than  a  slight 
SNveating  will  be  allowed.  The  pipe  tested 
will   be   selected   at   random   by   the   engineer. 

Fitrificd  Clay  Pipe.— About  6,800  ft.  of  salt- 
glazed  vitrified  clay  pipe  will  be  installed  for 
collecting  the  water  delivered  by  the  flowing 
wells.     Since   watertightness   in   the  joints   of 


.Sand  Bo.v. — .\  sand  bo:;  is  situated  at  the 
down-stream  end  of  the  collecting  system.  It 
is  4x6  ft.  in  plan  and  6  ft.  deep.  -It  is  con- 
structed of  plain  concrete  with  walls  8  ins. 
thick  and  the  floor  6  ins.  thick,  and  is  covered 
with  a  reinforced  concrete  slab  6  ins.  thick. 
The  vitrified  clay  collecting  pipe  is  24  ins.  in 
diameter  at  this  point  and  the  invert  of  the 
pipe  is  2  ft.  6  ins.  above  the  floor  of  the  box. 
The  water  is  made  to  pass  under  a  concrete 
baffle  wall  the  lowest  part  of  which  is  2  ft. 
above  the  floor.  The  sand  deposited  in  the 
box  is  flushed  out  when  necessary  through 
a  10-in.  sluice  gate  at  the  downstream  end 
of  the  box. 

Equalizing  Chamber  and  Register  House. — 
.'\t  the  down-stream  end  of  the  main  collector 
an  equalizing  chamber  and  register  house  will 
be  constructed.     This  structure  will  be   10  ft. 
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The  use  of  trianKiilar  mesh  rcinfurcement 
in  the  reservoir  ImiiiK  is  illustrated  in  Fir.  1. 

Before  attempting  to  set  a  strip  of  rcin- 
forciuK  mesh  the  same  will  \k  hammered  flat 
and  straiRhtcned  out  mi  order  that  it  may  he 
set  as  nearly  as  possililc  in  the  reijuired  posi- 


X 


ri«.  S.  Pari  Bcctton  of  Ro«f  and  Wall*  of  France»-M«ry 
Rater.-  r 

w  .If  Jill         \lfr  r    rf  •" 


Fifl-   4,  Typical    Section    of    Reservoir   Wall    ard   Lining  of  Nev»  Van 
Buren   Reservoir  at  Riverside,  Calif. 
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tion.  The  strips  of  mesh  will  be  lapped  6  ins. 
longitudinally  and  Vi  in.  transversely,  and  will 
be  wired  together  at  C  in.  intervals 

Concrete  Work. — In  advance  of  plaiing  any 
concrete  in  floors  or  of  lining  the  surface  of 
any  excavation,  the  same,  if  in  earlli,  will  be 
accurately  graded,  moistened  and  tlioroiiKlily 
tamped.  Such  concrete  work  will  be  carneil 
on  in  strips  parallel  to  the  direction  in  which 
the  reinforcing  nicsh  is  laid.  The  concrete 
will  be  compacted  with  shovels  and  the  sur- 
face will  be  given  a  smooth  troweled  finish, 
just   before   stopping   work   at    .  the 

edi^e  of  the  concrete  will  l)e  slo  ap- 

proNiiualely    a    "twfi    In   one"  the 

c<1ki'  "f  the  reinforcing  mcsli   ••■  wed 

to  project  to  f.rii.     .   Ill    int,i  ill.  ii-le 
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juare  and  is  reinforced  with  four  V«-in. 
nind  bars.  These  vertical  rods  are  held  in 
lacc  by  No.  8  wire  ties  spaced  12  inj.  on  cen- 

TS. 

HIGH    SERVICE    SESEKVOIRS. 

The  two  high  service  reservuirs,  known  as 

le  Van   Buren   and   Elsinorc   reservoirs,  are 

»ch  of  5<».iXh)  gals,  capacity.    The  l".itoni  of 

le  former  is  91x25  ft.  in  plan  and  tin;  ul  the 

Uter  is  18   ft.   \  98  ft.     The  depth  of  water 

I  the  Van   Buren  is  to  be  15  ft.  and  in  the 

re   18  ft.     The  side  slope  of  tJit   lining 

t'ormer  is  to  be  1  on  1  and  in  the  latter 

1. 

contour  plats   for  these  reservoirs  in- 

■'iif      tlir'.      ^i  ill     In-     \  ,.:ifi-.!       iI'n.K^t     en- 

■  L-      of 

:-:ici  a 
[nail    amount   ol    embaiikiiicnt   against    which 


the  reservoir  lining  will  be  constructed.  The 
requisite  tamping  will  be  performed  by  hand 
with  suit.ible  tuuls  as  directed  by  the  engineer 
and  will  be  paid  for  at  the  rate  stipulated  in 
the  proposal.  .\  cross  section  of  the  Van 
Buren  reservoir  lining  is  shown  in  Fi^.  4,  and 
the  controlling  apparatus  is  shown  in  Fig.  5 
of  the  high  service  reservoir. 

The  e.xterior  exposure  of  the  roofs  will  be 
the  same  as  di-  '  '  '  r  the  Mary-Frances 
Reservoir,  and  1  lumber  inside  and 

outside  will  be  >,ii.i>i.i  and  given  two  coats 
of  the  best   lead  and   linseed  oil  pa"nt. 

Class  "B"  concrete  will  be  used  through- 
out the  construction  of  these  rcser\-oirs.  This 
concrete  will  consist  of  1  part  cement  and  6 
parts  of  aggregates,  and  will  contain  a  water- 
proofing compound.  Batch  or  hand  mixing  is 
specified.     The  waterproofing  will  be  used  in 


.in   aniuuir  to   satisfy  the  manufac- 

turer's sp< 

After  tlu  .V  .;.  .rs  have  stood  approxi- 
mately full  ot  water  for  three  days,  tests  of 
the  same  will  be  applied.  They  will  be  tilled 
with  water  to  their  high  water  marks,  all  out- 
let valves  will  be  closed  and  they  must  show 
not  more  than  I  in.  each  in  depth  of  leakage 
in  24  hour's  In  case  of  failure  of  any  reser- 
'  ■^  the  above  test,  the  water  will  be 

V.  from   the   same   and  such    further 

1  :  will  be  taken   to  make   it   water- 

:  1  accomplish  the  desired  result. 

^.iiccring  work  lor  the  extension  of 

the   water   works   at    Riverside   was   done   by 
Burns  &  McDonnell.  Con-v'i'.:..:  Eiiiiiiicir-.  of 
Kansas  City,  Mo.     The  i- 
in   this   article   is   taken 
plans  and  speciiications. 
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)csign    and    Construction    of    the    St. 

Croix   River  Bridge  at  Hudson, 

Wis. 

( .StatI    .\rlicle.) 

A   somewhat   bold  design  was  adopted   for 

1,-  '.iir,      f  'li.-  !i;L'tiw.iv  bridge  over  the  St. 

Wis.     On   account 

c    of    5.1    ft.    above 

It    was    necessary    to    choose    an 

.   type  of  pier  construction  to  keep 

:    within    •  '■   limits.     The  tvpe 

!    upon  two    slender   rein- 

ross-braced  at  two 

if   the  main   struc- 

,.  ,;^  of  seven  light  9<)- 

spans   and   one   light    l.lfi-ft. 

...;    span,    with    an    l8-ft.    clear 

Mdway    tsce   Fig.   1).     To  the  east  of   the 


;l.i  lower  chord  consists  of  two  8x8xH-in. 
.ciulrs  and  the  end  sections  of  two  8x8xV2-in. 
.ln^;lL•^.  The  web  members  are  composed  of 
two  angles,  the  connections  being  made  with 
•?t(-in.  gusset  plates.  The  floor  construction 
is  as  follows:  12-in.  SlH-lb.  I-beam  floor- 
beams;  nine  lines  of  3xl0-in.  wooden  joists: 
and  a  3-in.  plank  floor.  A  light  system  of 
sway  and  portal  bracing  is  used. 

Through  5'/'a«.— The  13ti-ft.  through  truss 
span  consists  of  eight  17-ft.  panels.  The 
trusses,  which  are  spaced  20  ft.  ajiart,  have 
curved  upper  chords  and  a  maximum  height 
of  2"  ft.  at  the  center.  The  upper  chord  sec- 
tion consists  of  two  !)-in.  13'xi-lb.  channels 
and  a  1.1x^-in.  cover  plate.  The  center  sec- 
tion of  the  lower  chord  is  composed  of  four 
4x4x%-in.  angles  and  the  end  sections  of 
four     'Ix4x5/16-in      angles.     The  posts     con- 


.■\  section  through  the  road----  '■  ••.-■ng  a 
trestle    bent    and    the    floor  n     is 

given  in  Fig.  2.  This  drawing     :  type 

of  construction,  the.jeciions  and  the  general 
dimensions. 

Retaining  Wall  Construction. — The  east  40 
ft.  of  the  approach  consist  of  an  earth  road- 
way held  in  place  by  means  of  reinforced 
concrete  retaining  walls.  These  walls  are 
connected  at  intervals  of  10  ft.  with  rein- 
forced concrete  tics.  The  type  of  construc- 
tion adopted  for  this  par*  •'  •'"■•  •  --^Ti'  U 
shown  in  Fig.  3.  This  dr 
manner  in  which  the  thru;:  _,       _:  ^  ■•■ 

ing  walls  is  resisted. 

REINrORCED    CONCRETE    PIERS. 

The  type  of  construction  adopted  for  the 
piers  consists  of  two  reinforced  concrete  col- 
umns, with  vertical  and  spiral  reinforcement. 


*3'f"/ 


Fig.    1.   Pier    Plan    and    Elevation    of    Main    Spana  of  St.  Croix  River  Bridge  at  Hudson.   Wit. 
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Fit's  /  r  I'tiK  .Sfiiiis — I'lcrs  Nob.  _',  il,  -l, 
•1  and  >*  (sec  Fir.  I)  for  llic  deck  spans  arc 
of  similar  construction  to  those  shown  in 
Fig.  A.  hut  have  different  heights  and  sections. 
The    pier   shafts    (or   these   piers   arc    spaced 


CONSTRICTION     FE.\TURES. 

Figure  5  shows  part  of  the  construction 
equipment  for  the  piers.  The  hoisting  engines 
and  elevating  tower  for  spouting  the  concrete 
were    placed   on   scows,   the   tower    being   an- 


— ISO  Clear  ■ 


-  1    4'6  Guard  Rail 

H      t''  6'  l-o'-Noilmg  Strip 


[•^ 


made  the  detail  plans  subject  to  the  approval 
of  the  designer.  The  latter  also  fabricated 
tlie  steelwork,  with  the  exception  of  the  steel 
approach,  which  was  fabricated  and  erected  by 
the  Minneapolis  Steel  &  Machinery  Co.,  Min- 
neapolis, Minn.  We  are  indebted  to  Mr. 
Turner  for  the  principal  data  contained  in  this 
article. 


Tunnel  to  Connect  England  and  Ireland. 

— An  .-Vnierican  engineer,  Henry  Grattan  Tyr- 
rell of  Chicago,  has  proposed  a  practical  plan 
for  connecting  England  and  Ireland  by  a 
channel  railway,  and  the  feasibility  and  value 
of  such  an  enterprise  is  being  widely  discussed. 
The  location  indicated  by  Mr.  Tyrrell  is  that 
from  Whitehead  on  the  Irish  coast,  northeast 
of  Belfast,  to  Port  Patrick,  a  distance  of  about 
23  miles.  Mr.  Tyrrell  is  quoted  as  saying : 
"There  arc  at  least  four  possible  methods  of 
establishing  a  railway  across  the  channel;  (1) 
?.  continuous  embankment  or  causeway;  (2)  a 
submarine  tunnel ;  (3)  a  submerged  floating 
lube  or  viaduct  an<l  (4)  a  bridge.  Investiga- 
tions show  that  the  best  way  of  establishing  a 
channel  railway  to  Ireland  is  either  by  means 
of  submarine  tunnel  or  a  floating  tube,  the 
cost  in  both  cases  being  much  less  than  a 
bridge  or  causewav.  .\  two-track  bore,  ISO  ft. 
deep,  would  proba'lily  cost  $50,000,000  to  $60,- 
OOO.iiuo  and  the  possibility  of  building  it  would 
depend  wholly  upon  finding  rock  strata  abso-^ 
lutely  watertight  and  impervious.  It  appears 
that  a  tunnel  would  cost  from  $;35,O00,O00  to 
$50,000,000  according  to  its  location  and  other 
conditions,  and  would  require  from  ten  to 
twelve  years   for   its   construction." 


Fig.   2. 


^^  !ZD 


Elevation   of   Steel   Trestle    Bent    Showing    Type    of    Construction    for     Bent 

and    Footing. 


13  ft.  6  ins.  on  centers.  Piers  Nos.  2,  3.  4 
and  •'  have  4-(t  diameter  pier  shafts,  while 
pier  No  "  has  a  4-ft.  fi-in.  diameter  shaft. 
Each  'I  -in -»■  i.irrs  have  8-(t.  diameter  foot- 
ings, in  ten  piles,  the  height  of 
these  1  •  mg  12  ft  The  elevation  of 
the  tops  ol  ihc  footings  for  piers  Nos.  2.  3, 
4  and  5  is  104.0  h.  and  that  of  pier  No.  8 
is  1110  ft.  .As  the  bridge  is  on  a  grade  the 
elevation  of  the  tops  of  the  piers  vary,  these 
elevation*  being:  131.02!>  ft.  for  pier  No.  2; 
137 SJ**    ft     lor    pier    No    3;    143(>2<i    ft.    for 


chored  to  the  adjacent  piers.  The  view  shows 
some  of  the  pier  reinforcement  and  forms  in 
place. 

Figure  6  shows  the  equipment  used  for 
erectmg  the  through  truss  span.  It  will  be 
noted  that  two  additional  struts  are  provided 
to  give  more  rigidity  to  the  stifl-leg  derrick. 
The  trusses  were  partially  assembled  at  the 
site,  and  were  hoisted  in  place  by  the  derrick, 
being   held    in    position    by   guide    lines.      The 


Canadian  Railway  Construction  in  1913. — 
During  the  year  UI13  about  ti.OOtI  miles  of 
new  railway  construction  w-ere  under  way  on 
the  various  railway  systems  of  Canada.  Up  to 
June  .30.  the  end  of  the  liscal  year,  between 
I,80i)  and  2,000  iriles  had  been  finally  com- 
pleted. The  total  of  6,000  miles  includes  lines 
which  have  been  surveyed,  lines  for  which 
contracts  have  beeii  let,  and  lines  for  which 
the  contracts  have  been  ci-mplcted.  -Xt  pres- 
ent the  Canadian  Pacific  has  about  1,000  miles 
ill  hand,  the  Canadian  Northern  about  2,000. 
and  the  Grand  Trunk  Pacific  about  1,000  miles 
there  is  also  to  be  considered  the  500  miles 
of  the  Hudson  Bay  Railwiiy  and  the  National 
Transcontinental,    which    now    is    nearing    its 
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Fig.  3.   Section   of   Reinforced   Concrete   Retaining   Wall   Approach,   Showing   Type   of 
Construction   and    Reinforcement. 


i.iin  r^n- 
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view  shows  the  portion  which  was  assembled 
on  the  ground,  and  also  that  erected  on  false- 
work. 

'  re  7  shows  a  fiortion  of  the  rfiniplcted 
rr.  It  will  he  noted  that  a  pile  and  titp- 
!.i  r  protection  has  been  constructed  for  the 
piers  supporting  the  through  truss  span.  It  is 
evident  that  a  collision  of  a  boat  with  these 
slender  piers  might  result  disastrously. 

II..   1  ..,i.,p   ^y.,^   designed    and     the    detail 

cd   hy   C.   .^.    P.   Turner.    Minne- 

The  Central  States  Bridge  Co., 

Ind ,    were    the    contr,ictors    for 

••tnicture  and  supcr«trii,tiirc.  and 


completion.     The  present  activity  in 
tion  work  constitutes  a  record. 


con  St  rue - 


U.  S.  Bureau  of  Labor  Safety. — The  coni- 
iniltre  im  labor  of  the  I'.  S.  House  of  Rcpre 
sentatives  has  made  a  favorable  report  on  the 
creation  of  a  Bureau  of  Labor  Safety  and  a 
bill  for  this  purpose  will  be  introduced  in 
Congress.  The  new  bureau  will  be  a  part  of 
the  Department  of  Labor.  L'ndcr  the  provi- 
sions of  the  bill  the  Secretary  of  Labor  will 
be  empowered  to  engage  engineers  and  archi 
fects.  with  a  view  to  securing  expert  advice 
on    industrial    matters. 
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Some  Erection  Features  of  the  New 
Quebec  Bridge. 
The  designers  of  the  new  Quebec  Bridge 
have  Iiad  constantly  in  mind  a  structure  which 
easily  could  be  erected.  The  construction  fea- 
tures have  been  carefully  worked  out,  and 
no  detail  of  design  has  been  adopted 
which  would  involve  large  unknown  stresses 
during  erection.  Secondary  .stresses  have  been 
largely  avoided  by  using  pin  connections  where 
such  stresses  would  ordinarily  exist.  An  elab- 
orate wooden  model  of  the  anchor  and  canti- 
ever  arm  and  of  the  erection  traveler  has 
been  constructed,  using  a  scale  of  M-Jn.  = 
I  ft.  It  is  possible  by  means  of  this  model  to 
anticipate  many  of  the  erection  difficulties  and 
to  make  provision  for  them.  As  we  have  re- 
ccntitv  visited  the  site  of  the  bridge  we  shall 
give  some  general  data  relative  to  the  location 
and  to  the  erection  progress.  Most  of  the 
data  relative  to  erection  equipment  have  been 
taken  from  an  article  by  H.  F.  Stratton  in  the 
December.  1918,  issue  of  the  Engineering 
Magazine.  We  have  described  some  of  the 
main  features  of  design  of  the  new  Quebec 
Bridge  in  Encineerixg  -\nd  Contr.\cting  of 
Oct.  1,  1913. 

GENER.M,  DESCRIPTION. 

The  new  Quebec  Bridge  is  located  at  Xeil- 
sonville,  at  the  site  of  the  old  structure,  which 
is  about  eight  miles  from  Quebec.  The  bridge 
has  a  center  span  of  1,800  ft.,  consisting  of  a 
suspended  span  of  640  ft.  and  two  cantilever 
arms  of  580-ft.  span  each ;  two  anchor  arms 
of  iilo-ft.  span  each  ;  and  approach  spans,  the 
total  length  of  the  structure  being  3,240  ft. 
The  new  bridge  is  much  heavier  than  the  old 
structure,  which  made  it  impossible  to  use  the 
old  piers.  The  new  piers  for  the  main  span 
are  each  07  ft.  south  of  the  location  of  the 
old  piers.  The  bridge  has  a  clearance  of  130 
ft.  above  high  water. 

The  new  bridge  was  designed  and  is  being 
constructed  by  the  St.  Lawrence  Bridge  Co., 
which  was  organized  to  build  this  structure. 
The  designing  office  is  in  Montreal,  and  the 
bridge  shop  is  about  five  miles  from  Montreal, 
being  about  one  mile  from  the  Dominion 
Bridge  Co.'s  plant  at  Lachine  Locks.  The  cap- 
ital stock  of  the  St.  Lawrence  Bridge  Co.  is 
held  equally  by  those  interested  in  the  Domin- 
ion Bridge  Co.  and  in  the  Canadian  Bridge 
Co.,  and  many  of  the  officers  of  the  new  com- 
pany arc  former  employees  of  the  latter  com- 
panies. The  bridge  shop  of  the  St.  Lawrence 
Bridge  Co.  is  a  new  structure,  and  was  de- 
signed expressly  to  build  the  new  bridge.  It 
contains  considerable  special  machinery  de- 
signed to  fabricate  the  large  sections  of  the 
new  structure.  The  plant  was  built  at  a  cost 
of  about  $1,000,000,  and  must  be  paid  for  out 
of  the  profits  of  the  new  Quebec  Bridge. 

The  St.  Lawrence  Bridge  Co.  has  an  elab- 
orate equipment  at  the  bridge  site.  The  vari- 
ous bridge  sections  are  imloadcd  from  the  cars 
by  means  of  a  large  traveling  crane,  and  are 
transported  to  the  bridge  site  over  the  com- 
pany's system  of  tracks.  There  is  now  stored 
at  tlie  site  a  considerable  amount  of  fabricated 
material,  principally  for  the  Hoor  system.  The 
piers  and  abutments  arc  now  completed  and 
the  approach  spans  are  in  place.  For  con- 
structing the  piers  at  the  north  end  of  the 
bridge  an  inclined  railway  was  built  on  each 
side  of  the  north  abutment.  The  material  for 
the  piers  was  transported  to  the  site,  where  it 
was  transferred  to  the  inclined  railway,  which 
in  turn  carried  it  to  the  location  of  the  pier. 
The  material  was  then  picked  up  by  derricks 
and  set  in  place. 

ERECTION    TRAVELERS. 

Each  cif  ihc  cantilever  arms  is  to  be  erected 
as  a  se|)arate  structure,  with  its  individual 
erection  equipment.  The  center  span,  which 
will  weigh  about  fi,000  tons,  will  be  assembled 
on  barges  near  the  bank  of  the  river.  It  then 
will  he  floated  into  position,  and  by  hydraulic 
power  will  be  raised  to  its  final  position  in  the 
structure. 

Each  erection  traveler  for  the  cantilever 
arms  is  constructed  of  steel  and  is  about  200 
ft.  in  height.     The  traveler  is  carried  by  four 


trucks  having  six  wheels  each.  .At  its  base  it 
spans  two  railroad  tracks,  on  which  are  trans- 
ported the  cars  containing  the  material  for  the 
bridge.  The  total  weight  of  each  of  these 
travelers  is  about  840  tons,  although  an  at- 
tempt was  made  to  make  this  weight  a  mini- 
mum by  constructing  the  crane  girders  which 
project  over  the  traveler  of  nickel  steel. 


auxiliary  gantries.  The  main  traveler  will  be 
moved  along  the  cantilever  arms  by  using, 
temporarily,  two  of  the  oO-HP.  motors  of  the 
15-ton  derricks.  Table  I  shows  the  distribu- 
tion and  capacity  of  the  motors  for  one  trav- 
eler. It  will  be  seen  that  26  motors,  with  a 
total  horsepower  of  752,  are  used  for  hoisting 
operations. 
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Fig.  4.   Elevation,   Plan  and  Sections  of  Reinforced   Concrete   Piers,   Nos.  6   and   7,   Show- 
ing   Type   of   Construction    and    Reinforcement. 


The  hoisting  equipment  of  each  tower  is 
both  elaborate  and  diversified.  On  each  of  the 
four  corners  there  is  a  90-ft.  15-ton  derrick, 
and  on  top  of  the  traveler  there  arc  two  trav- 
eling cranes,  each  crane  carrying  two  55 -ton 
main  hoists  and  two  auxiliary  gantry  cranes 
(see  Fig.  1).  On  each  auxiliary  gantry  crane 
there  arc  two  5-ton  hoists.  All  motions  are 
motor-driven,  except  the  bridge  travel  of  the 


On  each  side  of  the  river,  high  tension  hy- 
droelectric power  is  stepped  down  by  trans- 
formers, and  is  converted  into  250-volt,  direct 
current  at  two  sub-stations,  one  on  each  side 
of  the  river.  These  sub-stations  are  supplied 
by  separate  systems,  and  arc  connected  by  sub- 
marine cables.  Each  sub-station  is  of  suffi- 
cient capacity  to  operate  all  the  motors  on 
both    sides   of   the    river,   including   those   re- 
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quired  for  the  air  compressors,  which  requires 
about  l.COO  HP. 

Direct    current   is   used   exclusively   on   the 
erection   towers,   a":    it   affords   better   control 


anchor  arm  over  falsework,  using  one  of  the 
travelers.  After  this  arm  has  been  erected  the 
south  anchor  span  will  be  erected  by  using  the 
second   traveler.     At  the   same  time  that   the 


Fig.   5.  View    Showing   Construction     Equipment    for    Reinforced    Concrete    Piers. 


than  alternating  current,  and  permits  the  ready       ' 
employment  of  dynamic  braking  for  the  low- 
ering machinery.     The   lowering   of   some   of 
the  heavy  members  used  in  the  construction  of 
the  cantilevers   would  generate   an   excessive 


south  anchor  arms  is  being  erected  the  first 
traveler  will  be  at  work  on  the  north  canti- 
lever arm,  and  this  will  be  finished  at  about 
the  same  time  that  the  south  anchor  arm  is 
completed.  The  first  traveler  will  then  be  taken 
down  and  reassembled  at  a  point  about  two 
miles  below  the  bridge  site,  where  it  will  be 
used  for  erecting  the  suspended  span  on 
barges.  In  the  meantime  the  second  traveler 
will  be  at  work  erecting  the  south  cantilever 
arm,  and  it  is  planned  to  complete  the  erection 
of  this  arm  and  the  suspended  span  (on 
barges)  at  the  same  time.  The  suspended  span 
then  will  be  transported  to  the  bridge  site  and 
raised  into  place. 

An  operating  platform  will  be  built  on  each 
traveler  at  a  height  sufficient  that  a  clear  view 
can  be  secured  of  the  material  as  it  comes 
from  the  flat  cars  and  is  elevated  into  its  final 
position.  A  house  will  be  built  in  the  center 
of  this  platform  to  protect  the  control  appara- 
tus, except  that  portion  which  is  directly 
operated  by  the  workmen — this  will  not  be 
enclosed.  Si.x  men  will  be  stationed  on  the 
operating  platform  and  two  men  on  each  of 
the  main  cranes  at  the  top  of  the  traveler.  To 
secure  the  proper  co-operation  between  the 
widely  separated  workmen,  a  telephone  system 
will  be  installed  with  a  central  switchboard  and 
permanent  connections  with  the  shore.  An 
electrically  operated  passenger  elevator  will 
serve   the   different   levels   of  the  traveler. 

The  following  is  a  brief  description  of  the 
method  of  erecting  any  typical  part  of  the 
structure:  The  member  first  is  brought  be- 
neath the  traveler  on  flat  cars,  and  is  elevated 
and   placed   by   two,   or  possibly    four,  of  the 


TABLE    I— MOTOR    EQUIPMENT    FOR    ONE 
MAIN    TRA^^3LER. 


Type. 
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amount  of  heat  in  any  type  of  friction  or  mc- 
chanicil  brake.  By  dynamic  braking  is  meant 
that  the  mntiir«  arc  temporarily  convertetl  into 
K*"'  '  'he  lowering  operations,  the 

'■''  iug  obtained  by  inserting  or 

'■'■'  '  ''^  "f  T'  This  enables 

m  heat   In  t.d   in   a   cast 

gri  .  .,;....cc,  which  ;.,  ;.,■>,,.,  in  the  base  of 
the  mam  traveler. 

The  rrtrl,,..   ..i,...-,   pf   ,i,p  dynamic  brak- 
'"K   3rt  to   ti,(.   lowering  of   a 

load,  r\  only  while  the  motor 

armature  is  rotated.     It  therefore  requires  a 
leparale   mrnn-   to   hn!d    the   load   stationary, 
'ic  brake  is  placed 
k  the  motor  when 
the  "off"  position. 
>rs   safety  devices 
•itor  automatically 
the  load  to  over- 

-.1     ii      ,.,    ,  .n.,,i     :.. 


For  th 
on  the 
th. 
O. 
ar< 
if 

tra' 
each  n; 
tons  ar 
the  npr 
the  mo 


■vliich  they  can  open  or  close 


uKiiER    OP    ERECTION. 

The    two    main    trusses    arc    to   be    erected 

symmctricaly  on  each   side  of  the  main  trav 
elcr.     If   is   planned   first    to   rrrn    the   nortl 


e   north      P'9-   6.  View   Showing   Construction   Equipment  and  Method  of  Erecting  Through  Truss  Span. 


January  7,  1914. 
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p5-ton  main  hoists.     The  pin  is  then  brought       au.xiliary 
into  position  by  one  of  the  five-ton  auxiliary       position. 


hoist,    and    the    pin    is    driven    into 


this  condition  in  mind  it  is  expected  that  the 
bridge  will  be  completed  in  1918. 


Fia.  7.   View 


hoists.     A   large 
then  brought  into 


Showing   East  Portion  of  Completed    Bridge — View   Also   Shows    Pier 
Protection. 


ram   for  driving  the   pin   is 
position  by  another  five-ton 


It  is  expected  that  work  can  be  prosecuted 
only  for  about  eight  months  of  the  year.    With 


Highway  Engineering  Course  at  Columbia 
University.— Six  illustrated  lectures  on  high- 
way  engineering  are  announced  by  Columbia 
University  for  the  month  of  January,  as  fol- 
lows : 

Jan.  9— "Commercial  Mitang,  Transportation 
and  Storage  of  Asphaltic  Oils."  William  H. 
Kershaw,  Chief  Engineer,  Paving  and  Roads 
Division,  The  Texas  Company,  New  York 
City.  Jan.  15 — "Organization  and  Methods  of 
Street  Cleaning  Departments."  William  H. 
Connell,  Chief,  Bureau  of  Highways  and 
Street  Cleaning.  Philadelphia,  Pa.  Jan.  20 — 
"Gravel  and  Its  Use  in  Highway  Construc- 
tion." Paul  D.  Sargent,  Chief  Engineer, 
State  Highway  Commission,  .Augusta,  Me. 
Jan.  23 — "Details  of  Construction  of  Car 
Tracks  in  City  Pavements."  George  W.  Till- 
son.  Consulting  Engineer  to  the  President  of 
the  Borough  of  Brooklyn,  New  York  City. 
Jan.  24— "European  Rock  Asphalts ;  Obtaining, 
Preparation  and  Uses."  J.  W.  Howard.  Con- 
sulting Engineer,  New  York  City.  Jan.  29— 
"Plant.  Highway  and  Laboratory  Inspection  of 
Bituminous  Alaterials."  Francis  P.  Smith, 
Chemical  and  Consulting  Paving  Engineer, 
New  York  Citv. 


-  55-ron 
Main  Hoist 


\\  '^-TonAux 
•  '       Hoisf 
-15-Ton 

Derrick  Hcist 


SideElevotion  End  Elevation  E&.C. 

Fig.   1.  Side  Elevation  and   End   Elevation  of   Erection  Traveler  for  New  Quebec   Bridge.   Showing  Type  of  Traveler  and   Location  of 

Motor   Hoists. 
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Results  of  a  Study  Made  to  Determine 

the      Most      Economical      Motive 

Power    for    Pumping    Sewage 

at  Lynn,  Mass. 

Contributed  bv  Franli  H.  Carter.  Assoc.  Mem. 
Am.  Soc.  C.  E..  Designing  Engineer, 
Cambridge.  Mass. 

In  making  a  study  for  the  disposal  of  se\v- 
age  for  the  city  of  Lvnn,  Mass.,  under  the  di- 
rection of  Chas.  W.  Gay,  Consulting  Engi- 
neer, one  of  the  problems  with  which  the 
city  had  to  contend  was  tlie  selection  of  the 
proper  motive  power;  i.  e.,  oil,  steam  or  elec- 
tric power,  particularly  \vith  respect  to  econ- 
omy. 

So  little  information  is  available  concern- 
ing maintenance  charges  on  oil  engines  that 
the  attention  of  the  writer  was  first  directed 
to  this  feature.  The  low  fuel  cost  of  crude 
oil  engines  has  long  been  a  matter  of  attrac- 
tion to  engineers  engaged  in  studying  similar 
problems,  but  the  rumors  of  short-lived  en- 
gines and  high  maintenance  charges  have  dis- 
couraged some  of  the  investigators  in  the 
past. 

That  these  rumors  have  been  founded  m 
many  cases  on  some  basis  of  fact,  there  can 
be  little  dispute.  Past  .American  practice  in 
oil  engine  construction  has  not  been  alto- 
gether to  the  credit  of  the  .\merican  manu- 
facturers. There  has  been  a  marked  improve- 
ment of  late,  however,  in  the  construction 
of  several  of  the  leading  makes  and  this  is 
one  of  the  encouraging  facts  of  oil  engine 
practice. 

To  substantiate  or  to  disprove  the  rumored 
high  maintenance  costs  and  the  short  lives  of 
the  engines,  the  author  of  this  article  vvas 
commissioned  to  visit  several  of  the  larger  in- 
stallations of  crude  oil  engines  in  Massachu- 
setts and  in  Pennsylvania.  .Additional  data 
on  the  cost  of  maintenance  and  depreciation 
of  unquestioned  reliability  and  accuracy  were 
furnished  by  the  engineers  of  one  of  the 
bonding  companies  operating  a  large  electric 
light  and  power  company  at  a  point  some 
flistancc  from  Boston. 

Briefly,  the  facts  gleaned  during  the  tour 
of  inspection  concerning  the  operation  main- 
tenance— costs  and  depreciation  of  these  va- 
rious machines,  without  going  too  much  into 
detail,  arc  a?   follows: 

Plant  No.  I. — Two  engines  of  the  so-called 
low   pressure   type    were    in   operation   at   the 


faction  and  was  said  to  be  costing  very  lit- 
tle for  repairs.  The  operator  spent  only  a 
part  of  his  time  in  the  room,  being  required  to 
attend  to  other  duties  in  the  factory  some 
distance  ofif. 

Plan!  No.  5.— The  fact  that  the  operator 
could  sleep  soundly  during  the  running  of  the 
engine  apparently  was  one  of  the  assets  of 
tlii's  machine,  according  to  the  superintendent 
of  the  plant.  The  engine  was  one  of  the  old 
low  pressure  types  and  had  cost  httle  or  noth- 
ing for  repairs.  A  common  laborer  of  per- 
ba°ps  rather  more  than  the  average  degree  of 
intelligence  was  the  operator. 

Plant  No.  4.— This  engine,  which  was  ot 
what  might  be  called  the  medium  pressure 
type,  was  used  to  pump  water  and  was  op- 
crated  by  an  engineer  who  had  previously  had 
charge  of  the  steam  plant,  had  cost  very  lit- 
tle for  repairs,  but  had  been  installed  only 
for  a  short  time.  The  one  complaint  of  the 
operator  here  was  that  the  engine,  pump  and 
force  main  ought  to  have  been  larger  so  that 


now.  additions  would  undoubtedly  be  made  to 
their  steam  plant. 


TABLE 


full  load  . . . 
V  to  Vi  load. 
4i  to  V4  lend. 


T.— ESTIMATED     FUEL     CONSUMP- 
TION   IN    on,  ENOINES. 

High  pressure.       Low  pressure. 
0.4R  lb.  Iir.-hr.     0  SO  Ih.    HP.-hr 

0..=i2  lb.  HP.-hr.     0.90  lb.    HP.-hr. 

0.60  1b.  HP.-hr.     1.08  lbs.  HP.-hr. 


TABLE    II.— COST    TO    RAISE    WATER   1    FT. 

HIGH,    METROPOLITAN   W,    AND    S 

BOARD,    BOSTON,    MASS. 

Cost  per 

Duty 

ra.  g.              Lift.                       in.  tt.- 

1  ft.   M.G.D.  It.       Cost  coal. 

lbs. 

Met.  Sewer- — 

Deer    Island... $0,117     5S.6     10.9     $3.81@4.13 

42.3 

East    Boston..    0.095     56.8     15.22     3.34@4.20 

45.5 

Chaiiestown    .  0.150     35.3       8.95     3.83@3.90 

55.5 

Alewife  Br'k..    0.50         3.56  12.84     4.23@4.73 

18.0 

Ward    Street..   0.075     22.80  40.02     4.09@4.30 

82.5 

Met.  Water- 

Chestnut    Hill 

1    and    2 0.0492     3,77  119.67    1 

65.3 

Chestnut  H.  3  0.0342     0.62  129.SS     1-       $3.70 

104.7 

Chestnut  H.   4  0.0235  29.7     130.58    J 

141.8 

Chestnut  Hill,                    .         ^     '             „  ,^ 
low  serv 0.0365  50.2       49.08              3.46 

107.75 

Spot   Pond....   0.037S     7.55  130.92             4.29 

126.86 

Repairs  had  been  of  high  annual  cost.  On 
the  high  pressure  engines  particularly  the  cost 
of    upkeeping   on    the    auxiliary    apparatus    is 


time  of  the  v\^\t  These  had  been  through  a 
fire  which  had  burned  down  the  plant  over 
the'-i  one  fall,  and  the  plant  had  been  al- 
lowed to  remain  without  attention  outdoors 
in  '''e  ice  and  storms  of  a  winter,  the  engines 
?\s(>  pla-nly  showed  the  warping  due  to  the 
fire.  The  engines  had  been  running  some 
ye.Trs  previous  to  the  fire  and  had  been  in 
dailv  operation  since  rebuilding.  The  operator 
stated  that  the  cost  of  repairs  was  very  small. 
A  newer  type  of  this  same  make,  however,  was 
apart  for  repairs.  With  this  newer  "high 
pressure"  type  there  had  been  some  trouble 
The  bearings  had  been  "heating."  and  the  op- 
erator and  superintendent  both  agreed  that 
the  machine  was  not  lined  up  properly,  even  at 
the  start  when  first  erected. 

It  appeared  to  the  writer  that  this  machine 
was  not  heavy  enrvugh  to  stand  the  work. 
High  pressure  results  in  great  saving  of  fuel, 
but  with  this  is  a  cnnsec|uent  increase  in  main- 
tenance .ind  dcprrcialion  charges. 

Plant  Nn.  !. — The  engine  was  a  compara- 
tively large  machine,  of  one  of  the  later  types, 
and.  though'  it  had  been  in  operation  but  a 
short   time,   seemed   to  be   giving   good   satis- 


5feam  Enq:ne3    ^5 


ElPCtnc  Motors 


C05tC0Ol  for  Fuel 

Cost 
Engineers  &  Firemen 

int  &r  Oepr  Machinery 

T              -      Buildings 

Cost 
Electric  Current 


Cost  Operators 


int  gcDepr  Mactiinery 


t 


Building-. 


Fig.   1.     Comparative  Estimated  Annual  Fuel,  Labor,  Interest  and  Depreciation  Charges  for 
Oil,   Steam   and   Electric   Motive   Power  for  Pumping    Sewage    at    Lynn,    Mass. 


his  hours  of  service  each  day  might  have  been 
shorter. 

Plant  No.  5.— This  plant  was  a  very  large 
installation  of  oil  engines  where  steam  was 
used  elsewhere  as  a  motive  power.  Two 
types  were  in  evidence  and  there  were  several 
machines  of  each,  some  of  the  very  high  pres- 
sure and  others  of  the  low  pressure  of  an- 
other make.  The  best  of  machine  shops  was 
an  integral  part  of  the  factory,  consequently 
repairs  were  at  a  minimum.  The  guide  who 
piloted    us    about   the    work    was    one   of    the 


very  high.  In  justice  to  this  type  of  engine, 
however,  it  must  be  said  that  foreign  make 
of  this  same  engine  has  proven  much  more 
reliable  and  less  costly  as  regards  mainte- 
nance. The  truth  of  t'.ic  matter  seems  to  lie 
in  the  fact  that  the  foreign-built  engines  have 
been  better  built  than  American-built  machines 
reported  to  be  of  the  same  general  design. 
Material  advancement  has  been  made  of  late, 
however,  all  along  the  line  as  regards  Amer- 
ican manufacture  of  oil  engines.  As  for  the 
lower  pressure  type,  the  superintendent  stated 


T.\.BLE  III 

—OIL  ENGINES- 

-MILLION  FOOT-POUND  DUTY  PER    GALLON  OF  OIL 

Mill.  ft. 

lbs.  per 

Efficiency  of  pumps. 

Pints 

Lbs. 
per 
HP.- 
hr. 

Gals, 
per 

HP.- 
hr. 

gal., 
100 
pet. 
eft. 

Million  Foot-Pounds  Duty  per  Gallon 

of  On. 

per 
HP.- 
hr. 

30 
pet. 

35 
pet. 

40        45        50        55        60        65        70        75 
pet.    pot.    pet.    pet.     pet.    pet.    pet.    pet 

80 
pet. 

85 
pet. 
40.8 
30.7 

90 
pet. 
43.2 

32.5 
26.0 

95 
pet. 
45.  T 
34.3 
27.4.- 
23.2 
19.6 

0.328 

0.3 

0.0412 

48.0 

14.4 

16  8 

19.2     21.6     24.0     26.4     28.8     31.2     33.6     36.0 

0.438 

0.4 

0.05IS 

36.2 

10. S 

126 

14.4     16.2     18.1     19.9     21.7     23.5     25.3     27.2 

28.9 

0  548 

0.5 

0.0685 

28.8 

8.65 

10.1 

11.5     13.0     14.4     15.9     17.3     18.7     20.2     21.i 

23.2 

0  650 

0.6 

0.0812 

24.3 

7.3 

8.5 

9.75  10.9     12.2     13.4     14.6     15.85  L. 05  18.3 

19.5 

0  765 

0.7 

0.0959 

20.65 

G.2 

7.25 

S.25     9.3     10.3     11.35  12.4     13.45  14.4.5  15.5 

16.5 

n.875 

0.8 

0.1095 

18.10 

5.43 

6.3R 

7.25     8.15     9.05     9.95  10.85  11.75  12.65  13.55 

14.5 

la. 35 

16.3 

15.2 
13.75 

0.985 

0.9 

0.1235 

16.00 

4.8 

5.6 

6.4       7.2       8.0       8.8       9.6     10.4     11.2     12.0 

12.8 

13.6 

14.4 
13.05 

1.095 

1  0 

0.137 

14.50 

4  35 

5.08 

5.8       6.52     7.25     7.96     8.7       9.43  10.15  10.9 

11.6 

1.2 

0.165 

12.10 

3.63 

4.23 

4.85     5.45     6.05     6.65     7.25     7.85     8.45.... 

superintendents  in  charge  of  motive  power 
and  was  apparently  intelligent,  unprejudiced 
and  fairminded.  On  pressing  him  as  to  the 
reason  for  the  purchase  of  so  many  oil  en- 
gines in  the  midst  of  so  much  more  first-class 
steam  power,  he  said  that  there  was  no  very 
good  reason  for  the  purchase  in  this  particu- 
lar case  and  if  the  power  were  to  be  sought 


that  there  had  been  considerable  difficulty  in 
maintaining  alignment.  The  engines  seeemed 
to  pound  out  of  line  and  apparently  were  not 
heavy  enough  for  the  work  required  of  them. 
In  each  battery  of  engines  one  or  more  units 
was  out  of  commission  for  repairs. 

Plant  No.  d.— Information  on  this  plant  was 
obtained  from  one  of  the  engineers  operating 


1914. 
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le  plant  for  the  bondholders.  This  was  of 
le  high  pressure  type,  and,  perhaps,  in  part 
ecause  of  its  remote  location,  has  high  main- 
nance  charges.  Depreciation  is  charged  ofif 
ere  on  a  1.5-year  basis  and  repairs  amount  to 
bout  8  per  cent  to  10  per  cent  annually.  The 
rpe  of  oil  engine  used  here  is  practically  ob- 
jlete  and  both  repair  and  depreciation 
iarges  unnecessarily  excessive.  It  is  said 
lat,  in  spite  of  the  high  charges  for  mainte- 
ance.  crude  oil  as  a  motive  power  is  cheaper 
lan  steam  for  this  location  and,  if  the  writer 
f  this  paper  is  correctly  informed,  additions 
re  soon  to  be  made  to  the  oil  engine  plant. 

Plant  No.  /. — This  plant  consists  of  two  sta- 
ons,  one  with  two  engines  and  the  other 
ith  three.  These  are  operated  with  producer 
as,  one  having  a  compression  producer  and 
ne  a  suction  producer.  The  writer  under- 
tands  that  the  cost  of  repairs  for  one  plant 
as  been  comparatively  small  except  that  one 
ngine  has  recently  broken  its  shaft.  On  the 
ther  plant,  however,  the  cost  of  repairs  has 
een  high  and  either  one  or  the  other  of  the 
vo  units  ha?  practically  always  been  out  of 
smmission   for   repairs. 

To  sum  up  briefly,  it  is  conceded  by  most 
uthorities  on  the  subject  that  oil  engine  con- 
Tuction  in  this  country  has  previously  been 
)o  light.     It  is  also  common  knowledge  that 

marked  improvement  has  been  made  in  re- 
ent  years  and  that  there  is  strong  evidence 
f  a  determination  on  the  part  of  the  manu- 
acturers  to  still  further  improve  their  out- 
ut,    especially    with    regard   to    strengthening 

eak  parts. 

One  of  the  features  of  operation  with  which 
wners  have  had  to  contend  has  been  the 
rejudice  of  steam  engineers  and  firemen 
gainst  oil  engines.  The  writer  believes  it 
est  not  to  employ  steam  engineers  or  fire- 
len  on  explosion  engines,  but  to  train  other 
len  for  the  work.  Because  of  the  constantly 
rowing  automobile  industry  and  the  rapidly 
icreasing    number    of    men    who    understand 

plosion  engines,  it  should  be  a  simple  mat- 
:r  to  find  men  almost  anywhere  who  can  be 
sadily  trained  to  operate  the  crude  oil  en- 
ine.     The  writer  has  seen  explosion  engines 

ckfired  purposely  by  operators  who  held  li- 
enses  as  steam  engineers. 

.^s   for  the  actual  cost  of  maintenance  and 

pairs,  while  it  seems  to  be  generally  con- 
?ded  among  disinterested  persons  that  the 
ost  of  repairs  today  need  not  be  more  than 
rom  2  per  cent  annually  for  the  best  Amer- 

an  engine  to  4  per  cent  annually  for   some 

hich  perhaps  might  not  he  termed  first-class, 
or  our  study  we  assumed  10  per  cent  on  the 
ne-fifth  part  of  the  installation  nf  five  engines 
;/hirh  was  to  constitute  the  plant. 

COST    OF    PLANT. 

The  first  cost  of  oil  en.gines  varies  from  $fiO 

$80  per  horsepower,  to  which  must  be  add- 

d  the  cost  of  the  pump.     The  fuel  consump- 

on  may  be  assumed  to  vary  about  as  stated 

1  Table  I. 

The  fuel  consumption  varies,  of  course, 
ith  the  make,  etc.  Add  $0.0004  per  HP.-hour 
or  cost  of  lubricating  oil  and  waste.  The 
ost  of  crude  oil  at  present  is  about  4  cts,  per 
allon. 
The  first  cost  of  steam  engines  and  pumps 
about  $50  per  horsepower  for  the  size  under 


onsideration.  To  this,  of  course,  must  be 
dded  the  cost  of  steam  boilers  and  the  neces- 
arv  auxiliaries  and  the  steam  piping 

The  first  cost  of  electric  motors  and  pumps 
of  course,  much  less  than  that  of  either 
il  engines  or  steam  power  plants. 

The  following  statement  showing  compara- 
vc  annual  operating  costs  is  a  summary  of 
ie  studies   made: 

IOMP.ARATTVE       ANNUAL       OPERATING 
COSTS— POWER.    INTEH^EST.    DEPRE- 
CIATION  REPAIR.S.    ETC.— SEW- 
AGE PUMPINO— LIFT.   10..-,  FT. 


1915. 
10.3.') 


1935. 
18.3 


.V.  dallv  drv  weather  flow.  M.G.D. 
V.   dally  dry  weather  flow,   gal.s. 

per  min T.200     12.700 

heor.  water  end.  HP 35..';        S2.S 

[P.   at  CO  pet.   efficiency 59.2       104.2 

:W.  rec.   at  51  pet.  comb.   eft.   f85 

pet.   mot)    S2.0        92.0 

.\verage  increase   In  above  quantities  to  pro- 
Ide  for  storm  water  pumpage,  9  pet.,  based  on 


experience  of  City  of  Providence,  R.  I.,  corrob- 
orated  bv  Met.   Sewer  Reports; 

1915.       1935. 

KW.-hrs,   per  vr.,  drv  weath 457.000  805,000 

KW.-hrs.   per  yr.,    incl.    storms 498,000  877,500 

M  ft.  G.  pumpage,  dry  weath.  only  74.000  131,000 

M  ft.  G.  p'page,  D.  W.,  incl.  storms  81,000  143,000 

OIL    ENGINES. 

5   75-HP.    engines  at  $4,500 $22,500 

5   pumps  at  $1,300 6,800 

$29,300 

Cost  oil,  4  cts.  gal  — 
$0.04 

=  $0.0055  per  lb. 

7.3 
$0.0055  X  1.12  lbs.  X  4.2 

=   $0,043  per  M.   G.   1   ft. 

0.60  (eft.)  high. 

1.12  lb.  per  HP.-hr.  is  guarantee  on  %  load. 

0.55  lb.  per  HP.  hr.  is  Andover  experience 
water  works  under  uniform  full  load  and  high 
head. 

1  ib.  per  KW.-hr.  is  exp.  of  electric  plant  = 
0.75  lb.  per  HP-hr..  varying  load— but  high 
pressure    Diesel    engines. 

Labor  cost — 


Int.,   dep.,  rep.   machinery,  29,300   X   0.116  $  3,420 

Labor  and  fuel  cost,  81,000   X   0.1255 10.150 

Int..  dep.,   rep.  building.  27,600   X  0.0575..  1,590 

Total    annual   cost,    y-ar    1915 $15,160 


Int.,    dep.,    rep.    buildings.. 
Int.,  dep.,   rep,   machinery. 

Labor  cost   

Fuel   cost    


1915. 

$  1,590 

3,420 

6,000 

4,150 


1935. 

$  1,590 

3,420 

6.000 

7,200 


$15,160     $18,210 
STEAM    ENGINES. 

o  60-HP.  at  $3,000 $18,000 

3  147-HP.  boilers 4,024 

Piping    3,600 

Feed  water  heater  and  condensers 750 


$26,374 

Cost  coal — 

Assume  40  m.  ft. -lbs.  duty  per  100  lbs.  coal  = 
20.S  lbs.  coal  per  m.  gals.  1  ft.  high  at  $4  ton  = 
$0.0416  per   m.   gals.   1  ft.   high. 

Fuel  consumption  based  on  experience  Met. 
Sewer,  Boston,  and  corroborated  by  many 
others,    for  varying  load — storm  water  demands. 
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Fig,   2.     Comparative    Fuel    Costs   of    Raising   1,000,000  Gals.   1    Ft,  High,  or  of  Raising  1  Cu. 
Ft,   of   Water   Per   Second    1    Ft.    High   for  a    Year,    With     Electric.    Oil,    Steam    or 

Producer   Gas   Motive   Power. 


1  engineer  at  $4,50 $  4.50 

3  engineers  at     4.00 12.00 

Per  diem    $16.50 

3  shifts  and  1   extra  man— 7-day  service. 
16.50  X  3.65. 

=    $0.0745 — labor   cost    to    raise    1    m. 

81,000  gals.   1   ft. 

Depreciation,    Interest,    repairs— 

Total. 
Life  oil  engine,   15  yrs.;   Int.   4   pet.;   rep., 

2  pet.:   dep.,   0.056 O.llo 

I>lfe   pump.    15    yrs.:    int..    4    pet.;    rep.,    2 

pet. :  dep.,  0.056 0.116 

Buildings,  assumed  life,  40  yrs.:  repairs,   >A  pet. 

63   X    SO    X   25... $12,600        int 0.040 

P'oundatlons    . .  .    15,000       Dep O.Ola 

Rep 0.0025 

$27,600  

0,0575 
2    pet.    repairs    on    entire   plant    equivalent    to 
about    10   pet.    repairs   on    the    one-fifth    part    of 
plant   in   constant   use. 

Labor  cost  to  raise  1  m.  gals.  1  ft $0.0743 

Cost  waste,  etc.,  1  m.  sals.  1  ft,  (Incl,  lub. 

oil)    0008 

Fuel  cost  to  raise  1  m.  gals.  1  ft 0.043 

Total   cost  to  raise  1  m.  gals.   1   ft.   (ex- 
cept Int..   dep.,   rep.) $0.12bo 


Labor  cost — 

1  engineer  at  $4.50 $  4,50 

3  engineers  at  $4.00 12,00 

4  firemen  at  $2.75 11.00 

3  shifts,  7-day  service  (1  extra  man)...  $27.50 
$27.50  X  365 

=   $0,124  per  m.  gals.   1  ft.   high. 


81,000 
Depreciation, 


interest,  repairs,  etc. — 

Int.       Rep.       Dep. 


E^ngine,   life  20   yrs...  0.04       0.005       0.039 

Boilers,  life  15  yrs 0.04       0.010       0.056 

Piping.   life  25  vrs 0.04      0.005       0.029 

Cond'sers,  lite  15  yrs.  0.04  0.005  0,056 
Building — Assume  40  yrs,  life  and  rep.  at 
Engine  room  and  pump,  63   X  80  X  25... 

Boiler  room,  63   X   49   X25 

Foundations    


Total. 
0.084 

O.lOii 

0.07 1 

0.101 

Vi  pel 

$12.6011 

7,70h 

15,00h 

$35,300 

Labor  cost  to  raise  1  m.  gals.  1  ft $0,124 

Oil.  waste,  etc.,  to  raise  1  m.  gals.  1  fl O.OOS 

Cost  coal  to  raise  1  m.  gals.  1  ft 0.041(1 

Total  cost  to  raise  1  m.  gals.  1  ft $0,173'; 

Int.,  dep.,  rep.  engines  and  pump,  $18,000 

X  0.84   i  1.510 

Int.,  dep.,  rep.  boilers,  $4,024  X  0.106 427 

Int.,  dep.,  rep.  piping,  $3,600   X   0.074 267 
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Int.,  dep.,  rep.  accessories,  J750   X  0.106..  SO 

Int.,   dep..    rep.    machinery t  2,281 

Ljibor  and   fuel   cost,  8.100   X    .1736 $14,020 

Int.,  dep.,  rep.  building,  35,300  X  .0575 2,030 

Yearly  cost,   1915 $18,334 

1915.         1!I35. 

Int.,  dep.,  rep.  buildings $  2,030    $  2,030 

Int.,  dep..   rep.   machinery 2,284        2.284 

Labor  cost  10,000      lO.Ono 

Fuel   cost    4,020         7.000 

$18,334  $21,314 
A  point  In  favor  of  the  steam  engine  Is  that 
as  the  quantity  Increases  the  duty  per  100  lbs 
of  coal  will  Improve.  This  will  apply  to  the 
storm  water  pumped,  vide  experience  at 
Charlestown     metropolitan  sewerage  system. 


Cost   current,   waste,   etc 0.100       16,300 

Int.,  dep.,  rep.  buildings 1,300        1,300 


$18,lol  $25,061 
The  present  average  dry  weather  flow  for 
191.5  was  estimated  at  10,.3r)0,000  gals,  daily, 
while  that  for  20  years  in  the  future  was  es- 
timated from  past  census  returns  compared 
with  the  per  capita  water  consumption  in 
years  past.  The  lift  was  to  be  19.5  ft.  and 
the  water  end  or  theoretic  horsepower  was 
to  be  3.5.5  HP.  in  1915.  From  a  study  of  the 
experience  of  Providence,  R.  I.,  as  well  as  the 
records  of  the  pumping  of  the  Metropolitan 
Sewerage  Works  of  Boston,  Mass.  (see  Table 


TABLE  IV.— STEAM   ENGINES— MILLION  FOOT-POUNDS    TH'TY    PER     101    LBS,    OF    COAL. 

I>Mt>.  M    ft.  lbs.. 
Lbs.    coal      theoretically 
per  brake    pcrffct  pump. 
HP.-hr.        100  pet.  err. 


0.4 
O.S 
08 
1.0 
1.2 
1.4 
1.6 
L8 
2.0 
2.2 
2,4 
3.6 
2.S 
S.O 
3.5 
4.0 
4:5 
fi.O 
8.0 
7.0 
80 
S.O 
10.0 


495.0 

330.0 

247.0 

198.0 

165.0 

141.0 

124.0 

110.0 

99.0 

90.0 

82..S 

76  0 

70.6 

66.0 

56.8 

49.5 

44.0 

39.6 

33.0 

28.3 

24.7 

22.0 

19.8 


30  pet. 

Million 

40  pet. 

149.0 

198.0 

99.0 

132.0 

74.0 

98. 5 

59.5 

79.0 

49.5 

66.0 

42.3 

56.5 

37.2 

49.5 

33.0 

44.0 

29.7 

39.6 

27.0 

36.0 

24.7 

32.9 

22.8 

30.3 

21.2 

28.2 

19.3 

26.3 

17.0 

22.7 

14.9 

19.8 

13.2 

17.6 

11.9 

15.85 

9.9 

13.2 

1L3 

9.9 

toot-pounds  of  dutv  per  100  pounds  of  coal- 

50  pet.  60  pet.        70  pet.       SO  pet.  90  pet. 

i'es'.O  198.6  '.'.'.'.'. 

123.0  148.0  173.0  197.0           

99.9  119.0  139.0  158  0  178.0 

82.5  99.0  115.0  132.0  149.0 

70.5  84.5  99.0  113.0  127  0 

62.0  74.5  86.8  99.0  111.0 

55.0  66.0  77.0  88  0  99,0 

49.5  59.2  69.1  79.0  S9.0 

45.0  54.0  63.0  72.0  81  0 

41.2  49.5  57.5  66.0  74.0 
38.0  45.6  53.2  60  8  fiS.r. 

35.3  42.3  49.3  56.3  63.5 
33.0  39.6  46.2  52.8  59  5 
28.3  33.9  39.6  4.5.3  50.9 

24.7  29.7  34.6  39  6  44.5 

22.0  26.3  30.8  35.2  39.6 

19.8  23.7  27.7  31.7  35  7 
16.5  19.8  23.2  26.3  29.7 

14.1  17.0  19.8  22  7  25.5 
12.3  14.9  17.3  19.8  22,2 
11.0  13.2  15.4  17.6  19  8 

9.9  11.9  13.9  15.8  17. S 


95  pet. 


188.0 
157.0 
134.0 
IIS.O 


ELECTRIC  MOTORS. 

5  75-HP.  motors  at  $1,500 $  7,500 

Switchboards   2,500 

Wiring    1,500 

$11,500 
D  pumps  at  $1,050 5,250 

$16,750 
Cost  electricity — 
Pump.  60  pet.   cfllclent. 
Mot'T.   <!,■   pet,   emclent. 
Comblnid   t-fflolencv  =    0,51. 

1  m,  K.  1   ft.  hich   =  4.21  HP.-hrs.,  theoretically 
=  6.15  KW.-hrs.  at  51  pet.  combined  eff. 
1%4    eta.    KW.-hr.    =   $0,108  m.   g.   ft. 
1  m.  jr.  1  ft.  hlch  —  4.21  HP.-hrs..  theoretically, 

1  chief  operator  at  $4. .50 $  4,5n 

3  operators  at  $4 12,00 

$16.50 
$16.50  X  365 

=   $0.0745 — cost  of  labor   to  raise  1 

81,000  m.   K,   1   ft. 

Depreciation,   Interest,    repairs— 

Int.       Rep.       Dep.    Total. 

Motors,  life  25  yrs 0.04       0.005       0.029       0.074 

Pumps,   life   15   yra...  0.04      0.020      0.056      0,116 
BulIdlnK — Assume  life  40  yrs.     Repairs,    V.    pet, 

63   X  80  X  25 $12,600 

Foundations   10,000 

$22,600 
Cost  electric  current,  1  m.  g.  1  ft.  hl^h. .  .$0,108 
Cost  waste,  lub.  oil.  etc..  1  m.  g.  1  ft.  high  0.008 
Labor  cost  to  raise  1  m.  g.  1  ft.  high 0.0745 

Total  cost  to  raise  1  m.  g.  1  ft.  high $0.1905 

Dep.,  Int.,  rep.  motors.  $7,500  at  .074 $      555 

Dep.,  Int.,  rep.  swttchb.  and  wire,  $4,000  at 

.74    296 


TABLE      V    —  COMPARATIVE      OPERATING 

ECONOMY    WITH    OIT^    STEAM   AND 

ELECTRIC    MOTIVE    POWER 

FOR    1915    AND    1935. 

Year    191B. 

on.         Steam.    Electrir, 
Fuel   , .  , . . .       2  1  3 

Labor    1  2  1 

Int.  dep,,  machlnerj-..       3  2  1 

Inl,.  dep  .   liullillm-s,  .2  3  1 

Year  1935. 

Oil.  Steam.    Electric. 

Fuel 2  1  3 

Labor    ]  2  1 

Int..   dep..    machinery.       3  2  1 

111  .    <l<-p,,    bulldlni">  ■<  "t  1 


l>ef..   Int.    rep,   pumps,  $5,250  at  .118 610 

Power    cost     nncl.     labor,     clec ,    waste), 

$81,000  X  .1905    15  400 

Int..  dep.,  rep.  building,  $22,600  X  .0575...  1.300 


Year    1915    $18,151 

1915.        1935, 

Int.,  dep,,  rep.  motors $      555     $      655 

InL,  dep.,  repair  wire,  etr-  29s  jMR 

Int.  dep ,   rep,   pumps  610  610 

Labor  cost   6.000         6  000 


II),  it  was  estimated  that  the  total  pumpage 
for  one  year  would  be  increased  about  0  per 
cent  on  account  of  storms, 

OIL    ENGINES. 

It  was  deemed  necessary  to  provide  for  a 
storm  capacity  of  at  least  four  times  the  re- 
quired average  daily  dry  weather  flow  and  to 
provide  another  unit  for  repairs  of  oil  en- 
gines. It  was  estimated  that  at  least  one  oil 
engine  might  be  out  of  commission  for  re- 
pairs when  most  needed,  hence  five  oil  engines 
were  pnjvidcd  for  in  the  estimate. 

The  fuel  consumption  estimated  was  1,12 
lbs.  |;er  B.  HP. -hour,  as  a  guarantee  can  be 
had  from  one  or  more  of  the  manufacturers 
of  the  better  class  of  oil  engines  at  that  fig- 
ure for  three-quarter  load.  Data  pertaining 
to  oil  engine  operation  are  given  in  Table  III. 

The  ."Xndovcr  Pumping  Plant  for  pumping 
the  water  supply  of  the  town  of  Andover, 
Mass.,  consumes  but  0.55  lb.  per  HP. -hour 
under  a  uniform  load  and  high  head.  As  the 
load  on  the  plant  under  consideration  would 
be  extremely  varying  and  the  units  would  be 
operating  under  partial  load  most  of  the  time. 
the  guarantee  for  three-quarter  load  appeared 
a  most  conservative  estimate.  It  was  found 
that  the  low  pressure  engine  with  its  conse- 
quent lower  duty  per  gallon  of  fuel  was  the 
cheapest  installation  for  this  plant.  This  is 
due  to  the  fact  that  the  full  capacity  of  the 
plant  of  four  engines  is  required  for  but 
about  .30  days  of  the  year.  This  means  in  ef- 
fect that  three  of  the  engines  are  idle  eleven 
months  of  the  year  and  the  fifth  one  is  idle 
all  the  time  as  a  spare  engine  for  use  during 
repairs. 

The  life  of  the  oil  engines  was  assumed  at 
15  years  and  repair  charges  of  2  per  cent  Oii 
the  entire  plant  allowed.  This  is  equivalent 
as  before  stated,  to  a  charge  of  10  per  cent 
on  the  one  unit  in  constant  use,  which  seems 
a  very  high  allowance. 

Because  of  the  laws  of  the  state  of  Massa- 
chusetts with  respect  to  laborers  and  engi- 
neers and  firemen  working  no  more  than  ciglit 
hours  a  day.  six  days  a  week,  it  is  necessary 
to  provide  four  men  to  operate  three  shifts 
of  eight  hours  per  day.  In  the  case  of  Salem, 
Mass.,  pumping  station,  the  four  men  have 
arranged  to  work  0  hours  each  day  and  oc- 
casionally, when  one  wishes  a  dav  off,  the 
other  three  work  eight  hours  each  for  the 
dav. 

The   required   si^e  of  building  was   worked 


out  in  each  case  and  a  life  of  40  years  with 
Vi  per  cent  repairs  annually  was  assumed. 

STE.^M    ENGINE    PLANT. 

It  was  deemed  best,  in  the  case  of  the 
steam  engine  plant  as  proposed,  to  divide  the 
plant  into  six  pumping  units  and  three  boil- 
ers. 

A  "station"  or  "plant"  duty  of  40.000,000 
ft,  lbs.  per  100  lbs.  of  coal  was  assumed  as 
what  might  be  expected  from  a  plant  of  this 
size  under  the  extremely  varying  load  wliich 
is  to  be  expected  from  day  to  day,  in  fact 
from  hour  to  hour. 

Here  again  it  was  necessary  to  provide  for 
four  men  to  operate  three  shifts  per  day.  It 
is,  of  course,  obvious  that  a  steam  plant  will 
require  a  fireman  in  addition  to  tlie  engineer 
and  this  means,  under  our  Massachusetts  State 
Labor  Law.  four  men  to  operate  three  shifts. 
A  life  of  20  years  for  the  engine.  15  years 
for  the  boilers,  25  years  for  the  piping  and 
15  years  for  the  condensers  was  assumed  as 
a  fair  basis  for  comparison  with  the  other 
plants.  A  building  was  laid  out  roughly  and 
its  cost  determined  approximately,  and  a  life 
of  40  years  and  an  annual  repair  charge  of 
Vi  per  cent  assumed  as  for  the  other  plants. 
Data  pertaining  to  steam  engine  operation  are 
given  in  Table  IV, 

ELECTRIC    PUMPING. 

Here  again  it  was  necessary  to  allow  4  men 
per  day  to  provide  for  three  shifts  per  day 
under  the  labor  laws  of  the  state.  A  life  of 
25  years  was  assumed  for  the  motors  and  15 
years   for  the  pumps. 

All  the  assumptions  made  are  decidedly  un- 
favorable to  the  oil  engine ;  that  is,  as  a  mat- 
ter of  practice,  the  fuel  consumption  would 
probably  be  reduced  from  -30  per  cent  to  40 
per  cent.  The  depreciation  charge  is  too  high. 
The  repair  charge  of  2  per  cent  on  the  entire 
plat  or  10  per  cent  on  the  part  which  op- 
erates continually  is  probably  high.  In  spite 
of  all  the  foregoing  the  total  tabulated 
comparative  result  given  above  and  shown 
graphically  in  Fig.  1,  apparently  favors  the 
oil   engine. 

Much  of  the  opposition  against  the  oil  en- 
gine perhaps  comes  from  the  careful  and  or- 
derly mechanic  who  dislikes  to  see  a  machine 
out  of  commission  for  any  reason  whatever, 
even  although  the  books  show  that  the  sav- 
ing in  fuel  consequent  to  their  use  is  enough 
to  pay  for  the  necessary  repairs  several  times 
over.  Not  manv  care  to  have  charge  of  a 
machine  which  is  constantly  needing  repairs, 
but  if  the  large  repair  bill  plus  the  small  fuel 
and  small  labor  bill  of  one  machine  is  much 
cheaper  than  the  small  repair  bill  nlus  the 
small  fuel  bill  and  doubled  labor  bill  of  the 
second  machine,  the  investor  will  undoubtedly 
demand  the  first  for  highest  returns  on  the 
investment. 

Table  VI  is  a  table  of  constants  and  equiva- 
lents by  which  the  work  was  computed. 


TABLE  VI.— T ABIE  OF  EoniV.-iLENTS  AND 

CONSTANTS. 
1   C.  F.  S.  1   ft.  high  =  0.113R  HP.  per  hour.    . 
1    m.   g.   1   ft.   high   =  4  21   HP.-hour.s. 
1  C.  F.  S.  =  0.646  m.  g.  daily  =  236  m.  g.  yearly 

=    995    HP. -hours. 
86.4  00  seconds  In   one  day. 
8,700    hours   in    one    year, 
ion  mMlion  dutv  requires  8I5   pounds  of  coal  per 

1,000.000  gallons  1  ft.  high   =  1.98  lbs.  coal  per 

ITI\-hoiir. 

Elec,  100       Oil.  10     Steam.  100 
pet.  eff.       m.  duty.     m.  duty. 
Cost  to  raise  1  m. 

g.    1    ft $  0.0313  X     $0.0083  y     $0.0041677, 

Cost  to  raise  1  C. 

F.   S.  1  ft.  high 

1  yr 7.40       x      1,971     y      0.985       /, 

Cost  per  w.  h.  p. - 

year    65.40      x    17.33      y      8.70        z 

Cost  per  w.  h.  p.- 

hour    0.00746X      0.00198y      0.00985  ■/. 

Where  x   1=   cost  of  current  in  cents  per  K.W  - 

lir, :  y  =  cost  of  oil  per  gallon  in  cts  ,  and  z  :r 

cost  of  coal   per  ton   in  dollars. 


The  comparison  of  19.35  is  still  less  favor- 
able to  the  other  kinds  of  motive  power 
(steam  and  electric"),  particularly  so  in  the 
case  of  electricity.  Of  course,  one  might  say 
that  no  one  knows  what  the  price  of  oil  will 
be  20  years  hence,  though  it  will  probably  be 
higher.     Neither  can  one  predict  the  price  of 
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electricity.  Certainly  if  some  one  succeeds 
in  extracting  it  directly  from  the  fire  the 
price  will  drop  considerably.  In  matters  of 
engineering,  however,  it  is  obviously  unsafe 
to  make  provisions   for  visionary  possibilities. 

Figure  1  shows  graphically  the  relation  be- 
tween the  annual  costs  for  both  years  19ir) 
and  1035,  at  the  beginning  and  at  the  end 
of  the  period  under  consideration.  The  rela- 
tive yearly  costs  of  fuel,  labor  and  interest 
and  repairs  and  depreciation  on  machinery  and 
buildings  are  very  clearly  set   forth. 

Figure  2  'shows  the  comparative  fuel  costs 
of  raising  1,000.000  gals.  1  ft.  high,  or  of  rais- 
ing 1   cu.   ft.   of   water  per  second   1    ft.  high 


for  a  year,  either  by  electricity,  oil,  steam  or 
producer  gas.  This  diagram  of  the  cost  of 
fuel  should,  of  course,  be  studied  in  connec- 
tion with  a  study  into  the  question  of  the  cost 
of  attendance.  For  instance,  neither  electric 
pumping  nor  (in  all  probability)  oil  pumping 
will  require  a  man  or  laborer  corresponding 
with  the  fireman  required  for  a  steam  plant 
or  a  gas  producer  plant.  The  size  of  a  steam 
plant  which  one  man  can  handle  :  that  is,  do 
both  firing  and  operate  the  pumping  engine,  is 
a  point  which  should  be  investigated  for 
small  plants  before  selecting  the  motive  power. 
One  experienced  operating  and  designing  me- 
chanical   engineer    has    stated    that    one    man 


can  both  fire  and  operate  plants  up  to  100  HP. 
The  introduction  of  steam  turbine  driven  units 
for  pumping  water  should  raise  the  figure 
representing  the  size  of  the  plant  which  one 
man  can  operate. 

The  itemized  annual  cast  of  operation  esti- 
mate, previously  described  and  stated,  is  a 
comparison  of  the  yearly  operating  costs  of 
pumping  the  sewage  of  the  city  of  Lynn  of 
100,000  inhabitants  either  by  oil,  steam  or 
electric  motive  power.  It  was  from  this  study 
that  Fig.  1  was  drawn.  The  relative  advan- 
tages of  each  motive  power  are  still  further 
indicated  in  Table  V  by  rank  with  respect  to 
economy. 


Methods    and    C:sts    of    Maintaining 

Cement    Crncrete    Roads    With 

Bituminous  Surfaces. 

Contributed   by  Herbert   C.    Poore,   East    Brain- 
tree,   Mass. 

The  troubles  arising  from  the  cracking  of 
concrete  roads  have  led  to  the  use  of  a  thin 
bituminous  surfr.i-c  as  a  method  of  mainte- 
nance. Such  a  treatment  produces  a  noise- 
less, resilient,  gritty  surface,  depending  upon 
the  concrete  beneath  for  strength.  In  cities 
where  unsightly  cracks  would  invite  public 
criticism  and  would  quickly  increase  in  width 
under  iron  tire  vehicles,  the  film  treatment 
aids  in  justifying  the  use  of  concrete  pave- 
ments. Owing  to  its  lack  of  resistance  to 
abrasion  concrete  rapidly  chamfers  at  all  con- 
traction cracks  unless  they  are  at  once  filled 
with  2  suitable  material,  those  made  of  bitu- 
minous materials  being  the  kinds  most  gen- 
erally used. 

Small  differences  of  elevation  in  a  con- 
crete surface  and  elevations  due  to  manhole 
covers  and  car  tracks,  often  cause  uncvcnness 
in  the  best  concrete  without  a  bituminous  sur- 
face. A  coat  of  bitumen,  through  its  tendency 
to  flow  to  the  low  spots,  evens  up  such  irregu- 
larities, and  if  the  bitumen  is  of  the  right 
consistency,  it  v.-ill  produce  a  smoother  riding 
surface  ihan  can  ever  be  obtained  on  a  con- 
crete surface  itself.  With  trafiic  and  warm 
weather,  the  proper  bitumen  will  completely 
work  in'o  and  «cal  the  smallest  cracks.  It 
will  evci;  sink  into  the  concrete  itself  to  a 
depth  of  1/lC  in. 

Very  little  study  has  been  given  to  the 
maintenance  of  bituminous  films  used  as  a 
protecting  coating  over  concrete  roads  and 
few  published  data  are  available.  During  the 
past  two  seasons  the  treatment  of  some  miles 
of  both  new  and  old  concrete  in  New  Eng- 
land, some  of  which  had  been  previously  treat- 
ed with  bitumen,  has  aflforded  a  good  field  of 
observation. 

niTUMINOUS    SfRFACES   ON   NEW  CONCRETE  ROADS 

The  new  road  consisted  of  a  6-in.  1-2-4  cem- 
ent concrete  slab  laid  with  a  machine  mixer 
having  a  distributor  arm  with  a  bucket.  Thrce- 
qu.Trter  inch  contraction  joints  every  25  ft., 
filled  with  coal  tar  pitch,  were  provided. 
These  were  pourcil  with  the  hot  pitch  imme- 
di.nely  after  removing  the  separating  strips, 
in  order  to  prevent  dirt  from  being  carried 
into  the  joint.  Practically  all  the  work  was 
open  to  travel  before  the  apfilication  of  the 
bituminous  surface,  necessitating  a  thorough 
clcrining  of  the  concrete  by  lianrl.  The  bitu- 
nirn,  in  this  case  a  refined  tar.  was  heated  in 
tank  cars  at  the  nearest  siding,  piunped  into 
a  steam  pressure  sprayer  antl  applied  to  the 
concrete  in  two  coats  of  %  gal.  each  per 
square  yard.  As  the  distributor  sprayed  a 
strip  8  ft.  wide,  much  care  was  necessary  to 
avoid  a  wide  and  uneven  overlapping  of  the 
strips.  The  streak  resulting  is  very  notice- 
able over  a  hard  surface  with  even  a  %-gn\. 
per    square  yard    application. 

Ilali-inL-h  clean  peastone  was  spread  over 
the  first  coat  at  the  rate  of  1  cu.  vd.  to  200 
sq.  yds.,  and  the  surface  well  rolled.  The 
second  application  of  bitumen  was  then  immc- 
diatelv  made  in  a  similar  manner  before  any 


traffic  was  allowed  over  the  first  coat.  This 
was  covered  with  peastone  and  a  further 
light  blotting  coat  of  stone  dust  or  sand, 
using  a  total  quantity  of  covering  over  the 
second  coat  of  1  cu.  yd.  to  200  sq.  yds.  of  sur- 
face. 

As  the  width  of  concrete  was  either  10  to 
12  ft.,  macadam  shoulders  were  provided. 
These  were  in  some  instances  treated  with 
iiitunien  for  a  portion  of  their  width,  in  the 
same  manner  as  the  concrete.  Defects  in  the 
bituminous  coat  soon  appeared  on  these  shoul- 
ders under  traffic,  due  to  the  difference  in 
hardness  of  the  concrete  and  the  macadam. 

The  following  specifications  were  allowed 
on  the  101.3  work: 

SPECIFICATIONS   FOR   APPLICATION   OF   BITUMINOUS 
SURFACE     OVER     CEMENT     CONCRETE     BASE. 

Protection  After  Laying. — .After  the  con- 
crete is  laid  and  until  it  has  thoroughly  set, 
it  shall  be  protected  from  the  sun  by  a  can- 
vas or  other  suitable  covering  in  a  manner 
to  be  prescribed  by  the  engineer.  When  in 
the  judgment  of  the  engineer  the  concrete  is 
sufficiently  hard  to  warrant,  this  covering  shall 
be  removed  and  the  concrete  covered  with  a 
layer  of  sand  or  gravel  or  other  material  to 
be  approved  bv  the  engineer  to  about  1 
in.  in  depth.  The  surface  shall  be  sprinkled 
or  kept  damp  for  at  least  seven  days,  to  pre- 
vent the  surface  of  the  concrete  from  drying 
out  while  setting.  The  sand,  or  other  mate- 
rial, shall  then  be  removed  from  the  surface 
and  disposed  of  in  a  manner  satisfactory  to 
the   engineer. 

Wearinq  Surface. — After  the  concrete  is 
thoroughly  dry  and  set.  it  shall  be  carefully 
swept  and  cleaned.  .After  the  seven  days 
have  elapsed  and  wdien  the  surface  is  abso- 
lutely dry.  an  even  coating  of  bituminous  ma- 
terial, heated  to  not  less  than  200°  F.,  shall  be 
spread  over  the  surface  in  a  uniform  layer  by 
means  of  a  suitable  pressure  spraying  device. 
•Approximately  yA  gal.  per  square  yard  shall 
lie  used.  This  shall  be  spread  on  the  surface 
in  two  layers  of  not  less  than  yi  gal.  per 
square  yard  in  each  layer.  As  soon  as  the 
first  application  of  bituminous  material  is 
made,  it  shall  be  covered  with  a  uniform 
layer  of  peastone  and  rolled  with  a  roller  ap- 
proved by  the  engineer.  On  the  surface  thus 
prepared  a  second  coat  of  bituminous  mate- 
rial, of  not  less  than  !4  gal.  per  square  yard, 
is  to  he  made.  The  surface  shall  then 
he  covered  with  peastone  and  rolled.  .Approx- 
imately 1  cu.  yd.  of  peastone  shall  be  used 
to  200  sq.  yds.  of  surface  in  each 
layer.  .A  sufficient  amount  of  peastone  shall 
be  left  on  the  surface  to  protect  the  road 
while  setting  up. 

CONCLUSIONS. 

In  carrying  on  this  work  several  important 
points   were  drvelnped,  as   follows: 

(1)  The  finished  thickness  of  the  film 
should  be  as  small  as  possible,  consistent  with 
a  proper  application  of  the  bitumen  and  the 
grit.  The  advantage  of  a  thin  film  is  that 
when  worn  spots  appear  the  slight  difference 
in  elevation  between  the  base  and  the  coated 
concrete  is  not  noticeable  imder  travel.  With 
the  development  of  a  small  number  of  weak 
spots,   it  is  not  wise  to  at  once  make  an  im- 


mediate retreatment  of  the  entire  surface,  as 
some  portions  w'ould  then  have  a  double  coat. 
.A  careful  hand  mopping  of  these  spots  with 
small  quantities  of  bitumen  w-ill  defer  the  day 
of  general   recoating. 

(2)  The  application  of  two  %-gal.  coats 
with  grit  between  gives  a  much  better  mixture 
of  mineral  and  bitumen  than  one  application 
oi  Yi  gal.  The  former  produces  a  surface  of 
well  mixed  bitumen  and  grit  which  shows 
little  tendency  to  roll  or  move  about  on  the 
concrete.  This  oftentimes  happens  with  a 
%-gaI.  coat  in  one  application,  notwithstand- 
ing a  good  bonding  to  the  clean  concrete  sur- 
face. 

(3)  Much  better  results  are  obtained  with 
power  sprayers  giving  a  uniform  sheet  of 
bitumen.  Hand  work,  either  with  a  single 
pressure  nozzle  or  by  hand  pouring  and 
sweeping  does  not  yield  a  uniform  coat.  The 
unevenness  produced  at  the  start  is  generally 
aggravated  by  traffic. 

A  wann.  dry  concrete  tends  to  absorb  some 
of  the  lighter  oils  from  the  tar  bitumen  and 
the  concrete  is  often  discolored  to  the  depth 


TABLE    I.— COST    OF    A    TWO-COAT    BITU- 
MINOUS SURFACE  ON  A  CONCRETE 
ROAD. 

Per  sq.  yd. 
Tania  "B"  at  50.105  per  gal.  applied,  $0.02 

gal.  per  sq.  yd $0,021 

Tarvia  ".\"  at  $0.12  per  gal.  applied,  $0.25 

gal.   per  sq.   yd 0.030 

Peastone  at  $2.30  per  cu.  yd.,  including 
spreading,  1  cu.  yd.  peastone  per  100  sq. 
yds.    1    sq.    yd 0-023 

Total. cost  per  sq.  yd s-no-i 


of  1/16  in.  The  application  of  a  priming  or 
filler  coat  of  a  thinner  bituminous  material 
has  been  tried  with  the  added  object  of  keep- 
ing the  tar  oils  from  being  absorbed  from  the 
first  %-gal.  coat.  It  is  hoped  in  this  way 
not  only  to  obtain  a  closer  bond,  but  to 
lengthen  the  life  of  the  coating.  The  prim- 
ing coat  has  been  made  fluid  enough  to  flow 
cold  and  has  been  applied  in  such  small  quan- 
tity that  the  concrete  takes  it  up  after  a  few 
hours  and  presents  a  dry.  tight  surface  for 
the  first  V4-gal.  coat  of  bitumen  to  adhere  to. 
This  results  in  better  adhesion,  especially  if 
the  concrete  is  slightly  dusty,  since  the  thin 
priming  coat  penetrates  the  dust  to  the  con- 
crete  beneath. 

COST    OF    FILM    TREATMENT. 

Tn  two  cases  the  detailed  cost  data  of  mak- 
ing the  original  film  treatment  on  1-2-4  mix- 
ture  concrete  roads  were  as   follows : 

Case  (l). —  A  concrete  road  was  covered 
with  0.2  gal.  of  Tarvia  "B"  per  square  yard, 
followed  with  0.2.'-)  gal.  of  Tarvia  "A"  per 
square  yard  and  covered  with  peastone  at  the 
rate  of  1  cu.  yd.  to  100  sq.  yds.  of  surface. 
.A  pressure  distribution  was  used  in  applying 
the  two  coats  of  Tarvia.  The  treatment  cost 
as    shown    in    Table    T. 

No  charge  is  included  for  apparatus  which 
was  loaned  for  the  work.  Ordinarily  a  slight 
increase  in  cost  would  be  necessary  for  this 
item.  The  quantity  of  peastone  required  is 
variable,  depending  somewhat  on  the  tem- 
perature prevailing  during  the  work. 
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Case  (2). — This  treatment  was  applied  to  a 
concrete  road  and  consisted  of  0.5  gal.  of 
Tarvia  "A"  per  square  yard  covered  with 
peastone.     The  cost  is  given  in  Table  II. 


TABLE    n.— COST    OF    A    ONE-COAT    BITU- 
.MINOUS  srKFACE  ON  A  CONCRETE 
ROAD. 

Per  gal. 

Tan'la    at    side    track $0.08 

Heating   In   tank   car 0.02 

Hauling  4   miles O.OOS 

Applying  with  steam  sprayer 0.005 

Cost  of  Tarvia  "A"  per  gal $0,111 

Per  sq.  yd. 

One-half  gal.    Tarvia   "A-   at   $0.111 $0,055 

L<ocal  peastone  at  $1.42  per  cu.  yd.,  1  cu. 

yd.  peastone  per  100  sq.  yds.,  1  sq.  yd..  0.0142 

Total    cost   per   sq.    yd $0.0692 


No  charge  is  included  for  apparatus  which 
was  loaned,  as  in  Case  1.  A  slight  increase  in 
cost  would  ordinarily  be  incurred  for  this 
item.  The  amount  of  peastone  needed  varies 
with  the  temperature  as  stated  in  Case  1. 

BITUMINOUS      SURFACES      AND      REPAIRS      ON      OLD 
CONRETE    ROADS. 

As  a  means  of  repairing  pot-holes  in  con- 
crete roads,  chiseling  out  the  old  concrete 
to  a  square  shoulder  and  filling  with  new  con- 
crete has  proven  slow  and  expensive,  and  it 
leaves  a  poorly  bonded  edge  which  is  a  source 
of  weakness  to  the  surrounding  pavement. 
For  the  most  part,  concrete  road  repairs  have 
been  made  with  bituminous  materials,  using 
either  the  penetration  or  the  mixing  method. 
If  the  work  is  properly  done,  a  good  bond  to 
the  adjoining  concrete  is  secured  which  ex- 
cludes all  water;  and  if  the  mixture  is  prop- 
erly graded  and  stiff  enough,  the  bituminous 
patch  can  be  made  practically  equal  to  the 
concrete  in  resistance  to  wear.  .'Aesthetically 
white  concrete  spotted  with  black  patches  is 
objectionable,  hence  such  a  patched  surface 
is  usually  given  a  bituminous  film  treatment. 
Recoating  a  concrete  surface  after  the  first 
application  has  partially  worn  off  presents 
many  difficulties  if  the  resulting  surface  is 
to  be  smooth  and  durable  as  in  the  beginning. 
Two  conditions  usually  obtain:  (1)  Where 
the  travel  is  confined  to  a  limited  width  of 
the  entire  road;  and  (2)  Where  worn  spots 
are  scattered  over  the  whole  surface.  In  the 
former,  especially  on  streets  having  car  tracks 
through  the  center,  and  a  C  to  Vi  ft.  roadway 
on  each  side  with  considerable  traffic,  the 
film  practically  disappears  after  a  season's 
wear,  so  that  the  following  spring  the  con- 
i  rete  surface  is  practically  bare  and  ready 
for  a  second  application  of  two  ^i-gal.  coats. 
The  retrcatmcnt  should  only  be  given  on  the 
traveled  section,  omitting  the  coating  next  to 
the  curb,  if  12  or  IS  ins.  in  width  of  the  old 
material    remain. 

If  worn  spots  arc  scattered  over  the  entire 
area  of  the  roadway,  they  will  be  found  to 
be  the  high  points  of  the  original  concrete. 
The  bitumen  has  flowed  into  the  sags  of  the 
concrete  surface,  leaving  the  high  spots  with 
a  thinner  film  than  the  rest.  If  such  is  the 
rase,  the  original  specification  for  a  film  may 
be  followed,  provided  the  old  bitumen  is 
firm  and  stiff  enough  to  support  a  second 
coat.  Such  a  surface  is  far  more  even  after 
the  second  film  has  been  applied  than  after 
the   first   treatment. 

Up  to  the  present  time,  many  failures  in 
bituminous  surfaces  have  been  due  to  poor 
workmanship  and  the  wrong  quantity  or  kind 
nf  bitumen.  Over  a  smooth,  broomed  con- 
crete surface,  a  film  composed  of  two  '4-gal. 
coats  of  refined  tar  properly  applied,  will 
have  so  little  noticeable  unevenness  as  it 
wears  off  that  a  rctreatment  of  one  or  two 
''J-gal.  coats  will  not  add  aopreciably  to  the 
film,  if  continuetl  indefinitely  at  proper  in- 
tervals. 

Where,  however,  !/^-gal.  coats  have  been 
.ipplicd  in  a  crude  manner  to  dirty  concrete, 
scaling  results  and  noticeable  holes  appear 
in  the  film  surface.  The  surface  is  then  very 
difficult  to  restore,  as  the  film  in  places  is 
over  Vi  in  in  thickness  and  breaks  with  sharp 
shoulders  at  the  edges  of  the  holes.  .\s  on 
macadam   roads,  heavy   films   or  mats   in  this 


condition  have  been  extremely  hard  to  cope 
with,  and  have  probably  done  much  to  dis- 
courage the  method.  Lighter  materials  act- 
ing as  a  solvent  have  often  been  found  a  sat- 
isfactory remedy.  Scraping  and  rolling  the 
surface  in  the  presence  of  water  after  such 
an  application  has  removed  much  uneven- 
ness. This  would  also  apply  to  a  bituminous 
film  over  concrete.  Many  concrete  surfaces 
have,  however,  been  retreated  with  no  atten- 
tion whatever  given  to  the  old  material,  re- 
sulting in  an  uneven  surface. 

New  coats  of  the  same  or  even  a  lighter 
film  coat  should  not  be  added  until  at  least 
a  large  part  of  the  old  has  disappeared,  and 
every  precaution  should  be  taken  to  secure 
an  even  surface,  as  much  patching  is  always 
unsatisfactory.  Old  tar  bitumens  usually  ad- 
here strongly  to  concrete  and  cannot  be  re- 
moved by  scraping.  Uneven  heavy  films  on 
macadam  roads  can  be  scarified  and  the 
macadam  smoothed  and  rolled.  This  method 
is  impossible  on  concrete.  Far  more  care 
is  necessary  consequently  to  start  with  a 
smooth  concrete  surface  and  to  keep  it 
smooth  by  intelligent  and  careful  subsequent 
treatment. 


Methods    and    Cost    of    Transplanting 

Street    and    Boulevard    Trees    in 

Paris,  France. 

The  raising,  planting  and  upkeep  of  the 
trees  which  so  beautify  the  streets  and  boule- 
vards of  Paris  are  under  the  direction  of  the 
prefecture  of  the  Department  of  the  Seine,  in 
which  Paris  is  situated.  A  special  adminis- 
trative department  of  the  prefecture  is  in  ex- 
clusive charge  of  this  undertaking,  which,  in 
a  city  like  Paris,  assumes  very  large  propor- 
tions. 

A  recent  issue  of  the  "Daily  Consular  and 
Trade  reports,"  prepared  by  the  Department 
of  Commerce,  contained  a  report  by  Vice-Con- 
sul General  Lucien  Memminger,  Paris,  con- 
cerning boulevard  and  street  trees  in  Paris 
from  which  the  information  here  given  is 
taken  : 

On  Jan.  1,  1912,  the  total  number  of  trees  on 
the  streets,  boulevards  and  squares  of  Paris 
was  8(!.686 ;  the  total  number  of  men  employed 
throughout  the  year  in  planting,  transplanting, 
watering  and  removing  dead  trees  was  120 ; 
and  the  total  cost  of  maintaining  these  trees 
was  estimated  at  $!)6,.500. 

On  an  average  1,100  to  1,200  new  trees  are 
planted  evef"y  year  to  replace  those  which  have 
died,  been  overthrown  by  carts,  automobiles, 
etc.,  or  which  have  been  removed  for  other 
reasons. 

THE    PLANTATIONS. 

The  city  of  Paris  has  large  and  varied  plan- 
tations just  outside  the  fortifications,  where 
flowers,  exotic  shrubs,  and  trees  are  raised. 
One  hundred  and  thirteen  hothouses  for  plants, 
exotic  shrubs  and  flowers  are  heated  from  one 
central  heating  plant,  distributing  hot  water 
through  a  OVz-mile  system  of  pipes.  The  ob- 
ject of  this  central  heating  organization  is  not, 
as  the  head  gardener  explains,  with  a  view  to 
economy.  In  fact,  such  a  systein  is  far  more 
costly  than  separate  installations  for  each 
group  of  hothouses,  but  is  thus  arranged  to 
avoid  the  existence  of  a  series  of  unsightly 
chimneys  which  would  destroy  the  artistic  ef- 
fect of  the  grounds,  which  are  more  or  less  a 
public  resort  and   show   place. 

In  the  tree  and  hardy  shrub  section  of  the 
plantations,  which  are  at  some  distance  from 
the  flower  and  exotic  plant  collection,  are 
dwarf  pyramid  elms  and  chestnuts  carefully 
grafted  to  produce  a  double  flower  and  on 
which  no  chestnuts  ever  form.  This  feature 
of  the  chestnut  is  extremely  valuable  in  cities, 
where  mischievous  school  children  would  do 
much  harm  to  trees  bearing  fruit  or  nuts  by 
throwing  sticks  and  stones  to  knock  them 
down. 

Here  are  grown  the  greater  number  of  the 
trees  to  be  planted  in  the  streets  of  Paris,  the 
average  age  of  which  on  transplantation  is 
stated  at  ten   years. 

.METHODS   OF  TRANSPLANTING. 

The  transplanting  of  small  trees  is  easily 
accomplished,   while   for  tall   and  heavy  trees 


the  depot  of  the  city  of  Paris,  in  the  heart  of 
the  Bois  de  Boulogne,  has  varied  machinery, 
including  15  tree  conveyors  of  varying  sizes 
and  models,  ranging  from  those  capable  of  con- 
veying a  50  or  even  60  ft.  giant  down  to  those 
for  handling  a  10  or  12  year  tree. 

The  conveyor  most  generally  used  is  a 
4-wheeled  wagon  about  6  ft.  high  provided 
with  a  windlass  ou  either  side.  The  wagon, 
the  front,  back  and  sides  of  which  form  a  rec- 
tangular parallelogram,  is  backed  toward  the 
tree  to  be  removed,  and  the  rear  beam  is  taken 
off,  thus  allowing  an  entrance  for  the  tree  into 
the  center  of  the  wagon.  The  back  of  the 
wagon  is  replaced  and  the  tree  then  hoisted 
by  windlasses  until  it  is  clear  of  the  ground. 
After  removal  to  the  spot  where  it  is  to  be 
replanted,  the  operation  is  reversed.  .■A  similar 
wagon  is  provided  with  a  crane  lixed  in  front, 
which  allows  the  lowering  of  the  tree  which  is 
being  conveyed  to  permit  its  passing  under 
bridges,  telegraph  wires,  and  other  obstacles. 

The  cost  of  transplanting  naturally  varies 
according  to  the  size  of  the  tree  and  conse- 
quent difficulty  of  handling.  It  is  stated,  how- 
ever, that  the  average  cost  of  transplanting 
the  1,100  or  1,200  trees  needed  annually  in  the 
streets  of  Paris  is  approximately  $9.65  per 
tree.  This  figure  may  seem  high,  but  the  great 
majority  of  these  trees  are  20  or  more  years 
old.  and  are  required  to  replace  those  of  the 
same  species  which  have  died,  and  in  the 
aproximate  cost  given  are  included  not  only 
manual  labor,  but  upkeep  of  horses  and  wag- 
ons for  transplanting,  replacing  in  many  cases 
all  the  earth  around  the  roots  when  the  qual- 
ity is  found  to  be  of  the  wrong  kind,  ami  in- 
stallation of  the  special  watering  apparatus 
mentioned  below.  When  new  streets  or  boule- 
vards are  planted  out  the  trees  employed  do 
not  exceed  ten  years  in  age.  but  when  an  old 
tree  dies  everything  is  done  to  replace  it  by 
one  of  similar  size  to  those  already  in  line 
with    it, 

UPKEEP  AND  WATERING. 

The  usual  proceeding  when  trees  are  trans- 
planted is  to  place  around,  or  rather  above 
and  below,  its  roots  a  vertical  square  of  brick 
piping,  the  lower  side  of  the  square  which 
passes  either  completely  below  or  at  least 
through  the  roots  of  the  tree  being  about  23V2 
ins.  below  the  surface  of  the  earth.  T^he  piping, 
the  diameter  of  which  is  usually  1%  ins.,  the 
length  of  each  joint  being  from  12  to  15  ins., 
lets  out  the  water  at  each  joint,  and  thu^ 
thoroughly  soaks  the  earth  around  the  root^. 
Watering  is  carried  on  through  two  orifices  at 
each  upper  corner  of  the  square  of  piping. 

This  system,  however  perfect  it  may  be  for 
insuring  the  successful  transplanting  of  a  tree, 
is  said  to  be  far  from  satisfactory  after  the 
first  few  years.  The  head  gardener  of  the  city 
of  Paris  states  that,  as  a  riile,  after  three 
or  four  years  the  piping  becomes  dislocated 
either  through  the  spread  of  the  roots  or  the 
sinking  of  the  earth  around  the  tree,  or  both. 
It  is  still  used,  however,  on  account  of  the 
excellent  results  it  gives  w-hen  the  tree  is  first 
transplanted. 

When  a  tree  has  been  in  the  ground  for  twn 
or  three  years,  the  earth  around  it  is  cleared 
out  in  the  form  of  a  basin,  the  greatest  de])tli 
being  from  5  to  6  ins.  and  the  diameter  of  the 
basin  6  ft.  Over  this  basin,  and,  consequently, 
around  the  tree,  is  placed  a  grating,  through 
which  the  tree  is  watered,  with  an  ordinary 
hose  pipe,  the  basin  being  filled  up  to  the  level 
of  the  surrounding  pavement.  This  grating- 
covered  basin  thus  allows  the  necessary 
.■minunt  of  air  to  penetrate  to  the  roots. 


Drainage  Work  in  Pecos  Valley,  New 
Mexico. — Engineering  work  is  underway  for 
three  drainage  districts  in  the  Pecos  _  Valley, 
New  Mexico.  The  iircliminary  w-ork  is  being 
lircnight  to  a  close  and  estimates,  etc.,  \4'il! 
be  completed  probably  in  about  60  day;:.  The 
approximate  area  of  the  three  districts  is 
59,000  acres,  and  the  cost  of  the  system  will 
be  about  $15  to  $20  per  acre.  There  will  be 
no  open  ditches,  the  system  to  be  installed 
will  be  of  burnt  clay  tile.  Eccles  &  Vauchelet, 
Roswell,  N.  Mex.,  are  engineers  for  the  three 
districts. 


THE  PANAMA  CANAL 


Outline  History  of  Projects  for  a  Canal  Across  the  Isthmus  of  Darien  With 

a  Particular  Account  of  the  Structures  for  and  the  Methods 

and  Costs  of  Constructing,  the  Canal  at  Panama. 


(Staff  Article) 
INTRODUCTION 


All  parts  of  the  Panama  Canal  are  suffi- 
ciently completed  for  the  passage  of  ships 
with  the  exception  of  Culebra  Cut.  There 
yet  remain  much  finishing  work  and  construc- 
tion work  on  permanent  terminals  and  living 
qii.irters  and  there  remains  considerable  chan- 
nel widening  to  be  done  on  the  sea  level  sec- 
tions ;  none  of  this  remaining  work  prevents 
the  use  of  the  canal.  The  remaining  excava- 
tion at  Culebra,  due  to  slides,  still  prevents 
canal  operation  and,  since  no  one  can  say  with 
certainty  what  may  be  the  future  slide  devel- 
opment, it  cannot  be  told  when  this  obstacle 
will  be  finally  removed.  The  work  remaining 
I'l  lie  done  at  Culebra  and  in  widening  the 
,-ca  level  channels  means  also  only  a  continua- 
tion of  methods  of  work  followed  from  the 
he;.; inning  and  the  volume  of  the  remaining 
uiirk  cannot  be  more  than  a  small  percent- 
age of  the  volume  already  completed.  For 
these  reasons  an  outline  of  the  history  of  the 
P;iTiama  Canal,  a  discription  of  the  canal  struc- 
"ires  and  a  statement  of  construction  methods 


and  costs  can  be  made  nearly  as  definative 
now  as  a  few  months  hence  when  the  great 
waterway,  it  is  anticipated,  will  be  opened  for 
traffic. 

The  following  article  gives  first  an  outline 
chronological  account  of  the  studies  and  plans 
which  finally  culminated  in  the  plan  that  has 
been  carried  virtually  to  completion.  It  de- 
scribes all  the  main  canal  structures,  the  dams, 
the  locks,  the  Culebra  cut,  and  the  sea-level 
channels,  and  it  also  describes  for  each  of 
these  structures  the  plant  and  methods  em- 
ployed for  construction.  Construction  costs 
are  given  for  all  the  main  units  of  the  canal 
work.  The  work  of  sanitation  is  outlined, 
the  cost-keeping  system  is  explained  and  the 
terminals,  lighting  system,  shop  system,  power 
plants,  construction  olant  equipment  and  costs 
are   scheduled   and   discribed. 

The  information  presented  has  beeen  com- 
piled chiefly  from  the  reports  of  the  Isthmian 
Canal  Commission  and  amplified  by  reference 
to  articles  in  Encineerixg  .\nd  Contr.\cting, 
"Engineering    News,"    "Engineering    Record,'' 


"Transactions  American  Society  of  Civil  En- 
gineers. "Journal  of  the  Association  of  Engi- 
neering Societies,"  and  other  publications.  Most 
of  the  illustrations  have  been  redrawn  from 
the  reports  of  the  Isthmian  Canal  Commis- 
sion and  others  have  been  reproduced  from 
the  "Engineering  X'ews"  and  the  "Engineering 
Record,"  after  being  checked  against  the  offi- 
cial plans  for  accuracy. 

With  so  voluminous  a  record  from  which 
to  draw  it  has  been  necessary  to  condense 
many  parts  to  the  very  briefest  of  statements 
and  to  omit  some  features  of  construction 
whose  mention  was  not  vital  to  a  clear  picture 
of  the  work.  It  has  also  been  the  purpose 
to  give  as  many  statistics  as  would  make 
evident  the  cost  of  construction,  the  perform- 
ance of  plant,  the  progress  of  construction  and 
the  volumes  of  work  involved.  This  plan 
does  not  obstruct  the  engineer's  view  of  the 
immensity  of  the  work  as  a  whole  and  it 
gives  him  the  data  which  will  be  most  use- 
ful to  him  in  determining-  the  construction 
efficiencv  of  the   Panama  Canal  labor  forces 


History  of  Projects  for  a  Trans-Isthmian  Canal 


There  are  three  periods  of  trans-isthmian 
canal  history :  The  period  of  projects ;  the 
period  of  French  construction,  and  the  period 
of  American  construction.  A  statement  fol- 
lows of  the  principal  events  of  each  period. 
I'or  this  outline  facts  have  been  taken  from 
\arious  sources  but  the  chronology  is  that 
of  Mr.  Joseph  Bucklin  Bishop.  Secretary 
Isthmian  Canal  Commission,  in  his  interest- 
ing   work   "The    Panama    Gateway." 

Period  of  Projects. 

The  seeking  for  a  waterway  aero^^  the 
Uthmus  of  Darien  is  as  old  as  Columbus.  The 
Krcat  discoverer  and  the  navigators  to  the 
new  world  who  followed  him  searched  every 
inlet  of  the  Isthmian  coast  for  a  passage  for 
-liips.  In  1513  Balboa  crossed  Darien  by  boat 
and  trail  and  discovered  the  Pacific  Ocean. 
lour  years  later  Panama  was  settled  and  in 
\'j]'.>.  Nombre  de  Dios  on  the  .\tlantic  was 
founded. 

To  connect  Panama  and  Nombre  de  Dios 
there  was  built  in  1.510  a  paved  trail.  In  15.35 
a  boat  line  was  established  from  Cruces. 
wluTC  this  trail  touched  the  Chagrcs  River,  to 
the  mouth  of  the  Chagres.  Meanwhile,  in 
153l'.  Lake  Nicaragua  was  discovered  and 
traffic  by  boat  and  trail  established  a  new 
irans-isthmian  crossing.  Charles  V.  was  then 
king  of  Spain,  and  if  history  speaks  truly. 
he  seems  first  of  all  to  have  conceived  the 
idea  of  a  trans-isthmian  canal.  He  decreed 
in  1534  that  a  survey  be  made  from  Cruces 
to  Panama  to  determine  the  practicability  of 
connecting  the  Chagres  by  artificial  waterway 
with  the  Pacific.  His  answer  from  his  new 
world  possessions  was  that  such  a  work  was 
bevond  the  effort  of  man  and  the  trcasurief 
of'kings.  In  15G7  Philip  II,  the  son  of  Charles 
v..  following  the  precedent  set  by  his  father, 


ordered  surveys  to  be  made  for  a  canal  cross- 
ing at  Nicaragua.  The  report  he  received 
was  scarcely  more  encouraging  than  that 
which,  a  third  of  a  century  before,  came  to 
Charles  V.  from  Panama. 

In  1597  the  Atlantic  terminal  of  the  Panama 
route  was  changed  from  Nombre  de  Dios  to 
Puerto  Bello  and  new-  trails  were  constructed 
between  Panama  and  Puerto  Bello.  These 
trails  and  also  the  old  road  to  Cruces  are  in- 
dicated on  the  map.  Fig.  2.  For  two  cen- 
turies Spanish  trans-isthmian  traffic  made  no 
attempt  of  record  to  secure  better  routes  than 
these  river  and  land  trails  at  Panama  and 
Nicaragua.  Want  of  enterprise  was  not 
wholly  the  reason  for  this.  England  controlled 
the  seas  and  Spain  did  not  care  to  provide  a 
trans-isthmian  waterway  for  the  gentlemen 
buccaneers  under  Morgan,  Drake  and  Frob- 
isher.  In  1814,  however,  the  Spanish  Cortes 
issued  a  decree  providing  for  a  trans-isthmian 
canal  and  for  a  company  to  build  it.  A  few 
years  later,  1819,  Central  America  achieved 
its  independence  from  Spain  and  by  1823 
Spain  had  lost  all  its  Centr^  and  Soiith 
.'Vmerican  colonies.  Spanish  connection  with 
trans-isthmian  canal  enterprises  ceased. 

The  new  Isthmian  republic  began  almost  at 
once  to  invite  outside  interests  to  consider 
trans-isthmian  canal  construction.  In  1825 
Aaron  H.  Palmer,  a  New  York  merchant,  be- 
gan negotiations  with  the  Republic  of  Centra! 
America  with  the  view  of  building  a  canal  at 
Nicaragua,  and  he  finally  secured  a  con- 
cession. Palmer  enlisted  the  moral  support 
of  the  United  States  government  for  his  plans 
but  after  working  on  them  about  twelve 
months  he  abandoned  his  project.  In  1825 
also,  an  English  company  sent  an  engineer. 
John  Bailey,  to  survey  the  isthmus  for  a  canal 
at  Panama;  this  company  did  not  get  so  far 
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as  to  obtain  a  concession.  In  1830  the  Repub- 
lic of  Central  America  trafficked  with  Neth- 
erlands merchants  for  a  canal  but  without 
material  results.  It  tlien,  in  1835,  turned  to 
the  United  States  and,  following  a  favorable 
resolution  of  Congress,  Charles  Biddle  was 
sent  to  Nicaragua  to  examine  routes  for  a 
canal ;  the  result  was  a  report  to  Congress 
by  President  Jackson  in  1837  that  the  enter- 
prise "w-as  inexpedient."  In  1839,  when  Van 
Buren  was  President,  John  L.  Stephens  was 
sent  to  the  Isthmus  to  report  on  routes  for  a 
canal ;  he  recommended  the  Nicaragua  route 
and  estimated  the  cost  of  a  canal  there  at 
$25,000,000,  but  advised  against  its  construc- 
tion. 

In  1831.  the  Republic  of  Colombia,  composed 
of  New-  Granada,  Venezuela  and  Ecuador, 
separated  into  its  component  parts.  The  Pan- 
ama route  was  in  New  Granada  and  in  1838 
this  country  granted  concession  to  a  French 
company  to  construct  roads,  railways  or 
canals  across  the  isthmus  with  terminals  at 
Panama  and  Colon.  This  company  did  some 
desultory  surveying  and  sent  back  to  France 
the  astounding  announcement  that  discovery 
had  been  made  of  a  trans-isthmian  pass  only 
.37  ft.  above  sea  level  at  Panama.  The  French 
government  became  interested  and  in  1848  it 
sent  Napoleon  Garella  to  Panama  to  inves- 
tigate. His  report  of  course  disclosed  the 
fabulous  character  of  the  heralded  low  pass. 
In  addition  he  made  a  really  careful  study,  in 
fact,  the  first  real  engineering  study  of  a 
canal  route.  His  report  recommended  a  lock 
canal  158  ft.  above  sea  level,  to  cost  some 
$25,000,000  to  $28,000,000,  depending  on 
whether  the  summit  was  penetrated  by  tunnel 
or  by  open  cut.  On  this  report  the  French 
company  gave  up  its  concession. 

In  1847  New  Granada  granted  a  concession 
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lo  the  Panama  Company,  Mateo  Klein,  agent, 
to  build  a  railway  across  Panama.  The  com- 
pany failed  to  secure  capital  and  its  con- 
cession expired.  The  Klein  concession  in 
modified  form  was  then  secured  from  New 
Granada  by  the  Panama  Railroad  Co.,  incor- 
porated in  New  York  in  1849.  This  company 
completed  the  Panama  R.  R.  in  1855,  at  a 
cost  of  some  $8,(i(lO,000.  This  figure  is  of  in- 
terest in  comparison  witli  the  price  of  nearly 
$25,000,00(1  which  the  French  Panama  Canal 
Co.  paid  in  1881  for  the  Panama  R.  R. 

In  1850  the  American  Atlantic  &  Pacific 
Ship  Canal  Co.,  O.  VV.  Childs,  chief  engineer, 
secured  a  concession  for  a  canal  at  Nicaragua 
and  completed  sicneral  surveys  in  1852  but, 
failing  to  begin  construction,  lost  its  con- 
cession. In  1869,  President  Grant  in  his 
message  to  Congress  recommended  the  con- 
struction of  an  isthmian  canal  by  Americans. 
Congress  responded  by  authorizing  the  Presi- 
dent to  appoint  an  Interoeeanic  Canal  Com- 
mission to  study  the  problem  and,  between 
1870  and  1875,  surveys  were  made  for  canal 
routes  at  Tehuantepcc,  at  Nicaragua  and  at 
Panama.  This  first  American  canal  commis- 
sion consisted  of  Gen.  Andrew  A.  Humphreys, 
Prof.  Benjamin  Pierce  and  Capt.  Daniel  Am- 
inen.  Later  Carlisle  P.  Patterson  succeeded 
Professor  Pierce.  The  commission's  report 
was  made  in  187(1  and  was  submitted  to  Con- 
gress in  ]87'J  and  it  recommended  the  Nica- 
ragua route. 

Trans-isthmian  canal  activity  now  turned  to 
I'rancc.  A  canal  company  was  organized  in 
I'rance  and  in  1876  secured  a  concession  by 
which,  under  a  later  modification,  it  obtained 
exclusive  right  for  90  years  to  build  a  canal 
whose  route  was  to  be  determined  by  an  in- 
ternational congress.  The  history  of  this 
company  constitutes  in  Isthmian  canal  his- 
tory the  period  of  French  Canal  Construction 
and  is  given  in  a  following  section.  Briefly, 
ihe  company  was  sold  to  Ferdinand  de  Les- 
■icps  in  1879;  construction  was  begun  in  1882; 
!he  De  Ix-sscps  company  went  into  receivers' 
hands  in  1889;  the  New  Panama  Canal  Co. 
was  organized  in  1894  and  in  1904  the  I'nited 
States  purchased  its  property. 

Meanwhile,  in  1884,  the  United  States  had 
/.;ain  entered  the  Isthmian  canal  field  by  ne- 
KOtialing  with  Nicaragua  a  treaty  calling  for 
the  construction  of  a  canal  and  involving 
joint  ownership  by  the  two  countries.  Sur- 
veys were  made  for  this  canal  in  1885  by  .\.  G. 
Menocal.  Nicaragua  then  withdrew  from  the 
treaty.  In  1887,  however,  Mr.  Menocal  se- 
cured from  Nicaragua  a  concession  to  con- 
struct a  canal  from  Greytown  to  Brito.  The 
Maritime  Canal  Co.  of  Nicaragua  was  organ- 
ized and  was  inc(.ir|)orated  bv  Congress  in 
1889,  with  a  capital  of  $250,000,000.  A  con- 
struction company  with  a  capital  of  $12,000,- 
<)00  was  organized  and,  selling  its  shares  at  50 
uer  cent  discount,  realized  $6,000,000.  Work 
was  begun  at  Nicaragua  in  1890  and  continued 
three  years,  when  the  $6,000,000  had  been 
spent  and  the  company  went  into  the  hands  of 
.1   receiver. 

During    the    struggles     of      the      Maritime 

.inal  Co.  to  preserve  its  existence  Congress 
was  repeatedly  importuned  for  aid  and  finally. 
in  1805,  ati  .imendmcnt  to  the  Sundry  Civil 
\ppropriation  bill  was  passed  by  which  a 
board  was  created  to  report  upon  the  feasibil- 
ity and  cost  of  completing  the  Panama  canal. 
The  board  of  engineers  selected  for  the  work 
consisted  of  Cul.  William  Ludlow,  Admiral 
Mordecai  T.  Endicott  and  Mr.  Alfred  Noble. 
It  reported  that  proper  investigation  could 
not  he  made  within  the  time  named  and  with 
the  funds  allotted.  ,\ccordingly,  in  1897  a  new- 
board  consisting  of  Admiral  John  G.  Walker, 
Col.  Peter. C.  Hains  and  Prof.  Louis  M.  Haupt 
was  appointed.  It  submitted  its  report  in 
180!).  The  report  advised  that  a  general  in- 
vestigation be  made  embracing  all  possible 
canal  routc<!.  In  1899,  Congress  therefore 
luthorizcd  the  /i>.c<  Isthmian  Canal  Commis- 
■on.  a  body  I'f  ni' •■  members  who  were  named 
.y  President  }■'■  '  -n  March  3.  \^W.  The 
work    of    this    '  within    the    period 

of  American   C.  riKlion   and   is   nut- 

lined  in  a  succccdiiig  section. 


Period  of  French  Canal  Construction. 

Before  the  Suez  Canal  was  completed  in 
1869,  Frenchmen  had  begun  plans  for  a  canal 
across  the  Isthmus  of  Daricn.  The  leader  in 
these  plans  was  Eticnne  Tiirr,  a  friend  and 
admirer  of  Ferdinand  de  Lesseps,  the  builder 
of  the  Suez  Canal.  Me,  in  1876,  secured 
through  an  agent,  Anthoine  Gogorza,  and 
under  date  of  May  28,  a  99-year  concession 
from  Colombia  authorizing  a  canal  survey 
and,  if  this  showed  a  canal  without  locks  or 
tunnels  to  be  practicable,  also  authorizing  the 
construction  of  such  a  canal.  Based  on  the 
Gogorza-Tiirr  concession  a  company  was  or- 
ganized and  in  November,  1876,  Lieut.  L.  N. 
B.  Wyse  was  sent  to  Colombia  to  make  sur- 
veys. He  returned  to  France  in  1877  and 
again  in  1878  went  to  the  Isthmus  where,  aid- 
ed by  Armand  Rechis,  he  completed  his  sur- 
veys. He  also  obtained  from  Colombia  a 
new  contract  granting  exclusive  rights  to  the 
French  company  to  construct  and  operate  for 
99  years  a  canal  whose  route  was  to  be  deter- 
mined by  an  international  commission.  De 
Lesseps  now  first  appeared  as  a  factor  in  the 
Darien  canal  project. 

On  May  15,  1879,  largely  through  the  efforts 
of  the  builder  of  the  Suez  Canal,  an  inter- 
national commission  of  135  members,  74  of 
whom  were  French  friends  of  De  Lesseps, 
was  assembled  in  Paris  to  decide  on  a  canal 
route.  This  commission,  86  members  voting, 
favored  by  a  majority  of  70  a  sea  level  canal 
at  Panama  from  the  Gulf  of  Panama  to  the 
Bay  of  Limon.  The  cost  was  estimated  at 
$214,000,000  and  the  least  time  of  completion 
as  twelve  years. 

On  July  5,  187.9,  all  ownership  in  the  Wyse 
concession  was  transferred  to  De  Lesseps, 
who  was  to  organize  as  he  should  see  fit  a 
company  to  carry  out  the  contract.  A  month 
later  he  organized  the  Compagnic  Univcrsellc 
du  Canal  Intcroceanique  with  a  capital  of 
$,^O.i)00,O(_ni  in  $100  shares.  Subscriptions  for 
stock  were  opened  in  Europe  and  America, 
but  only  some  $6,000,000  were  subscribed.  The 
project  was  also  so  severely  attacked  that  De 
Lesseps  organized  an  international  technical 
commission  of  nine  members  to  report  on 
the  project  and  he  personally  went  to  Panama 
to  direct  the  work. 

De  Lesseps  while  at  Panama  with  a  ''coup 
de  piochc"  (stroke  of  pick),  inaugurated  ac- 
tual work  on  the  "canal  maritime  univcrsellc 
intcroceanique,"  while  the  technical  com- 
mission undertook  its  engineering  studies. 
These  studies  were  completed  and  a  report 
was  handed  to  De  Lesseps  in  about  six  weeks. 
This  report  estimated  the  cost  of  the  canal 
at  $168,500,000  and  the  least  time  of  construc- 
tion as  eight  years.  De  Lesseps  added  a 
"note"  to  the  report  which  reduced  the  esti- 
mated cost  to  $131,600,000.  He  sailed  from 
Panama  to  the  United  States  and  there  be- 
gan soliciting  subscriptions  to  stock,  an- 
nouncing that  he  had  capitalized  his  company 
at  $120,<t00,000.  No  stock  was  subscribed  in 
the  United  States  and  De  Lesseps  returned 
10  France.  Here  in  1880  he  opened  subscrip- 
tion books  for  $60,000,000  of  stock  and  it  was 
all  taken.  A  meeting  of  shareholders  was 
held  on  Jan.  31,  1881,  and  on  March  3,  1881, 
the  canal  company  was  definitely  organized 
with  a  capital  of  $60,000,000. 

On  June  6,  1881,  a  detachment  nf  35  men 
left  France  f<jr  Panama  under  the  direction 
of  Mr.  Armand  Rcclus,  who,  with  L.  N.  B. 
Wyse,  had  made  the  original  surveys.  Con- 
struction was  not  really  begun  until  Jan,  20. 
1882.  Meanwhile  the  canal  company  had 
found  it  necessary  in  order  to  conduct  work 
to  purchase  the  Panama  R.  R.  The  owners 
of  Ihe  railway  were  in  position  to  set  their 
own  price  and  they  made  the  canal  company 
pay  $250  for  shares  having  a  par  value  of  $100 
and  worth  about  par  in  the  market.  Con- 
trolling ownership  of  the  Panama  R.  R.  cost 
the  canal  company  over  $25,000,000.  During 
the  first  actual  construction  year  very  little 
real  work  was  done.  The  general  contrac- 
tors on  Dec.  31,  1882,  asked  to  have  their 
contract  annulled.  De  Lesseps  consented  to 
this  request  and  appointed  Jules  Dingier  di- 
rector general  of  the  work.     Mr.  Dingier  ar- 


rived at  Colon  Feb.  27,  188:i.  His  first  ac- 
tion was  to  examine  the  route  and  submit  a 
report  recommending  a  canal  29%  ft.  deep 
and  72  ft.  bottom  width,  with  a  large  dam  at 
Gamboa  to  control  the  waters  of  the  Chagres. 
The  total  excavation  was  estimated  at  157.- 
000,000  cu.  yds.  This  plan  was  accepted  and 
construction  work  was  divided  into  seven  sec- 
tions and  let  to  as  many  contractors,  all  of 
whom  contracted  to  complete  their  work  in 
1889. 

During  1883,  1884  and  1885  canal  construc- 
tion proceeded  actively.  In  1885,  however,  the 
canSl  company  began  tn  experience  financial 
troubles.  At  a  stockholders'  meeting  on  Jul> 
29,  1885,  De  Lesseps  admitted  that  his  esti- 
mates were  too  low  and  that  the  cost  of  the 
canal  would  reach  fully  the  $214,000,000  esti 
mated  by  the  international  congress  of  187i». 
He  had  already.  May  27,  1885,  asked  the 
French  Government  for  authority  to  issue 
lottery  bonds  for  a  sum  of  $120,000,000.  Tht- 
Government  decided  not  to  act  on  this  re- 
quest until  it  could  secure  definite  information 
of  conditions  at  the  Isthmus  and  it  sent  Mr. 
Armand  Rousseau,  an  engineer,  to  e.xamim- 
and  report  on  the  canal  works.  The  Gov- 
ernment expert  went  to  Panama  late  in  188."> 
and  returned  to  France  in  February,  188(i. 
Simultaneously  De  Lesseps,  with  a  commis- 
sion composed  of  an  engineer  from  Holland 
and  another  from  Germany  and  of  repre- 
sentatives from  the  Chambers  of  Commerce 
of  leading  French  cities,  and  with  others, 
sailed  for  Panama.  The  visit  lasted  two 
weeks,  and  on  the  return  of  the  party  to 
France  favorable  report  was  made  by  tlic 
delegates  from  the  Chambers  of  Commerce. 
The  engineers  of  the  De  Lesseps'  commission 
made  no  statement.  The  French  Government 
expert,  Mr.  Rousseau,  in  the  meantime  had 
reported  that  the  completion  of  the  pro- 
posed canal  was  impossible  unless  there  was  a 
change  to  the  lock  plan.  This  report  was 
supported  by  Leon  Boyer  then  director  gen- 
eral of  the  canal  work  and  by  Mr.  L.  Jacquet. 
one  of   the  canal   company's  engineers. 

The  next  step  taken  by  De  Lesseps  was  io 
withdraw  his  request  for  authority  to  issue 
lottery  bonds  and  to  obtain  permission  from 
the  canal  company  stockholders  to  issue  a 
new  series  of  company  bonds.  Bonds  weri 
issued  and  sold  in  1886  amounting  to  $70 
000,000.  This  sum  was  too  small  to  con' 
plete  the  sea  level  canal  as  planned  and  in 
July,  1887,  De  Lesseps  announced  that  a  neu 
plan  providing  for  a  lock  canal  was  under 
consideration.  In  October.  1887,  a  commission 
appointed  by  De  Lesseps  reported  that  such  a 
plan  was  possible  and  that  the  canal  couM 
be  completed  in  1891. 

Following  this  report  and  change  of  plan 
the  French  Government  granted  permission  ti' 
the  canal  company  to  issue  lottery  bonds,  .^n 
issue  of  2,000,000  bonds  was  made  but  after 
two  offers,  only  1,000.000  were  taken.  On 
Dec.  14,  1888,  De  Lesscjis  asked  the  court - 
to  appoint  temporary  managers  for  the  com- 
pany. The  temporary  managers  after  un- 
successful effort  to  reorganize,  reported  1" 
the  stockholders  advising  the  appointment  of 
a  receiver.  This  appointment  was  made  Feb. 
4,  1889.  The  investigation  of  the  company''^ 
affairs  showed  that  nearly  .$203,000,000  h;nl 
been  collected  and  expended  by  the  company 
and  that  a  total  of  66,743.551  ru.  yds.  of  ma- 
terial had  been  excavated.  Various  ex- 
travagant expenditures  were  revealed  and 
general  and  frequent  bribery  and  misappro- 
priation of  funds  were  proved.  Ferdinand 
de  Lesseps  and  his  son  Charles,  with  some 
others  of  the  canal  company's  officials,  were 
sentenced  to  fine  and  five  years'  imprisonment 
The  elder  De  Lesseps  escaped  imprisonment 
by  death  and  the  sentence  against  Charles  de 
Lesseps  was  annidled  by  the  Court  of  .Ap- 
peals. 

The  receiver  of  the  canal  company  stopped 
canal  work  in  May,  1889,  and  sent  a  com- 
mission to  Panama  to  investigate  and  report 
on  the  work.  A  report  was  received  in  May. 
1890,  which  stated  that  a  lock  canal  could  he 
constructed  at  an  estimated  cost  of  $180,- 
000,000  and   that   the  value   of   the  plant   and 
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111  the  work  done  was  some  $00,000,000.  From 
the  date  of  this  report  until  the  fall  of  1894 
work  was  confined  to  securing  from  Colombia 
extensions  of  contract,  to  the  organization  of 
a  new  company  and  to  capitalizing  the  com- 
pany. The  new  canal  company  was  finally 
organized  Oct.  20,  1894,  with  a  cash  capital 
■  if  $12,000,000.  Construction  was  resumed  in 
1894.  In  1896  an  international  commission 
was  appointed  by  the  company  to  make 
studies  for  canal  plans  and  it  made  a  com- 
plete and  careful  investigation  lasting  three 
vears ;  its  report  recommended  a  canal,  with 
rive  locks  on  each  slope,  dams  at  Bohio  and 
Alhajuela,  a  depth  of  29^/^  ft.,  and  a  bottom 
width  of  98  ft.,  to  cost  $102,000,000.  These 
plans  were  adopted  by  the  company  which 
was  working  on  them  at  the  time  of  the  trans- 
fer of  the  work  to  the  United  States  on  May 
4,  1904. 

The  new  French  Panama  Canal  Co. 
excavated  some  11,400,000  cu.  yds.  mostly  in 
Culebra  cut.  In  summary,  the  French  Pan- 
ama Canal  companies  during  the  period 
March  3,  1882,  to  May  4,  1904,  or  from  the 
time  De  Lesseps'  original  company  was  or- 
;.;anized  till  the  New  (French)  Panama  Canal 
Co.  turned  over  its  property  to  the  United 
States,  excavated  some  78,146,960  cu.  yds.  and 
spent  some  $270,000,000.  Their  hospital 
records  showed  some  6,283  deaths  and  the  un- 
recorded death  list  was  about  twice  the  num- 
ber of  recorded  dead.  In  round  figures  it  is 
estimated  that  20,000  lives  were  lost  during  the 
I'Vcnch  work  at  Panama. 

Period  of  American  Canal  Planning. 

Active  planning  of  the  present  Panama 
Canal  began  with  the  studies  of  the  Isthmian 
Canal  Commission  created  by  Congress  in 
June,  1899.  This  commission  consisted  of 
Rear-Admiral  J.  G.  Walker,  Hon.  Samuel 
Pasco,  Mr.  Geo.  S.  Morison,  Mr.  Alfred 
Noble,  Lieut.  Col.  O.  H.  Ernst,  Col.  Peter  C. 
Hains,  Prof.  L.  M.  Haupt,  Prof.  Wm;  H. 
Burr,  Prof.  Emory  R.  Johnson  and  Lieut. 
Com.  Sidney  A.  Staunton,  Secretary.  The 
■ommission  completed  its  report  in  November, 
1901.  During  its  2%  years'  work  it  made 
studies  of  19  possible  trans-isthmian  canal 
routes  and  of  these,  four  routes  were  investi- 
•.jated  in  detail.  The  report  was  a  voluminous 
:ind  comprehensive  document  and  was  replete 
with  valuable  information.  Lack  of  space 
prevents  here  mention  of  any  but  the  main 
features. 

Two  routes,  the  Panama  route  and  the 
Nicaragua  route,  recommended  themselves  to 
the  commission.  Choice  of  the  Panama  route 
would  necessitate  the  purchase  of  the  French 
Panama  Canal  Company's  interests.  An 
evaluation  by  the  commission  of  the  French 
property  was  as  follows : 

LTseful    canal    excavation $21,040,386 

Ohagres   diversion    178,186 

(Jatun    diversion    1,396,456 

Railroad  diversion   300,000 

Contingencies     4,579,005 

Panama   R.    R.    stock 6,830,000 

-Maps,   drawings  and   records 2,000,000 

Total     $36,324,033 

.\dd  10  per  cent  to  cover  omissions...     3,675,967 

Grand  total   $40,000,000 

Whether  this  estimated  value  was  actually 
received  when  the  property  was  afterwards 
purchased  by  the  United  States  has  been  so 
often  questioned  that  a  statement  of  final 
appraisal  made  in  1911  is  given  in  a  separate 
section. 

The  French  canal  company  set  a  price  on  its 
property  of  $109,141,000.  The  commission  re- 
ported that  a  lock  canal  was  obligatory  at 
Nicaragua  hut  that  either  a  sea  level  or  a  lock 
canal  was  possible  at  Panama.  The  commission 
recommended  a  lock  canal  at  Panama  should 
that  route  be  chosen.  It  estimated  the  cost 
of  a  lock  canal  at  Panama  at  $144,233,358. 
Add  the  price,  $109,141,000,  asked  by  the 
French  company  and  the  cost  would  be  $2.53,- 
374,858.  The  commission  estimated  the  cost 
of  the  Nicaragua  canal  at  $180,684,062.  It, 
therefore,  recommended  the  Nicaragua  route. 
Immediately    upon    this    report,     the     French 


canal  company  cabled  to  the  United  States 
an  offer  to  sell  its  property  for  the  commis- 
sion's estimate  of  $40,000,000.  The  com- 
mission thereupon  issued  a  supplementary  re- 
port, dated  June  18,  1902,  to  the  effect  that 
•'after  considering  the  changed  conditions  that 
now  exist,  the  commission  is  of  the  opinion 
that  'the  most  practicable  and  feasible  route' 
for  an  Isthmian  canal,  to  be  'under  the  gen- 
eral management  and  ownership  of  the  Uni- 
ted States  is  that  known  as  the  Panama 
route." 

On  June  28,  190'2,  the  so-called  Spooner  bill 
passed  by  Congress,  became  effective  and  it 
authorized:  (1)  The  purchase  of  the  rights 
and  property,  including  the  Panama  R.  R.,  of 
the  New  (French)  Panama  Canal  Co.;  (2) 
acquiring  from  the  Republic  of  Colombia 
perpetual  control  of  a  strip  of  land  for  the 
canal  with  all  necessary  water  riehts,  right 
to  exercise  sanitary  control,  etc.;  (3)  the  ac- 
tual building  of  the  canal;  (4)  the  making  of 
arrangements  for  building  a  canal  on  the 
Nicaragua  route  should  negotiations  with  the 
French  canal  company  or  with  the  Colombian 
Government  fail,  and  (5)  the  creation  of  an 
Isthmian  Canal  Commission  of  seven  mem- 
bers, four  of  whom  were  to  be  skilled  en- 
gineers, and  of  the  four  engineers,  one  was 
to  be  an  officer  of  the  Navy  and  one  an  officer 
of  the  Army.  The  Spooner  act  also  appro- 
priated $10,000,000  to  be  immediately  available, 
$40,000,000  for  the  purchase  of  the  French 
canal  property,  a  further  sum  of  $135,000,000 
in  case  of  selection  of  the  Panama  route  or 
of  $185,000,000  in  case  the  Nicaragua  route 
was   selected. 

The  details  of  the  treaty  agreed  to  by  Co- 
lombia June  22,  1903,  its  repudiation  by  Co- 
lombia in  August,  1903;  the  assertion  of  the 
independence  of  Panama  Nov.  4,  1903;  the 
canal  treaty  negotiated  with  Panama  Feb.  23, 
1904,  are  political  rather  than  engineering  mat- 
ters and  are  merely  scheduled.  On  May  4, 
1904,  purchase  by  the  United  States  of  the 
New  Panama  Canal  Co.  (French)  property 
was  completed.  The  United  States  had  pre- 
viously paid  to  Panama  for  the  Canal  Zone, 
$10,000,000.  The  construction  period  of  the 
American  Panama  canal  was  inaugurated  by 
the  appointment  of  a  new  Isthmian  Canal 
Commission  conforming  to  the  requirements 
of   the   Spooner  act. 

Work  of  the  Second  Isthmian  Canal  Com- 
mission. 

The  first  commission  designated  as  Isthmian 
Canal  Commission  was  the  commission  of 
nine  members  which  decided  upon  the  canal 
route.  The  Spooner  act  authorizing  canal 
construction  required  a  commission  of  seven 
members  and  gave  the  appointment  of  these 
members  to  the  President  with  very  wide 
privileges  in  defining  the  duties  and  relative 
authority  of  the  several  commissioners.  Presi- 
dent Roosevelt  appointed  the  second  Isthmian 
Canal  Commission  Feb.  29,  1904,  giving  all 
commissioners  the  same  authority  and  the 
same  compensation  of  $12,000  per  year.  The 
commissioners  appointed  were:  Admiral  John 
G.  Walker,  General  Geo.  W.  Davis,  William 
Barclay  Parsons.  William  H.  Burr,  Benj.  M. 
Harrod,  Carl  E.  Grunsky,  and  Frank  J. 
Hccker.  These  appointments  were  confirmed 
by  the  Senate  on  March  3.  1904.  In  May,  1004, 
the  commission  appointed  Mr.  John  F.  Wal- 
lace as  its  chief  engineer,  at  a  salary  of  $25,- 
000  a  year. 

On  May  9,  1904,  President  Roosevelt  placed 
the  work  of  the  commission  under  the  direc- 
tion of  the  Secretary  of  War.  On  the  same 
date  he  gave  the  commission  power  to  legis- 
late for  the  Canal  Zone  and  appointed  Gen- 
eral Davis,  one  of  the  members.  Governor  of 
the  Zone.  The  commission  sailed  for  Panama 
March  29,  1904,  and  remained  until  April  20, 
1904.  There  went  with  the  commission  as 
experts  on  sanitation  Col.  William  C.  Gorgas 
and  Maj.  Louis  La  Garde,  Medical  Corps 
U.  S.  A.;  Dr.  John  W.  Ross,  Medicil  Di- 
rector, U.  S.  N.,  and  Capt.  C.  E.  Gillette, 
Corps  of  Engineers,  U.  S.  A.  These  experts 
made  a  study  of  health  conditions  at  the  Isth- 


mus and  formulated  a  plan  for  the  sanitation 
of  the  Zone  and  of  the  cities  of  Colon  and 
Panama  and  this  plan  was  adopted  by  the 
commission  on  June  2,  1904.  Colonel  Gorgas 
was  appointed  chief  sanitary  officer  and  in- 
structed to  proceed  with  the  work  of  sani  a- 
tion  as  planned.  Colonel  Gorgas  reported  at 
Panama  and  on  June  30,  1904,  Governor  Davis 
announced  the  organization  of  the  Sanitary 
Department  with  Colonel  Gorgas  at  its  head. 
On  Sept.  2,  1904,  the  Department  of  Public 
Health  was  created  with  Colonel  Gorgas. 
chairman,  and  Dr.  John  W.  Ross,  Dr.  H.  R. 
Carter  and  Joseph  Le  Prince,  members.  This 
board  was  under  authority  of  and  reported 
to  the  Governor  of  the  Canal  Zone.  The 
work  of  this  board  was  of  such  exceptional 
character  and  so  important  a  factor  in  the. 
success  of  the  canal  work  that  it  is  given  sep- 
arate consideration  elsewhere. 

While  the  task  of  sanitation  was  being 
planned  and  organized  the  work  of  organizing 
civil  government  of  the  Canal  Zone  was  pro- 
ceeded with  by  Governor  Davis  and  the  Com- 
mission. During  1904  a  Zone  Government 
was  established  consisting,  besides  the  Gov- 
ernor,  of  an  Executive  Secretary,  a  Treasurer 
and  an  Auditor;  a  judicial  flepartment  consist- 
ing of  a  supreme  court,  three  circuit  courts 
and  five  municipal  courts;  departments  of 
public  health,  revenues,  police  and  prisons: 
a  postal  service;  a  bureau  of  education  and 
a  school  system.  A  penal  code  was  enacted. 
a  code  of  criminal  procedure,  and  laws  sup- 
pressing lotteries  and  prohibiting  gambling. 

Progress  with  actual  construction  was  at- 
tempted simultaneously  with  the  prosecution 
of  sanitary  work  and  with  the  organization  of 
a  Canal  Zone  Government.  Chief  Engineer 
John  F.  Wallace  assumed  ofiice  at  Panama 
July  1,  1904.  There  were  then  at  work  in 
Culebra  Cut  about  700  of  the  French  Panama 
Canal  Company's  old  employes  using  old 
French  plant  in  poor  condition.  There  were 
scattered  along  the  route  and  buried  in  the 
jungle  numerous  kinds  of  plant  and  an  im- 
mense amount  of  railway  material  all  out  of 
date  and  much  of  it  useless.  The  machine 
shops  were  in  bad  repair,  inadequately  equip- 
ped with  out-of-date  machinery.  Some  2,00(^ 
buildings  capable  of  repair  and  use,  but  use- 
less in  their  present  condition,  existed.  The 
Panama  R.  R.  was  in  poor  condition  and  pro- 
vided with  antequated  rolling  stock.  There 
was  no  adequate  food  supply. 

The  commission  and  the  chief  engineer 
undertook  to  begin  actual  excavation  under 
these  conditions.  During  the  year  there  was 
gathered  a  working  force  of  about  8,000  men: 
some  350  buildings  and  the  old  machine  shops 
were  repaired  and  enlarged  ;  the  construction 
of  water  works  for  Panama  and  Colon  was 
begun;  wharves  and  terminals  were  repaired 
and  enlarged,  and  some  742,000  cu.  yds.  of  ex- 
cavation were  accomplished.  Plans  were  also 
worked  out   for  an  adequate   food  supply. 

These  material  accomplishments  of  the  com- 
mission in  one  year  were  important  but  thev 
were  at  the  expense  of  much  friction.  The 
commission  of  seven  executives  of  equal 
power  did  not  act  as  a  unit.  On  Nov.  16,  1904, 
Mr.  Frank  J.  Hecker  resigned  from  the  com- 
mission because  of  "its  ineffectiveness."  Mr. 
William  Barclay  Parsons  announced  to  Presi- 
dent Roosevelt  his  intention  of  resigning  be- 
cause the  commission  was  so  organized  as  to 
prevent  successful  executive  action.  On  Jan 
12,  1905,  Secretary  of  War  Wm.  H.  Taft. 
in  a  letter  to  President  Roosevelt,  designated 
the  commission  as  not  well  adapted  to  per- 
form the  task  before  it.  General  Davis,  Gov- 
ernor Canal  Zone,  stated  h<f  letter  to  Secre- 
tary Taft  that  "the  present  body  is  far  and 
awav  too  cumbersome  and  ineffective."  Chief 
Engineer  Wallace  and  Dr.  Gorgas  regi<'tered 
repeated  complaints  of  the  incomnetency  of 
employes  sent  to  Panama,  and  of  delay  and 
failure  in  granting  requisitions  for  necessary 
plant,  materials  and  supplies. 

On  March  4.  1905,  President  Roosevelt 
asked  the  members  of  the  commission  for 
their  resignations,  and  on  April  1,  1905,  he 
appointed  a  new  commission. 
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Work  of  the  Third  Isthmian  Canal  Com- 
mission. 

The  members  of  the  Isthmian  Canal  Com- 
mission appointed  April  1,  1905,  were :  Theo- 
dore P.  Shonts,  chairman;  Charles  E.  Ma- 
goon,  Governor  Canal  Zone;  John  F.  Wallace, 
Chief  Engineer,  and  Admiral  Mordecai  T. 
Endicott,  General  Peter  C.  Mains,  Col.  Os- 
wald H.  Ernst  and  Benjamin  M.  Harrod, 
members.  On  April  5,  1905,  President  Roose- 
velt issued  an  executive  order  defining  the 
duties  and  powers  of  the  members  of  the  com- 
mission as  follows :  Chairman,  general  direc- 
tion and  specific  direction  of  making  con- 
tracts and  purchasing  supplies;  Governor  Ca- 
nal Zone,  administration  and  enforcement  of 
law  in  the  Canal  Zone  and  general  control  of 
all  sanitation;  Chief  Engineer,  full  charge  of 
all  construction  work  on  the  Isthmus.  The 
four  remaining  members  or  the  commission 
were  constituted  an  advisory  engineering  com- 
mittee. On  June  28,  1905,  Chief  Engineer 
Wallace  resigned  his  office  and  on  July  1, 
1905,  Mr.  John  F.  Stevens  was  appointed 
Chief  Engineer. 

Mr.  Stevens  assumed  charge  at  Panama  on 
July  26,  IflOlj,  and  after  a  study  of  conditions 
announced  that  effort  should  be  concentrated 
on  improving  the  Panama  R.  R.  and  its  ocean 
terminals,  on  planning  a  transportation  sys- 
tem for  handling  excavation,  on  the  construc- 
tion of  shops,  workmen's  quarters,  on  sani- 
tary works  and  on  collecting  plant,  materials 
and  supplies  for  construction,  and  that  actual 
excavation  should  be  confined  to  preparing 
Culebra  cut  for  the  installation  of  excavating 
machinery  and  spoil  transportation  tracks. 
Following  this  advice  the  commission  in  July, 
1905,  directed  that  all  excavation  be  discon- 
tinued except  such  work  in  Culebra  cut  as 
the  Chief  Engineer  should  deem  necessary 
to  prepare   for  plant  and  tracks. 

The  preparatory  work  accomplished  can 
best  be  indicated  by  the  sums  expended  for 
different  purposes.  These  were:  For  Zone 
government  and  sanitation,  about  $5,000,000 ; 
for  construction  quarters  and  other  build- 
ings, docks,  railway  improvements,  water  sup- 
Dly  and  sewerage  and  canal  construction, 
about  $7,000,000;  for  permament  plant  about 
$12,000,000;  for  materials  and  supplies,  about 
$4,500,000,  and  for  city  improvements  in 
Colon  and  Panama  about  $1,500,000.  The  re- 
sults are  summarized  by  Mr.  Joseph  Bucklin 
Bishop,  Secretary  Isthmian  Canal  Commission, 
in  "The  Panama  Gateway"  as   follows : 

At  the  end  of  that  time  the  Isthmus  had  been 
converted  Into  as  healthful  a  place  of  abode  as 
could  be  found  an3TVhere  In  the  tropics  and 
more  so  than  many  places  outside  the  tropics; 
yellow  fever  had  been  banished  for  all  time; 
the  harmful  activities  of  malarial  mosquitoes 
had  been  grrcatly  restricted;  adequate  quarters, 
comfortably  furnished,  had  been  provided  for 
all  employes;  a  system  for  the  abundant  supply 
of  pure  food  at  moderate  prices,  brought  from 
the  United  States,  had  been  established  and  was 
working  well;  an  ample  supply  of  pure  water 
had  been  secured  for  all  cities,  towns,  villages 
and  camps;  the  Panama  Railroad  had  been 
double-tracked  for  the  greater  part  of  Its  length 
and  furnished  with  new  and  heavier  rails  and  a 
modern  personnel  and  equipment;  terminal  rail- 
way yards  and  two  great  intermediate  forward - 
mg  and  receiving  yards  for  dirt-trains  had  been 
constructed;  new  wharves  at  the  terminals  on 
the  Atlantic  and  Pacific,  with  modern  unload- 
ing m.ichinery,  had  been  built  and  the  harbors 
•ibout  them  dr'dged;  a  thorough  system  for  re- 
ceiving, handling,  and  distributing  the  vast 
iimniuit  III  implies  which  came  on  every  steam- 
•T  1  i-ated  and  put  in  operation;  great 

Tin  .    with   modern     appliances,     had 

from  the  old  ones,  and  In  these 
iitives,  cars,  steam-shovels  and 
jLliur  jiui  tioiis  of  the  canal  plant  which  arrived 
from  the  States  In  parts  were  set  up  or  put 
together. 

Ac  thn  plant  arrived  and  was  installed  in- 

nme  of  excavation  were  ex- 

I,   1906,  the  working  force 

I  on    and   was   being   in- 

As  the  type  '^'^  canal 

III       .-   decided,  excavation  on 


a  large  scale  was  not  possible,  so  on  June  24, 
1905,  President  Roosevelt  appointed  an  In- 
ternational Board  of  Consulting  Engineers 
to  consider  the  various  canal  plans  proposed 
and  to  decide  upon  the  type  of  canal  to  be 
built.  This  board  was  composed  as  follows : 
Geo.  W.  Davis,  Major  General  U.  S.  A.,  and 
member  First  Isthmian  Canal  Commission; 
Alfred  Noble,  Chief  Engineer,  East  River 
Tunnels,  Pennsylvania  R.  R. ;  William  Bar- 
clay Parsons,  Chief  Engineer,  Rapid  Transit 
Commission,  New  York,  and  member  First 
Isthmian  Canal  Commission ;  Wm.  H.  Burr. 
Professor  of  Civil  Engineering,  Columbia 
University,  and  member  First  Isthmian  Canal 
Commission ;  Henry  L.  Abbot,  Brigadier 
General,  U,  S.  A.;  Frederick  P.  Stearns, 
Chief  Engineer,  Metropolitan  Water  and 
Sewerage  Board,  Massachusetts;  Joseph  Rip- 
ley, Chief  Engineer,  Sault  Ste.  Marie  Canal; 
Isham  Randolph,  Chief  Engineer,  Chicago 
Drainage  Canal;  William  Henry  Hunter, 
Chief  Engineer  Manchester  Ship  Canal; 
.^dolph  Guerard,  Inspector  Bridges  and 
Roads,  France;  Eugen  Tincauzer,  Chief  En- 
gineer Kiel  Canal,  Germany;  J.  W.  Welcker. 
Chief  Engineer  Waterstaat,  Netherlands; 
Edouard  Quellennec,  Consulting  Engineer, 
Suez  Canal. 

The  Board  of  Consulting  Engineers  as- 
sembled in  Washington  Sept.  1,  1905;  it  went 
to  Panama  in  October  and  made  careful  in- 
vestigation of  the  canal  route  and  it  also 
visited  important  American  canal  works.  On 
Nov.  18,  1905,  the  board  by  formal  vote  of 
eight  members  against  five  members  passed 
a  resolution  favoring  a  sea  level  canal.  Both 
majority  and  minority  prepared  reports  and 
the  final  and  formal  report  was  handed  to 
President  Roosevelt  on  Jan.  10,  1906.  The 
document  presented  a  majority  report,  signed 
by  Messrs.  Hunter,  Welcker,  Quellennec, 
Guerard,  Tincauzer,  Burr,  Parsons  and 
Davis,  recommending  a  sea  level  canal  and  a 
minority  report  signed  by  Messrs.  Ripley, 
Noble,  Randolph,  Stearns  and  Abbot  recom- 
mending a  lock  canal.  A  comparison  of  the 
two  plans,  based  on  the  report  is  made  in 
another  section.  The  two  reports  were  re- 
ferred to  the  Isthmian  Canal  Commission 
which  handed  them  back  Feb.  5,  1906,  with  a 
report  approving  the  lock  canal  plan  of  the 
minority  report.  Chief  Engineer  John  F. 
Stevens  concurred  in  this  decision  and  on 
Feb.  19,  1906,  Secretary  of  War  Taft  returned 
the  several  reports  to  President  Roosevelt 
with  a  report  approving  the  report  of  the 
Isthmian  Canal  Commission.  President 
Roosevelt  sent  all  documents  to  Congress 
where  the  question  of  type  of  canal  was  dis- 
cussed with  great  difference  of  opinion  until 
June  21,  1906,  when  the  Senate  by  vote  of 
36  to  31  approved  the  lock  type.  On  June 
27  the  House  of  Representatives  concurred 
and  on  June  29,  President  Roosevelt  signed 
the  act   for  a  lock  canal  at  Panama. 

With  the  type  of  canal  decided  and  with 
improved  conditions  for  work  on  the  Isthmus, 
excavation  could  be  pushed,  and  during  the 
last  six  months  of  1906  about  1,500,000  cu.  yds, 
of  earth  and  rock  were  removed  from  Culebra 
Cut.  This  brought  the  total  excavation  of 
1904-5-ti  to  about  7,000,000  cu.  yds.  with 
everything  in  readiness  for  active  excavation 
on  a  large  scale  in  1907.  A  change  of  com- 
mission was  necessitated,  however,  before 
work  could  go  ahead. 

In  October,  1906,  Mr.  Chas.  E.  Magoon  was 
transferred  from  the  Canal  Zone  to  Cuba  as 
Provisional  Governor.  Colonel  Ernst  had  al- 
ready been  transferred  to  the  Mississippi 
River  Commission.  Their  places  on  the  Canal 
Commission  had  not  been  filled.  Earlv  in 
1907  Chairman  Shonts  offered  his  resignation 
to  take  effect  March  \.  Chief  Engineer 
Stevens  a  little  later  asked  to  be  relieved  and 
his  request  was  granted  with  the  stipulation 
that  he  should  remain  until  his  successor  could 
become  familiar  with  the  work.  On  Feb.  26, 
1907,  President  Roosevelt  directed  the  chair- 
man to  assign  Col.  Geo.  W.  Goethals,  Corps 
of  Engineers,  U.  S.  A.,  to  the  office  of  chief 
engineer.  Chairman  Shonts'  resignation  went 
into  effect  March  4.     Qiief  Engineer  Stevens 


was  appointed  to  Mr.  Shonts'  place.  0: 
March  16,  1907,  Messrs.  Hains,  Harrod  an.! 
Endicott  resigned.  Mr.  Stevens'  retirement 
was  set  for  April  1,  and  on  this  date  a  new 
commission  appointed  by  President  Roosevelt 
on  March  7,  assumed  charge  of  the  work. 

Proposals  for  Building  Canal  by  Contract. 

The  second  Isthmian  Canal  Commission  be 
gan  construction  by  day  labor  and  the  third 
commission  continued  this  method  largely  be- 
cause it  was  not  ready  to  undertake  any  other 
method  until  the  Isthmus  had  been  prepared 
for  habitation  and  labor.  A  sentiment  had 
been  manifest  from  the  first  in  the  United 
States  in  favor  of  canal  construction  by  con- 
tract. Duriiig  the  year  of  the  third  commis- 
sion's work  it  had  increased  in  force.  Within 
the  commission.  Chairman  Shonts  and  Chief 
Engineer  Stevens  were  in  favor  of  construc- 
tion by  contract  and  on  Aug.  29,  1906,  Chair- 
man Shonts  recommended  to  the  Secretary  of 
War  that  bids  be  asked  on  a  special  forrn  of 
contract  which  was  submitted  by  him.  This 
contract  was  a  voluminous  document  and  only 
a  few  of  its  salient  features  can  be  stated. 

It  called  for  the  construction  of  a  canal  of 
the  dimensions  recommended  by  the  Minority 
Report  of  the  International  Board  of  Consult- 
ing Engineers.  Any  association  of  contractors 
might  submit  proposals  providing  it  had  an 
available  capital  of  $5,000,000  in  excess  of  lia- 
bilities. Bidders  were  to  submit  with  their 
bids  a  certified  check  of  $200,000,  be  prepared 
if  awarded  the  contract  to  give  bonds  for 
$3,000,000  and  agree  to  enter  into  contract 
within  15  days.  The  commission  was  to  fur- 
nish substantially  all  plant  except  minor  tools, 
was  to  furnish  all  construction  materials  and 
was  to  supply  fuel  or  electricity  for  power 
of  all  kinds.  It  was  also  to  supply  free  of 
charge  existing  construction  tracks,  quarters, 
warehouses,  hospitals,  office  buildings  and 
other  facilities,  and  it  was  to  retain  control  of 
all  engineering  works,  municipal  engineering, 
police,  hospital  service,  commissary  service, 
and  the  like. 

The  contractor  was  to  receive  monthly  pay- 
ments covering  the  cost  of  the  actual  con- 
struction work  of  the  preceding  month  and 
also  two-thirds  of  the  agreed  percentage  ot' 
the  actual  cost  of  work  done  each  year 
Upon  the  completion  of  the  work  the  bal- 
ance on  the  percentage  allowance  was  to  be 
paid  with  certain  reductions  or  additions.  In 
case  the  actual  cost  exceeded  the  estimated 
cost,  a  deduction  of  5  per  cent  from  the  per- 
centage otherwise  payable  for  each  $5,000,00' ' 
or  half  fractional  part  thereof,  of  actual  cost 
in  excess  of  estimated  cost;  in  case  the  actual 
cost  was  less  than  the  estimated  cost,  an  ad- 
dition to  the  agreed  percentage,  of  one-third 
of  the  difference  between  the  actual  cost  and 
the  estimated  cost,  was  to  be  paid.  If  the 
work  was  not  completed  within  the  stipulated 
time  limit,  the  contractor  was  to  forfeit  a.s 
liquidated  damages  $100,000  for  each  month  of 
delay,  but  for  every  month  gained  by  the  con- 
tractor on  the  time  limit  he  was  to  be  allowed 
$100,000  per  month. 

The  cost  and  time  estimates  were  to  be 
made,  after  the  award  of  the  contract,  by  a 
committee  of  five  engineers,  one  being  tin 
chief  engineer  of  the  commission,  two  bein? 
appointed  by  the  commission  and  two  beiim 
appointed  by  the  contractor. 

Bids  on  this  contract  were  received  on  Jan, 
13,  1906,  and  were  as  follows: 

Firm.  Percentage. 

Geo.  Pelrce  &  Co 7.19 

Wm.  J.  Oliver  and  Anson  M.  Bangs 6.75 

McArthur-Gillespie   Co 12.50 

North   American   Dredging  Co 28 

On  Feb.  26,  1907,  the  Isthmian  Canal  Com 
mission,    under    instructions    from    Presiden' 
Roosevelt,  rejected  all  bids.     The  reasons  foi 
rejection    were    stated     by    the    President     as 
follows : 

There  were  two  bids  wortliy  of  consideration 
The  bid  of  the  McArthur  syndicate  at  12.5  wa.s 
the  only  one  which  came  within  the  require- 
ments. The  Oliver  and  Bangs  bid  at  6.75  was 
rejected  as  not  satisfying  the  specifications  of 
the   invitation. 
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Mr.  McArthur  and  his  associates  not  object- 
ing, and  preferring  this  course  to  an  invitation 
or  new  bids,  Mr.  Oliver  was  allowed  to  per- 
.1  liis  bid  with  new  associates  and  new 
linancial  responsibility;  but  this  permission  did 
not  in  any  way  change  the  situation  from  what 
it  would  have  been  had  Mr.  Oliver's  bid  in  its 
present  form  been  presented  on  Jan.  13,  the 
day  fixed  for  receiving  the  bids.  Under  the  in- 
vitation for  bids  the  reserved  power  exists  in 
the  commission  to  reject  all  bids,  and  the  first 
question  is  whether  it  shall  do  so. 

The  purpose  of  the  contract  was  to  secure  in 
the  building  of  the  canal  the  services  of  the 
best,  most  experienced  and  most  skilled  con- 
tractors in  the  country  at  the  least  risk  to 
them,  and  at  the  least  expense  to  the  govern- 
ment. An  investigation  into  the  two  bids  above 
mentioned  shows  that  this  purpose  of  the  gov- 
ernment has  failed. 

In  each  bid  the  contractors  of  experience, 
whose  personal  services  in  the  work  are  what 
the  commission  has  sought,  have  made  arrange- 
ments to  divide  the  profits  under  the  percentage 
bid  with  bankers  or  others  to  whom  the  con- 
tractors have  had  to  look  for  the  needed  capi- 
tal, so  that  the  contractors  who  are  actually  to 
do  the  work  have  arranged  to  accept  a  com- 
paratively small  proportion  of  the  profits  accru- 
ing under  the  contract. 

In  other  words,  the  government  by  this  ar- 
rangement is  made  to  pay  a  high  percentage  for 
the  use  of  capital  which  it  might  itself  have  fur- 
nished at  a  much  lower  rate,  while  the  per- 
centage which  the  contractors  are  to  receive  for 
the  real  benefit  they  are  to  confer  on  the  gov- 
ernment Is  reduced  to  very  meager  and  perhaps 
inadequate  compensation.  No  contract  can  ulti- 
mately operate  to  the  benefit  of  the  government 
in  which  the  contractor's  energy,  skill  and  per- 
sonal supervision  of  the  work  are  not  adequately 
paid  for. 

The  defect  in  the  bids  which  I  have  described, 
and  which  our  investigation  has  made  apparent 
may  be  due  to  a  defect  in  the  invitation  for 
bids,  which  perhaps  stipulated  for  too  heavy  a 
bond  and  the  investments  of  too  large  capital 
by  the  contractors,  or  it  may  be  because  the 
bidders  have  taken  an  entirely  different  view 
>t  the  money  risk  involved  from  that  taken  by 
ihe  government. 

Mr.  Stevens,  the  chief  engineer,  who  proposed 
the  form  of  contract  v.hich,  with  modihcations, 
was  adopted,  advised  against  accepting  either 
bid,  because  acceptance  of  either  would  not,  in 
his  judgment,  accomplish  the  purpose  he  sought. 
The  considerations  stated  are  by  themselves 
sufficient  to  require  a  rejection  of  all  bids  and 
.a  change  in  the  proposed   form  of  contract. 

One  of  the  chief  reasons  for  adopting  the 
■ontract  as  proposed  was  that  in  its  main  feat- 
ures it  was  formulated  by  Mr.  Stevens,  who 
was  expected  to  supervise  the  work  as  chief 
engineer.  He  had  had  experience  with  con- 
tracts of  this  character,  and  he  had  had  eighteen 
months'  actual  experience  with  the  work  on 
the  Isthmus.  Less  than  two  days  ago  I  re- 
ceived a  letter  from  Mr.  Stevens,  in  which  he 
asked  to  be  entirely  relieved  from  work  on  the 
canal  as  soon  as  he  could  be  replaced  by  a  com- 
petent person  and  that  person  could  become 
familiar  with  the  work. 

I  have  accepted  his  resignation.  The  with- 
drawal of  Mr.  Stevens  takes  away  the  special 
reason  mentioned  for  proceeding  under  the  pres- 
ent form  of  contract. 

Following  Mr.  Stevens'  resignation  a  new 
commission  was  appointed  as  is  noted  in  the 
succeeding  section  and  construction  by  the 
day   labor  plan  was   finally  adopted. 

Work  of  the  Fourth  Isthmian  Canal  Com- 
mission. 
The  fourth  Isthmian  Canal  Commission  was 
appointed  on  March  7,  1907,  and  it  assumed 
its  duties  April  1,  1907.  The  members  of  the 
I'ommission  were:  Lieut.  Col.  Geo.  W.  Goe- 
ihals,  Chairman  and  Qiief  Engineer,  and 
members:  Major  D.  D.  Gaillard,  Major  Wil- 
liam L.  Sibert,  Civil  Engineer  H.  H.  Rous- 
seau, U.  S.  N.,  Col.  W.  C.  Gorgas,  J.  C  S.. 
Blackburn,  and  Jackson  Smith.  Joseph  Buck- 
lin  Bishop  was  made  secretary  to  the  commis- 
sion.    The  chairman's   salary  was  made  $15,- 


000  per  year  and  the  other  members  each 
received  $14,000  per  year.  On  April  10,  1910, 
Mr.  Blackburn  was  succeeded  by  Maurice  H. 
Thatcher,  and  on  Aug.  8,  1913,  Mr.  Thatcher 
was  succeeded  by  Richard  L.  Metcalf.  Mr. 
lackson  Smith  was  succeeded  on  Julv  16, 
1908,  by  Lieut.  Col.  H.  F.  Hodges.  The 'com- 
mission was  distinctly  a  commission  of  army 
engineers,  and  indeed  it  was  the  avowed  inten- 
tion of  President  Roosevelt  that  it  should 
be. 

The  work  of  this  commission  has  been  the 
construction  of  the  Panama  Canal  and  this 
task  obviously  cannot  be  scheduled  as  has  been 
the  smaller  accomplishments  of  the  preceding 


rection  of  the  division  engineers.  A  mechan- 
ical division  reporting  directly  to  the  chief  en- 
gineer, and  having  charge  of  motive  power 
and  machinery  was  organized.  The  quarter- 
master's department  also  assumed  the  work  of 
recruitment  of  labor,  the  handling  of  mate- 
rials and  supplies  and  sanitary  policing.  A 
Department  of  Subsistence  was  created  to 
manage  hotels,  kitchens,  and  commissary.  The 
general  organization  on  June  30,  1909,  and  the 
names  of  the  directing  officials  are  given  by 
the  chart,  Fig.  1.  On  Dec.  4,  1909,  Commis- 
sioner Blackburn  resigned,  and  on  April  12, 
1910,  his  position  was  filled  by  Mr.  M.  H. 
Thatcher.    The  vacant  position,  shown  in  Fig. 
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Fig.    1.   Diagram    Showing   Organization   for    Canal   Construction. 


commissions.  There  will  be  given  here,  there- 
fore, merely  an  outline  of  the  changes  of  or- 
ganization adopted  by  the  commission  for 
handling  its  task. 

On  July  14,  1908,  Colonel  F.  H.  Hodges 
was  appointed  to  succeed  Mr.  Jackson  Smith, 
and  assumed  his  duties  on  that  date.  At  the 
time  the  fourth  commission  assumed  office  the 
Division  of  Construction  and  Engineering 
consisted  of  three  departments  and  of  twelve 
divisions;  each  division  had  its  independent 
administrative  organization  and  reported 
through  the  head  of  the  department  to  which 
it  belonged.  To  concentrate  authority  a  new 
organization  for  work  was  inaugurated  July 
1,  1908,  and  was  completed  during  the  fol- 
lowing year.  Three  construction  divisions 
were  established  as  follows:  Atlantic  Divi- 
sion extending  from  deep  water  in  Limon  Bay 
to  and  including  the  Gatun  locks  and  dam ; 
Central  Division  extending  from  Gatun  Dam 
to  the  Pedro  Miguel  locks;  Pacific  Division 
extending  from  the  Pedro  Miguel  locks 
inclusive  to  deep  '  water  in  Panama 
Gulf.  All  work  on  building  construction 
and  maintenance  was  placed  in  charge  of  the 
Quartermaster's  Department.  All  sanitary 
engineering  works  were  placed  under  the  di- 


1  as  head  of  the  departiiiciit  uf  kuv,  was  filled 
by  the  appointment  of  Mr.  Frank  Feuille 
on  April  IG,  1910.  On  Jan.  19,  1911,  a  Canal 
Zone  Land  Oflice  was  created  to  handle  rec- 
ords, maps  and  all  documents  and  afl^airs  hav- 
ing to  do  with  canal  lands  and  lands  of  the 
Panama  R.  R.  On  May  12.  1911,  Mr.  H.  A.  A. 
Smith  was  appointed  examiner  of  accounts  to 
succeed  Mr.  W.  W.  Warwick,  transferred  to 
other  duties.  On  Jan.  1.  i:)12,  a  department  of 
fortifications  was  created  and  placed  in  charge 
of  Lieut.  Geo.  R.  Goethals.  With  the  changes 
noted  the  organization  for  directing  work  re- 
mained as  indicated  by  the  chart,  Fig.  1,  un- 
til Jan.  1,  1913,  when  Mr.  S.  B.  Williamson 
resigned,  and  the  work  of  the  division  was 
divided  and  transferred  to  various  divisions 
of  the  chief  engineer's  office. 

The  preceding  outline  touches  only  a  few 
general  features.  A  record  in  detail  of  the 
changes  and  modifications  introduced  from 
time  to  time  would  entail  excessive  space  and 
would  serve  no  important  purpose.  In  a  force 
as  large  as  the  Panama  Canal  construction  re- 
quired, there  arc  necessarily  many  engineers 
whose  work  has  been  of  the  utmost  value, 
but  who  cannot  well  be  singled  out  for  indi- 
vidual mention. 
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Physical     Characteristics     of     the     Panama 
Canal  Route. 

At  Panama  the  northwest-southeast  axial 
Hne  of  the  Isthmus  of  Darien  is  interrupted 
by  a  loop  to  the  north.  This  loop  is  roughly 
semicircular  and  the  two  coast  lines  are  nearly 
parallel.  The  concave  or  Pacific  side  of  this 
loop  forms  the  Gulf  of  Panama.  On  the  con- 
vex or  .\tlantic  side  is  the  Bay  of  Limon 
on  which  the  city  of  Colon  is  located.  This 
general  geography  of  the  Isthmus  at  Panama 
is  indicated  by  the  small  scale  map  of  Fig.  2. 
From  the  large  scale  map,  Fig.  2,  it  will 
be  seen  that  Colon  on  the  Atlantic  side  is 
some  20  miles  farther  west  than  Panama  on 
the  Pacific  side  and  that  a  line  connecting 
the  two  is  northwest-southeast.  Such  a  line 
it  will  also  be  noted  crosses  the  axis  of  the 
Isthmus  nearly  at  right  angles;  also  such  a 
line  crosses  the  Isthmus  at  about  its  least 
width  and  where  the  elevation  of  the  conti- 
nental divide  is  the  lowest. 

The  two  slopes  of  the  continental  divide 
at  Panama  are  drained  by  the  Qiagres  River 
and  the  Rio  Grande  and  the  axes  of  these 
rivers  from  the  points  where  they  debouch 
from  the  highlands  and  turn  toward  the  At- 
lantic and  the  Pacific,  respectively,  are  approx- 
imately on  the  northwest-southeast  line  drawn 
across  the  Isthmus  as  described  above.  These 
rivers  were  naturally  a  prominent  feature  in 
any  plan  for  a  trans-isthmian  canal  at  Pan- 
ama, and  they  will  be  described  somewhat 
carefully. 

The  Chagres  River  drains  the  Atlantic 
slope;  it  is  the  largest  river  of  Panama  and 
has  a  drainage  basin  of  some  1,3.J0  square 
miles.  Its  source  is  in  the  San  Bias  Moun- 
tains to  the  northeast  of  the  Canal  Zone  and 
its  course  is  generally  parallel  to  the  Carri- 
bean  Coast  as  far  as  Bas  Obispo,  which  is  at 
the  mouth  of  the  Obispo  River.  Here  the 
Chagres  turns  northwest  almost  at  right  an- 
gles and  takes  a  winding  but  consistently 
northwestern  course  to  the  Carribean  Sea. 
From  its  source  to  Bohio  the  Chagres  tra- 
verses a  comparatively  narrow  valley  with 
rather  steep  sides;  at  Bohio  its  waters  have 
descended  to  an  elevation  but  little  above  sea 
level  and  its  course  is  winding  and  passes 
through  lowlands  and  swamps. 

The  Rio  Grande  on  the  Pacific  slope  is 
roughly  similar  in  character  to  the  Chagres 
but  is  a  much  smaller  stream  and  is  a  pro- 
nouncedly tidal  stream.  Its  lower  reaches, 
nearly  half  the  length  of  the  river,  are  a  tidal 
estuary  filled  and  emptied  twice  a  day  by  the 
tides. 

Proceeding  across  the  Isthmus  from  the 
Atlantic  to  the  Pacific  the  essential  geography 
and  topography  are  as  follows,  reference  be- 
ing had  to  the  topographic  map.  Fig.  3.  The 
Carribean  entrance  to  the  canal  is  the  Bay  of 
Limon,  a  curiously  rectangular  bay  about  three 
miles  wide  and  five  miles  long.  This  bay  has 
a  depth  of  water  varying  from  5  ft.  to  36  ft., 
and  a  tidal  oscillation  of  2  ft.  Colon  occupies 
a  small  peninsula  on  the  east  shore  of  the 
Bay  of  Limon  and  near  its  entrance.  The 
land  along  the  east  shore  of  the  bay  is  low 
and  swampy.  Bordering  the  west  shore  is 
a  line  of  hills.  These  highlands  continue 
around  the  south  end  of  the  bay  but  at  a 
much  less  height  and  they  are  nearly  cut 
through  by  the  valley  of  the  small  Mindi  River. 
This  valley  debouches  into  the  swamp  lands 
along  the  eastern  shore  of  the  bay.  The  Cha- 
gres coming  from  the  southeast  toward  Limon 
Bay  is  turned  to  the  northwest  by  the  low 
ridge  which  terminates  the  Mindi  valley.  The 
level  of  the  Chagres  south  of  the  separating 
ridge  is,  however,  not  much  higher  than  that 
of  the  Mindi  River  and  of  the  swamps  along 
the  east  shore  of  Limon  Bay  and  this  level 
continues  to  Bohio  some  IG  milcb  inland. 

The  main  tributaries  of  the  Chagres  are 
the  Gatun  or  Gatuncillo  River  and  the  Trini- 
dad River.  The  Gatun  enters  the  Chagres 
f'"n  the  northeast.     The  Trinidad  enters  the 


Chagres  from  the  southwest  and  farther  in- 
land. At  Bohio  the  broad  swampy  valley  of 
the  Chagres  rapidly  narrows  and  its  grade 
increases.  At  Bas  Obispo,  13  miles  inland 
from  Bohio  and  29  miles  from  Colon,  the 
Chagres  turns  northeast  into  the  mountains. 
Here  the  level  of  the  Chagres  is  4.5  ft.  above 
sea  level  and  here  also  begins  the  ridge  of 
the  continental  divide.  However,  this  ridge  is 
cut  into  by  the  valley  of  the  Obispo  River 
whicli  extends  from  Bas  Obispo  directly  to- 
ward the  Pacific. 

The  continental  divide  extends  from  Bas 
Obispo  to  Pedro  Miguel,  a  distance  of  nine 
miles.  There  is  a  low  summit  at  Empire  and 
a  high  summit  at  Culebra,  where  the  ground 
elevation  on  the  center  line  of  the  canal  is 
312  ft.  above  sea  level.  Culebra  is  about  six 
miles  from  Bas  Obispo  and  about  35  miles 
from  Colon.  From  Culebra  the  land  level 
begins  to  fall  toward  the  Pacific  and  the  de- 
scent is  much  more  rapid  than  that  toward 
the  Atlantic;  at  Pedro  Miguel,  three  miles 
from  Culebra,  the  level  is  lower  than  at  Bas 
Obispo  nine  miles  back.  From  Bas  Obispo  to 
Pedro  Miguel  is  then  the  Culebra  cut,  and 
from  Las  Cascadas  to  Pedro  Miguel,  six  miles, 
is  the  deepest  part  of  this  cut. 

From  Pedro  Miguel  to  Miraflores,  1V6  miles, 
the  descent  is  more  gradual  and  the  valley  of 
the  Rio  Grande  is  followed.  At  Miraflores 
the  Rio  Grande  valley  is  but  little  above  sea 
level  and  is  bordered  by  highlands  on  each 
side  nearly  to  the  Gulf  of  Panama.  The  dis- 
tance to  the  gulf  shore  from  Miraflores  is 
about  .5Vi  miles  and  the  distance  from  the 
Bay  of  Limon  is  35  miles. 

The  Bay  of  Panama  has  a  depth  of  water 
of  from  7  to  32  ft.,  and  its  bottom  slopes  to 
deep  water  in  the  Pacific.  Its  tidal  range  is 
about  20  ft.  Its  only  other  geographical  feat- 
ure of  importance  in  connection  with  the  ca- 
nal is  the  group  of  small  islands  lying  offshore. 

Modification   of   Natural    Features   By   the 

French  Canal  Works. 

The  original  French  plans  were  for  a  sea 
level  canal.  Later  when  the  plan  was  changed 
to  a  lock  canal  the  first  set  of  locks  from  the 
Atlantic  side  was  located  at  Bohio  and  to  this 
point  from  Colon  the  canal  was  at  sea  level. 
The  route  of  the  canal  as  indicated  by  Fig.  2 
was  through  the  swamps  along  the  east  shore 
of  the  Bay  of  Limon  and  in  a  nearly  direct 
line  to  Gatun.  From  Gatun  to  Bas  Obispo 
the  line  followed  the  Chagres,  whose  loops  it 
crossed  repeatedly  by  its  more  direct  channel. 
From  Bas  Obispo  to  the  Pacific  the  route  was 
essentially  that  of  the  present  canal.  At  the 
time  of  American  occupation  of  the  Canal 
Zone,  the  French  canal  had  been  excavated 
from  Colon  to  Gatun  and  was  navigable.  The 
depth  of  the  excavated  channel  did  not  exceed 
20  ft.  It  cut  the  Chagres  at  Gatun  and  re- 
ceived about  one-third  of  the  flow  of  that 
stream.  The  Gatun  River  was  cut  off  from 
the  Chagres  by  a  diversion  about  eight  miles 
long  to  the  Bay  of  Limon.  The  large  bend  in 
the  Chagres  near  Gatun  was  also  eliminated 
by  a  cut-off  known  as  the  Chagres  Diversion. 
There  were  also  a  number  of  other  such  diver- 
sions. From  Gatun  to  Bohio  the  French 
canal  had  been  excavated  to  a  portion  of  its 
depth  but  nowhere  was  the  depth  below  sea 
level.  Through  the  divide  (Culebra  Cut)  the 
excavation  had  been  carried  at  its  deepest 
point  to  165  ft.  below  the  ground  surface.  On 
the  Pacific  slope  a  partial  channel  had  been 
dredged  down  the  Rio  Grande  and  various 
diversions  of  inflowing  streams  had  been  ef- 
fected. All  along  the  French  canal  cut  the 
channel  had  been  silted  up  in  places  and  the 
excavated  spoil  occupied  the  line  of  the  Amer- 
ican canal  in  many  places.  Broadly  speaking 
all  the  excavation  performed  for  the  French 
canal  that  was  particularly  useful  was:  (1) 
the  channel  from  Colon  to  Gatun  which  was 
used  for  shipping  in  construction  material  for 


the    Gatun    locks    and    spillway,    and    (2)    the 
excavation  completed  at  Culebra   Cut. 

Valuation   of   the   French   Canal   Property. 

The  first  Isthmian  Canal  Commission  ap- 
praised the  propertv  of  the  New  (French) 
Panama  Canal  Co.  a"t  $40,000,000,  itemized  as 
previously  stated,  and  $40,000,000  was  the 
purchase  price  paid  May  4,  1904,  by  the  UnitecJ 
States.  To  record  the  value  of  this  purchase 
definitely  the  Isthmian  Canal  Commission  on 
May  3,  1911,  appointed  a  special  committee  to 
make  exact  appraisal  and  the  main  parts  of 
this  appraisal  were  as   follows : 

For  the  project,  which  was  authorized  in 
its  general  features  in  June,  1906,  the  volume 
ot  useful  French  excavation  is  much  less 
than  that  estimated  for  the  project  of  the 
Commission  of  1899-1901,  chiefly  because  a  very 
large  portion  of  the  French  canal  between  Gatun 
and  Bas  Obispo  is  below  the  -1-  40  ft.  grade  of 
the  present  project.  The  committee  of  Decem- 
ber, 1909,  appointed  to  determine  the  volume 
of  French  excavation,  which  was  useful  to  the 
present  project,  reported  the  amount  as  29,- 
908,000  cu.  yds.,  classified  as  follows: 

Cu.  yds. 

Dry    23,138.000 

Wet 6,770,000 

Total 29,908,000 

It  was  decided  by  the  committee  to  value 
this  excavation  at  the  average  price  of 
excavation  under  the  present  Commission  pre- 
vious to  June  30,  1909,  at  which  time  a  total  of 
about  40,000,000  cu.  yds.  of  dry  excavation  had 
been  removed.  This  average  price  was  $1.03  for 
dry  excavation,  and  23  cts.  for  wet.  On  this 
basis  the  value  ot  useful  French  excavation  to 
the  present  project  is: 

Dry,  23,138,000  cu.  yds.  at  $1.03 $23,832,140 

Wet,  6,770,000  cu.  yds.  at  $0.23 1,557,100 

Total   $25,389,240 

Included  in  the  purchase  from  the  new  Pana- 
ma Canal  Co.  were  6S.SSS  shares  of  Panama 
R.  R.  stock,  par  value  $100  each,  leaving  1,112 
shares  in  the  hands  of  private  parties.  These 
1,112  shares  were  purchased  at  a  cost  of  $157,- 
118.24,  or  an  average  price  of  $140.  In  arriv- 
ing at  the  value  to  the  Commission  of  the  68,888 
shares,  the  average  price  paid  for  the  outstand- 
ing shares  was  used.  This  gives  a  valuation  of 
$9,644,300.  When  it  is  considered  that  the  rail- 
road is  a  very  valuable  asset  to  the  Commission, 
and,  that  through  ownership  of  the  propert> , 
the  Commission  has  secured  the  transportation 
of  its  freight  and  passengers  at  cost,  besides 
using  the  Panama  R.  R.  Co.  in  many  other 
ways,  the  valuation  was  thought  reasonable. 

After  careful  consideration  of  maps,  drainage 
and  records  based  on  experience  since  the 
Americans  began  work,  it  was  the  unanimous 
judgment  of  the  committee  that  the  estimate  of 
$2,000,000  was  a  conservative  one,  and  should 
stand  approved  in  the  present  valuation. 

A  partial  inventory  of  the  material  and  equiii- 
ment  received  from  the  French  was  made  by  the 
Commission  in  June,  1906,  and  this  has  been 
suppleinented  with  the  following  results: 

Floating  equipment  $  651, OOi* 

Shop  machinery  and  tools lll,07i; 

Rolling  stock  297, 90i 

Scrap    294,071 

Miscellaneous  material    751,39c 

Air  compressors   6,620 

Total  value   $2,112,06:; 

An  estimate  of  the  value  of  the  buildings  re- 
ceived from  the  French  company,  based  on  the 
past  value  of  the  buildings  at  the  time  of  the 
transfer,  plus  the  value  of  repairs,  minus  10 
per  cent  to  cover  depreciation,  was  made  by 
the  architect  of  the  Commission  in  1908.  There 
were  2,148  buildings  In  the  Canal  Zone  turned 
over  by  tlie  French,  of  which,  on  Aug.   1,   IOCS. 
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1,536  had  been  repaired  and  were  in  -use.  Tlieiv           Not  includ-ed  in  this  Hst  was  the  Administra-  made  by  the  Commission  of  1S99-1901.    The  price 

estimated  value  was  as  follows:  tion  building  in  Panama,   and   the  residence  at  paid    for    those    portions    of    these    lands    lying 

sold                                              S    62"  4S3  63  Present  used  as  the  American  Legation  in  Pan-  along  the  line  of  the   canal  does  not  vary  raa- 

•Quarters,'  silver  ..................... .  443,'s00.3o  then   equivalent   to   $428,096.58   gold.      This   land  terially    from    the    prices    paid    by     the     United 

Hotels 7,455.M  ama.     The  value  of  the  former,  in  the  Judgment  States  for  lands  which  it  has  purchased  in  slmi- 

Sifs"*^^'^   .'.','.'.'.'..'.'.'..'.'..'.'.'  ^13503  34  was  included  in  the  property  transferred  to  the  lar    localities    since      construction      began,      but 

Schoolhouses    .    .. .      .........!!!!!!!!  12!702'7S  of    the    Committee,    was    $125,000;    and    of    the  others  of  the  French  lands,  notably  those  lying 


,Coeov,l.    .  -J, 

\      Tortols  lA. 


Fig.     2.   Map    of    the     Isthmus    of     Panama    Showing    the    Canal    Zone    and    the     Route   of  the  Panama  Canai 


,.  jlQ  ofio  ^.-  latter,    $.")!), (HJd.    making    tlii'    total    valui-    nf    tho  near    the    Pacific    entrance    of    the    canal,    were 

Storehouses    ....... .\.\.\  ..'.....■■■■  ■        94!o99 JO  buildings  received  from  the  French,  ?2.or.  1,203.  purchased  at  much  lower  figures  than  they  could 

.structures    T7,21S  ii.-  ^f,g   French  canal  company  purchased   during  to  purchased  today.    Taking  as  a  basis  for  valu- 

*'partment"of  *sin'ita?fon°'and''oov-  its  existence,  a  total  of  13,520  hectares  of  land,  atSon    the   prices   which    the   United    States   has 

ernment   11,976.46  lor  which  it  paiil   $.')35,120.73  Colombian   money,  (lald  for  lands,  both  through  private  agreements 

,,  079  oQS  8U  United  State's,  but  no  estimate  of  its  value  was  and   under  awards   made  by  Joint  commissions. 
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it  is  the  opinion  of  the  committee  that,  it  the 
United  States  was  not  the  owner  or  any  of  these 
lands,  and  was  obliged  to  acquire  them  today, 
in  view  of  the  certainty  of  the  canal's  comple- 
tion, the  cost  would  not  be  less  than  $1,000,000. 
The  committee  considered  that  the  French 
channel  from  Balboa  to  deep  water,   whicli  was 
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lock  canal  at  Panama.  The  Majority  mem- 
bers of  the  International  Board  of  Consulting 
Engineers,  reporting  in  1900,  drafted  general 
plans  for  a  sea  level  canal  at  Panama.  The 
Minority  members  of  the  International  Board 
of  Consulting  Engineers,  reporting  in  1906, 
drafted    plans    for    a    lock   canal    at    Panama. 


?^%^ 


PL.AN    OF    THE    FIRST    ISTHMIAN    C.-VNAL    COM^MI 
SION. 

A  profile  of  the  Panama  canal  as  planned 
by  the  Isthmian  Canal  Commission  in  its 
report  of  1901  is  given  by  Fig.  4.  According 
to  this  plan  excavation  began  at  the  6-fathom. 
line  in  the  Bay  of  Limon  and  for  a  distance 
of  2.62  miles  "through  the  bay  and  bordering 
lowland  involved  a  channel  of  500  ft.  bottom 
width  with  side  slopes  of  1  on  3.  The  esti- 
mated cost  of  this  harbor  and  channel  was  $7,- 
.334,673.  From  this  POO  ft.  channel  a  caiial 
of  150  ft.  bottom  width  was  planned  to  Bohio, 
12.56  miles.  For  1.96  miles  through  swamp 
side  slopes  of  1  on  3  were  planned  and  for 
the  remaining  distance  side  slopes  conforming 
to  practice  for  firm  earth.  This  12.56  miles 
of  channel  was  estimated  to  cost  $10,718,288. 

At  Bohio  a  flight  of  two  twin  locks  having 
a  total  normal  lift  of  85  ft.  was  planned.  The 
estimated  cost  of  these  locks  was  $10,892,345. 
Above  the  locks  an  artificial  lake  extending  to 
the  cut  through  the  divide  was  to  be  formed 
by  a  masonry  dam  at  Bohio.  The  length  of 
channel  through  the  lake  was  12.59  miles  and 
only  slight  excavation  beyond  the  seventh  mile 
from  the  locks  was  required.  This  channel 
was  estimated  to  cost  $2,786,449.  The  Bohio 
dam  was  estimated  to  cost  $8,500,000,  and  the 
Gigante  spillway  over  which  the  waters  of 
Lake  Bohio  were  to  be  wasted  was  estimated 
to   cost  $1,448,076. 
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In  use  for  approximately  the  first  four  years  if 
.\merican  occupation  was  worth,  to  the  Com- 
mission, the  sum  of  $125,000  a  year,  or  $500,000, 
this  being  the  only  approach  for  commercial 
.shipping  and  for  the  delivery  of  supplies  on 
the  Pacific  side  during  that  period. 

There  was  a  considerable  amount  of  clearing 
.•»nd  roadmalcing  done  by  the  French  at  several 
points  In  the  Canal  Zone,  notably  at  Ancon, 
Cristobal  and  Empire.  The  committee  consider 
'he  sum  of  $100,000  a  moderate  estimate  of  the 
value  of  this  work. 

Recapitulation — 

Kxcavatlon   $25,389,240 

Panama  ftallroad  stock 9,644.320 

M.ip.s.  drawings  and  records 2,000,000 

Mat.  rial  and  o'luipment 2,112,003 

liulldlngs    2,054,203 

I -mils    1,000,000 

l".o^  of  V;i(M\f  ship  ranal 500,000 

i!i'.ir|   tiiaKU't;   and    ile.irlng 100,000 

'■"'^t'll     ...$12,799,82(5 

Comparison  of  Three  Provisional  Plans  for 
the  Panama  Canal. 

~'i'       '   ■    I'llimian    C;:nal    Commission    rc- 
■    drafted   general   plans   for   a 
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Fig.    3.  Topographical     Map    of    the     Canal    Zone    and    the    Panama    Canal. 


The  final  plan  on  which  the  canal  has  been 
built  is  the  plan  of  the  Minority  members  of 
the  International  Board  of  Consulting  Engi- 
neers as  modified  by  the  third  Isfhmian  Canal 
Commission. 


At  the  end  of  Lake  Boliio  and  the  entranct 
of  the  summit  cut  it  was  planned  to  place  ^M\\ 
pair  of  gates  100  ft.  wide  which  would  elose-|^i| 
the  cut  channel  against  Lake  Bohio  and  per- 
mit the  cut  to  be   laid   dry   without   reducing 


January  7.  1914. 


Engineering   and    Contracting 


the  lake  level.  These  gates  were  known  as 
the  Obispo  gates  and  were  estimated  to  cost 
$295,430.  The  summit  cut  extended  from  the 
Obispo  gates  to  the  Pedro  Miguel  locks,  a  dis- 
tance of  7.95  miles,  of  which  6.02  miles  were 
designated  as  heavy  cut.  The  deepest  part  of 
the  cut  was  about  5  miles  from  Obispo  and 
here  the  canal  bottom  was  274  ft.  below  the 
natural  surface.  The  cut  was  planned  for  a 
bottom  width  of  150  ft.  and  side  slopes  of  1 
on  1.  The  channel  through  the  cut  was  to 
be  lined  with  masonry  walls  on  both  sides. 
These  walls  were  to  rise  to  2  ft.  above  high 


ama    Bay.     The   channel    from    Miraflores   to 
deep  water  was  estimated  to  cost  $12,366,914. 

Besides  the  canal  structures  proper  the  plan 
involved  diversion  of  the  Chagres  opposite 
Gatun.  diversion  of  the  Gatuncillo  east  of 
Gatun,  and  reconstruction  of  the  Panama  R.  R. 
around  Lake  Bohio.  The  estimated  costs  of 
these  works  are  given  in  the  recapitulated  esti- 
mate which  follows : 

Item.  Cost. 

Colon  entrance  and  harbor $     7,334, 67o 

Harbor  to  Bohio  locks 10,718,2SS 

Bohio  locks   10,982,3 15 

Lake   Bohio    2,786,143 


miles.  The  cut  through  the  divide  at  th( 
deepest  point  was  373  ft.  deep,  measuring  Iron 
the  natural  surface.  The  line  from  Pedrc 
Miguel  on  was  practically  a  straight  line  t< 
deep  water  in  the  Gulf  of  Panama. 

From  shore  to  shore  the  hne  was  40  mile; 
long;  including  the  harbor  channels  it  wa: 
49.35  miles  long.  Of  its  length  19.17  mile: 
were  curve  and  30.18  miles  were  tangent.  Th( 
channel  was  planned  for  a  depth  of  40  ft 
throughout,  its  width  in  earth  was  150  ft.  a 
the  bottom  with  side  slopes,  depending  on  thi 
material,   giving   surface   widths    from   302   t( 


dotrom  of  Canal      -'iS  S 
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Fig.  4.   Profile  of  the  Panama  Canal   Route  Recommended  by  the  Isthmian  Canal  Comrr  Ission  of  1901. 


water,  have  inside  faces  nearly  vertical,  and 
at  their  tops  the  cut  was  to  be  stepped  back 
to  form  a  bench  on  each  side,  one  bench  being 
planned  to  carry  the  tracks  of  the  Panama 
R,  R.  The  estimated  cost  of  the  7.95  miles 
of  cut  was  $44,378,335  and  the  time  of  con- 
struction was  estimated  to  be  eight  years. 
The  Commission's  statement  concerning  the 
stability  of  the  sides  of  the  summit  cut  is  inter- 
esting in  the  light  of  the  slides  which  devel- 
oped during  the  construction  of  the  present 
canal.     It  was  as   follows : 

Much  has  been  said  about  the  instability  of 
the  Culebra  cut;  in  point  of  fact,  there  is  clay 
in  the  upper  portion  of  the  deep  cut  which  flows 
readily  when  saturated,  but  which  will  give  little 
trouble  if  thoroughly  drained;  probably  nine- 
tenths  of  the  material  would  naturally  be  clas- 
sified as  hard  clay  of  stable  character;  it  would 
weather  somewhat  and  the  surface  might  re- 
quire some  repairing  with  concrete  in  bad 
places,  a  practice  common  with  deep  cuttings  in 
Europe;  this  clay  disintegrates  rapidly  in  water, 
and  for  this  reason  the  canal  prism  should  be 
confined  between  masonry  walls.  With  the  pro- 
vision made  for  broad  benches  on  each  side 
on  which  any  slight  slides  would  be  arrested,  it 
is  confidently  believed  that  no  trouble  would 
be  experienced. 

At  Pedro  Miguel  a  set  of  two  twin  locks 
was  planned.     Their  aggregate  lift  was  calcu- 


Obispo    gates    295.436 

Culebra    sections     44.378,335 

Pedro  Miguel  locks 8,496,326 

Pedro   Miguel   level 1.169,611 

Miraflores  locks  and  spillway 5,720,363 

Pacific  level   12,366,913 

Bohio  dam   8,500,000 

Gigante    spillway    1,124,524 

Ch.innel  between  the  marshes 1,448,076 

Chagres   diversion    1,929,976 

Gatuncillo   diversion    100.000 

Panama   R.   R.   reconstruction 1.267,500 

Total    $118,618,816 

Engineering,  police,   sanitation,  etc...     23,723,76.; 

Grand  total   $142,342,579 

SE.\    LEVEL    PLAN    OF    THE    INTERN-\TI0N.^L    BO.ARD 
OF    CONSULTING    ENGINEERS. 

Eight  of  the  13  members  of  the  Board  of 
Consulting  Engineers  appointed  in  1905  to 
decide  on  the  type  of  canal  at  Panama  agreed 
in  recommending  a  sea  level  canal  and  pre- 
sented general  plans  for  such  a  canal.  A  pro- 
file of  the  sea  level  canal  recommended  is 
shown  by  Eig.  5.  The  route  of  the  canal  rec- 
ommended was  in  general  as  follows : 

The  initial  point  in  the  axis  of  the  canal  was 
located  in  the  Bay  of  Limon  at  a  point  about 
one  mile  northwest  of  Manxanillo  light  where 
the  depth  of  the  water  is  40  ft.,  and  the  chan- 
nel was  to  extend  in  a  straight  line  to  the  south 
end  of  the  bay  where  it  connected  by  curve 
at  Mindi  with  the  old  French  canal.     The  line 


437  ft.  In  rock  the  bottom  width  was  200  fl 
and  the  width  at  water  surface  was  208  fi 
At  a  point  between  Ancon  and  Sosa  Hill  ; 
tidal  lock  was  planned  and  beyond  this  loci 
to  deep  water  in  Panama  Gulf  the  channe 
was  300  ft.  wide.  At  Corozal  a  set  of  sluice 
discharging  into  the  Rio  Grande  was  planned 

The  sea  level  canal  as  planned  required  con 
trol  and  diversion  of  the  Chagres  and  it 
tributaries.  As  already  stated,  the  main  con 
trol  planned  for  the  Chagres  was  a  dam  a 
Gamboa.  A  masonry  dam  rising  130  ft.  abovi 
the  river  bed  and  180  ft.  above  sea  level  wa 
proposed.  With  water  at  the  170  ft.  level  th' 
wetted  perimeter  of  the  reservoir  formec 
would  embrace  an  area  of  29.47  square  miles 
It  was  figured  that  the  canal  prism  would 
without  objectionable  currents,  care  for  a  flov 
over  the  Gamboa  dam  of  15.000  sec.  ft.  As  ; 
double  precaution,  however,  it  was  planned  b; 
building  sluices  at  Corozal  to  divert  half  o 
the  flow  through  the  summit  cut  over  the  spill 
way  into  the  Rio  Grande  on  the  Pacific  side 
Any  flood  flow  of  the  Chagres  exceeding  15, 
000  sec.  ft.  up  to  65,000  sec.  ft.  and  of  a  dura 
tion  to  be  expected  from  records  of  pas 
floods  was  intended  to  be  impounded  by  th 
Gamboa  Reservoir.  The  regulation  of  th 
tributaries  of  the  lower  Chagres  was  plannei 
to  be  accomplished  by  dams  and  diversio; 
channels. 
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Fig.  5.   Profile  of  Sea   Level  Canal   Recommended   by  the   Majority   Report  of  the   International    Board    of    Consulting    Engineers. 


lated  to  be  between  54  and  62  ft.  and  they  were 
estimated  to  cost  $8,496,326.  From  Pedro 
Miguel  to  Miraflores  there  would  be  a  level 
1.33  miles  long  controlled  by  a  spillway  at 
Miraflores.  This  level  was  estimated  to  cost 
$1,169,611.  A  single  twin  lock  was  planned  at 
Miraflores  and  it,  with  the  spillway,  was  esti- 
mated to  cost  $5,720,363.  From  Miraflores  a 
channel  150  ft.  wide  with  side  slopes  of  1  on 
3  was  to  be  excavated  to  La  Boca.  This 
channel,  stated  to  be  mostly  through  low 
swamp  country  and  to  be  4.12  miles  long,  200 
ft.  wide  on  the  bottom  and  with  slopes  of  1  on 
3,  was  to  extend  to  the  8-fathom  line  in  Pan- 


Ihen  followed  the  partially  completed  excava- 
tion of  the  French  canal  to  Bohio  12  miles 
from  Mindi.  The  channel  to  Bohio  first  cut 
the  Chagres  at  Gatun  seven  miles  from  Colon 
and  then  repeatedly  cut  it  from  that  point  to 
Bohio.  From  Bohio  to  Obispo,  14  miles,  the 
line  followed  the  Chagres,  coinciding  with  or 
cutting  its  channel  throughout.  About  three- 
fourths  of  a  mile  from  Obispo,  at  Gamboa, 
a  masonry  dam  was  planned  to  impound  the 
Chagres,  as  described  in  a  succeeding  para- 
graph. 

Continuing     from     Obispo     the     line     was 
through    the    divide     to     Pedro    Miguel,    nine 


The  estimated  cost  of  excavation  of   a   sc 
level  canal  as  planned  was  as  given  by  Table  J 


TABLE  1. 

Item.                        Miles.  Quantity. 

Union    Bav    3.92  2.922,734 

Shore    to    Mindi 1.57  10.047,473 

Mindi    to    Bohio 11.73  24.557,584 

Bohio  to  Obispo...  13.74  60,674,437 
Obispo      to      Pedro 

Miguel     S.OS  109,891,710 

Pedro      Miguel      to 

Miraflores   1.73  5,429,144 

Miraflores  to  Sosa..  4.60  11,330.528 

Sosa  to  Pacific 3.98  5,172,867 

Totals    49.35  231,026,477 


Cost. 
624,39 

3,570.08 
11.557. S5 
43.171.32 

95,200.80; 

7.711,50 

15.103.98 

6.196,14 


$183,136,10 
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Including   excavation    and    all    other    works 
:he  estimated  cost  was  as   follows : 

Item.  Cost. 

Jetties   in  Limon  Bay $     5,000,000 

Excavation     183.136,107 

River  diversion    3,500,000 

Gamboa   dam    6,000,000 

Corozal   sluices,    etc 920,000 

ridal  locl<s   6,000,000 

Lock  jetties  795.000 

Panama  R.   R.   reconstruction 500,000 

Total     $205,851,000 

;0  per  cent  engineering,  etc 41,170,200 

Grand  total   $247,021,200 


was  to  have  a  width  of  300  ft.  from  Obispo 
to  Las  Cascades,  1.55  miles,  and  from  Las 
Cascades  through  the  deep  cut  for  4.7  miles  it 
was  to  be  200  ft.  w^ide.  It  then  widened  to 
300  ft.  for  1.88  miles  to  Pedro  Miguel.  At 
Pedro  Miguel  a  twin  lock  with  31  ft.  lift  was 
planned. 

A  set  of  two  twin  locks  having  a  total  lift 
of  G2  ft.  was  planned  at  Sosa.  By  construct- 
ing three  dams,  one  extending  from  the  locks 
across  the  Rio  Grande  to  San  Juan  hill,  an- 
other from  Sosa  hill  to  Ancon  hill  and  a  third 
from  Ancon  hill  in  the  direction  of  Corozal  to 


cated  the  existence  of  rock  foundations  suit- 
able for  one  lock  at  Pedro  Miguel  and  for 
two  locks  at  Miraflores. 

Amended  plans  were  prepared.  They  pro- 
vided for  a  twin  lock  with  31%-ft.  lift  at 
Pedro  Miguel  and  for  two  twin  locks  with 
an  aggregate  lift  of  54%-ft.  at  Miraflores. 
From  Miraflores  to  deep  water  in  Panama 
Gulf  a  dredged  channel  500  ft.  wide  and  45 
ft.  deep  was  provided.  The  large  Sosa  Lake 
was  reduced  to  a  small  lake  about  a  mile 
square  between  Pedro  Miguel  and  Miraflores. 
The  new  plan  was  recommended  for  adoption 
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Fig.  6.   Profile  of   Lock   Canal    Recommended    by  the  iVllnorlty  Report  of  the  International    Board  of  Consulting  Engineers. 
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The  time  required  for  the  construction  of 
he  canal  was  estimated  at  12  to  13  years.  The 
irgument  presented  by  the  majority  report  in 
avor  of  the  sea  level  canal  recommended  by 
t  was  substantially,  tha:  it  gave  safe  and 
minterrupted  navigation  to  a  degree  never 
lossible  in  a  lock  canal  and  that  the  shorter 
ime  of  construction  of  a  lock  canal  and  its 
;maller  cost  were  not  of  great  enough  value  to 
:ounterbalance  this  advantage  to  navigation. 

,OCK       C.\N.\L      PL.^N       OF     THE      I^•TERNATI0N.^L 
BOARD   OF   CONSULTING   ENGINEERS. 

The  canal  recommended  by  the  minority  of 
ive  members  of  the  Board  of  Consulting  En- 
[ineers  was  a  lock  canal  with  its  summit  level 
It  85  ft.  elevation.  A  profile  of  the  canal  is 
jiven  by  Fig.  6.  The  general  route  was  sub- 
itantially  that  on  which  the  canal  has  finally 
leen  built  and  is  shown  by  Figs.  2  and  3. 

The  sea  level  section  was  to  extend  from 
ieep  water  in  Limon  Bay  to  Gatun,  the  chan- 
lel  being  500  ft.  wide  on  the  bottom.  At 
jatun  an  earth  dam  was  planned  across  the 
rhagres  which  should  form  Lake  Gatun  ex- 
ending  to  Obispo.  This  inland  lake  was  to 
ierve  the  double  purpose  of  giving  naviga- 
ion  with  very  little  excavation  as  far  as 
Dbispo  and  of  furnishing  a  large  reservoir  for 
eceiving  the  flood  waters  of  the  Chagres.    A 


high  land,  Sosa  Lake  was  to  be  formed  to 
make  the  level  between  Pedro  Miguel  and 
Sosa.  The  channel  through  this  lake  was  to 
be  500  ft.  wide  to  1.64  miles  from  the  Pedro 
Miguel  lock,  then  1,000  ft.  wide  for  3.38 
miles  to  the  Sosa  locks.  From  Sosa  to  deep 
water  in  Panama  Gulf  the  channel  was  to  be 
300  ft.  wide. 

The  time  required  to  complete  the  canal  as 
planned  was  estimated  as  nine  years  and  this 
shorter  time  coupled  with  the  less  cost  as 
compared  with  a  sea  level  canal  was  consid- 
ered to  be  the  justification  for  recommending 
the  lock  canal  plan.  The  estimated  cost  of 
the  canal  as  planned  is  given  in  Table  II. 

PLAN    AS    MODIFIED    BY    THIRD    ISTHMIAN    CANAL 
COMMISSION. 

The  canal  plan  on  which  construction  was 
definitely  started  in  1906-7  was  the  plan  of  the 
minority  members  of  the  Board  of  Consulting 
Engineers.  Two  important  changes  in  this 
plan  were  found  advisable.  When  the  plan 
was  approved  in  1906,  the  Secretary  of  War 
raised  question  of  the  wisdom  of  locating  the 
main  locks  on  the  Pacific  side  in  so  exposed 
a  place  as  was  Sosa  Hill  and  pointed  out  that 
only  the  less  cost  of  this  location  excused  its 
selection  from  the  military  viewpoint.  Con- 
struction was,  however,  begun   on  one  of   the 


by  the  Commission  and  on  Dec.  20,  1007,  it 
was  approved  by  President  Roosevelt. 

In  i!)08  the  Isthmian  Canal  Commission 
recommended  the  building  of  larger  lock 
chambers  and  the  widening  of  the  channel 
through  Culebra  Cut.  The  first  change  was 
authorized  on  Feb.  15,  1908,  and  the  second 
on  Oct.  23,  1908.  The  new  lock  plans  called 
for  chambers  110  ft.  instead  of  100  ft.  wide. 
This  added  some  $5,806,000  to  the  cost  of  the 
locks.  The  original  plan  called  for  a  channel 
200  ft.  wide  through  Culebra  Cut :  the  new 
plans  increased  the  width  to  300  ft. 

These  changes  naturally  increased  the 
probable  cost  of  the  canal  and  because  of 
them  and  for  other  reasons  a  new  estimate 
of  cost  was  made  m  1908  by  the  Isthmian 
Canal  Commission.  This  estimate  compared 
with  that  of  1906  is  given  in  detail  in  Table 
II.  In  explanation  of  this  estimate  Chief  En- 
gineer Goethals  in  his  report  for  1909  said : 

The  act  of  June  28,  1902,  authorized  the  con- 
struction ot  the  canal  and  made  provisions  for 
the  necessary  funds,  the  amount  stipulated  be- 
ing based  on  the  report  of  the  board  of  en- 
gineers in  its  report  of  1899-1901,  and  aggregat- 
ing $144,233,358,  Including  sanitation  and  police. 
A  modification  of  the  plans  then  submitted  was 
made  by  the  minority  of  the  board   ot  consult- 
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Fig.  7.   Profile  of  Lock  Canal  as  Finally    Planned  and   Constructed. 


nasonry  spillway  in  the  earth  dam  carried 
jff  excess  waters  and  delivered  them  into  the 
Zhagres  below  the  dam.  To  transfer  vessels 
from  the  sea  level  channel  below  Gatun  to  the 
?5  ft.  summit  level  formed  by  Gatun  Lake  a 
iet  of  three  twin  locks  having  an  aggregate 
ift  of  85  ft.  was  planned. 

The  channel  in  Lake  Gatun  for  15.69  miles 
ivas  to  have  a  width  of  1,000  ft.  and  a  depth 
jf  45  ft.  The  channel  then  decreased  to  800 
ft.  for  l.Sii  miles,  then  to  500  ft.  for  3.73  miles 
:o  Obispo.     Through  the  summit  the  channel 


dams  designed  to  impound  Sosa  Lake.  In  a 
short  time  indications  appeared  that  the  foun- 
dation soil  was  not  as  stable  as  the  borings 
had  indicated.  Further  examination  was 
made  of  the  ground  showing  an  unstable  soil 
overlying  rock  some  10  to  '70  ft.  deep.  New 
plans  were  made  to  fit  the  newly  discovered 
conditions  and  cost  estimates  based  on  these 
new  plans  raised  the  original  estimate  of 
$l,.314,O00  to  $11,574,000.  In  view  of  this  in- 
crease, search  was  undertaken  for  a  more 
favorable    location.     The    studies    made   indi- 


ing  engineers  and  adopted  by  Congress  in  1906. 
which  fixed  the  cost  for  engineering  and  con- 
struction, exclusive  of  the  purchase  price,  the 
cost  of  sanitation  and  civil  government  and  the 
interest,  at  $139,705,200.  In  the  preparation  of 
this  estimate,  the  same  unit  prices  were  as- 
sumed as  were  adopted  by  the  Board  of  1899- 
1901.  In  the  interval,  however,  wages  had  in- 
creased, and  the  cost  of  materials  and  manu- 
factured articles  had  risen.  Prosperous  condi- 
tions in  the  United  States,  combined  with  the 
unsavory   reputation   that   the   Isthmus   had   re- 
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TABLE  II.— ESTIMATES  OF  COST  OF  PANAMA  CANAL  BY  THE  MINORITY    BOARD    OF    CONSULTING    ENGINEERS    OF    1906    AND    BY    THl 

ISTHMIAN    CANAL    COMMISSION    OF    190S. 
ATLANTIC    DIVISION. 


1906. 

Cu.  yds.     Unit.     Amount. 
(1)  Breakwater  in  Limon  Bav: 

From  M.  O.  to  M.  3.30  as  per  esti- 
mate of  the  board $5,000,000 

Extension  from  M.  3.30  to  head  of 

bay    (M.    4.45) 400,000     $0.75  300,000 

$5,300,000 

The  breakwater  contemplated  by  the  "Board  of  1906"  consisted  of:     Miles. 

An  east  jetty  extending  from  deep  water  to  Manzanilla  Point 0.95 

A  west  jetty  extending  from  deep  water  to  the  head  of  Limon 
Bay.  practically  parallel  to  the  axis  of  the  canal 4.55 


1908. 

Cu.  yds.    Unit.     Amount. 
1)   Breakwater  in  Limon  Bay 4.234.000     $2.70  $11,432,000 


$11.431.0« 

Mllei 
The  breakwater  upon  which  this  estimate  is  made  consists  of  a  west 
jetty  with  outer  end  in  44  feet  of  water  and  trending  toward  Toro 

Point   1.! 

And  an  east  jetty  from  44  feet  of  water  and  extending  eastwardly 
parallel  to  a  line  drawn  between  the  lighthouses  at  Manzanilla  and 
Toro  Point l.< 

Total    5.50  Total    2.! 

No  quantities  were  given  by  the  board  for  the  first  3.30  miles. 
The  difference  in  money  between  the  estimate  of  the  board  of  1906  and 
the  present  estimate  Is  largely  because  of  the  difference  in  unit  prices. 

The  estimate  made  in  1906  by  the  Board  of  Consulting  Engineers  was  based  upon  a  breakwater,   the  foundations  largely  to  be  of 
material  taken  from  the  canal  prism. 

The   estimate  of  190S  is  based   upon  all  material  for  the  breakwater  being  obtained   from   Porto  Bello. 
By  the  change  in  location  the  present  excavation  from  the  canal  can  not  be  used. 


(2)   Channel    from    M.    O.     to     Gatun 
locks  (500  feet  wide): 
Dredging  M.  to  M.  4.55 — 

Mud  and  sand 8,300,000 

Dredging  M.  4.55  to  Gatun  locks — 

Soft  material,   suction   dredges.lO, 000.000 
Indurated  clay,  suction  dredges 
with    cutters    2,030,000 


$0.15 
.25 


$1,243,000 
2,500,000 
1,421,000 


(2)  Channel    from    M.    O.    to    Gatun 
locks  (500  feet  wide): 
Dredging — 

Mud   and   sand 13.260,682     $0.20     $2,652,000 

Earth    requiring     cutting     and 

some  blasting    10.648,137         .45       4.792,000 

Rock  blasted  and  dredged 1,105,313       1.50       1,658,000 

Rock   under   water 851,267       2.50       2,128,000 

Excavation — 

Earth  in  dry 152,234        .45  69,000 

Earth  in  dry,  blasted 608,895        .60         365,000 

Rock    3.078.596       1.55       4,772,000 


20,330,000     $0.254+ $5,166,009 


29,705,124 
Maintenance     of     channel     after 

July   1,    1909 6,500,000 


$0.553+ $16,436,01 

.20       1,300,01 

36,205,124     $0.456+ $17,736.0< 


Excess  of  present  estimate  over  board  of  1906 $12,570,000 

By  reason  of  maintenance $1,300,000 

By  reason  of  increase  in  quantities.  9,375.124  cu.   yds 4.882.000 

By  increase  in  unit  prices  due  largely  to  rock,  20,330.000    6,388,000 

Total    $12,570,000 


(S)  Gatun  locks:  Flight  of  3  twin 
locks,  95  by  90O  feet  usable  di- 
mensions:  total   lift  85  feet: 

Excavation,    earth    920.000 

Excavation.         indurated         clay 

(rock)      2,740.000 


$0.40 
.70 


$    368,000 
1,918,000 


(3)  Gatun    locks:    Flight    of    3    twin 

locks,   110  by  1,000  feet  usable 

dimensions;  total  lift  85  feet: 
Excavation — 

Earth     837.667     $0.35     $    293,000 

Rock    (indurated   clay) 2,948,237        .65       2,211,000 

Rock,  bv  hand,  preparing  foun- 
dations           100,000       2.0O  200,000 

Excavation,      rock      for     curtain 

walls    103,400       5.50  569,000 

ESccavation,    dredging 1,150,000        .33         280,000 


3,660,000     $0.60     $2,286,000 

Locks,    exclusive   of   excavation     and     approach 

walls   $13,075,000 

Emergency  gate    1,000,000 

Approach   walls    500,000 


Back  fill  and   embankment. 


660,000 


.50 


14,575.000 
330,000 


Total  excavation   5,139,304 

Concrete,       including      approach 
walls    2.096,000       7.75 

Emergency   dam,    gates,   valves,    operating   ma- 
chinery, electric  capstans,  etc 

Back   fill    949,000        .85 


69.1+   $5,553,01 

16,244,000 
5,220,000 


$17,191,000 

Present  estimate  exceeds  estimate  of  1906  by $  8,633,000 

The  following  are: 

Due  to  increased  size  of  locks  and  change  in  plans — 

Excavation —  „  „„» 

Curtain  walls,   103,400   cubic  yards,   at   d.50   cents   569,000 

Other  excavation,  1,375,904  cubic  yards,  at  50.7   cents 698,000 

Total    • $1,267,000 

Concrete— 

Present    estimate,    2,096.000    cubic    yards,    at    $7.75 16,244,000     : 

Report    of    1906,    1,300,000    cubic    yards,    at    $8   10,400,000 

Increase    5.844,000 

Gates,   operating   machinery,   etc. —  _ 

Present  estimate   •1'??"'525 

1906  estimate • i.lio.OOO 

Increase 1,045,000 

Due  principally  to  furnishing  6  Intermediate  lock  gates- 
Back    fill    : 477.000 


21,464,01 
807,01 

$25,824,01 


Total 


.$8,633,000 


(4)  Gatun  dam: 

Earth  embankment — 

Below     elevation     BO.     dredged  .,,„,„„„ 

material  pumped  into  dam. .  .12.170,000     $0.20     $11,434,000 
Between   elevation   50  and   ele- 
vation   80,    dredged    material 

pumped  into  dam 5,770.000 

Above     elevation     SO.     material 

for  excavation  placed  in  dam  3.260.000 


30  1,731,000 
25  815,000 
2S4+ $4,980,000 


21,200.000 
Excavation  for  diversion  chan- 
nel    and     regulating     works) 
(splllwav) — 

Earth         1,100,000         .40 

Indurated   clay   (rock) 480.000    ^.70 

1,580.000         .491  + 

Concrete        In        regulating 

works        and       diversion  ,,.„„„ 

channel     18»,0«0  8.00       1.512,000 


440,000 
336,000 


776,000 


(4)  Gatun   dam: 

Earth  embankment — 
Dredged  material  pumped   into 

dam    7,000,000 

Dredged  material  pumped  Into 

dam    7,000,000 

Dredged  material  pumped   into 

dam    7,000.000 

Rock  fill   3.400.000 

24.400.000 
Excavation  for  spillway,  etc...  1,312.883 
Excavation  for  sheet  piling  and 

strippin>,'    360,000 

Excavation  for  curtain  walls  of 

regulating   works 60.000 

1,732,882 

Concrete    200,000 

Regulating  gates  and  machinery     


$0.20     $1,409,000 
.30       2,100.000 


.45   3.150,000 
.20    <S0,000 

.30   

$7  330,0 

.70     919,000 

1.20    432,000 

2.10    126,000 

.852+ 

8.25   1,650,000 
320,000 

1,477,0 

30 
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Reeulating  gatea   and    ma- 
chinery     


320.000 


1,532.000 


Preparatory  and  misrellaneous 200,000 


Sodding    

Sheet  piling,  linear  feet 7,000 

Riprap  700,000 

Miscellaneous  (Includes  filling, 
trestles,  pumping  out  old 
channels,   etc.)    


60.J0 
2.00 


$7,7SS,000 
Present    estimate    exceeds   estimate   of    1906    by   $5,751,000,   as  follows: 
Embankment: 

Due  to  rock  till   (new  item),  3,400,000  cubic  yards,  at  20   cent.?    i    650,000 

Due  to  increase  in  unit  prices 1,670,000 


1,970,000 
100,000 
420,000 

1,400,000 


875,000 
»lJ,57J,00O 


Spillway  excavation: 

For  curtain   walls   (new  item),   60,000  cubic  yards,  at  $!.lu 
For  other  excavation,  92,882  cubic  yards 

Concrete    

N«w  items: 

Sodding,   sheet   piling,   riprap, 


-»2, 350,000 


126,000 
575,000 


701.000 
138,000 


etc 2,595,000 


Total    »5,784,000 

Breakwater     {  5,300,000         Breakwater     $11,432,000 

Channel  M.  O.  to  Gatun  locks 5.166,000         ChaiiMel  .M.   ;>.  to  (iatun  locks 17,736,001) 

Oatun   locks    17,191,000         Gatun  locks    25,824.000 

Oatun  dam   7,783,000         Gatun   dam    13,672.000 


$35,445,000 

CENTRAL.  DIVISION. 


$68,664,000 


(5)  Channel  from  Gatun  locks  to  M. 
30. S:    15.42    M.    1,000    feet   wide, 
S.B  M.   to  SOO  feet  wide,  3.6  M. 
500  feet  wide: 
Excavation —  Cu.  yds.    Unit.     Amount. 

Earth,    dry    600,000     $0.40     $    240,000 

Indurated  clav  (rock) 130,000        .70  91,000 

Rock,   in  the  dry 1,160,000       1.15       1,334,000 

Dredging    12,960,000         .25       3,240,000 


(u)   Channel  from   Gatun   locks  to  M. 

30.6:    15.43    M.    1,000    feet    wide. 

3.0  M.  SOO  feet  wide,  0.50  M.  700 

feet  wide,  3.6  M.  500  feet  wide: 

Excavation —  Cu.  yds.    Unit.     Amount. 

Earth  and  rock,  dry 7,752,198     $0.90     $6,977,000 

Earth,  dredging    4,000,000         .35       1,000,000 


Cutting  trees  in  Gatun  Lake. 


14.850,000         .337   

<«)  M.  30.6  near  Bas  Obispo  to  M. 
39.0  Pedro  Miguel  lock:  0.65  M. 
500  feet  wide  3.05  M.  300  feet 
wide,  4.7  M.   200  feet  wide: 

Excavation,    dry    53,765,000         .SO     43,012,000 

Allowance  for  diversion  channels 
between  Bas  Obispo  and  Pedro 
Miguel     850,000 


$4,905,000 
100,000 

5,005,000 


11,752.198 
(6)  M.    30.6    near   Bas   Obispo    to   M. 
39.0  Pedro  Miguel  locks:  0.65  M. 
500   feet   wide,   7.75  M.  300   feet 
wide: 

Excavation,  dry   78.042,295 

Concrete    400,000 


.6857      $7,977,000 


.98 
10.00 


76,481,000 
4,000,000 


Total  central  division 

Total    excavation    68,615,000 


43,862,000 

48,867,000 

.712    48,867,000 


Total  central  division. 


Total   excavation    89,794,493 

Concrete    400,000 

The  present  estimate  is  greater  than  that  of  the  Board   of  1906. 

By   reason   of   increase   in   quantity,    21.179,493   cubic    yards,    at   94    cents $19,921,000 

By  reason   of  increase   in   unit  prices,   6.5.615,000   cubic  yards,  at  24  1/10  cents 16,520,000 


.94 
10.00 


481,000 
458,000 


458,000 
000,000 


-$36,441,000 
By  reason  of  concrete  revetment,  400,000  cubic  yards,   at  $10   4,000,000 

Less  lump  sum.  for  diversion  in  1906  estimate 


40,441.000 
850.000 


$39,591,000 
In  the  1906  estimate  the  cost  of  concrete  revetment  was  included  in  the  20  per  cent  allowed  for  administration,  con- 
tingencies, etc. 
Of  the  Increased  yardage,  15,000,000  cubic  yards  is  due  to  widening  canal  from  200  to  300  feet  for  4.70  miles. 


PACIFIC    DIVISION. 


<7) 


Pedro  Miguel   Lock:   1    twin  lock   95   by  900 
feet  usable  dimensions,  30-foot  lift: 

Excavation—  Cu.  yds.    Unit. 

Earth     650,000     $0.40 

Rock     520,000       1.15 


Amount. 

$    260,000 

598,000 


1,170,000     858,000 

Hack    filling    390,000         .50  195.000 

1-ocks  exclusive  of  excavation  and  approach  walls 5,935.000 

^ 1,000.000 


F.m'^rgency    .g.atc 
Approach    walls 


<«) 


Pedro  Miguel  Dam: 

Earth   embankment    1,100,000 

Preparatory    work     


.25 


300.000 

$8,288,000 

275,000 
50,000 

$    325.000 


(7)  Pedro  Miguel  Lock:  1  twin  lock  110  by  1,000 

feet  usable  dimensions,   30-foot  lift:  Cu.  yds. 

Excavation    968,901 

Do     299.000 

1,267.901 

Back  filling   834,500 

Concrete     922,600 

EmerKt-ncy  dam,   gates,  valves,   operating 

mechanism,  electric  capstan,   etc 

Miscellaneous 


Unit. 

$1.15 

1.30 

1.18 

.55 

8.25 


mount. 
,114,000 
389,000 

,503,000 
459,000 
,611,000 

,100,000 
20.000 


P>dro  Miguel  Dam: 

Excavation   and  puddle  core 21,200 

Embankment,    earth    230,500 

Miscellaneous 


1.20 
.95 


$12,693,001 

25, 000 

219,000 

7,00» 

$    251,000 


The   Increase  of  the  present   estimate   for  Pedro  Miguel    locks  over  the  estimate  of  1905  is  due  to  increase 

In  size  of  locks  and  changes  in  plans  and  amounts  to $4,405,000 

As  follows: 

Increase  due  to  excavation.  97,901  cubic  yards 645,000 

Increase  due  to  back  fill.  444.000  cubic  yards 264,000 

Increase  due  to  concrete  due  to  Increase  In  size  of  locks.   224,000   cubic   yards,  at   $8.25 1,848,000 

Due  to  change  of  plans,  100.000  cubic  yards,  at  $8-25 825,000 

Increase  due  to  gates,  operating  machinery,  etc.,  Including  Intermediate  gates  added 823,000 

$4,405,000 


(12)   New  Panama  R.  R. : 

Gatun   to   Hohio $2,000,000 

Bohlo  to  Pedro  Miguel 1,300,000 

Pedro  Miguel  to  Pan.ama 400  000 


NEW  PANAMA  RAILROAD. 

(12) 


New  Panama  R.  R.: 

Before  October  1,  10O8 $1, 

October  1,  1908,  to  July  1,  1909 1, 

After  July  1,  1909— 

Engineering $      90,000 

Real  estate  and  right  of  way 20.000 

Grading — 

Earth        excavation,        330.000       cubic 

yards,   at  $0.40 $    132,000 

Rock   excavation.   405.500   cubic  yards. 

at  $1    405,500 

Borrow,   4,800.500  cubic  yards,  at  $0.40  1.920,200 

—  2,457,700 

Bridges  and  culverts,   63,960  cubic  yards 

concrete,    at    $10 639,600 

Temporary  trestles  and  structures 395,000 

Ti-miiorary  track.  4S.720  feet,  at  $2 97.440 


783,000 
020.000 


January  7.  1''14. 


Engineering   and    Contracting 


Permanent  track — 
35  miles  ties  (spaced  21  inches),  105,600 

ties,    at    $1.25 

70  miles  70-pound  rail  and  fastenings. 

at  $1  per  foot  of  tracli 

35  miles  of  ballast,  at  $4,752  per  mile.. 
35  miles  of  track  laying  and  surfacing, 

at  50  cents  per  foot 

Fencing    

Interlocking  and  signals 

Telegraph  and  telephone  lines 

Station   buildings  and   section   houses 

Water  stations 

Fuel   stations    

Miscellaneous  structures   

General   expenses    

Tools    


132,000 

184,800 
166,320 

92.400 


575.520 
30,000 
30.000 
50,000 
75,000 
10,000 
20,000 
10,000 
75,000 

120,000 


4,695,26 
Maintenance — 
37   miles   for   two  years,   at  $9,000   per 

mile  per  annum 666,00 

$8,164,00 


(13)  Land  damages: 

Land  damages  in  Gatun  and  Sosa  lakes. 


$3,700,000 

LAND    DAMAGES. 

(13)  Land  damages: 
.$    300,000  Land  damages  in  Gatun  Lake. 


.$    500,00 


walks,    waterworks 
e.,  for  its   employes 


GENERAL    ITEMS. 
Municipal  improvements: 

Expenditures  under  this  head  include  everything  for  the  construction,  operation,  maintenance,  and  repair  of  roads, 
pumping  plant,  reservoirs,  sewers,  special  grading,  etc..  required  for  canal  construction  work  proper  in  the  Canal  Zone — i 
and  also  for  the  above  work  performed  in  the  cities  of  Panama  and  Colon  for  sanitation  under  Article  VIII  of  the  treaty. 
United  States  Treasury  by  water  rates  collected  by  the  United  States.  For  further  improvements  in  Panama  and  Colon  for  sanitation  a  supple 
These  expenditures  in  and  for  the  cities  of  Panama  and  Colon  have  amounted  to  about  $2,500,000  to  date,  and  this  sum  will  be  returned  to  th, 
nientary  estimate  of  $1,200,000  was  forwarded  to  Congress  in  December,  1908,  which,  if  appropriated,  will  likewise  be  returned  to  the  United  Statei 
Treasury. 

Expenditures  for  these  purposes  in  the  Canal  Zone  for  the  benefit  of  native  villages  and  those  not  employed  by  the  commission  are  not  paii 
from  congressional  appropriations  but  from  Canal  Zone  funds,  derived  from  taxes  collected  by  the  district  tax  collectors,  and  no  allowance  fo 
same  is  made  in  figures  given  below. 

Expenditures    to   October   1,    1908 $5,982,000 

Estimates  from  October  I,   190S.  to  July  1.   1909 70O  000 

Estimates  after  July   1,   1909: 
Atlantic  division — 

Construction    $585,000 

Maintenance  575,000 

■ 1.160,000 

Centra!  division   1.800.000 

Pacific  division   822.000 

Quartermaster's  department   450. OOj 

Cities  of  Panama  and  Colon — grading,  paving,  waterworks,  sewers,  and  sanitation 1.200.000 


<•)  Channel  Pedro  Miguel  to  deep  water  1.87 
M..  500  feet  wide.  Pedro  Miguel  to  New 
Mlraflores,  3.61  M.,  not  less  than  1,000 
feet  wide  in  Sosa  Lal;e;  4.23  M.,  300  feet 
wide  in  Panama  Bay: 
Pedro  Miguel  to  La  Boca — 

Excavation — dredging    .' 1,680,000 

La  Boca  to  deep   water — 
Excavation — 

Dredging    4,760,000 

Rock  under  water 200,000 

Rock  under  water 370,000 


(9)  Channel    Pedro    Miguel    to   deep    water, 
feet  wide: 


$12,114,000 

5(ro 


$0.25     $    420,000 


Excavation — 

Dredging     32,763,051 

Rock    under    water 1,630,000 

Drv     2,141,548 


.15 
1.50 
2.50 


714,000 
300,000 
925.000 


Removing  wrecks   

Breakwater  to  Island  Naos. 


20  $6,553,001 
50  4.075.00^ 
00       2.142,001 


$36,534,599     $0.35  $12,770, 00' 

100,091 

300,001 


$7,010,000     $0.33+  2. 359.000 

From  Pedro  Miguel  locks  to  the  Pacific  the  estimates  of  the  board  of  1906  are  not  comparable  item  by  item 
with  present  estimates  on  account  of  change  in  plan. 

The  increased  quantity  of  work  itemized  above  is  due  to  extending  the  sea-level  channel  from  La  Boca  to 
Miraflores,  and  to  shifting  the  position  of  the  channel  between  La  Boca  and  deep  water. 


$13,170,001 


Pacific   locks  and   dams. 
(10)  La   Boca   looks — flight    of   two    twin   locks. 
95  by  900  feet,  usable  length— total  max- 
imum lift  64.7  feet: 
Excavation — 

Earth     480,000 

Rock    950,000 


$0.40 
1.50 


$    192,000 
1,426,000 


$1,430,000     $1.13— $1,617,000 

Back   fill   and   embankment 475,000 

Locks,  exclusive  of  excavation  and  approach  walls 11,000,000 

Approach  walls    450,000 


Pacific   locks  and   dams. 

(10)  Mirafiores  locks — fiight   of  two  twin  locks, 
110    by    1,000    feet,    usable    length— total 
maximum  lift  64.7  feet: 
Excavation- 
Dry     1,132,687 

Drv   rock    258,880 

Drv    rock    845,545 

Dredging    1,471,160 

$3,708,172 

Back    fill    1,922,400 

Piling,   linear  feet 124,900 

Riprap     43,500 

Concrete     69,500 

Concrete     1,258,800 

Emergency   dam,    gates,    valves,    operating 

machinery,   electric  capstans,   etc 

Miscellaneous    


$1.16  $1,246,001 

1.50  388,001 

2.25  1,902,001 

.25  368,001 

$1.05 -[-$3,904, 001 


.45 

.50 

.40 

6.50 

8.25 


(II)  Dams: 

Emb,ankment.   Ancon-Sosa  and   Ancon-Co- 

rozal   dams   5,980.000 

Embankment.    La    Boca    dam 6,300,000 

Shutting  off  the  tidal  flo%v  at  La  Boca 

Diversion    channel    and    regulating    works 

between  Sosa  and  Ancon 

Preparation  of  sites,  etc 


.23 

.25 


$13,542,000 


1.495.000 

1.575.000 

100,000 

275,000 
150,000 


(11)  Mirafiores  dams: 

ICxcavation    184,686 

Filling     1,051,500 

Concrete     68,500 

Regul.ating  works   

Miscellaneous     


1.00 

.50 

11.00 


$3,595,000 

The  present  estimate  for  locks  at  Mlraflores  exceeds  the   estimate  of  1906  for  lock  at  La  Boca $6,173,000 

The    increase   is   due   principally   to   increased   work    from  changing  size  of  locks  from  95  feet  by  900  feet 
to  no  feet  by  1.000  feet,  and  also  to  ch.inges  in  plans,   such  as  providing  Intermediate  gates,  etc..   viz.: 

Increased  excavation.  2.278.172  cubic  yards $2,287,000 

Increased   back-fill    390,000 

Piling,   riprap,  and  miscellaneous   (new  Items) 409.000 

Increased  concrete  due  to  deeper  foundation   required  at  Mirafiores,  69,500  cubic  yds.,  at  $6.50      452,000 

Increased    concrete   due   to   change   In   plans,    240,000   cubic  yards,   at  $8.25 1,980,000 

Increase  due  to   gates,   operating  machinery,   etc 655,000 

Total    $6,173,000 

The  estimates  of  1906  for  the  Pacific  dams  as  given  above  Is  not  comparable  with  the  estimate  of  December, 
1908  for  Mirafiores  dams,  as  the  work  Is  not  In  the  same  location,  and  dams,  as  proposed  by  the  board  of  1906, 
If  built,  would  have  had  to  have  been  modified  In  plan. 

SUMMARY. 


865, 00< 

62,00< 

17,00' 

452,001 

10,385,001 

3,700,001 
330,001 

$19,715;00( 

185, 00( 
526,O0( 
764, 00( 
325,00( 
366,00( 


$:,156,00( 


Cu.  yds.     Unit.  Amount. 

$8,288,000 

325.000 

2,359,000 

w., 13,542,000 

Pacliic  dams  (La  EocaY .'.'.'.' 3,595,000 

$28,109,000 


Pedro  Miguel  lock 

Pedro   Miguel   dam 

Channel  Pedro  Miguel  to  deep  water 
Pacific   locks    (Iji   Boca) 


Pedro  Miguel  lock 

Pedro  Miguel  dam  

Channel  Pedro  Miguel  to  deep  water. 

Pacific    locks    (Mirafiores) 

Pacific  dams   (Mlraflores) 


Cu.  yds. 


Unit.     Amount. 

$12,693.00(1 

251,000 

13,170,00(1 

19,715,000 

2,156,00(1 


$47,985,000 


Engineering   and    Contracting 

IR  OF  BUILDINGS   FOR  THE    DKHARTMENT  OF  CONSTRUCTION  AND  ENGINEERING. 
;r  $1,000,000  for  departments  of   civil  administration  and  sanitation,  for  which  department  of  < 
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CONSTRUCTION  AND    liEPAII.    -.     _  ..         ,  i.     v,  j  *  .     , 

Expenditures  to  October,   190S  (including  over  $1,000,000  for  departments  of   civil  administration  and  sanitation,  for  which  department  of  «°""       .^,  -^ 

struction  and  engineering  has  not  yet  been  credited) onn  nn« 

Estimate  from  October  1,  1908.  to  .lulv  1,  1909 3UU,uuo 

Estimate  after  July  1,  1909: 
Atlantic   division 


535.000 


.^LiailLl^      UlViaiUll       Q«£-    nnn 

Central  division ,  noofioo 

Pacific  division   HZn^l 


Quartermaster's   department 

Of  the  above  amount,  about  $10,000,000  is  for  new  con 
maintenance,  and  repair  to  old  French  and  new  American 

About   3.500   buildings   of  all   classes  are   covered   by 
190S.   include  over  $1,000,000  for  the  departments  of   sanl 
which    the   appropriations   for   the   department   of    constr 
provision   by   law. 

For  expenditures  after  July  1.  1909,  amounting  to  $3 
the  head  of  "Repairs"   will   amount  to  5  per  cent  per  an 
deteriorp.tion    of    paint,    woodwork,    screening,    etc.,    due 
as  a  contingent  item  to  provide  for  any  new  construction 

GENERAL 
This   includes   all  general   expenses  and   overhead   charges  of   the   com 
work,   and    includes   the   following; 

All  expenses  in  the  United  States,  all  expenditures  in  the  office  ot  the. 
disbursing  officer.  It  includes  certain  expenses  of  the  subsistence  depart 
service,  transportation  on  the  Isthmus,  meteorological  work.  Young  Men's 

Expendituies   to  October  1,   190S 

After  October  1,  190S,  61/4  years,  at  $3.000,000 


1.300,000 

$14,651,000 
struction,    and    the    remainder    being    for    improvements, 
buildings.  ,.^  ,      „  ^  ^       , 

the  estimate.  The  above  expenditures  up  to  October  1. 
tation  and  civil  administration  prior  to  July  1,  1907,  for 
uction  and  engineering  can  not  be  credited  without  special 

SOO  000,   as  above,   it   has  been   assumed   that  work   under 
num   on   the   first   cost   of   the    buildings   to   take   care   '^f 
largely    to   climatic   conditions.      The   balance    is    inserted 
that  mav  be  found  necessary. 

EXPENSES.  .  -  .        .. 

mission   not   properly   chargeable  directly  to   any  one   item  ot   construction 

chairman  and  chief  engineer,  office  of  the  examiner  of  accounts,  and  the 
ment  borne  by  the  commission,  expenditures  for  telegraph  and  telephone 
Christian  Association  work,  etc. 

' '.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'.'..'.'. '.  18',750',000 


The  estimate  of  S3. 000. 000  a  year,  or  $250,000  a  month,  is   based  on  the  following: 

Office  chairman  and  chief  engineer 

Office  secretary  of  corr.mission 

Engineering  and  technical  force,  attached  to  office  of  chief  engineer   

Meteorological  and  river  hydraulic  work,  experimental  work,  and  general  surveys 

Salaries  of  Y.  M.  C.   A.   secretaries  and   expenses  in  connection   therewith    

Quartermaster's  department   

Office  examiner  of  accounts 

Office  disbursing  officer 

Proportion  of  expenses  of  subsistence  department         

AH  expenses   In  the  United  .States,  including  those  of  Washington  office  and  elsewhere. 

Transportation  on   the  Isthmus   (paid   to   Panama  Rallro.nd)    

Telephone   and    telegraph    service    (paid    to    Panama    Railroad)     


$23 


3,730,000 

20.000 

2,000 

9.00!) 

6,000 

3.000 

125,0011 

20,000 

7.500 

8,5(10 

27,000 

15.000 

7,000 

Total i    250,000 

LOANS  TO  PANAMA  RAILROAD. 
This  Item  Includes  appropriations  to  date,  amounting  to  about  $4,200,000    for  the   reconstructicn   and  re-equipment  of  the  Panama   Railroad,   which 
hiiK  been  expended  for  th-^  purchase  of  new  equipment  and  other  improvements   properly  classed   as   "betterments   and   renewals,"   and   for   which   ths 
resources  of  the  r.iilroad  were  insufficient. 

In  accordance  with  the  appropriation  acts  the  repayment  of  the  above   sum   to  the  United   States  has  been   secured  by  notes   bearing  4   per  cent 
Interest,   deposited    in   the   United   States   Treasury. 

It  Is  estimated  that  .additional  appropriations  amounting  to  $4,100,000  will  be  required  for  similar  purposes  as  a  loan  to  the  Panama  Railroad  will 
be  required  before  the  completion  of  the  canal,  for  improved  and  enlarged   dock  and  wharf  facilities  at  La  Boca  and  Criiftobal,  viz: 

Expenditures  to  July  1,  1909,  for  reconstruction  and  re-equipment  of  Panama  Railroad $4,200,000 

Estimate  for  year  1909-10: 

Construction  and  extension  of  docks $    700,000 

Year   1910-11: 

Reconstruction  and  extension  of  docks 1,400,000 

Year  1911-12: 

New  coal-handling  plant  and   reconstruction   of  docks 2,000,000 

4,100,000 


Board  of  1906. 

Atlantic  division    $35,445,000 

Central    division    48,8(57,000 

Pacific  division 28,109,000 

New    Panama   Itallroad    3,700,000 

I>and  damages   300,000 


GENERAL 


$116,451,000 


$8,300,000 
SUMMARY. 

1908. 

Atlantic  divi'sion    $68,564,000 

Centra!    division    88,458,000 

Pacific   division    ""^'^  "'•11a„ 

New   Panama  Railroad    ^•^^'*'"25 

I^and  damages   ..00,000 


!0  per  cent  for  administration,  engineering,  and  contingencies, 
but  not  includini.'  interest  during  construction,  sanitation, 
and  expenses  of  Zone  government 


23,284,200 


Cost  of  canal,  as  estimated  hy  the  board  of  1906,  exclu- 
sive of  Interest  during  construction,  sanitation,  and 
expenses  of  Zone  government $139,705,200 


General  items,  corresponding  to  20  per  cent  for  ad- 
ministration,  etc.,  of  minority  estimate: 

Light-houses,  buoys,  and  beacons $      500,000 

Roads,  waterworks,  sewers,  etc.,  termed  "Mu- 
nicipal improvements"  (as  per  itemized  state- 
ment)   ...    12,114,000 

Construction  and  repairing  buildings  for  the  de- 
partment of  construction  and  engineering  (as 

per  itemized  statement) 14.6:)1.000 

Double   tracking   Panama  Railroad 1.200.000 

Purchase  ot  steamers  Panama  and  Colon  (leased 

to  Panama  Railroad)    ^■?"x'a22 

Purchase  of  steamers  Tremont  and  Shawmut...     I,5o0,000 
Docks  and  wharves  leased  to  Panama  Railroad 

Co 500,000 

Purchase  of  land  not  flooded  by  Gatun  Lake 15i!'25U 

General  expenses   (as  per  itemized  statement)..   23, 1 30,000 

Purchase  of  Panama  Railroad  stock ^^"'"Sx 

Contingencies,   including  fire  and  marine  risks..   20,000,000 

Ijoans  to  Panama  Railroad  Co.  as  per  itemized     „  „  „    „„ 

statement)    8,300,000 


$213,671,000 


84,095,000 
$297,766, 0»O 


gardln^  Its  hcalthfulncss,  made  It  necessary,  in 
order  to  secure  labor,  to  Increase  the  wage 
scales  from  30  to  60  per  cent  over  those  paid 
in  the  United  .States  for  similar  classes  of 
work.  Certain  gratuities  as  additional  induce- 
ments were  also  offered,  which  in  tht-  main  have 
since  been  continued.  Moreover,  the  provisions 
of  the  eight-hour  law  were  made  applicable  to 
the  Tsthmus. 

The  unit  prices  were  therefore  materially  in- 
creased. Various  changes  had  also  been  made 
In  the  adopted  plan,  Increasing  the  quantity  of 
work  to  be  done.  In  addition,  more  derailed 
surveys  and  plans  than  were  originally  available 
had  been  made,  and  the  work  had  progressed 
sufficiently  to  give  reliable  data  relative  to  unit 
costs.  This  enabled  a  revised  estimate  to  be 
prepared  and  submitted  at  a  hearing  before  the 
Committee  on  Apiiropriatlons  of  the  House  of 
Representatives   in   February.   1909. 


2,382,000 


Sanitation: 

Expenditures  to  October  1,  1908 $  7,553,00() 

Estimate  after  October    1,    190S,    6H    years    at 
$2,000,000    12,500,000 

Civil  administration: 

Expenditures  to  October  1,  1908 

Estimate   after  October   1,    1908,     6'/t     years,    at 
$800,000   5,000,000 

Payments    for    franchises,     as    authorized    by    the 
Spooner  Act  of  June  28,  1002: 

.Amount  paid   to  New   French  Canal  Company..  40,000.000 
Amount   paid   to   Republic   of   Panama 10,000,000 


The   following  Is  an   estimate  of  reimbursements  to 
the  United  States  Treasury  from  the  foregoing  ap- 
propriations,   not    Including     any     allowance     for 
salva:ic  from   iibint   upon   completion  of  the  work: 
Municipal  Improvements,   cities  of   Panama  and 

Colon i  3,700,000 

Ijoans  to  Panama  Railroad  Company 8,300,000 

Miscellaneous  receipts  returned  to  the  United 
States  Treasury,  not  credited  to  appropriations 
for  the  canal  3,000.000 


20,053,000 


7,382,000 


50.000,000 
77,435,000 


$15,000,000 


lanuarv  /, 


1914. 


Engineering   and    Contracting 


33 


This  estimate  shows  that  nearly  50  per  cent 
more  work  is  necessary  in  order  to  complete  the 
canal  than  was  contemplated  by  the  original 
estimate  and  that  the  unit  prices,  due  to  labor 
conditions,  cost  of  materials,  and  gratuities 
given  the  employes,  have  been  increased  about 
20  per  cent.  The  estimate,  as  prepared,  shows 
that  the  total  cost  of  engineering  and  construc- 
tion alone  sums  up  to  $297,766,000:  to  which.  If 
the  purchase  price  and  the  estimated  cost  of 
sanitation  and  civil  government  be  added,  there 
results  the  sum  of  $375,201,000  as  the  total  cost 
of  the  canal. 

The  Final  Panama  Canal  Plans. 

The  development  of  tentative  plans  toward 
a  final  plan  for  the  Panama  Canal  has  been 
outlined.  A  general  description  of  the  canal 
constructed  now  follows,  preceding  more  par- 
ticular descriptions  of  the  individual  works 
which  together  form  the  new  waterway. 

Beginning  at  the  Atlantic  end  the  first 
4%  miles  of  the  canal  lie  within  the  Bay  of 
Limon  and  consist  of  a  channel  500  ft.  wide 
on  the  bottom.  41  ft.  deep  and  with  side  slopes 
of  1  on  3.  The  alignment  of  this  submerged 
channel  is  straight  and  this  tangent  con- 
tinues inland  one  mile  farther  or  to  the  Mindi 
Hills.  Here  by  a  curve  of  long  radius  the 
canal  swings  slightly  west  and  continues  on 
tangent  1%  miles  to  Gatun.  The  2%  miles 
of  inshore  channel  is  of  the  same  dimensions 
as  the  submerged  channel  in  Limon  Bay.  The 
total  canal  distance  from  the  terminus  in 
Limon  Bay  to  Gatun  is  7  miles  and  this  is 
the   Atlantic   sea   level   of   the   canal. 

At  Gatun  the  Chagres  River  is  dammed  by  an 
earth  dam  having  a  crest  elevation  of  +105  ft. 
or  105  ft.  above  mean  sea  level.  This  dam-  im- 
pounds the  Chagres,  forming  Gatun  Lake, 
having  a  water  level  normally  at  +85  ft.  ele- 
vation but  varying  from  5  ft.  below  this  level 
to  2  ft.  above  it.  To  reach  this  85  ft.  level 
of  Lake  Gatun  there  is  a  flight  of  three  twin 
locks  or  three  pairs  of  locks  continuous-  with 
each  other  from  end  to  end.  The  lift  of  each 
pair  of  locks  is  28%  ft.,  or  for  the  three  pairs 
a  total  of  85  ft.  The  two  locks  of  each  pair 
are  side  by  side,  with  only  a  dividing  wall  be- 
tween,   but    this    dividing    wall    is    continuous 


throughout  the  length  of  the  three  locks.  The 
locks  at  Gatun  consist  of  two  contiguous 
parallel  flights  of  three  locks  which  can  be 
used  simultaneously  or  separately.  The  cham- 
ber of  each  lock  is  1,000  ft.  long  and  110  ft. 
wide.  Vessels  are  towed  through  the  locks 
by   electric   locomotives. 

Lake  Gatun,  with  normal  water  level  at  ele- 
vation +85  ft.,  extends  in  the  direction  of  the 
canal  line  as  far  as  Bas  Obispo  and  except 
for  the  removal  of  the  top  of  an  occasional 
mound  furnishes  a  channel  without  excava- 
tion for  17  miles.  The  line  of  the  channel 
bends  slightly  to  the  east  on  leaving  the  Gatun 
locks  and  for  3%  miles  is  1,000  ft.  wide  and 
75  ft.  deep;  it  then  swings  more  sharply  east 
and  continues  on  tangent  to  near  Bohio,  a 
distance  of  4%  miles.  This  4%  miles  of 
channel  is  1,000  ft.  wide  with  a  depth  grad- 
ually decreasing  from  75  ft.  At  Bohio  the 
channel  swings  east  and  is  1,000  ft.  wide  for 
2  miles  to  Buena  Vista;  it  then  swings  west 
and  remaining  1,000  ft.  wide  continues  2% 
miles  to  a  point  opposite  Frijoles.  At  Frijoles 
there  is  another  turn  to  the  west  and  a  1,000 
ft.  channel  to  Tabernilla,  2%  miles.  At  Taber- 
nilla  the  channel  turns  east  and  narrows  to  a 
width  of  800  ft.  for  3  miles  to  near  San 
Pablo.  At  San  Pablo  there  is  a  turn  to  the 
west  and  a  1-mile  stretch  of  800  ft.  channel, 
then  another  turn  to  the  right  and  a  500  ft. 
channel  to  Gamboa,  1  mile.  This  alignment  as 
described  seems  rather  tortuous  but  the  curves 
are  very  flat  and  as  will  be  seen  from  Fig.  3 
the  line  is  more  direct  than  the  description 
makes  it  appear. 

Near  Gamboa  is  Bas  Obispo  and  here  the 
canal  is  formed  by  the  Culebra  cut  through 
the  continental  divide.  At  Bas  Obispo  the 
channel  is  reduced  in  width  to  300  ft.  and  con- 
tinues at  this  width  for  8.1  miles.  As  the 
channel  enters  the  cutting  beyond  Bas  Obispo 
the  height  of  the  banks  increases  to  summits 
at  Contractors  Hill  of  +410  ft.  elevation  and 
at  Gold  Hill  of  +554  ft.  elevation.  These 
two  summits  are.  however,  just  off  the  line 
of  the  canal;  the  greatest  elevation  directly 
over  the  canal  line  is  +812  ft.  or,  since  the 
bottom  of  the  canal  is  at  +40  ft.  elevation, 
the  actual  depth  of  cut  is  272  ft.     The  Gatun 


Lake  level  of  +85  ft.  extends  through  Cule- 
bra Cut  to  Pedro  Miguel.  The  depth  of  wate"r 
in  the  cut  is  45  ft.  at  normal  lake  level.  The 
canal  alignment  from  Bas  Obispo  to  Pedro 
Miguel  consists  of  eight  reaches,  four  to  the 
west  and  four  to  the  east,  connected  by  easy 
curves. 

At  Pedro  Miguel  is  the  first  of  the  locks 
dropping  the  canal  from  Gatun  Lake  level  to 
sea  level  at  the  Pacific.  This  lock  is  a  single 
twin  structure  with  1,200-ft.  dividing  wall  ex- 
tensions as  at  Gatun  locks  and  with  the  same 
dimensions  of  lock  chamber.  Pedro  Miguel 
lock  drops  the  canal  to  elevation  +55  ft.  of 
Miraflores  Lake  formed  by  a  dam  at  Mira- 
flores.  This  lake  is  small  and  the  channel 
through  it  to  Miraflores  lock  is  500  ft.  wide 
and  45  ft.  deep  and  is  1%  miles  long. 

At  Miraflores  two  twin  locks,  with  cham- 
bers and  extended  dividing  walls  of  the  same 
dimensions  as  those  at  Gatun  and  Pedro 
Miguel,  drop  the  level  from  +55  ft.  of  Mira- 
flores lake  to  +10  ft.  at  high  tide  or  —10  ft. 
at  low  tide,  which  is  Pacific  sea  level.  The 
sea  level  channel  from  Miraflores  to  deep 
water  in  the  Gulf  of  Panama  is  500  ft.  wide 
and  its  bottom  is  at  elevation  +45  ft.  or  the 
depth  is  55  ft.  at  high  tide  and  35  ft.  at  low 
tide.  The  length  of  channel  from  Miraflores 
to  deep  water  is  7%   miles. 

In  summary,  the  canal  is  50.4  miles  long 
from  deep  water  in  Limon  Bay  to  deep  water 
in  the  Gulf  of  Panama.  Its  length  from  shore 
line  to  shore  line  is  41.5  miles.  There  are 
14.5  miles  at  sea  level ;  about  23.5  miles  in 
Gatun  Lake;  1.6  miles  in  Lake  Miraflores, 
some  3  miles  in  locks,  including  approach 
walls,  and  8  miles  in  Culebra  Cut.  The  total 
curvature  is  600°  51'  divided  between  22 
curves. 

The  alignment  of  the  canal  is  shown  by 
Fig.  3,  and  Fig.  7  is  a  profile  giving  all  essen- 
tial elevations,  distances  and  other  general 
data.  The  main  structural  features  of  the 
canal  proper  which  call  for  particular  descrip- 
tion are  the  sea  level  stretches,  the  three  sets 
of  locks,  the  Gatun  dam  and  spillway,  and  the 
Culebra  cut.  Besides  the  canal  structures 
proper  there  are  the  harbor  works  in  Limon 
Bav   and   the   Gulf  of   Panama. 


Lakes  Gatun  and  Miraflores  Dams  and  Spillways 


Gatun  Lake. 

Gatun  Lake  is  the  unique  feature  of  the  final 
plan  of  the  Panama  Canal,  compared  with 
previous  plans  for  the  canal.  It  contributes 
practically  without  excavation  23%  miles  of 
navigable  waterway.  It  simplifies  the  problem 
of  controlling  the  floods  of  the  Chagres  River 
almost  to  the  point  of  eliminating  that  prob- 
lem. It  provides  a  storage  of  water  for  lock- 
age and  other  purposes  which  is  far  more 
ample  than  could  be  provided  in  any  other  of 
the  ways  suggested. 

The  first  suggestion  to  dam  the  Chagres  at 
Gatun  is  credited  by  Mr.  Joseph  Bucklin 
Bishop,  Secretary  Isthmian  Canal  Commis- 
sion, to  Godin  de  Lepinay,  one  of  the  engi- 
neer members  of  the  De  Lcsseps  International 
Congress  of  1879,  In  1880,  in  a  discussion  be- 
fore the  American  Society  of  Civil  Engineers, 
Mr.  Ashbel  Welch  aLso  suggested  the  Gatun 
site.  Both  the  Gatun  and  the  Pacific  dams 
were  again  suggested  in  1904  in  a  paper  before 
the  same  society  by  Mr.  C.  D.  Ward.  The 
De  Lesseps  lock  canal  plan  and  its  successor. 
the  plan  of  the  New  (French)  Panama  Canal 
Co.,  called  for  dams  at  Bohio  and  Bas  Obispo. 
The  first  Isthmian  Canal  Commission  report- 
ing in  1901,  located  its  dam  also  at  Bohio. 
This  was  the  plan,  tentatively,  under  which 
construction  was  begun  by  the  second  Isth- 
mian Canal  Commission.  Studies  were  made, 
nevertheless,  of  the  foundations  for  a  dam  at 
Gatun.  by  Chief  Engineer  John  F.  Wallace, 
who.  hovvever,  becoming  favorable  to  a  sea 
level  canal,  passed  the  Gatun  site  over  in  favor 
of  a  dam  at  Gamboa,  near  Bohio,  which  would 


coincide  with  a  sea  level  plan.  When  Mr. 
John  F.  Stevens  succeeded  Mr.  Wallace  he 
took  up  the  plan  of  a  dam  at  Gatun  with 
more  favor  and  had  more  careful  investiga- 
tions made  of  its  site.  He  became  from  his 
studies  an  advocate  of  the  Gatun  site  and 
urged  it  upon  the  Internationa!  Board  of  Con- 
sulting Engineers,  with  the  result,  as  has 
been  stated,  that  the  minority  report  of  this 
board  made  it  an  essential  feature  of  its 
plan    for   a   lock   canal. 

The  feasibility  of  a  great  artificial  lake 
formed  by  a  dam  at  Gatun  depended  upon 
four  main  facts:  (1)  whether  a  stable  dam 
was  possible  of  construction  at  the  Gatun 
site;  (2)  whether  such  a  dam  could  be  ar- 
ranged so  as  safely  to  waste  excess  flow  of  the 
Chagres  in  flood;  (3)  whether  such  a  reservoir 
could  be  filled  initially,  and  (4)  whether  when 
once  filled  it  could  be  kept  full  enough  to 
meet  the  drafts  upon  its  storage.  The  first 
fact  and  second  fact  were  determined  by 
the  engineering  studies  outlined  in  the  suc- 
ceeding sections  on  the  Gatun  Dam  and 
the  Gatun  Spillway.  The  third  and  fourth 
will    be    considered    here. 

The  possibility  of  being  able  to  fill  Lake 
Gatun  initially  was  from  the  first  a  question 
of  time  required  and  not  a  question  of  the 
amount  nf  water  available.  A  study  of  the 
How  of  the  Chagres  at  Gatun  demonstrated 
that  the  lowest  yearly  flow  of  record  would 
be  suflicicnt  to  fill  the  lake  in  two  years.  With 
the  beginning  of  .\mcrican  control  careful 
studies  of  river  flow  were  inaugurated  and  in 
1911-12  the   driest   wet   season  of   record   was 


recorded.  The  average  flow  for  this  year  was 
G,55G  sec.  ft.  This  flow  without  losses  will 
fill  Lake  Gatun  in  400  days. 

The  ability  to  keep  Gatun  Lake  once  filled, 
full  enough  to  meet  all  demands  upon  its 
waters  depends  of  course  upon  the  volume 
of  water  drafted  from  the  reservoir.  These 
drafts  are:  (1)  Losses  due  to  evaporation; 
(2)  losses  due  to  seepage;  (3)  leakage  through 
lock  and  spillway  gates;  (4)  consumption  for 
locking  ships  to  and  from  summit  level;  (6) 
consumption  for  power,  water  supply,  etc. 

Gatun  Lake  at  elevation  +80  ft.  has  an  area 
of  153  square  miles,  at  elevation  +85  an  area 
of  163  square  miles,  and  at  elevation  +90  ft. 
an  area  of  173  square  miles.  Evaporation 
studies  were  made  and  all  records  of  the 
French  engineers  of  previous  years  were  ex- 
amined. From  the  evidence  collected  it  was 
ligured  that  the  probable  rate  of  evaporation 
would  be  about  %-in.  per  24  hours,  which  is  a 
loss  of  930  sec.  ft.  The  aggregate  seepage 
loss  based  on  borings  and  other  careful  sur- 
veys of  the  lake  bed  and  surrounding  high- 
lands was  estimated  at  85  sec.  ft.  Leakage 
through  lock  and  spillway  gates  was  estimated 
at  27.":  sec.  ft.  /\.  similar  figure,  275  sec.  ft,, 
was  determined  for  the  consumption  of  water 
for  power  generating  purposes.  Lockage  is 
calculated  to  consume  2,618  sec.  ft.,  based 
upon  the  assumption  of  one  lockage  per  hour 
in  each  direction.  The  total  of  all  these  com- 
puted  drafts  on  Lake   Gatun   is  4,183  sec.    ft. 

The  driest  consecutive  four  months  in  the 
available  records  of  19  years  to  1908  give  a 
flow    of    1,190    sec.    ft.     In    four    consecutive 
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months  of  1912  the  rate  was  900  sec.  ft.  The 
dtticiency  between  such  minimum  dry  season 
inflow  and  the  calculated  consumption  is  pro- 
vided for  by  storage  by  filhng  Lake  Gatun  in 
the  wet  season  to  +87  ft.  elevation.  From 
this  level  it  will  be  drawn  down  during  the 
dry  season  as  far  as  the  consumption  may 
demand  to  a  minimum  elevation  of  +80  ft. 
At  +80  ft.  elevation  there  will  be  a  depth  of  40 
ft.  of  water  in  the  channel  at  Culcbra  Cut. 

Gatun  Dam. 

The  minority  members  ol  the  Board  of 
Consulting  Engineers  who  reconnnended  the 
lock  canal  plan,  with  a  dam  at  Gatun,  also  pre- 
sented general  plans  for  the  dam.  Their 
belief  in  the  possibility  of  the  dam  and  in  a 
measure  their  plans  were  based  on  borings  of 
the  site  by  the  second  Isthmian  Canal  Com- 
mission. Real  investigation  of  the  dam  site 
and  of  the  designing  and  construction  problems 
involved  did  not  begin,  however,  until  Dec.  1, 
1907,  some  time  after  the  canal  plan  of  the 
minority  report  had  been  adopted.  These  in- 
vestigations were  prosecuted  under  the  direc- 
tion of  Mr.  C.  M.  Saville,  assistant  engineer, 
who  reported  the  results  .Vug.  29,  1908.  The 
report  contained  some  70  pages  of  te.Kt  and  112 
plates  and  diagrams  and  was  a  most  exhaustive 
study,  and  only  a  very  general  summary  of  the 
findings  and  conclusions  is  here  possible. 

The  first  work  undertaken  was  to  locate  a 
sufficient  quantity  of  material  suitable  for  a 
dam  which  was  to  be  built  by  the  sluicing 
process.      Material    which    appeared    suitable 


could  be  obtained  from  excavation  in  Liraon 
Bay. 

The  next  work  undertaken  was  the  investi- 
gation of  foundations  for  the  dam  and  spill- 
way. The  main  questions  sought  to  be  an- 
swered by  these  studies  were :  The  ability 
of  the  ground  to  support  the  structures  in- 
tended to  be  built;  the  likelihood  of  perme- 
able connection  through  the  alluvial  deposits 
of  the  gorge  across  which  the  dam  was  to 
stretch,  between  the  swamps  to  the  south  and 
the  flats  to  the  north  of  the  dam  ;  the  possibil- 
ity, with  the  materials  available,  of  making 
water  tight  embankment  by  hydraulic  lilling. 
The  investigation  was  conducted  by  means 
of  test  pits  and  well  drill,  diamond  drill  and 
wash  borings  and  by  building  and  testing 
model  dams. 

A  very  brief  study  served  to  disclose  that 
the  outcropping  and  underlying  rock  of  the 
gorge  was  amply  strong  to  support  any  weight 


100  ft.  was  a  deposit  of  blue  clay  containing 
little  sand  and  some  shells.  Underneath  this 
clay  for  some  20  ft.  to  bed  rock  was  a 
stratum  of  small  boulders  and  angular  gravel 
thoroughly  consolidated  and  cemented  together 
with  finely  divided  clay  and  silt.  This  breccia 
resembled    the    hard    pan    or   "glacial    till"   of 
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Fig.  8.    Map  of  Gatun   Dam  and  Spillway  and    Gatun   Locks. 


was  located  down  the  Gatuncillo  valley.  An 
additional  dredging  site  was  also  located  in 
the  valley  just  north  of  the  dam.  Previous 
investigations  had  indicated  a  (|uantity  of  ma- 
terial in  the  Cliagrcs  valley  south  of  the  dam. 
.'Ml  these  area.s  were  within  IM:  miles  of  the 
<lani  and  in  locations  suitable  for  hydraulic 
dredging.  The  total  quantity  available'was  es- 
timated as  not  less  than  2(t,0(i0.000  cu.  yds. 
based  on  excavation  not  lower  than  50  ft. 
below  sea  level.  If  it  should  appear  that  suffi- 
cient material  was  not  available  in  these  locali- 
ties it  was  asserted  that  an  additional  amount 


of  structures  planned,  in  respect  to  perme- 
ability it  was  found  that  some  of  the  under- 
lying and  outcropping  rocks  were  of  porous 
texture  but  that  the  principal  water  bearing 
medium  was  likely  to  be  the  joints  and  seams 
which  cut  through  the  various  strata.  It  was 
noted  that  where  this  possibility  existed  cut- 
off wall  construction  was  easily  possible. 

The  alluvial  deposits  in  the  gorges  were 
found  to  be  composed  almost  wholly  of  a  very 
fine  sand  with  a  large  proportion  of  clay  from 
the  surface  down  to  a  maximum  depth  of  50 
ft.     Under  this  stratum  to  a  possible  depth  of 


northern  countries.  It  was  watcrproo.  and 
non-water  bearing  but  when  exposed  to  wash- 
ing action  it  broke  down  and  tlie  clay  being 
washed  out  left  a  permeable  coarse  gravel. 
No  continuous  layer  of  loose  sand  or  cravet 
was  disclosed.  No  deposit  of  any  sort  was 
found  extensive  enough  and  sufficiciitly  perme- 
able to  endanger  the  proposed  da::i. 

The  experiments  with  model  dams  made 
b>  hydraulic  fill  of  the  materials  proposed  to  be 
used  for  the  actual  dam  showed  so  efficient 
packing  and  consolidation  of  materials  by 
water  deposition  that  seepage  w.ni  practically 
eliminated. 

Summarizing,  the  results  of  the  investiga- 
tions indicated:  (H  That  suitable  material 
was  available  near  at  hand  for  the  construc- 
tion of  the  Gatun  Dam  by  the  hydraulic  proc- 
ess; (2)  that  the  foundations  were  suitable 
for  such  a  structure  as  that  proposed  at 
Gatun  if  they  were  properly  treated;  (3)  that 
it  was  practically  possible  to  construct  a 
stable  and  water  tight  dam  at  Gatun  of  the 
materials  available;  (4)  that  the  hydraulic 
method  of  construction  as  proposed  for  that 
work,  was  feasible  if  proper  conditions  were 
observed. 


January  7.  1914. 
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Simultaneously  with  the  investigations  the 
commission  had  proceeded  with  the  design  of  . 
the  Gatun  Dam  described  in  the  next  section. 
To  allay  concern  felt  in  the  United  States  as 
to  the  safety  of  the  dam  as  designed,  a  Board 
of  Engineers  was  appointed  to  investigate  all 
features  of  this  work  and-  to  report   its  find- 


and  sliding  of  the  materials  underneath  and  in 
the  body  of  the  dam.  These  materials,  speak- 
ing broadly,  are  of  a  clayey  nature,  generally 
impervious  to  water,  but  sometimes  slipping 
when  subjected  to  heavy  unbalanced  pressure  or 
on  high,  steep  slopes  when  saturated  with  water. 
In    this    respect    the    materials    differ    radically 


safely  reduced  20  ft.  from  that  originally  pro- 
posed; namely,  to  an  elevation  of  115  ft.  above 
sea  level,  or  30  ft.  above  the  normal  nevel  of 
the  water  against  the  dam.  We  are  also  of  the 
opinion  that  the  sheet  piling  recently  proposed 
under  the  base  of  the  dam  may  be  safely 
omitted.      The    narrow    cut-off    trench    now    in 


Upper  Siope  Of  Dom  Tobe  Protected  by  10'       ,    /Cheapest  n/ling  Available 
thickness  of  Bos  Obispo.orother^SO'^  Ax'^^ofDam--,  ,::^°^J^.[!'' 

■-     ■  -   •  ^-  ..     :  ' +115'  -4 1  i^'IOOl-rlOO-*^ f40 

'    "    *    -^Z    '■*90' 


Sound  Rock  rill  run  of  Excavation 


Cheapest  Filling  A  vailable 
Rock  Fill  preferred  for 
■■,  Surface  of  Slope 

*60 


This  Slope  may  be 
flattenon  soft  bottom 


Cut-offTrench- 

■1930 


Fig.  9.  Adopted   Cross   Section   for  Gatun   Dar 


ings.  This  board  was  appointed  in  January, 
1909,  and  its  members  were  F.  P.  Stearns, 
James  D.  Schuyler,  Arthur  P.  Davis,  Isham 
Randolph,  Henry  D.  Allen,  John  R.  Freeman 
and  Allen  Hazen.  The  board  reported  Feb. 
16,  1909,  and  the  report  so  far  as  it  related 
to  the  dam  design  and  foundations  was  as 
follows : 

We  are  satisfied,  both  from  the  records  of  the 
experiments  that  have  been  made  and  from  our 
own  personal  examination  of  the  materials,  as 
seen  in  cuts  now  open,  and  as  disclosed  by 
samples  from  test  borings,  that  there  will  be 
no  dangerous  or  objectionable  seepage  through 
the  materials  under  the  base  of  the  dam;  nor 
are  they  so  soft  as  to  be  liable  to  be  pushed 
aside  by  the  weight  of  the  proposed  dam  so  as 
to   cause    dangerous   settlement. 


from  the  sandy  and  gravelly  materials  which 
have  been  frequently  used  in  the  construction 
of   other   earth    dams. 

In  order  to  build  a  dam  of  these  clayey  ma- 
terials that  will  be  stable  and  permanent,  it  is 
necessary  that  the  slopes  should  be  flatter  than 
would  be  needed  to  secure  the  stability  of  a 
dam  of  silicious.   sandy  or  gravelly  materials. 

The  evidence  that  has  been  accumulated  as 
to  the  degrees  of  slope  that  are  stable  with 
these  materials  seems  to  us  conclusive.  The 
facts  that  the  materials  are  slippery  does  not 
mean  that  a  dam  built  from  them  is  necessarily 
less  stable  than  a  dam  built  of  materials  that 
do  not  slip  so  easily.  It  does  mean  that,  in 
order  to  secure  stability  and  permanency,  tlie 
dam  must  be  built  with  a  greater  thickness  at 
the  bottom.     The  dam  as  proposed  is  more  than 
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progress  through  the  upper  earth  stratum  on 
Gatun  island  and  elsewhere  and  designed  to  be 
refilled  with  sluiced  materials  should  be  con- 
tinued. 

Changes  in  these  respects  will  facilitate  the 
work  of  construction,  and  will  reduce  somewhat 
the   cost   of   the  proposed    work. 

A   full  study  of  all  the  data  at  hand  and  of 
the   materials,    and   of   the   plans   that  are   pro- 
posed   with    the    above    modifications   leaves    no. 
doubt   in   our   minds   as   to   the   safe,    tight   and 
durable  character  of  the  Gatun  dam. 

The  various  reports  of  insecurity  of  the 
Gatun  dam.  which  had  been  current  in  the 
press  of  the  United  States,  were  practically 
stopped  by  this  approval  of  the  plans  and 
construction.  Construction  which  had  been 
begun   in   a   tentative   way,    was  now   actively 
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Fig.  10.   Preliminary  Section  of  Gatun   Dam   With   Crest   Elevation   at   135   Feet. 


We  are  also  satisfied  that  the  materials  avail- 
able and  which  it  is  proposed  to  use  are  suit- 
able and  can  be  readily  placed  to  form  a  tight, 
stable  and  permanent  dam. 

The  type  of  dam  now  under  construction  Is 
one  which  meets  with  our  unanimous  approval. 
It  is  a  combination  of  rock-fill  and  hydraulic 
fill,  In  which  the  exterior  faces  are  to  be  com- 
posed largely  of  rock  of  all  sizes  obtained  from 
the  canal  excavation,  dumped  and  laid  on  slopes 
much  flatter  than  are  ordinarily  found  in  earth 
dams,  while  the  interior  of  the  great  mass  will 
consist  of  clayey  material  obtained  by  hydraulic 
dredging  from  large  deposits  at  a  little  distance 
from  the  dam,  and  carried  by  water  through 
pipes  to  the  places  where  it  is  to  be  used.  The 
material  as  delivered  is  a  mixture  of  earth  and 


a  third  of  a  mile  in  horizontal  thickness  at  its 
base,   including  the  rock-fill   portions. 

The  design  upon  which  the  work  is  now  being 
prosecuted  abundantly  fulfills  the  required  de- 
gree of  stability,  and  goes  far 'beyond  the  limits 
of  what  would  be  regarded  as  sufficient  and 
safe   in   any    less    important    structure. 

As  a  matter  of  convenience  and  economy  dur- 
ing construction,  materials  have  been  piled  up 
on  slopes  much  steeper  than  those  contem- 
plated in  the  finished  work.  Generally,  the 
materials  so  placed  have  remained  In  position; 
but  In  some  eases  slips  have  occurred.  The 
occurrence  of  these  slips  is  of  no  serious  con- 
sequence, either  In  the  practical  execution  of 
the  work,  or  in  the  ultimate  stability  of  the 
structures.      We    can    readily    understand    how 


pushed  and  the  dam  was  completed  without 
further  serious  question  of  its  stability  and 
strength. 

EMBANKMENT   DESIGN. 

Before  the  report  of  the  board  of  engineers 
was  made,  two  plans  for  a  dam  had  been  pre- 
pared under  the  direction  of  Col.  H.  F. 
Hodges,  assistant  chief  engineer.  One  plan 
was  for  a  dam  with  a  crest  elevation  +10.J  ft. 
above  sea  level,  and  the  other  was  for  a  dam 
with  a  crest  elevation  4-13-5  ft.  above  sea  level. 
The  recommendation  of  the  board  of  engineers 
that  the  crest  clevatioy  be  made  +11.5  ft.  was 
adopted.  Later  the  crest  elevation  was  re- 
duced to  +105  ft.,  and  a  new  and  final  general 
plan  was  proposed.  The  essential  features  of 
this  plan  are  shown  by  Fig.  8. 
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Fig.    11.   Section    for   Gatun    Dam    Proposed   by   Minority   Report  of   International    Board   of   Consulting    Engineers. 
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water.  The  niateiial  held  in  susi)cnsion  slowly 
deposits,  finally  forming  a  solid,  water-tight 
embankment.  The  pond  necessarily  maintained 
on  the  top  of  the  dam  during  construction  tests 
the  embankment  at  all  stages  of  its  growth, 
searches  out  any  weak  points  and  leads  to  the 
closure  of  any  voids  or  cracks. 

The  most  practical  question   in   the  construc- 
tion  of  the  Gatun  Dam  Is  the  possible  slipping 


Incorrect  deductions  may  have  been  drawn 
from  these  occurrences,  especially  by  those 
not  fully  informed  as  to  the  character  of  the 
materials,  and  the  ample  dimensions  and 
much  less  steep  slopes  of  the  proposed  struc- 
tures In  their  final  form. 

We  were  requested  to  consider  the  proper 
height  for  the  crest  of  the  Gatun  dam  and 
after  consideration  concluded   that   it  could   be 


Referring  to  tlic  plan  of  the  dam  site,  it  is 
observed  that  the  valley  of  the  Chagres  con- 
sists in  transverse  profile  of  two  shallow 
gorges  separated  by  rising  ground  or  a  low 
ridge.  Through  the  east  gorge  passed  the 
French  canal  channel  and  the  East  Diversion 
lit  ihc  Chagres,  and  through  the  west  gorge 
llowed  the  West  Diversion  of  the  Chagres.  The 
plan  of  dam  adopted  was  earth  embankment 
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with  rock-lill  toes  across  the  gorges  and  oc- 
cupyiiiK  the  separating  ridge  a  concrete  spill- 
way. The  west  embankment  merged  into  the 
hill's  forming  the  side  of  the  gorge  and  the 
east  embankment  abutted  against  the  Gatun 
lock  structures.  .Appro.ximatcly  the  dam  is 
iy2  miles  long  following  its  crest  and  nearly 
a  half  mile  wide  at  its  base.  The  crest  of  the 
structure  +105  is  20  ft.  above  normal  water 
level  in  Gatun  Lake.  At  water  level  the  em- 
bankment is  about  400  ft.  thick  and  its  crest 
width  is  100  ft.  Of  the  total  length  only 
500  ft.  are  exposed  to  the  maximum  head  of 
water  of  55  ft.  The  adopted  cross-section  of 
the  dam  is  shown  by  Fig.  9,  except  that  as 
finally  constructed  the  summit  elevation  was 
lowered  to  +105  ft.  The  section  shown  by 
Fig.  10  is  that  proposed  by  Col.  H.  F.  Hodges 
prior  to  the  report  of  the  board  of  engineers 
which  recommended  a  lower  crest  elevation. 
The  sketch,  Fig.  11,  shows  the  rough  section 
proposed  by  the  minority  report  of  the  Inter- 
national Board  of  Consulting  Engineers.  The 
structural  features  of  the  adopted  section  are 
indicated  on  the  drawing;  they  are  also  de- 
scribed further  in  the  section  on  the  method 
of  embankment  construction. 

EMB.\NKMENT    CONSTRUCTION. 

The  general  sequence  of  operations  in  con- 
structing the  Gatun  dam  was:  First,  close  the 
French  canal  and  East  Diversion  of  the  Cha- 
gres,  diverting  all  flow  through  the  West  Di- 
version of  the  Chagre.s,  and  commence  filling 
the  east  embankment ;  second,  and  simultane- 
ously with  the  first  operation,  excavate  and 
line  the  spillway  channel  to  permit  the  flow  of 
the  Chagres  to  be  diverted  through  the  spill- 
way and  thus  the  West  Diversion  to  be  closed : 
third,  close  the  West  Diversion  diverting  the 
flow  of  the  Chagres  through  the  spillway  and 
commence  filling  the  west  embankment; 
fourth,  continue  on  embankments  and  on  the 
spillway  dam.  the  filling  and  concreting  re- 
quired to  complete  them.  This  sechedule  was 
followed  in  general,  although  some  filling 
which  did  not  require  closing  the  West  Diver- 
sion was  done  before  the  spillway  was  suffi- 
ciently completed  to  take  the  flow  of  the 
Chagres. 

The  general  method  of  embankment  con- 
struction was  (1)  Extend  trestles  across  the 
cast  and  west  gorges  and  from  them  dump 
stone  brought  in  by  train  to  form  the  parallel 
rock    fills    indicated    by    the    section.     Fig.    9 ; 

(2)  when  these  parallel  rock  fills  extended 
across  the  gorge  to  pump  earth  fill  between 
the  rock  embankments  by  hydraulic  dredging: 

(3)  continue  the  rock  filling  and  the  hydraulic 
filling  upward  until  the  embankment  was  com- 
plete. 

In  conformity  with  these  general  schedules 
work  was  begun  actively  about  the  middle  of 
19(i8  making  rock  fill  and  clearing  the  east 
gorge  for  hydraulic  fill.  Previous  to  this 
date  a  trestle  had  been  driven  along  the  south 
cnrockment  from  the  locks  to  the  West  Diver- 
sion channel  and  some  4fi2,297  cu.  yds.  of  rock 
fill  had  been  deposited  from  the  trestle.  Dur- 
ing the  year  to  June  30,  1909,  trestles  were 
built  along  the  north  enrockment  of  the  east 
gorge  and  along  both  enrockments  of  the  west 
gorge  and  rock  fill  carried  on  from  all  four 
trestles.  This  rock  fill  was  limited  in  the  west 
gorge  because  of  the  necessity  of  keeping  the 
West  Diversion  channel  open,  but  in  the  east 
gorge  it  was  completed  so  that  hydraulic  filling 
between  enrockments  could  be  begun.  Alto- 
gether during  the  year  ending  June  30,  1909. 
2,.501,.372  cu.  yds.  were  placed  in  the  dam,  of 
which  720,047  cu.  yds.  were  hydraulic  fill.  Ad- 
ding the  4(>2,297  cu.  yds.  of  enrockment  pre- 
viously completed,  there  had  been  placed  in 
the  dam  at  the  date  last  named,  2,963,669 
cu.  yds. 

The  method  of  clearing  the  cast  gorge  for 
hydraulic  filling  was  as  follows :  Stream  beds 
were  dredged  out  to  satisfactory  sandy  clay 
in  the  Chagres  River,  and  to  original  hard  blue 
clay  in  the  French  canal.  E.xtrcme  care  was 
taken  with  the  banks  of  the  old  Chagres,  which 
were  covered  with  rip-rap  all  along  the  rail- 
road and  generally  with  debris  from  old  Gatun 
vill.iec      The   rock   and   debris   were    removed 


and  the  bank  graded  down  by  hydraulic  jets 
and  by  hand,  with  a  flat  slope  in  the  original 
red  clay.  A  ditch  about  20  ft.  wide  by  15  ft. 
deep  was  cut  across  the  valley,  extending  w'ith 
about  half  these  dimensions  up  the  hillside. 
There  were  17,222  cu.  yds.  of  excavation  in 
this  ditch.  The  low  land  of  the  valley  was 
stripped  for  a  width  of  510  ft.,  the  excavation 
having  a  depth  of  1  to  3  ft.,  and  this  stripping 
was  extended  up  the  hillsides  with  reduced 
width.  Including  the  material  excavated  from 
the  river  bank  the  stripping  amounted  to  35,- 
539  cu.  yds. 

Hydraulic  filling  between  enrockments  in  the 
east  gorge  was  first  confined  to  filling  up  the 
old  French  canal  excavation.  On  April  1,  1909, 
one  dredge  began  pumping  into  the  Chagres 
River  bed,  its  work  being  supplemented  about 
May  15  by  that  of  a  second  dredge  and  on 
June  20  by  that  of  a  third  dredge.  The  fill 
gradually  raised,  first  filling  the  old  river  bed 
and  then  spreading  over  the  bottom  land  of 
the  east  gorge.  The  discharge  from  the  dredges 
of  course  contained  a  larg;  percentage  of  wa- 
ter which  had  to  be  drained  off  as  the  solid 
material  settled  into  the  fill. 

In  filling  the  French  can^l  the  surplus  wa- 
ter from  the  hydraulic  fill  was  pumped  off ; 
for  the  balance  of  the  fill  the  drainage  was  by 
gravity  through  two  sets  of  three  20-in.  drain 
pipes.  The  discharge  pipes  from  the  dredges 
had  of  course  to  extend  acroSs  the  enrock- 
ments in  order  to  discharge  between  them  and 
to  prevent  the  pipes  from  interfering  with  the 
construction  of  the  enrockments  which  was 
proceeding  simultaneously  with  the  hydraulic 
filling,  the  pipes  were  held  below  the  finished 
grade.  The  drain  pipes  had  outfalls  into  open 
ditches  running  to  adjacent  streams  and  ex- 
tended back  into  the  hydraulic  fill  on  a  slight 
up-grade.  At  their  inner  ends  they  projected 
vertically  to  near  the  surface  of  the  water, 
which,  with  three  hydraulic  dredges  pumping, 
rarely  ran  over  1  ft.  above  their  tops.  As  the 
hydraulic  fill  rose  the  pipes  were  extended 
upward  by  bolting  on  3-ft.  lengths  of  flanged 
piping. 

To  summarize  briefly  before  proceeding, 
since  the  first  preliminary  work  in  July,  1907, 
to  June  30,  1909,  two  years,  there  had  been 
placed  in  the  Gatun  dam  720,047  cu.  yds.  of 
dry  fill  and  2,238,732  cu.  yds.  of  wet  fill,  or  a 
total  of  2,959,779  cu.  yds.  at  a  total  cost  of 
$965,595  without  charge  for  plant,  but  includ- 
ing stripping,  trestlework,  etc.,  whose  cost 
should  not  all  be  charged  to  one  year's  filling. 
The  cost  per  cubic  yard  on  this  basis,  how- 
ever, may  well  be  stated,  and  it  was  a  little 
over  32  cts.  For-  succeeding  years  the  cost  of 
the  work  was  better  kept  and  is  of  more  sig- 
nificance. 

Until  January,  1910,  dam  construction  was 
confined  to  the  east  gorge  except  for  some 
trestle  construction  and  enrockment  work. 
The  three  dredges  pumping  into  the  east  fill 
were  connected  with  relay  pumps  to  com- 
pensate for  longer  pipe  lines  and  higher  lifts 
which  had  become  necessary  as  the  work  ad- 
vanced. On  April  25,  1910.  the  Chagres,  which 
had  been  flowing  through  the  West  Djversion. 
was  turned  into  the  spillway  channel.  It  was 
now  possible  to  close  the  West  Diversion  chan- 
nel and  to  begin  active  construction  of  the  west 
embankment.  The'  enrockments  across  the 
west  gorge  were  advanced  and  the  site  cleared 
for  hydraulic  fill.  In  May,  pumping  into  the 
west  embankment  began,  and  for  two  months 
to  June  30,  1910,  the  discharge  of  all  dredges 
was  turned  into  the  west  fill  so  as  to  make  it 
s.ifc  from  the  floods  of  the  approaching  wet 
season.  On  June  26,  1910,  a  fourth  dredge 
was  added  to  the  dam  filling  plant.  The  clear- 
ing done  for  the  hydraulic  fill  was  of  mucli 
the  same  character  as  that  for  the  east  embank- 
ment and  previously  described.  The  area 
cleared  was  62  acres  and  the  excavation 
amounted  to  111,685  cu.  yds.  In  addition  there 
were  cleared  138.45  acres  in  the  sw-amp  south 
of  the  dam  and  51..36  acres  in  the  lowlands 
north  of  the  dam.  These  two  areas  were  cleared 
to  give  land  from  which  the  dredges  making 
the  fills  could  pump. 

The  embankment  work  accomplished  in  the 
twelve    months    ending    June    30,    1910,    was: 


I)r\-  fill,  2,577,234  cu.  yds.;  wet  fill.  2,933,075- 
cu.  yds.  This  made  the  "total  amount  of  ma- 
terial placed  in  the  dam,  8,473,975  cu.  yds. 
The  cost  of  the  filling  for  the  year  w-as  33  cts. 
per  cubic  yard  based  on  a  record  of  2,555,197 
cu.  yds. ;  the  cost  of  the  2,933,175  cu.  yds.  of 
dry  filling  for  the  year  was  29  cts.  per  cubic 
yard.  With  the  installation  of  a  complete 
cost  keeping  system  on  July  1,  1909,  detailed 
costs  were  made  available  for  the  final  six 
months'  work  to  July  1,  1910.  and  they  are 
summarized  for  both  dry  and  wet  filling  as 
follows : 

Dry    Pilling. 
(1,558,401   cu.    yds.) 
Items.  Per  cu.  yd. 

Tracks     $0.0485 

Trestles     0.0107 

Transportation     0.0630 

filling    0.0627 

Clearing    site    0.0267 

.Maint.    .-quipment    O.0O37 

Plant  arbitrary    0.054S 

Division   expenses    0.0118 

Administration    0.0280 

Total $0.3099 

Hydraulic    Filling. 
(1,556,745  cu.   yds.) 
Item.  Per  cu.  yd. 

Dredging    $0.0952 

Relay  pumps    0.0053 

Pipelines    0.0336 

Wood   flumes    0.0001 

Power    0.0234 

Small    boats    0.0009 

Maint.    equipment    U.05S7 

Clearing     0.0395 

Plant  arbitrary   0.0615 

Division   expenses    0.0072 

Administration     0.0245 

Total    $0.3499 

By  the  middle  of  1910  filling  was  in  progress 
along  the  full  length  of  the  Gatun  dam,  and 
the  work  from  then  on  consisted  of  the  steady 
raising  of  the  enrockments  and  of  the  hy- 
draulic fill  between  them.  As  the  embankment 
rose  various  changes  were  necessary  in  the 
trestles  and  track  system  for  making  the  dry 
till  and,  naturally,  in  tlie  drainage  system  and 
in  the  arrangement  of  the  dredge  pipe  lines. 
Material  for  dry  fill  was  brought  chiefly  from 
Culebra  Cut,  but  also  from  the  Gatun  lock  and 
spillway  excavations  and  other  nearby  sources. 
The  hydraulic  fill  was  obtained  from  areas 
north  and  south  of  the  dam.  Three  dredges 
were  worked  throughout  the  year,  a  fourth 
worked  four  months,  and  a  fifth  for  two 
months.  All  dredges  operated  with  relay 
pumps  on  their  discharge  pipes.  The  amounts 
of  fill  placed  in  the  dam  during  the  year  end- 
ing July  1,  1911,  were: 

Dry   fill,    car  yardage 2,726,094 

Wet    flil.    borrow    pit    measurement....    3,731,096 

Total     S, 457, 990 

This  yardage  does  not  mean  net  yardage 
of  increase  in  the  volume  of  dam  embankment. 
In  respect  to  dry  fill,  surveys  of  the  dam 
showed  a  decrease  of  665,908  cu.  yds.  from  the 
car  yardage  delivered.  This  decrease  was 
due  to  slides  of  dry  fill  into  wet  fill,  to  subsid- 
ence of  dry  fill  under  heavy  trains  passing 
over  it,  and  to  slow  general  consolidation. 
The  net  volume  added  to  the  dam  by  hydraulic 
filling  was  shown  to  be  1,973,026  cu.  yds.  less 
ihan  the  borrow-pit  measurement  given  above. 
This  decrease  in  wet  fill  was  due  to  getieral 
consolidation,  waste  through  drainage  pipes, 
filling  of  voids  in  dry  fill  and  compacting  of 
fill,  under  action  of  water  and  pressure,  into 
smaller  compass  than  obtained  at  the  borrow 
pits.  These  facts  are  to  be  noted  in  studying 
the  following  costs  for  the  year  to  July  1, 
1911:  the  yardage  on  which  the  costs  are 
based  arc  by  car  and  borrow  pit  measure- 
ments. 

Dry  Fill. 
(263,908    cu.    yds.) 

Items.  Per  cu.  yd. 

Excavation    $0.0096 

Clearing  site  n.ii021 

Tracks    0.0530 

Trestle     0,0107 

Transportation     0.0898 

Filling    0.0349 

Maint.   equipment 0.0316 

Plant  arbitrary   0.0852 

Division   expense   0.0144 

Administration    0.0286 

Total    0.3599 
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Hydraulic   Filling. 

(4,256,393  cu.   yds.) 
nem.  Per  cu.  yd. 

Clearing  site    ^2-S?5c 

Clearing  for  dredges 5-"i?^ 

Dredging    0.0^6 

Relay   pumps    0.0067 

Pipe   lines    0.023b 

Wood  flumes    0.000 

Power    o.OJbb 

Small   boats ^M16 

Maint.    equipment    ^•X-,1,, 

Plant    arbitrary   "•  „X^ 


Division   expense 


0.0066 


Administration    0.0182 


Total    ?0-2"l 


On  July  1,  191:^,  the  condition  of  the  earth 
dam  structure  was  as  follows:  East  of  the 
spillway  for  1,000  ft.  the  crest  was  at  elevation 
103.35  ft.,  and  for  the  remainder  of  the  east 
wing  the  dry  fill  was  at  elevation  96  ft.,  and 
the  wet  fill  at  elevation  85  ft.  On  the  west 
wing  the  dry  fill  was  at  elevation  98  ft.  and  the 
wet  fill  at  elevation  87  ft.  There  remained  to 
complete  the  dam  1,652,832  cu.  yds.  net  of  fill. 

The  filling  was  completed  and  the  embank- 
ment portion  of  the  dam  was  virtually  finished 
during  the  year  ending  June  30,  1913.  Dry  fill 
was  secured   from  the  borrow  pit  which  had 
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Fig.  12.   Plan  of  Overflow  Wier  of  the  Gatun    Spillway. 


Filling  operations  for  the  succeeding  year 
to  July  1.  1912.  followed  practically  the  rou- 
tine of  the  previous  vear.  A  total  of  9,048.89ii 
cu  yds.  of  material,  borrow  pit  measurement. 
were  placed  and  this  consolidated  m  the  dam 
to  5  0^0  945  cu.  vds.,  which  is  a  shrmkage  of 
35  9  'per'  cent,  the  wet  fill  and  dry  fill  were 
more  nearlv  equal  in  volume  than  m  previous 
years,  being,  respectively,  2,982,859  cu.  yds. 
and  2,543,056  cu.  yds.  The  cost  of  filling  dur- 
ing the  year  was  as  follows : 
Dry  Fill. 
(2,602,073   cu.  yds.) 

Items                                                                      Pe''  eu.  yd. 
ClearTng   site    *0000 

??lst'ls ■:::::;::::: o;?g,« 

Transportation  u.i-u. 

Filling    

Maint.    equipment 


0.1010 
0.0157 


Plant    arbitrary   0-"°^2 

Division  expenses    nmi.<t 

Administration    "•"^°-' 

Total    ^O-"^^^ 


been  opened  during  the  previous  fiscal  year,  be- 
yond the  west  end  of  the  dam,  and  the  clay 
used  to  top  oft'  the  Iivdraulic  fill  from  borrow 
pits  north  of  the  dam  and  in  the  vicinity  of 
the  locks.  From  two  to  six  steam  shovels 
were  engaged  in  procuring  this  material  and 
removed  2,159,1.59  cu.  vds.  borrow-pit  measure- 
ment, of  which  922,877  cu.  yds.  were  desig- 
nated as  rock.  The  hydraulic  fill  was  supplied 
by  three  pipe-line  suction  dredges  operated  in 
borrow  pits  upwards  of  B^  miles  distant,  the 
maximum  lift  being  100  ft.  The  total  amount 
handled,  borrow-pit  measurement,  was  493.- 
145  cu  yds.  The  hydraulic  fill  was  stopped 
in  September,  1912.  No  complete  survey  was 
made  during  the  fiscal  year,  but  partial  cross- 
sections  were  run  monthly  until  February. 
1913,  from  which  the  material  in  place  was 
calculated,'  and  for  the  following  months, 
estimates  were  based  on  the  borrow-pit  meas- 
urement. Under  these  circumstances  it  is  es- 
timated that  the  dry  fill  deposited  aggregated 
I  714  367  cu.  vds.  or  a  loss  of  21  per  cent  ot 


the    morning    of    this    date    the    track    which 
was  at  the  top  of  the  dry  fill,   elevation  101, 
settled  vertically  about  3  ft.  over  a  length  of 
about  200  ft.,  while  the  track  at  elevation  63, 
down  the  slope,  showed  slight  indications  of 
movement.     In  the  afternoon  of  the  same  day 
a  lateral  displacement  of  8.8  ft.  had  occurred 
on  the  85  ft.  contour  and  5.1  ft.  on  the  50  ft. 
contour ;  there  was  no  movement  on  the  30  ft. 
contour.     On  the  morning  of  .\ug.  30,  a  fiir- 
ther  settlement  and  bulging  had  occurred,  giv- 
ing an  additional  lateral  movement  of  3.4   ft. 
on   the   85    ft.  contour,   3.2    ft.   on   t)je  50    ft. 
contour,   while  the   toe   of   the   slope   still   re- 
mained undisturbed.     By  the  morning  of  Aug. 
31,  a  still  greater  displacement  had  occurred, 
adding  8.6  ft.  to  the  lateral  movement  on  the 
85    ft.   contour,   9    ft.    on   the   50    ft.   contour, 
while  the   foot   of  the  slope  was  pushed  out 
laterally   6.2    ft.   on   the   30   ft.   contour.     The 
movement    continued    through    Sept.    1,    and 
ceased  Sept.  2.     The  maximum  vertical  settle- 
ment of  the  track  at  elevation  101  was  20  ft., 
extending  for  a  distance  of  750  ft.  along  the 
crest,  affecting  not  only  the  hydraulic  fill  but 
the  north  slope  of  the  dry  fill  to  the  north  of 
it.     The  total  lateral  displacement  along  the  85 
ft.  contour  was  .33.9  ft.,  on  the  50  ft.  level  31.2 
ft.,   and   on   the   30    ft.   contour    18.1    ft.     The 
south  slope  of  the  dam  remained  undisturbed. 
The   slope  of  the  portion  of   the   dam   which 
moved  was  originally  fixed  at  1  on  5,  and  this 
was  authorized  "because  the  rock  is  near  the 
surface  and  fairly  horizontal.    The  only  thing 
to  be  provided  against  in  this  slope  is  the  slip- 
ping of  the  dam  material  on  itself."     Because 
of  the  character  of  the  material  along  this  por- 
tion underlying  the  structure  there  could  be  no 
question    that   the   movement   was   within    the 
dam  itself.     A  line  of  wash  borings  with  drive 
samples  was  made.     These  borings  clearly  in- 
dicated that  the  relative  proportions  of  hydrau- 
lic  fill   and   dry  fill  which   would   bring  about 
the    desired    section    of    hydraulic    fill — wedge 
shape,  with  the  point  down— had  not  been  se- 
cured, but  that  on  the  contrary  the  hydraulic 
fill  in  section  was  the  opposite  of  this.     Fur- 
thermore,  it   was   evident   that   provision   had 
not   been    made    against    the    slipping   of    the 
dam   material   itself.     As   in   the   case  of   the 
movement  on  the  north  face  of  the  east  por- 
tion  of   the   dam,   the   toe    was   heavily    rein- 
forced and  the  slope  flattened  to  an  average  of 
about  1  on  7.67. 

To  prevent  injury  to  the  dam  that  might  re- 
sult from  wash  of  the  south  slope  by  waves 
in  the  lake  caused  by  strong  south  winds, 
which  prevail  at  times,  it  was  necessary  to 
pave  such  portion  of  this  slope  as  is  liable  to 
such  action.  Concrete  paving  was  at  first  con- 
sidered, but  because  of  settlement,  due  to 
consolidation  and  the  irregularity  of  the  sur- 
face, it  was  decided  to  use  rip-rap  laid  on 
broken  stone.  It  was  estimated  that  waves 
5  ft.  in  height  at  times  exist,  so  that  the  pav- 
ing was  extended  over  that  portion  of  the 
slope  lying  between  elevations  -!-74  and  -1-92. 
.\  layer  of  crushed  stone,  supplied  bv  .Ancon 
cjuarry,   was   laid   over   the   dam   within    these 
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Fig.  13.   Longitudinal  Section  of  the  Gatun    Spillway. 
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the  borrow-pu  nKasureincnl,  due  to  consoli- 
dation Of  the  hydraulic  fill,  it  was  estimated 
that  there  was  a  loss  of  324,141  cu.  yds.  or 
65  8  per  cent  due  to  waste  through  drain 
pipes,  leakage,  and  consolidation.  The  total 
consolidated  fill  for  the  year  aggregated  1,907,- 
841  cu  yds  The  cost  of  the  dry  fill  in  place 
amounted  to  $0.3755  per  cubic  yard,  and  of  the 
hydraulic  fill.  $0.26.54  per  cubic  yard. 

On  the  morning  of  Aug.  20,  a  bulging  and 
sliding  movement  began  along  the  north  s  ope 
of  the  dam  near  the  west  end.     At  7  o  clock  in 


limits  to  a  thickness  of  about  4  ins.  Over  thi 
a  sufficient  thickness  of  rip-rap  was  place.) 
to  protect  the  broken  stone  from  the  action 
of  the  waves.  The  rip-rap  was  at  first  pro 
cured  from  a  quarry  in  the  vicinity  of  Que 
brancha  and  was  estimated  to  cost  $1  pci 
cubic  yard  in  place  on  the  dam.  As  the  cost 
however,  after  a  trial  of  two  months,  amountec 
to  $2.10  per  cubic  yard  in  place,  and  as  the 
stone  was  mixed  with  a  considerable  amouni 
of  clay,  this  quarrv  was  abandoned  and  thf 
stone  was  furnished  from  the  excavation   foi 
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the  dry  dock  at  Sosa  Hill.  An  area  of  llo.- 
740  sq.  yds.  was  covered  with  crushed  stone, 
of  which  15,740  cu.  yds.  were  used,  complet- 
ing this  portion  of  the  work  in  April  at  a  cost 
of  $2.4536  per  cubic  yard  in  place.  The  rip- 
rap stone  placed  at  the  close  of  the  fiscal 
year  aggregated  68,730  cu.  yds.,  covering  an 
area  of  102,030  sq.  yds.  at  a  cost  in  place 
of  $0.6574  per  cubic  yard. 

A   summarv  of   the  embankment  fill   nieas- 


Fig.   14.  Detail  of  Bottom  Seal  Stoney  Gates 
for  Gatun    Spillway. 


ured  in  place  in  the  dam  gives  the  following 
figures: 

Year.  Dry. 

Prior  to  July   1.   190S    462,297 

190S-09     1,781,325 

190D-10     2,577,234 

1910-11     2,060,186 

1911-12     2.982,859 

1912-13     


Wet. 

720.647 
2,933,075 
3,758,870 
2.543,086 


Total. 

462.297 
2,501.372 
5,510,309 
5,819,056 
5,525,94:. 
1,967.841 


Total 


21,786,820 


Gatun  Spillway. 

During  the  rainy  season  the  influx  of  water 
into  Lake  Gatun  exceeds  the  amount  con- 
sumed as  described  in  the  section  on  Lake  Ga- 
tun. To  provide  relief  for  tliis  excess  flow  a 
spillway  was  necessary,  and,  as  already  stated, 
suitable  location  for  this  spillway  was  found 
in  the  rock  ridge  or  hill  which  divided  the 
Chagres  valley  at  Gatun  into  two  gorges. 
The  plan  of  Gatun  dam.  Fig.  8,  shows  this 
location  of  the  spillway,  and  also  indicates 
its  main  structural  parts,  namely,  a  concrete 
dam,  with  means  for  overflow,  and  a  chan- 
nel to  lead  the  water  to  the  River  Chagres 
below  the  dam. 

DESIGN     .AND     STRUCTURAL    FEATURES. 

The  maximum  known  discharge  of  the  Cha- 
gres River  for  a  period  of  33  hours  is  137,- 
000  sec.  ft. ;  its  maximum  momentary  dis- 
charge is  182,000  sec.  ft.  It  was  estimated  that 
a  spillway  to  handle  such  floods,  with  uncon- 
trolled overfall,  would  need  to  be  2,000  ft. 
long  and  the  lake  would  rise  5  ft.  in  extreme 
flood.  Because  of  the  cost  of  so  long  a  spill- 
way dam  and  because  of  other  objections,  it 
was  from  the  first  decided  to  employ  a  weir 
with  crest  gates,  or  controlled  overfall.  The 
general  design  worked  out  is  shown  by  Figs. 
12  and  13.  As  will  be  seen  crest  length  was 
gained  by  throwing  the  trace  of  the  dam  into 
a  circular  arc,  and  controlled  overflow  was  se- 
cured by  means  of  gates  along  the  crest.  The 
structural  features  of  this  design  and  its  effi- 
ciency under  the  conditions  may  be  explained 
as    follows : 

Because  of  the  circular  form  of  crest  the 
discharge  is  directed  toward  the  center  of  the 
crest  arc  where  the  energy  of  the  converging 
stream  partly  neutralizes  itself.  To  complete 
the  neutralization,  two  rows  of  baffle  piers 
are  placed  on  arcs  of  circles  concentric  with 
the  crest  arc,  the  upper  row  being  about  120 
ft.  downstream   from  the  crest.     These  baffle 


piers  were  built  of  concrete  faced  on  the  up- 
stream side  with  cast  iron  plates,  and  they 
project  about  10  ft.  above  the  surface  of  the 
apron.  The  dam  proper  has  an  ogee  section 
composed  of  a  parabola,,  a  short  tangent  and 
a  circular  arc  leading  to  the  flat  apron  below 
the  dam.  The  curve  planned  is  such  that 
when  the  stream  of  water  flowing  over  the 
crest  is  6  ft.  or  more  in  thickness,  the  nappe 
will  adhere  to  the  downstream  face  of  the 
dam.  The  crest  of  the  dam  is  divided  into  14 
openings,  each  45  ft.  wide,  by  13  piers  and  2 
abutments.  In  these  openings  are  placed 
Stoney  gates  constructed  and  operated  as  de- 
scribed in  a  succeeding  paragraph. 

The  sills  of  the  Stoney  gates  were  placed 
at  elevation  -f-69  or  16  ft.  below  the  normal 
level  of  the  lake,  which  was  assumed  at  ele- 
vation +85.  It  is  planned  not  to  allow  the 
level  of  the  lake  at  Gatun  to  exceed  elevation 
+87,  and  with  the  lake  at  this  level  one  open- 
ing will  discharge  11,000  sec.  ft.  and  all  14 
openings  will  discharge  154,000  sec.  ft.  This 
it  will  be  seen  is  an  amount  in  excess  of  the 
137,000  sec.  ft.  maximum  known  discharge  of 
the  Chagres  for  33  hours.  The  gates  of  the 
spillway  when  fully  raised  have  their  bottoms 
at  +92  ft.  elevation  ;  allowing  for  the  slope 
of  the  water  in  passing  over  the  weir,  the 
clearance  of  the  gates  with  lake  level  at  +87 
ft.  is  estimated  to  be  7  ft.  This  clearance  was 
considered  ample  to  take  care  of  drift. 

The  Stoney  gates  are  cellular  steel  struc- 
tures 19  ft.  high,  46  ft.  SVz  ins.  wide  and  about 
55  ins.  thick.  Their  framework  consists  of 
four  horizontal  plate  girders  trapezoidal  in 
outline  fastened  at  their  ends  to  two  vertical 
end  girders.  The  framework  carries  an  up- 
stream and  downstream  sheathing  of  %-in. 
steel  plate.  The  notable  details  of  the  gate 
construction  are  the  bottom  seal.  Fig.  14,  and 
the  end  mechanism.  Fig.  15.  The  machinery 
for  operating  the  gates  is  located  in  the  tun- 


the  footway  at  the  masonry  piers  between 
which  the  gate  rises  and  falls.  After  passing 
over  the  sheave  the  descending  branch  of  the 
chain  is  made  fast  to  a  screw,  from  the  lower 
end  of  which  hangs  a  counterweight.  Between 
the  end  of  the  chain  and  the  counterweight  the 
screw  passes  through  a  revolving  nut  which 
forms  the  hub  of  a  worm  wheel ;  the  worm 
wheel  is  equipped  with  double  thrust  bearings 
and  is  capable  of  taking  a  vertical  thrust  in 
either  direction.  The  two  worm  wheels,  one 
for  each  end  chain,  are  actuated,  one  by  a  right 
and  one  by  a  left  worm,  the  worms  forming 
the  ends  of  the  shaft  of  a  motor  placed  in  the 
tunnel,  and  in  the  plane  of  the  middle  of  the 
gate  which  it  operates.  As  the  motor  turns, 
both  the  worm  wheels  revolve,  causing  the 
corresponding  vertical  screws  to  travel  both  in 
the  same  direction  and  at  exactly  the  same 
rate,  thus  raising  or  lowering  the  gate.  The 
screws  themselves  can  not  turn,  being  held 
by  the  counterweights,  which  travel  in  guides. 
The  effect  of  the  counterweights  is,  of  course, 
to  diminish  the  power  necessary  to  move  the 
gate.  The  gate  itself  is  46x19  ft.  and  weighs 
approximately  43  tons.  As  the  head  under 
which  the  gates  operate  may  reach  18  ft., 
trains  of  live  rollers  are  provided  to  dim- 
inish the  friction  against  the  side  castings. 
On  these  roller  trains  the  gate  rolls  in  its 
up-and-down  travel,  the  trains  moving  at  the 
same  time  in  the  same  direction  as  the  gate 
and  with  half  its  speed.  The  roller  trains 
are  suspended  by  a  chain  passing  around  a 
sheave,  the  dead  end  of  the  chain  being  fas- 
tened to  the  pier  near  its  top  and  the  live  end 
to  the  gate  itself.  When  the  gate  is  raised 
and  the  water  rushes  under  its  lower  edge, 
it  is  thought  desirable  to  have  means  of  hoist- 
ing the  roller  trains  out  of  the  current,  as 
otherwise  they  would  remain  projecting  for 
about  one-half  their  length  below  the  lower 
edge  of  the  gate,  and  might  be  injured  by  drift 


Fig.    15.   Detail    of    Side    Bearing   and    Water    Seal   of  Stoney   Gates  for  Gatun   Spill- 
way. 

nel  shown  in  section  by  Fig.   13,  and  may  be  or   floating  obstructions.     For   tliis  purpose  a 

described  briefly  as  follows;    Two  chains  pass  device  for  moving  the  roller  train  at  a  more 

vertically,    one    from    each    end    of    the    gate,  rapid   rate  near  the  end  of  the  travel  of  the 

over    sheaves    mounted    immediately    beneath  gate  has  been  designed.     It  consists  of  a  pair 
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of  sheaves  placed  near  the  top  of  the  gate, 
around  which  the  chain  of  the  roller  train 
passes,  both  sheaves  remaining  fixed  until  the 
bottom  of  the  gate  is  above  water  and  fric- 
tional  risistance  eliminated.  The  gate  is  then 
guided  upstream  by  two  pairs  of  guide  wheels 
so  that  the  roller  train  is  freed  from  contact 
with  the  downstream  face  of  the  gate.  At 
this  point  in  the  upward  .travel  the  lower 
sheave  engages  and  is  held  by  a  bracket  in  the 
masonry  pier  while  the  upper  one  continues 
to  rise  with  the  gate.  The  chain  between  the 
sheaves  is  therefore  drawn  out  and  the  speed 
of  motion  of  the  roller  train  correspondingly 
increased,  so  that  at  the  end  of  the  travel 
the  bottom  of  the  gate  and  the  bottom  of  the 
roller  train  will  be  at  the  same  elevation 
and  the  train  will  be  protected  from  accident. 

The  preceding  description  has  referred 
largely  to  the  spillway  weir  proper.  The  wa- 
ter, after  passing  over  the  weir,  enters  a  fan- 
shaped  chamber  which  converges  the  flow  into 
the  spillway  channel.  This  is  a  concrete  lined 
channel  285  ft.  wide  and  1,200  ft.  long,  exca- 
vated through  rock  to  the  Chagres  River. 

CONSTRUCTION    METHODS    AND    COSTS. 

The  general  plan  of  dam  construction  called 
for  the  diversion  of  the  Chagres  through  the 
spillway  at  the  earliest  possible  moment.  Ex- 
cavation of  the  spillway  channel  was  there- 
fore begun  in  1907,  and  in  the  twelve  months 
to  July  1,  1908,  a  total  of  938,901  cu.  yds.  of 
rock  were  excavated.  The  excavation  of  the 
succeeding  vear  was  359,821  cu.  yds.,  and  that 
for  1909-10  was  127,610  cu.  yds.  The  total 
excavation  of  the  three  years  was  1,426,332 
cu.  yds.,  or  about  94  per  cent  of  the  total  spill- 
way excavation.  The  bulk  of  the  excavation 
was  done  by  drilling  and  blasting.  The  broken 
rock  was  excavated  by  steam  shovels  and 
loaded  into  cars  which  were  hauled  by  loco- 
motive and  their  loads  dumped  into  the  en- 
rockments  of  the  Gatun  dam.  The  .938,901 
cu.  yds.  excavated  to  July  1.  1908,  cost  about 
40.7  cts.  per  cubic  yard  to  excavate.  The  cost 
of  succeeding  years'  excavation  was  higher 
because  it  consisted  largely  of  excavating  by 
hand  and  smoothing  the  rock  bottom  of  the 
channel  to  receive  the  concrete  pavement, 
and  because  it  was  interrupted  by  overflows. 
Hand  excavation  cost  from  65  cts.  to  $1.90  per 
cubic  yard. 

The  concrete,  paving  was  begun  March  17, 
1909,  and  by  April  2-5,  1910,  the  floor,  side  walls, 
curtain  walls  and  spillway  weir  foundations 
were  sufficiently  completed  to  permit  the  diver- 
sion of  the  Chagres  through  the  spillway  chan- 
nel. The  total  amount  of  concrete  laid  to  July 
1,  1909,  was  30,464  cu.  yds.,  and  its  cost  in  place 
was  $6.07  per  cubic  yard.  Owing  to  the  ne- 
cessity of  placing  the  mixing  plant  at  a  point 
of  economical  delivery  of  materials  by  water, 
the  mixed  concrete  was  hauled  an  average  of 
4.520  ft.  from  mixer  to  place  of  deposit.  A 
double  track  service  railway  was  laid,  one 
track  for  loaded  trains  and  one  track  for 
empty  trains ;  two  car  trains  each  haulmg  two 
2  cu.  yd.  batches  were  operated.  For  the 
vear  to  July  1,  1910,  53,632  cu.  yds.  of  concrete 
were  placed,  making  a  total  of  84,096  cu.  yds. 
costing  $8.71  per  cubic  yard  in  place. 

After  turning  the  Chagres  through  the  spill- 
way, construction  worl^  was  possible,  of  course, 
only  above  water  level,  or  by  protecting  the 
working  space  from  water.  The  main  portion 
of  the  concrete  '  work  not  above  water  level 
and  not  completed  prior  to  turning  the  Cha- 
KTcs  through  the  channel  was  in  the  spillway 
iUim  or  weir.  The  plan  of  building  this  was 
as  follows;  First,  before  the  water  was  turned 
through  the  channel  the  foundations  for  the 
dam  were  completed  to  elevation  -f-10  ft. 
.Mso.  small  piers,  as  shown  in  Fig  12.  were 
built  to  above  low  water  level,  which  was  set  by 
the  dry  season  flow  of  about  3.000  sec.  ft.  By 
setting  stop  logs  between  these  small  piers  a 
shield  or  coflfer  was  formed  behind  which  were 
built  the  three  middle  piers.  Fig.  12,  each  of 
which  contained  a  culvert,  .\ftcr  completion  of 
these  culverts  the  drv  weather  flow  was  divert- 
ed through  them,  making  it  easily  possible  to 
lay  dry  the  other  parts  of  the  dam  foundation 


and  to  build  the  dam  upward.  When  the  dam 
and  the  gate  piers  were  completed,  the  gates 
were  set  in  all  the  openings  except  those  be- 
tween the  three  center  piers.  These  center 
openings  and  the  culverts  in  the  meantime  car- 
ried the  flow. 

The  next  step  was  to  close  the  culvert  open- 
ings ;  they  were  closed  with  stop  logs  and  the 
interior  culvert  valves  were  removed  and  the 
culverts  were  filled  with  concrete.  The  next 
step  was  to  erect  the  two  center  crest  gates 
and  they  were  erected  one  at  a  time  by  erect- 
ing a  timber  bulkhead  across  the  opening  and 
bearing  on  the  upstream  sides  of  the  piers. 

During  the  two  dry  seasons,  from  June  30, 
1910,  to  July  1,  1912,  the  spillway  weir  con- 
struction was  carried  on  as  described  above. 
Also  work  was  prosecuted  on  the  wing  walls 
and  other  parts  as  the  water  permitted.  By 
July  1,  1912,  the  excavation  for  the  entire  spill- 
way was  completed  and  amounted  to  1,594,915 
cu.  yds. ;  it  had  cost  an  average  of  70.9  cts.  per 
cubic  yard  for  excavation  proper  about  1,544,- 
202  cu.  yds.,  and  for  44,091  cu.  yds.  of  trim- 
mings and  preparing  foundations  it  had  cost 
$2.19  per  cubic  yard.  The  weir  proper  had 
been  completed,  including  the  abutments,  ogee, 
and  crest  piers  to  full  height  of  -t-69  ft.  ele- 
vation, except  for  370  ft.  at  the  center,  which 
was  completed  to  elevation  -|-59  ft.  Alto- 
gether 202,413  cu.  yds.  of  concrete  had  been 
laid  at  an  average  cost  per  cubic  yard  of  $7.86. 
During  the  year  ending  June  30,  1913,  21,719 
cu.  yds.  of  concrete  were  added,  making  a 
total  of  224,132  cu.  yds.  at  an  average  cost  of 
$7.48  per  cubic  yard.  On  this  date  the  con- 
crete work  was  some  95  per  cent  completed. 

About  one-half  of  the  concrete  for  the  spill- 
way or  118,317  cu.  yds.  was  laid  in  the  two 
years,  July  1,  1910,  to  July  1,  1912,  and  the 
itemized  costs  for  these  two  years  are  as  fol- 
lows : 

COST    OF    SPILLW.W    MASONRY. 

Item.                                              1910-11.  1911-12. 

Cubic   yards    59,651  58,048 

Concrete    $4.5324  $4.7461 

Large   rock    0.0377  0.0094 

Wood   forms    0.5924  0.7360 

Placing    0.6170  0.6287 

Reinforcement    0.0077  0.0439 

Pumps    0.0032  0.0041 

Cofferdams     0.0333  0.0311 

Maintenance   equipment    0.2234  0.2856 

Plant,   arliitrary    0.5399  0.4200 

Dinner  expenses   0.1174  0.1084 

Administration     0.2829  0.4105 

Total     $6.9873         $7.4238 


EFFICIENCY    OF    THE    SPILLWAY. 

The  ability  of  the  Gatun  spillway  to  hold 
control  of  any  possible  flood  is  now  to  be  con- 
sidered. With  lake  elevation  at  +87  ft.  the 
spillway  discharge  is  154,000  sec.  ft.  As  stated, 
the  maximum  momentary  discharge  of  rec- 
ord of  the  Chagres  is  182,000  sec.  ft.,  and  the 
maximum  discharge  for  a  period  of  33  hours 
is  ]37,.500  sec.  ft.  Since  the  coping  and  the 
gate  tops  at  upper  Gatun  and  at  Pedro  Miguel 
are  at  elevation  -|-92  ft.,  it  would  require  a 
rise  at  Gatun  Lake  of  5  ft.  above  level  -|-87 
ft.  to  do  material  damage.  It  would  take  a 
discharge  of  the  Chagres  of  137,500  sec.  ft. 
about  9  hrs.  20  mins.  to  raise  the  level  of 
the  lake  1  ft.  of  from  -t-87  ft.  to  -t-88  ft., 
even  were  there  no  discharge  through  the 
spillway.  Were  it  possible  for  the  lake  to 
reach  elevation,  -t-92  ft.,  when  it  would  first 
become  dangerous,  the  spillway  dam,  if  fully 
opened,  would  discharge  222,000  cu.  ft.,  which 
is  40,000  sec.  ft.  more  than  the  maximum  mo- 
mentary flood  discharge  of  record.  Finally  by 
opening  the  sluices  in  the  locks  at  Pedro  Mi- 
guel and  at  Gatun,  an  additional  discharge  of 
40,000  sec.   ft.  woulil  be  obtained. 

Accident  to  one  of  the  Sloncy  gate  leaves 
is  remotely  possible.  To  permit  repairs  in 
snch  a  contingency  or  to  incet  ordinary  serv- 
ice needs  a  caisson  is  provided  for  closing  off 
any  gate  opening.  This  caisson  is  to  be  floated 
to  a  bearing  against  two  upstream  pier  faces. 
The  structure  is  a  steel  box  about  6  ft.  wide. 
24'A  ft.  high  and  46'/4  ft.  long.  The  bot- 
tom of  the  caisson  and  its  ends  arc  provided 


with  bearing  timbers  to  increase  water  tight- 
ness when  the  caisson  is  in  use.  One  caisson 
is  installed  at  Gatun  and  another  at  Miraflores. 

MIRAFLORES    LAKE    DAMS    AND    SPILLWAY. 

Miraflores  Lake  forms  the  first  level  below 
the  summit  level  on  the  Pacific  side.  Like 
Lake  Gatun  it  is  an  artificial  reservoir.  It 
occupies  an  irregular  shaped  basin  between  the 
Pedro  Miguel  lock  and  the  Miraflores  locks, 
and  is  formed  by  impounding  the  Rio  Grande 
River  and  some  small  tributaries  by  dams  at 
the  north  and  south  ends.  Its  water  surface 
is  at  elevation,  55  ft.  or  30  ft.  below  normal 
Gatun  lake  level. 

The  dams  which  impound  Miraflores  Lake 
consist  of  an  earth  fill  dam  at  Pedro  Miguel 
(Fig.  16),  and  at  Miraflores  of  an  earth  fill 
dam  and  of  a  concrete  spillway  dam  (Fig.  17). 
Tlie  dam  at  Pedro  Miguel  extends  from  the 
west  lock  wall  back  almost  parallel  with  the 
channel  approaching  from  the  northwest  to 
adjacent  highlands  into  which  it  merges.  It 
consists  of  rock  fill  toes  filled  between  with 
earth  compacted  in  lavers.  Its  crest  eleva- 
tion is  -fl05  ft.  The  earth  dam  at  Mira- 
flores extends  from  the  west  lock  wall  to  the 
high  grounds  of  Cocoli  Hill.  Its  crest  makes 
an  acute  angle  with  the  lock  wall  and  is  at  ele- 
vation -1-70  ft.  The  concrete  dam  at  Mira- 
flores is  on  the  opposite  side  of  the  locks  from 
the  earth  dam,  and  extends  from  the  east 
upper  lock  wall  across  the  old  channel  of  the 
Rio  Grande  to  the  high  east  bank  of  that 
stream. 

The  Miraflores  spillway  is  in  all  general  fea- 
tures, except  that  its  crest  is  a  straight  line, 
similar   to    the    Gatun    spillway.     It,    however. 
lias  only  eight  gate  openings;  its  spillwav  crest 
is   at   elevation   -i-38.67.     Tlie  construction   of 
this  spillway  was  a  safety  precaution.     A  very 
small   waste  weir   would   have  been  ample  tii 
care  for  the  diverted  run  off  from  the  drain 
age  basin  tributary  to  the  lake  and  the  watc 
from   the  locks  at   Pedro  Miguel,  but   it  wa 
determined  to  employ  a  spillway  large  enoug 
to    insure   protection    in   case   of   accident   b. 
which    flow    should    be    established    from    thi 
sunmiit  level  through  the   Pedro  Miguel  loci 
into     Miraflores    Lake.     The   governing   coi 
dition    was   therefore   imposed   that   the   spill 
way  should  be  able  to  pass  all  the  water  whic: 
would   flow  into   the   lake   should   one  of   tb 
twin  locks  at   Pedro  Migue!   be  thrown  com 
pletely   open    to   the    current    from    the    sum 
mit  level  without  allowing  the  level  of  Lai 
Miraflores   to   rise   sufRcioiitly   to   overtop   tl 
upper  gates  and  lock  walls.    The  spillway  wa 
therefore,    designed    to    pass    90,000    sec.    I 
Its  crest  length  is  432  ft. 

The  method  of  construction  employed  fc 
the  Pedro  Miguel  dam  was  dry  filling,  tli 
earth  being  selected  material  deposited  an 
compacted  in  layers.  There  was  a  total  < 
696,558  cu.  yds.  in  the  dam,  and  the  cost 
place  was  44.7  cts.  per  cubic  yard.  The  ear: 
dam  at  Miraflores  was,  like  the  Gatun  dai 
constructed  by  hydraulic  filling  between  ei 
rockments.  There  were  625,048  cu.  yds.  of  h 
draulic  fill,  and  approximately  1,600,000  cu.  yt; 
of  concrete,  of  which  435  cu.  yds.  were  reii 
forced ;  plain  concrete  cost  $5.76  per  cub 
yard  and  reinforced  concrete  cost  $19.60  P' 
cubic   yard. 

All   construction   work   on   the   Gatun   Da 
an3  Gatun  Locks  came  within  the  Atlantic  Di 
sion   and    was   in   charge   of   Col.   William 
Sibert,    division    engineer,    with    Maj.    Chest 
Harding   as    principal   assistant    until    he   w 
transferred  Feb.  27,  1913.     Other  engineers 
responsible   positions   under   Col.    Sibert   wc 
Maj.  Edgar  Judwin,  Maj.  J.  C.  Harvey.  Ca- 
G.  M.  Ilofl'man.  Capt.  H.  :\'.  Stickle.  Capt.  ^ 
S.  Ross  and  Lieut. -Col.  William  V.  Judson. 

The  construction  of  the  Miraflores  Da 
and  spillway  came  within  the  week  of  t' 
Pacific  Division  of  which  Mr.  S.  B.  Williai 
son  was  division  engineer  until  Jan.  1,  191 
when  he  resigned  and  the  work  was  tak< 
over  by  Col.  Goelhals  and  assigned  to  one 
the  divisions  of  the  chief  engineer's  offi' 
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Locks  and  Lock  Operating  Appliances 


Lock  Structures. 

The  Panama  canal  has  three  sets  of  locks 
located  at  Gatun,  at  Pedro  Miguel  and  at  Mira- 
flores.  The  lock  unit  adopted  is  a  twin  lock. 
with  chambers  side  by  side,  separated  by  a 
common  wall,  and  standard  chamber  dimen- 
sions of  1,000x110  ft;  the  chambers  are  deep 
enough  for  vessels  of  40  ft.  draft.  The  locks 
at  Gatun  consist  of  three  units,  those  at  Mira- 
flores  consist  of  two  units  and  those  at  Pedro 
Miguel  consist  of  a  single  unit.  The  two  and 
three  units  forming  the  locks  at  Miraflores 
and  at  Gatun  are  set  end  to  end.  forming  a 
continuous  flight.  The  lock  chamber  dimen- 
sions given  are  the  greatest  of  any  canal  locks 


laterals,  except  that  each  one  is  33  sq.  ft.  in 
area  at  the  throat  and  is  controlled  by  a 
cylindrical  valve  at  its  junction  with  the  main 
culvert.  This  control  makes  the  twin  lock 
chambers  independent.  The  longitudinal  cul- 
verts are  continuous  the  full  length  of  each 
lock  flight. 

The  culvert  area  is  such  that  if  all  valves  be 
opened  at  once  the  lock  chambers  can  be  filled 
or  emptied  in  a  very  short  time.  The  cur- 
rents set  up  above  and  below  the  locks  and  in 
the  lock  chambers  by  fully  opening  all  culverts 
might  cause  damage  to  vessels,  however,  and 
it  was  assumed  that  the  water  level  in  the 
locks   should   not  change  to  exceed  3   ft.   per 


Fig.    16.   Diagram    Plan    of    Pedro    Miguel    Locks  and   Dam. 


m  the  world,  and  are  100  ft.  greater  in 
length  and  l-J  ft.  greater  in  width  than  were 
recommended  in  The  minority  report  of  the 
International   Board  of  Consulting  Engineers. 

CEXER.\L  DESCRIPTION. 

The  location  and  arrangement  of  the  three 
sets  of  Panama  locks  are  indicated  by  Fig.  8 
and  Figs.  16  and  17.  The  diagram  plans. 
Fig.  18  show  the  chamber  dimenjions  and 
the  location  of  gates,  fender  chains  and  emer- 
gency dams.  Since  the  general  structural  fea- 
tures of  all  locks  were  the  same  they  are 
shown  onlv  for  one  unit  of  the  Gatun  Locks. 
Fig.  10.  The  locks  have  concrete  walls  and 
floors  which  are  suitably  recessed  for  gates, 
sills,  etc.  Where  the  locks  are  in  flight,  the 
walls  and  floors  are  continuous.  The  center 
or  dividing  walls  are  also  in  each  case  ex- 
tended from  1,000  to  1,200  ft.  beyond  the  lock 
ends  to  form  guide  and  temporary  mooring 
walls.  .•\11  lock  masonry  is  founded  on  rock 
and  in  case  of  portions  of  the  Gatun  Lock 
floors  the  masonry  is  anchored  to  the  founda- 
tion work. 

To  fill  and  empty  the  lock  chambers  cul- 
verts running  lengthwise  through  the  bases  of 
Ihe  walls  arc  provided.  There  are  three  such 
culverts,  one  in  each  side  wall  and  one  in  the 
middle  wall,  each  having  a  sectional  area  of 
254  .sq.  ft.,  the  equivalent  of  a  circle  18  ft. 
in  diameter.  Each  longitudinal  culvert  is 
controlled  by  a  rising  stem  Stoney  gate  valve. 
In  the  sidcwall  culverts  the  intakes  at  the 
upper  end  of  the  wall  are  provided  with  guard 
valves  of  this  type,  and  the  main  culvert  is 
provided  with  service  valves  at  the  upper,  mid- 
dle and  lower  gates.  At  the  location  of  the 
service  valves  tlie  culvert  is  divided  into  two 
parts  by  a  middle  pier,  it  being  considered 
inadvisable  to  attempt  to  control  the  whole 
culvert  with  one  valve.  The  valve  at  the 
lower  gates  is  duplicated.  The  side  wall  cul- 
verts open  directly  into  lateral  culverts,  eleven 
in  number,  eaich  of  these  laterals  being  41  sq. 
ft.  in  area.  The  lateral  culverts  communi- 
cate with  the  chamber  by  openings  through 
the  floor,  there  being  in  each  lateral  five  such 
openings,  each  with  an  area  of  12  sq.  ft.  The 
middle  wall  culvert  is  controlled  by  duplicate 
sets  of  Stoney  valves  at  its  upper  and  lower 
extremities.  It  communicates  with  the  lock 
chambers  on  either  .side  through  lateral  cul- 
verts, ten  in  number,  similar  to  the  side  wall 


minute,  and  under  this  assumption  the  cul- 
verts will  fill  or  empty  the  locks  in  about 
1")  minutes.  Except  when  the  full  _l,000-ft. 
lock  chamber  is  required  only  the  side  cul- 
verts will  be  used. 

As  seen  by  the  diagram  plans,  Fig.  18,  the 
locks  have  duplicate  gates,  guard  gates  and 
intermediate  gates,  wdnich  permit  of  various 
subdivisions  in  length  of  lock  chamber.  All 
gates  are  mitering  steel  girder  gates  as  fiilly 
described  in  a  succeeding  section.  Referring 
to  the  various  lock  chamber  arrangements 
possible :  The  upper  lock  chambers  at  Ga- 
tun and  Miraflores  and  the  lock  at  Pedro 
Miguel,  as  shown  by  Fig.  18,  have  two  sets 
of  service  gates  at  each  end  as  a  guard 
against  accident.  For  these  units,  measured 
from  the  hollow  quoin   of   the  lowest  set  of 


gate,  the  clear  distance  is  908..5  ft.,  and,  meas- 
ured to  the  quoins  of  the  upper  set  of  upper 
gates,  the  clear  distance  is  1,000  ft.  In  all 
lockages  of  vessels  of  900  ft.  or  less  in  length, 
both  sets  of  upper  and  lower  gates  will  be 
operated  simultaneously.  In  locking  down- 
stream a  vessel  between  90U  and  1,000  ft. 
long,  both  sets  of  lower  gates  will  operate 
together,  while  the  lower  set  of  upper  gates 
will  be  left  open,  allowing  the  stern  of  the 
vessel  to  project  into  the  space  between  the 
two  sets  of  upper  gates.  In  locking  similarly 
large  vessels  upstream,  a  siinilar  gain  may  be 
made  by  using  the  space  between  the  two 
lower  gates,  the  two  sets  of  upper  gates  being 
operated  together.  A  vessel  thus  always  has 
two  gates  in  front  of  it,  separating  the  levels. 
A  middle  gate  with  its  hollow  quoin  .550  ft. 
above  the  lower  protective  chain,  divides  the 
upper  lock  chambers  into  two.  Similar  inter- 
mediate gates  in  the  chambers  of  the  lower 
lock  units  divide  these  chambers  into  two.  A 
single  gate  separates  the  middle  from  the 
lower  lock  unit  at  Gatun.  The  downstream 
lock  units  at  Gatun  and  Miraflores  and  the 
single  unit  at  Pedro  Miguel  have  at  their 
low'er  ends  guard  gates  besides  the  service 
gates.  There  is  also  above  the  lower  service 
gate  at   Pedro   Miguel  a  safety  gate. 

The  lock  structures  comprise  in  addition  to 
the  chamber  structures  and  gates  an  emer- 
gencv  dam  for  each  set  of  locks.  This  dam  is 
Tocat'ed  above  the  locks,  and  its  purpose  is  to 
close  the  channels  leading  to  the  locks  when- 
ever such  closure  is  desirable  for  any  purpose. 
The  lock  structure  also  includes  operating  ma- 
chinery for  gates  and  valves  and  for  emer- 
gencv  dams  and  at  each  lock  there  are  elec- 
tric locomotives  for  towing  vessels  through 
the  locks. 

CONSTRUCTION    METHODS. 

The  construction  of  the  canal  locks  involved 
four  general  classes  of  work:  (1)  Excavation: 
(2)  sand  and  stone  supply;  (3)  concrete  con- 
struction for  lock  walls  and  chambers,  and 
(4)  gate,  valve  and  machinery  erection  and 
installation.  Since  the  method  of  operation 
was  different  for  each  set  of  locks,  the  work 
at  Gatun,  Pedro  Miguel  and  Miraflores  will  be 
described  separately. 

EXC.WATION. 

Gatun  Locks.— The  Gatun  locks,  as  shown 
by   Fig.  8,  occupy  a  site  on  the   flank  of  the 


Fig.   17.   Diagram   Plan  of   Miraflores  Locks,    Dam   and    Spillway. 


gates  to  the  hollow  quoin  of  tlic  set  farthest 
upstream  the  length  of  lock  chamber  is  1,181 
ft.  The  useful  length  of  these  locks  for  a  ves- 
sel passing  downward  is  assumed  to  be  be- 
tween the  protective  chain  guarding  the  lower  . 
gates  and  the  hollow  quoins  of  the  upper  serv- 
ice gates.  Measured  from  this  protective 
chain  to  the  quoins  of  the  lower  set  of  upper 


eastern  hills  bordering  the  Chagrcs  valley 
at  Gatun.  The  highest  elevation  of  the  natu- 
ral surface  on  the  site  was  about  +30,  and 
the  lowest  was  approximately  +5.  Borings 
showed,  beginning  at  the  south  end  of  the 
site,  a  rising  stratum  of  argillaceous  sand- 
stone, whose  lower  slopes  were  covered  with 
clay,   but   which   became   exposed   near   to   the 
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north  end  of  the  middle  locks.  Under  this 
stratum  was  a  stratum  of  conglomerate,  and 
a  stratum  of  soft  sandstone,  and  then  argil- 
laceous sandstone  mixed  with  tufa.  The  depth 
of  the  uppermost  argillaceous  sandstone 
stratum  was  enough  to  provide  for  the  lock 
foundations  within  itself,  except  at  the  ex- 
treme upper  end  of  the  upper  locks  whose 
foundation  Hoor  cut  into  the  conglomerate  and 
soft  sandstone.  The  soft  sandstone  was  found 
by  test  pit  to  be  slightly  water  bearing  and 
as  an  extra  precaution  the  portion  of  the 
upper  lock  floor  which  came  closely  over  this 
standstone  was  planned  to  be  anchored  down 
as  shown  bv  Fig.  19.  Careful  tests  were  made 
which  determined  first  that  the  compressive 
strength  of  the  rock  was  ample  to  withstand 
the  lock  loads  and  second  that  this  rock  pro- 
vided ample  holding  power  for  steel  rail 
anchors.  The  stone  withstood  compression 
loads  of  500  lbs.  per  sq,uare  inch  and  5  ft. 
«nd  10  ft.  rail  anchors  required  pulls  to  move 
them  of  130,000  lbs.  to  2M0,000»lbs. 

The  excavation  was  begun  in  1907  and  was 
performed  by  channeling  the  sides  of  the 
pits,  drilling  and  blasting  the  rock  cores  be- 
tween channel  cuts,  excavating  and  loading  the 
spoil  bv  steam  shovel  and  hauling  the  spoil  by 
'train  to  make  enrockment  in  Gatun  Dam.  As 
the  final  levels  were  approached  hand  exca- 
vation was  employed  to  prevent  shattermg  of 
the  rock  floor  and  unfitting  it  to  receive  the 
concrete  footings  and  floors.  Rock  excavation 
was  virtuallv  completed  on  June  30,  1911,  and 
amounted    to    the    following    quantities: 

Method  Gu.  yds.  Unit  cost. 

Stfam    shovel 1.555,395  $0.6048 

Hand    186,42o  l.i284 

The  overburden  of  clay  which  covered  the 
sloping  rock  beyond  the  south  end  of  the  dam 
site  had  to  be  removed  to  rock  for  portions  of 
the  flare  walls  and  the  south  approach  wall. 
This  was  done  by  dredging,  and  it  cost  for 
some  975,000  cu.  yds.  about  32  cts.  per  cubic 
yard,  including  the  cofferdams  required. 

Pedro  Miguel  Lof^j.— Borings  on  the  site 
of  the  Pedro  Miguel  locks  showed  firm  rock 
to  exist  well  below  the  lock  bottom.  The 
method  of  excavation  was  essentially  the  same 
as  that  cmploved  at  Gatun  and  the  spoil  was 
deposited  in  tlie  Pedro  Miguel  dam.  The  total 
volume  of  steam  shovel  excavation  was  1,130,- 
230  cu.  vds.,  and  it  cost  91.14  cts.  per  cubic 
vard.  The  hand  excavation  preparing  foun- 
dations amounted  to  160,621  cu.  yds.  and  cost 
$2.73  per   cubic  yard. 

Miraftorcs  Locks.— Bor'mgs  on  the  site  indi- 
cated hard  limestone  under  the  upper  locks 
and  argillaceous  limestone  under  the  lower 
lock.  As  at  Gatun  and  Pedro  Miguel,  exca- 
vation methods  were  channeling,  drilling  and 
blasting,  steam  shovel  and  hand  excavation. 
Spoil  from  the  site  was  deposited  in  the  Mira- 
flores  dam.  The  steam  shovel  excavation  in 
the  lock  site  amounted  to  2,222,5^2  cu.  yds., 
and  cost  92.11  cts.  per  cubic  yard.  Hand  exca- 
vation preparing  foundations  amounted  to 
.■!66,9.33  cu.  yds.  and  cost  $1.83  per  cubic  yard. 

STONE    SUPPLY. 

Rock  suitable  for  concrete  could  not  be  ob- 
tained from  the  canal  excavation  except  at 
the  expense  and  trouble  of  careful  sorting. 
It  was  decided  therefore,  to  develop  specia 
quarries.  The  considerations  to  be  regarded 
in  selecting  these  quarries  were:  That  the 
quantitv  of  stone  available  should  be  ample, 
that  its  qualitv  should  be  suitable,  and  that 
the  location  should  be  such  as  to  permit  ot  the 
most  economical  transportation  from  the 
crusher   plant   to   where   the   stone  was   to   be 

'  GciUm  Locks.— A  quarry  location  at  Porto 
Bello,  about  20  miles  east  of  Colon,  best  s.it- 
isfied  the  conditions  governing  stone  supply 
for  the  concrete  lock  and  spillway  work  at 
Gatun.  Merc  a  quarrv  of  ample  volume  and 
of  good  material  could  be  developed  close  to 
the  shore  and  its  product  could  be  transporter 
in  barges  to  Colon  harbor  and  up  the  ol( 
French  Canal  to  unloading  wharves  and 
storage  piles  adjacent  to  the  Gatun 
Locks.  Some  2,000,000  cu.  yds.  of  stone  were 
needed  for  the  Gatun  work  and  exp  orations 
at    Porto    Bello   indicated    some   2O,OO0.nnO  cu. 


vds.  available  of  good  andesite  rock.  The 
quarrv  site  was  also  favorable,  being  a  hill- 
side rising  directly  from  the  water  on  the 
north  shore  of  Porto  Bello  Bay. 

The  general  development  of  the  plant  was 
as  follovi-s :  Stone  was  to  be  taken  only  above 
elevation  +  88,  which  was  made  the  level  of 
the  crusher  house  floor,  as  the  rock  above 
this  level  to  a  vertical  face  along  the  +  160-ft. 
contour  would  give  4,000,000  cu.  yds.  The 
crusher  house  was  53x70%  ft.;  down  the 
slope  at  elevation  40  ft.  was  located  a  51x 
o7^-ft.  engine  house  and  further  down  at 
about  elevation  20  ft.  was  located  a  45x80y2- 
ft.  boiler  house.  On  the  flat  close  to  the 
shore  were  located  storage  bins;  these  were 
connected  by  inclined  conveyor  wMth  the 
crusher  house  and  could  chute  from  their 
water  side  directly  into  barges.  The  crusher 
plant  consisted  of   six   No.  6  and  two   No.  9 


TABLE  IV. 
Item  ■         1909-10.  1910-11.  1911- 

Cubic   yards    404,924  864,033  440.; 

Crusher  operation $0.0559  $0.0355  $0.OL 

Stone  bins  and  conveyors     .0413  .0311  .0! 

Power    0481  .0394  .0- 

Maint.  equipment 0573  .115S  .0- 

Plant  arbitrary ISol  .I'^o    .i- 

Total $0.3777     $0.3944  $0.4: 


Summarizing    the    quarrying    and    crushii. 
costs  we  get  for  cost  of  stone  production  i 
Porto  Bello  the  following: 
Year.  ^^''.f'iJ' 

1909-10 »Va2 

1910-11 1-33 

1911-12 1=9 

These  costs  do  not  include  any  charge  fc 
general  administration. 

For  the  year  ending  June  30,  1911,  and  tl 
succeeding  ten  months  ending  April  30,  191 
records  were  kept  of  crushing  plant  perforn 
ancc  with  the  results  presented  in  Table  V. 


Fig.    18.  Diagram    Plans   of    Panama    Canal  Locks  Showing  Locations  of  Gates,  Fender 

Chains,   Emergency  Dams. 


gyratory  crushers  and  later  a  No.  21  crusher 
was  added. 

The  rock  was  stripped  of  Us  earth  over- 
burden, the  soil  being  washed  into  gullies 
which  intersected  the  hillside.  The  rock  was 
drilled  and  blasted,  using  first  well  drills  and 
later  tripod  drills,  and  was  loaded  by  steam 
shovel  into  6-yd.  cars  hauled  in  train  to  the 
crusher  house  floor  and  dumped.  In  the 
blasting  operations  generally  60  per  cent 
dynamite  was  used,  the  charge  per  hole  be- 
ing varied  to  suit  local  conditions  of  rock. 
Vertical,  toe  and  breast  holes  were  used.  The 
vertical  holes  were  drilled  24  ft.  deep. 

Quarrying  and  crushing  were  begun  March 
2  1909,  and  crushed  stone  production  ceased 
on  April  30,  1913,  the  total  production  of  the 
plant  having  been  1,921,579  cu.  yds.  of  crushed 
stone.  On  Jan.  1,  1910,  exact  cost  keeping 
was  begun  and  the  cost  of  quarrying  at  Porto 
Bello  from  that  date  to  the  close  of  opera- 
tions on  April  .30,  1912,  is  given  in  Table  111. 

TABLE  III. 

i.p™                                       1909-10.  1910-n.  19n-lJ. 

ruble  vards          401.924  Sf,r033  440.413 

StrlnnlnK                      $0.0.360  $fl<^^174  $0.0040 

Drinine       ' !                  .0875  .0450  .0431 

BlastrnK        .                   2919  .1980  .1822 

Pjfadlnc                     • 159«  -^21  0771 

TVansD^rtailon        10S6  .0758  .0669 

Trnckr                .          0601  ."461  .034'i 

Power    '■■.'.'.'..    0H1  .0289  0353 

MaTnt Culpmcnt 0776  .0981  .062 

Plant  arbitrary 3401  .33.)0  .48»7 


TABLE   V. 

Item.                                                  "I?-"-  "Jl- 

Hours  under  pay.  per  cent 100  100 

Hours  working,  per  cent 72.66  49.8' 

Delays,   per  cent 27.34  oO.l; 

Repairs  to  crusher 1.84  0.5. 

Repairs  to  cross  conveyors 2.93  0.6' 

Repairs  to  bin  conveyors 2.58  0.5: 

Waiting  for  stone.... 7.25  30.6 

Crusher  choked   1-17  0.5 

Waiting  for  barges ».93  13.6 

Other  delays   ».64  3.7 


Totals 2734 


50.1 


Waiting   for  stone  and  waiting  for  bari 
were  the  chief  causes  of  delay. 

The  stone  from  the  bins  was  chuted  ii 
steel  barges  of  700  cu.  yds.  capacity  and  tov 
to  Colon  Harbor  and  then  inland  through 
old  French  canal  and  a  dredged  channel 
unloading  docks  on  the  East  Diversion,  n 
Gatun.  Barges  tied  up  to  the  west  wh 
were  unloaded  by  duplex,  cableways  wh 
transported  the  stone  to  a  200.000  cu.  yd.  sti 
pile.  The  cost  of  towing  and  unloading  st< 
from  Port  Bello  was  for  the  period  Jan. 
1910,  to  April  30,  1912,  as  given  in  Table 


TABLE  VI. 

Item  1909-10. 

Towing,  cti.  yds 404.921 

Operation     of     tugs     and      

barges    '0.1660 

Malnt.    equipment 0666 

Plant  arbitrary 2240 


1910-11.  1911 
864.033  440, 


$0.1592 
.1063 
.1975 


$0.1 
.1 
.1 


Total 


.$1.2091     $0.9367     $0.9747 


The  cost  of  crushing  the  quarried  rock  for 
the  same  period  is  given  in  Table  IV. 


Totals    $0.4586  $0.1330  $0.4 

CaYK'"operation $0.1697  $0.1168  $0.( 

Malnt.   equipment 0692  .092.J  .J 

Power         0166  .viy.>  .^ 

riant  arbitrary |1731   £050    ^ 

Totals    $0.4268  $0.4342  $0.5 
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A  final  summary  of  the  cost  of  stone  pro- 
duction, including  general  administration 
•charges,  is  given  in  Table  VII. 

TABLE  VII. 

Item.                                   1909-10.  1910-11.  1911-12. 

Quarrying    $1.2091  $0.9307  $0.9747 

Crushing    3777  .3944  .4264 

rowing    4586  .4630  .4C1S 

Unloading    4268  .4342  .5260 

Division   expense 0S54  .0551  .0269 

Totals    $2.5576     $2.2774     $2.015S 

Official   totals    2.6283       2.3403       2.4952 

The  official  totals  of  cost  of  all  crushed 
stone  in  storage  at  Gatun  include  a  consider- 
able yardage  transported  by  rail  to  storage, 
for  which  there  was  an  additional  charge.  The 
performance  of  the  unloading  cableways  at 
Gatun  for  the  two  years  ending  June  30,  1912, 
is  given  in   Table  VIII. 


TABLE   IX. 
1910-11. 


Hours. 

Time  delayed 11,694 

Time  working 11,274 


Pet. 

50.92 

49.08 


1911-12. 
Hours.       Pet. 


3,677 
3,SG9 


48.73 
51.27 


Time  in  operation. 22, 968       100.00        7,546       100.00 

Pacific  Locks. — Crushed  stone  for  the  con- 
crete work  at  Pedro  Miguel  and  at  Miraflores 
was  obtained  from  one  quarry  opened  in  the 
west  face  of  Ancon  Hill.  The  rock  was 
drilled  and  blasted  and  loaded  into  cars  by 
steam  shovel.  The  cars  ran  from  the  quarry 
face  by  a  series  of  sw-itch-back  tracks  to  the 
crusher  house  and  onto  the  crusher  floor.  The 
crusher  plant  was  a  side  hill  plant  and  con- 
sisted of  a  No.  12  gyratory  crusher  feeding 
to  four  No.  6  gyratory  crushers.  The  crushed 
stone  was  conveyed  by  horizontal  belt  con- 
veyor  to    storage   bins    mounted     on     trestles 


Crushing: 
Crusher  operation   . . 
Bins  and  conveyors. 

Power   

Maint.   equipment   . . 
Plant  arbitrary 


0.0346 
.0089 
0528 
.0033 
.0649 


Total    $0.1645 

Transportation: 

Tiain  operation   $0.0728 

Track     0209 

Dumping    013S 

Maint.    equipmsnt    0310 

Plant    arbitrary 0500 


$0.0172  $0.0179 

.0045  .0045 

.0183  .0187 

.0175  .0311 

.0762  .0592 

$0.1337  $0.1314 


$0.0447 
.0075 
.0098 
.0157 
.0553 


0.0366 
.0004 
.0110 
.0205 
.0590 


Total    $0.1885     $0.1330     $0.1276 

Division   e.xpense 0455         .0228         .OhH 


Grand   total    •. $1.5023     $0.8443     $0.79'>6 

Besides  furnishing  stone  for  the  lock  con- 
crete, the  .\ncon  quarries  shipped  crushed 
stone  to  other  divisions  and  for  municipal 
work.     The  performance  of  the  .Ancon  crush- 
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TABLE   VIII. 

Item.  1910-11.  1911-12. 

Cu.  yds.   handled 742,408     346,767 

Cu.    yds.    per    strand    per    hour 

worked     42.77  52.74 

Cu.    yds.    per    strand    per    hour 

under-    pay 21.14  30.42 

Hours  under  pay,   per  cent 100  100 

Hours  delay,   per  cent 50.57  42.31 

Hours  working,  per  cent 49.37  57.09 

Delays: 

Repairs    10.97  5.70 

Electrical    3.17  1.85 

Waiting   for   barges 24.21  26.35 

Moving    barges    2.09 

Other  delays   12.22  6.32 

Total     50.57  42.31 

Besides  the  cableways  from  two  to  five 
boom  derricks  were  operated  unloading  stone 
and  sand.    The  performance  of  these  derricks 

for   the    two   years   ending   June   30.  1D12.    is 
summarized  in  Table  IX. 
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Fig.    19.   Plan    and    Sections    Showing    Lock  Chamber  Construction  for   Upper   Locks  at 

Gatun. 


over  railway  tracks.  Cars  loaded  from  the 
bins  were  hauled  in  trains  to  Pedro  Miguel 
and  Miraflores  and  the  stone  was  dumped 
from  trestles  into  storage  piles  parallel  to  the 
locks  and  close  enough  to  be  within  reach  of 
the  berm  cranes  described  elsewhere. 

Operations  at  .Xncon  quarry  liegan  Feb.  10, 
1910;  detail  operations  are  available  from  this 
date  to  July  1,  1912.  For  the  year  ending 
June  30,  1913,  the  output  of  crushed  stone 
was  688,301  cu.  yds.,  which  cost  in  storage 
piles  at  the  locks  77.9.5  cts.  per  cubic  yard. 
The  cost  for  quarrying,  crushing  and  trans- 
porting stone  for  the  Pacific  locks  to  July  1, 
1912,  is  given  in  Table  X. 

TABLE  X. 

Item.                                   1909-10.  1910-11.  1911-12. 

Quarrying  in  cu.  yds 175,174  855,824  839.279 

Stripping    $0.1736  $0.0476  $0.04:':! 

Drilling  1388  .0449  .0552 

Blasting     0927  .0421  .0465 

Loading    0689  .0452  .0356 

Transportation    1402  .1727  .0576 

Tracks    1741  .0243  .0379 

Maint.    equipment 0855  .0333  .0568 

Plant  arbitrary 2300  .2447  .1903 

Total    $1.1038     $0.5548     $0.5222 


ers    for    1910-11    and    1911-12     is     shown    by 

Table  XL 

TABLE  XI. 

Item.                                                 1910-11.  1911-12. 

Yardage    crushed    855,824  937,908 

Time  working,  pet 74.20  71.91 

Time  delayed,   pet 25.80  28.09 

Delays: 

Repairs    5.11  6.43 

Crusher  choked   4.67  2.80 

Waiting  for  stone 3.15  10.55 

Waiting  for  trains 3.38  3.79 

Other  delays  9.49  4.52 

Total  delays   ■  .■ 25.80  28.09 

.S.\ND    SUPPLY. 

No  local  supplies  of  sand  ample  in  quan- 
tity and  of  good  enough  quality  for  concrete 
were  available  near  the  look  and  dam  sites. 
.Ml  sand  was  dredged,  loaded  on  barges  and 
shipped  by  water  and  railway  to  the  various 
places  where  it  was  needed.  The  three  main 
destinations  for  sand  were  Gatun.  for  the 
lock  and  spillway  works,  and  Pedro  Miguel 
and    Miraflores,    for   the   locks. 

Gatun  Locks.— ?<znA  for  the  Gatun  locks 
and  spillw^ay  was  secured  at  Nombre  de  Dios. 
about  40   miles   from   Colon ;   it  was  obtained 
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by  dredging  into  the  beach  from  the  sea. 
\Vork  was  begun  developing  the  supply  on 
Oct.  22,  lfti)8.  and  during  the  period  to  July 
1,  1909,  besides  development  channel  con- 
structed, a  plant  was  installed  consisting  of  a 
remodeled  old  French  suction  dredge,  a  light- 
er carrying  a  derrick  operating  a  clamshell, 
and  locomotive  cranes.  There  was  also  pro- 
vided a  fleet  of  barges  and  tugs.  To  July  1, 
1900,  12,005  cu.  yds.  of  sand  were  shipped, 
the  barges,  like  the  stone  barges  from  Porto 
Bello,  going  up  the  old  French  Canal  to  the 
unloading  wharves  at  Gatun.  The  sand  was 
unloaded  from  barge  to  stock  pile  by  cable- 
ways  and  derricks,  the  performance  of  which 
is  given  in  Tables  VIII  and  IX.  The  cost  of 
sand  supply  from  Nombre  de  Dios  by  general 
items  was  for  the  period  of  record  as  follows : 
Item.  1910.         1911.         1912. 

Production    $0.S2         $0.85         $1.11 

Towing   0.62  0.54  0.33 

fnloading    0.35  0.36  0.11 

Total    $1.91         $1.86         $2.24 

The  totals  in  this  tabulation  are  modified 
totals  to  allow  for  certain  rail  and  general 
charges. 

Pacific  Locks. —  Sand  for  a  lock  construc- 
tion at  Pedro  Miguel  and  Miraflores  was 
dredged  from  a  bay  formed  by  Point  Chame, 
which  is  about  20  miles  up  the  coast  from  Bal- 
boa. It  was  dredged  by  a  French  self-pro- 
pelling ladder  dredge,  loaded  into  barges  of 
500  cu.  yds.  capacity  and  towed  to  Balboa 
where  it  was  transferred  into  storage  bins  by 
means  of  rapid  unloading  cranes.  It  was 
chuted  from  the  bins  into  cars  and  hauled 
by  train  to  the  storage  piles  at  the  lock  sites. 
The  cranes  used  were  three  in  number  and 
their  performance  records  for  1910-11  and 
1911-12  are  given  by  Table  XII. 

TABLE  XII. 

Item.  1910-11. 

Sand  unloaded,   cu.   yds 494,841 

Time  working,  pet 70,59 

Time   delayed,   pet 29.41 

Delays,   pet, : 

Repairs    2.45 

Waiting  for  barges 7.66 

Other  delays   0.S2 


Total 


29.41 


1911-12. 

564,837 

71,83 

28.17 

0.56 
0.25 
0.49 

28.17 


1910-11. 

1911-12. 

$0.1580 

$0.1510 

.2269 

.1738 

.2482 

.1722 

.1816 

.1918 

.0208 

.0137 

$0.8284 

$0.7025 

494,841 

564.837 

The  cost  of  sand  in  place  in  stock  piles  at 
Pedro  Miguel,  and  Miraflores  for  the  time  of 
record  is  given  by  general  items  in  Table  XITI. 

TABLE  XIII. 
Item.  1909-10. 

Production   (dredging) $0.2457 

TowinK    2252 

I'nloadintr    2584 

Rail  transportation 2201 

Division  expenses 0270 

Total    $0,9764 

Yardage    183,193 

CONCRETE  CONSTRUCTION. 

Concrete  construction  was  begun  at  the 
Gatun  locks  on  Aug,  21,  1909,  at  I'cdrn 
Miguel  on  Sept.  1,  1909,  and  at  Miraflores  in 
Julv.  1910.  Concreting  on  all  locks  was  prac- 
tically completed  on  Sept.  1,  191.3.  During 
the  four  years  of  construction  the  following 
yardages  were  laid  at  each  lock  at  the  unit 
costs  given  :  Unit 

Lock.  Cu.  yds.  cost. 

Gatun    2.067,073  $i.l2 

Pedro    Miguel    930.090  5-51 

Miraflores    1.493.600  5.02 

TI1C  progress  of  concreting  by  months  from 
the  beginning  to  the  completion  of  work  on 
each  lock  is  given  by  Tabic  XIV. 


yds.  of  concrete  in  a  ma.ximum  period  of  live 
years — 400,000  cu.  yds.  per  year  or  about  1,300 
cu.  yds.  for  each  working  day.  Capacity  and 
permanency  were  warranted.  Figure  20  shows 
the  original  plant  layout  and  it  was  modified 
only  in  details  as   the  work  progressed. 

Cement  coming  to  Colon  by  ship  from  the 
United  States  was  transshipped  to  barges  and 
towed  to  Gatun,  where  it  was  unloaded  by 
crane  into  the  cement  storehouse.  Stone  from 
Porto  Bello  and  sand  from  Nombre  de  Dios 
came  to  Gatun  in  barges  and  was  unloaded  by 
cableways  into  stock  piles.  Cars  passing  through 
tunnels  under  the  cement  shed  and  stock  piles 
received  the  cement,  sand  and  stone  in  proper 
proportions  and  proceeded  to  the  mixer 
house  where  they  were  emptied  into  the 
charging  hoppers  over  the  mixers  and  then 
proceeded  around  a  loop  and  returned  to  the 
stock  piles  for  another  trip.  The  mixers  dis- 
charged into  cars  whicli  traveled  on  tracks 
parallel  to  the  locks.  The  buckets  of  con- 
crete were  lifted  from  the  cars  by  cableways 
which  spanned  the  lock  chambers  and  which 
carried  the  buckets  to  the  forms  and  dis- 
charged them. 

The  unloading  cableways  comprised  two 
duplex  and  one  single  cableway  operating 
grab  buckets ;  the  performance  of  these  cable- 
ways  and  the  cost  of  unloading  stone  by  them 
are  given  in  Tables  VIII  and  VI.  The  con- 
crete handling  cableways,  four  in  number, 
were  all  duplex  cableways.  .MI  cableways 
were  moiinted  on  traveling  towers  and  could 
move  along  the  work  as  occasion  demanded. 
The  performance  figures  of  the  lock  cable- 
wavs  for  the  two  vears  of  record  are  given 
in  table  XV. 


TABLE  XV. 

Item.  1911. 

strands  operated,  number 8 

Yardage  placed,  cu,   yds 616,661 

Handling  concrete,  per  unit 64.16 

Handling  steel  and  forms,  pet 8.80 

Total  time  working  pet 72.96 

Repairs  to  cableways.  pet 3.44 

Waiting  for   forms,  pet 13.79 

Moving,   pet 4. 81 

Other  delays,  pet 1.20 


1912. 

8 

309,534 

38.74 

17.77 

56.51 

1.27 

30.12 

6.12 


Total  time  delayed,   pet 27.04        43.49 

Yards  per  strand  per  hr,  working    32.45        31.46 

The  main  mixer  plant  consisted  of  eight 
2-cu.-yd.  mixers,  four  facing  right  and  four 
left,  as  indicated  on  l*"ig,  20,  In  October, 
1909.  this  plant  was  supplemented  by  an  aux- 
iliary steam  driven  plant  consisting  of  two 
2-cu.-yd.  mixers  and  located  near  the  south 
ends  of  the  locks.  The  performance  figures 
of  these  mixer  plants  for  the  two  years  of 
record  is  indicated  bv  Talile  XVI. 


TABLE  XVI. 
Main  Plant. 

Item.  1911.         1912. 

Aver.   No.   mixers 

worked    C.08  4.30 

Yardage    mixed.  .602.851     343. 3C4 
Time   w'ked,   pet.     58.74         43.07 

Delays,   pet 41.26        56.93 

Repairs    6.77        

Waiting  for   cars     33.34 

Other  delays 1.15 

Yds.     mixed     per 

hr.    working    .       45.22 


Auxll'ry  Plant. 


56.93 


59.26 


1911. 


226,476 
59.43 
40.57 

0.89 
37.86 

1.82 

fiS.37 


1912 

1.89 

80,544 

32.39 

67.61 

0.35 
66.3n 

0.9C 

68.54 


The  plant  as  described  was  used  through- 
out the  work  except  for  minor  alterations : 
the  cableways  were  slrcngtliened  and  several 
details  of  the  cars  and  railway  from  stock 
piles  to  mixer  were  modified.  The  entire 
plant    was    operated    by    electric    power    -'cn- 


TABLE  XIV. 


li  all  and  Culvert  Forms. — In  planning  foi 
the  laying  of  concrete  decision  was  reachec 
to  use  movable  steel  forms  as  far  as  practica- 
ble, not  only  for  the  main  and  lateral  cul- 
verts, but  for  the  lock  walls  themselves.  Th( 
walls  were  laid  in  monoliths,  36  ft.  long 
and  the  forms  for  these  monoliths  were  as 
scmbled  for  the  entire  height  of  the  wall,  ex 
cept  that  the  backs  of  the  forms  were  of  neces 
sity  built  up  as  the  concrete  rose,  due  to  the 
narrowing  of  the  wall  toward  the  top.  Tin 
front  of  the  wall  was  formed  against  a  built 
up  steel  plate,  which  was  supported  by  a  stee 
tower  so  designed  as  to  withstand  the  hori 
zontal  thrust  of  the  concrete,  and  provide( 
with  jacks,  by  means  of  which  the  plate  couh 
be  kept  accurately  adjusted  in  position.  Thi 
tower  rested  on  rails,  and  could  be  readil; 
moved  from  one  position  to  another  in  layin: 
the  successive  monoliths.  The  sides  of  th 
form  were  built  up  and  bolted  to  the  fron 
form  and  braced  to  withstand  the  thrust  o 
the  concrete.  In  any  one  position  of  a  cable 
way  there  were  forms  ready  for  monolith 
in  the  two  side  walls  and  in  the  middle  wal 
and  when  one  set  of  cableways  begin  to  la, 
concrete,  the  interruption  usually  due  to  forr 
construction  was  obviated  as  far  as  prac 
ticable.  Drawings  showing  the  general  fea 
tures  of  the  forms  and  towers  are  given  b 
Fig.  21. 

Wood  forms  were  employed  in  placing  th 
floor  concrete  and  for  certain  irregular  dc 
tails. 

The  culvert  forms  consisted  of  a  horsesho( 
shaped  form  for  the  main  center  wall  cul 
vert,  circular  forms  for  the  side  wall  culvert! 
and  elliptical  forms  for  the  lateral  culvert: 
.\\\  culvert  forms  were  of  steel  and  were  d« 
signed  to  be  collapsible.  Like  the  wall  form 
they  were  used  over  and  over  and  were  bar 
died  from  place  to  place  by  the  lock  cabk 
ways. 

Concrete  Costs. — Concreting  was  begun  ; 
Gatun  on  Aug.  24,  1909.  The  concrete  wa 
a  1 :3  :G  mi.xture  with  a  facing  of  1  :2  -.4  cor 
Crete  around  main  culverts  and  a  1  :3  mixtur 
for  finished  horizontal  surfaces.  Rubble  stor 
were  embedded  in  all  mass  concrete  worl 
Detail  cost  records  are  available  from  Jan. 
1910.  to  July  1,  1912,  and  are  given  in  Tabl 
XVII. 

TABLE  XVII. 

Item.                                      1910.  1910-11.  1911-1 

Concrete,   cu.    yds 386,946  829,317  376,41 

Cement  $1.9786  $1.7784  $1.53; 

Stone  2.3038  2,0960  1.99 

.><and   0.7602  .8614  l.Oi: 

Mixing    0.2438  .1756  .17: 

Total    $5.2864  $4,9114  $4.7: 

Large  rock,  cu.  yds 10.7S5  73,609  14,1 

Cost  $3.0652  $i.3:;6i;  $1.3:;' 

Masonrv,    cu.    vds 397,731  902,926  390,01 

Concrete    $5.1431  $4.5111  $4.54; 

Large  rock   0831  .1090  .04> 

Wood  forms 3802  .BO: 

Steel  forms 4952  .1067  .15' 

Placing     4285  .3285  .47' 

Reinforcement    0111  .0241  .Or 

Pumps    0332  .0417  .08' 

Power    0726  .0666  .08: 

Maintenance   equipment..     .1971  .2357  .211 

Plant,   arbitrary 6035  .6969  .89: 

Division   expenses 1051  .0914  .10: 

Administration    3523  .2208  .26 

Total    $7.5245     $6.8127     $7,391 

Previous  to  Jan.  1,  1910,  there  were  place 
in  the  Gatun  locks  116,072  cu.  yds,  of  cot 
rrole  at  a  cost  of  $8,54  per  cubic  yard,     Bi 


Months, 
January     ., 
February    , 
March    ... 

April     

May    

June   

July     

August  .. 
September 
October  .. 
November 
December 


1909. 


74. 

89, 

84. 

1,298 

85. 

12.291 

7«. 

29,378 

86, 

r.ft.27n 

(.1, 

42,832 

SO, 

-Gatun   Locks- 

10. 

136 

G96 

998 

227 

273 

401 

,001 

686 

720 

,949 

152 

212 


1911, 

1912. 

72,919 

34.983 

72,103 

26,664 

86,881 

27.532 

67.361 

11.600 

67,844 

7.746 

55,035 

6.095 

71.046 

8.093 

66.928 

6.855 

57.298 

3.162 

53,636 

3.252 

43.907 

6.029 

43.590 

5.697 

1913, 

2s,os-. 

30.7S-> 

48.180 

22.73J 

IS.Oir. 

5.509 

3.431 

6.25X 


Total 


116.072     886.451     758,821     147.708     158.021         33.856     444.947 


2,370 

8.310 

in.mn 

18.007 


19 

4 

4. 
13 


11. 


1909. 


Miraflores   Locks- 


1910 


294          146 

412        314 

145        13 

1.144         27 

773        1.603 

1.82.^               28  3,672 

1,881                74  6.030 

18,133 

22.159 

23.871 

21,533 


1911. 

24,018 

20,896 

31,173 

38,758 

36.154 

26.536 

32,840 

57.003 

56.083 

60.870 

41,720 

48.770 


19 
4S. 
63, 
83, 
97, 
92. 
68 
66, 
75, 
46, 
54, 
39. 
46, 


2. 

416 
893 
706 
735 
095 
390 
020 
380 
120 

90 
870 
740 


191: 

50.1 

34,:" 

21.0: 

13. 2i 

6,91 

3,8; 

3.8 

3.6' 


109.261       30.133 


102       97.501     474.831     783.180     137.9' 


r,,\Ti:N  LOCKS. 


.l/i,n 
for  th 
Locks   was 


ing  and   Handling  Plant.— The  task  set 

e   mixing  and   handling  plant   at   Gatun 

"   2,00fi.00n   cu 


ing 
the 


construction 


of 


crated  by  a  steam  turbo  generator  station  built 
near  the  lock  site.  This  plant  also  furnished 
current  for  lighting  and  miscellaneous  power 
purposes. 


twecn  June  30,  1912.  and  July  1,  1913,  137 
21s  cu.  yds.  were  laid  at  a  unit  cost  of  $6,-''i 
All  the  above  costs  are  for  plain  concrete.  I 
addition    there    were    laid    considerable   yarf 
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ages  of  reinforced  concrete  of  which  records 
are  given  as  follows : 

Year.                              Yardage.  Per  cu.  yd. 

1910-11  8,211  $13.58 

1911-12  59,S83  12.66 

1912-13  37,532  10.58 

The  average  cost  given  above  for  all  con- 
crete in  the  Gatun  locks  includes  this  rein- 
forced work  and  all  miscellaneous  high  cost 
finishing  work. 

P.VCIFIC    LOCKS. 

Entirely  similar  plant,  and  to  a  large  de- 
gree the  same  plant,  was  used  in  constructing 
the  locks  at  Pedro  Miguel  and  at  Miraflorcs. 


trusses  were  hung  continuous  trolley  tracks 
equipped  with  two  trolleys — one  for  each  arm 
— arranged  to  operate  "^%-cu.-yd.  excavating 
buckets,  by  means  of  which  sand  and  stone 
were  taken  from  storage  and  conveyed  to  bins 
located  on  the  crane  towers.  There  were 
four  bins,  each  of  15  cu.  yds.  capacity ;  two 
being  used  for  stone  and  two  for  sand.  Beneath 
the  bins  was  a  cement  floor  2,000  sa. '  ft.  in 
area  on  which  could  be  stored  6,000  bags  of 
cement.  Two  cement  hoppers  of  10  bbls.  ca- 
pacity  each   were   hung  from  this   floor. 

Cement  was  delivered  direct  from  box  cars 
on  an  elevator  attached  to  the  tower  framing 


the  bucket.  .A.  6.5-HP.  compound-woun 
motor  geared  through  two  reductions  to  th 
cable  drum  was  used  for  hoisting,  and  a  21 
HP.  compound-wound  motor  for  troUeyinj 
In  both  of  these  movements  dynamic  brakin 
was  used.  The  elevator  and  conveyor  wer 
driven  by  a  15-HP.  componnd-wound  moto 
and  each  mixer  by  a  40-HP.  shunt-woun 
motor.  One  of  the  hoisting  motors  w'as  als 
used  for  traversing  the  crane  by  connectin 
through  friction  clutches  to  the  traversin 
drums  after  having  disconnected  from  th 
hoisting  drum,  the  arrangements  being  sue 
that    the    two    movements     of     hoisting    an 
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Fig.  21.  Steel  Forms  for  Wall  Construction  at  Gatun   Locks. 
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This  plant  consisted  of  eight  cantilever. cranes, 
four  each  of  different  types,  designated,  re- 
spectively, as  Berm  and  Chamber  cranes. 
These  machines,  Figs.  22,  2-3  and  24,  differently 
arranged,  were  used  for  placing  concrete  at 
both  Pedro  Miguel  and  Miraflores.  The  high 
and  unstable  banks  flanking  the  former  site 
made  it  necessary  to  develop  the  handling 
plant  in  a  longitudinal  direction,  by  placing 
the  mi.xing  machinery  and  storage  in  the  fore- 
bay,  introducing  a  narrow-gage  road  for 
transporting  the  mixed  concrete  to  the  placing 
machines  located  in  the  lock  chambers.  Kx. 
Miraflorcs  the  liandling  of  concrete  was  ma- 
terially simplilled  as  the  nature  of  the  ground 
admitted  of  placing  the  storage  piles  and 
mixing  machines  on  both  sides  of  the  lock 
pit,  thus  dispensing  with  the  narrow-gage 
road. 

Pedro  Miguel  Plant. — The  essential  fea- 
tures of  the  installation  at  Pedro  Miguel 
were:  (1)  .Storage  trestles,  for  unloading  and 
storing  sand  and  stone;  (2)  berm  cranes,  for 
handling  raw  material  and  mixing  concrete ; 
(3)  narrow-gage  road,  for  transporting  con- 
crete, and  (i)  chamber  cranes,  for  placing 
concrete. 

In  the  forebay  of  the  locks  framed  trestles 
were  erected  on  both  sides  of  and  parallel  to 
the  canal  axis  ;  each  had  an  average  height  of 
28  ft.  and  a  length  of  800  ft.  available  for 
storage.  Sand  and  crushed  stone  were  de- 
livered on  the  trestles  in  trains  made  up  of 
12-cu.-yd.  dump  cars,  and  the  former  was 
dumped  on  the  outside  and  the  latter  on  the 
inside  in  order  to  minimize  the  average  dis- 
tance of  conveying  the  aggregate  to  the  mix- 
ers. The  total  storage  capacity  was  45,000 
and  5.5.000  cu.  yds.  of  sand  and  stone,  re- 
spectively, which  would  supply  the  mixers  for 
17    days    of    eight   hours. 

Two  berm  cranes  only  were  used  at  Pedro 
Miguel,  and  were  installed  between  the 
trestles  on  two  parallel  5-ft.-gagc  tracks,  50- 
ft.  centers.  The  cranes  were  entirely  of  steel 
and  consisted  of  a  tower  oOxtO  ft.,  support- 
ing balanced  cantilever  arms  that  extended 
well  over  the  storage  trestles  with  ample 
clearance  for  a  locomotive. 

From    the    lower    chords   of    the   cantilever 


and  deposited  by  the  latter  on  a  horizontal 
conveyor  running  across  the  cement  floor  to 
the  gratings  over  the  hoppers,  but  the  bags 
of  cement  could  be  taken  off  before  reach- 
ing the  hoppers  and  stored  on  the  floor.  The 
bins  and  hoppers  were  equipped  with  chutes 
which  discharged  into  either  one  or  both  of 
the  measuring  hoppers  that  were  attached  to 
the  two  concrete  mixers  located  lower  down 
on  the  towers. 

The  mixers  were  2-cu.-yd.  machines  operat- 
ed by  electric  motors,  and  were  provided  with 
long  spouts  for  dumping  direct  into  buckets 
on  the  narrow-gage  cars  alongside.  Each 
mixer  was  provided  with  an  electrically  op- 
erated recording  instrument  which  showed 
graphically  the  time  consumed  in  mixing  each 
batch.  The  water  required  for  mixing  was 
supplied  through  automatic  measuring  tanks 
placed  on   the   towers. 

Power  for  operating  the  cranes  was  trans- 
mitted  bv   an   overhead   line    from   the    Mira- 


traversing   could   not   be   accomplished   at   th 
same  time.  •     .  ■ 

A  narrow-gage  railroad  w-as  used  for  trans 
porting  mixed  concrete  from  the  berm  to  th 
chamber  cranes.  The  difference  in  elevatio: 
between  the  forebay  and  bottom  of  Wipe 
chambers  was  overcome  by  means  of  trestle 
with  a  grade  of  2.3  per  cent.  The  tracks  wer 
laid  with  70-lb.  steel  rails,  which  cnahle4  th 
locomotives  to  attain  a  greater  rate  ot  sper 
than  would  be  safe  on  the  light  rail  usuatl 
employed.  The  equipment  consists  of  twelv 
ll',^-ton  locomotives  and  24  steel  ri:i 
cars,  all  equipped  with  air :  each  car  wa 
large  enough  to  hold  two  buckets  of  64-cu.-fi 
capacity.  A  train  consisted  of  two  cars  ani 
each  of  the  latter  carried  a  bucket  so  placei 
that  when  alongside  a  berm  crane  the  buck 
ets  could  be  filled  from  the  correspondini 
mixers  without  moving  the  train.  The  train 
alternated  in  going  into  the  respective  loci 
chambers  and   stopped   under  the   first   cham 


TtJ^^s 


xi^WJ' 


Fig.    22.  Arrangement    of    Berm    Cranes    at    Pedro  Miguel  Locks. 


florcs  power  house  to  a  substation  at  Pedro 
Miguel,  where  it  was  converted  inin  550-volt 
direct  current  by  two  550-kilowatt  rotaries 
and  supplied  to  the  cranes  through  a  feeder 
rail  supported  on  brackets  attached  to  the 
cross-tics  of  one  of  the  crane  tracks.  .Ml 
motors,  except  for  the  concrete  mixers,  were 
in  a  machinery  house  located  on  top  of  the 
tower  truss.  All  operations,  however,  were 
controlled  by  master  switches  in  the  cabs 
of  the  trolleys,  so  that  the  operator  was  al- 
wavs  immediately  over  and   in  plain  view  of 


her  crane  reached :  the  latter  placed  an  empt; 
bucket  on  one  of  the  cars  and  picked  up  ; 
loaded  one  from  the  same  car;  the  train  thei 
movc<i  to  the  next  crane,  where  the  opera 
lion  of  exchanging  buckets  was  repeated,  aftei 
which  it  returned  on  the  up  track  to  the  mix 
ing  cranes  with  the  two  empty  buckets. 

Four   chamber   cranes — two   in   each   lock- 
were  in  service  at  Pedro  Miguel.    Their  funr 
tion  was  to  place  concrete,  handle  forms,  an 
the  steel  or  cast  members  that  were  embeddei 
in   the   masonry.     Tliev   were   steel   cantilevci 
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cranes  made  up  of  a  tower  i)6x40  ft.,  carried 
«n  four  heavy  freight-car  trucks  which  ran 
on  two  5-ft.  gage  tracks  located  on  the  floors 
of  the  locks.  E^ch  tower  supported  a  canti- 
lever arm  53  ft.  G  ins.  long,  extending  over 
the  center  wall,  and  one  81  ft.  (!  ins.  long, 
extending  over  the  side  wall.  A  continuous 
trolley  runaway  191  ft.  long  was  suspended 
from  the  cantilevers  and  lower  truss  of  the 
tower :  the  trolley  was  designed  to  run  the 
entire  length  of  the  runway  and  to  handle  a 
64-cu.-ft.  concrete  bucket.     All  operations,  in- 


of  the  performance  of  lock  cranes  at  Pedro 
Miguel  and  at  Miraflores.  Tables  XVIII  and 
XIX  arc  compiled  from  these  records. 

TABLK  XVIII. 
(Berm    Cranes.) 
'  Pedro 

Miguel.  , — Miraflores — ^ 

Items.                                   1910-11.   1910-11.  1911-12. 

Concrete   mixed,   cii.   yds. 379.190       67,774  409.651 

Cranes  operated,   number       1.58          l.SO  3. 58 

Mixers    operated,    number       3.08           3.59  6.55 

Hours  working,  pet 72.40        62.25  62.00 

Delays,   pot 27.60        37.75  38.00 

Repairs   to  cranes 4.44           7.23  5.09 
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Fig.  23.  Arrangement  of  Chamber  Cranes  at    Pedro  Miguel   Locks. 
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eluding  opening  and  closing  the  bucket,  were 
controlled  by  the  operator  in  the  trolley  cab. 
As  in  the  case  of  the  berm  cranes  the  ma- 
chinery was  in  a  house  on  top  of  the  tower 
and  was  actuated  by  direct  electric  current 
supplied  from  the  same  source.  For  hoist- 
ing and  trolleying  47-HP.  and  21-HP.  motors, 
respectively,  were  used  and  a  15-HP.  motor 
for  traversing  the  entire  machine ;  the  latter 
was  controlled  by  a  switch  so  located  that  the 
operator  could  reach  it  from  his  cab  when  in 
a  certain  position. 

Miraflores  Handling  Plant. — All  the  berm 
and  chamber  cranes  used  at  Pedro  Miguel 
were  transferred  to  Miraflores  locks  and 
placed  in  service  there  between  April.  1911, 
and  April,  1912.  The  Miraflores  plant  then 
included:  (1)  Storage  trestles,  for  sand  and 
stone;  (2)  berm  cranes,  for  handling  raw 
material,  mixing,  and  placing,  and  (3)  cham- 
ber cranes,  for  placing. 

The  storage  trestles  were  located  on  both 
sides  of  the  lock  site  and  under  the  outer 
arms  of  the  berm  cranes.  Sand  and  stone 
were  delivered  in  the  same  manner  as  at 
Pedro  Miguel. 

Two  berm  cranes  on  each  side  of  the  locks 
were  used  at  Miraflores.  They  consisted  of 
steel  towers  with  cantilever  arms  extending 
over  the  storage  trestles  and  booms  144  ft. 
long  projecting  over  the  side  walls  of  the 
locks.  Those  at  Pedro  Miguel  were  dismantled 
and  re-erected  at  Miraflores  with  the  fol- 
lowing modifications :  One  of  the  cantilever 
arms  was  removed  from  each  and  used  as 
the  outer  arms  for  the  two  additional  cranes, 
and  all  four  were  equipped  with  booms.  The 
towers  were  equipped  with  bins,  hoppers,  and 
2-cu.-yd.  mixers,  as  at  Pedro  Miguel,  but  the 
operation  differed  in  that  one  excavating 
bucket  operator  on  the  cantilever  supplied  the 
stone,  while  the  boom  carried  a  trolley 
equipped  with  a  64-cu.-ft.  concrete  bucket, 
into  which  the  concrete  was  dumped  direct 
from  the  mixers.  The  boom  was  hinged  and 
had  a  vertical  range  of  25'  and  could  swing 
horizontally  through  an  arc  of  50  ft.  It  was 
not  necessary  to  unhook  the  bucket  from  the 
boom  trolley  either  to  receive  or  discharge 
the  concrete,  which  was  deposited  directly  in 
the  side  walls  and  into  a  transfer  hopper, 
from  which  it  was  discharged  into  the  cham- 
ber crane  buckets  to  be  conveyed  to  the  mid- 
dle wall.  All  operations  were  controlled  from 
the  trolley  cabs,  and  the  motors  were  the 
same  as  were  used  at  Pedro  Miguel. 

The  chamber  cranes  at  Pedro  Miguel  were 
dismantled  upon  the  completion  of  the  work 
there  and  rebuilt  at  Miraflores.  They  per- 
formed the  same  functions  as  described  for 
Pedro  Miguel. 

Crane  Performance  Records. — From  Time 
3n,  1910,  to  July  1,  1912,  records  arc  available 


Repairs  to  mixers 0.77  1.05  0.45 

Waiting  lor  material 1.83          

Waiting  for  cars 21.39  0.09  •8.52 

Waiting  for   forms 6.16  14.04 

Other  delays   1.00  21.39  9.09 

Total  delays  27.60         37.75         38.00 

Cu.    yds.    per  hr.   working     70.30         41.69         3S.0r, 

•Delay  due  to  bridging. 

TABLE  XIX. 
(Cliamber  Cranes.) 

Mira- 

Pedro  Miguel,     tiores. 

Items.  1910-11.  1911-12.  1911-12. 

Concrete   placed,    cu.    yds.403,lD5       28,450     234,520 

Cranes    working,    number      3.45  1.73  2.48 

Time   working,   pet.: 

Placing  material   22.75        55.34 

Handling   steel   forms 39.01  9.00 

Total   67.44  61.76  64.34 

Delays,   pet.: 

Repairs  to  cranes 2.73  2.97  7.21 

Waiting    for    concrete 9.35  8.SS  11.57 

Waiting  for  forms 13.80  12.47  14.58 

Bridging 4.87  4.01 

Other  delays    6.68  9.05  3.22 

Total    32.56         38.24         46.66 

Cu.    yds.    per  hr.    working     64.71         42.48         58.38 

Forms. — Wood  forms  in  built-up  panels  15 
ft.  long  and  6  ft.  high  were  used  for  build- 
ing the  lock  walls  at  both  Pedro  Miguel  and 
at  Miraflores.  Each  panel  consisted  of  seven 
uprights     14     ft.     long     connected    by    waling 
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forms  were  used  for  connections  of  main 
nnd  side  wall  culverts  with  lateral  culverts 
and  for  various  other  details  where  the  con- 
struction was  abnormal.  For  the  barrels  of 
the  culverts  collapsible  steel  forms  were  em- 
ployed. 

CONCRETE    COSTS. 

The  cost  of  concrete  work  at  Pedro  Miguel 
and  at  Miraflores  is  best  considered  separately 
for  each  set  of  locks. 

Pedro  Miguel. — The  Pedro  Miguel  locks 
contain  some  950,000  cu.  yds.  of  concrete  and 
placing  was  begun  Sept.  1,  1909.  Detailed 
records  of  cost  from  Jan.  1,  1910,  to  July  1, 
1912,  are  given  in   Table  XX. 

TABLE  XX. 

Items.                                        1910.  1910-11.  1911-12. 

Concrete,    cu.    vds 131.354  495,037  134,193 

Cement   $1.8449  $1.5365  $1.6564 

Stone     1.2609  .8242  .7619 

Sand     4354  .3729  .3823 

Mixing    4559  .1771  .3562 

Total    $3.9971 

Large  rock,  cu.  yds 1,659 

Cost     $0.9642 

Masonry,    cu.    vds 133,013 

Concrete     $3.9473 

Large  rock   0120 

Wood  forms   680S 

Steel   forms    

Placing  5331 

Reinforcement    0028 

Pumps    0418 

Power    1055 

Maintenance  equipment. .     .0880 

Plant,  arbitrary 4569 

r)ivision   expenses 0965 

.Administration    3849 

Total    $5.3496     $4.9827     $6.0268 

Prior  to  Jan.  1,  1910,  33,856  cu.  yds.  of  con- 
crete were  placed  at  an  average  cost  of  $7.63 
per  cubic  yard.  Between  June  30,  1912,  and 
July  1,  1913,  39,463  cu.  yds.  of  plain  con- 
crete were  placed  at  a  cost  of  $6.54  per  cubic 
yard.  The  cost  of  reinforced  concrete  at 
Pedro   Miguel  locks  was  as   follows: 

Tear.  Yardage.         Per  cu.  yd. 

1910-11    385  $19.75 

1911-12    48,677  9.16 

1912-13    18,902  9.80 

The  average  cost  given  above  for  all  con- 
crete to  July  1,  1913,  includes  all  reinforced 
and  other  special   concrete  work. 

Miraflores  Locks. — Concreting  was  begun  at 
Miraflores  in  Julv  1,  1910,  and  its  cost  in  de- 
tail to  July  1.  191.3.  is  given  in  Table  XXI. 
-As  at  Pedro  Miguel,  there  was  an  additional 
volume  of  reinforced  concrete  and  the 
amounts  and  costs  of  this  for  the  years  of 
record  were  as  follows : 

Tear.  Yardage.         Per  cu.  yd. 

1911-12    22.444  $11.46 

1912-13    48,185  10.80 

During  the  year  ending  July  1.  1913,  402,607 
cu.   vds.   of   concrete  were  laid   at   an   average 
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Fig.  24.   Arrangement  of  Berm  and  Chamber    Cranes  at   Miraflores   Locks. 


pieces  and  lagging,  the  latter  being  placed  on 
the  upper  6  ft  only:  the  lower  A  ft.  of  the 
uprights  acted  as  cantilevers  and  were  an- 
chored to  the  concrete  previously  placed.  The 
anchor  bolts  extended  into  the  masonry  about 
2  ft.  and  were  removed  as  the  work 
progressed,  leaving  the  anchor  nut  only  em- 
l>cdded.  The  sequence  of  operations  is  indi- 
cated by  Fig.  25.  -Vfter  the  battered  portion 
of  the  wall  was  completed,  one  set  of  forms 
carried  it  to  its  full  height. 

Besides    the    wall      forms     sjiccial    wooden 


cost   of  $5   per  cubic   yard.     Previous  to  July 

1.  1910,  there  were  placed  1.630  cu.  yds.  of  con- 
crete at  a  cost  of  $8.11  per  cubic  yard. 

TABLE    XXI. 

Items.                                                   1910-11.  1911-12. 

t^oncrete,   cu.   vds 2611.240  729.096 

Cement    ." jl.4665  $1.7920 

.<tone    8132  .7461 

Sand    3946  .356t 

.ilixing    5226  .2258 

Total     .?3.]969  $3.1206 

L;uge  rock.  cu.  >ds 3.693  ..      . 

Cost     $0.7838  


January  7.  1"14. 
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Masonry,   cu,    yds 272,933 

Concrete    ^iJH 

Ijarge    rock 0106 

Wood    forms    4040 

Steel   forms    0776 

Placins;     ^Mj 

Reinforcement    Oyi 

Pumps    036b 

Power     01b3 

Maintenance    equipment 1688 

Plant,     arbitrary 4240 

Division  expense   0990 

Administration     31. .1 


Total    $4.;ii7- 

Lock  Gate  Structures. 

The  locks  of  the   Panama  Canal  require  40 
gates,  distributed  as  shown  by  Table  XXII. 


Height. 

82  ft 

79  ft 

77  ft 

«6  ft 

t;4  ft.  8  ins. 
47  ft.  4  ins. 


TABLE   XXII. 

Pedro 

Gatun.     Miguel. 


Totals. 


16 

•7 

2 
20 


Mira- 
(lores. 


729,03G      ample  the  assumption  was  made  that  the  sill      aphragms  being  attached  m  siiccession  bclor 
^•^^'"'      bearing  alone  or  the  miter  bearing  alone  held      the    successive    horizontal    girders    were    low 

the  leaf  against  total  pressure  instead  of  this      ered   into  place.     The  intercostals   were  gen 

pressure    being    divided    between    miter    posts       erally  attached   later. 

anj"  sjiig  '  Special    precautions    were    taken    to    insur 

that  the  framework  was  true  iii  shape 
erected.  .\  special  machine  was  installed  ;i 
the  shops  where  the  gates  were  fabricated  b 
which  ends  of  girders  were  planed  ^imult:: 
neously.  In  the  field  fine  steel  wires  wei 
used  to  check  the  shape  of  the  skeleton  :: 
erection  proceded,  and  all  observed  erroi 
were  corrected  at  once.  To  insure  corre 
total  height  adjustable  pillers  were  used  b. 
tween  diaphragms  and  the  girders  at  the  toi 
the  fourth  panel  and  the  bottom.  As  the  n 
suit  of  this  care  in  the  erection  it  is  b. 
ieved    that    the    greatest    deviation    from 


.40.UI 
.0364 
.2014 
.0012 
.0327 
.028J 
.1545 
.5420 
.0660 
.2240 

$4.8107 


Total. 
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LOCK    GATE    ERECTION. 

The  method  of  erecting  the  lock  gates  was 
planned  with  care  and  all  operations  were  con- 
ducted with  exceptional  precaution.  This 
attention  was  warranted  by  the  number  of 
gates  to  be  erected  and  was  also  demanded  by 
the  importance  of  accurate  hang  and  fit  to 
ease  of  operation,  proper  distribution  of 
stresses  and  watertightness.  Erection  plans 
were  devised  by  the  contractor  and  approved 
by  the  Isthmian  Canal  Commission.  They  in- 
volved   three    sets    of    erection    processes   be- 


sides the  transportation  to  the  locks  and  the      plumb  line  in  any  of  the  gate  frames  did  n 


14 


46 


distribution   of   materials  at   the   locks. 

The  horizontal  girders,  some  1,500  in  all, 
each  65  ft.  long  and  weighing  about  18  tons, 
with  their  stiffening  angles  and  beams,  were 
riveted  up  complete  in  the  United  States  and 
together  with  the  vertical  frames,  diaphragms, 
intercostals  and  plating,  were  sent  by  ship 
to  Colon  and   transferred  to   train  which   de- 


All  gate  leaves  are  of  the  same  width,  and 

they    are    all    alike    structurally.      The    design       ^^   ^ _      

adopted  was  preceded  by  exhaustive  prelim-  Hvered  them  close  alongside  the  locks.  The 
inarv  studies  to  determine  the  best  type.  The 
result  of  these  studies  was  to  determine  the 
adoption  of  the  mitering  type.  Comparisons 
were  then  made  between  miter  gate  leaves  of 
the  straight  girder  type  and  of  the  arch  type. 
It  was  found  that  the  arch  form  was  more 
economical  in  material,  but  that  this  saving 
was  counterbalanced  by  the  higher  cost  of  the 
curved  work  which  its  construction  demand- 
ed. Furthermore,  the  greater  thickness  of 
this  arch   leaf  necessitated   increased  depth  of 


exceed    %    in.:    and    that    the    heights   of 
gates  agree  within   less   than  M   in.  with   tl 
figures  shown  on  the  plans. 

Generally  the  erection  of  the  framewor 
was  completed  before  the  sheathing  was  he 
gun,  but  in  any  case  all  riveting  of  the  frame 
work  was  completed  before  the  sheathing  w.. 
entirely  in  place.  The  manner  of  performm 
the  sheathing  was  to  lower  the  plates  into  P' 

2"'4-i5'0;  rft-j 
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Fig.    25.   Diagram     Showing    Operations     in   Using  Wall   Forms  at  Pedro   Miguel  and    Miraflores   Locks. 


gate  recesses  in  the  side  walls  and  conse- 
mientlv  thicker  walls.  Many  other  matters 
were  given  separate  study.  The  selection  made 
was  a  girder  gate  leaf  of  the  general  design 
shown  bv  Fig.  2i>.  i    ■   w 

The  leaves,  as  stated  above,  vary  in  licigiit, 
but  are  uniformly  7   ft.  thick  and  (i"j  ft.  wide. 
Their   frame  or   skeleton  consists  ot   horizon- 
tal girders  spaced  from  3%  ft.  to  o  ft.  apart; 
of   Vertical    frames    which    extend    the    entire 
height    of    the    leaves;    of    intercostals    which 
stitten    the    sheathing    plates    at    intervals    ot 
about  -2   ft.:   and  of   two   vertical   diaphragms 
for  transferring  the  thrust  of  the  leaves  a  ong 
the  quoin   and   miter   posts   to  the   web  plates 
in  the  horizontal  girders.     Sheathing  doubling 
and  cover  plates  are  riveted  to  the  upstream 
and  downstream  sides  of  the  main  frame,  and 
the   ends   arc   closed   by   tlat   plates  connected 
to  the  skeleton  bv  continuous  bent  plates.    lii«- 
lowcr  part  of  thb  gate  forms  an  air  chamber 
sub-divided    into    three    water    tight   compart- 
ments,   while   the    upper    part   is   arranged    to 
permit  the  water  to  flow  in  and  out  Ircely.   lo 
the    vertical    ends    of    the    leaf    are    attached 
steel   reaction  castings  carrying  the  miter  and 
quoin   bearings,   arranged   as   shown   by    figs. 
•27  and   28.     A   full   description  ot   these  cast- 
ings will  be  giten  in  the  section  on  lock  gate 
erection.  .,     ,        .   , 

The  gate  leaves  as  described  weigh  up  to 
1,48:1700  lbs.  for  the  heaviest  They  arc 
liinued  at  the  top  by  a  pin,  as  shown  by  iMg. 
■^!i  and  re^t  at  the  bottom  on  a  hemispherical 
pintle.  Fig.  30.  In  designing  hinges  and  leaves 
assumptions  were  made  of  the  most  disad- 
vantageous conditions  of  stress  and  the  steel- 
work'was   designed    to   meet   them.     1-or  ex- 


service  track  arrangements  at  the  lock  are 
indicated  by  Fig.  31.  It  is  noted  that  the 
track  nearest  the  lock  chamber  is  connected 
by  curves  to  tracks  passing  onto  the  erecting 
bridges  which  spanned  the  lock  chamber  as  in- 
dicated by  Fig.  32.  There  were  provided 
eight  erection  bridges  so  that  erection  of  16 
leaves  simultaneously  was  possible.  The  gate 
parts  arriving  on  train  were  unloaded  onto 
the  fill  behind  the  side  walls  by  means  of  lo- 
comotive cranes  <>f  which  ten  were  em- 
ployed. These  cranes  also  picked  up  the 
gate  parts,  carried  Ihcm  onto  the  erection 
bridge  and  lowered  them  into  place  in  the 
gates  being  erected.  . 

Erection  proiier  began  in  the  case  ol  each 
leaf  with  the  placing  of  the  bottom  girder. 
The  socket  casting  which  sets  over  the  pintle, 
the  large  stud  casting  just  above  this  girder, 
and  the  reaction  frame  at  the  miter  end  were 
riveted  and  bolted  lo  the  girder  in  the  storage 
yard  and  all  necessary  caulking  was  done. 
Two  cranes  were  required  to  handle  these 
girders  which,  with  tlie  attached  posts  just 
noted,  weighed  24  tons  for  the  high  gate: 
one  crane  bandied  all  other  gate  posts.  The 
boltoni  girders  were  lowered  onto  a  platform 
,,f  I-beams  supported  partly  by  the  gate  sills 
and  partly  on  small  temporary  pedestals  of 
concrete.  '  On  this  platform  the  girder  set  at 
•in  angle  of  45°  with  the  lock  wall  and  with 
its  wall  end  about  4  ft.  from  the  pintle;  the 
pialform  was  just  high  enough  to  permit  the 
socket  casting  lo  clear  the  pintle  when  the 
finished  leaf  was  rolled  mlo  position  for 
hanging.  When  the  bottom  girder  was  in 
place  the  remainder  of  the  leaf  framing  was 
built   up   on    it.    the    vertical    frames    and    di- 


sition  and   temporarily  boll  them  in   place  i 
be   finally   riveted   all   in  one  consecutive   o] 
eralion.     This  plan  made  it  possible  sooner 
release    the    erecting   bridge    and    move    it 
another  gate. 

The  second  of  the  three  sets  of  erection  o 
crations  was  the  exact  fitting  and  riveting  i 
the  sheathing.  In  all  some  4,000.(100  riv« 
had  to  be  driven  and  some  of  the  larg 
leaves  had  55,000  rivets  each.  All  holes  i 
these  rivets  had  to  be  reamed  in  the  lie 
The  first  step  was  to  adjust  the  plates  ai 
very  firmly  to  bolt  them  in  position.  T 
rivet  diameters  were  "/»  in.  and  1  in.,  and 
the  shops  the  holes  were  all  punched  or  drill 
smaller  ihan  11/16  in.  .Ml  the  more  accessil 
rivets  were  reamed  by  special  electric:i 
ilriven  reamers,  of  which  16  were  used; 
holes  in  curved  parts  and  other  holes  di 
cult  lo  reach  were  reamed  with  small  ha 
reamers  driven  for  the  most  part  by  co 
pressed  air.  Riveting  and  caulking  were  p 
formed  by  standard  pneumatic  machines  .i 
call    for  no  particular   mention. 

The  third  step  in  the  erection  process  v 
the  attachment  and  readjustment  of  the 
action  castings  and  bearing  plates.  This  w. 
was  a  somewhat  intricate  process  of  care 
fitting,  and  the  following  description  of 
process  in  detail  is  quoted  from  the  engine 
report  of  work  done  in   1012: 

Along  both  the  quoin  and  miter  posts  m-i 
He  bcarlnKS  are  used  In  place  of  timber.  He: 
steel  castlnK-i  are  embedded  in  the  concrete 
the  hollow  quoins  and  similar  castings  are 
inched  to  the  ends  of  the  gates  by  colts  : 
rivets.  In  order  to  obtain  an  exact  bearl 
.ind    also    to    provide    for    easier    renewal,    s 
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;arate  bearing  plates  are  fastened  into  ma- 
chined recesses  in  these  castings.  The  hollow 
<luoin  castings  were  set  in  the  concrete  during 
the  construction  of  the  walls,  and  many  of  them 
show  considerable  deviation  from  an  absolutely 
correct  position.  The  erection  and  adjustment 
ot  the  bearing  plates  formed  a  part  of  the  gate 
contract  and  preceded  the  erection  of  the  gates 
themselves.  The  plates  are  attached  to  the 
castings  by  1  in.  bolts  placed  17  ins.  apart. 
Their  exact  adjust?nent  is  made  by  these  bolts 
and  by  temporary  stud  bolts  placed  at  inter- 
vals of  about  2  ft.  along  the  center  line  of  the 
pJates.     A  fine  steel  wire  Is  fastened  at  the  top 


times  necessary.  E.xtreme  care  has  been  taken 
to  get  the  best  results  and  it  is  believed  that 
the  deviation  in  the  bearing  .surfaces  rarely 
exceeds  0.004  to  0.005  in.  from  an  absolutely 
correct  position. 

After  plates  are  exactly  aligned,  melted  bab- 
bitt is  poured  into  the  spaces  between  the  plates 
and  the  castings  through  some  of  the  bolt  holes 
for  adjustment.  These  are  used  as  pouring 
holes  at  intervals  of  about  4  ft.  After  a  little 
pi-actice,  no  difficulty  was  experienced  in  pour- 
ing the  metal  successfully.  A  rather  large 
melting  pot  is  desirable,  and  a  high  tempera- 
ture.     To    avoid    explosions    from    d.impness,    it 


Verticol  Section 
A-B. 


HOrizOntol    Section    through    Water  Chamber  . 


g  C^i  IntercoSlali 


Infeixoslals  on  Upstream 

.  ,,     Side^ 
IC'.firAirClmmlxr.SZ- 

Bars  above, 
htercostoli  on  Ooyrnsirsjm 

3  C^  front  BaSf  /brl3 Pane's 

op;  S'l-Ban  for4Paneii 

above. 


iui >l 

Horiiontol     Section     through    Air   Chomber 

Fig.  26.   Elevation   and   Sections  of   Leaf  for    Mitering  Lock  Gates. 


iind  the  bottom  ot  the  quoin  so  as  to  pass  e.\- 
actly  through  the  center  to  which  the  curved 
surfaces  of  the  bearing  plates  are  to  be  set. 
These  wires  are  fixed  in  position  liy  reference 
to  a  plumb  line  placed  directly  over  the  center 
of  the  pintle  below.  By  using  a  flat  metallic 
template.  %vhich  is  curved  on  one  side  to  the 
correct  radius  and  notched  at  the  other  to  in- 
dicate the  center,  the  several  quoin  plates  are 
readily  revolved  about  their  axis  and  shifted 
forward  and  backward  Into  correct  positions. 
Even  with  the  errors  of  as  much  as  %  to  ^k 
In.  in  position  of  the  castings  there  has  been 
no  dimculty  in  setting  the  bearings  exactly, 
although    a    small    amount    of   grinding   was   at 


has  proved  necessary  to  blow  out  compressed 
air  into  the  spaces  to  be  filled  just  liiefore  pour- 
ing. The  joints  between  the  bearing  plates 
and  castings  are  finally  calked.  The  castings 
along  the  gate  leaves  are  attached  and  secured 
to   same   before   the   gates   are   moved. 

In  order  to  insure  a  good  bearing  between 
the  castings  and  the  end  plates  on  the  gate 
frame,  the  latter  are  carefully  ground  with 
emery  wheels.  No  attempt  is  made  to  obtain 
an  absolutely  true  plane  for  the  whole  height 
of  the  leaf,  as  minor  errors  are  readily  cor- 
rected by  the  adjustment  of  the  bearing  plates 
The  deviation  from  a  true  plane  is.  however, 
very   small.      The   grinding   has   for  its   purpose 


the  obtaining  of  good  contact  between  the  in- 
dividual castings,  which  are  a  panel  in  height, 
and  the  end  plates.  An  exact  contact  is  in- 
.siste<l  upon  along  the  outer  edges  of  each  cast- 
ing, and  also  opposite  the  reaction  diaphragms, 
but  small  depressions  at  other  parts  of  the  sur- 
face   are    permitted. 

The  adjustment  of  the  wedge-shaped  plates 
between  the  castings  and  the  sides  of  the 
structural  frame  is  somewhat  difllcult,  and  many 
of  the  bolt  holes  have  to  be  reamed  from  the 
inside  of  the  leaf.  After  the  leaf  is  in  cor- 
rect position  on  the  pintle  with  the  bearing 
plates  loosely  attached  to  the  reaction  castings, 
the  final  adjustment  of  the  plates  is  made.  For 
the  quoin  end  this  is  done  by  placing  the  leaves 
in  their  correct  position  against  the  sill  and 
then  forcing  the  several  bearing  plates  against 
the  fixed  plates  in  the  hollow  quoin.  This  is 
done  by  means  of  the  bolts  which  fasten  the 
plates  to  the  castings  and  of  small  temporary 
bolts  or  jacks  attached  to  the  ends  of  the  per- 
manent bolts  and  bearing  with  their  other  ends 
against  the  opposite  surface  of  the  casting. 
With  the  plates  thus  firmly  held,  the  gate  is 
revolved  into  a  wide-open  position  and  the 
plates  babbitted  through  holes  in  their  faces. 
Figures  27  and  28  show  these  bearings.  It  may 
be  noted  that  there  is  sufficient  room  for  ad- 
justing the  bolts  when  the  leaves  are  closed, 
and  also  that  the  bearing  is  accessible  for  pour- 
ing the  babbitt  and  for  the  possible  future  re- 
newal of  the  bearing  plates  when  the  leaves  are 
wide    open. 

A  very  close  adjustment  has,  in  the  manner 
just  mentioned,  been  made  in  the  case  of  the 
first  two  gates  so  far  finished.  It  should  be 
added  that  the  leaves  are  always  adjusted  in 
the  early  morning,  when  the  temperature  is 
lowest  and  the-  gates  are  at  a  uniform  tem- 
perature in  all  their  parts.  It  was  expected  to 
adjust  the  bearings  at  the  miter  posts  in  the 
same  way  by  bringing  the  two  leaves  into  a 
correct  closed  position  and  pressing  the  bear- 
ing plates  against  each  other  by  means  of  jacks. 
The  variations  in  the  lengths  of  the  leaves  from 
temperature  change.s,  even  within  a  very  short 
period  of  time,  have  made  it  necessary  to 
abandon  the  method.  It  also  proved  difficult 
to  hold  the  tops  of  the  leaves  in  a  fixed  posi- 
tion with  reference  to  each  other.  The  method 
which  seems  to  give  the  best  results  is  to  close 
the  leaves,  bring  the  plates  at  the  top  and  bot- 
tom into  contact,  and,  after  fixing  them  into 
.  that  position,  to  open  the  leaves  and  adjust 
all  the  bearings  on  each  miter  post  to  a  true' 
line  between  the  top  and  bottom.  This  is  done 
by  the  use  of  the  fine  wires  and  the  adjusting 
Ijolts,  and,  after  babbitting,  the  gates  are 
brought  together,  so  that  irregularities  may  be 
observed  and  corrected  by  grinding.  In  order 
to  counteract  slight  possible  drooping  of  the 
leaves  it  may  prove  best  to  use  a  small  spacer 
between  the  two  bearings  at  the  top  when  first 
"adjusting   the   top   plates   at   the   miter   posts. 

The  adjustment  of  the  timber  at  the  sill  is 
made  after  the  miter  and  quoin  bearings  are 
completely  finished.  These  timbers  rest  in  cast- 
ings with  a  space  about  1  inch  wide  for  grout- 
ing. Hence  they  can  readily  be  pressed  against 
the  gate  leaves  when  they  are  closed,  bolted 
fast,    and   afterwards    grouted. 

The  final  work  is  the  testing  of  the  leaf  for 
water- tightness.  In  order  to  do  this,  it  is 
blocked  up  securely  and  the  entire  air  cham- 
ber filled  with  water,  the  manshaft  being  also 
filled  to  the  top  of  the  leaf,  giving  a  head  at 
the  bottom  equal  to  the  full  height  of  the  gate. 
Any  leaks  along  the  calked  seams  or  at  the 
rivets  are  at  once  corrected  by  calking.  The 
tightness  of  the  bulkheads  subdividing  the  air 
chambers  is  afterwards  tested  by  successively 
emptying  the  several  compartments,  thus  ex- 
posing  the    bulkheads    to    one-sided    pressure. 

After  the  gates  were  erected  they  were 
moved  into  position  over  the  pintle  and  care- 
fully "hung."  The  appliance  for  moving  the 
erected  leaves  is  illustrated  in  Fig.s  .32  and 
33.  It  consisted  of  two  steel  frames  erected 
on  opposite  sides  of  a  leaf  and  attached  to  the 
leaf  by  temporary  Ijolts.  These  frames  stood 
on  pedestals  which  rested  on  rollers.  A 
wedge  device  in  the  pedestals  permitted  the 
frames  to  be  elevated  until  the  leaf  suspended 
between    them    hung    clear    ofif    the    erecting 
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platform.  The  frames  wtre  then  moved  on 
their  rollers  until  the  leaf  was  in  position, 
when  it  was  lowered  onto  the  pintle  and  the 
top  hinge  was  placed.  Hydraulic  jacks  fur- 
nished the  power  for  moving  the  frames  and 
leaf ;  about  two  days  were  required  for  the 
operation. 

LOCK     GATE     ERECTION     I'ROORESS. 

Over  half  of  the  material  in  the  lock  gates 
was    erected    during   the    V2   months   to   Sept. 


Mi+er       Posts. 

Fig.    27.   Miter    Bearings    for    Mitering    Lock 
Gates. 

1  1913.  On  Sept.  1,  1I.I12,  the  total  quantity 
erected  at  all  locks  was  24,787  tons,  or  42 
per  cent  of  the  required  58,00(1  tons.  On  Sept. 
20,  1913,  the  gates  of  the  west  flight  at  Gatun, 
and  tlie  east  flight  at  Pedro  Miguel,  were 
readv  for  the  passage  of  vessels,  and  the 
west  flight  at  Miraflores  locks  was  similarly 
completed  bv  the  end  of  the  month.  All 
gates  at  Gatun  and  Pedro  Miguel  were  me- 
chanically completed  by  Jan.  1,  1913,  and  those 
at  Miraflores  will  be  completed  by  March  1, 
1914. 

Gate  work  at  the  locks  began  on  March  21, 
1911.  in  preparing  the  bearing  for  the  upper 
guard  gates  at  Gatun.  The  erection  of  these 
leaves  began  on  May  17,  1911,  and  they  were 
the  first  to  be  swung  closed.  This  occurred 
on  Aug.  4.  1912.  and  the  footwalk  over  them 
was  completed  in  September,  1912.  In  Sep- 
tember, 1912,  all  leaves  in  the  upper  and  m- 
termediate  levels  at  Gatun  had  been  erected 
to  full  height,  and  work  had  begun  on  tlic 
safetv  gates  in  the  lower  level  and  the  lower 
guard  gates.  The  first  girders  for  these  eight 
leaves  were  placed  on  Aug.  29,  30  and  31 
1912:  the  lower  guard  gates  were  closed,  and 
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Fig.    28.  Quoin    Bearings   for    Mitering    Lock 
Gates. 


sea  water  admitted  against  them,  on  June  14 
1913  On  Sept.  1,  1913,  erection,  reaming,  am 
riveting  for  the  gates  of  Gatun  locks  were  all 
within"  less  than  one-half  ol  one  per  cent  ot 
completion.  ,    ,  .  ,u„ 

At  Pedro  Miguel,  gate  work  began  at  the 


upper  guard  gates,  on  .\ug.  7,  1911.  On  Sept. 
1,  1912,  these  gates  had  just  been  closed,  the 
skeletons  of  all  leaves  were  at  full  height, 
and  those  in  the  upper  level  had  been 
sheathed.  On  Sept.  1,  1913,  erection  and 
reaming  for  all  gates  was  within  I  per  cent 
of  completion,  and  the  finishing  work  was 
over  80  per  cent  completed. 

.At  Miraflores  locks,  work  on  the  gates  be- 
gan first  on  the  upper  guard  gates  and  the 
safetv  gates  of  the  upper  level,  in  .August. 
1912.'  The  upper  guard  gates  were  closed 
about  the  middle  of  June,  1913,  and  the  lower 
guard  gates  on  Aug.  20,  1913.  On  Sept.  1, 
1913.  all  28  leaves  had  been  erected  to  full 
height,  reaming  was  98.5  per  cent  completed, 
riveting  9i»  per  cent,  and  finishing  about  05 
per  cent  completed. 

The  local  force  of  the  contractor  for  the 
fabrication  and  erection  of  the  lock  gates,  was 
i34  men  in  May,  1911,  at  the  beginning  ot 
erection.  It  attained  a  ma.Kimum  of  about 
•5.300  men,  025  of  whom  were  gold  employes, 
during  the  months  of  March,  .April  and  May, 
1913.  The  force  on  Sept.  22.  1913,  was  l,94ii 
men,  225  of  whom  were  gold  employes. 

Emergency  Dams. 

Twin  bridge  dams  are  located  above  each 
set  of  locks  as  indicated  by  Fig.  18.  These 
dams  are  designed  to  close  quickly  the  110- 
ft.  channel  approaches  to  the  lock  chambers 
in  case  of  accident  to  the  lock  gates.  -AH  si.\ 
bridge  dams  are  alike  and  only  one  need  be 
described. 

The  bridge  dam  consists  of  two  vertical 
continuous  trusses  with  unequal  arms,  pivoted 
on  the  bank  of  the  channel  and  capable  of 
being  turned  from  a  position  parallel  to  the 
channel  to  a  position  in  which  the  long  arm 
.spans  the  channel.  This  long  arm  carries  the 
booms,  horizontal  truss,  wicket  girders  and 
rolling  gates  which  form  the  dam  proper,  as 
indicated  further  on.  The  pivoting,  swing 
bearing,  short  arm  counterbalance,  etc.,  of 
the  "bridge"  resemble  those  of  ordinary 
swing  bridges.  Referring  to  the  section  Fig. 
34.  it  is  observed  that  the  floor  between  truss- 
es is  located  above  the  bottom  chords.  Ex- 
tending outside  of  the  trusses  at  the  floor 
level  are  boom  trusses  A.  A.,  with  their  out- 
er edges  suspended  from  the  top  chords  ot 
the  "bridge."  From  the  downstream  boom  is 
hung  a  horizontal  truss  B.  which  takes  the 
stresses  due  to  head  of  water  and  transmits 
ihcm  to  abulments  on  the  channel  banks.  Near 
the  inside  chord  of  the  horizontal  truss  are 
hinged  wicket  girders  spaced  9  ft.  2  ins  on 
centers.  When  the  dam  is  in  service  these 
wicket  girders  are  "lowered"  with  their  free 
ends  bearing  against  a  sill  on  the  channel  be- 
tween. Xormally  the  wicket  girders  are 
raised  to  a  horizontal  positon  with  their  free 
ends  attached  to  the  hangers  C. 

To  span  the  intervals  between  wicket  gird- 
ers shutters  or  gates  are  employed.  These 
shutters  are  shown  in  position  in  big  34. 
Normallv  thcv  hang  suspended  from  the  floor 
beams.  'Each'  shutter  is  long  enough  to  span 
the  bav  between  two  wicket  girders  and  to 
project'  half  a  bay  on  each  side.  They  have 
roller-;  which  ride  on  the  wicket  girders  and 
keep  them  to  line  and  direction;  they  are 
placed  bv  rolling  them  down  the  wicket  gird- 
ers The  lowermost  row  of  shutters  is  first 
lowered  cnlirclv  across  the  channel,  then  the 
second  row,  and  .so  on  until  all  five  rows  are 
placed.  At  mid  bav  where  the  shutters  ot 
each  row  come  end  to  end  there  is  a  4-in. 
space  between  cn.ls  of  shutters.  To  close 
this  a  <)-in.  iron  pipe  is  lowered  endwise  down 
the  face  of  the  shutters  and  rolled  along  later- 
ally   until    it    drops   into    the   4-in.   space   and 

closes  it.  ,  .        ., 

The  general  arr.ingement  for  operating  llu 
wicket  girders  and  shutters  is  indicated  b> 
the  section  CD,  Fig.  34.  A  total  operating 
force  of  Ifi  men  is  required  to  operate  a 
bridge  dam,  and  a  total  of  218  HP.  is  required 
for  the  operation.  The  following  is  the  re- 
corded progress  to  Sept.  1.  1913.  o.  the 
cmergcncv  dam  erection  work; 

The  placing  of  steel  in  the  emergency  dams 
began  in  August,  1012.  with  the  laying  of  the 
circular  track   and   pivoted   base   for   the  cast 


dam  at  Gatun.  Erection  of  superstructu 
proceeded  directly  thereafter  and  the  da 
was  completed,  except  for  final  painting, 
Mav,  1913.  The  contractor  began  the  fir 
ope'rating  tests  on  May  20  under  supervisi 
of  testing  engineers  of  the  Canal  Comm 
sion.  Erection  of  the  west  dam  at  Gat 
began  about  the  middle  of  Xovember,  19 
and  tests  were  completed  on  .Aug.  15,  19 
This  dam  was  swung  across  the  chamber,  a 


Fig.    29.  Top     Hinge    for    Leaf    of    Miten 
Lock   Gates. 

its   wickets   and  gates  dropped   into   place, 
35   minutes. 

.At  Pedro  Miguel,  erection  of  the  west  da 
was  undertaken  first,  beginning  on  Feb. 
1913.  This  structure  was  first  swung  acr^ 
the  approach  chamber  on  Sept.  2.  Erect 
of  the  east  dam,  which  began  on  April  1,  \ 
about  98  per  cent  completed  on   Sept.  L 

The  Miraflores  east  dam  erection  begaff 
June   1,   and   that   for  the  west  dam  on  Ju 
1.     All  material   for  all  of  the  dams,  weig 
ing  a  total  of  13,400  tons,  had  arrived  on  t 
Isthmus  bv  -Aug.   1,  and   erection   was  80  p 
cent   completed   on   Sept.    1,   being   practical 
confined  to  the  two  dams  at  Miraflores.    The 
are  slightlv  lighter  than  those  at  Gatun   ai 
Pedro  Miguel,   because  of  the  lower  head 
water  against  which  they  will  be  iised;   ea 
of   them    weiah   approximately   1,987    tons, 
compared    with    2,305    tons    at    Pedro    Migi 
and  Gatun  locks.     The  east  dam  at  Miraflot 
was  to  be  finished  the  latter  part  of  Octobi 
and  the  west  dam  in   November. 

Gate  Operating  Machines. 

.\fter  studving  all  the  best  known  types 
machinerv  for  moving  the  gates,  it  appear 
that  none  could  ■  be  counted  upon  to  pro 
satisfactory.  The  gate  leaves  are  of  so  gr< 
size  that  more  than  usual  care  had  to  be  « 
ercised  to  regulate  the  force  applied  to  t 
leaf  in  a  manner  approximately  proportioi 
to  the  resistance  to  its  motion.  The  rest 
ance  is  greatest  when  the  leaf  is  near  the  t' 
.extremes  of  its  path;  i.  e.,  when  near  t 
mitered  position  or  the  position  of  rest  in  t 
recess.  .At  these  times  there  is  the  least  opt 
ing  through  which  the  water,  displaced  by  I 
moving  gale  leaf,  can  pass  around  the  edj 
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Fig.  30.   Pintle  or  Bottom  Pivot  for  Miterl 
Lock    Gates. 

of  the  leaf,  and  there  is,  therefore,  the  grt 
est  tendency  for  it  to  pile  up  behind  the  1 
and  form  a  head  resisting  the  motion.  I 
result  of  the  study  of  the  problem  was,  li 
to  give  the  recess  in  the  wall  into  which 
leaf  fits  when  open,  such  a  shape  as  to  p 
mit   free  exit  of  the  water  around  the  mi 
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post  of  the  gate  when  near  the  position  of 
rest;  and,  second,  to  adopt  a  type  of  nia- 
chinerv  in  which  the  force  exerted  increased 


ra 


Fig.     31.   Service     Track     Arrangement     for 
Lock    Gate    Erection. 

and  the  rate  of  motion  decreased  greatly  near 
the  beginning  and  end  of  the  movement. 

The  motion  is  imparted  to  the  leaf  by  a 
horizontal  strut  connected  by  a  vertical  pin 
to  the  upper  girder  of  the  gate  leaf.  The 
other  end  of  the  rigid  strut  is  fitted  to  a  crank 
pin  attached  to  a  large  horizontal  gear  wheel 
near  its  circumference.  The  gear  wheel  is 
caused  to  turn  by  a  pinion  or  pinions,  re- 
volving on  a  vertical  axi.s,  and  actuated  by 
a  motor  through  a  suitable  train  of  reducing 
gear.  .'\s  the  large  gear  wheel  is  turned  the 
cflfect  upon  the  strut  is  practically  that  of  a 
crank  upon  a  connecting  rod.  The  force  in 
the  direction  of  the  strut  approaches  infinity 
at  the  beginning  and  end  of  the  stroke,  at 
which  time  the  motion  in  the  same  direction 
approaches  zero.  The  rate  of  travel  of  the 
gate  increases  gradually  from  the  beginning 
to  a  point  just  beyond  the  middle  of  the  path 
between  the  recess  and  the  miter,  .'\fter  pass- 
ing its  maximum,  the  rate  gradually  dimin- 
ishes until,  just  ,at  mitering,  it  becomes  very 
small. 

The  machine  is  capable  of  exerting  its 
greatest  force  on  the  strut  at  the  time  when 
the  resistance  is  the  greatest.  The  rate  of 
increase  of  the  force,  however,  from  the  min- 
imum to  maximum,  is  much  greater  than  the 
rate  of  increase  of  the  resistance.  It  follows, 
therefore,  that  less  torque  will  be  required  of 
the  motor  as  the  gates  move  from  the  recess 
than  later  when  tlie  gate  has  attained  its 
highest  speed.  The  horizontal  slit  in  the  face 
of  the  lock  wall  in  which  the  strut  moves  is 
placed  with  its  lowest  point  about  6  ins.  above 
the  highest  water  level  in  the  lock.  The 
chamber  in  which  the  largest  gear  wheel  re- 
volves will  therefore  not  be  actually  flooded, 
except  from,  some  accidental  cause.  It  is 
nevertheless  liable  to  be  kept  continually  wet 
by  the  action  of  the  waves  occasioned  by  ves- 
sels entering  or  leaving  the  lock  and  by  gates 
in  opening  and  closing.  For  this  reason  the 
chamber  in  which  the  motor  operates  is  sep- 
arated from  the  chamber  containing  the  Renr 
by  a  water-tight  diaphragm,  the  motor  shaft 
passing  through  a  stuffing  box  in  this 
diaphragm.  The  elTect  of  the  water  on  the 
main   gear  wheel   and   pinions  will   not  be   in- 


jurious to  any  great  extent.  There  are  many 
cases  in  wdiich  similar  mechanism  for  operat- 
ing the  gates  and  valves  of  locks  is  kept  con- 
tinuously under  water.  Drainage  is  provided 
to  get  rid  of  the  small  amount  of  water  en- 
tering the  chamber.  There  are  92  of  these 
machines,   one    for   each   gate    leaf. 

Valves. 

The  valves  which  control  the  admission  of 
water  to  the  filling  culverts  are  of  two  types; 
Stoney  gate  valves  and  cylindrical  valves.  De- 
signs for  these  gates  and  valves  were  pre- 
pared and  two  sets  of  each  were  ordered  and 
tested  to  prove  their  efficiency  before  con- 
tracts were  made  for  all. 

Stoney  Gates. — The  Stoney  gate  valves  were 
similar  to  those  used  at  the  Gatun  and  Mira- 
flores  spillways;  each  consisted  of  a  rectangu- 
lar gate  of  steel  frame  and  plates  seated 
against  a  chain  of  live  rollers  and  provided 
with  water  seals  at  bearings.  As  these  gates 
liad  in  some  cases  to  operate  against  a  head 
of  60  ft.,  they  were  made  exceptionally  strong 
of  nickel  steel  and  steel  castings.  Each  gate 
operates  in  a  rectangular  slot  which  intersects 
the  culvert ;  this  gate  slot  e.xtends  above  the 
culvert  into  the  lock  wall  far  enough  to  per- 
mit the  gate  to  rise  clear  of  the  culvert  open- 
ing. .•\t  its  top  the  gate  slot  widens  into  a 
machinery  chamber  and  the  top  of  the  slot 
is  sealed  from  the  chamber  by  a  watertight 
bulkhead.  The  rising  stem  from  the  gate 
e.xtends  up  through  a  stuffiing  box  in  the 
bulkhead  and  connects  with  a  cross  head 
whose  ends  have  rollers  riding  on  vertical 
guides.  This  crosshead  is  actuated  by  two 
vertical  non-rising  screws,  driven  by  an  elec- 
tric motor.  The  crosshead  also  actuates  the 
trains  of  live  rollers  by  means  of  vertical 
stems  passing  through  the  watertight  bulk- 
head. This  stem  is  connected  to  the  cross- 
head  by  chain  which  runs  through  sheaves 
so  arranged  that  the  stem  arises  at  half  the 
space  of  the  crosshead  and  the  gate.  The 
drawings.    Fig.    3.5,    show    the    gate    operating 


two- 


shown  by  Fig.  36.  Each  valve  consists  of  a 
fixed  upper  cylinder  and  a  movable  lower 
cylinder.  The  movable  lower  'cylinder  has  a 
rising  stem  by  which  it  is  moved  up  or  down 
into  or  out  of  the  fixed  cylinder.  When  the 
movable  cylijider  is  down  the  valve  is  closed. 
The  movable  drum  of  the  valve  is  connect- 
ed by  its  cylindrical  stem,  rising  vertically 
through  a  shaft  in  the  masonry  to  the  ma- 
chinery placed  in  a  recess  the  bottom  of  which 
is  8  ft.  below  the  coping  level.  The  upper 
end  of  the  valve  stem  terminates  in  a  tubular 
extension  carrying  a  stationary  nut  and  pass- 
ing through  a  stuffiing  bo.x,  closing  the  upper 
end  of  the  vertical  shaft  through  which  the 
stem  passes.  This  nut  engages  a  non-rising 
revolving  screw,  carried  in  a  collar  with  sus- 
pension bearing.  The  screw  is  turned  through 
suitable  gearing  by  a  motor  provided  with 
solenoid  brake  for  bringing  machinery  to  rest 
when  the  current  is  ofT.  The  extension  to  the 
valve  stem  is  prevented  from  turning  by 
guides  in  the  bedplate  through  which  it  passes. 
The  travel  of  the  valve  in  either  direction  is 
stopped  at  the  proper  point  by  means  of  a 
limit  switch.  The  maximum  force  on  the  sus- 
pension bearing  is  e.xerted  at  the  breaking  of 
the  seal  when  the  valve  is  first  opened.  No 
pressure  is  required  in  closing  the  valve,  and 
in  case  of  overtravel  in  the  downward  direc- 
tion the  screw  will  rise  out  of  the  nut  and 
slide  through  the  thrust  collar.  There  are  120 
of  these  valves  for  the  six  twin  locks. 

Chain   Fenders. 

As  stated  above,  it  was  determined  to 
place  at  certain  points  in  the  lock  flights 
guards  for  the  gates  in  the  form  of  chain 
fenders.  These  fenders  are  placed  about 
•500  ft.  above  and  230  ft.  below  the  upper  and 
lower  guard  gates,  respectively,  in  the  locks 
at  Gatun,  Pedro  Miguel,  and  Miraflores.  and 
also  at  points  80  ft.  and  100  ft.,  respectively, 
above  the  hollow  quoins  of  the  middle  and 
safety  gates  in  the  Pedro  Miguel  lock  and  in 
the  upper  chambers  at  Gatun  and   Miraflores. 
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Fig.  32.   Service   Bridge  and   Erecting   Frame    Arrangement  for   Lock  Gate   Erection. 

machinery  more  fully.    There  are  116  of  these  The   chain    fender  consists   essentially  of  a 

operating   sets.  heavy  chain,  which,  when  in  use,  is  stretched 

Cylindrical   i'alves. — The   laterals    from   the  across  the  lock  near  the  surface  of  the  water, 

center  wall  culvert  are  controlled  by  cylindrical  being  lowered  to  the  bottom  of  the  chamber 

valves.     Details   of    one    of    these    valves   are  when   a  vessel   is   about   to   pass   the   gates  it 
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protects.  Its  purpose  is  to  form  a  barrier  to 
the  passage  of  a  ship,  gradually  stopping  the 
latter  with  as  little  injury  as  possible  to  the 
vessel  or  the  fender.  To  accomplish  this  re- 
sult the  chain  is  arranged  so  as  to  pay  out 
against  a  resistance  when  struck  bv  a  vessel. 
The    mechanism    for    raising    and    lowering 


taken   care   of   by   the   structural   girders   em- 
bedded in  the  concrete. 

The  lower  end  of  the  stationary  plunger  is 
attached  to  the  bottom  of  the  pit  by  means 
of  a  base  casting,  securely  fastened  by  anchor 
bolts.  The  intermediate  cylinder  is  moved 
vertically    by    introducing   the    water    through 
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Fig.    33.   Erecting    Frame    Supporting    Gate    Leaf  During  Erection. 


the  chain  consists  in  the  main  of  a  system  of 
hydraulic  cylinders  operated  by  a  centrifugal 
pump,  connected  to  an  electric  motor  and  the 
necessary  sheaves,  bearings  and  connections 
for  attaching  and  supporting  the  chain.  There 
is,  at  the  top,  a  stationary  outer  cylinder  bored 
out  at  its  lower  end  to  receive  a  moving  com- 
bination plunger-cylinder  or  intermediate 
cylinder.  This,  in  turn,  has  its  lower  end 
bored  out  for  a  stationary  hollow  plunger 
which  rests  on  the  bottom  of  the  pit.  The  in- 
termediate cvlinder  carries  two  sheaves  by 
means  of  vertical  eyebars  attached  at  their 
lower  extremities  to  a  crosshead.  Two  sim- 
ilar sheaves  are  arranged  at  the  top  in  sta- 
tionary bearings  supported  on  riveted  girders 
spanning  the  pit.  These  sheaves  are  at  right 
angles  to  the  lower  sheaves.  The  chain  passes 
through  a  hawse-pipe  casting  of  steel  in  the 
lock  wall,  being  supported  on  an  idler  close 
to  the  edge  of  the  wall.  It  makes  a  quarter 
turn  around  one  of  the  stationary  sheaves, 
then  passes  down  and  makes  a  half  turn 
around  one  of  the  lower  movable  sheaves, 
rises  up  again,  making  a  half  turn  around 
the  second  stationary  sheave  and  going  down 
on  the  other  side  of  the  machine.  It  then 
makes  half  a  turn  around  the  second  movable 
sheave  and  passes  up  to  one  of  the  beams 
at  the  top  of  the  pit,  to  which  the  end  of 
the  chain  is  securely  fastened.  The  hawse- 
pipe  casting,  which  resists  the  entire  horizon- 
tal pull  on  the  chain,  is  secured  to  heavy  rivet 
cd  steel  anchors  deeply  embedded  in  the  con- 
crete. 

The  upper  end  of  the  outer  cylinder  is  at- 
tached to  the  girders  which  extend  across  the 
top  of  the  pit,  to  the  upper  side  of  which  the 
stationary  bearings  for  the  upper  sheaves  are 
bolted.  The  large  vertical  reactions  of  the 
outer  cylinder  and  the  upper  sheaves  are 
therefore  on  the  structural  frame.  The  ten- 
sion in  the  horizontal  portion  of  the  chain, 
leading  from  (he  first  stationary  sheaves  to 
the  hawse  pipe,  is  balanced  by  a  riveted  strut 
connecting  the  horizontal  beams  to  the  hawse 
pipe  casting.  The  unbalanced  moment  due 
to    this    arrangement    is    -imall    and    is    readily 


the  pipe  leading  to  the  top  of  the  outer 
cylinder  for  a  downward  movement  which 
raises  the  chain,  or  through  the  pipe  leading 
to  the  bottom  of  the  stationary  plunger  for 
vn  upward  movement  which  lowers  the  chain 
The  maximum  pressure  required  for  this 
movement  is  about  fiO  lbs.  per  square  inch. 

The  large  stationary  cylinder  at  the  top 
has  an  internal  diameter  of  40  ins.  and  the 
metal  is  2  ins.  thick.  It  is  built  of  cast  steel 
in  sections  connected  by  flanges  and  bolts. 
The  intermediate  cylinder  is  of  cast  iron,  but 


montal  Trvsa 
Abvfmtnf 


H 


mj 


tight  by  stuffing  boxes  and  glands,  which  m, 
be  tightened  without  removing  a  single  part 
interfering  with  the  working  of  the  machir 
Any  leakage  which  may  occur  at  these  stuffii 
boxes  can  be  detected  on  the  outside  of  I- 
machine.     The   system   of  plungers,   being 
necessity    rather    heavy,    has    the    further   a 
vantage  of   counterbalancing  in   part  the  tei 
sion  of  the  chain  when  being  raised,  also  whi 
it   is    linally    stretched    across   the   top   of    t 
lock  chamber. 

The  sizes  of  the  cylinders  have  Deen  bas' 
on  the  stress  in  the  chain  and  the  permissib 
size  of  the  pits  in  the  concrete  walls.  T'n 
emergency  tention  in  the  chain  was  ti.xed  a 
220,000  lbs.  or  nearly  100  gross  tons,  whicl 
is  about  40  per  cent  of  its  breaking  loa<; 
The  depth  of  the  lock  chamber  is  in  sonn 
cases  as  great  as  81  ft.  The  permissible  deptl 
of  the  pit  in  the  wall  is  about  55  ft.  Tlv 
arrangement  of  sheaves  gives  a  four-fold  rt 
duction.  the  travel  of  the  intermediate  cylinde 
being  about  '21  ft.  This  will  allow  the  chaii 
to  pay  out  85  ft.  from  each  lock  wall,  which  i 
sufficient  for  lowering  it  to  the  grooves  ii 
the  floor  of  the  lock  chamber,  and  is  a!s( 
sufficient  to  allow  an  ample  travel  of  thi 
chain  when  stopping  vessels. 

In  addition  to  the  cylinders,  sheaves,  etc. 
described  above,  there  are  required  for  th 
operation  of  the  chain,  that  is,  for  lowerini 
and  raising  it  into  position,  a  centrifuga 
pump  and  operating  valve,  two  check  valves 
the  necessary  piping,  and  an  open  water  tank 

The  resistance  to  the  paying  out  of  th 
chain,  which  is,  of  course,  the  most  importan 
feature  of  the  design,  is  provided  by  one  o 
more  resistance  valves  placed  in  the  pip 
line.  \\'hen  the  chain  is  struck  by  a  ship  th 
water  pressure  in  the  larger  outer  cylinde 
rises  gradually,  the  resistance  valve  being  si 
designed  that  when  a  pressure  of  about  75 
lbs.  per  square  inch  in  reached  the  val\e  wil 
open  and  allow  a  sufficient  amount  of  wate 
to  escape  to  keep  this  pressure  constant  unti 
the  vessel  is  stopped.  This  pressure  of  75 
lbs.  corresponds  to  a  stress  of  100  gross  ton 
on  tl'.c  c!".L:n 

Floating  Caissons. 

To  close  the  head  and  tail  bays  of  the  lock: 
floating  caissons  capable  of  passage  througl 
the  locks  and  available  for  use  at  cither  en^ 
are  employed.  Each  caisson  is  equipped  wit 
three  20-in.  and  one  8-in,  centrifugal  pump 
driven  by  electric  motors.  These  are  intended 
not  only   for  pumping  out  the  caisson  itsell 
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Fig.  34.   Diagram   Plan  and  Section  of  Emergency    Bridge    Dams    at    Locks. 


is  provided  with  horizontal  ribs  at  close  in- 
tervals to  withstand  the  hc.-jvy  external  pres- 
sure to  which  it  may  be  subjected.  The  cover 
is  to  be  of  cast  steel.  The  thicknc>^-  of  the 
metal  in  this  cylinder  is  about  '2M  ins.  The 
joints  between  the  intermediate  and  the  outer 
cylinder  and  also  between  the  intermediate 
cylinder  and   the  stationary  plunger   are  kept 


but  also  for  unwatcring  the  locks.     The  prin 
cipal  dimensions  of  the  caissons  are: 

Ft. 

L.pnprth  between  vertical  endH 112i 

Poptli   .It  .sldi- 65 

Brcarltli    molded     3S 

Dr.ifl.    IlKhl    32 

Draft,  extreme  61 

The  great  depth  is  made  necessary  by  tida 
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conditions    at    tlie    lower    cue 
lock. 

In  the  design  of  the  caisson,  the  required 
statical  stability  at  the  various  deptlis  of  im- 
mersion to  which  it  will  be  subjected  was 
carefully  considered.  In  form  the  liottom  is 
convex,  the  ends  pointed,  and  the  sides  sloi)e 
in  from  its  greatest  breadth  (at  about  one- 
third  the  depth  from  the  keel)  to  the  top 
deck,  whicli  is  18  ft.  in  breadth  for  about  one- 
half  of  its  length.  The  lower  interior  part  is 
cellular  in  construction,  with  nine  transverse 
bulkheads  extending  from  the  keel  to  a 
height  of  20  ft.  Two  of  these  bulkheads  are 
located  about  8  ft.  from  the  ends,  so  as  in 
form  longitudinal  trimming  tanks  of  the  cud 
compartments.  There  is  a  Iiulkhead  along  llw 
center  line  extending  lnngitudinall\  from 
lision  to  collision  bulkheads  and  in  Iitialu  to 
about  two-thirds  of  the  depth  of  the  caisson. 
This  central  bulkhead  is  made  sufticientl> 
watertight  to  form  two  distinct  coinnartments. 
thereby  dividing  the  free  surface  of  the  water 
ballast'. 

Electrical  Control  System. 
.Ml  lock  machinery  is  operated  l)y  electric 
power,  and  a  most  elaborate  system  of  electric 
control  was  installed.  A  description  of  this 
system  involves  repetition  of  some  of  the  in- 
formation given  elsewhere,  but  the  novelty 
and  importance  of  the  control  system  war- 
rants special  description  and  to  make  this  de- 
scription  clear   repetition    is   necessary. 

ArmalKic  and  IDistribiilioii. — The  power 
system  for  the  operation  of  the  locks,  towing 
locomotives,  lights  for  the  locks  and  build- 
ings, and  motors  not  directly  connected  with 
the  lock  control,  is  composed  of: 

(1)  .•K  7,.500-kv-a,  2,200-volt  hydro-electric 
power  plant  at  the  Gatun  Dam. 

(2)  .-V  4,")00-kv-a.  2,200-volt  Curtis  turlio- 
generator  electric  power  plant  .it  .Mirallorcs 
for   emergency,   lately    used    to   supply    power 
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(3)  A  double  44,000-volt  transmission  line 
across  the  Isthmus,  connecting  Cristobal  and 
Balboa  with  the  two  power  plants. 

(4)  Four  44,000-2,200-volt  substations,  step- 
ping down  at  Cristobal  and  Balboa,  and  up  or 
down  at  Gatun  and  Miraflores,  depending  on 
which  of  the  two  plants  is  supplying  power. 

(5)  Thirty-six  2,200-240-%  olt  transmission 
stations  for  power,  traction  and  light  at  Gatun, 
Pedro   Miguel  and   Miraflores  locks. 

(6)  Three  2.2i)0-220-llM  volt  transformer 
stations   for  the  control  boards  at  the  locks : 

(7)  Stations  at  Cristobal  and  Balboa  tor 
coal  handling  plants,  machine  shops  and  dry 
docks. 

Power  Sup(>ly  and  Control  Funds  for 
Lock  Machinery  Motors.— Current  for  the 
lock  machinery  and  towing  locomotives  is 
transformed  from  the  2,200-volt  system  in 
the  immediate  vicinity  of  where  it  is  used. 
There  are  a  total  of  36  transformer  sta- 
tions, for  all  locks,  each  containing  duplicate 
200-kv-a.  3-phase  2,200-240-volt  transformers 
for  power  and  one  single-phase  25-kv-a. 
2.200-220-110-volt  transformer  for  lighting. 
Tlie  stations,  normally  fed  from  the  2,200-volt 
buses  in  the  44,000-2,200-volt  substations,  can 
also  be  operated  from  the  power  plants  ;  the 
stations  at  Gatun  locks  from  the  Gatun  hydro- 
electric station:  and  the  stations  at  Miraflores 
and  Pedro  Miguel  from  the  Miraflores 
emergency  steam  plant.  Table  XX HI  gives 
an  idea  of  the  number  and  sizes  of  motors  to 
he  controlled  in  operating  the  lock  machinery. 


ing  gates  are  closed  they  are  what  might  be 
termed  clamped  in  this  position  by  a  device 
called  a  miter  forcing  machine.  On  the  top 
of  all  mitering  gates  a  foot  walk  with  hand 
rails  is  provided.  When  the  gates  are  opened 
and  in  the  recesses  provided  for  them  in  the 
lock  walls,  these  hand  rails  would  interfere 
with  the  passing  of  the  towing  locomotives, 
except  in  the  case  of  the  lower  guard  gates. 
The  hand  rails  arc  therefore  made  to  be 
raised  and  lowered.  This  is  done  by  a  motor 
under  the  foot  walk,  controlled  from  the 
lock  wall.  Near  the  approach  to  each  foot 
walk  a  controller  is  located  in  the  lock  wall 
flush  with  the  surface,  this  controller  .being 
operated  by  a  foot  push.  If  the  gates  are 
closed  and  the  hand  rails  are  down,  and  it  is 
desired  to  cross  on  the  gates,  the  foot  push 
is  pressed  and  the  hand  rails  are  raised ,  by 
their  motors.  This  is  true  not  only  of  the 
hand  rails  on  the  nearer  gate  leaf,  but  of  the 
hand  rails  on  the  farther  leaf  as  well.  After 
passing  across,  one  can,  if  one  desires,  press 
the  foot  push  on  the  other  side  and  both  hand 
rails  will  be  lowered.  Or,  if  one  leaves  the 
hand  rails  up  and  the  gates  are  opened  by  the 
operator  in  the  control  house,  they  will  be 
automatically  lowered  so  as  to  be  out  of  the 
way  when  the  gate  is  in  the  recess.  When 
the'  gates  are  again  closed,  the  hand  rails  will 
automatically  rise  again  if  the  foot  controller 
has  been  operated  in  the  meantime.  The  hand 
rails  cannot  be  raised  when  the  gates  are 
opened,  and  no  harm  results  if  the  foot  switch 


TABLE  XXIII. 
Motors  each 


machine 
Machines  and  opeiation —  and  HP. 

Miter  gate,  moving,  each  leaf 1 — ^2 

Miter  gate,   miter  forcing ^~.-n 

render  chain,  main  pump 1 — '0 

Fender  chain,   operating  valve 1 — % 

Rising   stem    gate    valve 1 — 40 

Cylindrical  valve   1       ' 

Guard  valve   1—23 

.•\uxiliary   culvert   valve 1 —  • 


■Number  of  motors 
Pedro  M, 
24 
12 
16 
16 
24 
20 

6 

4 


rafl's. 

Total. 

Tot.  HP 

2S 

92 

2.300 

14 

46 

322 

16 

48 

3,360 

16 

48 

24 

36 

116 

4.640 

40 

120 

840 

6 

18 

450 

4 

12 

84 

Totals 


218 


122 


160 


500 


12,020 


There  are  many  motors  not  included  above, 
as,  for  instance,  'those  for  the  spillway  gates, 
for  the  hand  rails  on  the  mitering  gates  and 
for  the  sump  pumps.  The  spillway  gates  are 
remote  controlled  from  a  special  control 
board,  and  the  control  of  the  hand  rail  motors 
is  given  in  connection  with  the  discussion  of 
mitering  gates. 

The  motors  are  started  and  controlled  by 
contactor  panels  located  near  them,  the  con- 
tactors of  which  handle  the  main  motor  cur- 
rents. These  contactors  are  controlled  from 
the  central  control  house.  The  smaller  mo- 
tors, including  those  for  cylindrical  valves, 
auxiliary  culvert  valves  and  miter  forcing,  are 
started  bv  being  thrown  directly  on  the  line. 
Two  dou'ble-pole  contactors  arc  used,  one  for 
forward  and  one  for  reverse.  In  the  case 
nf  larger  motors  for  miter  gate  moving.  ri|ing 
stem  valves  and  guard  valves,  a  starting  point 
with  resistance  in  two  legs  of  the  tliree-phase 
circuit  is  provided. 

In  all  cases  the  contactors  are  operated 
from  the  control  boards— to  be  described 
later— by  three  wires,  one  for  forward,  one 
for  reverse  and  a  common  return.  In  the 
case  of  panels  having  a  starting  point,  the 
period  during  which  the  motor  remains  on  the 
resistance  is  automatically  controlled  by  a 
dashpot,  so  that  the  starting  operation  at  the 
control  house  is  the  same,  simplv  energizing 
a  forward  or  reverse  wire  as  the  case  may  be. 
The  control  connections  arc  arranged  in  such 
manner  that  each  individual  machine  may  be 
controlled  locally.  This  arrangement  pro- 
vides for  emergency  operation  should  the  con- 
trol circuits  from  the  central  control  house 
be  out  of  order. 

Location  and  Oferation  of  Lock  Machmery. 
—From  an  operating  standpoint  the  mac  iin- 
crv  was  placed  below  the  coping  of  the  lock 
walls,  thus  affording  a  clear  space  for 
maneuvering  ships  and  protecting  the  ap- 
paratus from  the  weather  without  erecting 
numerous  houses.  ' 

The  mitering  gates  consist  of  two  leaves 
pivoted  on  the  lock  walls  which  operate  in- 
dependentlv  of  each  other.     When  the  miter- 


is  operated  while  the  gates  are  in  the  closed 
position. 

The  chain  fenders  are  stretched  across  the 
canal  in  front  of  all  mitering  gates  which  can 
be  exposed  to  the  upper  lock  level  and  also 
in   front  of  the  guard  gates  at  the  lower  end. 


Fig.    36.  Details    of    Cylindrical    Valves    (or 
Lateral   Culverts. 

These  chains  arc  maintained  in  a  taut  position 
when  the  v.atcs  behind  arc  closed,  and  are 
lowered  when  the  gates  arc  opened  for  the 
passage  of  a  ship.  The  chains  are  raised  and 
liiwercd  bv  a  method  similar  to  that  fiillowcd 
in  hvdraii'lic  elevators.  Lowering  the  chain 
for  the  passage  of  a  vessel  and  raising  it  again 
after  the  vessel  has  passed  is  accomplished 
by  two  motors:  one  driving  the  main  pump 
siipplying  water  under  pressure,  and  the  other 
opi  rating  a  valve  which  controls  the  direction 
of  movement  of  the  chain.  These  two  op- 
erations are  combined  in  one,  each  motor  be- 


ing stopped  automatically  by  a  limit  swiic 
when  the  motor  has  performed  its  functicn 
The  filling  and  emptying  of  the  locks  is  at 
complished  by  three  culverts,  one  in  the  mid 
die  wall  and  one  in  each  side  wall,  the  flo' 
of  water  being  controlled  by  rising  stei 
valves.  They  are  located  in  the  culverts  « 
points  opposite  each  end  of  each  lock  so  thf. 
the  culvert  can  be  shut  off  at  any  desire 
point  for  filling  a  lock  with  water  from  aboyi 
or  upstream,  or  for  emptying  it  by  allowin 
it  to  flow  out  and  down  to  the  next  loci 
Lateral  culverts  conduct  the  water  from  th 
main  culverts,  under  the  lock  chambers,  ar 
up  through  openings  in  the  lock  floors. 

The  rising  stem  valves  are  installed  in  pair 
and  each  pair  is  in  duplicate :  also  each  cu 
vert  is  divided  into  two  parallel  halves  . 
these  valves  by  a  vertical  wall.  This  arrange 
ment  reduces  the  size  of  each  valve  and  makt 
it  more  easily  operated,  each  valve  beir 
8x18  ft.  One  pair  of  duplicates  is  left  open  . 
a  guard,  or  reserve  pair:  the  other  pair 
used  for  operating,  so  that  in  case  of  a 
obstruction  in  the  culvert  or  accident  to  th' 
machinery,  the  duplicate  pair  can  be  used. 

At  the  upper  ends  of  the  culverts  at  tl 
side  walls,  the  duplication  is  accomplished  1 
three  valves  in  parallel,  called  the  guard  valve 
They  perform  service  exactly  similar  to  tl 
rising  stem  valves,  except  that  three  valv' 
in  parallel  in  this  case  must  conform  to  tl 
same  laws  as  the  two  in  parallel  in  the  otht 
case. 

The  culvert  in  the  middle  wall  must  serv. 
the  locks  on  both  sides,  and  to  control  thi 
feature  cylindrical  valves  are  placed  in  th^ 
lateral  culverts  that  branch  out  on  each  side 
There  are  ten  of  these  on  each  side  of  th 
culvert  at  each  lock. 

.■\t  the  upper  end  of  each  set  of  locks,  ther 
are  two  valves  in  the  side  wall  for  regulatini 
the  height  of  water  between  the  upper  gat 
and  upper  guard  gate,  as  it  is  desired  to  mam 
tain  the  level  of  the  water  between  these  gate 
at  an  elevation  intermediate  between  that  o 
the  lake  above  and  that  of  the  upper  led 
when  the  upper  lock  is  not  at  the  same  leve 
as  the  lake.  These  valves  are  called  th 
auxiliary  culvert  valves. 

Reasons  for  Using  the  Control  System 
Adofted.—M  the  flight  of  locks  at  Gatun,  fo 
instance,  extends  over  approximately  6,20 
ft.,  and  the  principal  operating  machines  ar 
distributed  over  a  distance  of  about  4,000  ft 
it  can  be  readily  seen  that  central  mechanica 
transmission  of  control  of  machines  would  b 
almost  impossible;  and  to  control  the  ma 
chines  locally  would  mean  a  large  operatini 
force  distributed  practically  along  the  ful 
length  of  the  locks,  which  has  invariably  beei 
the  practice  heretofore.  Such  a  force  woul 
be  ditiicult  to  co-ordinate  into  an  efficient  op 
crating  system.  The  situation  therefore  re 
solved  itself  into  centralized  electrical  con 
trol.  which  reduces  the  number  of  operator: 
operating  cxnense,  and  liability  to  accideni 
To  accomplish  this  system  of  control,  a  con 
trol  board  for  each  lock  was  constructed  whicl 
permitted  having  all  control  switches  locate' 
thereon  mechanically  interlocked  so  as  t' 
minimize,  if  not  entirely  prevent,  the  error 
of   human   manipulations. 

Centralized  Control  and  Indicating  Systen 
—The  control  boards  arc  installed  in  contr' 
liouses  located  on  the  middle  walls  at  point 
which  afford  the  best  view  of  the  locks,  al 
though  this  view  is  not  depended  on  to  kno^ 
the  position  of  the  gates  or  other  apparatu; 
as  all  arc  provided  with  indicators  on  th 
control  board.  The  control  boards  are  mad 
approximately  operating  miniatures  of  th 
locks  themselves,  and  are  arranged  with  in 
ilicating  devices  which  will  always  show  th 
position  of  valves,  lock  gates,  chains  an 
water  levels  in  the  various  lock  chambers ;  an 
with  the  exception  of  such  machinery  as  need 
only  an  "open"'  or  "closed"  indication,  th 
indications  will  be  synchronous  with  the  mov« 
mcnt  of  the  lock  machinery. 

For  such  indication,  appliances  with  com 
mutators,  multiple  contacts  or  ratch* 
mechanisms  would  not  be  suitable  because  o 
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the  many  contacts  and  small  pieces  in  their 
construction ;  and  particularly  because  devices 
of  this  character  move  step  by  step  and  would 
not  indicate  all  points  in  the  movement  of 
the  main  machinery,  such  indications  being 
more  or  less  approximate  according  to  the 
number  of  steps  in  the  indicating  devices. 
The  indicators  on  the  Panama  control  boards 
were  developed  especially  for  this  undertak- 
ing, and  show  accurately  and  synchronously 
every  movement  of  the  machinery  to  which 
they  are  connected,  whether  in  the  extremes 
of  travel  or  at  any  intermediate  point. 

A  complete  synchronous  indicator  consists 
of  a  transmitter  located  at  and  operated  by 
the  machine  in  the  lock  wall,  and  a  receiver 
operating  an  indicator  at  the  switchboard  in 
the  control  house.  Both  transmitter  and  re- 
ceiver have  a  stationary  and  a  rotating  part. 
The  stators  have  three-phase  windings  witli 
leads  from  three  corresponding  equidistant 
points  brought  out  and  connected  together, 
hut  not  connected  to  a  source  of  power,  the 
stator  coils  being  energized  by  induction  from 
the  rotors.  The  rotors  are  bipolar  and  are 
connected  in  multiple  and  energized  from  a 
llO-volt    25-cycle    single-phase    source. 

The  movement  of  the  lock  machinery  and 
with  it  the  connected  transmitter  rotor  pro- 
duces a  field  in  the  transmitter  stator  polar- 
ized in  the  direction  of  the  rotor  axis,  which 
induces  voltage  in  the  stator  coils.  This  volt- 
age is  transmitted  by  the  three-phase  connec- 
tion above  mentioned  to  the  receiver  stator 
coils  and  duplicates  in  them  but  in  the  re- 
verse direction,  the  same  conditions  of  polarity 
and  voltage  as  present  in  the  transmitter.  The 
rotor  of  the  receiver  being  energized  by  the 
external  source  in  the  same  direction  as  that 
of  the  transmitter,  is  reacted  upon  bv  the 
polarized  receiver  stator  until  the  ma,gnetic 
axes  coincide  and  the  rotors  of  both  trans- 
mitter and  receiver  are  in  the  same  relative 
position.  Any  difference  in  the  position  of  the 
transmitter  and  receiver  rotors  causes  a  dif- 
ference i)(  potential  between  the  stator  wind- 
ings with  a  consequent  flow  of  current  and 
resultant  torque,  which  again  moves  the  re- 
ceiver rotor  to  the  same  relative  position  as 
that  of  the  transmitter  rotor.  The  receiver 
rotor  follows  closely  and  smoothly  the  move- 
ment of  the  transmitter  rotor,  and  conse- 
quently imparts  to  the  position  indicator  a 
movement  identical  with  the  movement  of 
the  lock  machine,  although  on  a  scale  reduced 
to  the  requirements  of  the  control  board.  A 
brief  description  of  the  individual  sviichron- 
ous   indicators   follows. 

In  the  case  of  the  mitering  gates,  the  ver- 
tical operating  shaft  is  connected  to  a  shaft 
which  operates  the  transmitter  machine.  The 
latter  shaft  is  threaded  and  carries  a  nut  on 
which  is  mounted  a  rack.  The  rack  engages 
a  gear  on  the  rotor  shaft,  and  this  turns  the 
rotor  as  the  gates  operate.  The  mitering 
gate  indicator  comprises  a  pair  of  aluminum 
leaves,  shaped  to  correspond  to  the  plan  view 
of  the  top  of  the  gate,  which  travel  hori- 
zontally just  above  the  top  of  the  board,  the 
hinge  ends  being  connected  to  shafts  extend- 
ing down  through  the  surface  of  the  board 
where  they  arc  geared  to  the  receivers  by 
means  of  bevel  gears.  When  the  miniature 
gates  arc  completely  opened,  thev  are  covered 
by  shields  to  give  the  effect  of  the  gates  fold- 
ing back  into  recesses  in  the  lock  walls. 

For  the  chain  fender,  the  position  indicator 
transmitter  is  driven  by  the  shaft  which  op- 
erates the  limit  switch  that  controls  the  stroke 
of  the  piston.  The  indication  on  the  board 
IS  given  by  a  small  aluminum  chain,  which, 
like  the  large  chain,  is  raised  and  lowered, 
each  end  operating  independentlv.  the  large 
chain  being  lowered  to  the  bottom  nf  the 
lock  and  the  small  chain  into  a  slot  on  the 
control  board.  The  ends  of  the  miniature 
chain  are  fastened  to  semaphore  arms  wliich 
are  corinected  to  segmental  gears  meshing  with 
the  driving  gears  on  the  receiver  machines. 
As  the  receiver  rotors  turn,  the  chain  is 
either  lifted  or  lowered,  the  position  of  the 
large  chain  from  the  bottom  of  the  lock  being 
indicated  by  the  angle  of  the  semaphore  arms. 
As   the    rising    stem    valves   occur    in    pairs. 


their  position  indicator  machines  occur  in 
pairs  also.  The  transmitter  rotor  is  driven 
by  a  shaft  and  gearing  similar  to  that  de- 
scribed for  the  mitering  gates.  Each  indicator 
is  similar  to  a  small  elevator,  a  car 
being  used  to  indicate  the  position  of 
the  valve  gate.  Both  front  and  back  of  the 
shaft  is  fitted  with  opal  glass  marked  with 
black  lines  for  the  %,  %  and  %  positions.  A 
small  aluminum  cage  moves  up  and  down 
in  each  compartment.  A  drum  for  operating 
the  cord  which  raises  and  lowers  the  cage  is 
located  underneath  the  control  board  and  is 
operated  by  the  receiver  through  a  suitable 
train  of  gears.  To  make  the  indications 
visible  from  points  up  and  down  the  con- 
trol board,  the  elevator  shaft  under  each  car 
is  always  illuminated  and  the  portion  above 
is  dark. 

Water  Level  Indicators. — The  specifications 
covering  the  water  level  indication  required 
an  accuracy  of  1/20  ft.  or  1/10  of  1  per  cent 
in  actual  water  level.  In  the  transmitters  and 
receivers  for  the  machines  described  previous- 
ly, the  rotors  turn  less  than  180°  with  an  in- 
herent lag  of  IV2  per  cent  between  trans- 
mitter and  receiver  rotors  in  this  distance, 
which  obviously  prevents  this  arrangement 
from  being  employed  to  give  the  water  level 
indication. 

It  was  found  that  if  the  rotors  were  re- 
volved ten  complete  revolutions,  the  required 
accuracy  could  be  obtained ;  but  since  this 
arrangement  makes  it  possible  for  the  rotors 
to  be  in  synchronism  every  180°,  or  in  twenty 
different  positions  for  the  entire  travel,  the 
indicators  would  not  indicate  correctly  if  for 
some  reason  the  transmitter  rotors  were 
turned  more  than  one-half  revolution  with 
the  power  off.  Therefore,  the  required  ac- 
curacy was  obtained  by  two  sets  of  trans- 
mitters and  receivers,  one  set  connected  to  a 
fine  index  in  which  the  rotors  make  ten  com- 
plete revolutions  and  the  other  set  connected 
to  a  coarse  index  operating  less  than  180°. 

The  fine  index  is  a  hollow  cylinder  carry- 
ing a  pointer,  the  length  of  the  cylinder  being 
such  that  when  an  aluminum  ball  representing 
the  coarse  index,  which  can  be  depended  upon 
for  coarse  indication,  is  within  the  limits  of 
the  cylinder,  the  reading  of  the  fine  index  is 
correct  within  the  limits  specified.  The  scales 
are  illuminated  by  lamps  in  both  base  and  top 
caps  of  the  indicator. 

For  water  level  indication,  wells  36  ins. 
square  in  the  lock  walls  with  communication 
to  the  lock  by  a  small  opening  at  the  bottom 
of  the  wall  to  deaden  surges  contain  a  welded 
steel  box  float,  30  ins.  square  by  9  ins.  deep. 
A  non-slipping  phosphor  bronze  belt  transmits 
the  movement  of  the  float  to  a  sheave  fitted 
vvith  pins  on  the  transmitter  mechanism,  the 
pins  registering  with  holes  punched  in  the 
belt.  The  sheave  shaft  is  carried  in  ball 
bearings  with  oil  cups  for  lubrication  and 
drainage  cocks  at  the  bottom  of  the  bearings. 

The  position  of  the  miter  forcing  machine 
is  not  indicated  by  synchronous  indicators,  but 
its  open  and  closed  positions  are  shown  by 
red  and  green  lights  and  a  mechanical  indi- 
cator on  the  control  board  representing  the 
machine. 

Control  Boards  Represent  Locks  in  Minia- 
ture.— The  control  boards  are  of  the  flat  top 
benchboard  type,  32  ins.  high  by  54  ins.  wide, 
built  in  sections,  with  total  lengths  as  fol- 
lows : 

Gatun   64  ft. 

Pedro  Miguel    3G  ft. 

Miraflores  52  ft. 

The  side  and  center  walls  of  the  locks  are 
represented  by  cast-iron  plates  and  the  water 
in  the  locks  by  blue  Vermont  marble  slabs. 
The  outer  edge  of  the  board  is  surrounded  by 
a  brass  trim  rail,  and  the  sides  are  enclosed 
with  steel  plates  which  can  be  readily  removed 
for  inspection  of  the  board.  The  control 
board  is  supported  by  a  wrought  iron  frame- 
work resting  on  base  castings,  which  are  in 
turn  supported  on  the  operating  floor  of  the 
control  house. 

The  control  switch  handles  are  mounted 
above  the   surface  of   the   board   and   operate 


through  an  angle  of  00°.  They  are  provided 
with  nameplates  for  the  '"open,"  "closed"  and 
"off"  positions.  The  space  immediately  below 
the  flat  top  of  the  control  board  is  occupied 
by  the  contact  fingers  of  the  control  switches, 
mounted  on  the  operating  shaft,  synchronous 
receivers  and  their  cable  connections.  Con- 
nection boards  are  provided  for  the  cables, 
which  are  led  up  from  each  side,  as  are 
buses  for  supplying  current  to  the  control 
switches,  receivers  and  the  lamps  that  illumi- 
nate the  scales  of  indicators.  The  receivers, 
transmitters  and  lamps  are  operated  at  110 
volts,  while  the  control  circuits  are  220  volts, 
both  using  2.5-cycle  alternating  current. 

Mechanical  Interlocking  System. — In  order 
to  make  it  necessary  for  the  operator  to 
maneuver  the  control  switch  handles  always 
in  a  certain  order,  corresponding  to  a  pre- 
determined sequence  of  operation  of  the  lock 
machinery,  and  to  prevent  the  operator  in 
control  of  one  channel  from  interfering  with 
the  machinery  under  the  jurisdiction  of  the 
operator  controlling  the  other  channel,  these 
control  switches  are  provided  with  interlocks. 
The  interlocks  are  in  two  vertical  racks  under 
each  edge  of  the  board  and  some  distance 
below,  so  that  they  may  be  inspected  and 
oiled  from  a  floor  which  is  about  7  ft.  below 
the  floor  on  which  the  switchboard  operator 
stands.  The  latter  floor  does  not  extend 
across  under  the  board,  this  space  being  open 
so  that  all  parts  on  the  underside  of  the  board 
are  accessible   from  the  floor  below. 

Vertical  shafts  operated  by  connecting  rods 
from  the  control  switch  shafts  e.xtend  down- 
ward past  the  electrical  parts  for  the  opera- 
tion of  the  interlocks.  The  interlock  system 
is  essentially  a  bell  crank  mechanism,  con- 
necting the  shaft  of  the  control  switch  through 
a  movable  horizontal  bar  to  a  vertical  operat- 
ing shaft  which  can  or  can  not  move  accord- 
ing to  the  relative  positions  of  the  interlocking 
bars  and  dogs.  The  interlocking  rack  is  a 
steel  frame  carrying  five  horizontal  members. 
Upon  these  and  tying  them  together  are  verti- 
cal steel  straps  which  carry  brass  runway 
posts  for  the  vertical  and  horizontal  inter- 
lock bars.  These  posts  are  riveted  to  the' 
vertical  steel  straps,  a  thin  brass  plate  between 
posts  and  straps  making  the  runways  non- 
corrosive.  The  vertical  operating  shafts  are 
of  square  steel  turned  on  the  ends  and  work 
in  brass  bearings  near  top  and  bottom  of  the 
interlocking  rack.  Forked  cranks  mounted  on 
the  vertical  operating  shafts  move  the  hori- 
zontal interlock  bars  by  means  of  pivot 
blocks  set  over  pin  blocks  riveted  to  the  hori- 
zontal bar.  The  interlock  bars  and  dogs  are 
of  special  shape  and  hard  extruded  brass, 
which  section  keeps  the  dogs  in  line  with  the 
axis  of  the  bars  when  under  pressure  by  be- 
ing engaged  with  another  dog  on  a  vertical 
bar.  Every  control  switch  uses  a  horizontal 
bar  of  from  3  to  50  ft.  long. 

The  interlock  system  depends  mainly  on 
the  action  of  engaging  bevel  dogs  located  on 
horizontal  and  vertical  bars,  the  movement  of 
a  horizontal  bar  tending  to  lift  a  vertical  bar 
by  bevels  on  the  dogs.  A  horizontal  bar  can 
not  be  moved  without  raising  a  vertical  bar. 
Thus  if  at  any  time  a  dog  on  a  horizontal 
bar  rests  against  the  upper  end  of  a  dog  on 
a  vertical  bar,  no  movement  of  the  horizontal 
bar  where  the  dog  engages  with  the  vertical 
liar  can  take  place,  and  the  control  handle 
connected  to  that  particular  horizontal  bar  is 
locked. 

Interlocks  prevent  the  chain  fender  from 
being  lowered  until  adjacent  mitering  gates 
have  been  opened,  and  also  prevent  the  gates 
being  opened  until  the  chain  is  in  the  raised 
position.  In  this  way  it  is  assured  that  the 
chain  fender  will  always  be  in  the  up  positiim 
to  protect  the  gate  when  the  gate  is  closed. 
To  avoid  unnecessary  complication,  each  cud 
nf  the  chain  is  interlocked  with  the  leaf  on 
its  side  of  the  lock  only,  because  as  a  rule 
Ijoth  leaves  of  a  gate,  as  well  as  both  ends  of 
a  fender  chain,  will  be  opened  simultaneously, 
and  further  interlocking  is  unnecessary.  .\f- 
ter  the  mitering  gates  are  closed,  a  miter  forc- 
ing machine  is  operated  by  a  control  handle 
and  locks  the  ends  of  the  gates  closed.     This 
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machine  cannot  be  operated  until  the  gates  are 
closed. 

Also  the  rising  stem  valves  of  the  side  wall, 
ne.Kt  above  or  below  a  miter  gate,  must  be 
closed  while  the  miter  forcing  machine  is 
open.  As  the  miter  forcing  machine  cannot 
be  closed  until  the  gates  are  closed,  this 
means  that  the  valves  either  above  or  below 
the  gate  must  remain  closed  until  the  gate 
itself  is  closed,  thus  preventing  the  operator 
from  creating  a  current  of  water  around  the 
gates  while  they  are  open,  or  being  moved  in 
opening  or  closing.  This  interlock  is  not  in- 
cluded on  the  middle  wall  valves  for  the  rea- 
son that  they  will  be  used  with  the  locks  on 
either  side  and  must  be  free  for  that  pur- 
pose. 

Either  pair  of  rising  stem  valves  may  be 
opened  first,  at  the  choice  of  the  operator,  an 
interlock  becoming  effective  when  the  first 
valve  of  the  second  pair  of  duplicates  is  op- 
ened. This  is  done  by  a  novel  arrangement 
of  equalizing  levers  acting  against  the  ends 
of  the  interlock  bars,  with  certain  definite 
amount  of  lost  motion  which  is  taken  up  on 
opening  the  first  pair  of  valves,  thus  putting 
the  interlocks  in  operation  on  the  ne.xt  pair. 
To  illustrate  this  operation,  consider,  for  ex- 
ample, a  side  wall  culvert  at  Gatiin  with  its 
principal  rising  stem  valves  at  each  change  of 
level  from  one  lock  to  the  next.  The  control 
of  these  valves  is  interlocked  so  that  if  the 
valves  are  opened  at  one  particular  point,  the 
valves  a  lock  length  upstream  or  downstream 
cannot  be  opened.  Thus  the  operator  is 
limited  to  equalizing  the  water  between  locks 
and  cannot  allow  water  to  flow  from  the  up- 
per lock  past  the  middle  lock  into  the  lower 
lock,  which  operation,  if  permitted,  might 
flood  the  lower  lock  walls  and  the  machinery 
chambers  in  them.  The  cylindrical  valves  are 
interlocked  so  that  if  those  on  one  side  are 
opened  the  ones  on  the  other  side  are  locked 
closed,  and  the  opening  of  one  switch  on  a 
side  will  lock  the  opposite  ten.  This  prevents 
careless  cross  filling  between  locks,  which 
operation  might  be  combined  with  the  regu- 
lar method  and  produce  flooding.  However, 
there  may  be  times  when  it  is  desirable  to 
employ  cross  filling  to  economize  in  the  use 
of  water  from  Lake  Gatun  in  the  dry  sea- 
son. For  this  reason  this  interlock  is  made 
removable  by  the  use  of  a  Yale  lock  and  key. 
The  key  will  be  placed  in  the  hands  of  the 
chief  operator. 

In  the  use  of  the  middle  wall  culvert,  the 
cylindrical  valves  on  one  side  or  the  other 
must  be  opened  before  the  rising  stem  valves 
can  be  opened,  and  the  rising  stem  valves 
must  be  closed  first.  This  interlock  is  applied 
in  order  to  require  the  operator  to  control 
the  flow  of  water  by  means  of  the  rising 
stem  valves  rather  than  by  the  cylindrical 
valves. 

In  most  cases  the  locks  are  divided  into 
two  unequal  parts  by  the  intermediate  miter- 
ing  gates.  This  arrangement  makes  it  neces- 
sary to  divide  the  ten  cylindrical  valves  into 
two  groups  of  seven  and  three,  respectively, 
for  the  long  and  short  lengths.  .'\  selecting 
lever  is  provided  for  these  interlocks  and 
may  be  set  as  indicated  by  a  nameplate  on 
the  lever  to  "three,"  "seven"  or  "ten,"  re- 
spectively ;  whereupon  the  corresponding 
valves  are  subject  to  that  interlock,  and  the 
others  of  the  group  of  ten  are  locked  closed 
if  three  or  seven  only  are  to  be  used.  The 
failure  of  the  operator  to  make  his  selection 
properly  in  advance  will  simply  cause  him  the 
tr..ul)le  of  going  back  and  doing  so,  as  the 
remaining  valves  arc  locked  closed.  This  ar- 
rangement permits  handling  small  vessels 
without  causing  waste  of  water  due  to  operat- 
ing such  vessels  in  the  large  chambers.  If  a 
short  vessel  were  being  passed  downstream, 
it  would  first  pass  into  the  chamber  having 
three  cylindrical  valves.  The  group  selective 
lever    wouUl    then    be    placed    on    the   "three" 


position  which  would  permit  the  opening  of 
three  valves  above  the  intermediate  gate,  but 
would  lock  closed  the  other  seven  valves  above 
it.  After  the  vessel  had  "been  passed  below 
the  gate  the  handle  may  be  reversed  releasing 
the  lever  and  locking  three  switches. 


Special  Climatic  Requirements. — To  with- 
stand the  humid  atmosphere'  of  the  Isthmus, 
every  insulated  part,  such  as  solenoid,  relay, 
circuit  breaker  and  other  coils,  was  impreg- 
nated with  non-hygroscopic  compounds.  All 
small  parts  were  made  either  of  brass,  copper, 


TABLE  XXIV. 


Gatun. 
(Per  cent  completed) 

Mechan-  ESec- 

Machinery —                                         No.        ical.  trical. 

Cylindrical   valve   machines 60          100  42 

Rising  stem   valve  machines....        56            99  56 

Miter  gate  moving  machines....         W             93  2S 

Auxiliary  culvert  valve  machines         4          100  72 

Spillway  gate  machines 14            71  5 

Guard   valve   machines 6          100  40 

Miter  forcing  machines 20            39  46 

Chain   fender   machines 16            43  5 

Handrail   operating   mechanism.        36            70  54 

Miter  gate  sump  pumps 40             69  44 

Chain  fender  sump  pumps 16             33  0 

Transforming  stations    16             . .  67 


Pedro   Miguel. 
(Per  cent  completed* 
Mechan-  Elec- 


No. 
20 
24 
24 

4 

6 
12 
16 
20 
24 
16 

S 


ical. 
iOO 
100 
90 
100 

96 
33 
35 

0 
67 

0 


trical. 
87 
71 
58 
62 

5 

30 

0 

16 
0 
0 


Miraflores. 
(Per  cent  completed) 
Mechan-  Elec- 
No.        ical.       trical. 
40  100  38 

36  86  26 

28  83  4 

4  100  4S 

5  0  0 
33 

1 
30 

0 
43 

0 


16 
14 
16 
24 
28 
16 
12 


0 
7 
0 
8 
0 
0 
38 


There  are  intermediate  rising  stem  valves  in 
the  side  walls  at  each  intermediate  gate,  but 
no  interlocks  are  applied  to  these  for  the 
reason  that  they  will  be  used  in  a  more  or 
less  irregular  manner,  and  no  fixed  laws  for 
their  operation  can  be  made  in  advance.  More- 
over, they  control  the  water  only  between  dif- 
ferent sections  of  the  same  lock,  and  there 
is  not  the  danger  from  mistakes  in  operation 
which  exists  in  the  case  of  the  other  valves 
which  control  water  between  lock  levels.  The 
same  is  true  of  the  small  auxiliary  culvert 
valves,  by  means  of  which  the  space  between 
the  upper  guard  gate  and  upper  main  gate  is 
filled  and  emptied. 

In  case  a  large  vessel  is  to  be  locked 
through,  the  interlocks  on  the  intermediate 
gates  can  be  made  ineffective  by  the  operation 
of  a  Yale  lock  which  uncouples  a  clutch  and 
disconnects  the  central  switch  from  the  op- 
erating mechanism.  Turning  the  key  removes 
the  interlock  and  permits  the  intermediate 
gates  to  be  thrown  open  to  obtain  a  1,000-ft. 
level  and  the  valves  operated  independently 
of  these  gates. 

To  obviate  the  possibility  of  flooding  the 
locks  when  valves  are  in  a  certain  position, 
diagonal  interlocking  is  introduced  between 
the  rising  stem  valves  of  the  side  wall  and 
those  of  the  middle  wall  a  lock  length  away. 
This  interlocking  between  valves  diagonally 
across  a  lock  when  the  cylindrical  valves  are 
open  is  needed  to  prevent  the  flow  of  water 
from,  say,  the  upper  lock  by  way  of  a  side 
wall  culvert  to  the  middle  lock,  thence  by  way 
of  the  middle  wall  culvert  to  the  lower  lock, 
thus  allowing  an  operator  through  careless- 
ness to  flood  the  lower  lock  walls.  If  the 
cylindrical  valves  of  a  certain  lock  are  closed, 
the  interlock  is  not  needed  on  the  rising  stem 
valves  of  that  lock;  and  since  such  interlock 
would  interfere  with  the  proper  use  of  the 
valves  of  its  twin  lock  on  the  other  side  of 
the  middle  wall,  this  interlock  is  automatically 
removed  when  all  ten  cylindrical  valves  arc 
closed  on  the  particular  lock  in  question,  and 
is  automatically  applied  again  if  one  or  more 
of  the  ten  cylindrical  valves  are  opened. 
Furthermore,  the  valves  of  the  side  wall  im- 
mediately at  tlie  gate  which  is  being  moved 
will  be  open  to  equalize  water  level,  and 
diagonal  interlocking  will  prevent  the  opening 
of  the  middle  wall  valves  a  lock  length  above 
or  below  the  gate  being  moved.  Each  of  the 
four  valves  of  such  a  group  has  independent 
control,  their  control  switches  being  so  inter- 
locked that  either  pair  may  be  opened  and 
left  open  as  guard  valves,  the  interlocks  be- 
coming effective  when  the  operator  tries  to 
open  the  first  valve  of  the  second  pair.  In 
addition  to  these  pairs  of  valves  in  parallel, 
each  pair  is  duplicated  at  each  change  of  level 
from  one  lock  to  the  next. 


Monel  metal,  bronze,  or  of  sherardized  iron 
or  steel.  Mica  and  treated  asbestos  lumber 
were  used  largely  in  place  of  fiber  or  wood. 

Operating    Machinery    Erection. 

In  addition  to  the  gates  and  emergency 
dams,  etc.,  there  is  a  great  amount  of  auxiliary 
machinery  contained  within  the  machinery 
rooms  and  operating  galleries  of  the  walls  or 
in  the  culverts.  This  apparatus  embraces  the 
rising  stem  gate  valves,  which  control  the 
flow  of  water  in  the  18-ft.  culverts  at  the  bot- 
toms of  the  side  and  center  walls:  the  cylin- 
drical valves,  controlling  the  6-ft.  culverts 
which  run  laterally  from  the  wall  culverts  and 
pass  water  to  the  lock  chambers,  through  the 
floors-  the  auxiliary  culvert  valve  machines, 
which  control  the  flow  through  a  short 
auxiliary  culvert  designed  to  maintain  the 
water  at  the  same  elevation  on  both  sides  ot 
the  upper  guard  gates:  the  guard  valves  and 
machines,  controlling  the  intake  of  water  into 
the  side  wall  culverts  at  the  upper  end  of  the 
locks-  the  miter  gate  moving  machines,  to 
swing  the  leaves  of  the  gates;  the  miter  forc- 
ing machines,  to  draw  the  leaves  tightly  to- 
gether when  closed,  and  prevent  leakage ;  the 
mechanisms  which  cause  the  hand  rails  on  top 
of  the  leaves  to  fold  down  when  the  leaves 
are  swung  back  into  their  recesses  in  the 
walls-  the  pumps  for  unwatcring  sumps  in  the 
miter'  gate  leaves,  and  in  the  pits  of  the 
fender  chain  machinery  rooms ;  the  machinery 
for  actuating  the  fender  chains,  at  all  upper 
and  lower  guard  gates,  and  at  the  intermediate 
and  safety  gates  in  Pedro  Migual  and  upper 
chambers  of  Gatun  and  Miraflores  locks;  the 
tracks  and  conductors  for  the  towing  locomo- 
tives; and  the  posts  for  the  illumination  of 
the   locks. 

The  condition  of  the  principal  machines 
necessary  to  the  operation  of  the  locks  on 
September  1,  1!I13,  is  indicated  in  Table  XXIV. 

All  designing  work  for  the  canal  locks 
and  appurtenances  for  all  other  canal  struc- 
tures was  under  the  direction  of  Col.  H.  F. 
Hodges.  Under  Col.  Hodges  were  the  fol- 
lowing chief  assistants  in  charge  of  special 
features:  Operating  Machinery.  Edvv. 
Schildhauer,  electrical  and  mechanical  enti- 
neer;  Aids  to  Navigation,  W.  F.  Beyer,  as- 
sistant engineer;  Masonry  and  Lock  Design, 
L.  D.  Cornish,  designing  engineer;  Lock 
Gates  and  Protective  Devices,  Henry  Gold- 
mark,  designing  engineer:  Emergency  Dams, 
T.  B.  Monniche,  designing  engineer.  The 
construction  work  of  the  Gatun  Locks  was 
under  the  direction  of  the  engineers  of  the 
Atlantic  Division  and  the  construction  work 
of  the  Pedro  Miguel  and  Miraflores  locks 
was  under  the  direction  of  the  egnineers  of 
the  Pacific  Division,  Mr.  Sidney  B.  William- 
son, division  engineer. 
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Of  the  several  structural  features  of  the 
Panama  Canal,  the  Culebra  cut  doubtless 
holds  first  place  in  public  opinion.  This  judg- 
ment is  not  far  in  error  from  the  viewpoint 
of  the  engineer.  The  date  of  the  possible 
completion  of  the  cut  set  from  the  first  the 
date  of  the  completion  of  the  canal.  It  was 
known  also  from  the  first  that  it  was  the  most 
expensive  single  feature  of  the  canal  work. 
These  estimates  of  magnitude,  morcver,  were 
based  on  the  "):3,{HIO,000  cu.  yds.  estimated  ex- 
cavation of  the  Minority  Report  of  the  Inter- 
national Board  of  Consulting  Engineers.  In 
1902  the  decision  to  widen  the  channel  through 
Culebra  added  over  13,000,000  cu.  yds.  to  the 
theoretical  excavation.  Thru  the  slides  began 
to  develop  and  every  year  saw  them  add  sev- 
eral million  vards  to  the  work  until  finally  on 
July  .30,  101.3',  over  93,000.000  cu.  yds.  had  been 
removed  from  the  cut.  The  final  amount  will 
be  .still  greater  but  probably  only  a  few 
million  yards  more. 

General    Methods. 

The  general  method  of  excavating  Culebra 
Cut  can  be  stated  in  a  few  -words.  The  ex- 
cavation was  dry  cut  through  earth  and 
rock,  about  71  per  cent  of  the  yardage  re- 
quiring blasting.  The  problem  was  the  same 
as  that  at  any  rock  cut  for  a  railway  in  the 
United  States^  but  it  was  that  problem  magni- 
fied many  times.  The  rock  was  broken  up  by 
blasting  and  excavated  and  loaded  into  cars 
by  steam  shovels,  and  the  cars  were  hauled 
in  trains  to  waste  dumps  or  to  where  the  spoil 
could  be  utilized  in  other  construction.  The 
rock  was  taken  out  in  cuts  parallel  to  the 
canal  axis.  The  shovels  on  short  tracks 
■worked  against  a  face  or  bench;  the  trains 
■which  received  the  spoil  stood  on  tracks 
parallel  to  the  benches,  and  these  loading 
tracks  connected  with  main  tracks  leading  to 
the  places  of  spoil  disposal.  The  drills  worked 
ahead  of  the  shovels. 

The  work  separates  for  consideration  into 
the  following  items:  Drilling  and  blasting; 
steam  shovel  operation ;  transportation ;  spoil 
disposal ;  excavation  records ;  excavation 
costs;   slides   and  methods   of  handling  them. 

Drilling  and  Blasting. 

The  general  plan  pursued  was  to  drill  lines 
of  holes  parallel  to  the  benches  and  blast 
down  the  faces.  This  general  plan  was  of 
course  subjected  to  many  modifications  to 
meet  conditions  that  developed  and  called 
for  changes  in   detail. 

Drills  and  Drilling. — The  drills  used  were 
of  two  general  types,  well  drills  and  per- 
cussion drills  and  with  few  exceptions  they 
were  operated  by  compressed  air.  Drilling 
operations  prior  to  July  1st,  1907,  were  of 
moderate  extent  and  the  great  bulk  of  the 
drilling  had  been  completed  by  July  1,  1912. 
The  record  of  drill  work  in  detail  will  there- 
fore be  confined  to  the  five  years  of  major 
operations.  It  is  tabulated  as  follows: 
1907-190S. 

Items —  Amounts. 

241  air  drills,  lin.   ft.  hole 1,224,902 

66  -well  drills,  lln.  ft.  hole 613,568 

Hand  drilling,  lin.  ft.  hole 210,461 

Total  hole  drilled,  lin.  ft 2,048,931 

Yardage   mined   8,106,716 

Yards  mined  per  foot  of  hole 4 

1908-909. 

269  tripod  drills,  lln.  ft.  hole 2,062,482 

143  well  drills,  lln.  ft.  holes 1,306.970 

Hand  drilling,  lin.  ft.  hole 267,243 

Total  holes  drilled,  lin.   ft 3,636,696 

Yardage  mined    12,622,880 

Yards  mined  per  foot  of  hole 3.5 

1909-1910. 

233  tripod  drills,  lln.  ft.  hole 2,019,176 

153  well  drills,   lin.  ft.   hole 2,063,067 

Hand  drilling,  lin.  ft.  hole 272,461 

Total  hole  drilled,  lin.  ft 4,354,754 

Yardage   mined   12,158,996 

Yards  mined  per  foot  of  hole 2.8 

1910-1911. 

227  tripod  drills,  lin.  ft.  hole 2,274,080 

155  well  drills,  lin.  ft.  hole 2,217,962 

Hand  drilling,  lln.  ft.  hole 308,347 

Total  hole  drilled,  lin.  ft 4,800,359 

Yardage  mined    11,672,241 

Yards  mined  per  foot  of  hole 2.4 


1911-1912. 

S30  tripod  drills,  lin^  ft.  hole 2,368,804 

150  well  drills,  lin.  ft.  hole 2,243,194 

Hand  drilling,  lin.  ft.  hole 243,302 

Total  hole  drilled,  lin.  ft 4,855,300 

yardage   mined    12,862,968 

yards  mined  per  foot  of  hole 3.G 

The  total  length  of  hole  drilled  during  the 
five  years  was  3,730  miles,  or,  adding  the 
footage  drilled  prior  to  July  1,  1908,  and  after 
June  30th,  1912,  something  over  enough  to 
reach  to  the  center  of  the  earth. 

Explosives  and  Blastings. — The  Culebra  ex- 
cavations required  some  3,000  tons  of  ex- 
plosives per  year.  Prior  to  June,  1908,  e.x- 
plosives  received  from  the  manufacturers  in 
the  United  States  were  stored  at  Bas  Obispo 
and  at  Gold  Hill.  About  the  date  named  two 
concrete  block  store  houses  were  erected,  one 
at  Mindi  and  one  at  Gamboa.  Each  of  these 
stores  comprised  a  300-ton  dynamite  magazine, 
a  detonator  house  and  a  watchman's  house. 
With  the  installation  of  these  stores  a  sys- 
tem of  explosives  service  was  established  as 
follows  :  One  month's  supply  plus  2-5  per  cent 
was  maintained  in  each  magazine  and  one 
month's  supply  was  kept  in  transit  from  the 
United  States.  The  bulk  of  the  explosive 
was  60  per  cent  and  4.5  per  cent  dynamite  but 
several  patented  explosives  and  also  powder 
were  used  in  smaller  amounts.  The  quantities 
of  explosives  used  during  the  five  years,  July 
1,  1907,  to  July  1,  1912,  were  as  follows: 

Lbs.  per 

cu.  yd. 

Year —  Tons.  mined. 

1907-08    2,352  0.64 

1908-09    3,365  0.59 

1909-10    r: 3,157  0.49 

1910-11    2,638  0.50 

1911-12    2,603  0.45 

The  general  method  of  blasting  •v\'as  to  fire 
a  series  of  vertical  holes  parallel  to  the  face 
of  the  bench  and  a  series  of  toe  holes  drilled 
horizontally  at  or  nearly  at  the  foot  of  the 
bench.  Until  June  30,  1908,  all  holes  were 
fired  by  blasting  batteries  of  the  iisual  mag- 
neto-electric type,  but  so  many  mis-fires  re- 
sulted that  an  electric  firing  current  wire  was 
strung  the  entire  length  of  the  cut.  To  this 
wire  4.5  blasting  spurs  about  1,000  ft.  apart 
were  connected.  Each  of  these  spurs  termi- 
nated in  a  5-kw.  110-volt  transformer  with  a 
switch  box  and  secondary  leads.  From  the 
switch  box  No.  4  triple  insulated  wire  was 
laid  on  the  ground  in  the  cut.  and  all  blast- 
ing operations  were  performed  by  wiring  fuses 


Siinimary. — The  records  made  public  permit 
no  very  detailed  analysis  of  the  drilling  and 
blasting  at  Culebra  but  the  following  data 
reported  at  various  times  give  some  indica- 
tion of  performance.  The  drilling  and  blast- 
ing costs  based  on  yardage  actually  mined  and 
not  on  yardage  excavated  were  as  follows : 
Year —  Per  cu.  yd. 

1908-09    17.36  cts. 

1909-10    17.27  cts. 

1910-11    16.49  cts. 

1911-12    '. . .   15.23  cts. 

From  data  covering  the  twelve  months  to 
July  1,  1912,  it  is  found  that  the  average 
number  of  feet  drilled  per  tripod  drill  per 
day  was  41  ft.,  at  an  average  operating  labor 
cost  of  8.96  cts.  per  linear  foot.  For  well 
drills  the  daily  average  was  50  ft.  of  hole 
drilled  at  an  average  operating  labor  cost  of 
6.68  cts.  per  linear  foot.  The  average  depth 
of  vertical  hole  was  19  ft.  and  the  average 
charge  per  hole  was  24  lbs.  of  explosives;  the 
average  length  of  toe  hole  .  drilled  was  15 
ft.  and  the  average  charge  per  hole  was  30 
lbs.  An  average  of  2.21  cu.  yds.  of  material 
was  broken  up  per  pound  of  explosive  '■•-■ed. 
These  included  "dobe"  shots  or  ''mud  caps." 
There  were  31,227  "dobe"  shots  fired  during 
the  year  at  a  charge  per  shot  of  6.76  lbs.  of 
explosive  and  blasting  material.  Detonators 
and  safety  fuse  were  used  for  firing.  The  cost 
per  "dobe"  shot  averaged  90  cts. 

Steam  Shovels. 

Steam  Shovel  Operation.— Al\  blasted  rock 
at  Culebra  was  excavated  and  loaded  onto 
trains  by  steam  shovels.  These  machines 
were  used  in  varying  numbers  and  of  differeiit  J 
sizes  and  to  present  their  performance  it  is  f 
necessary  to  subdivide  it  into  the  years  of 
record.  The  five  years  from  June  30,  1907, 
to  June  30,  1912,  having  included  the  great 
bulk  of  all  steam  shovel  work'  are  alone  con- 
sidered. 

Plant  and  Performance. — Five  sizes  of 
shovels  were   employed  as   follows : 

Dipper 

Name—  capacity. 

45-ton  Bucyrus 1%  cu.  yds. 

70-ton  Bucyrus  2%  cu.  yds. 

95-ton  Bucyrus  a       cu.  yds. 

No.  fin  Marion 2%  cu.  yds. 

No.  91  Marion 5       cu.  yds. 

The  number  of  each  type  used  each  year 
varied ;  the  number  of  all  shovels  used  each 
year  and  the  average  output  of  all  shovels  are 
given  in  Table  XXV. 


TABLE  XXV. 

Year—                                                                           1907-08.  1908-09.           1909-10.            1910-11.           1911-12. 

Shovels   worked    59  75                      61                      52                      46 

Number   working  days 305  304                    304                    304                    304 

Cu    vds    per  day                     932  1,199                 1,231                 1,314                 1,319 

Cu!  ydl:   pir  month 23,685  30:371               31,185               32,63.5               33.038 

Cu.   vds.  per  hour  at  work 199  225                    236                    241                    246 

Cu.   yds.  per  hour  under  steam 121  150                   156                   ibb                   its 

in  parallel  and  connecting  them  to  the  leads  These  performance  records  and  all  others 
of  No.  4  wire.  The  current  used  was  a  60-  which  will  be  stated  are  based  on  an  eight- 
cycle,  2,300-volt  current  which  the  trans-  hour  working  day.  The  best  performances 
formers  .stepped  down  to  110  volts.  This  ar-  per  d.\y,  month  and  year  of  steam  shovels  of 
rangement  practically  eliminated  miss-fires.  the  sizes  named  above  for  the  five  years  are 
Blasting  batteries  were  subsequently  used  for  given  in  Table  XXVI. 


TABLE  XXVI. 

45-ton  70-ton  95-ton  No.  60  No.  91 

Item Bucvi-us.  Bucvrus.         Bucyrus.  Marion.  Marion. 

High    dailv,    date Feb.  "5, 'OS     Mar.  19, '12     Mar.  22. '10     Apr.  IS.  'OS     .lune  21, '09 

High    dailV,    yardage 1,356  2,900  4,465  1.904  :!.485 

High   monthly,    month July, '08  Mar., '09  M.Y-.'IO  Mar., 'OS  -^"F-'OS 

High    monthly,    yardage 25,713  53.043  70.290  41,219  od,419 

High   monthly,   days   worked 26  27  26  26  .  J\^r, 

High    annual    yardage 105.740  300,872  543,481  ''^H" 

High   annual   days   worked 131 254 295 299 

springing  holes,  or^  f or  firing  isolated  groups         Maintenance    of    Shovels. — Steam    shovels 

of    a    few    holes.      As    a    further    precaution  were    maintained    by    .shop    and    field    repairs, 

against    miss-fires    due   to    defective   caps,    all  Prior  to  Oct.  1,  1909,  all  shop  repau-s  of  steam 

powder  men  were  supplied  with  galvanometers  shovels  were  made  at   the  Empire  shops   and 

and   required   to   test  caps  before   and  wiring  were  in  charge  of  the  Mechanical  Division  and 

after   the  holes  were  connected  up  for  blast-  all  field  repairs  were  made  by  the  construction 

ing.    These   precautions   reduced   accidents   to  division.      On    the    date    named    the    Empire 

a   very    few.      During   the    three   years,   June  Shops   were    removed    from    the   direction    of 

30,  1909,  to  June  30,  1912,  with  over  18,800,000  the  Mechanical  Division  and  transferred  to  the 

lbs.    of    explosive    fired    only    five    men    were  Central    Division,    and    were    made    virtually 

killed  by  explosions.  '  steam  shovel  repair  shops  for  the  whole  canal. 
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A  field  repair  system  was  begun  Nov.  5, 
1907,  and  it  comprised  a  force  of  boiler  work- 
ers, pipeiitters,  machinists  and  helpers  who 
made  all  repairs  at  night  after  the  shovels 
were  shut  down.  The  force  was  divided  into 
three  gangs,  each  covering  a  certain  section 
of  the  excavation.  A  machine  shop  car, 
equipped  with  a  forge,  drill  and  shaper  and 
carrying  necessary  small  tools,  and  a  loco- 
motive crane  constituted  the  field  repair  plant. 
The  field  repairs  included  replacing  and  re- 
pairing circles,  booms,  dippers  and  dipper 
sticks.  A-frames,  hoisting  drums,  main  and 
propeller  shafts,  swinging  drums,  inter- 
mediate shafts,  water  tanks,  feed  pumps  and 
trucks  and  in  one  or  two  cases  even  renewal 
of  boilers.  In  fact  it  was  seldom  that  a 
shovel  was  sent  to  the  shops  for  repairs  short 
of  complete  overhauling.  The  numbers  of 
shovels  repaired  per  night  by  the  field  repair 
gangs  run  from   14  to  "20. 

The  cost  of  repairs  per  steam  shovel  per 
service  day  from  June  1,  1910,  to  July  1,  1912, 
was  as    follows : 

Six  months  to  July  1.  1310 $27. OG 

July  1,  1910,  to  July  1,   1911 22.21 

July  1,  1911,  to  July  1,  1912 22.95 

Transportation. 

All  spoil  from  Culebra  was  removed  by  rail- 
way. The  railway  consisted  of  three  to  four 
running  tracks  through  the  cut  and  connected 
with  the  Panama  R.  R.  Service  tracks  con- 
nected the  various  shovel  cuts  with  the  run- 
ning tracks  and  spurs  from  the  Panama  R.  R. 
led  to  the  various  places  where  spoil  was 
'lasted  or  used  for  construction.  Because 
i  the  volume  of  spoil  and  of  the  speed  with 
.vhich  it  had  to  be  removed  all  running  track 
and  main  track  train  operations  were  directed 
by  a  train  dispatcher  and  assistants. 

The  track  system  for  the  service  of  the 
Culebra  Cut  varied  from  time  to  time  in 
mileage  and  location.  E,\clusive  of  the 
Panama  R.  R.  track,  it  comprised  track  in  the 
prism,  track  west  of  the  canal,  track  east  of 
the  canal  and  tracks  on  dumps.  Table  XXVII 
shows  the  track  mileage  of  each  class  for 
each  of  the  five  years  to  July  1,  1912. 

TABLE  XXVII. 

1907-  190S-  1909-  1910-  1911- 

Location—  190S.  1909.  1910.  19j.i.  1912. 

In  canal  prism...   .il.56  68.98  73.08  76.11  72.93 

East  of  canal 30.63  29.45  25.51  37.83  32.13 

West  of  canal 43.91  39.79  43.52  30.49  27.G5 

Dump  track    43.84  56.10  58.14  64.73  54.75 


Total   169.94  194.33  200.25  209.16  187.46 

These  totals  of  trackage  give  only  a  par- 
tial idea  of  the  track  work  required.  Each 
year  many  miles  of  track  had  to  be  renewed, 
laid  new  and  shifted.  An  idea  of  the  amount 
of  this  work  is  furnished  by  the  approximate 
figures  in   Table  XXVUl. 

TABLE  XXVIII. 

Items.  1908-09.  1909-10.  1910-11.  1911-12. 

Track  removed. .       135  213            152.9        146.47 

Track    laid 160  219           215.08      227.13 

Track  renewed 10  20        

Track  shifted 1,534.6     1.534,6     1,430.84 

Frogs  &  switches 

removed   573  556           590           638 

Frogs  &  switches 

laid   612  927        1.169        1,096 

The  excavation  and  car  equipment  for 
handling  spoil  increased  gradually  to  about  a 
maximum  in  1909-10  and  then  decreased.  Dur- 
ing tlic  maximum  year  the  motive  power  and 
rolling  stock  assigned  to  the  Central  Division, 
virtually  to  the  Culebra  cut,  was  as   follows: 

Cars—  Nos. 

Decauville   flndustrlal)    363 

Steel.  •■Western'' '•19 

Steel,   "Oliver-    298 

Steel,  "Goodwin"   12 

Steel,  "Ingoldsby"   12 

Total 1.104 

Locomotives: 

Decauville    2 

19x24  ins Ul 

16^x23V4   Ins 25 

20x26  ins IS 

Others  •» 

Total 159 

Not  all  of  the  locomotives  were  used  in 
hauling  spoil  and  not  all  were  in  service  at 
any  one  time.  Table  XXIX  gives  lor  the  three 
years  for  which  records  are  available  the  av- 


erage number  of  locomotives  working  per  day 
and  their  assignments. 

TABLE  XXIX. 

Consignment—                 1909-10.  1910-11.  1911-12. 

Handling  spreaders    7.8  6.35          5.85 

Handlinj,'   unloaders    10.97  10.23         10.03 

Handling    track    shifters..     4.35  3.64           2.92 

Handling    trains    125.50  126.24       117.0 


Totals      148.00       146.46       135.77 

The  cost  of  locomotive  repairs  per  service 
day  for  the  corresponding  three  years  was  as 
follows : 

1909-10     $6.94 

1910-11     7.88 

1911-12     8.57 

The  average  number  of  cars  loaded  per  day 
with  e.xcavated  material  and  the  largest  num- 
bers handled  anv  one  dav  are  given  in  Table 
XXX. '_ '  

TABLE    XXX. 

1909-1910.     1910-1911.    1911-1912 
Av.  Ma.x.    Av.  Max.    Av.  Max. 

Flat    2,156  2,648  2,268  2,569  2,103  2.674 

Large    stl.    dump    193      179      325      446      320      224 
Small  stl.   dump. 1,179  1,946  1.147  2,166      973  1.948 

Totals    3,528  4,773  3.740  5.181  3.696  4.896 

The  cost  of  car  repairs  per  car  per  work- 
ing day  for  the  corresponding  three  years  was 
as  follows : 

1909-10  ^1.30 

1910-11  0.87 

1911-12  0.75 

SPOIL    DISPOSED. 

Spoil  from  Culebra  Cut  was  disposed  of  at 
waste  dumps  and  in  making  construction  fills 
at  various  points  along  the  canal  work.  To 
July  1,  1912,  94.544,885  cu.  yds.  of  material 
had  been  wasted  at  55  separate  places,  the 
amount  deposited  at  one  place  ranges  from 
about  1,000  cu.  yds.  to  16,000,000  cu.  yds.  The 
main  dumping  grounds  were  as  follows : 

Tabernilla     16.077.S47  cu.  yds. 

Gatun     3.709,116  cu.  yds. 

Miraflores     10,441,841  cu.  yds. 

Balboa    13,861.817  cu.  yds. 

Panama  R.  R.  fills 7.125,682  cu.  yds. 

The  spoil  disposed  of  at  Gatun  was  em- 
ployed in  forming  the  enrockments  for  the 
Gatum  dam,  and  that  disposed  of  along  the 
Panama  R.  R.  was  for  the  reconstructed  line 
of  that  road.  The  three  great  spoil  dumps 
were  at  Tabernilla,  Mirafiores  and  Balboa,  and 
from  10,000  to  20,000  cu.  yds.  daily  could  be 
wasted  at  each  of  these  dumps. 


The  special  equipment  for  unloading  spoil 
at  dumps  comprised  14  spreaders,  36  unload- 
ing plows,  6  track  shifters  and  28  Lidgerwood 
unloaders.  The  cost  of  repairs  to  this  plant 
per  service  day  averaged  as  follows : 

Item—  1909-10.     1910-11.     1911-12. 

Unloaders    $20.55        $14.80        $14.45 

Spreaders    17.30  14.77  14.24 

Track   shifters    6.67  2.25  2.77 

Unloading  plows    3.79  3.30  2.46 

Excavation  Records. 

Culebra  Cut  excavation  as  recorded  is  not 
separable  from  total  excavation  in  the  Central 
Division  but  so  great  a  part  was  it  of  the 
whole  that  output  and  cost  records  for  the 
Central  Division  are  virtually  records  for 
Culebra  Cut.  The  total  yearly  excavation  from 
the  Central  Division  canal  prism  to  July  1, 
1913,  has  been  as  follows: 

Tear—  Cu.  yds. 

1904    60,107 

1905    741.644 

1906    1,506,562 

1907    5,570,432 

1908  13.459.378 

1909  18.442.624 

1910  17,806,111 

1912  12,582,124 

Total 105,685,902 

There  was  estimated  to  remain  on  July  1, 
1913,  9,280,237  cu.  yds.  to  be  excavated.  Of 
the  total  yardage  given  above  something  over 
72  per  cent  has  been  rock.  The  average  and 
maximum  monthly  outputs  for  each  year  of 
heavy  work,   that  is  beginning  with  the  year 

1907-8,  have  been  as  follows: 

Average  Max. 

Year —  cu.  yds.  cu.  yds. 

1907-08     973.771  1,216,264 

1908-09     1,024,288  1,966,294 

1009-10     ^ 1,483,843  1,987.714 

1<)10-11     * 1,162.423  1.623.152 

igil-l-^       1,419,774  1,712.225 

1912-13     1,648.510  

Excavation  Costs. 

The  cost  of  excavation  on  the  Central  Di- 
vision for  each  of  the  five  years  ending  June 
30,  1912,  was  as  given  in  Table  XXXI. 

The  yardage  on  which  these  costs  were 
based  are  not  those  given  in  the  annual  yard- 
ages as  tabulated  above ;  they  were  as  follows : 

1909    •    19.067,777 

1910    17,674.804 

1911    18.522.692 

1912    17,063,446 

The  costs  of  Table  XXXI  are  as  reported 


TABLE  XXXI. 


Class  of  work — 

Loading,    steam   shovel 

Ix>adlng,   hand   

Drilling  and  blasting 

Transportation     

Dumps   

Tracks  

Division  ofBce  and  supervision. 

General  surveys    

Clearing  site  

Division  structures    

Drainage   and   sumps 


Total   division   cost 

General  and  administration. 
Plant,   arbitrary    

Total     


1908-09. 

1909-10. 

1910-11. 

1911-12. 

1912. 

$0.1150 

$0.1001 

$0.0888 

$0.0707 

$0.0081 

.3993 

.3442 

.2567 

.3056 

.1413 

.1149 

.1190 

.1048 

.1167 

.1854 

.1452 

.1522 

.1414 

.1331 

.1344 

.0911 

.0657 

.0541 

.0479 

.1190 

.0838 

.1001 

.1014 

.0885 

.0163 

.0114 

.0150 

.0120 

.0142 

.0008 

.0001 

.0003 

.0002 

.0004 

.0048 

.0046 

.00005 

.666i 

.0002 

.0012 

.0013 

.0005 

.0003 

.0052 

.0038 

.0011 

.7128 

.5517 

.5416 

.4880 

.4707 

.1882 

.1049 

.0646 

.0457 

.0361 

.1300 

.1300 

.1300 

.1000 

.0395 

$1.0310 

$0.7866 

$0.7362 

$0.6337 

$0.5463 

Generally,  structural  fills  were  made  from 
trestles,  as  at  the  Gatun  dam.  using  dum|) 
cars.  At  dumps  the  general  method  of  pro- 
cedure was  as  follows :  A  trestle  was  con- 
structed and  spoil  was  dumped  from  it  until 
it  was  filled  to  track  level,  and  as  far  out  as 
possible  on  the  sides.  The  track  was  then 
shifted  right  or  left  to  the  embankment  edge 
and  the  trains  were  unloaded  by  Lidgerwood 
unloaders  which  plowed  the  spoil  olT  the  cars 
and  onto  the  edge  of  the  dump.  Spreader 
cars  were  then  used  to  plow  the  piled  up  spoil 
over  the  edge  of  the  dump.  When  the  spread- 
er cars  had  reached  the  limit  of  the  plow- 
arms,  the  track  was  again  shifted  to  the  dump 
edge.  For  this  work  track  shifting  cars  were 
employed ;  these  cars  were  provided  with 
booms'  and  shifted  the  track  by  power.  .'\s 
indicating  the  speed  of  disposal  at  these  dumps 
the  following  figures  are  given  showing  the 
amount  of  material  dumped  per  day  at  the 
larger   places  of  deposit: 

1908-      1909-      1910-      1911- 

Duinp—  1909.       1910.       1911.       1912. 

Tiiberiillla.    cu.    >da.  20,000     16.052       3.31G     

Mlradorea     lo.oon     10.21S     11.443       9.4o0 

Balboa    ll.ono     11.997     15,286     12,929 


by  the  Division  Engineer.  Table  XXXII 
shows  for  tw-o  years,  1911  and  1912,  costs 
itemized  somewhat  differently  by  the  cost  keep- 
ing accountant. 

TABLE  XXXII. 

Item.                                                       1911.  1912. 

Clearing $0.0001 

Drilling    $0.0503  .0535 

Blasting     0547  .0622 

IxNiding    0493  .0492 

Tracks    1014  .0885 

Tanspnrtatlon 0816  .0734 

Dumps    0488  .0423 

I'umps    0038  .0041 

Maintenance  of  equipment 0875  .0243 

Plant,  arbitrary 1000  .0394 

r);vlsion  expenses 0128  .0145 

Administration 0462  .0364 

Total   $0.6304     $0.5479 

The  average  cost  of  all  excavation  in  the 
Central  Division  to  July  1,  1913,  based  on 
107,130,181  cu.  yds.  total,  has  been  71.05  cts. 
Of  this  total  03,305,975  cu.  yds.  have  been  re- 
moved from  Culebra  Cut.  The  estimate  of 
lOOfi  was  .53.765,000  cu.  vds.  at  80  cents;  the 
eslimate  of  1908  was  78,042,205  cu.  yds.  at 
7.5  cents. 
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All  estimates  of  excavation  in  Culcbra 
Division  have,  due  to  the  development  of 
slides  in  Culebra  Cut,  been  increased  each 
year  of  report.  The  original  estimate  of  the 
minority  of  the  International  Board  of  Con- 
sulting Engineers  was  in  round  figures  53,- 
700,000  cu.  yds.  The  decision  in  1908  to  in- 
crease by  100  ft.  the  bottom  width  of  the 
Culebra  cut  added  13,000,000  cu.  yds.  The 
revised  estimate  of  cost  of  the  canal  made 
about  that  time  was  78,000,000  cu.  yds.  The 
increases  since  have  been: 

June  30,  1910 7,330,525 

June  ;10.  lall 4,676,278 

June  30.  1912 4.614,925 

June  30.  1913 9,2S0,237 

Total     25,901,965 

The  bulk  of  the  total  increase  has  been  due 
to  the  developments  of  rock  slides  in  Culebra 
Cut. 

Slides. 

The  rock  of  Culcbra  Cut  is  structurally 
weak  and  badly  faulted.  Its  natural  slope  is 
from  1  on  5  to  1  on  10,  and  the  original  slope 
planned  for  the  sides  of  the  cut  was  about  3 
on  2.  As  the  excavation  deepened  leaving 
high  unsupported  banks,  the  rock  at  places 
sought  its  natural  slope  by  sliding.  These 
slides  were  due  to  familiar  causes  and  in  na- 
ture are  no  dififerent  from  rock  slides  in 
numerous  cuttings  in  the  United  States:  their 
significance  is  no  different  and  their  only  ele- 
ment of  distinction  is  their  immense  size. 

A  tabulation  of  the  principal  slides  which 
have  occurred  at  Culebra  is  made  in  Table 
XXXIII. 


and  then  begun  moving  again ;  the  most 
notable  example  perhaps  beuig  the  Cucaracha 
slide,  which  on  June  30,  1912,  was  stationary, 
and  began  moving  again  on  June  20,  1913,  and 
forced  some  2,000,000  cu.  yds.  of  material 
into  the  canal  prism.  All  of  the  other  large 
slides  mentioned  in  Table  XXXIII  continued 
during  the  year  to  July  1,  1913.  The  amounts 
of  material  removed  from  the  several  large 
slides  to  July  1,  1913,  and  the  amounts  then 
remaining  to  be  removed  were : 
Name.  Area.     Removed.     Remaining. 

Cucaraclia    50  3,859,500  1,500,000 

West  Culebra 65  8,687,600  2,390,000 

East    Culebra 55  5,966,200  2,000,000 

Stream  Diversion  and  Drainage. 

The  Culebra  cut  forming  the  low  point  for 
many  square  miles  of  territory,  and  coinciding 
for  a  considerable  distance  with  the  Obispo 
River  valley,  would  naturally  collect  vast 
quantities  of  water  were  steps  not  taken  to 
prevent  it.  The  course  of  the  Obispo  River 
was  artificially  changed,  beginning  at  the  point 
where  it  approached  the  cut.  The  total  length 
of  the  new  river  channel  as  originally  built 
was  5%  miles,  from  a  point  on  the  east  side 
of  the  Culebra  cut,  near  the  foot  of  Gold 
Hill,  to  a  point  clear  of  the  cut,  and  finally 
dischargiing  into  the  Chagres  River.  On  ac- 
count of  slides  encountered  during  construc- 
tion work,  the  Obispo  diversion  gave  way,  and 
the  flow  of  the  river  entered  the  cut  for  three 
days,  causing  inconvenience  and  damage.  A 
new  diversion  channel  was  constructed  with 
great  speed.  That  the  Obispo  diversion  was 
no  small  problem  inay  be  noted  from  the  fact 


TABLE    XXXIII.— ESTIMATE    OF    SLIDES 
JULY    1,    191:;.    SHOWING   TOTAL 


Location. 

East  Side — 

Opposite  Bas  Obispo 

Opposite  Haut  Obispo... 

West  Side — 

Opposite  Buena  Vista. . . . 

East  Side- 
Opposite  Las  Casacadas. 
Opposite  Las  Casacadas. 
Opposite  White  House... 

W'est  Side- 
White   House    yard 

East  Side- 
Opposite  White  House 

Upper  La  Pita 

Lower  La  Pita 

West  Side — 

Cunette   

Empire     

Culebra    

East  Side— 

Culebra    

Cucaracha    

West  Side— 

Ci>ntractors'    Hill    

Ea-st  Side — 

Cucaracha   Village    

P.iralso    

Small  slides   


OUTSIDE  OF   SLOPE   LINES   FOR  YE.^R  ENDING 
ESTIM.4TES    OB'  MATERIAL  TO   DATE. 
Cubic  yards 


Date  when 
slide     first 
developed. 
Sept.,    1910 
Sept.,    1908 

Nov..  190S 


Feb., 
Sept., 
Oct., 


1908 
1909 
1908 


of  material 

excavated 

to  date. 

117,000 

18,000 

162,000 

503,000 
102,000 
286.000 


Cubic  yai'ds 
of  material 
remaining. 
70,000 


June,    1912 


Oct., 
Dec., 

May, 

Sept., 


May, 
Oct., 

Jan,, 
July, 


1909 
1909 

1910 

1910 
1910 
1907 

1907 
1907 


July.     1908 


.Sept., 
Mar., 


1911 
1907 


Total 


413,000 
20,000 
30,000 

67,000 

210.000 

6,765,000 

4,290,000 
2.890,000 

216,000 

57,000 
385,000 
140,000 

16,671,000 


20,000 

130,000 

ISO. 000 

.'  56,000 

10,000 

50,000 

1.300,000 

600,000 
230,000 

15,000 

100,000 

10,000 

770,000 

3,595,000 


-Area  of 

slide  in 

acres. 

2.80 

.60 

3.30 

11.50 
1.40 
4.00 

1.00 

5.80 
1.70 

.30 

.90 

2.20 
63.00 

50.70 
47.10 

2.00 

3.40 
5.70 


208  00 


The  amount  of  material  removed  from 
slides  compared  with  total  excavation  is  given 
in  Table  XXXIV. 

TABLE  XXXIV. 

Total  excav.  From  slides.  Pet,  slid»s 

Years.                Cu.  yds.  Cu.  yds.  of  total. 

1904-1909 40.983.366  3.227,059  7.87 

1910 17,865,808  2,649,563  14.83 

1911 18,552,644  4,879,378  26.30 

1912 17,143.067  5.915,000  34.50 

1913 12.773.388  5.899.200  45.40 

No  plan  of  treatment  of  slides  has  proven 
thoroughly  effective  when  once  they  have  de- 
veloped, except  that  of  excavating  and  haul- 
ing awav  the  material  comprising  the  moving 
mass  until  the  slide  came  to  rest  upon  reaching 
the  angle  of  repose  of  the  particular  material 
then  in  motion.  This  angle  of  repose  varied 
greatly  in  dififerent  parts  of  the  cut,  depending 
not  only  upon  the  character  of  the  material 
involved  in  the  slides  but  also  upon  the  angle 
of  inclination  of  the  strata  and  upon  the 
angles  at  which  the  numerous  dikes  crossed 
the  cut.  .At  the  Cucaracha  slide  the  angle  of 
repose  is  a  trifle  sleeper  than  1  on  'i;  near  the 
center  of  the  Culcbra  west  slide  the  material 
still  moved  on  a  slope  of  1  on  7.  In  one  or 
two  slides  the  sliding  material  continued  to 
move  on  slopes  of  1  on  10. 

The  slides  have  at  times  ceased  movement 


that  in  six  years  a  total  of  1,200,000  cu.  yds.  of 
excavation  was  necessary,  of  which  nearly  40 
per  cent  was  in  rock,  and  the  total  cost  was 
over  $1,000,000.  The  diversion  was  able  to 
carry  6,000  sec.  ft.  of  water.  The  Camacho 
diversion  on  the  opposite  side  of  the  cut  was 
similarly  built.  These  two  diversions  took 
waters  which  flowed  toward  the  Atlantic.  The 
Rio  Grande  River  formerly  flowed  through 
part  of  tlic  area  to  be  excavated  on  the  Pa- 
cific side  of  the  Continental  Divide.  It  was 
similarly  diverted,  and  a  dike  was  constructed 
across  the  south  end  of  the  canal  to  prevent 
access  of  the  river  water.  Keeping  water  out 
of  the  cut  also  kept  out  the  silt  which  would 
inevitably  have  come  down  with  the  freshets. 
The  elevation  of  the  bottom  of  the  cut  was 
40  ft.,  which  was  lower  than  the  Cliagres 
River,  atid  a  dam  was  built  across  the  cut 
with  its  crest  at  elevation  73  to  prevent  the 
river  from  flowing  into  it. 

The  natural  streams  being  thus  prevented 
entering  the  work,  it  only  remained  to  get  rid 
of  the  water  which  originated  along  8\i  miles 
of  cpt.  This  was  done  by  means  of  cen- 
ti^ifugal  pumps  at  low  points  in  the  cut.  which 
discharged  the  water  over  the  dains.  Excava- 
tion at  a  new  level  was  always  preceded  by 
the  cutting  of   a   pioneer     trench     down     the 


middle  of  the  canal,  in  which  all  the  water 
was  collected  and  carried  to  the  pumping  sta- 
tions. The  summit  during  construction  was  at 
Culebra.  Drainage  to  the  south  was  carried 
to  Pedro  Miguel  and  after  August,  1911,  was 
carried  through  the  center  wall  culvert  of  the 
locks.  Drainage  to  the  north  was  disposed  of 
by  pumping. 

Electric    Power    Plants. 

All  lighting  of  the  Panama  Canal  work, 
quarters  and  service  buildings  was  by  elec- 
tricity. Electric  power  was  also  employed  for 
blasting  operations,  for  operating  the  lock 
construction  plants,  for  shop  cranes  and  for 
scores  of  miscellaneous  uses.  This  current 
w.-is  generated  in  power  plants  located  at  Bal- 
boa, Empire,  Miraflores,  Gatun  and  Gorgona. 
The  output  and  cost  of  current  production  for 
the  years  of  record  were  as  follows: 

Cts. 
Year.  Kw.  hours.  per  kw.  hour. 

1909-10 7,027,675  3.17 

1910-11 24,546,295  2.64 

1911-12 25,785.910  2.24 

Oil  fuel  was  used  at  all  stations.  Current 
was  generated  by  steam  turbines  at  Gatun  and 
Miraflores,  by  non-condensing  engines  at 
Empire  and  Gorgona  and  by  condensing  en- 
gines at  Balboa.  The  current  generated  at 
Gatun  and  Miraflores  was  employed  nearly 
entirely  for  power. 

Air   Compressor   Plants. 

Compressed  air  for  drilling  and  other  power 
service  was  supplied  to  the  Panama  Canal 
work  by  four  principal  plants  located  at  Las 
Cascadas,  Empire,  Rio  Grande,  and  Balboa. 
The  equipment  of  these  plants  was  changed 
and  added  to  from  time  to  time  and  e.xcept 
to  state  that  all  was  of  the  best  modern 
high  power  compressed  air  machinery,  this 
equipment  will  not  be  listed. 

The  compressed  air  produced  in  1907-8 
amounted  to  about  275.000,000  cu.  ft.  of  free 
air  per  month  and  cost  from  5.3  cts,  to  3.44 
cts.  per  1,000  cu.  ft.  During  the  fiscal  vears 
June  30,  1908,  to  July  1,  1912,  the  production 
and   cost  of  compressed   air  was   as   follows: 

Y'ear.  Thousands  of  feet.  Cts.  per  1.000  ft. 

1908-09 4.935.110  3.29 

1909-10 7.227.204  4.03 

1910-11 8,261,199  3.24 

1911-12 8,795,157  3.12 

The  compressed  air  main  and  service  lines 
ran  into  miles  and  a  schedule  of  it  would 
serve  no  important  purpose.  .\11  air  was 
compressed  to  100  lbs.  per  square  inch. 

Shop   Facilities  and   Service. 

One  of  tlie  first  tasks  undertaken  after 
.American  occupation  of  the  Canal  Zone  was 
the  provision  of  shop  facilities  by  renovating 
the  old  French  shop  buildings  and  equipment 
and  by  adding  new  buildings  and  plant.  By 
July  1,  1908.  the  system  of  main  shops  had 
been  completed  and  shop  service  had  been 
systematized.  It  consisted  of  main  shops  lo- 
cated at  Gorgona,  at  Empire  and  at  Paraiso. 
.\s  the  work  progressed  these  main  shops 
were  supplemented  by  a  chain  of  local  repair 
shops.  By  July  1,  1910.  the  list  of  shops  liad 
reached  aliout  its  maximum  and  was  as  fol- 
lows : 

Location.  No.  employes. 

Atlantic  Division — 

Porto  Hello  243 

Cristobal  dry   dock 865 

Gatun  Locks  260 

Gatun  Dam   42 

Central  Division — 

Empire  369 

Pacific  Dvision — 

Coculi    117 

Balboa   385 

Mechanical  Division— 

Gorgona    1.184 

Pedro  Miguel    190 

Las  Cascades  and  Gamboa 96 

f-Juartermaster's  Department — 

Lirio  planing  mill 44 

Total    3,795 

In  addition  to  the  above  list,  general  repair 
shops  with  a  force  of  595  men  were  main- 
tained at  Cristobal  by  the  Panama  R.  R.  Also 
there  were  numerous  small  shops  employing 
five  or  six  men,  distributed  around  the  work 
when  required  and  doing  drill  sharpening  and 
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blacksmithing.  Finally  there  were  several 
cars  and  barges  equipped  as  machine  shops 
and  engaged  in  repairs  to  steam  shovels  and 
rtoating   equipment. 

The  cost  of  repairs  to  steam  shovels,  loco- 
motives, cars  and  other  principal  plant  are 
given  in  the  various  tabulations  of  cost  of 
work  where  the  plant  was  used.  Besides  re- 
pair work  the  Gorgona  Shops  did  a  large 
amount  of  manufacturing,  particularly  foundry 
work.  Table  XXXV  gives  the  amounts  and 
cost  of  wire  and  brass  castings  for  a  number 
of  years. 

TABLE  XXXV. 

Iron.  Brass. 

Year.  Lbs.  Cts.  Lbs.  Cts. 

1906-07 3,599,708  3.91  202,424  18  3.5 

1907-OS 4.279,237  3.59  216,947  igisi 

1908-09 4,586.342  2.9  333,416  16  51 

1910-11 8,715,671  3.12  453,548  17'92 

1911-12 7,476,014  2.S7  350,711  18.11 


The  cost  of  repairs  per  unit  of  work  for  the 
years  of  record  are  given  in  Table  XXXVI. 

TABLE  XXXVI. 

1909-10.       1910-11.  1911-12. 
Cubic  yards.                Cts.             Cts.  Cts. 

Dry   excavation    . . .       7.95  8.68  8.31 

Wet  excavation   . . .       7.15  4.79  6.76 

Concrete    17.41  2,06  17.48 

Sand    27.89  24.44  18.71 

Stone    24.10  25.13  21.68 

Dry   fill    0.65  3.09  5.73 

Wet    All    5. 87 2^70 3.93 

All  repair  shops  were  discontinued  as  fast 
as  the  progress  of  the  work  made  them  un- 
necessary. All  useful  equipment  of  these 
shops  is  to  be  transferred  to  the  permanent 
shops  being  constructed  at  Sosa  Hill  in  con- 
nection with  the  Pacific  terminal  plant.  As 
planned  the  permanent  shops  proper  will  con- 
sist of  18  buildings  for  the  machine,  erecting, 
and  toll  shops ;  forge  shop,  steel  storage  shed : 
boiler  and  shipfitter  shop,  general  storehouse, 


paint  shop,  car  shop,  planing  mill,  galvan: 
ing  plant,  lumber  and  equipment  shed,  patte 
storage,  foundry,  coke  shed,  boiler  houi 
roundhouse,  gas  house,  paint  house,  and  sa: 
house.  In  addition  to  an  office  building  the 
will  be  9  auxiliary  buildings. 

The  work  at  Culebra  Cut  was  under  i 
direction  of  W.  E.  Dauchy  as  division  enj 
ncer  from  November,  l'J04,  to  July,  19( 
He  was  succeeded  by  D.  W.  Bolich,  who  r 
tained  the  position  until  May,  1908.  C 
July  1,  1908,  the  new  organization  of  tl 
canal  work  into  three  divisions  was  inau 
urated  and  Col.  D.  D.  Gaillard  was  mai 
division  engineer  of  the  Central  Divisio 
which  included  Culebra  Cut.  Mr.  L.  1 
Rourke  was  made  assistant  division  enj 
neer  and  held  that  position  until  July 
1910,  when  he  resigned  and  his  duties  we 
assumed  by  Col.  Gaillard. 


The  Sea  Level  Channels 


As  stated  in  a  previous  section,  the  approach 
channels  in  the  two  oceans  have  a  width  of 
•500  ft.  That  on  the  Atlantic  side  has  a  depth 
of  41  ft.  at  mean  sea-level,  and  that  on  the 
Pacific  a  depth  of  45  ft.  Their  combined 
length  is  15%  miles,  so  that  nearly  one-third 
of  the  entire  canal  is  at  sea-level.'  The  total 
excavation  for  the  Atlantic  entrance  was  about 
•  '.9,000,000  cu.  yds.,  and  for  the  Pacific  en- 
trance, including  about  7,000,000  cu.  yds.  for 
the  Balboa  terminal  basin  and  docks,  was 
about  48,000,000  cu.  yds.  Work  was  begun  in 
both  entrances  in  June,  1907. 

The  French  did  a  large  amount  of  work  at 
lioth  ocean  levels,  but  only  a  small  portion  of 
It  was  of  use  to  the  American  canal  because 
"f  changes  in  the  location  of  the  entrance 
rhannels.  At  the  Atlantic  end  the  change  was 
complete,  and  while  the  French  canal  between 
Colon  and  Gatun  was  useful  for  a  time  in 
transporting  material  for  lock  construction, 
only  about  182,000  cu.  yds.  of  French  excava- 
tion were  'of  permanent  value.  At  the  Pacific 
end  the  location  of  the  entrance  channel  from 
Balboa  out  into  Panama  Bay  was  changed 
from  the  French  line,  but  about  3,2-50,000  cu. 
yds.  of  the  French  excavation  were  useful. 

The  French  partially  dredged  a  canal  from 
Colon  to  Bohio,  all  of  which,  except  the  sec- 
tion below  Gatun,  has  disappeared  beneath 
the  waters  of  Gatun  Lake.  In  point  of  effi- 
ciency the  French  dredging  equipment  ap- 
proached more  nearly  to  the  modern  standard 
than  their  dry  excavation  plant.  They  had  in 
service  37  dredges  of  Scotch,  Holland,  Bel- 
.Ljian  and  American  makes.  Most  of  these 
were  chain  bucket  or  ladder  dredges  capable 
'if  excavating  to  a  depth  of  from  34  to  41 
ft.  Each  chain  had  from  28  to  31  buckets, 
each  with  a  capacity  of  4  2/5  cu.  ft.  The  ma- 
terial was  emptied  through  pipes  104  ft.  long 
to  the  banks  on  either  side.  Three  of  the 
dredges  were  sea-going,  with  large  buckets. 
The  French  had  also  five  suction  dredges,  but 
they  were  not  a  success. 

When  the  Americans  took  control  they 
found  several  of  the  French  ladder  dredges 
in  fairly  good  condition,  and  they  repaired 
seven  of  them  and  used  them  during  the  en- 
tire period  of  construction.  They  were  well 
liuilt  and  did  excellent  service  according  to 
their  size  and  capacity.  The  dredge  "Corozal," 
made  to  order  for  the  commission,  has  en- 
gines of  1,893  HP.;  its  chain  carries  39  buck- 
ets, those  for  soft  excavation  having  a  ca- 
pacity of  54  cu.  ft.,  and  those  for  hard  ma- 
terial 35  cu.  ft.  It  can  excavate  to  a  depth 
"■f  50  ft.  Compared  with  the  sea-going  French 
dredge  of  the  same  type,  the  "Corozal"  has 
l)uckets  of  five  times  the  capacity,  can  exca- 
vate 10  ft.  deeper,  and  can  dump  either  into 
a  barge  or  into  its  own  bins.  Its  full  capacity, 
working  under  favorable  conditions,  is  ten 
times  that  of  a  French  dredge  of  the  same 
type.  Its  average  output  is  easily  20,000  cu. 
yds.  in  a  24-hour  day. 

Most  of  the  excavation  in  the  approach 
channels  in  both  oceans  was  done  by  two 
powerful  sea-going  suction  dredges,  each  with 
an  average  capacity  of  about  22,000  cu.  yds. 


in  a  24-hour  day.  These  dredges  are  built 
like  ocean  steamships,  which  in  outward  ap- 
pearance they  resemble,  and  their  crews,  num- 
bering about  60  men,  eat  and  sleep  on  board, 
working  in  shifts  day  and  night  throughout 
the  week,  resting  only  on  Sundays.  There 
were  no  dredges  in  the  French  equipment  at 
all  comparable  to  these.  In  all  the  Amer- 
icans had  in  service  during  the  period  of  con- 
struction  20   dredges   of  varying  capacities. 

An  additional  equipment  for  use  in  emer- 
gency work  in  the  Culebra  cut  and  perma- 
nent work  after  the  canal  is  in  operation  was 
ordered  by  the  Canal  Commission  in  Feb- 
ruary, 1913,  to  be  delivered  at  the  close  of 
1913  and  the  beginning  of  1914.  This  includes 
two  dipper  dredges  with  dippers  of  lO-cu.-yd. 
capacity  for  use  in  rock,  and  others  of  15- 
cu.-yd.  capacity  for  use  in  earth.  For  service 
in  connection  with  them  therp  will  be  si.x  dump 
barges,  each  with  a  capacity  of  1,0U0  cu.  yds. 

Long  breakwaters  have  been  constructed 
near  the  approach  channels  in  both  oceans. 
One  in  Limon  Bay  or  Colon  Harbor,  called 
the  West  Breakwater,  extends  into  the  bay 
from  Toro  Point  at  an  angle  of  42°  53' 
northward  from  a  base-line  drawn  from  Toro 
Point  to  Colon  light,  and  is  11,526  ft.  in  length, 
with  a  width  at  the  top  of  15  ft.  and  a  height 
above  mean  sea-level  of  10  ft.  It  will  con- 
tain approximately  2,840,000  cu.  yds.  of  rock, 
the  core  being  formed  of  rock  quarried  on 
the  mainland  near  Toro  Point,  armored  with 
hard  rock  from  Porto  Bello.  Work  began  on 
the  breakwater  in  August,  1910. 

.■\  second  breakwater,  known  as  the  East 
Breakwater,  is  to  be  constructed.  It  will  be 
without  land  connection,  about  one  mile  in 
length  and  will  run  in  an  easterlv  direction 
at  nearly  a  right  angle  with  the  canal  chan- 
nel. It  will  be  so  placed  that  the  opening 
between  its  end  and  that  of  the  West  Break- 
water will  be  2,000  ft. ;  that  is,  the  end  of 
each  breakwater  will  be  1,000  ft.  away  from 
the  center  of  the  channel.  The  purpose  of 
the  West  Breakwater  is  to  protect  the  harbor 
against  "northers,"  very  severe  gales  which 
are  likely  to  blow  from  October  to  January. 
The  purpose  of  the  E;ist  Breakwater  is  to  pre- 
vent silting  in  the  canal  channel,  which  has 
been  found  to  be  very  heavy.  The  cost  of 
the  West  Breakwater  is  about  $7,500,0(10  and 
of  the   East   is   estimated   at  about  $4,000,0(10. 

The  breakwater  at  the  Pacific  entrance  runs 
from  Balboa  to  Naos  Island,  a  distance  of 
about  17,000  ft.  or  a  lillle  more  than  three 
miles.  It  lies  from  900  to  2,700  ft.  east  of, 
and  for  the  greater  part  of  the  distance  near- 
ly parallel  to.  the  axis  of  the  canal  prism, 
varies  from  20  to  40  ft.  in  height  above  mean 
sea-level,  and  is  from  50  to  3,0(H)  ft.  wide 
at  the  top.  It  contains  about  18.000,000  cu. 
yds.  of  earth  and  rock,  all  of  which  was 
brought  from  Culebra  Cut.  It  was  construct- 
ed for  a  two-fold  purpose;  first,  to  divert 
cross-currents  that  would  carry  soft  material 
from  shallow  harbor  of  Panama  into  canal 
channel :  second,  to  furnish  rail  connection  be- 
tween the  islands  and  the  mainland.  A  rail- 
way track  and  a  driveway  wiU  be  constructed 


on  the  lop  for  the  entire  distance  betwec 
Balboa  and  Naos  Island.  Work  was  begt 
on  it  in  May,  1908,  and  on  Nov.  6,  1912,  tl 
last  piles  were  driven  connecting  Naos  Islai 
with  the  mainland. 

Dredging  operations  at  the  .\tlantic  entrani 
were    under    the    direction    of    F.    B.    Maltt 
from  the  beginning  of   American  work  unt 
April,  1907,  when,  together  with  those  at  tl 
"Pacific  entrance,  they  passed  under  the  direi 
tion   of    Major   D.   D.    Gaillard,    head   of   tl 
Department  of  Excavation  and  Dredging.     I 
July,  1908,  when  the  new  organization  of  tl 
work    into     three     great     divisions— Atlanti 
Central,  and  Pacific— went  into  effect,  dredj 
ing  at  the  Atlantic  entrance  passed  under  tl 
direction  of   Colonel    Sibert,   and   that  at   t 
Pacific  entrance  under  the  direction  of   S. 
Williamson.       In     immediate     charge,     unc 
Colonel  Sibert,  of  dredging  at  the  Atlantic  i 
trance,  was  Major  Chester  Herding,  who  h 
it  till  Feb.  27,  1913. 

On  the  Pacific  side  W.  G.  Comber,  who 
resident  engineer  was  in  charge  of  dredg) 
under  Mr.  Maltby  in  the  Atlantic  entrai 
from  Aug.  14,  1905,  till  Feb.  1,  1907,  when 
was  transferred  to  the  Pacific  entrance,  v 
continued  in  charge  as  resident  engineer  urn 
Mr.  Williamson.  On  May  1,  1913,  Mr.  Co 
ber,  by  order  of  the  chairman  and  chief 
gineer,  was  placed  in  charge  of  all  dredg: 
operations  on  the  Isthmus. 

While    the    two    sea-level    sections    of    i 
Panama  Canal  were  constructed  by  essentia 
the    same    methods,    it    is    better    to    consii 
them    separately    and     to     follow     the    u 
chronologically. 

Atlantic  Sea  Level. 

E.xcavation  in  the  .\tlantic  Sea  Level  S 
tion  included  a  considerable  amount  of  ste; 
shovel  work  through  the  Mindi  Hills  ji 
north  of  Gatun,  but  the  great  bulk— fully  nii 
tenths— of  the  excavation  was  subaqueous. 

Dry  Excavalioit.—As  shown  by  the  gcuo 
profile.  Fig.  7,  the  Mindi  Hills  north  of  Cat 
rose  considerably  above  sea  level.     It  was 
cided    to    start    the    excavation    through    t 
elevation  with  steam  shovels  and  as  soon 
sea   level   was   reached   to   substitute   drcdi. 
Steam  shovel  work  was  begun  in  July,    l: 
two  shovels  working  until  July  1,  1908.    '1  i- 
shovels  excavated  to  the  date  named  '>'■''<" 
cu.  yds.  at  a  cost  of  42.44  cts.  per  cubic 
.\s  the  cut  deepened  to  sea  level  it  was  i' 
that  the  seepage  was  small  and  that  by  biu 
ing    some   small    dikes,   water   could   be    k< 
out   and   the  excavation   continued   dry   for 
much  longer  period  than  had  been  anticipat. 
To    July    1,  1909,  some   1,152,105  cu.  yds    1- 
been  excavated  at  a  cost  of  67.3  cts.  pe: 
yard.     Excavation   continued  and  to   J 
1912,  the  outputs  and  costs  were  as  fo! 

Year.                                    Yardage.  Cts.  per  . 

1909-10 321  :i<.  69.SS 

1910-11 2s"    "  65.07 

1911-12 42i,s;j  63.58 

Excavation  by  steam  shovel  at  Mindi  i 
was  frequently  interrupted  by  flood  wa 
which  increased  costs.    The  total  of  2,181,fl 
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cu.  yds.   excavated  to  July  1,   1912,  cost  66.G7 
cts.  per  cubic  yard. 

IVet  Excavation. — Dredge  work  on  the  At- 
lantic Sea  Level  Section  was  begun  almost 
with  the  beginning  of  American  occupation 
of  the  Canal  Zone.  On  July  1,  1909,  the  dredg- 
ing fleet  consisted  of  1  sea-going  suction 
dredge,  2  dipper  dredges  with  5-cu-yd.  dippers, 
and  3  old  French  ladder  dredges  which  had 
been  renovated.  The  yardage  dredged  to  July 
I,  1909,  was  13,188,123  cu.  yds.  and  its  cost 
had  been  22.2  cts.  per  cubic  yard.  This  yard- 
age included  some  427,000  cu.  yds.  of  rock 
■which  was  taken  out  during  the  last  12 
months.  On  June  30,  1909,  three  miles  of  the 
Atlantic  Sea  Level  Channel  had  been  com- 
pleted. 

During  the  12  months  to  July  1.  lOiO,  the 
dredging  fleet  remained  essentially  the  same 
size  as  during  the  previous  j  ear,  but  a  drill 
boat  was  added.  The  drill  boat  consisted  of 
an  old  French  hull  on  \vhich  were  mounted 
eight  well  drills,  placed  four  on  each  side 
of  the  hull,  which  was  22  ft.  wide.  The  drills 
in  each  side  now  were  spaced  1.5  ft.  apart. 
This  boat  drilled  and  fired  one  round  of  holes 
per  day.  The  total  dredge  excavation  of  the 
year  was  4,.556,375  cu.  yds.  of  earth  and  .399,- 
28.5  cu.  yds.  of  rock  at  an  average  cost  of 
23.00  cts  per  cubic  yard,  not  including  ad- 
ministration charges. 

The  dredging  fleet  was  not  changed  during 
the  year  ending  June  30,  1911,  and  it  excavat- 
ed during  the  year  4,516,309  cu.  yds.  of  earth 
and  487,038  cu.  yds.  of  rock  at  an  average 
cost  of  22.18  per  cubic  yard,  not  including 
administration  charges.  On  Feb.  24,  1912,  the 
dike  which  had  shut  the  water  off  from  Mindi 
Cut  was  removed  and  two  dredges  were  float- 
ed in,  and  after  the  date  named  the  fleet  con- 
sisted of  seven  dredges.  To  July  1,  1912, 
these  dredges  removed  4,870,827  cu.  yds.  at 
a  cost  of  24.8  cts.  per  cubic  yard. 

All  the  quantities  named  above  are  yard- 
ages removed  from  the  canal  prism.  The 
dredge  fleet  performed  a  large  amount  of 
subsidiary  work  in  connection  with  dock  and 
terminal  work.  A  summary  of  the  dredging 
from  the  canal  prism  to  July  30,  1912,  is  as 
follows : 
Year.  Yanlaee.     Cts.  per  cu.  yd. 

To  July  1,  1909 13,188,123  22.2 

1909-10  4,9.i5,660       26.3 

1910-11  5,828,345       24.3 

1911-12  4.870,827       26.9 

1912-13  6,483,408       20.9 

Summary. — Besides  the  dry  excavation  costs 
given  above  record  is  given  by  items  of  dry 
excavation  cost  for  the  two  vears  ending  July 
1,  1912.  in  Table  XXXVIl.  " 

TABI..E  XXXVIl. 

Item.                                               1910-11.  1911-12. 

Cubic  yards  280,305  424,872 

Drilling    $0.0337  J0.0174 

Blasting    0404  .0494 

Loading   0679  .0564 

Tracks    0805  .0487 

Transportation     1209  .1280 

Clearing    0013  

Pumps    0323  .0202 

Malnt.   equipment 0848  .0754 

Plant  arbitrary 1190  .1814 

Division  expenses 0202  .0183 

Administration     0497  .0406 

Total     $0.6507        $0.6358 

Detail  costs  of  dredging  for  the  two  years, 
June  30.  1910.  to  July  1,  1912,  are  given  in 
Table  XXXVIII. 

TABLE  XXXVIIX. 
Item.  1910-11.       1911-12. 

Pipelines   $0.0074  $0.0127 

Dikes    0729  .0127 

Clearing    0010  .0006 

Seagoing  Suction  Dredge: 

Operation 0335  .0378 

Repairs     .0117  .0259 

Ladder  Dredges: 

Operation    0S76  .0772 

Repairs    0620  .0790 

Dipper  Dredges: 

Operation    .' 0999  .1111 

Repalr.M    0347  .1437 

Pipe  Line  Dredges: 

Operation     0718  .0424 

Repairs    0100  .0705 

Tugs.  Claplts  and  Scows: 

Operation    0777  .0811 

Repairs    0578  .0698 

Drilling     0602  .0897 

Blasting    0986  .1321 

Small    boats    0024  .0024 

Repair.o   misc.   eouipment 0014  .0018 

Plant   arbitrary    .0592  .0458 


Division    expenses    0093  .0077 

Administration     0218  .0207 

Total    $0.2433         $0.2688 

Earth  excavation   5,341,307   42,955,990 

Rock  excavation   487,038        574,837 

The  total  dredging  to  July  1,  1912,  was 
28,842,9.55  cu.  yds.  and  the  average  cost  was 
24.12  cts.  per  cubic  yard.  Adding  the  yard- 
age for  the  next  12  months  to  July  1,  1913, 
the  total  is  25,326,303  cu.  vds.  There  re- 
mained on  July  1,  1913,  1,387,000  cu.  yds.  of 
earth   and  99,000  cu.  yds.  of   rock. 

Pacific  Sea  Level. 

The  excavation  of  the  Pacific  Sea  Level 
Section  was  practically  all  subaqueous  earth 
and  rock  excavation  and  by  years  of  record 
consisted  of  the   following  quantities: 

Year.  Yardage.     Cts.  per  cu.  yd. 

To  July  1,  1909 16,180.107  22.9 

1909-10     6,857,223  26.4 

1910-11     5,549,042  27.6 

1911-12    3,884,287  20.S 

1912-13     4.321.956  32.4 

This  was  all  dredge  work;  in  addition  there 
was  a  considerable  volume  removed  by  hy- 
draulic pumping,  as  will  be  described. 

On  June  30,  1910,  when  the  work  had 
reached  full  activity,  the  plant  at  work  on 
the  Pacific  Sea  Level  Section  consisted  of  one 
20-in.  sea-going  suction  dredge,  one  5-cu.-yd. 
dipper  dredge,  four  French  ladder  dredges, 
one  drill  boat  and  one  Lobnitz  rock  breaker, 
besides  the  hydraulic  excavating  plant.  The 
work  consisted  of  excavating  earth  dredging 
rock  and  also  of  excavating  rock  where  the 
ledge  rose  above  the  bottom  of  the  channel. 
Both  earth  and  rock  dredging  followed  the 
usual  methods  and  the  main  features  to  be 
noted  are  the  methods  employed  to  break 
up  the  underlying  rock.  There  were  three : 
VVcll  drilling  through  the  overlying  earth  into 
the  rock,  drill  barge  drilling  and  rock  break- 
ing, using  a  Lobnitz  rock  breaker. 

IVcll  Drill  Performance. — Holes  were 
drilled  through  the  overlying  earth,  using 
casing  and  then  into  the  rock.  The  operations 
of  well  drills  for  the  two  vears  of  record  to 
July  1,  1911,  are  given  in  table  XXXiX. 

TABLE   XXXIX. 

Item.  1909-10.  1910-11. 

Average  number  drills 10.5  ]2 

Earth   drilled,    feet 19,756  50,889 

Rock    drilled,    feet 33,203  35,938 

Total   feet  drilled 52,959  86.827 

Feet   drilled  per  drill 4,472  7,236 

Pounds  dynamite  used 237,727  345,865 

Yardage  of  rock  broken 251,812  274,339 

Drill  Barge  Performance. — Drill  barge  per- 
formance records  cover  a  period  of  three 
years  to  July  1,  1912,  and  are  given  in  Table 
XLI.  The  drill  barge  had  a  strongly  con- 
structed steel  hull,  112  ft.x3e  ft.  8  ins.,  with 
two  longitudinal  and  six  transverse  water- 
tight bulkheads,  dividing  it  into  21  compart- 
ments. Two  of  these  amidships  were  used  as 
water  tanks  and  in  others  were  located  six 
fuel-oil  tanks  of  40  barrels  capacity  each. 
Timber  spuds  24  ins.  square  were  located  at 
each  corner  of  the  barge,  each  being  operated 
by  an  independent  engine  with  rack  and  pinion. 
The  barge  was  maneuvered  by  means  of  four 
manila  ropes  attached  to  kedge  anchors.  Three 
drill  frames,  38  ft.  high,  were  located  along 
one  of  the  gunwales  and  arranged  to  move 
lengthwise  of  the  barge  on  rails,  the  move- 
ment being  accomplished  by  an  endless  chain 
operated  by  hydraulic  power.  Each  frame 
carried  a  slide  to  which  was  attached  a  5%-in. 
rock  drill.  Each  slide  was  operated  by  a  hy- 
draulic ram  and  could  be  moved  vertically 
through  10  ft.  Drill  bars  of  unusual  length 
were  necessary  owing  to  the  great  range  of 
tide.  The  frames  were  supplied  with  steam 
from  a  central  boiler  through  slip  and  swing 
jointed  pipes.  The  drills  could  operate  over 
a  distance  of  85  ft.  from  position  of  the 
barge.  The  holes  were  spaced  5  ft.  apart 
on  lines  6  ft.  apart  and  were  located  by  means 
of  ranges  ashore.  The  barge  began  opera- 
tions in  March,  1910,  its  performance  from 
that  date  to  July  1,  1912,  was  as  recorded  in 
Table  XLI. 

Lobnitz  Rock-Breaker  Performance. — The 
rock  breaker  is  a  device  for  breaking  sub- 
aqueous rock  by  impact ;   the   machinery  was 


mounted  on  a  steel  hull,  100.x28x8  ft.,  divided 
into  water-tight  compartments,  some  of  which 
were  used  as  fuel  oil  and  water  tanks. 

The  ram  or  cutter  was  a  heavy  compressed- 
steel  spar  fitted  with  a  hardened-steel  conical 
point  and  was  alternately  hoisted  and  allowed 
to  drop  by  its  own  weight.  The  range  of 
tide  and  depth  of  channel  required  the  use  of 
three  sizes  of  ram,  viz.,  30,  4(1  and  56  ft.  long, 
weighing,  respectively,  15,  10  and  19.5  tons. 
The  hoisting  was  accomplished  by  means  of 
a  2-in.  steel  cable  attached  to  the  top  of  the 
cutter  and  passing  over  a  large  sheave,  sup- 
ported vertically  over  the  ram  by  an  A-frame 
65  ft.  high ;  from  the  latter  the  cable  leads 
to  the  drum  of  a  powerful  steam  winch  lo- 
cated on  the  deck  and  especially  designed  for 
continuous  running.  The  winch  was  provided 
with  automatic  gear  and  a  lubricated  steel 
friction  clutch,  which  allowed  the  cable  to 
follow  the  fall  and  hoists  the  cutter  imme- 
diately after  the  blow  was  struck.  The  barge 
was  maneuvered  by  a  steam  winch  especially 
designed  for  paying  in  or  out  si.x  wire  ropes 
or  chains,  and  was  provided  with  quarters 
for  the  crew  and  an  electric-light  plant.  Steam 
was  supplied  by  a  Scotch  marine  boiler. 

After  a  rock  shoal  had  been  exposed  by 
dredging  the  general  practice  was  to  attack 
the  surface  with  the  rock  breaker  at  intervals 
of  4  ft.  each  way,  the  points  of  attack  being 
located  by  ranges  ashore  and  permanent  marks 
on  the  deck.  The  cutter  was  operated  in  one 
position  until  the  limit  of  penetration,  which 
averages  3.12  ft.,  was  reached.  After  the  en- 
tire area  of  the  shoal  had  been  gone  over  the 
rock  breaker  was  removed  and  the  broken 
rock  dredged  out,  the  operation  of  alternately 
breaking  and  dredging  was  repeated  until  the 
required  depth  was  obtained. 

The  performance  of  the  rock  breaker  for 
the  three  years  of  record  is  given  in  Table 
XL. 

TABLE  XL. 

Item.                                     1909-10.  1910-11.  1911-12. 

No.    holes    15.961  42,110  36,798 

No.    blows    106,256  269,239  172,289 

Blows  per  hole 6.66  6.4  4.6s 

Penetration  per  blow,   ft.       0.47  0,664  0.79 

Penetration  per  hole,   ft..       3.12  4.24  3.59 

Area   covered,    sq.    ft 266,230  648,033  563,617 

Yardage   dredged    25,515  49,266  77,156 

Summary  of  Dredging  Operations. — Item- 
ized records  of  dredging  operation  costs  on 
the  Pacific  Sea  Level  Section  are  given  in 
Table  XLI  for  two  years.  Of  the  4.321,950 
cu.  yds.  dredged  in  the  year  to  July  1,  1913, 
1,047,929  cu.  yds.  were  rock.  There  remained 
on  July  1,  1913,  to  complete  the  section,  for 
removal,  1,847,774  cu.  yds.  of  earth  and  1,600.- 
000  cu.  yds.  of  rock  excavation. 

TABLE  XLI. 

Item.                                               1910-11.  1911-12. 

Clearing    $0.0006         

Seagoing  Suction  Dredge: 

Operation    0419  $0.0435 

Repairs    0150  .0247 

Small  Ladder  Dredges: 

Operation    0611  .0788 

Repairs    0352  .0315 

5-Yard  Ladder  Dredge: 

Operation    

Repairs    

Dipper  Dredges: 

Operation    0701  .1160 

Repairs    0670  .0983 

Tugs,  Claplts  and  Scows: 

Operation    0603  .0675 

Repairs    0314  .0232 

Drilling     1142  .0010 

Blasting    1696  .0040 

Operation  drill  barge 2168  .2869 

Operatlion  rock  breaker 0770  .0381 

Small  boats   0031  .0040 

Repairs,    misc.    equipment 007S  .0085 

Plant  arbitrary 0759  

Division    expenses    0082  .0056 

Administration     0245  .0176 

Total     $0.2764         $0.2076 

Earth  excavation   5,348,530     3,474,071 

Rock    excavation    301.112        410,216 

Hydraulic  Excavation. — For  a  distance  of 
about  1%  miles  south  from  the  Miraflores 
locks  rock  was  found  in  the  channel  to  be 
excavated,  at  an  average  elevation  of  minus 
30  ft.  The  estimated  quantity  was  1.503,620 
cu.  yds.,  which  was  covered  by  8,158.133  cu. 
yds.  of  alluvial  material  averaging  38  ft.  in 
depth.  It  was  manifestly  impracticable  to  re- 
move the  earth  and  rock  by  dredging  and  sub- 
aqueous methods,  as  the  requisite  number  of 
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dredges,  barges,  drill  scows  and  rock  break- 
ers would  have  called  for  an  unwarranted  ex- 
penditure and  could  not  have  been  assembled 
and  placed  in  commission  so  as  to  complete 
the  work  in  the  allotted  time.  A  careful  study 
of  the  conditions  showed  that  the  rock  could 
be  excavated  by  steam  shovels,  in  the  dry,  in 
a  shorter  time  and  at  less  cost  than  by  any 
other  method.  This,  however,  was  not  true 
in  regard  to  the  overlying  alluvial  deposit,  as 
steam  shovels  and  other  equipment  were  not 
available  in  sufficient  number  to  remove  it  at 
ihe  required  rate,  and  in  addition  the  main- 
tenance of  tracks  would  be  difficult  'and  ex- 
pensive in  this  partly  saturated  material. 

A  hydraulic  excavating  plant  was,  therefore, 
selected  as  being  the  cheapest  and  most  ex- 
peditious method  of  handling  the  'oam,  es- 
pecially as  it  could  be  used  to  redeem  about 
450  acres  of  adjacent  swamp  belonging  to  the 
commission.  Two  principal  operations  were 
mvolved ;  disintegrating  the  material  and 
washing  it  to  sumps  by  means  of  water  jet 
under  high  pressure,  and  lifting  and  convey- 
ing it  through  flumes  by  means  of  dredging 
pumps.  The  plant  consisted  of  the  following 
parts : 

(1)  A  central  pumping  station;  (2)  pipe 
lines  and  hydraulic  monitors;  (3)  dredging 
pumps.  The  dredging  pumps  were  mounted 
on  reinforced  concrete  barges.  The  plarftied 
mode  of  procedure  was  described  as  follows : 
A  portion  of  the  area  to  be  excavated  was 
iriginally  occupied  by  the  bed  of  the  Rio 
Jrande.  The  river  has  been  diverted  and  a  dike 
will  be  built  across  the  south  end  to  prevent  the 
tidewater  from  flov.-ing  up  the  old  bed.  Upon 
the  completion  of  the  dike  the  water  remaining 
in  the  inclosure  will  be  pumped  out  until  just 
enough  remains  to  float  the  barges  in  the  lowest 
places.  The  giants  will  first  be  operated  in  the 
immediate  vicinity  of  the  barges  so  as  to  lower 
them  to  bed  rock,  thus  forming  a  sump  for  the 
suctions  of  each  dredging  pump.  The  regular 
operation  of  undercutting  and  washing  the  ma- 
terial to  the  dredging  pumps  by  means  of  the 
monitors  will  then  begin,  the  cutting  being  ex- 
tended until  there  is  insufficient  slope  to  sluice 
the  material  to  the  dredging  units;  the  water 
will  then  be  allowed  to  rise  high  enough  to  float 
the  barges  to  new  positions. 

The  monitors  will  have  a  pressure  of  130 
pounds  per  square  inch  at  the  nozzle,  and  there 
will  be  three  excavating  units,  consisting  of  a 
firedging  pump  supplied  by  either  one  or  two 
monitors  as  may  be  found  most  advantageous 
for  handling  the  material.  The  dredging  pumps 
will  discharge  into  flumes  and  by  means  of  the 
latter  the  material  will  be  distributed  over  the 
adjacent  swamp  lands.  About  1,000,000  cubic 
yards  will  be  pumped  into  the  west  dam  at 
.Miraflores  to  form  the  impervious  core,  and  the 
elevation  is  such  that  a  booster  pump  will  be 
retiulred.  which  has  already  been  installed.  If 
found  advisable  after  the  completion  of  the  dam. 
this  pump  may  be  placed  on  a  barge  to  form  a 
fourth  unit  for  the  channel  work. 

When  work  was  begun  numerous  large 
boulders  and  sunken  logs  were  encountered  in 
■'sinking"  the  barges.  These  obstacles,  com- 
bined with  the  existence  of  rock  requiring 
blasting  at  a  higher  level  than  the  borings 
indicated,  prevented  the  barges  from  settling 
10  the  grades  desired,  and  in  some  instances 
injured  the  bottoms.  For  this  reason  the 
barges  were  abandoned  and  the  dredging 
pumps  placed  at  intervals  along  the  axis  of 
the  channel  with  their  suctions  in  sumps  ex- 
tending slightly  below  final  grade.  Two  of 
the  pumps  were  installed  in  this  manner  and 
the  third  was  still  operated   from  a  barge. 

The  cost  of  hydraulic  excavation  b"  this 
plant  from  the  beginning  of  work  in  March, 
IfllO,  to  Dec.  1,  1012,  when  work  was  stopped 
was  69.59  cts.  per  cubic  yard  for  1,549,904  cii. 
yds.  excavated.  At  this  cost  the  entire  plant 
cost  of  $432,841  was  absorbed. 

Terminals. 

The  act  approved  Aug.  28,  1002,  authorizing 
the  construction  of  the  canal  directed  the 
President  to  "also  construct  such  safe  and 
commodious  harbors  at  the  termini  of  said 
canal  as  shall  be  necessary   for  the  safe  and 


convenient  use  thereof.''  The  estimate  of  the 
cost  of  the  canal,  prepared  in  December,  1908, 
made  provision  for  the  construction  of  the 
necessary  breakwaters,  but  did  not  include 
anything  for  such  harbor  improvements  as 
may  be  classed  as  terminal  facilities,  which 
had  been  operated  and  provided  heretofore  by 
the  Panama  Railroad  Co.  in  connection  with 
the  handling  of  its  commercial  and  other 
business.  Early  in  the  progress  of  the  work 
it  was  apparent  that  the  terminal  facilities  re- 
quired by  the  Panama  Railroad  Co.  woiild 
not  be  adequate  for  the  probable  needs  of  ship- 
ping that  would  use  the  canal,  and,  in  view 
of  the  fact  that  the  savings  on  the  estimates 
would  probably  enable  their  construction  as 
a  part  of  the  canal  work,  this  was  advocated 
in  1910.  Action  was  taken  by  Congress  in  the 
act  approved  Aug.  24,  1912.  authorizing  the 
President  to  "establish,  maintain,  and  operate, 
through  the  Panama  Railroad  or  otherwise, 
dry  docks,  repair  shops,  yards,  docks,  wharves, 
warehouses,  storehouses,  and  other  necessary 
facilities  for  the  purpose  of  providing  coal 
and  other  materials,  labor,  repairs,  and  sup- 
plies for  vessels  of  the  Government  of  the 
United  States,  and,  incidentally,  for  supplying 
such  at  a  reasonable  price  to  passing  vessels.'! 
The  sundry  civil  act  approved  Aug.  24,  1912, 
made  the  necessary  appropriations  for  the 
work.  While,  in  anticipation  of  favorable  ac- 
tion by  Congress,  some  preliminary  work  was 
undertaken,  active  operations  could  not  be  be- 
gun tmtil  the  fall  of  1912;  consequently  the 
terminal  facilities  cannot  be  completed  by  the 
time   the   canal    is    readv  for  passing   vessels. 

Main  Coaling  Plant— The  main  coaling 
plant  at  the  Atlantic  terminus  of  the  canal 
will  be  located  on  the  north  end  of  the  island, 
opposite  Dock  No.  11  at  Cristobal.  The  plant 
will  be  capable  of  handling  and  storing  200,- 
000  tons  of  coal,  with  a  possible  increase  ot 
50  per  cent.  Subaqueous  storage  will  be  pro- 
vided for  100,000  tons.  This  plant  will  have 
railroad  connection  with  the  mainland  over 
a  bascule  bridge  crossing  the  French  Canal, 
about  half  a  mile  south  of  the  entrance  to  the 
old  Cristobal  dry  dock,  which  connection  the 
Panama  Railroad  Co.  is  now  preparing  to 
make. 

Subsidiary  Coaling  Plant— The  subsidiary 
coaling  plant  at  the  Pacific  terminus  will  be 
located  at  Balboa,  at  the  outer  end  of  the 
southeast  approach  wall  of  the  dry  dock,  hay- 
ing a  frontage  of  500  ft.  thereon  especially 
adapted  for  discharging  vessels,  and  a  front- 
age of  500  ft.  with  elevated  bunkers  adapted 
for  loading  vessels  and  barges  farther  south 
on  the  site  now  occupied  by  the  Panama  Rail- 
road wooden  dock.  This  plant  will  be  ca- 
pable of  handling  and  storing  100,000  tons  of 
coal,  with  a  possible  increase  of  50  per  cent. 
Subaqueous  storage  will  be  provided  for  50,- 
000  tons  of  coal.  The  equipment  contemplated 
for  this  plant  includes  the  four  berm  cranes 
which  have  been  used  in  the  construction  of 
the  Pacific  locks. 

Fuel  Oil  Supply.— 'in  addition  to  coal,  facili- 
ties will  be  provided  for  at  Cristobal  and  at 
Ralboa  for  supplying  shipping  and  the  canal 
with  fuel  oil.  Arrangements  are  being  made 
to  secure  an  initial  storage  capacity  of  80,0(10 
bbls.  at  each  point.  These  fuel  oil  plants  will 
be  capable  of  increase  as  required. 

IVharvcs  and  Piers— The  wharves  and  piers 
fof  commercial  use  at  Cristobal  will  be  lo- 
cated between  Cristobal  Pofnt  and  the  canal 
channel  and  behind  a  mole  and  breakwater 
built  out  from  Cristobal  toward  the  Canal 
Zone  and  Panaman  waters.  All  wharves  and 
piers  will  be  of  permanent  construction.  The 
five  piers  for  which  room  has  been  provided 
will  be  about  1,000  ft.  in  length  and  209  ft. 
wide,  with  300-ft.  slips  between.  To  meet 
its  own  commercial  requirements  thc^  Panama 
Railroad  during  the  past  year  has  started  the 
construction  of  one  pier  with  a  300-fl.  slip 
on  each  side;  one  1,000-ft.  wh.irf,  together 
with  the  necessary  length  of  mole  and  break- 
water. The  head  of  each  slip,  for  its  full 
length  will  be  made  suitable  for  the  landing 
and  mooring  of  small  boats.    The  construction 


of  additional  piers  will  be  deferred  until  the 
necessity  therefor  develops. 

On  the  Pacific  side  the  piers  for  commercial 
use  at  Balboa  will  be  placed  at  right  angles 
to  the  axis  of  the  canal,  with  the  ends  of  the 
piers  about  2,650  ft.  from  the  center  of  the 
500-ft.  canal  channel.  The  piers  will  be  about 
1,000  ft.  long  and  200  ft.  wide,  with  300-ft. 
slips  between  the  piers,  and  landings  for  small 
boats  at  the  head  of  each  slip  for  the  full 
width  between  piers.  All  dimensions  accord 
with  those  of  the  Atlantic  terminal  piers. 
There  will  be  ample  room  for  the  construc- 
tion of  five  piers  should  the  necessity  there- 
for ever  develop.  The  construction  of  one 
pier  is  to  be  undertaken  at  first.  In  addition 
to  the  berthing  space  thus  afforded,  there  will 
be  the  old  French  steel  wharf,  about  1.000 
ft.  in  length,  and  also  from  2,000  to  3,000  ft. 
of  berthing  space  fronting  the  shops,  which 
ordinarily  may  be  considered  available  for 
commercial  use  when  thus  needed. 

Superstructure,  Wharves  and  Piers. — The 
superstructure  of  the  commercial  piers  and 
wharves  will  consist  of  one-story  steel  sheds 
having  a  clear  height  of  25  ft.  To  assist  in 
unloading  and  loading  vessels,  the  sheds  will 
be  provided  with  a  horizontal  longitudinal 
girder  on  each  side  of  the  building,  elevated 
to  the  proper  height  above  the  eaves  for  at- 
taching blocks.  The  sheds  will  be  of  fire- 
proof construction,  either  reinforced  concrete 
or  steel  completely  incased  in  concrete.  The 
pier  sheds  will  cover  the  entire  piers  except 
for  a  space  of  about  18  ft.  along  each  side  and 
the  outer  end  of  the  pier.  The  wharves  ad- 
jacent to  the  repair  shops  at  Balboa  will  not 
be  provided  with  any  sheds.  The  approved 
arrangement  of  tracks  on  the  docks  includes 
a  track  at  the  floor  level  along  each  edge  of 
piers  and  wharves.  Through  the  center  of  the 
pier  sheds  there  will  be  two  depressed  tracks, 
bringing  the  car  floors  level  with  the  floors 
of  sheds. 

Cargo  Handling  Appliances.— Considerable 
study  has  been  given  to  the  convenient  and 
economical  handling  and  storing  of  freight  at 
the  terminals.  The  opinion  is  general  that 
after  the  opening  of  the  canal  very  little 
freight  will  be  carried  across  the  isthmus 
by  rail.  The  amount  of  freight  that  will  be 
handled  from  ship  to  ship  at  the  terminals,  or 
requiring  storage,  and  the  character  of  same 
are  at  present  unknown.  The  best  type  of 
cargo  handling  appliances  can  not  be  deter- 
mined until  these  two  factors  are  know;n.  It 
has  been  decided  therefore  that  the  furnishing 
at  present  of  anv  cargo-handling  cranes  or 
similar  appliances  shall  be  deferred  until  the 
future  demonstrates  that  they  are  essenUal 
and  also  what  special  type  will  best  meet  the 
conditions.  At  Cristobal,  with  a  range  of 
tide  of  scarcely  a  foot,  freight  requiring  trans- 
fer can  be  easily  handled  by  vessels'  cargo 
booms,  supplemented  by  blocks  attached  to  the 
elevated  girders  along  the  sides  of  the  pier 
sheds.  Single  pieces  too  heavy  to  be  thus 
transferred  will  be  taken  care  of  by  a  float- 
ing crane. 

At  Balboa,  where  the  average  range  of  tides 
is  close  to  13  ft.,  there  will  be  eight  new  elec- 
tric cranes  on  the  old  French  wharf  and  the 
cranes  now  in  use  on  this  wharf.  A  AoaUng 
crane  will  be  available  for  heavy  loads.  The 
transfer  of  freight  from  point  to  point  on  a 
pier  may  be  best  made  by  hand  or  electric 
trucks  Transfers  between  piers  may  be  made 
in  standard-gnge  cars  or  by  electric  trucks. 
The  clear  space  which  has  been  left  along 
the  side  of  each  pier  is  suflicicnt  to  permit 
the  installation  of  cranes  or  other  appliances 
should  the  necessity  for  same  develop  in  the 
future. 

Docking  FacilHics.— The  main  docking  fa- 
cilities have  been  located  at  Balboa,  which  is 
in  accord  with  the  wishes  of  the  Navy  De- 
partment. There  will  be  one  main  dry  dock 
capable  of  accommodating  any  vessel  that  can 
pass  throuch  the  canal  locks.  This  dock  will 
have  a  usable  length  of  1,000  ft.,  a  depth  over 
the  keel  blocks  of  35  ft.  referred  to  mean 
sea  level,  and  an  entrance  width  of  110  ft. 
The  entrance  will  be  closed  by  miter  gates 
similar  to  the  lock  gates.     A  suitable  site  has 


62 


Engineering   and    Contracting 


Vol.  XLI.     No.  1. 


been  found  under  the  protection  of  Sosa  Hill. 
The  docI<  will  be  founded  on  rock,  and  the 
excavation  in  the  rock  will  be  lined  with  con- 
crete. Diamond  borings  taken  over  the  en- 
tire area  show  the  rock  to  be  a  solid  mass  of 
dark  fine-grained  andesite,  which  has  welled 
up  from  the  depths  of  the  earth  as  a  core  of 
cooled  volcanic  rock.  The  rock  indicated  by 
all  of  the  borings  is  strong,  solid,  and  well 
suited  to  give  a  solid  foundation  for  any 
structure  that  may  be  built  upon  it.  The  dry 
dock  will  be  served  by  a  40-ton  locomotive 
crane  with  a  travel  along  both  sides. 

For  smaller  classes  of  vessels  an  auxiliary 
dry  dock  will  be  provided,  for  which  a  suit- 
able foundation  on  similar  hard  rock  has  been 
found.  The  latter  dock  will  be  in  lieu  of  the 
marine  raihvays  at  first  contemplated.  This 
dock  will  have  a  usable  length  of  350  ft.,  a 
width  of  entrance  of  71  ft.  at  mean  sea  level, 
and  a  depth  over  the  keel  blocks  of  ViVs  ft. 
referred  to  the  same  level.  The  au.xiliary  dry 
dock  will  be  provided  with  a  floating  caisson. 
The  40-ton  locomotive  crane  will  serve  the 
auxiliary  dry  dock  as  well  as  the  main  dry 
dock. 

On  the  Atlantic  side  it  is  proposed  to  retain 
the  old  French  dry  dock,  which  has  a  width 
of  entrance  of  50  ft.,  a  usuable  length  of  300 
ft.,  and  a  depth  over  the  sill  of  13  ft.  referred 
to  mean  sea  level.  It  was  the  opinion  of  the 
board  appointed  to  consider  the  tnatter  that 
the  commercial  requirements  now  in  sight 
would  not  warrant  the  expenditures  necessary 
for  the  construction  of  a  dry  dock  at  Cris- 
tobal capable  of  taking  the  largest  vessel,  in 
view  of  the  dry  dock  at  Balboa,  less  than  50 
miles  away,  to  which  any  large  vessel  on  the 
Atlantic  side  of  the  canal  requiring  to  be 
docked  and  which  would  not  otherwise  have 
to  pass  through  the  canal,  could  be  taken  and 
returned  without   the  payment  of  canal  tolls. 

Repair  Facilities. — The  main  repair  shops 
will  be  built  at  Balboa  within  the  area  be- 
tween the  dry  dock  and  the  repair  berths  and 
to  the  northeast  of  same.  They  are  designed 
to  maintain   the   following  equipment : 

(a)  Lock,  spillway  and  power-plant  ma- 
chinery. 

(b)  Water  and  land  equipment  retained  for 
the   maintenance  and  operation  of   the  canal. 

(c)  Rolling  stock  and  equipment  of  the 
Panama  Railroad. 

(d)  Mechanical  apparatus  connected  with 
the  coaling  plants,  fortifications,  cold-storage 
plant,   wireless    stations,   etc. 

(e)  The  making  of  such  repairs,  etc.,  as 
may  be  required  by  private  parties  and  cor- 
porations on  the  isthmus. 

(f)  The  making  of  repairs,  etc.,  required  by 
commercial  vessels. 

(g)  The  making  of  such  repairs  as  may  be 
required  by  vessels  of  the  United  States  Navy 
and   vessels   belonging  to  other   Governments. 

The  main  metal-working  shops,  including 
machme  shop,  erecting  and  too!  shops,  the 
forge  shop,  and  the  boiler  and  ship  fitter's 
shop,  together  with  the  shed  for  the  storage 
of  sleel,  have  been  placed  end  on  between  the 
dry  dock  and  repair  berths.  The  general 
storehouse,  foundry,  woodworking  shops  sub- 
sidiary buildings,  and  office  building  have  been 
placed  parallel  to  the  line  of  the  drv  dock 
and  water  front  and  northeast  of  the  main 
shops.  Two  lines  of  railroad  tracks  run  past 
each  end  of  the  main  metal-working  shops, 
and  one  track  through  the  center  of  same.  The 
main  shops  will  be  provided  with  overhead 
traveling  cranes,  the  crane  railways  being  ex- 
tended through  each  end  of  the  buildings  over 
the  railroad-  track.  Material  brought  out  of 
the  southeast  end  of  the  main  shops  by  the 
overhead  cranes  can  be  handled  directly  into 
the  dry  dock  by  the  40-ton  crane,  or  loaded 
into  cars.  The  arrangement  aimed  at  has 
lieen  to  secure  the  most  economical  handling 
■<i  material  and  work  to  and  from  the  shops. 
>  -ir  as  possible  machines  now  in  use  will 
lie  in-talled  in  the  new  shops,  which  will  be 
electric    driven,    both     individual    and     group 


drive  being  used.     The  floor  area  of  the  prin- 
cipal buildings   is  as   follows : 

Floor  area, 
Building.  square  feet. 

(a)  Machine,   erecting  and   tool  shops       67,420 

(b)  Forge,  pipe  titters',  tinsmiths'  and 

copper  shop    31,650 

(c)  Steel   storage   shed 18,080 

Cd)   Boiler   and   shopfitters'    shop 45,940 

(e)  General    storehouse    89,920 

(f)  Paint  shop    12,760 

(g)  Car    shop    38,800 

(h)  Joiner,  carpenter  and  pattern  shop  48,240 

(i)    Galvanizing  shop    5,620 

(j)   Lumber  and  equipment  store  shed  67,060 

(k)  Steel,    iron  and  brass  foundry....  37,060 

(1)    Coke    shed    3,070 

(m)  Boiler  house    2,380 

(n)  Pattern    storage    building 13,870 

(o)  Office  building 9,500 

Total    491,370 

There  will  be  a  number  of  subsidiary  build- 
ings the  dimensions  of  which  have  not  yet 
been  determined.  These  buildings  are  being 
designed  as  modern  shops  of  permanent  con- 
struction, with  steel  frames.  The  roofing  will 
be  of  permanent  character.  The  sides  and 
ends  will  be  left  open  for  ventilation  and  light, 
protection  from  sun  and  rain  being  afforded 
by  overhanging  sheds. 

Until  future  requirements  are  more  definite- 
ly developed,  it  is  proposed  to  retain  existing 
shop  facilities  of  moderate  extent  for  emer- 
gency repairs  in  the  vicinity  of  the  old  French 
drydock   at    Christobal. 

The  Hooding  of  Gorgona  shops  by  the  rising 
waters  of  Gatun  Lake  about  July  1,  1913,  will 
render  it  necessary  to  make  the  new  build- 
ings ready  for  occupancy  at  that  time. 

Float'ng  Equipment. — For  the  expeditious 
and  convenient  handling  of  lock  gate  leaves, 
as  well  as  for  commercial  and  other  canal 
needs  and  general  wrecking  purposes,  it  will 
be  necessary  to  provide  a  floating  crane  of  the 
largest  practicable  capacity  at  each  terminus 
of  the  canal.  An  investigation  is  now  under 
way  to  determine  the  best  way  in  which  these 
requirements  can  be  filled,  with  a  view  to 
purchasing  two  floating  cranes. 

For  handling  vessels  of  the  largest  size  at 
Cristobal  and  at  Balboa,  harbor  tugs  of  high 
power  will  be  required,  and  the  tugs  now 
owned  by  the  commission  will  not  be  satisfac- 
tory or  economical  for  this  service.  It  is  pro- 
posed to  provide  two  large  harbor  tugs  at 
each  terminus  of  the  canal  for  this  purpose. 

As  a  great  deal  of  coal  may  be  expected  to 
be  furnished  to  shipping  in  barges  or  light- 
ers that  can  be  laid  alongside  vessels,  it  will 
be  necessary  to  equip  the  canal  with  a  suffi- 
cient number  of  barges,  as  well  as  fuel,  oil, 
and  fresh-water  lighters.  It  is  expected  that 
a  large  number  of  steel  barges  of  large  ca- 
pacity, which  have  been  used  by  the  commis- 
sion on  construction  work,  will  be  available 
for  transfer  to  this  service.  A  barge  capacity 
of  16,000  tons  of  coal  has  been  recommended 
by  the  Navy  Department  for  the  Atlantic 
terminus  and  8,000  tons  at  the  Pacific  ter- 
minus. 

If  the  canal  business  warrants  it.  a  tender 
for  passengers  and  mail  will  be  provided  at 
each  terminus. 

During  the  past  year  work  has  been  proceed- 
ing on  the  genera]  and  detailed  plans  of  ter- 
minal.s,  with  a  view  to  starting  work  as  soon 
as  it  is  authorized  and  appropriations  become 
available.  In  anticipation  of  favorable  legis- 
lation, at  the  latter  part  of  the  year  some 
preliminary  work  was  undertaken,  in  order 
not  to  lose  time  and  to  keep  the  plant  and  or- 
ganization employed,  including  grading  and 
dredging  at  Balboa. 

Permanent  Quarters. — During  the  past  year 
the  locations  of  the  permanent  administration 
building  and  canal  headquarters  and  the  per- 
manent settlements  for  employes  have  been 
determined  after  investigation  and  considera- 
tion by  committees  representing  the  different 
interests  concerned.  The  permanent  admin- 
istration building,  as  approved  May  24,  1912, 
will  be  on  a  knoll  west  of  Ancon  quarry  and 
immediately  east  of  the  railroad  track  lead- 
ing to  Ancon  quarry,  where  it  will  overlook 
both    the    terminal    piers    and    the    canal    en- 


trance. The  quarters  for  employes  attached 
to  the  administration  building  will  be  erected 
in  the  general  area  adjacent  to  and  northeast 
of  the  administration  building.  Employes  con- 
nected with  the  shops,  docks,  and  other 
terminal  facilities  will  be  housed  in  quarters 
erected  in  the  area  surrounding  the  slope  of 
Sosa  Hill  and  on  the  fill  adjoining  the  Ancon- 
Balboa  highway. 

There  will  be  a  permanent  settlement  at 
Pedro  Miguel  for  employes  of  the  Pacific 
locks,  and  one  at  Gatun  for  employes  of  the 
Atlantic  locks.  The  settlement  at  Cristobal 
will  be  maintained  and  possibly  the  settlement 
at  Ancon.  No  necessity  is  apparent  for  any 
other  than  the  above  five  settlements,  except 
for  the  military  forces  which  may  be  stationed 
on  the  Isthmus. 

There  will  be  a  number  of  subsidiary  build- 
ings the  dimensions  of  which  have  not  yet 
been  determined.  These  buildings  are  being 
designed  as  modern  shops  of  permanent  con- 
struction, with  steel  frames.  The  roofing  will 
be  of  permanent  character.  The  sides  and 
ends  will  be  left  open  for  ventilation  and 
light,  protection  from  sun  and  rain  being  af- 
forded by  overhanging  sheds. 

Until  future  requirements  are  more  definite- 
ly developed,  it  is  proposed  to  retain  existing 
sltop  facilities  of  moderate  extent  for  emer- 
gency repairs,  in  the  vicinity  of  the  old 
French  dry  dock  at  Christobal. 

The  flooding  of  Gorgona  shops  by  the  rising 
waters  of  Gatun  Lake  about  July  1,  1913,  will 
render  it  necessary  to  make  the  new  build- 
ings ready  for  occupancy  at  that  time. 

Floating  Equipment. — For  the  expeditious 
and  convenient  handling  of  lock  gate  leaves, 
as  well  as  for  commercial  and  other  canal 
needs  and  general  wrecking  purposes,  it  will 
be  necessary  to  provide  a  floating  crane  of  the 
largest  practicable  capacity  at  each  terminus 
of  the  canal.  An  investigation  is  now  under 
way  to  determine  the  best  way  in  which  these 
requirements  can  be  filled,  with  a  view  to  pur- 
chasing two  floating  cranes. 

Aids  to  Navigation. 

To  guide  navigators  in  taking  ships  through 
the  canal  there  is  provided  a  complete  system 
of  lights,  beacons  and  buoys  so  arranged  as 
to  delineate  the  channel  clearly  both  at  day 
and  at  night.  The  Atlantic  entrance  is 
marked  by  a  light  of  the  fourth  magnitude 
placed  on  the  end  of  the  Tore  Point  Break- 
water, where  there  is  also  a  compressed-air 
fog  whistle  and  a  submarine  bell.  The  tan- 
gents in  the  canal  are  defined  by  range  lights. 
Vessels  going  in  opposite  directions  use  dif- 
ferent ranges  giving  courses  2.50  ft.  apart. 
There  are  also  side  lights,  spaced  about  one 
mile  apart  on  each  side  of  the  channel.  In 
the  Culebra  cut  the  range  lights  are  omitted, 
due  to  the  tangents  being  so  short  and  the 
banks  too  steep  for  placing  them.  There  are, 
instead,  35  concrete  beacons  at  tangent  points 
and  at  intermediate  locations.  By  a  system 
of  screening,  only  those  lights  will  be  visi- 
ble to  the  navigator  whicn  are  necessary  to 
define  the  channel  where  the  ship  may  be. 
The  sides  of  the  canal  will  be  further  marked 
by  acetylene,'  flashing  gas  buoys  of  450  candle- 
power,  and  intermediate  spar  buoys. 

The  range  lights  involved  much  clearing  of 
forest  growth,  since  the  troches  are  in  gen- 
eral of  the  full  width  of  the  canal  at  the 
start,  narrowing  down  to  480  ft.  at  the  rear 
light. 

All  lights,  beacons  and  buoys  are  white,  and 
are  distinguished  from  one  another  by  char- 
acteristic flashes.  Gas  and  electricity  are  used 
for  illuminant,  preferably  electricity  where 
feasible.  Inaccessible  lights  are  operated  by 
means  of  compressed  acetylene  dissolved  in 
acetone. 

The  locks  are  illuminated  by  means  of  400- 
watt  tungsten  lamps,  on  concrete  posts,  with 
concrete  reflectors.  The  lamp  is  30  ft.  above 
the  coping  and  is  screened  by  concrete  skirts, 
thus  keeping  the  glare  out  of  the  navigator's 
eyes. 
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Sanitation  and  Cost  Accounting 


Sanitation  of  the  Canal  Zone. 
When  Americans  took  possession  of  the 
Canal  Zone  in  1904  the  Isthmus  was  subject 
to  annual  epidemics  of  yellow  fever  and  ma- 
larial fever  was  endemic  the  year  around. 
.About  20,000  persons  had  died  on  the  Panama 
Canal  work  up  to  that  time.  The  number 
of  deaths  during  the  construction  of  the 
Panama  R.  R.  had  been  from  800  to  1,000. 
Report  naturally  exaggerated  the  unheahhful 
conditions  and  Panama,  when  the  second 
Isthmian  Canal  Commission  began  its  work, 
was  popularly  regarded  as  little  better  than  a 
pest-hole.  Almost  the  first  work  of  the  com- 
mission was  therefore  necessarily  the  sanita- 
tion of  the  Canal  Zone  to  make  it  a  reason- 
ably safe  place  in  which  to  live  and  work. 
The  steps  taken  have  already  been  outlined  ; 
a  more  complete  general  account  of  the  work 
done  is  given  here. 

It  had  already  been  demonstrated  that  both 
yellow  fever  and  malaria  were  mosquito 
borne  diseases  and  that  infection  was  com- 
municated in  no  other  way  than  by  mosquito 
bites.  The  problem  at  Panama  was,  there- 
fore, the  problem  of  eliminating  mosquitoes 
and  Panama  was  infested  by  mosquitoes.  Its 
temperature  permitted  mosquito  propagation 
the  year  around ;  undergrowth  and  lush  grass 
flourished ;  during  the  rainy  season  innumer- 
able ponds  were  formed  and  remained  for 
months  as  breeding  places  for  anopheles  or 
malaria  mosquitoes;  domestic  water  supply 
for  the  dry  season  was  obtained  by  sto'rage 
in  tanks  and  cisterns  and  furnished  breeding 
places  for  the  house  loving  stegomyia  or 
yellow  fever  mosquito ;  seven  out  of  ten  of  the 
natives  had  malarial  infection;  there  was  no 
adequate  quarantine  against  fcvcr-infccted  im- 
migrants. 

The  main  lines  of  Canal  Zone  sanitation 
were  suggested  by  the  conditions  described 
and  were  as  follows:  (1)  Rigid  quarantine 
to  prevent  the  admission  into  the  Zone  of  in- 
fected persons;  (2)  isolation  of  all  fever 
cases  in  doubly  screened  apartments  to  pre- 
vent infection  of  the  mosquitoes  by  the  sick 
and  protection  by  screening  all  living  quarters 
to  prevent  infection  of  the  well  by  mosqui- 
'oes;  (3)  provision  of  adequate  pure  water 
supply  and  sanitary  sewage  and  waste  dis- 
posal; (4)  elimination  of  mosquitoes  from 
I  he  Zone. 

Qi(ara>i/i»i<:.— Methods  of  quarantine  as  ap- 
plied at  the  Canal  Zone  call  for  no  further 
inention  than  the  statement  that  they  cor- 
responded to  the  most  approved  practice  m 
.he  United  States  and  were  strictly  followed. 
They  have  been  successful. 

Isolation  and  /■/oM.tiiiff.— Protection  of  both 
well  and  sick  from  access  by  mosquitoes  is 
merely  a  matter  of  screening  their  living 
riuarters.  At  Panama  hospitals  for  tlie  sick 
.md  living  quarters  for  the  well  were  screened 
,md  doubly  screened.  The  only  unusual  feat- 
ures of  this  screening  were:  that  it  was  un- 
usually complete  and  that  it  was  so  con- 
•  structcd  as  to  prevent  removal  and  to  require 
ihc  minimum  care  and  attention  by  the  house- 
liolder.  It  was  so  designed  wherever  possible 
that  the  householder  had  no  occasion  for 
either  comfort  or  convenience  to  remove,  open 
nr   interfere   with    the   screening   in   any   way. 


Isthmian  Water  Supply. — The  provision  of  a 
pure  water  supply  for  the  Canal  Zone  was  one 
of  the  earliest  tasks  undertaken  by  the  Sec- 
ond Isthmian  Canal  Commission.  A  Division 
of  Municipal  Engineering  was  created  to  per- 
form this  task  and  to  provide  for  sewage  and 
waste  disposal  and  street  and  road  improve- 
ment. This  Division  having  completed  its 
main  task  was  abolished  on  Aug.  1,  1908.  Suc- 
ceeding work  of  municipal  engineering  has 
been  in  charge  of  the  Division  Engineers. 

The  plan  of  water  supply  adopted  was  a 
chain  of  reservoirs  across  the  Isthmus  with 
mains  leading  to  and  distribution  systems 
supplying  labor  centers,  where  reservoirs  were 
impracticable  or  where  only  temporary  supply 
was  required  old  condensers  and  boilers  from 
the  French  canal  plant  were  renovated  and 
distilled  water  was  delivered  bottled  to  all 
quarters.  The  list  of  reservoirs  constructed 
is  as  follows : 

Tear  Million 

Location.  built.  gallons. 

Rio  Grande  Reservoir lOOt;  496 

Ancon  HiU  Reservoir 1906  1 

Cocoli  Lake  Reservoir 1909  429 

Camache  Reservoir 1907  375 

Caribali  Reservoir   1906  160 

Agua  Clara  Reservoir 1910  613 

Brazos  Brook  Reservoir 1906  650 

Total    2,724 

The  Cocoli  Lake  Reservoir  was  designed  for 
temporary  supply  only,  is  in  the  site  of  Mira- 
florcs  Lake  and  will  be  submerged  by  the  lake 
when  the  canal  is  completed.  Its  bed  was 
left  in  its  natural  condition  of  vegetation.  The 
sites  of  all  the  other  reservoirs  were  cleared 
of  all  vegetation  and  debris  and  their  water- 
sheds w-ere  depopulated.  Periodical  inspec- 
tion and  analysis  preserve  the  reservoir  and 
watershed  in  sanitary  condition. 

The  Rio  Grande  Reservoir  supplies  the  city 
of  Panama  and  the  American  settlements  as 
far  inland  from  Panama  as  Culebra.  At  An- 
con a  filter  plant  consisting  of  two  1,500,000- 
gal.  pressure  filters  was  installed  to  fil- 
ter the  supply  to  Ancon  and  Panama. 
These  filters  worked  successfully.  The  Rio 
Grande  Reservoir  was  completed  in  1906 
and  the  filters  at  Ancon  were  installed 
in  1906-1907.  At  Cocoli  a  temporary 
filter  plant  was  built  consisting  of  two  50,000- 
gal.  wooden  sedimentation  tanks,  a  7,000-gal. 
wooden  closing  tank  and  2,100-gaI.  tanks  for 
storing  alum  solution.  The  filtered  water  dis- 
cbarges into  the  Rio  Grande  main.  The 
smaller  reservoir  at  Camacho  supplies  Em- 
pire and  Las  Cascades;  that  at  Caribali  sup- 
plies Gorgona,  and  in  addition  there  is  a 
pumping  plant  supplying  the  small  settle- 
ments from  San  Pablo  to  Frijoles. 

The  Brazos  Brook  reservoir  was  built  in 
190G  to  supply  Mt.  Hope,  Cristobal  and  the 
city  of  Colon,  and  a  filter  plant  was  installed 
at  Mt.  Hope.  This  plant  was  of  tlie  same 
size  as  that  at  Ancon  and  originally  was  like 
it  in  make  and  arrangement  of  filters.  The 
heavy  iron-organic  character  of  the  Brazos 
water  clogged  the  filters  at  Mt.  Hope  and 
rendered  them  inoperative  and  the  plant  was 
modified  by  the  installation  of  a  400,000-gal. 
and  later  a  ■500,000-gal.  preliminary  coagula- 
tion and  sedimentation  tank.  The  Agua  Clara 
Reservoir  supplying  Gatiin  was  built  in  1010 
and  the  most   complete  filter     plant     on     the 


Isthmus  is  installed  there.  It  consists  of  a 
70x70xl0-ft.  settling  basin,  a  mixing  tank, 
four  17xl7-ft.  rapid  gravity  filters  and  a  200,- 
000-gal.  clear  water  well.  The  mixing  tank  is 
provided  with  grids  for  introducing  the  alumi- 
num sulphate  and  with  perforated  pipes  for 
the   forced   injection   of   air. 

The  water  works  outlined  were,  as  will  be 
noted,  completed  in  1906-7  except  the  tem- 
porary works  at  Cocoli  and  the  new  works  at 
Agua  Clara  for  Gatun.  Naturally  the  dis- 
tribution system  and  mains  have  been  modi- 
fied, added  to  and  abandoned  from  time  to 
time  to  meet  the  progress  of  the  canal  work. 
Also  various  auxiliary  supplies  and  pumping 
plants  have  been  installed  along  the  work  to 
meet  temporary  deficiencies  and  demands. 
The  final  system  of  water  supply  planned  is 
in  general  that  already  described  e.xcept  that 
new  filters  have  been  installed  at  Mt.  Hope 
and  the  Brazos  Brook  Reservoir  has  been 
connected  by  supply  main  with  Gatun  Lake. 
Gatun  Lake  will  doubtless  also  be  called  upon 
to  increase  the  Rio  Grande  supply. 

The  natural  water  as  impounded  is  soft, 
being  practically  rain  water,  but  owing  to  the 
organic  matter  contained  it  is  not  entirely 
palatable  and  its  appearance  is  not  good  un- 
less filtered.  The  filtered  water  is  remark- 
ably good  and  the  water  works  of  the  Canal 
Zone  have  been  an  agency  for  the  reduction 
of  disease  second  only  to  the  work  of  mos- 
quito extermination. 

Mosquito  Extermination. — The  general  pro- 
cedure of  mosquito  extermination  is  well 
known ;  at  Panama  it  was  simply  conducted 
with  unusual  thoroughness  and  persistence. 
With  the  introduction  of  a  water  supply  and  of 
sewerage  the  sanitary  department  destroyed  all 
the  old  water  tanks  and  rain  barrels  which  had 
afforded  breeding  places  for  stegomyia ;  it  filled 
cesspools,  cleaned  up  waste  heaps,  regraded 
open  spaces  and  paved  streets.  A  house-to- 
house  fumigation  was  conducted.  Coupled 
with  this  work  of  destroying  the  breeding 
places  and  killing  of  stegomyia  by  fumiga- 
tion the  medical  inspectors  maintained  a  housc- 
lo-house  canvass  and  any  person  suspected 
of  yellow  fever  was  taken  to  hospital  and 
quarantined,  force  being  employed  if  neces- 
sary. With  the  quarantine  of  immigrants, 
these  methods  cleared  the  Canal  Zone  not 
only  of  yellow  fever  but  also  of  the  mos- 
quito which  carries  this  disease. 

To  exterminate  the  malaria  mosquito  ano- 
pheles with  any  such  completeness  was  im- 
possible. The  effort  of  the  sanitary  depart- 
ment was,  therefore,  by  all  known  means  to 
reduce  the  number  of  malaria  mosquitoes 
The  procedure  was  as  follows:  The  areas  oc- 
cupied by  the  canal  construction  forces,  some 
1,200  acres,  were  cleared  of  undergrowth  and 
grass  was  kept  cut  to  less  than  a  foot  in 
height  for  a  distance  of  200  yards  around  set- 
tlements. Swamps  and  ponds  were  drained 
or  where  drainage  was  impossible  they  were 
oiled  or  impregnated  with  larvicide ;  subsoil 
drainage  was  installed  to  keep  the  ground  sur- 
face dry ;  in  fact  no  possible  preventive  that 
knowledge  and  diligence  could  provide  was 
neglected.  So  successful  were  these  measures 
that  in  the  dry  season  at  Panama  a  mosquito 
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was  rarely  seen.  Malaria  cases  decreased  over 
60  per  cent. 

Cost  and  Results  of  Sanitation.— As  the 
preceding  outline  will  have  indicated  there  has 
been  grouped  under  the  head  of  sanitation  a 
number  of  activities  for  health  preservation- 
sanitation  proper,  water  supply,  sewerage, 
garbage  and  refuse  disposal,  hospitals,  quaran- 
tine, etc.  About  $20,000,000  will  have  been 
expended  for  these  services  by  the  time  the 
canal  is  opened  for  traffic.  Of  this  sum  some 
$9,000,000  will  be  charged  to  hospital  service 
and  the  care  of  the  sick ;  $7,500,000  to  general 
health  service;  $2,500,000  for  water  supply 
and  sewerage,  and  $1,000,000  for  administra- 
tion. 

The  results  of  this  work  have  been  to  make 
the  Canal  Zone  a  reasonably  healthful  place  of 
abode.  This  conditon  will  continue  only  so 
long  as  the  same  rigid  methods  of  health 
protection  are  enforced  as  have  been  en- 
forced  during  canal   construction. 

Cost  Keeping  System. 

The  value  oi  construction  cost  keeping  was 
recognized  from  the  first  by  those  having 
direction  of  the  work  at  Panama.  Compila- 
tion of  costs  was  begun  July  1,  1907,  and  modi- 
fications in  the  methods  were  made  from  time 
to  time  until  Jan.  1,  1910,  when  a  system  of 
standard  cost  accounts  was  finally  adopted. 
.\n   outline  of  this  system   follows: 

The  cost  data  were  compiled  in  the  division 
offices  under  the  supervision  of  an  accountant 
in  the  office  of  the  chief  engineer.  By  this 
method  the  information  was  secured  at  an 
early  date  and  greater  accuracy  was  insured. 
the  work  being  directly  under  the  supervision 
of  the  division  engineers  interested.  It  was 
not  thought  necessary  to  compile  a  minute 
detail  of  costs,  as  in  a  work  of  this  magnitude 
the  advantage  of  such  information  would  not 
warrant  the  additional  expense.  The  costs  for 
the  principal  items  of  the  work  were  available 
between  the  18th  and  22d  of  the  month,  and 
the  completed  cost  sheets  reached  the  chief 
engineer  on  the  25th  of  the  month  following. 

As  soon  as  possible  after  the  close  of  each 
month,  but  not  later  than  the  25th  of  the 
month  following,  the  different  departments 
and  divisions  submitted  to  the  accounting  de- 
partment, furnishing  copies  to  the  chief  engi- 
neer, a  statement  showing  their  expenditures 
for  labor  and  material  and  other  expenses, 
classified  under  certain  general  headings.  The 
labor  shown  thereon  must  agree  with  the  total 
amount  of  the  payrolls  approved  for  payment; 
the  material  charges  with  the  reports  of  mate- 
rial issued  bv  the  chief  quartermaster,  and 
miscellaneous  charges  with  the  amount  debited 
the  divisions  and  departments  by  the  account- 
ing department.  Carrying  the  same  sub-divi- 
sion as  to  labor,  material  and  other  expenses, 
the  construction  divisions  furnished  the  chief 
engineer's  office  with  detail  cost  sheets  show- 
ing the  cost  in  total  and  per  unit  for  each 
sub-division  of  their  work.  Abnormal  fluctua- 
tions from'  one  month  to  another  were  in- 
vestigated and  reports  thereof  made  to  the 
chief  engineer. 

There  was  also  furnished  the  chief  engineer 
reports  of  the  performance  of  the  various 
units  of  construction  machinery  and  of  the 
stone  and  sand-producing  plants.  These  re- 
ports showed  the  total  hours  in  service,  the 
hours    actually   engaged    in    useful   work,    the 


time  lost  by  delays  and  the  cause  thereof,  the 
total  cost  of  work  accomplished,  and  the  aver- 
age quantity  produced  per  hour.  From  these 
reports  the  efficiency  of  the  equipment  and  of 
the  manufacturing  olants  could  be  ascertained 
as  well  as  the  economy  of  their  operation.  By 
comparing  the  performance  of  similar  equip- 
ment in  the  various  divisions,  together  with 
the  costs  reflected  by  the  cost  sheets,  the  rela- 
tive efficiency  and   economy   were   obtained. 

A  large  proportion  of  the  expenses  of  the 
shops,  such  as  supervision,  power,  cleaning, 
etc.,  could  not  be  located  to  any  particular 
work  order  and  constituted  what  is  termed 
"shop  expenses."  The  percentage  of  these 
expenses  to  located  labor  in  the  various  ma- 
chine shops  on  the  Isthmus  ranged  from  about 
30  to  63  per  cent,  according  to  the  quantity 
and  nature  of  the  work  performed.  The 
causes  for  this  high  overhead  expense  were 
the  items  of  holidays,  sick  and  vacation  leave. 
The  details  of  "shop  expenses"  were  closely 
scrutinized,  as  they  were  a  measure  of  econ- 
omy in  the  operation  of  the  shops. 

The  unit  costs  were  published  quarterly  in 
the  "Canal  Record,"  the  official  journal  of  the 
Commission,  and  this  was  found  to  stimulate 
a  spirit  of  rivalry  between  the  different  divi- 
sions, extending  to  all  employes,  which  tended 
to   lower   construction   costs. 

The  following  methods  were  used  In  com- 
piling the  cost  of  the  units  of  construction 
on   the   Isthmus : 

Distribution  of  Labor. — The  classification  of 
the  labor  was  made  by  the  foremen  directly 
in  charge  of  the  work,  who  were  provided 
"labor  distribution  books"  for  this  purpose. 
Two  sets  of  books  were  used,  one  for  odd 
days  and  one  for  even  days.  These  books 
had  16  pages,  which  carried  the  dates  of  the 
month  vertically  in  the  margin.  Each  page 
was  subdivided  into  columns  and  the  foreman 
inserted  at  the  head  of  each  column  the  vari- 
ous rates  of  pay  of  the  men  working  under 
his  supervision.  A  page  was  used  for  each 
job  on  which  the  gang  was  engaged  during 
the  month,  and  opposite  the  date  the  total  num- 
ber of  hours  worked  at  each  rate  of  pay  was 
inserted.  The  books  used  during  the  day 
were  returned  to  the  division  office  each  night 
and  the  books  for  the  next  day  issued.  The 
distributions  were  scrutinized  by  the  division 
accountant  and  by  the  supervisor  in  charge  of 
the  work  and  any  unusual  item  was  investi- 
gated. 

At  the  close  of  the  month  these  books  were 
summarized,  the  cost  of  each  job  ascertained, 
and  the  total  of  the  labor  distribution  book 
was  balanced  against  the  payroll  of  the  gang. 
Experience  showed  that  the  difference  between 
this  distribution  and  the  actual  payroll  was 
very  small,  somctliing  under  2  per  cent,  which 
difference  was  adjusted  on  a  percentage  basis. 
Labor  expenses  for  steam  shovels,  locomo- 
tives, cranes,  and  other  units  of  equipment 
were  distributed  to  the  units  of  the  work  on 
a  basis  of  the  time  in  service.  This  informa- 
tion was  obtained  from  daily  reports  furnished 
by  the  man  in  charge  of  equipment,  giving  the 
number  of  hours  at  work  at  each  different 
job.  Labor  distribution  books  were  not  used 
in  the  Central  Division,  the  classification  be- 
ing easily  obtained  from  the  payrolls,  as  all 
the  expenditures  were  chargeable  to  one  class 
of  work,  dry  excavation. 

At  the  manufacturing  and  repair  shops  on 
the  Isthmus  the  work  was  done  on  numbered 
orders  issued  by  the  shop  office,  and  all  ex- 
penses in  connection  with  the  order  were 
reported  under  this  number.  When  reporting 
for  duty  the  workmen  were  given  cards  show- 
ing date,  name,  trade  and  rate  of  pay.  On 
these  cards  the  workmen  reported  their  time 
by  order  numbers.  When  engaged  on  several 
jobs  during  the  same  day  the  time  worked  on 


each  job  was  shown  on  the  card.  These  cards 
were  returned  to  the  shop  office  at  night  and 
were  computed  and  summarized  so  that  the 
labor  cost  on  any  job  was  available  at  any 
time.  At  the  close  of  the  month  the  distribu- 
tion of  the  cards  was  balanced  against  the 
actual  payroll. 

Material. — .\t  the  inception  of  the  work  dif- 
ficulty was  experienced  in  arriving  at  the  true 
prices  of  material.  In  October,  1908,  a  price 
book  was  completed,  covering  every  article 
in  the  storehouses  on  the  Isthmus.  These 
prices  were  based  on  the  cost  of  the  material 
delivered  in  Colon.  As  the  bulk  of  the  mate- 
rial was  purchased  on  yearly  contracts  but 
little  difficulty  was  had  in  determining  correct 
prices.  Any  differences  between  the  actual 
value  of  the  stock  on  hand  and  the  value 
shown  by  the  records  of  the  Commission  was 
determined  by  annual  inventories  and  adjust- 
ments made  in  subsequent  months. 

All  of  the  material  on  the  Isthmus  was  in 
charge  of  the  Quartermaster's  Department, 
and  was  drawn  only  for  immediate  use,  with 
the  exception  of  a  few  commodities,  such  a? 
cement,  lumber,  track  material,  etc.,  which  for 
reasons  of  economy  were  shipped  from  the 
dock  direct  to  the  divisions,  and  stored  at 
central  points  to  be  used  as  needed.  Material 
was  drawn  from  the  Quartermaster's  Depart- 
ment on  requisitions,  called  "foremen's  or- 
ders." A  number  of  the  foremen  were  author- 
ized to  draw  material.  These  orders  showed 
the  purpose  for  which  the  material  was  drawn 
and  by  the  use  of  carbons  three  copies  were 
secured.  Two  copies  were  delivered  to  the 
storekeeper  on  receipt  of  the  material,  and 
one  copy  was  retained  by  the  foreman  for 
reference.  One  of  the  copies  furnished  the 
storekeeper  was  priced  and  extended  by  him. 
and  all  orders  were  sent  to  the  respective  divi- 
sion offices  daily  to  be  charged  to  the  proper 
account.  At  the  close  of  the  month  the  store- 
keepers furnished  the  chief  engineer's  office 
with  statements  showing  the  value  of  the  mate- 
rial issued  to  the  various  divisions  and  de- 
partments. The  total  of  these  statements  had 
to  agree  with  the  total  material  reported  used 
by  the  divisions  and  departments  on  their 
monthly  reports,  and  any  differences  were  in- 
vestigated and  adjusted  in  the  accounts  for 
the  succeeding  month,  and  statements  were 
furnished  the  chief  engineer's  office  by  the 
divisions  and  departments.  When  material 
was  drawn  for  manufacturing  or  repair  work  • 
in  the  shops  the  foremen's  orders  showed  the 
number  of  the  shop  order  for  which  the  mate- 
rial was  required  and  when  the  priced  copies 
were  returned  to  the  shop  office  they  were 
separated  under  each  number  and  summarized 
when  it  was  desired  to  ascertain  the  material 
cost  of  the  job,  or  when  it  was  completed. 
Upon  the  completion  of  a  manufactured  article 
it  was  invoiced  to  the  quartermaster's  store-  fj 
keeper  at  the  actual  cost  of  labor  and  mate-  *' 
rial,  plus  such  a  surcharge  on  the  labor  cost 
as  would  cover  the  unlocated  expenses  of  thf 
shop.  Expenses  for  repairs  to  equipment,  etc.. 
were  invoiced  monthly  directly  to  the  division 
interested.  X 

In  addition  to  the  expenses  for  labor  and  T 
material  there  were  expenses  for  work  donr 
by  other  divisions,  such  as  repairs  to  equip 
rrient,  electricity,  wagon  service,  etc.  The  divi- 
sion or  department  doing  work  for  another 
rendered  a  detailed  invoice  and  reported  the 
amount  on  its  monthly  statement  of  expendi- 
tures. It  was  the  duty  of  the  accounting 
department  to  see  that  all  charges  of  this 
nature  were  taken  up  by  the  division  or  de- 
partment against  which  the  bill  was  rendered. 
The  items  of  general  expenses  were  pro- 
rated to  the  various  construction  divisions  by 
the  accounting  department,  on  the  basis  of 
labor  charges  or  material  used,  as  the  case 
might  be.  These  expenses  were  taken  up  on 
the  cost  sheets  by  the  divisions  but  were 
shown  as  a  separate  item  under  each  unit  of 
construction. 
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Contractors  for  Lock  and  Spillway  Ope- 
rating Machinery. 
Some  $14,000,000  of  construction  for  lock 
and  spillway  work  was  done  by  contract. 
These  contracts  were  let  at  different  times 
and  were  for  various  amounts,  and  were  al- 
lotted to  a  number  o£  persons.     Many  of  the 


contracts  were  for  small  amounts  and  were 
not  reported.  Much  structural  material  was 
bought  in  the  open  market  and  is  also  not 
reported,  and  much  material  was  produced  in 
the  Canal  Commission  founderies  and  shops. 
The  complete  list  of  principal  contractors  is 
given  in  Table  XLII. 


T.\BUE  XLII. 

Contractoi^  Material. 

United   Engine  &  Foundry  Co .\nchoraees   for   lock    g.ates : 

Rosedale   Foundry  &   Machine  .Co Cylindrical    valves    

Chapman    Valve    Co By-pass   valves    

Crane  Co By- pass   valves    

Lynch   Bros.   Foundry  Co By-pass   valves    

Penn    Bridge    Co Ladder   rungs 

United   Engine   &  Foundry  Co Snubbing  hooks,   girders,   etc 

Penn    Bridge    Co Fixed   irons   for   rising  stem   gate   valves   and 

2    valves    

Wheeling  Mold  &  Foundry  Co Fixed  irons  for  rising  stem  gate  valves 

McClintic-Marshall   Co Mitering    lock    gates 

Wheeling  Mold  &  Foundry  Co Fixed   irons  for  rising  stem  gate  valves 

Rosedale   Foundry   &   Machine   Co Cylindrical    v.alves    

Pennsylvania    Steel    Co Snubbing   hooks   and    girders 

Wheeling  Mold  &  Foundry  Co 2  rising  stem  gate  valve  machines 

Wheeling  Mold  &  Foundry  Co 114   rising  stem  gate  valve  machines 

Wheeling  Mold  &  Foundry  Co Spare    parts    

Wheeling  Mold  &  Foundry  Co 2   cylindrical   valve   machines 

Wheeling  Mold  &  Foundry  Co 118   cylindrical   valve   machines 

Wheeling  Mold  &  Foundry  Co Spare    parts     

Wheeling  Mold  &  Foundry  Co 12   auxiliary   culvert  valve   machines 

"  ;eneral    Electric    Co 4  motors  for  rising  stem  valve  machines 

Westinghouse  Electric  &  Mfg.  Co 2  motors  for  rising  stem  valve  machines 

.Vllis-Chalmers    Co 2  motors  for  rising  stem  valve  machines 

General    Electric    Co 11-1  motors  for  rising  stem  valve  machines 

General    Electric    Co 4  motors  for  cylinder  valve  machines 

Westinghouse  Electric  &  Mfg.   Co 2  motors  for  cylinder  valve  machines 

.Vllls-Chalmers  Co 2  motors  for  cylinder  valve  machines 

General  Electric  Co 118   motors   for   cylinder  valve   machines 

General  Electric  Co : .  12  motors  for  auxiliary  culvert  valve  machines 

General  Electric  Co 2  It.  sw.  for  rising  stem  valve  machines 

Westinghouse  Electric  &  Mfg.   Co 2  It.  sw.   for  rising  stem  valve  machines 

Cutler-Hammer   Manufacturing   Co 2  It.  sw.  for  rising  stem  valve  machines 

Cutler-Hammer   Manufacturing   Co 114  It.  sw.  for  rising  stem  valve  machines.... 

General  Electric  Co 2  It.  sw.  for  cylinder  valve  machines 

Westinghouse  Electric  &  Mfg.  Co 2  It.  sw.  for  cylinder  valve  machines 

Cutler-Hammer   Manufacturing   Co 2  It.  sw.  for  cylinder  valve  machines 

Cutler- Hammer   Manufacturing   Co 118  It.   sw.   for  cylinder  valve  machines 

United   States   Steel   Products   Co 6  emergency  dams,   complete 

United  States  Steel  Products  Co Steel  cross-ties,  tie  clips,  conductor  slot  cov- 
ers,   conductor   rails,    channels,   etc 

R.   C.   Hoffman  Co Rack    and    miscellaneous    castings 

Ross-Mehan    Foundry    Co Malleable    iron    cover   plates,    etc 

Westinghouse  Electric  &  Mfg.   Co Porcelain    Insulators    

Oliver  Iron   &  Steel   Co Steel  bolts,   lead  for  gaskets,  coll  springs,  etc. 

Chicago   Railway  &  Traction  Supply  Co.. Bumping    posts    

United   States   Steel   Products  Co Lock    gate    recess    covers 

Wheeling  Mold  &  Foundry  Co 2  miter  gate  moving  machines 

Wheeling  Mold  &  Foundry  Co 90   miter   gate   moving   machines 

Wheeling  Mold  &  Foundry  Co Spare   parts    

Richard    Manufacturing   Co '■ 1   miter  forcing  machine 

Richard   Manufacturing   Co 45    miter    forcing   machines 

Richard    Manufacturing   Co Spare    parts    

General    Electric    Co 2  motors  for  gate  moving  machine 

Allis-Chalmers  Co 2  motors  for  gate  moving  machine 

General    Electric    Co SO   motors   for  gate  moving  machine 

General    Electric    Co 1   motor  for  miter  forcing  m.achlne 

General    Electric    Co 45   motors   for   mltor  forcing  machine 

General    Electric    Co Track     material     

General    Electric    Co Steel    rails    

McCUntlc-Marshall    Co Spillway    gates,    caissons,    footbridges,    etc 

McCIlntlc-Marshall    Co Rising   stem   gate   valves,    guard   gate   valves. 

lateral  culvert  valves,  bulkhead  gates  and 
screens     

Excelsior  Tool  &  Machine  Co Fixed  irons  for  spillways 

Westinghouse    Machine    Co Roller    trains,    scaling   vices,    rocker   bearlngrs, 

rollers,    etc 

Vulcan  Rail   &   Construction   Co Railings    for   spillways 

St.    Louis    Screw    Co Brass   bolts,    nuts,    etc 

U.   S.   Steel   Products  Co Deckings  and   Intake   bridges 

I.  B.   Kendal   Co Bars    for    deckings 

Shawmut  Clay  Mfg.  Co Vitrified   tile,  mandrels,  etc 

Wheeling  Mold   &  Foundry  Co Copper    conductor    mil   and    bars 

'  'llnton  Wire  Cloth  Co Reinforcing    grids    

.Sneath   Glass  Co Vault    lights    

Pelton  Water   Wheel   Co Penstocks    

Pelton   Water  Wheel   Co Turblne.i.    governors,    hcadgates,    etc 

'ieneral    Electric    Co Generators,   excltora,  etc 

Nlles-Bement-Pond     Co Traveling    crano    

United  Entcine  &  Foundry  Co Fender   chains    

General    Electric    Co 1    trial   towing   locomotive 

General    Electric    Co ^9     towing    locomotives 

Standard   Foundry   &  Machine  Co Snubbing  posts,   etc 

American  Car  &  Foundry  Co Bolts,    links,    eyes,   etc 

RaJIwav    Spring    Co Helical     iprlngs     

Steacy-Schmldt   Mfg.   Co Spillway  gate  machine  and  spares 

II.  R.    Worthlngton Pumps    

Industrial    Works    Cmnes.    hooks   and    lines 

\merican  Steel  &  Wire  Co... Triangular    mesh    reinforcement 

n.   S.   Steel   Products  C0...1 Cross-bonds,     punchci,       riveting       hammers. 

(  copper   cable    

Nat).  Electric  Supply  Co. .J    Galvanized   conduit,    pipe  couplings,   bushlnfrs. 

locks,    nuts,     etc 


Price, 
i    528,124.70 

84,177.50 
4,399. 8y 
6,456.00 
9,114.90 
2,058.40 

46,846.56 

29,252.56 

199,106.24 

5,374,474.00 

225,895.51 

140,588.00 

17,216.94 

15,299.00 

651,877.88 

11,072.50 

2,264.00 

102,258.09 

2.064.70 

11.103.84 

2,780.00 

4,454.00 

3,200.00 

75,644.70 

1.355.00 

3,822.00 

2,610.00 

41,636.30 

4.234. 20 

196.00 

225.00 

98.00 

5,586.00 

196.00 

225.00 

98.00 

3,782.00 

2,243,068.38 

135,318.71 

250,367.17 

17,678.16 

5.858.76 

12,054.08 

2.632.50 

130,000.00 

16,270.00 

663,422.50 

7.670.56 

1.150.00 

28,205.00 

1,920.50 

1,134.40 

3,000.00 

45.288.00 

339.00 

13,230.00 

7.236.57 

67.402.50 

103.686.94 


238,994.94 
25,724.12 

I77.147.5S 

5.665.01 

24,772.0.1 

21,414.97 

1,059.35 

85,360.00 

168,423.04 

560.00 

2.326.'/) 

24,530.00 

70,012.50 

.'.4.599.00 

7,445.00 

428,005.00 

24,951.00 

498.016.35 

5.5IR.0D 

6.257.02 

13  572  31 

:b.'542  I'l." 

821. "i 

r.3,000.00 

891.41 
2.014.83 
2,056.10 


Suppliers  of  Construction  Plant  and  Materia 

The  total  expenditures  for  constructior 
plant  to  July  1,  1911,  when  new  purchases  ha( 
practically  ceased,  was  some  $27,000,000,  item 
ized  as  in  Table  XLIIl. 

It  is  impracticable  to  schedule  all  the  kind 
and  makes  of  plant  included  in  so  vast  a  quan 
tity,  and  as  a  matter  of  fact  no  complct 
published  record  is  available  for  compiliuj 
such  schedule,  were  it  possible  to  give  it  space 
The  kinds  of  plant  that  were  most  used  ii 
constructing  the  canal  have  been  described  it 
the  preceding  sections,  the  principal  supplier: 
of  this  plant  are  named  in  the  succeeding  para 
graphs: 

Dry  Excavation. — The  largest  single  iten 
of  plant  cost  is  that  for  dry  excavation  plani 
This  comprised  air  compressors,  drills,  cxplo 
sives  and  blasting  supplies,  and  steam  shovel- 
There  were  28  air  compri'isors  furnished  fo: 
the  canal  work  by  the  Ingersoll-Rand  Co, 
New  York;  the  Sullivan  Machinery  Co.,  Chi 
cago;  the  Laidlaw-Dunn-Gordon  Co.,  Cincin 
nati;  the  Janesville  Iron  Works,  Janesville 
Wis.,  and  the  Westinghouse  Electric  &  Manu 
facturing  Co.,  Pittsburgh.  These  compressor 
are  not  listed  by  makers"  names  nor  were  th 
rock  drills,  some  72.5  of  vhich  were  suppliei 
to  the  canal  work  by  the  Keystone  Quarr 
Drill  Co.,  Beaver  Falls,  Pa.:  the  Star  Drillini 
Co.,  Akron.  O. ;  the  Ingersoll-Rand  Co.,  Xev 
York;  the  Sullivan  Machinery  Co.,  Chicago,  anc 
the  Wood  Drill  Works,  Paterson,  N.  J.  Th. 
Sullivan  Machinery  Co.  also  furnished  somi 
two  dozen  channelers  for  lock  pit  excavation 
The  dynamite,  some  2-5,000  tons,  was  furnishe( 
by  the  Du  Pont  Powder  Co.,  Wilmington,  Del 
and  this  company  also  furnished  the  grea 
bulk  of  blasting  supplies,  amounting  to  son 
$000,000  worth. 

The    steam    shovel    plant    consisted    of    1' 
shovels  of  all  sizes.    One  of  these  was  a  sm:, 
revolving   shovel   made   by    the    Thew   .-\ut 
matic  Shovel  Co.,  Lorain,  O.,  and  there  wc 
perhaps  a  dozen  shovels  of  1%  cu.  yd.  dipp 
size  or  smaller  sizes.    The  heavy  rock  exca\ 
tion  called   for  shovels  of  large  capacity  ai 
strong  construction  and  there  were  nearly 
shovels     having    dippers   of    3   to   5   cu.   yi 
capacity.     These   heavier   shovels,   as   well 
most   of   the   lighter   ones,   were    Marion  ai 
Bucyrus    shovels,    furnished     by    the     Mari. 
Steam  Shovel  Co..  Marion.  0.,'and  the  Buc 
rns   Co.,   South   Milwaukee,   Wis. 

Dry  excavation   furnished  the  great  bulk 
the   work   of   the   transportation   plant,    whi 
included  300  locomotives  and  4,500  cars.    O 
Decauville  locomotive  was  employed  for  liel 
service  and  101  French  locomotives  were  rcn 
vated.      The    remaining    motive    power    pla 
consisted  of  standard  and  narrow  gage  stea 
locomotives  and  electric  lomocotives  furnish, 
by  the  Baldwin  Locomotive  Co.,  Philadclphi 
the   American   Ixjcomotive    Co.,    Schencotail 
N.   Y. ;   II.  K.   Porter  Co,   Pittsburgh;   Wc' 
inghousc     Flcctric     and     Manufacturing     O 
Pittsburgh,    and     the    General     Electric     C 
-Schenectady,  N.  Y.     .\  great  variety  of  ct; 
including  pay  cars,  industrial  cars,  motor  .11 
narrow  gage  cars,  were  employed  besides  tl 
spoil    handling    cars    which    comprised    son 
four-liftlis   of   the   construction    rolling   stoi 
The  spiiil  cars  were  furnished  by  the  Lid^i 
wood  Manufacturing  Co.,  New  York;  Roij. 
Ballast  Co.,  Chicago;  Goodwin  Car  Co     >Ji 
York;    Wm.   J.    Oliver    Mfir.    Co.,    Knowil 
Tcnn.,    and    .Austin    Manufacturing   Co.,    (  li 
cago. 

The  transportation  plant  included  bcsid. 
cars  and  locnmotivcs  a  large  numlHr 
spreaders,  unloading  plows  and  Lidircrv... 
unloaders,  furnished  by  the  Lidifcrwood  Mam 
iVturing  Co.,  New  York,  .-.nd  the  O.  F.  Jnrd; 
Co..  Chicago. 

Track  materials — rails.  frogs,  switrh, 
crossiies,  etc. — were  purchased  in  the  ..n. 
market  and  the  purchases  were  distrihnti 
widely  among  American  i;'ilway  supply  il;!- 
and  are  not  reported.  This  is"  also  true  , 
hundreds  of  items  of  small   tools  and   uin, 
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Pennsylvania  Flexible  Metal  Tubing  Co.. Flexible  conduit  and  couplings 

Chas.  A.   Sehieren  Co Leather   gaskets    

O.    A.    Danzenbaker Asbestos    pads    

Detroit  Screw  Works Brass   pins    

R.    C.  HoCfman  Manufacturing  Co Steel  splice  bars 

Standard    Foundry    Co Crankgear   recess   cover  seats 

General    Electric    Co Starting   panels,    limit  switches,   commutating 

switches,  etc.,  indicators  for  control  ma- 
chinery, switchboards  and  control  switcli- 
boards,   starting  panels  for  chain-tender.... 

Union  Switch   &   Signal  Co Indicating    devices     

General    EHectric    Co Motors    

General   Electric  Co.   (Cameron) Plumps    

General  Electric  Co Float  switches  and   starters 

Alberger  Pump  Co Pumps    

Earle  Gear  &  Machinery  Co Handrail    gearings    

U.  S.    Sieel  Products  Co Crossovers    and    turnouts 

General    Electric    Co Insulated   cable    

Transformer   room     equipment     (bids     opened 

May   22,   but  no  award  made  to  June  30)... 

Auxiliary     electrical      equipment      for     Gatun 

hydroelectric    station    (bids     to     be     opened 

July  8)    

McCIIntic-Marshall    Co Erection  of  lockgate  recess  covers,   purchased 

under  Circular  620 

Miscellaneous  articles  and  equipment  to  be 
used  in  connection  with  erection  of  ma- 
chinery, etc.,  contracts  with  numerous 
companies,    the   total   amounting   to   about.. 


4,466.00 

42.00 

75.60 

117.00 

568.82 

30,421.64 


172,658.70 

450.00 

110,260.18 

26,921.50 

13,882.20 

21,860.78 

5,360.00 

44,142.00 

132,028.60 


30,000.00 


14,000.00 


Total    $13,993,589.98 


machines    used    in    excavating    and     handling 
dirt  and   rock  in   the   dry. 

IVet  Excai'ation. — The  plant  for  wet  exca- 
vation incktded  some  26  dredges,  with  scows, 
tugs,  drill  boats,  house  boats,  rock  breakers, 
floating  pile  drivers  and  cranes,  etc.  Seven 
of  the  dredges  were  renovated  French  ma- 
chines and   the   remainder   were   built   by  the 


the  Pacific   Sea  Level   Section   was   furnished 
by  Lobnitz  &  Co.,  Renfrew.  Scotland. 

Concrete  Plant.— A  total  of  some  5,000,000 
bbls.  of  cement  was  consumed  in  constructing 
the  locks  and  other  concrete  masonry.  The 
bulk  of  this  cement  was  furnished  by  the 
Atlas  Portland  Cement  Co.,  but  some  quanti- 
ties of  cement  were  bought  in  the  open  mar- 


TABLE  XLIII. 
To  June,  30, 
1909. 
Atlantic   Division — 

Dry   excavation    plant ?    196,507.74 

Dredging    excavation    plant 1,711,184.35 

Gatun  dam  and  spillway  plant 826,794.83 

Gatun    locks    plant 1,057,054.39 

Gatun  power  plant   (permanent) 194,462.88 

Porto  Hello  rock   plant 996,834.43 

Nombre   de  Dios   plant 235,973.20 

Transportation  plant   1,150,882.08 

Colon  breakwater   plant 326,969.71 

Total    $6,696,663.61 

Central  Division — 

Dry   excavation   plant $10,589,005.30 

Masonry  plant  

Total     $10,589,005.30 

Pacific  Division — 

Dry   excavation    plant $    282,510.01 

Dredging  excavation   plant 2,244,385.70 

Pedro  Miguel  locks  and  dams  plant 323,551.00 

Miraflores  locks  and  dams  plant 465,869.06 

Ancon   rock    plant 327,914.15 

Chame  sand  plant 162,105.52 

Miraflores  power  plant 218,934.91 

Total    $4,025,270.35 

Grand    total    $21,310,939.26 


Fiscal  year 
1910. 

$     9,763.99 
306,187.66 
117,141.54 
947,060.82 

Fiscal  year 
1911. 

$        285.45 
128,398.12 
576,839.19 
405,445.17 
194,462.88 
89,133.60 
26,172.56 
149,477.84 
272,787.89 

Total  cost  of 
plant. 

$    206,557.18 
2,145,770.13 
1,520.775.56 
2,409,560.38 

56,480.22 
160,088.80 
363,509.48 
122,210.00 

1.142,446.25 
442,234.56 

1,663,869.40 
721,967.60 

$2,082,442.51 
$101,412.26 

$1,454,076.94 

$207,892.24 
8,758.00 

$199,134.24 

$  58,824.13 

145,224.79 

32,291.70 

318,808.63 

47,368.51 

19,910.77 

3,902.33 

$626,330.S6. 

$1,881,273.56 

$10,233,183.06 

$10,279,700.80 
8.758.00 

$101,412.26 

$  19.999.47 
597,832.22 
479,830.19 
460,729.49 
441,043.87 
133,352.07 
274,693.99 

$10,288,458,80 

$    361,333.01 
2,987,442.71 
835,672.89 
1,245,407.18 
816,326.53 
315,368.36 
497,531.23 

$2,407,481.30 
$4,388,511.55 

$7,059,082.51 
$27,580,724.37 

Maryland  Steel  Co.,  Sparrows  Point,  Md. ;  the 
Featherstone  Foundry  &  Machine  Co.,  New 
York  City;  the  Atlantic,  Gulf  &  Pacific 
Co.,  New  York;  the  Bucyrus  Co.,  South  Mil- 
waukee, Wis. ;  the  Ellicott  Machine  Co.,  Balti- 
more, Md.,  and  Wm.  Simons  &  Co.,  Ltd.,  Ren- 
frew, Scotland.  These  same  concerns  had  con- 
tracts for  barges  and  other  floating  equipment, 
and  tugs,  barges  and  service  boats  were  pur- 
chased in  the  United  States  from  various 
shipping  concerns.     The  rock  breaker  used  on 


ket  and  was  of  various  other  well  known 
brands.  The  great  bulk  of  the  concrete  work 
was  concentrated  at  the  locks  and  here  per- 
manent mixing  and  handling  plants  were 
installed.  The  unloading  and  lock  cableways  at 
Gatun  were  furnished  by  the  Lidgerwood 
Manufacturing  Co.,  New  York.  The  con- 
crete handling  cranes  at  Pedro  Miguel  and 
Miraflores  were  built  bv  the  Wellman-Seaver- 
Morgan  Co.,  of  Cleveland,  O.  The  Atlas  Car 
&  Foundry  Co.,  Cleveland,  furnished  the  elec- 


tric railway  for  handling  concrete  materials  at 
Gatun.  All  permanent  mixing  plants  were 
equipped  with  cube  mixers  furnished  by  the 
Municipal  Engineering  &  Contracting  Co.. 
Chicago.  This  company  also  furnished  port- 
able mixers  for  miscellaneous  work  and  others 
were  furnished  by  the  Ransome  Concrete 
Machinery  Co.  of  Dunellen,  N.  J.  Steel  forms 
for  the  lock  work  were  furnished  by  the  Balti- 
more Bridge  Co.,  Baltimore,  Md.,  and  the 
Blaw  Steel  Construction  Co.,  Pittsburgh,  Pa. 
The  rock  crushing  plants  v,fere  furnished  by 
Allis-Chalmers  Mfg.  Co.,  Chicago,  and  the 
Power  &  Mining  Machinery  Co.,   New  York 

Lock  Machinery. — The  lock  gates  and  the 
machinery  for  operating  the  locks  was  erected 
by  the  several  contractors  named  in  the  suc- 
ceeding section  and  these  firms  used  their 
own  construction  plant.  Practically  all  han- 
dling of  gate  parts  and  operating  machinery 
units  was  done  with  locomotive  cranes,  fur- 
nished by  the  Industrial  Iron  Works  of  Bay 
City,  Mich.,  and  these  cranes  were  also  used 
extensively  in  other  sections  of  the  canal  work. 

General  Plant. — Besides  special  plant  fur- 
nished for  specific  work  there  were  large 
amounts  of  general  plant  and  supplies.  A 
schedule  of  those  from  whom  such  plant  and 
supplies  were  bought  would  make  a  fairly 
complete  list  of  American  manufacturers  of 
contractors'  machinery  and  construction  ma- 
terials. Among  the  prominent  firms  were : 
American  Steel  &  Wire  Co.,  Chicago ;  Union 
Oil  Co.,  San  Francisco ;  Western  Wheel 
Scraper  Co.,  Aurora,  111. ;  Pennsylvania  Steel 
Co.,  Steelton,  Pa. ;  American  Car  &  Foundry 
Co.,  New  York;  Railway  Spring  &  Wheel  Co.. 
New  York ;  A.  S.  Cameron  Steam  Pump 
Works,  New  York ;  Otis  Elevator  Co.,  New 
York ;  B.  F.  Sturtevant  Co.,  Boston ;  D'Olier 
Engine  &  Construction  Co.,  Philadelphia ;  The 
Blake  &  Noel  Co.,  New  York;  Alberger 
Pump  &  Condenser  Co.,  New  York;  Builders' 
Iron  Foundry,  Providence,  R.  I. ;  Deane  Steam 
Pump  Co.,  Holyoke,  Mass. ;  Maine  Electric 
Co.,  Portland,  Me.;  Bethlehem  Steel  Co.. 
Bethlehem,  Pa.;  H.  R.  Worthington  Co.,  New 
York ;  American  Biridge  Co.,  New  York ; 
Buffalo  Forge  Co.,  Buffalo,  N.  Y. ;  American 
Bitumastic  Enamel  Co.,  New  York ;  Piatt 
Iron  Works,  Dayton,  O. ;  W.  N.  Best  &  Co., 
New  York ;  Yale  &  Towne,  New  York ; 
Blackall  &  Baldwin  Co.,  New  York;  Chicago 
Railway  Construction  &  Supply  Co.,  Chicago; 
American  Hoist  Sz  Derrick  Co.,  St.  Paul. 
Minn.;  Terry  &  Tench,  New  York;  Swedish- 
American  Electric  Co.,  Chicago ;  Jones  & 
Laughlin,  Pittsburgh,  Pa. ;  Carnegie  Steel  Co., 
Pittsburgh,  Pa. ;  Cleveland  Crane  &  Engine 
Co.,  Cleveland ;  Buckeye  Engine  Co.,  Salem. 
O. ;  Kittoe  Boiler  &  Tank  Co.,  Canton,  O. ; 
Chisholm  &  Moore  Mfg.  Co..  Cleveland,  O. ; 
John  A.  Roebling's  Sons  Co.,  Trenton,  N.  J. ; 
Havward  Co.,  New  York ;  W.  &  L.  E.  Gurlev. 
Troy,  N.  Y. ;  Clip  Bar  Mfg.  Co.,  Philadelphia. 
Pa. ;  Broderick  &  Bascom  Rope  Co.,  St.  Louis. 
Mo.;  Concrete  Steel  Co.,  New  York;  Russell 
Grader  Co.,  Paragon  Mfg.  Co. 
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On    Securing    Expert    Advice   in    Con- 
nection   with    Water    Supply- 
Projects. 

In  a  recent  editorial  on  "Excessive  Self- 
Confidence"  we  named  as  one  of  the  evidences 
■  f  the  existence  of  too  great  self-assurance 
u  the  part  of  engineers  the  comparatively 
vlight  demand  for  the  services  of  consulting 
engineers.  Particular  mention  was  made  of 
the  small  demand  now  existing  for  the  serv- 
ices of  consulting  railway,  highway  and  bridge 
engineers.  In  looking  over  the  professional 
rards  of  engineers,  as  published  in  engineer- 
ing journals,  one  is  impressed  by  the  large 
percentage  of  engineers  making  use  of  such 
ards  who  are  specializing  in  water  supply 
and  associated  branches  of  engineering.  From 
this  one  might  gather  the  impression  that  all 
is  as  it  should  be  in  connection  with  the  se- 
curing of  expert  advice  with  reference  to 
water  supplv  projects.  How  much  that  im- 
uression  is  in  error  may  be  gathered  from  the 
ir.llowing  quotation  from  a  letter  which  we 
received  from  a  prominent  consulting  engi- 
neer on  water  supply  projects  in  which  he  ex- 
pressed his  interest  in  and  approval  of  the  edi- 
torial to  which  we  have  referred.  The  quo- 
tation  follows : 

As  confirmatory  of  the  position  wliicJi  you 
have  taken,  I  might  say  'that  a  very  consider- 
able portion  of  the  work  which  comes  into  a 
consulting  engineer's  ofliee— not  only  my  ow,n. 
hut  others  with  whom  I  am  acquainted— is 
work  which  some  too  self-confident  engineer  or 
;idministiator  has  undertaken  to  do  and  got 
into  trouble  over.  It  goes  without  saying  that 
it  would  have  been  easier  in  the  first  instance 
to  have  undertaken  such  matters  than  to 
straighten  them  out  after  they  have  been 
botched. 

Another  large  proportion  of  the  work  which 
fomes  into  a  consulting  engineer's  office  comes 
with  the  assurance  that  the  administrator  or 
engineer  who  commits  it  to  our  care  has  been 
through  similar  experience  in  the  past,  and 
does  not  propose  to  make  the  same  mistake 
again. 

A  very  small  proportion  of  our  work  comes  to 
IIS  absolutely  new  and  untouched  by  .some  such 
preliminary  process,  in  which  overconfidence 
has   played   too  large  a  part. 

While  this  engineer  engages  in  many  other 
lines  than  water  supply  engineering  the  fact 
that  he  does  much  work  of  this  class  war- 
rants us  in  concluding,  especially  in  the  light 
cif  the  final  paragraph  above  quoted,  that 
manv  of  his  water  supply  studies  are  under- 
lakeii  after  the  home  talent  has  unsucccsslully 
tried  to  handle  them.  We  desire,  in  the  pres- 
ent editorial,  to  call  further  attention  to  some 
of  the  aspects  of  specialist  engineering  ad- 
vice in  connection  with  water  supply  under- 
takings of  every  magnitude  in  cities  of  all 
sizes.  .  , 

In  this  issue  we  publish  an  article  on  sotnc 
nf  the  aspects  of  water  supply  engineering  in 
cities  of  from  300  to  3,000  population.  We 
have  previouslv  stated  in  these  columns  tnat 
a  high  grade  of  engineering  talent  ts  essential 
to  the  proper  working  out  of  tlie  water  sup- 
ply problem  of  cities  of  this  si?o.  This  is  es- 
pcciallv  true  since  only  a  small,  hxed  sum  ot 
monev  is  available  in  a  town  of  this  size  tor 
use    in    securing   a    satisfactory    water   works 

system.  .  .     ,  .      ,,:,i„ 

As  Mr.  Macartney  points  out  in  his  article 
the  officials  of  these  small  towns  seldom  re- 
alize the  importance  of  securing  competent 
advice  before  beginning  the  construction  ot  a 
water  supply  system.    The  first  c.^=t  r,f  secur- 


ing expert  advice  too  frequently  is  considered 
prohibitive.  This  cost  is  near  at  hand  and 
definite  while  the  profit  to  a  community  re- 
sulting from  this  initial  expenditure  is  com- 
paratively far  off  and  of  indefinite  amount. 
These  considerations  often  prompt  city  offi- 
cials to  entrust  the  working  out  of  the  plan 
for  the  development  of  a  water  supply  to  some 
incompetent  person  who  puts  a  low  money 
value  on  his  services. 

.•\nother  view  of  the  matter  is  presented 
by  Mr.  McCartney  when  he  calls  attention 
to  the  fact  that  there  .  re  many  instances 
where  poor  advice  and  poor  plans  have  emi- 
nated  from  supposedly  competent  engineers. 
In  proportion  as  this  condition  becomes  under- 
stood in  cities  in  the  vicinity  of  one  which 
has  been  unfortunate  in  this  particular,  the 
chances  of  competent  consultants  securing 
profitable  engagements  in  those  cities  is 
lessened.  Some  idea  of  the  extent  of  this 
form  of  incompetency  in  the  state  of  Wash- 
ington mav  be  inferred  from  Mr.  Macartney's 
statement  that  to  his  certain  knowledge  10  out 
of  60  alleged  water  works  experts  in  the  city 
of  Spokane  a  year  ago  never  had  made  a 
water  works  installation. 

Mr.  Macartney  also  calls  attention  to  the 
opposition  bv  engineers  in  private  practice 
to  the  tendency  of  professors  of  engineering 
in  state  educational  institutions  to  give  ex- 
pert advice  on  water  supply  matter?  to  cities 
in  the  state,  .^t  the  same  time  attention  is 
called  to  the  tendency  on  the  part  of  city 
officials  to  place  full  confidence  in  the  pro- 
fessional attainments  and  integrity  of  pro- 
lessors  on  account  of  the  latter's  association 
with  state  institutions.  The  engineering  done 
bv  experts  employed  by  supply  houses  is  also 
mentioned  and  the  too  often  biased  nature 
of  this  tvpe  of  advice  is  deorecated. 

.^s  corrective  measures  for  the  condition 
mentioned  Mr.  Macartney  suggests  either  the 
licensing  of  engineers  or  the  state  approval  of 
plans.  The  former  is  state  approval  of  the 
engineer,  the  latter  is  state  approval  of  his 
work,  a  vastly  more  desirable  thing  as  we 
have  manv  times  pointed  out. 

In  a  journal  of  this  character  advice  to  the 
layman  is  of  little  value  since  it  hits  the 
mark  only  by  accident.  The  foregoing  ob- 
servations on  the  practice  of  water  supply  en- 
gineering, insofar  as  they  relate  to  the  em- 
ployment of  consultants,  however,  prompts  us 
to  again  call  certain  matters  to  the  attention 
(if  the  better  class  of  consulting  engineers,  the 
engineering  professor  and  the  water  works 
superintendent,  all  of  whom  are  well  repre- 
sented among  the  regular  readers  of  this  jour- 
nal. ,  .  . 

We  believe  that  consulting  cngiiiocrs  for 
water  supply  will  do  well  to  work  for  the  es- 
tablishment of  state  control  of  water  supply 
engineering  where  the  practice  of  the  pro- 
fession lias  not  as  yet  attained  that  stage  of 
development.  In  this  way  only  can  the  inter- 
ests of  coninninities  be  safeguarded,  in  gen- 
eral from  the  blunders  of  the  incompetent  and 
the  m.nchinations  of  the  biased  and  unscrupii- 
l.jiis  practitioners.  This,  of  course,  applies  pri- 
marily to  comnninitics  which  arc  too  small  to 
employ  regularly  a  competent  water  works 
man  cither  to  install  and  operate  an  entirely 
new  system  or  lo  extend  and  operate  .m  old 

system.  ,  .        . 

The  professor  of  water  supply  engineering 
is  urged  to  limit  his  consulting  practice  in 
that  field  to  such  engagements  as  he  may  con- 
sider necessary  to  keep  himself  i  .  touch  with 
actual  practice  to  the  end  that  he  may  attain 
the  highest  efficiency  as  a  teacher.  An  excep- 
tion  to    this   limitation   of   professional    work 
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will,  of  course,  obtain  where  an  institution, 
like  the  University  of  Wisconsin  for  example, 
gives  advice  to  cities  on  water  supply  mat- 
ters as  a  part  of  the  university  extension  work. 
This  work  as  carried  on  at  the  institution 
named  is  co-operative  rather  than  competitive 
with  the  engineer  in  private  practice. 

Water  works  superintendents  and  engineers 
regularly  employed  by  water  departments  and 
water  companies  are  strongly  advised  to  seek 
expert  advice  when  important  changes  in  or 
extensions  to  the  system  with  which  they  are 
connected  are  planned.  That  this  action  is  fre- 
quently taken  we  are  well  aware,  but  we  feel 
that  it  should  be  taken  in  practically  all  cases. 
Many  superintendents  and  department  engi- 
neers are  fully  competent  to  plan  any  required 
improvement  in  the  systems  under  their 
charge,  but  experience  indicates  the  wisdom 
of  having  the  plans  approved  by  an  expert 
before  it  is  adopted  to  govern  the  actual  con- 
struction, especially  if  it  involves  features 
outside  the  experience  of  the  department. 
This  applies  with  equal  force  to  additional 
water  supply  undertakings  of  every  magni- 
tude. The  wisdom  of  calling  in  expert  ad- 
vice on  large  projects  was  brought  forcefully 
to  the  writer's  attention  a  short  time  ago  in 
examining  the  report  of  a  board  of  consult- 
ing engineers  on  a  project  which  will  cost, 
finally,  close  to  $15,000,000.  On  examining  the 
plans  prepared  by  the  city's  engineering  de- 
partment the  consulting  engineer  found  it  ad- 
visable to  make  such  a  fundamental  change 
as  to  recommend  a  gravity  instead  of  a  pres- 
.sure  conduit.  The  consulting  engineers  on 
this  project  also  estimate  that  a  sum  of  $500,- 
000  or  more  may  easily  be  wasted  by  failure 
to  apnreciate  the  elements  in  which  economies 
may  be  practiced  in  working  out  the  final  de- 
tailed designs  and  recommended  that  an  ex- 
pert be  placed  in  responsible  charge  of  the 
final  adjustments  in  the  design. 

Wc  have  occasion  to  read  manv  reports  of 
consulting  engineers  who  are  called  in  to  pass 
upon  previously  prepared  plans.  Our  obser- 
vation has  been  that  such  reports  almost  in- 
variably give  full  credit  to  the  original  de- 
signer for  all  meritorious  work  done  by  him. 
Coming  from  such  an  authoritative  source 
such  credit  so  increases  tlie  confidence  of  the 
home  folks  in  their  regular  employe  that  they 
do  not  think  the  less  of  him  for  having  asked 
that  an  expert  be  engaged  to  pass  upon  the 
merit  of  his  work,  even  though  certain 
changes  may  have  tactfully  been   =nqcrcsted. 

Bridge    Erection,   with   Comments   on 

Methods  to  Be  Used  in  Erecting 

the  New  Quebec  Bridge. 

Although  there  has  been  considerable  im- 
provement in  recent  years  in  the  methods 
used  in  bridge  erection,  this  part  of  the  work 
still  offers  opportunities  for  reductions  in  the 
total  costs  of  bridges.  .\s  conditions  vary 
widely  it  is  necessary  to  determine  carefully 
the  type  of  equipment  best  suited  to  the  erec- 
tion of  each  structure.  Engineers  are  being 
brought  to  an  appreciation  of  the  fact  that 
the  erection  features  should  be  considered 
by  them  along  with  the  design  and  fabrica- 
tion problems.  Often  the  type  of  design  de- 
fends almost  entirely  on  the  method  which 
must  be  used  for  erecting  the  structure.  For 
the  exceptional  bridge  the  erection  problems 
are  generally  given  careful  study,  but  for 
most  bridges  they  are  given  little  considera- 
tion until  after  the  bridge  is  fabricated. 

In  many  cases  the  erection  of  the  bridge  is 
the  work  of  a  man  who  has  had  nothing  to 


68 


Engineering   and    Contracting 


\'ol.  XLI.     No.  2. 


do  with  the  design,  and  who  is  not  employed 
until  after  the  bridge  is  practically  ready  to 
be  erected.  This  man  then  must  erect  the 
structure  with  the  apparatus  which  he  has 
available,  and  as  time  is  an  essential  element, 
he  has  little  opportunity  to  make  a  careful 
study  of  the  best  methods  to  employ.  There 
is  little  wonder  that  the  erection  often  proves 
costly  and  result?  in  delays.  If  the  designer 
is  consulted  as  to  the  methods  to  be  used  in 
the  erection  he  often  may  be  able  to  change 
some  minor  details  which  will  greatly  facili- 
tate the  erection  of  the  structure  and  at  the 
same  time  not  increase  its  cost.  It  has  been 
said  that  inferior  erection  methods  mainly 
were  responsible  for  the  collapse  of  the  old 
Quebec  Bridge.  Although  the  dead-load 
stresses  were  underestimated  and  the  type  of 
chord  sections  selected  was  open  to  criticism, 
the  structure  probably  would  have  served  its 
purpose  if  it  had  not  fallen  licfore  it  was  com- 
pletely erected. 

In  our  issue  of  Jan.  7,  11114,  we  have  re- 
corded some  of  the  erection  features  of  the 
mew  Quebec  Bridge.  By  examining  the  design 
and  by  talking  with  the  engineer  in  charge  of 
construction  we  were  brought  to  realize  that 
the  erection  of  this  bridge  was  considered  the 
most  important  problem — even  its  design  being 
of  secondary  importance.  In  designing  this 
bridge  the  engineers  constantly  have  had  in 
mind  a  structure  which  readily  could  be 
erected  and  one  which  would  not  develop  large 
secondary  stresses  during  erection.  It  is  not 
unconmion  to  make  models  of  large  structures. 
but  in  this  case  the  engineers  have  caused  to  be 
made  a  large  model,  not  only  of  the  anchor 
and  cantilever  portions  of  the  bridge,  but 
of  the  erection  traveler  as  well.  In  this  man- 
ner many  erection  problems  have  been  solved 
long  in  advance  of  the  completion  of  the  de- 
sign. 

The  approach  spans  and  anchor  arms  are  to 
be  erected  on  falsework,  for  which  concrete 
pitrs  have  been  constructed.  As  the  bridge 
has  a  clearance  of  150  ft.  above  high  water, 
and  as  the  water  is  very  deep  (about  190  ft.), 
it  was  impossible  to  use  falsework  for  the 
main  channel  span.  For  erecting  the  anchor 
and  cantilever  arms  two  large  and  elaborate 
erection  travelers  are  to  be  built.  The  cranes 
and  hoists  for  these  travelers  are  to  be  op- 
erated electrically,  as  is  also  the  movement  of 
the  traveler.  Most  of  the  operations  are 
cimtrolled  from  a  central  switchboard  located 
on  the  traveler.  The  suspended  span  is  to 
be  erected  on  barges,  using  one  of  the 
travelers,  and  floated  into  position.  The  care 
with  which  tlie  erection  problems  have 
been  worked  out  by  the  engineers  of  the 
St.  Lawrence  Bridge  Co.  should  act  as 
an  incentive  to  engineers  in  this  country  to 
give  increased  attention  to  methods  of  bridge 
erection. 


Credit   for    Conceiving   the    Plan    of   a 

Dam  at  Gatun  for  a  Panama 

Canal. 

Subsequent  events  have  proved  that  it  was 
the  part  of  wisdom  to  have  chosen  a  lock 
canal  instead  of  a  sea  level  canal  at  Panama. 
Of  the  lock  canal  plans  suggested  for  Pan- 
ama the  one  chosen  providing  for  a  summit 
level  from  Gatun  to  Pedro  Miguel,  a  distance 
of  .34  miles,  was  by  all  odds  the  most  meri- 
torious. Credit  for  the  conception  and  adop- 
tion of  this  plan  is  divided  and  engineers  will 
therefore  read  with  interest  the  following 
testimony  from  Mr.  I  sham  Randolph,  one  of 
the  members  of  the  International  Board  of 
Consulting  Engineers  wlui  in  19<l(i  reported 
in  favor  of  a  lock  canal  and  who  presented 
the  lock  canal  plan  which  has  virtually  been 
followed  in  building  the  waterway  now  ap- 
proaching completion : 

.Sirs:  1  have  Just  read  with  grreat  interest 
your  editorial  in  the  issue  of  Jan.  7  and  nat- 
urally feel  gratified  by  the  credit  extended  lit 
the  minority  members  of  the  International 
Board  of  Con.sultins  Kngineers.  What  I  am 
.ibout  to  say  is  free  of  any  Intention  to  inlnl- 
ml7.e  the  credit  due  to  .John  F.  Stevens  for  his 


irreat  work  in  paving  the  way  for  the  accom- 
plishments afterwards  brought  about  by  the 
United  States  Engineer  Corps.  No  one  who 
knows  the  facts  would  ever  minimize  the  credit 
which  is  due  to  him  but  I  think  you  are  mis- 
taken in  attributing  primary  credit  to  him  for 
the  Gatun  Lake   feature  of  the  Panama  Canal. 

You  must  go  further  back  than  that.  In  the 
.report  of  the  Board  of  Consulting  Engineers  of 
the  Panama  Canal  for  190C,  on  page  279,  Appen- 
dix No.  1,  you  will  find  the  discussion  of  the 
Gatun  dam  by  C.  D.  Ward,  member  American 
Society  of  Civil  Engineers,  which  is  a  reprint 
from  his  i)aper  on  this  subject  which  appears 
in  the  transactions  of  the  American  Society  of 
Civil  Engineers,  Vol.  53,  page  37,  1904,  and  from 
the  references  I  conclude  that  Mr.  Ashbel 
Welch,  past  president  of  this  society,  discussed 
it  as  far  back  as  ISSO,  as  the  reference  is  to 
\'ol.  9.  jiage  14S.  In  our  deliberations,  my  rec- 
ollection is  that  Mr.  Frederick  P.  Stearns  first 
brought  forward  the  idea  presented  in  Mr. 
Ward's  paper  and  advocated  it  with  such  zeal 
that  we  of  the  minority  were  converted  to  his 
way  of  thinking. 

There  is  one  other  statement  in  your  edi- 
itoral  which  is  jiot  in  accord  with  the  facts  as 
1  understand  them.  Speaking  from  memory 
without  reviewing  our  report  in  any  way,  the 
lock  foundations  between  Sosa  and  Ancon  were 
found  to  be  satisfactory  and  the  dam  across 
the  Rio  Grande  was  subject  to  less  criticism 
than  the  dam  across  the  Chagres.  at  Gatun. 
My  understanding  has  been  that  the  locations 
which  were  selected  for  the  locks  were  rightly 
legarded  as  unfit  by  the  army  engineers  on  ac- 
count of  exposure  to  gun  fire  from  any  hostile 
fleet:  and  to  overcome  this,  the  locks  were 
moved  back  to  Miraflores  and  the  large  lake  on 
the    Pacific    side    abandoned. 

As  to  the  matter  of  slides,  although  we  dipped 
into  the  hillside  "as  far  as  human  eye  could 
see,"  the  results  have  pro\*en  that  the  power 
of  the  human  eye  in  such  cases  is  woefully  de- 
fective. 

The  historical  and  engineering  data  presented 
in  this  number  are  of  very  great  value  and  will 
be  appreciated  as  much  by  those  who  are  anx- 
ious to  know  the  facts  in  regard  to  the  Panama 
.^anal    as    by    the    professional    public. 

Mr.  Randolph  as  a  member  of  the  Inter- 
national Board  of  Consulting  Engineers  ap- 
pointed to  recommend  the  type  of  canal  to  be 
constructed  at  Panama  speaks  with  authority 
of  the  considerations  which  influenced  that 
board  in  making  its  decisions.  With  only  the 
bare  printed  record  to  guide  one  it  is  diffi- 
cult always  to  apportion  credit  fairly  to  those 
who  deserve  credit  for  notable  performance. 
We  should  perhaps  more  properly  have  cred- 
ited Mr.  Stevens  largely  and  not  primarily 
with  having  aided  in  the  notable  decision  of 
the  minority  tnembers  of  the  International 
Board  to  recommend  a  dam  at  Gatun  and  a 
great  artificial  lake  waterway  from  Gatun 
to  Bas  Obispo.  Gatun  lake  and  dam  were 
not,  as  our  article  states  and  as  Mr.  Ran- 
dolph's letter  reminds  us,  first  conceived  by 
Mr.  Stevens.  This  credit  probably  belongs  to 
a  Frenchman.  Godin  de  Lepinay,  one  of  De 
Lesscp's  "ifiternational  cominission"  of  1870, 
and  Mr,  Welsh  in  1880  and  Mr.  Ward  in 
1004  recreated  the  thought,  (iatuti  lake  and 
dam  were  merely  a  conception  until  Mr. 
Stevens  tnade  the  preliininary  studies  at  Gatun 
which  convinced  him  and  the  ciunmission.  of 
which  he  was  chief  engineer,  not  merely  that 
in  these  structures  there  was  a  notable  idea 
but  that  these  structures  were  engineering 
and  ccmstructional  practicabilities.  In  his  l)ook. 
the  "Panama  Gateway,"  Mr.  Joseph  B. 
Bishop,  secretary  Isthmian  Canal  Commission, 
says : 

Mr.  Stevens,  who  succeeded  him  (Mr.  John 
F.  Wallace — Eds.)  in  July,  190S.  was  impressed 
on  his  first  careful  study  of  the  field  by  the 
superior  advantages  of  the  Gatun  site,  and  had 
such  additional  borings  made  as  convinced  him 
of  its  suitableness.  He  recommended  It  ear- 
nestly both  to  the  canal  commission  atul  to  the 
International  Board  of  Consulting  Engineers 
when  that  body  visited  the  isthmus  in  1905. 
Its  adoption  by  the  minority  members  of  that 
board    In    the    plan    of   the    canal   recommended 


by    them   and    approved    subsequently    by    Con- 
gress was  due  largely  to  his  advocacy. 

Obviously  Mr.  Randolph's  testimony  of  the 
deliberations  of  the  International  Board 
should  be  of  greater  authority  than  this  quo- 
tation ;  he  generously  gives  chief  credit  to 
Mr.  F.  P.  Stearns  for  converting  the  minority 
members  to  the  Gatun  lake  and  dam  plan. 

Mr.  Randolph's  statements  that  the  Sosa 
locks  site  was  abandoned  for  a  site  farther 
inland  at  Miraflores  for  military  reasons 
chiefly,  is,  we  imagine,  more  nearly  the  real 
reason  for  the  change,  than  were  unstable 
foundations  at  Sosa,  but  ostensibly  the  change 
of  location  was  made  because  of  unreliable 
foundations.  In  his  report  for  1908,  Col. 
Goethals   says : 

The  project  proposed  by  the  minority  mem- 
bers of  the  board  of  consulting  engineers  for 
the  lock  type  of  canal  provided  for  a  flight  of 
three  locks  at  Gatun,  a  flight  of  two  locks  at 
La  Boca,  and  one  at  Pedro  Miguel.  The  locks  at 
La  Boca  were  placed  on  the  west  side  of  Sosa 
Hill,  and  were  to  overcome  the  difference  of 
the  level  between  the  ocean  and  a  lake  formed 
by  the  Sosa-Corozal  and  the  Sosa-San  Juan 
dams.  Steps  were  taken  to  construct  the  for- 
mer of  these  dams  in  accordance  witli  the  pro- 
posed plan,  and  trestles  were  built  along  the 
toes  from  which  to  dump  material  from  Cu- 
lebra  cut.  The  trestles  failed  after  the  dump- 
ing from  them  began,  and  the  material  over- 
lying the  rock  moved  laterally,  carrying  the 
superimposed  mass  with  it.  In  places  this  lat- 
eral motion  continued  for  two  weeks  after 
dumping  had  stopped.  The  gi-ound  on  either 
side  of,  and  for  some  distance  from,  the  dump 
was  forced  up,  forming  mounds  of  mud,  the 
crests  of  which  gradually  approached  the  level 
of  the  dump  proper.  After  an  eriuilibrium  was 
established  between  the  dump  and  the  adja- 
cent mounds  the  hump  or  wave  would  again 
move  out  when  the  track  was  shifted  toward 
it,  accompanied  by  a  sudden  vertical  settling 
of  the  track  of  6  to  10  ft.  when  loaded  trains 
were  applied.  Dumping  from  trestles  of  less 
height    secured    no    better    results. 

When  the  difliculty  developed,  investigations 
by  borings  and  test  pits  were  made  to  deter- 
mine the  character  of  material  overlying  the 
rock.  It  was  found  to  be,  for  the  greater  part, 
an  unctuous  blue  clay  without  grit,  possessing 
very  little  supporting  power,  instead  of  a  stiff 
clay,  as  indicated  on  the  profiles.  The  depth 
of  rock  below  the  surface  varied  from  10  to  70 
ft,,  and  in  order  to  build  the  dams  more  money 
and  time  would  be  required  than  had  been  esti- 
mated. 

When  this  became  evident.  ,i  careful  exami- 
nation of  the  canal  route  from  Pedro  Miguel 
to  the  Pacific  was  undertaken,  by  wash  and 
diamond  drill  borings  and  test  pits,  to  ascer- 
tain if  a  more  suitable  place  for  the  locks  and 
dams  could  be  found.  In  making  these  exami- 
nations care  was  taken  to  secm-e  samples  of  the 
materials  to  be  encountered  at  the  various 
depths,  as  well  as  cores  of  the  rock  for  depths 
of  25  ft.  below  the  foundation  level  of  the  lock 
walls. 

A  study  of  the  data  thus  obtained  led  to  the 
conclusion  that  one  lock  at  I'edro  Miguel  and 
two  at  Miraflores  offered  the  most  economical 
and  desirable  solution.  The  advantages  of  this 
plan  over  the  then  existing  project  were  that 
dams  of  lower  height,  less  length,  and  resting 
on  rock  comparatively  near  the  surface  could 
be  more  easily  constructed  and  could  be  com- 
pleted at  an  earlier  date;  and  Hnally  that  the 
locks  in  this  location  would  be  i)rotected  against 
all  possibility  of  distant  biunbardment  and 
would  be  less  exposed  to  gunboat  or  torpedo 
boat  attack.  As  a  consequence,  the  commis- 
sion recommended  a  change  in  the  project, 
which  received  the  approval  of  the  President  on 
December  19,   1907. 

Few  engineers,  we  imagine,  who  have  read 
the  evidence  in  detail  will  be  inclined  to  at- 
tach any  considerable  blame  to  the  engineers 
who  aided  in  planning  the  Panama  Canal  for 
not  foreseeing  the  slides  at  Culebra.  It  is 
very  doubtful  whether  they  could  have  been 
foretold  by  any  character  of  investigation 
less  inclusive  than  actual  excavation  of  the 
cut. 
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Data  and  Cost  of  Driving  Piling  for  a 
Five-Story  Bank  and  Office  Build- 
ing at  Chickasha,  Okla. 

Contributed  by  F.  O.  Kirby.  .Supei  iritendent, 
Columbia,  Mo. 

In  excavating  for  a  foundation  for  the 
boiler-room  of  a  live-story  office  building  at 
Chickasha,  Okla.,  soil  conditions  were  such 
that  it  became  advisable  to  sink  a  lest  pit 
for  investigation.  The  building  is  five  stories 
in  height  and  1U0.\1U<J  ft.  in  plan.  It  is  ar- 
ranged for  a  bank  and  stores  on  the  first 
lloor.  and  for  offices  from  the  second  to  the 
fifth  floors.  All  columns  and  floors  are  of 
reinforced  concrete,  the  Kahn  system.  "Flore- 
tile"  being  used  for  the  floors. 

Only  that  part  of  the  basement  which  is  to 
be  used  for  the  storage  of  coal  and  for  the 
boiler-room  and  the  storage  vault  was  exca- 
vated, and  the  footings  were  carried  to  such 
a  depth  that  they  were  in  or  were  near  soil 
containing  quicksand.  The  excavated  portion 
is  shown  by  the  part  plan.  Fig.  1.  .\il  other 
footings  were  carried  to  a  depth  of  about 
5  ft.  below  the  floor  line.  Figure  1  also  shows 
the  location  of  the  164  piles  for  the  footings. 
The  average  allowable  load  per  pile,  .given 
for  each  footing,  was  computed  from  the 
2  WH 

formula,     P^ ;     where     F  =  allowable 

s+l 
load,    in    tons;    ff'  =  weight    of    hauuner,    in 
tons^^O.li;  //=fall  of  hammer,  in  feet;  and 


and  the  street  was  built  up,  the  ground  was 
filled  in.  In  general  the  soil  on  top  of  the 
ground  to  a  depth  of  about  10  ft.  is  a  red 
.sand  clay,  with  strata  of  gumbo  and  hard- 
pan  every  few  feet.  Below  a  depth  of  11'  ft. 
the  sand  in  the  soil  increases.  The  high- 
water  mark,  during  the  wet  season  is  about 
G  ft.  below  the  street  level,  and  the  low  point, 
as  shown  in  Fig.  2,  is  about  17  ft.  (J  ins.  be- 
low this  level.  The  work  was  done  in  the 
fail  of  1912,  a  very  dry  season,  and  the  water 
was  at  a  fair  average  of  the  low-water  level. 
Below  this  level  for  about  13  ft.  0  ins.  was 
muck  and  quicksand ;  the  next  2  ft.  showed 
muck,  with  lumps  of  hard-pan  ;  and  the  fol- 
lowing 7  ft.  graded  into  hard-pan.  .\l  this 
point.  40  ft.  l)elo'w  the  street  level,  the  pipe 
went  into  a  pocket  of  quicksand  for  about  I" 
ft.  At  a  depth  of  oO  ft.  it  changed  from 
quicksand  to  a  fine  sand,  which  became  coarser 
farther  down.  We  did  not  drill  through  the 
rock  to  get  its  thickness.  The  same  strata 
were  found  in  each  of  the  other  two  test  pits. 
The  first  test  pit  was  taken  in  the  center  of 
the  basement,  and  the  other  two  were  taken 
at  each  side  of  it  (see  Fig.  1). 

TEST    PITS. 

Pits  Nos.  2  and  3  were  made  by  a  post 
auger,  using  pipe  to  lengthen  the  handle.  For 
pit  No.  1  we  started  by  driving  a  galvanized 
iron  pipe  in  sections  by  leverage.  .\t  a  depth 
of  25  ft.  this  pipe  closed  up  so  that  we  could 
not  get  a  3-in.  auger  through  it  nor  could 
we  use  a  sand  bucket  to  clean  out  the  pipe. 
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Fig.    1. 


Plan  of  Excavated  Portion  of  Building    at    Chickasha,    Okla.      Showing        Location 
of    Pile    Footings    and   Test   Pits. 


i  =  penetration    imder    last   blow,    in    inches. 

GE.NER.VL    SOIL   CONDITIONS. 

At  one  time  there  was  a  slough  where  this 
building  now   stands ;   and   as  the  town  grew 


We  then  rigged  up  a  driver  by  using  a  .set 
of  leads  with  a  railroad  tic  for  a  hammer. 
Laborers  were  employed  to  lift  and  drop  the 
hammer,   to   drive   a    1-in.   pipe   in    10-ft.   sec- 


tions, and  to  take  out  the  soil  with  an  auger 
and  sand  bucket. 

The   cost   of   the   three   test   pits   shown   in 


Street  Grade  ' 


_      Cxcdvqted-  -^        ,  une  of  Finished  Base^ 


jumoqLumpsofHorapon 
Hordpan 


■^ding  lover  u 


^Coarse  Grg. 


" — — mrm-pocH  r  ^ 

Fig.   2.      Depth   of   Test    Pits   and    Character 
of   Sub-Soil. 


Fig.  2,  including  materials,  is  given  in  Table 
I.  This  cost  is  based  on  1!>12  prices  for  ma- 
terials, the  local  union  scale  of  \o  cts.  an  hour 
for  carpenters.  20  to  25  cts.  for  laborers,  and 
02%  cts.  for  the  foreman.  The  lumber  in  the 
derrick  is  not  included  in  the  cost,  as  it  was 
used  in  the  building. 

TABIJ:    I.    —    COST    OP    LABOR    AND  MA- 
TERIALS FOR  THRKE  TEST  PITS 
SHOWN  IN  FIG.  2. 

Item.  Cost. 

Driving  test  holes  and  removing  wrought 

iron  pipe,   labor  only %  34.43 

Carpenters,    biiildlng   derrick 7.20 

Carpenter.    rlSKlng    3. GO 

Fost  auKer    2.00 

15  ft.  of  1-in.  black   pipe 1.05 

15  ft.  of  1-ln.  No.  :':;  well  casing 2.70 

1  sand    bucket    4.75 

12  ft.  of   l-lii.  black  pipe 0.7S 

•J"  ft.  of  y-ln.  )ralvanlzed   Iron  casing 6.75 

2V--ln.    sjind    bucket 3.75 

02  ft.  of  .m-in.  black  pipe 28.52 

2  couplinss    0.80 

2  caps    0.90 

1  B.  coupllnn •. 0.40 

4   cuts  and  Ihreuding 1.00 

l.-.H  ft.  of  >i-ln.  black  pipe 0.78 

2  •''4 -In.    couplings    0.15 

CuttlnK  and   threading 0.25 

Klnc  in  pipe 0.15 

1  Kuldi's  for  derrick 1.00 

2  braces   0.60 

Clamp  to  pull  pipe 2.00 

21  ft.  of  9-in.   casInK 6.00 

Total  cost  of  test  holes 1110.03 


The  log  of  the  soil  was  given  to  the  archi- 
tects, and  they  were  requested  to  drive  piling 
and  to  choo'ic  the  spacing  and  length  of  the 
piles.  Owing  to  the  fact  that  the  strata  con- 
tained harfl-pan  at  a  depth  of  33  to  40  ft., 
thai  the  strata  graded  from  quicksand  to 
hard-pan.  and  that  there  was  a  pocket  of 
quicksand  under  this,  it  was  thought  best  to 
use  30-ft.  piling.  The  spacing  of  ihe  piles 
was  assumed,  and  it  was  also  assumed  that 
the  safe  loa<l  would  average  about  ten  tons 
per  pile,  using  the  formula  2  WH/s  -f  1.  The 
average  load  per  footing  was  14  tons.  \ 
reading  was  taken  on  the  footings  outside  of 
this  basement  to  see  if  any  settlement  was 
caused  by  the  driving  of  the  piles.  With  the 
exception  of  the  two  footings  next  to  the 
basement  none  showed  a  settlement;  the~.- 
two  settled  about  %  in. 

CONSTRUCTION    AND    COST    OF    PILE-DRIN'ER. 

As  this  work  was  unexpected,  an  agreement 
was  made  with  the  contractor  to  do  the  worl- 
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on  a  basis  ol  cost  plus  10  per  cent,  the  owner 
to  furnish  all  materials  and  tools.  In  the  pre- 
liminary estimate,  no  allowance  was  made 
for  an  e.xtra  depth  of  the  footings,  caving 
of  banks,  etc.  The  Rock  Island  Railroad  Co. 
permitted  the  use  of  a  hanuner  and  cap,  but 
we  furnished  the  leads.  The  weight  of  the 
hammer  was  1,200  lbs.  Figure  3  shows  the 
construction  of  the  pile-driver  and  Table  Ti 
gives  it>  itemized  cost. 

TABLE  II.— ITEMIZED  BILL  OF  MATERIAL 
AND  COST  OF   PILF    DRIVER. 

Item.  Cost. 

888  ft.   -ixi   ins $  24.65 

16  2x6  ins.  x   12  It 7.15 

1  4x4  ins.  X  S  ft,  2  4x4  ins.  x  14  ft..  1  GxS 

ins.  X  10  ft..  S  4x6  ins.  x  16  ft lO.l.i 

E  8x8  ins.   x  10  ft S.55 


Miscellaneous   items,    hardware,   etc. : 

2  braces,  Mxl%,  x  IS  ins.,  rope  shield.... 

4  toggle   irons,   5/16x2x25   ins 

2  braces   ',4x1^x42   ins 

Sleeve  on  clevis  pin  for  driver 

6  eye  bolts  for  driver 

2  toggle   irons    

2  staples  and  2  pieces  of  pipe 

2  staples   and    brace 

Filing  three  saws,  and  guide  tor  rope 

■1  band  plates  2V4x22  ins 

Key   for   crank  and   extension 

26  %x6-in.   bolts   

72  ^xC-in.    leg  screws 

17  %x7-in.,   12  %x7-in.,   19   %x8-in.   bolts 

5  %-in.  washers,  2  %xl5-in.  bolts,  24  % 
x7-in.   bolts   

4  i4xl2-in.,  12  %x7-in.,  12  14x7-in.  bolts, 
36   ^-in.  washers 

8  %x20-in.  bolts,  12  washers,  6  sledge 
handles    

1  IxlO-in.    bit,    4    %xl8-ln.    bolts,    100    % 


$1.50 
2.50 
1.25 
0.25 
0.30 
1.10 
0.25 
0.40 
1.80 
1.30 
0.75 
2.07 
2.70 
3.06 

0.86 

0.89 

3.05 


Side  Ellevotion 


'ti a 

Front  Elevation 


EAC 


0 a 

ReorEllevation 


Fig- 


3.     Pile-Driver    Constructed    for    This    Work — Drawing  Shows  Type  of  Construction 

and  Size  of  Members. 


11  4x4   ins.    X   lii   II  6.95 

2  8x8  ins.  X   16   ft  5.50 

2  6x8  Ins.  X  20  ft  4.70 
6  2x6  ins.  X  16  fl  7.50 
1  4x6  Ins.  X  20  ft.  1.20 
30  2x10  Ins.   X  16  it 23.60 

3  6x8  ins.  bv  20  it 7.10 

3  4x4  lii.x.  X  10  ft..   1   4x4  Ins.  x  16  ft.,   16 

2x12  ins.  X  16  ft..  3  4x6  Ins.  x  16  ft 19.75 

10  2x10  ii).«.  X  10  ft..  20  4x4  Ins.  x  12  ft.  14.40 
15  2nJ    ins.   X   15  ft.,   10   2x6   ins.  x   IG  ft.. 

10  1  x4  ins.  X  16  ft lO.O:. 

20  2x6  Ins.  x  16  ft 8.85 


Total  lumber  bill  charged  to  driver. . .  .$    160.10 


x5%  leg  screws 

100   %x3-in.   leg  screws,   12   %-ln.   wash- 
ers, 6  %-ln.   bolts 

12  %x9-ln.,    4    ^4xlO-in.,    4    V4x20-ln.,    12 
%x4-ln.  bolts  

13  W.    bolts.   8   Hx4-ln.   bolts 

310  ft.   of  l'/4,-ln.   rope,   phone,   express.. 

150  ft.  of  1-ln.  rope 

3  %x3"-ln.,  24  i^x7-ln.  bolts,  2  washers.. 

7  dollvs,    wire,    express 

1  2',-ix9-ln.    bolt.    '/4-in.    washer,    12    %x 

16-in.    bolts    

125  ft.   of  IVi-ln.   rope,  phone,   express.. 

12  %x3M:-ln.   bolts,    washers 

1  nut,  2  bolts,  14  1-ln.  screws,  axle  grease 


3.40 

3.25 

0.95 
O.SO 

37.95 
6.00 
1.52 

42.25 

1.20 

15.80 

0.35 

0.61 


6  %x24-in.    rods,    5    ?ix44i,4-in.    rods,    10 

cast  washers 3.95 

2  large  sheaves,   2  shafts,  4  bearings,   1 

angle,  drilling   19.40 

2  ?ix24-in.  bolts,  4  i,i,\34-in.  rods,  8  nuts, 

8  washers   1.70 

11   plates   1/2x3   ins.   and   drilling,   2   rope 

guides   2.40 

500    ft.    of   114 -in.    rope 19.01 


Total     hardware     and     miscellaneous 

charged  to  driver $  184.57 

Labor  cost  of  building  pile  driver: 

CarpenteV  labor   i  125.95 

Common  labor   33.75 

Foreman   9.80 


Total  cost  of  labor $    169.50 

Total  cost  of  pile  driver 514.17 

COST     OF     PILING,      H.^NDLINC     AND     DRIVING. 

Cost   of  piling  and   handling'. 

5  6-in.   rings,   2   7-in.    rings,   4  large  pile 

rings    $      19.10 

165    miscellaneous    rings 93.00 

6  cant-hook    handles 3.00 

1  No.  0  counter 2.30 

Dravage  on  piling 82.50 

165  L.  L.  Y.  P.  peeled.  30-ft.  piling 1,574.00 

Total  cost  of  piling  and  handling $1,773.90 

Driving  piling,  day  crew: 

Foreman,  at  62i/i  cts.  per  hour $  59.50 

Carpenters,  at  45  cts.  per  hour 168.45 

Common   laborers,   at    20    to  25   cts.    per 

hour    316.05 

Engineer,  at  45  cts.  per  hour 59.85 

Total  on  day  work $    603.85 

Driving  piling,  night  crew  : 

Electric   lights    $ 

Foreman,  at  75  cts.  per  hour 

Carpenters,  at  50  cts.  per  hour 

Laborers,  at  25  cts.  per  hour 

Engineer,  at  75  cts.  per  hour 


21.40 
13.00 
28.30 
208.85 
13.00 


Total   on   night   work $  284.5.-:i 

Total    cost    of    labor,    day    and    night 

crews    S8S.40 

COST    OF    MISCELLANEOUS     ITEMS. 

Miscellaneous    items    charged    to    the  work 
as  a  whole : 

Coal     $  70.23 

Telegram.s    7.46 

Capitol   Steel   &   Iron  Co.,   extra  steel   in 

footings    279.09 

Texas   Co.,    oils 4.95 

Miscl.    freight   bills,    drayage 16.50 

Total    miscellaneous    items $  378.23 

CdST    OF    SHEET    PILING    .\ND    DRIVING. 

Sheet  piling,  mill  work  and  handling : 

174    2x6    ins.    x    16    ft..    226    2x6   ins.    x    IS 

ft.,   100  2x6  ins.  x   14  ft $  222. SO 

50  2x6   ins.   x  24  ft.,  43   4x4   ins.  x  16  ft., 

17  4x4  ins.  X  IS  ft 71.30 

75  2xS  ins.  x  10  ft..   100  2x4  ins.  x  14  ft, 

170  1x6  ins.  x  14   ft.,  88  1x6  ins.  x  16  ft.  110.05 

10  6-in.  tops  for  mauls 1.35 

Working    400    2x6-in.    x   16-ft.    pieces   at 

planing   mill    39.00 

6.400   ft.   of   B.   stop 103.20 

Drayage  on  lumber  to  mill 6.10 

Total   lumber  and   mill   work $  552. SO 

Cost  of  driving  sheet  piling: 

Foreman    $  15.00 

Carpenters    80.75 

Laborers    50.95 

nngiiieers,    pumping   water "14.85 


$    161.55 

EXCWATION,    CUTTING    OFF    PILE.-;    AND    SHORING. 

Excavating  walls  for  driver  : 


i      22.00 
170.05 


I'  oreman    

Ijiihorers   

Total     ..$  192.05 

K.xcavating  ai'mnul  piling  below  water  line: 

Foreman    $  25.50 

Laborers     313.50 

Engineer,    pumping   water 21.60 

4  sharp  shooters 4.00 

2   14-in.    spades 2.00 

Total     $    366.60 

Cutting  off  piling,  with  one-man  saw: 

Carpenter   $      56.90 

Engineer,  pumping  water 19. SO 

One-man  saw  2.00 

Total    i 

Shoring  walls  to  prevent  caving: 

Foreman   $ 

Carpenters   

Laborers    

850  ft.  B.   M.   lumber,   furnished  by  con- 
tractor    


78.70 


11.00 
19.80 
76.60 

22.95 


$130.25 
Excavating   on    account    of     caving     of 

banks $60.4S 

Back-filling,   labor   146.75 


January  14.  1914. 
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COST    OF    HOISTING    ENGINE   REP.MRS.  $1,333.70 

The  contractor  made  no  charge  for  the  use         Cost  per  pile,  labor  only,^- 
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Hillnir                                                                                         1  773  90  -I'li 

Sheet  piling  and  labor.'.'.':.':.'.'.'-.'...'.'-    'lu'-Zi  The  writer  believes  most  positively  that  an 

cnginpcr  and  a  contractor  are  both  nccos.^ary. 

Total  cost  »3,821.95  jj^j^,  ^^  matter  how  great  the  ability  in  every 

$3,821.95  direction  of  any  one  person,  and  in  spite  of 

Cost  per  footing,  total  = =  $293.99.  unhmited    help    and    financial    resources,    the 

13  owner's  intercut?  in  the  long  run  can   better 


be   served   by  two  persons — the  engineer  and 

tor — working  together  than  by  one 

:iurming   all    these    duties.     Holding 

L    views,  the  writer  wishes   to  make 

that   no    criticism    of    engineers    and 

is  either  made  or  intended  in  what 

There    are    some    plain    statements 

however,  made  to  illustrate  the  con- 

]iiiint  of  view. 

mpany  with  which  the  writer  is  con- 
is   for  nearly  20  years  specialized  in 

I  concrete.  In  the  past  it  has  ex- 
.rk  of  every  kind  in  which  Portland 
;  largely  used,  but  during  the  last 
;  nearly  every  class  of  cement  work 

dropped  except  building  construc- 
e  goal  the  company  has  sought  by 
ializing  and  concentrating  is  to  be 
?rect  a  better  building,  in  quicker 
for  less  money,  than  any  other  con- 
is  part  of  the  United  States.     It  will 

II  what  follows  that  the  day  of  the 
•  whose  only  written  record  is  a 
ne  book  and  the  stubs  of  a  check 
passed,  and  that  somewhat  intricate 
and  elaborate  organization  have 
place.  It  is  hoped  to  prove  that  in 
le   contractor's   orobleni   of   furnish- 

efficient  and  economical  service  the 
-omplished  justify  the  methods  em- 

ing  described  in  this  paper  is  from 
lal  experience  of  the  writer  and  of 
my.  In  order  to  show  as  clearly 
e  the  activities,  duties  and  work 
itractor  it  has  been  found  necessary 

cases  to  describe  a  specific  exper- 

generally    only     the     fundamental 

ipplicable  to   the   execution   of  any 

iscussed 

iject    will    be    discussed    under    the 

headings :      Human    Element :    The 

Preliminary  Work;  Analysis  of  the 
election  and  Purchase  of  Materials; 

nt  of  Construction:  The  Plant; 
on  of  Job  Force;  Planning.  Rout- 
ist  .\ccounting;  and  Weather  Con- 

HIM.\N    ELEMENT. 

>e  well  to  consider  the  human  elc- 
ie  problems  of  the  contractor,  an 
lich  is  sometimes  paramount  to  the 
:ution  of  a  contract, 
arning  that  there  is  a  prospective 
ibcr  of  the  company  investigates  its 
mil  location,  to  determine  whether 
II  the  company's  specialized  work, 
t  I  :i  is  desirable.  He  then  meets 
:  I  possible,  to  interest  him.  and 
.    his    temperament     and     business 

As  sometimes  the  owner  takes 

■est    in    the    execution    of    the 

he  deals  through  his  engineer 

'    is  of  considerable  importance 

tiiiiperaineiit  and  point  of  view. 

•      ny  will  thus  be  obtained.    The 

i     Ao   well   to   bring   both    parties 

il>   and  often.    There  is  the  owner 

lot   been  seen  at  the  time   of   final 

md  the  one  who  is  in  evidence  every 

■  ne    who    has    a    technical    training 

.  and  the  one  who  does  not  know 

-truction,   but   thinks   he   does,   and 

mixes    into    the    work    commonly 

as  the  engineer's.     If  the  engineer 

.need."  with  the  last-named  type  of 

lensc  and  misunderstanding  are  al- 

•,iin   to   result,   primarily   because  no 

111   serve   two   masters,  and   secondarily 

;c    an    ignorant    master,    the    owner,    is 

satisfied.    If  there  is  a  very  strong,  fair- 

■i\   engineer   who  commands   the   respect 

-   client,  there;  is  little  trouble  with  any 

■  f  owner. 

■  worst    combination    is   a    fussy    owner 
111   engineer  who   has  obtained   his  com- 

n  by   hard  chasing,  instead  of   through 

.vncrs  going  to  him.     He  is  the  hardest 

to  control  and  makes  trouble  for  the  con- 
tractor that  affects  the  cost  of  the  work.  The 
contractor,  therefore,  seeks  to  learn  the 
probable  conditions  before  submitting  a  bid. 
The  Engineer  or  Architect. — Then  it  is  nec- 
essary to  study  the  engineer  or  architect  and 
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consider  Iiis  iiK-tliod  of  liandling  and  super-' 
vising  work.  The  methods  of  some  engineers 
are  radically  different  from  those  of  others; 
this  has  a  marked  I)earing  upon  the  cost  of 
the  work  and  sometimes  on  its  desirability  to 
the  contractor.  The  contractor  must  deter- 
mine what  sort  of  treatment  he  will  receive. 
Nothing  adds  to  the  price  of  a  bid  like  un- 
certainty, whether  it  be  in  the  temperament 
of  engineer  and  owner  or  in  unknown  con- 
struction problems. 

In  one  case  where  a  nunjber  of  local  lirms 
were  invited  to  bid  on  a  certain  large  building 
for  an  architect  who  was  well  known  always 
to  rule  in  favor  of  his  client,  irrespective  of 
the  merits  of  the  case,  the  successful  bidder, 
after'  figuring  full  measure  on  all  quantities, 
added  this  item :  "Humor  architect" ;  the 
item  was  10  per  cent  of  the  contract.  It  is 
safe  to  presume  that  all  other ,  competitors 
pl^ed  this  contingency  at  a  higher  figure. 
Sum  a  man  could  not  get  a  reasonable  bid 
frofc  any  one  who  knew  him.  and  he  cer- 
tainly could  not  expect  to  let  work  advan- 
tageously to  guileless  strangers.  An  engineer 
in  a  distant  city  whose  reputation  has  reached 
beyond  the  limits  of  his  activities  has  a  per- 
sonal equation  of  2.'j  per  cent  plus.  The 
best  information  available  indicates  that  these 
men  do  not  personally  profit  in  any  way  im- 
properly in  this  excess  cost.  Instead  of  be- 
ing wise  and  just  judges  betw-een  the  tw-o 
contracting  parties,  they  are  simply  over-zeal- 
ous partisans.  Fortunately  this  class  of  ar- 
chitect and  engineer  is  very  small  and  their 
influence   on   industry  still   smaller. 

The  largest  class  is  that  in  which  the  en- 
gineer or  architect  intends  alwavs  to  be  just. 
but  on  rare  occasions  allows  his  judgment 
to  be  influenced  by  the  attitude  of  the  owner: 
or,  where  two  different  solutions  may  be  pos- 
sible, for  policy's  sake  or  for  hope  of  per- 
sonal advancement,  makes  the  second  best 
decision.  This  increased  expense  which  is  en- 
tailed can  never  be  foreseen,  although  it  cer- 
tainly exists  and  has  to  be  paid  for  as  a  con- 
tingent item  of  cost.  The  reputation  of  the 
engineer  who  is  always  fair  spreads  far  and 
wide,  and  he  is  sought  out  by  many  respon- 
sible contractors  who  desire  to  do  his  work. 
This_  results  in  work  being  done  at  the  lowest 
legitimate  cost  by  competent  firms:  the  own- 
er gets  a  square  deal,  continues  himself,  and 
also  recommends  his  friends,  to  employ  this 
engineer,  who  in  the  long  run  prospers  more 
than  he  could  by  other  methods.  Meanwhile, 
he  maintains  his  self-respect  and  is  justly 
proud  of  work  well  done. 

Contractors  talk  rather  freely  among  them- 
selves about  their  experiences  and  their  opin- 
ion of  those  for  whom  they  have  worked,  and 
perhaps  oftener  than  is  imagined  are  asked 
by  owners  whom  they  would  recommend  to 
design  new  work.  They  certainly  exert  an  in- 
fluence on  the  reputation  and  also  on  the 
business   of  the  engineer. 

The  Inspector. — One  of  the  great  problems 
which  the  contractor  has  to  face  is  that  of 
the  inspector  w-ho  represents  the  engineer  on 
the  work.  A  thoroughly  competent  inspector 
is  a  great  help  to  the  contractor  and  very 
beneficial  iti  the  results  obtained.  .\n  incom- 
petent one  is  exactly  the  reverse.  The  writer 
recognizes  the  difficulties  which  the  engineer 
labors  under  in  selecting  his  inspector.  The 
duties  are  not  hard,  and  to  the  man  with  abil- 
ity, ambition  and  push,  the  close  conlnement 
to  long  hours  of  attendance  on  the  work  with 
little  to  do  except  keep  his  eyes  open  is  too 
irksome  to  be  long  endured,  even  at  a  good 
satary,  and  this  desirable  type  soon  moves 
to  what  he  considers  better  employment.  The 
most  important  thing  to  consider  in  the  ap- 
pointment of  an  inexperienced  man  in  his 
temperament.  He  must  have  an  even  temper 
not  easily  ruffled,  be  considerate,  yet  firm,  al- 
ways diplomatic,  and  be  capable  of  perform- 
ing his  duties  acceptably  to  his  employer. 

The  .superintendent  for  the  contractor  is 
necessarily  better  informed  and  trained  in 
construction,  an  executive  who  is  constantly 
directing  others  and  quick  to  resist  for  the 
good  of  the  service  insubordination  or  usur- 
pation of  the  duties  for  which  he  is  held  to 
strict    account    by    his    employer.      In    other 


w'ords,  he  is  trained  to  be  an  autocrat.  This 
type  of  temperament  does  not  take  kindly  to 
being  bossed  by  a  younger  man  admittedly 
with  less  experience.  Therefore,  the  inspector 
must  have  the  above-named  qualities  and  also 
nnist  not  consider  it  a  personal  affront  when 
his  orders  are  overruled.  He  w'ill  make  some 
mistakes  which  the  engineer  will  correct,  and 
many  more,  alas,  which  his  chief  will  never 
hear  about,  although  they  make  unnecessary 
expense  and  may  affect  his  chief's  profes- 
sional reputation.  He  is  put  in  a  trying  po- 
sition, left  too  much  alone,  and  required  to 
perform  certain  duties,  but  he  must  not  go 
beyond  bounds. 

Friction  is  most  frequently  caused  when 
the  inspector  assumes  to  perform  duties 
which  do  not  belong  to  him.  The  contractor 
has  a  perfect  right  to  object  to  this,  but  out 
of  the  refusal  grow  many  complications. 
Judging  from  results,  the  inspectors  are  not 
concisely  instructed  in  their  duties  and  they 
are  not  watched  closely  enough  by  their  chiefs 
to  see  that  they  not  only  perform  their  duty 
but  also  do  not  attempt  to  perform  more. 
The  most  common  mistake  of  the  inspector 
is  to  interfere  in  the  conduct  of  the  work  by 
giving  the  workman  orders  direct.  To  per- 
mit this  would  destroy  the  morale  and  disor- 
ganize the  job  with  far-reaching  conse- 
quences. 

The  inspector  appointed  for  political  pur- 
poses is  a  thorn  in  the  flesh.  In  one  case 
where  a  granolithic  sidewalk  was  being  laid 
for  a  city,  an  incompetent  inspector  had  a 
tar  concrete  specification  as  a  guide.  An- 
other city  inspector  demanded  a  cash  pay- 
ment before  he  would  pass  a  sidewalk  pave- 
ment. 

On  a  job  for  the  state  a  transitman  was  ap- 
pointed to  inspect  some  granolithic  paving. 
He  was  thoroughly  conscientious  and  honest, 
but  entirely  ignorant  of  the  work  he  had  to 
inspect,  and  thoroughly  suspicious  of  the  con- 
tractor. 

It  may  be  asked  why  the  contractor  so  sel- 
dom protests  against  the  rulings  and  objec- 
tions of  incompetent  inspectors  and  those  who 
have  an  alleged  grudge  to  work  off,  and  ap- 
peals to  their  chief.  Experience  has  proved 
that  the  firm  which  habitually  does  this 
would  find  it  much  more  profitable  to  retire 
from    business. 

The  Superintendent. — The  very  first  step 
which  a  contractor  must  take  in  starting  the 
execution  of  a  job  is  the  selecting  of  a  gen- 
eral superintendent  to  handle  the  work.  The 
type  that  is  hired  for  a  single  job  and  dis- 
charged at  its  completion  is  not  worth  hav- 
ing. The  really  desirable  superintendent  is  a 
development  from  experience,  the  one  sur- 
vival from  many  tried,  and  when  once  ob- 
tained a  firm  cannot  afford  to  lose  him.  Some 
owners  and  engineers  appreciate  the  value  of 
personality  so  much  that  they  have  given 
the  writer's  company  contracts  under  condi- 
tion that  a  certain  .superintendent  be  put  in 
char.ge. 

I'rederick  \V.  Taylor,  in  his  excellent  paper 
entitled  "Shop  Management,''  specifies  nine 
different  qualifications  which  go  to  make  up  a 
well-rounded  man,  namely:  "Brains;  educa- 
tion, special  or  technical  knowledge;  manual 
dexterity  or  strength;  tact;  energy;  grit;  hon- 
esty; judgment  or  common-sense:  and  good 
health."  He  states  that  there  are  plenty  of 
men  to  be  found  who  embody  three  of  these 
(tualifications.  Four  make  a  higher-priced 
man.  A  man  combining  five  is  quite  hard  to 
get,  and  one  combining  six,  seven  or  eight  is 
almost  impossible  to  obtain. 

If  a  building  superintendent  is  to  l>e  suc- 
cessful, he  must  combine  at  least  seven  of 
these  qualities.  He  must  have  brains,  special 
and  technical  knowledge  of  both  direct  con- 
tract and  sub-contract  work,  tact,  energy, 
honesty,  judgment  and  good  health.  He  must 
have  a  personality  which  drives  to  activity 
several  hundred  originally  unorganized  men 
who  are  without  special  interest  in  the  com- 
pany for  which  they  work  or  in  the  result 
accomplished,  and  with  such  tact  and  judg- 
ment as  to  weld  them  into  a  harmonious 
working  force,  cheerful  and  self-respecting, 
with    high    morale,    and    ultimately    with    en- 


thusiasm for  the  w'ork  in  hand.  He  carries 
a  care  so  great  that  he  builds  in  full  size, 
with  permanent  materials,  the  intricacies  of 
design  which  trouble  the  engineer's  drafting 
room  to  show  clearly  on  paper ;  with  an 
honor  so  fine  that  the  company  is  ready  to 
leave  its  reputation  in  his  hands,  to  trust 
him  with  funds;  and  with  special  experience 
so  trained  that  dangerous  operations  are  car- 
ried on  as  a  matter  of  routine,  without  wor- 
ry to  himself  or  the  company,  yet  with  a 
constant  oversight  of  a  thousand  chances  for 
accident  or  perhaps  death  which  may  occur 
to  the  men  in  his  charge ;  with  a  forethought 
so  great  that  he  sees  ahead  and  provides  for 
the  problems  which  are  to  come  up  perhaps 
months  later;  with  a  temper  so  good  that  he 
never  loses  self-control  under  the  most  pro- 
voking circumstances,  and  is  able  to  take 
with  the  best  of  grace  changes  in  his  plans 
from  the  office,  and  to  work  in  the  close  co- 
operation with  the  companv  which  is  so  nec- 
essary to  make  it  an  effective  contracting  or- 
ganization. 

Such  men  have  a  temperament  that  re- 
sponds quickly  to  criticism  or  praise.  Praise 
comes  sparingly,  even  when  deserved,  while 
criticism  is  freely  meted  out.  Superintend- 
,ents  in  the  employ  of  the  company  have  re- 
called to  memory  words  of  appreciation  from 
an  owner  or  an  engineer  long  after  the  job 
has  faded  from  the  writer's  memory,  and 
he  has  seen  a  man's  work  improve  in  quality 
and  cost  purely  through  praise  for  some  de- 
tail of  the  work  which  was  ably  handled  or 
some  difficulty  which  was  ingeniously  over- 
come. The  company,  including  its  superin- 
tendents, feels  as  much  pride  in  the  jobs  it 
does  as  do  the  engineers  who  have  designed 
these  structures.  The  members  of  the  execu- 
tive force  on  any  job  which  is  sharply  criti- 
cised will  try  to  avoid  criticism  by  refusing 
the  slightest  responsibility  beyond  what  they 
believe  to  be  clearly  their  own.  A  company 
sharply  criticised  by  an  engineer  is  likely  to 
do  precisely  the  same  thing  and  will  throw- 
on  to  the  engineer  every  bit  of  responsibility 
wdiich  it  can  possibly  avoid.  The  attitude  of 
the  engineer  in  this  respect  is  reflected  in  the 
execution  of  the  work.  One  engineer  may 
call  attention  to  a  mistake  with  a  letter  that 
is  harsh  and  ends  with  a  sting,  which  leaves 
the  feeling  of  injustice  and  soreness  in  the 
recipient.  .Another,  in  calling  attention  to  a 
similar  matter,  ends  his  letter  with  some  ex- 
pression like  the  following:  "We  appreciate 
your  wish  to  make  this  work  as  satisfactory 
as  possible,  and  recognize  that  this  occurred 
through  failure  to  understand  my  exact  re- 
quirements." In  response  to  such  a  letter  as 
the  first,  the  tendency  is  to  do  just  as  little 
as  will  satisfy  the  engineer  and  take  your  own 
time  about  it.  But,  as  the  writer  knows  from 
personal  experience,  in  response  to  the  second 
letter,  you  jump,  to  correct  the  trouble  cheer- 
fully, quickly  and  without  comment,  and  also 
sometimes  do  more  than   was  asked   for. 

The  engineers  for  whom  we  have  done  the 
best,  cheapest  and  the  most  cheerful  work 
have  uniformly  trusted  us,  have  assumed  that 
mistakes  which  we  made  were  excusable,  have 
co-operated  with  us  to  untangle  difficulties 
which  we  have  gotten  into,  and  have  been 
appreciative. 

The  problem  in  selecting  the  superintendent 
which      the      contractor      must      consider,     is 
whether  in   the   particular  location  he  will   Ik 
able    to    handle    the    difficulties    which    arise. 
There    are     superintendents     who     invariabh 
command  the  complete  conlidence  of  the  own- 
er,   no    matter    what    his    disposition    may    be, 
who   always   get    along   nicely   with   the   engi- 
neer and  his  inspector,   although  they  may  be 
lacking  in  some  other  qualities  which  are  desir- 
able.   Perhaps  the  owner   and   engineer  desire 
an  exceptionally  fine  appearance  in  the  finished     : 
mill.      One    superintendent   is   especially   good     | 
at   this.      Perhaps    finish    is    of   no   great    mo-     ; 
ment,    and   business   ability   is.   on   account   of 
the    job    being   isolated    so    that    the    superin 
teiident  is  left  alone  for  some  days  at  a  *imi 

Perhaps  the  local  conditions  may  deni:ind 
a  great  deal  of  tact  by  the  superintendent 
in  the  handling  of  his  lalwr.  The  following 
illustration  shows  what  tact  is  required.  When 


lanuarv  14,  1914. 


Engineering   and    Contracting 


73 


tlie  writer's  company  executed  its  first  con- 
tract in  Buffalo,  it  was  for  a  lirm  which  had 
had  considerable  trouble  with  labor  and  it  was 
anticipated  that  there  w-ould  be  a  strike  be- 
fore the  job  was  very  far  advanced.  This 
firm  had  been  marked  by  the  local  labor  or- 
ganizations as  their  natural  prey,  and  these 
organizations  were  also  prejudiced  against 
outside  firms  coming  into  their  territory.  The 
carpenters  there  have  a  strong  organization. 
During  the  early  stages  of  this  job,  while 
there  were  but  a  few  carpenters,  the  super- 
intendent could  give  them  considerable  per- 
sonal attention  and  things  went  smoothly,  but 
as  soon  as  work  began  on  the  second  floor 
where  they  could  not  be  so  easily  seen  and  the 
superintendent  was  too  busy  with  other  mat- 
ters to  watch  them  closely,  unit  costs  began 
to  climb  day  by  day.  The  superintendent 
studied  the  situation  to  find  the  cause.  By 
the  time  form  work  was  starting  on  the 
third  story  he  became  convinced  that  the 
xuiion  steward  of  the  job  was  to  blame  and 
was  holding  tlie  men  back  from  doing  their 
best.  The  natural  impulse  would  have  been 
to  discharge  him  immediately,  but  that  would 
have  made  hard  feeling  with  the  union.  The 
superintendent  took  this  man  aside,  confided 
to  liim  his  troubles,  and  then  made  this  man 
sub-foreman  with  entire  charge  of  erecting 
forms  for  columns,  which  was  the  particular 
item  which  showed  the  highest  cost.  Imme- 
diately the  costs  came  down,  and  on  the 
fourth  story  were  the  lowest  on  the  whole 
job.  The  result  was  saving  a  thoroughly 
first-class  workman  and  keping  in  the  good 
graces  of  the  local  organization.  Some  years 
have  passed,  and  there  has  been  no  trouble 
whatsoever  with  the  labor  situation  in  Buf- 
falo. Such  tact  and  forbearance  arc  fre- 
quently demanded  of  superintendents,  and 
they  arc  usually  equal  to  the  situation. 

These  various  questions  must  be  weighed 
and  settled  before  a  start  is  made.  K.xperi- 
ence  has  shown  that  after  a  job  has  once 
started  with  a  given  organization,  a  change 
in  tlie  superintendent  is  the  cause  of  much 
disturbance  to  its  satisfactory  completion  and 
economy  in  the  handling  of  labor.  It  is  of 
the  most  vital  importance  that  this  question 
be  settled  rightly  once   for  all. 

THE  COXTR.\CT. 

The  type  of  contract  is  manifestly  of  con- 
siderable importance.  It  is  the  firm  opinion 
of  the  writer  that  the  usual  type  of  lump 
sum  contract  obtained  in  competitive  bidding 
does  not  give  an  owner  the  best  results.  With 
competitive  bidding  open  to  all,  the  lowest 
bidder  is  liable  to  be  one  who  does  not  use 
the  best  of  methods,  is  looking  for  all  sorts 
of  short  cuts,  and  is  frequently  one  with  a 
limited  amount  of  experience  and  capital.  Tt 
often  has  been  noted  that  those  new  in  the  re- 
inforced concrete  field  underestimate  the  diffi- 
culty and  cost  and  do  work  badly  at  first, 
no  matter  how  experienced  in  other  lines.  The 
lowest  bidder  is  squeezed  to  a  figure  where 
it  is  known  he  cannot  make  much,  if  anything, 
anil  there  is  every  incentive  to  save  and  to 
slight.  This  conditii>n  of  necessity  encourages 
mutual  suspicion  and  antagonism  before  the 
start:  therefore,  the  best  results  arc  impos- 
sible. No  amount  of  careful  inspection  can 
make  an  inexperienced  or  incompetent  con- 
tractor turn  out  thoroughly  first-class  work. 
On  the  other  hand,  under  the  cost-phis- 
fixcd-suni- for-profit  type  of  contract,  the  in- 
terests of  the  owner,  builder  and  engineer  are 
one.  Work  obtained  in  this  way  is  certain 
to  be  much  better  for  the  sinie  cost;  even  if 
the  cost  is  slightly  greater,  the  owner  lias 
the  assurance  that  he  is  getting  much  more 
for  his  money.  The  majority  of  manufac- 
turers whom  the  writer  knows  look  upon  a 
mill  building  as  a  tool  to  be  used  in  a  manu- 
facturing process,  rather  than  as  real  es- 
I  tate.  antl  want  to  get  a  thoroughly  first-class 
tool  rather  than  the  absolute  last  dollar 
knocked  off  the  first  cost  of  real  estate,  and 
therefore,  believe  the  extra  cost  justified.  The 
engineer  can  examine  the  estimate  of  cost 
as  prepared  by  the  contractor,  discuss  savings 
or  changes,  and  can  see  places  where  he  is 
willing  to  cut  the  design,  when  he  knows  that 
there  is   not   going  to  be   still   further  cut  in 


the  execution  of  the  work.  When  he  knows 
that  the  work  is  going  to  be  executed  ex- 
actly as  designed,  he  can  design  with  greater 
precision  and  economy  than  when  he  has  to 
provide  extra  strength  or  size  of  members  to 
allow  for  a  possible  lack  of  quality  of  ma- 
terials and  workmanship  by  some  unknown 
person  wdio  may  have  the  execution  of  the 
work  in  hand.  The  work  can  be  carried  on 
also  much  faster  under  this  method  of  close 
co-operation  than  under  the  other,  where 
there  are  likely  to  be  misunderstandings  which 
must  be  adjusted  l>efore  the  w-ork  progresses 
further.  What  the  contractor  has  to  sell  is 
service,  and  what  the  owner  wants  is  results, 
and  where  this  mutuality  exists  both  parties 
can  accomplish  the  end  for  which  they  are 
striving. 

The  conservative  contractor  figuring  on  a 
lump  sum  contract  includes  everything  shown 
at  a  price  for  which  he  feels  sure  he  can  do 
the  work;  then,  as  every  emergency  cantiot 
be  foreseen,  he  allows  an  item  for  contin- 
gencies, and  finally  adds  a  percentage  for  use 
of  capital  and  profit.  Under  a  fixed  profit 
contract,  however,  where  the  contingent  risk 
is  assumed  by  the  owner,  a  lesser  profit  will 
lie  accepted  by  the  same  contractor  because 
it  is  assumed  that  the  total  cost  may  be 
reduced  by  co-operation  between  contractor, 
engineer  and  owner  in  the  matter  of  design 
and  the  purchase  of  materials.  Under  aver- 
age conditions  a  saving  as  great  as  10  per  cent 
may  be  made.  The  specialist  will  obtain  lower 
unit   costs   on   the    w^ork   than   a   less    experi- 


Fig.    1.      Diagram    Showing    Sub-division    of 
Costs    of    Reinforced    Concrete    Building 
Erected   by   Aberthaw   Construc- 
tion Co.  in  1912. 

enccd  man  who  is  liable  to  submit  a  lower 
competitive  bid.  This  is  why  the  same  qual- 
ity of  work  can  usually  be  done  at  less  cost 
to  the  owner  under  the  fixed  profit  basis  and 
why  a  very  material  improvement  in  quality 
can  be  secured  with  very  slight  increase  in 
cost. 

If  the  owner  wants  to  start  as  .soon  as 
he  engages  an  engineer  and  before  plans  are 
started,  he  can  save  about  six  weeks'  tunc 
with  no  serious  ditTerencc  of  cost  on  the 
cost-plus-fixed-suni   l>asis. 

There  are  several  v.iriations  in  details  with 
this  type  of  contract.  Its  merit  lies  in  remov- 
ing one  of  the  most  trying  problems  of  the 
contractor— his  antagonistic  relation  to  en- 
gineer and  owner. 

Because  the  handling  of  reinforced  con- 
crete is  to  a  large  extent  a  nianufacturing 
proposition,  it  is  obviously  more  desirable  to 
lei  such  work  to  specialists  than  to  those  ex- 
perienced only  in  the  erection  of  ordinary 
brick  or  wooden  buildings.  In  the  making 
of  concrete  a  number  ol  crude  materials  arc 
brought  together  and  treated  in  such  a  way 
as  to  produce  a  new  one.  whereas  in  the 
construction  of  a  wooden  or  a  brick  buibling. 
materials  are  merely  asscmbleil.  but  arc  not 
changed  es.sentially,  after  they  are  in  place 
from   what   they   were  I>cfore. 


The  engineer  and  owner  do  not  sufficiently 
appreciate  that  the  builder  or  contractor  is 
largely  a  broker  buying  materials.  With  an 
office  building,  for  instance,  the  general  con- 
tractor may  not  handle  more  than  10  per 
cent  of  the  contract  price  as  direct  labor.  The 
rest  is  materials  bought  and  sub-contracts  let. 
With  reinforced  concrete,  the  percentage  of 
labor  is  larger  than  in  any  other  building  op- 
eration. It  averages  about  35  per  cent  of  the 
cost.  The  contractor,  therefore,  realizes  the 
necessity  of  a  first-class  purchasing  depart- 
ment. Most  manufacturers  have  such  a  de- 
partment. Sometimes  one  and  sometimes  the 
other  has  much  better  facilities  for  obtaining 
the  lowest  price  on  materials  required  in  con- 
struction. Therefore,  the  co-operation  be- 
tween the  two  departments  produces  the  best 
result  to  the  owner.  .-K  diagram  of  the  re- 
sults obtained  by  the  Aberthaw  Construction 
Co.  on  a  recent  building  is  given  in  Fig.  1  to 
illustrate  the   important   divisions   of  cost. 

PRELIM  I N.\RV  WORK. 

While  the  estimating  department  is  busy 
scaling  plans  and  computing  quantities,  the 
writer  or  an  associate  examines  the  site  of 
the  proposed  structure,  calls  upon  various 
parties  who  can  give  information  useful  in 
the  preparation  of  an  estimate ;  such  as  mu- 
nicipal authorities,  for  information  as  to  local 
regulations,  the  customs  department  and  im- 
migration bureau,  if  job  is  in  Canada,  deal- 
ers in  all  the  principal  building  materials  re- 
quired, and  the  contractors  for  the  principal 
lines  of  sub-contracts,  such  as  carpentering, 
plumbing,  roofing,  painting,  sheet  metal,  brick- 
laying, etc.,  also  dealers  in  contractors'  ma- 
chinery of  various  kinds.  He  visits  the  en- 
gineers of  the  local  railroad,  whose  main  line 
adjoins  the  site  of  the  work,  when  it  is  pro- 
posed to  install  a  siding,  as  the  time  of  its 
completion  is  important;  also  the  general 
freight  agent  in  regard  to  rates  on  material 
at  this  point.  General  contractors,  and  all 
others,  who  would  have  any  information  re- 
garding the  labor  situation  are  consulted. 
From  the  data  thus  obtained,  and  by  studying 
the  unit  costs  of  completed  jobs  which  some- 
what resemble  the  one  in  view,  prices  are 
determined  for  use  in  an  estimate  to  be  sub- 
mitted to  the  engineer. 

AN'.VLVSIS  OF  THE  DESIGN. 

When  a  contract  is  awarded,  and  a  set  of 
plans  is  received  from  the  engineer,  a  con- 
siderable amount  of  work  is  done  in  the  main 
office,  beginning  long  before  any  work  is 
started  in  the  field  and  continued  during  the 
early  stages  of  construction,  in  two  depart- 
ments—the designing  and  the  purchasing. 
The  designing  department  first  will  be  con- 
sidered. 

The  function  of  the  designing  department 
is  to  take  the  complete  set  of  plans  and  to 
make  a  careful  study  of  these  in  regard  to 
designing  forms,  tabulating  steel,  anil  illus- 
trating and  tabulating  other  materi.Tls,  such 
as  doors,  windows,  architectural  iron,  etc., 
where  this  is  not  done  in  the  engineer's  office. 
The  location  of  construction  and  contraction 
joints  is  studied,  and  on  rare  occasions  the 
structural  design  is  reviewed.  In  the  writer's 
practice  it  is  common  to  close  a  contract  and 
start  building  before  any  working  drawings 
are  made.  Then  the  work  and  responsibility 
thrown  on  the  designing  department  are  very 
great.  Also  some  of  the  liclow-mentioned 
minor  features  become  major  ones  and  are, 
therefore,  discussed  here  as  though  they  were. 

No  attempt  will  be  made  to  describe  ordi- 
nary designing  for  strength,  but  rather  those 
features  which  are  not  usually  shown  on 
plans,  and  others  which  a  contractor  desires 
to  change  for  the  sake  of  economy,  simplicity 
in  construction,  avoidance  of  cracks,  etc. 

^tiunr  Features.— Thh  term  is  applied  to 
those  parts  of  the  designing  which  are  not 
vital  to  the  construction,  and  therefore  frc- 
qucntlv  are  not  shown  on  plans,  being  left 
either  to  be  settled  in  advance  by  the  builder 
or  during  construction  by  himself  and  the 
engineer.  Some  of  these  points  are  learned 
only  by  experience  in  actual  construction,  and 
may  not  have  occurred  to  the  engineer  until 
called   to   his  attention. 
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Chief  among  these  minor  features  to  re- 
ceive attention  are  the  means  to  be  provided 
to  prevent  cracks,  which  mar  the  appearance 
and  are  often  a  source  of  annoyance  though 
seldom  a  cause  of  structural  weakness.  There 
are,  sometimes,  cracks  caused  by  unequal  set- 
tlement of  the  foundation.  Sometimes  a  part 
of  a  building  is  on  piles  and  part  on  earth. 
Where  they  join,  it  is  hard  to  foresee  and 
to  provide  enough  bearing  so  that  the  whole 
will  settle  evenly.  It  is  usually  best  to  provide 
a  broader  bearing  on  the  less  rigid  material 
than  theory  dictates,  then  unsightly  cracks 
may  be  avoided  by  very  rigid  tying  of  the 
building  together  with  reinforcement,  against 
pulling  apart  longitudinally  or  shearing.  This 
requires  both  horizontal  and  diagonal  rein- 
forcement with  a  minimum  of  at  least  0.5 
per  cent  of  steel.  A  somewhat  larger  amount 
is  preferred. 

.\nother  way  to  overcome  the  same  diffi- 
culty is  by  building  a  joint  vertically  entirely 
through  the  structure  at  this  point  and  de- 
signing the  members  of  the  structure  on  each 
side  so  that,  if  settlement  does  occur,  they 
will  not  crack.  This  was  done  with  satis- 
factory results  in  a  recent  building  where 
one  end  rested  upon  sand,  the  center  on  ledge, 
and  the  other  end  on  clay. 

Large  wall  surfaces  without  joints  arc  very 
likely  to  crack  vertically,  due  to  the  shrink- 
age stresses  of  the  concrete.  Experience  has 
shown  that  thin  walls  with  insufficient  rein- 
forcement will  crack  about  every  2o  ft.  of 
their  length  where  exposed  to  the  air  on  both 
sides.  Thick  walls  will  crack  about  every 
50  ft.  Where  the  wall  is  exposed  to  the  air 
on  one  side  only,  and  kept  at  a  fairly  uniform 
temperature,  either  by  water  or  earth  on  the 
other  side,  there  is  very  much  less  danger 
of  cracks. 

Temperature  stresses  will  not  be  considered 
by  themselves.  The  writer  has  not  met  a 
case  where  the  structure  could  change  its 
temperature  so  rapidly  as  to  crack  from  this 
cause.  If  properly  reinforced  against  shrink- 
age ct'acks,  the  temperature  stresses  will  be 
sufficiently   provided    for. 

Walls  of  buildings  400  ft.  in  length,  which 
have  been  built  without  joints,  have  not  de- 
veloped cracks.  However,  the  amount  of 
steel  used,  in  the  writer's  opinion,  was  not 
justified  on  the  grounds  of  economy  or  in 
comparison  with  the  result  obtained.  In  such 
a  wall  internal  stresses  are  very  likely  to  open 
diagonal  cracks,  radiating  from  corners  of 
windows  and  doors;  therefore,  diagonal  re- 
inforcement is  necessary  at  such  points.  This 
is  seldom  shown  on  plans  when  first  re- 
ceived. 

On  the  ground  of  cheapness  of  construc- 
tion, it  is  almost  always  better  to  put  in  cur- 
tain walls  after  the  frame  is  up;  the  work 
then  goes  ahead  much  faster.  Weather-tight 
joints  can  readily  be  made,  and  the  joints 
between  the  frame,  i.  e.,  the  columns  and  floor, 
can  be  concealed  so  that  no  unsightly  crack  is 
visible. 

Where  a  floor  is  built  around  machinery 
foundations,  frequently  a  long  span  and  a 
short  span  beam  come  close  together.  Unless 
provision  is  made  for  a  joint  between  them, 
there  is  certain  to  be  an  unsightly  crack,  due 
to  the  difference  of  deflection  of  the  two  un- 
der the  same  load. 

Another  point  of  design  which  may  some- 
times be  advantageously  discussed  by  the  en- 
gineer is  that  of  roof  construction,  whether 
the  structural  part  shall  be  flat  and  covered 
with  cinders,  to  give  a  proper  pitch  for  drain- 
age, or  whether  the  ceiling  shall  be  pitched 
and  the  fill  avoided.  In  construction  the  most 
serious  objection  to  the  first  method  is  that 
so  much  time  elapses  between  the  casting 
of  the  roof  and  the  waterproof  cover  of  tar 
and  felt  over  the  cinder  fill  that  a  consider- 
able quantity  of  rain  collects  on  top  of  the 
roof  slabs.  These  slabs,  while  not  absolutely 
watertight,  are  tight  enough  to  hold  a  con- 
siderable quantity  of  water.  On  some  jobs 
holes  had  to  be  drilled  from  the  ceiling  to 
drain  the  roof  slab.  In  one  building  water 
dripped  from  the  ceiling  after  it  had  been 
waterproofed  for  a  period  of  five  months,  due 
to  the  collection  of  water  on  the  slab  in  the 


cinder  fill.  In  another  case  there  was  some 
dripping  after  two  years.  This  is  a  matter 
entirely  beyond  the  control  of  the  contractor, 
as  it  is  solely  a  question  of  weather  condi- 
tions, and  can  be  avoided  only  in  the  engi- 
neer's design. 

There  is  a  question  as  to  whether  stairs 
shall  be  cast  integrally  witli  the  floors  or 
whether  rods  shall  be  left  projecting  from 
tloor  to  bond  the  stairs,  which  are  cast  later. 
The  latter  method  is  much  preferred  by  the 
writer. 

Another  important  question  which  must  be 
taken  into  consideration  in  the  designing  is 
whether  a  granolithic  floor  is  put  on  as  an 
integral  part  of  the  construction,  or  as  a 
second  operation,  and  if  a  second  operation, 
what  its  thickness  shall  be.  For  economy's 
sake,  both  in  materials  and  in  labor,  it  is 
cheaper  to  put  on  the  finish  with  the  con- 
struction. Under  these  conditions,  it  is  fre- 
quently impossible  to  keep  off  of  the  floor 
long  enough  for  it  to  harden  sufficiently  to 
prevent  its  being  somewhat  marred.  If  this 
is  a  serious  objection,  the  finish  must  be 
put  on  as  a  second  operation.  As  this  does 
not  bond  sufficiently  with  the  floor  to  be  con- 
sidered a  unit,  the  construction  should  be 
thick  enough  to  carry  the  load  without  any 
assistance  from  the  finish.  If  the  finish  is 
1  in.  thick,  it  is  usually  safe  for  the  con- 
tractor to  guarantee  that  it  will  be  loose  in 
spots,  whereas  if  it  is  2  ins.  thick  it  is  safe 
to  guarantee  it  as  solid  and  satisfactory.  This 
cTdds  to  the  dead  weight  and  to  the  expense. 
It  is  necessary  to  settle  these  points  before 
construction  begins  in  order  to  get  the  min- 
imum cost  and  the  maximum  efficiency,  as 
the  amount  of  forms  bought  and  the  conduct 
of  the  work  are  influenced  by  them. 

Frequently,  the  location  of  construction 
joints  between  different  days'  work  is  an  item 
of  importance,  but  these  are  seldom  indicated 
on  plans,  and  therefore  must  be  discussed  and 
settled.  Some  of  the  points  which  influence 
their,  location  are,  the  capacity  of  the  mixing 
plant,  the  supply  of  materials,  and  the  weath- 
er. Sometimes  the  latter  causes  several  days' 
delay  where  continuous  work  is  desired.  There 
is  a  question  as  to  whether  the  construction 
joint  shall  be  in  the  middle  of  the  span  of  a 
floor,  or  be  made  in  line  with  the  columns. 
The  treatment  in  the  two  cases  is  somewhat 
different.  If  in  line  with  the  columns,  these 
must  be  thoroughly  reinforced  above  and  be- 
low the  floor,  using  steel  plates,  otherwise 
they  are  certain  to  be  split  when  the  floor 
shrinks  at  the  construction  joint.  If  the 
building  is  to  have  contraction  joints,  the 
construction  joints  should  be  made  so  as  to 
coincide  with  them. 

The  cleaning  down  and  finishing  of  the  ex- 
terior of  a  building,  according  to  the  type 
of  finish  specified,  whether  it  is  left  as  it 
comes  from  the  molds  with  just  the  bad 
places  rubbed  or  whether  it  is  to  be  tooled  or 
plastered,  will  in  some  degree  affect  the  de- 
sign of  forms,  and  therefore  must  be  con- 
sidered  before  work   is  begun. 

The  designing  department  of  the  writer's 
company  has  several  times  found  defects  in 
plans,  such  as  hanging  of  large  three-ply  fire 
doors  in  an  8-in.  brick  walls,  where  the  weight 
of  the  doors  is  greater  than  that  of  the  brick 
work.  The  writer  recommends  that  the  iron 
door  jambs  be  carried  straight  through  from 
floor  to  ceiling  and  anchored  to  the  ceiling  to 
keep  the  doors  in  place. 

It  is  somewhat  common  to  put  wall  beams 
above  the  floor  on  account  of  letting  in  light 
at  the  ceiling  line.  Then  the  question  arises 
whether  the  beams  shall  be  cast  with  the  floor 
or  shall  be  cast  separately.  It  is  generally 
cheaper  and  of  equally  good  construction  to 
cast  the  wall  beam  as  a  separate  operation, 
allowing  the  ends  to  rest  in  recesses  in  the 
columns,  and  to  suspend  the  slab  below 
by  means  of  stirrups.  Provision  can  be  made 
for  continuity  by  casting  some  holes  in  the 
columns  above  the  floor  at  the  proper  points, 
through  which  the  reinforcement  for  negative 
bending  moments  will  pass,  allowing  the  ends 
to  extend  well  into  the  adjacent  panels.  When 
properly    grouted    into    place    and    when    the 


panel  is  cast  this  will  be  as  strong  as  if  cast 
as   a  monolith   with   the  floor. 

Because  concrete  is  a  plastic  material  cast 
in  place,  and  because  the  molds  can  be  made 
of  any  design,  engineers  seem  to  feel  that 
there  is  no  necessity  for  holding  to  any  stand- 
ard sizes  for  the  members  of  a  concrete 
structure,  although  they  do  when  designing  in 
steel.  An  engineer  is  justified  in  giving  consid- 
erable thought  to  the  selection  of  sizes,  as  the 
particular  dimensions  which  best  satisfy  his  de- 
signs are  not  always  the  most  economical.  In 
one  building  of  large  size,  in  a  single  floor 
there  were  in  the  original  design  455  differ- 
ent sizes  and  styles  of  beams.  The  design- 
ing department  of  the  waiter's  company 
found  it  possible,  without  impairing  the  re- 
sult to  be  accomplished,  to  reduce  these  to 
less  than  a  tenth  of  the  original  number,  and 
by  co-operation  with  the  engineers  finally  suc- 
ceeded in  reducing  the  number  to  .52.  //  the 
engineers  realise  that  in  the  building  of  wood- 
en forms  for  maximum  economy  these  are 
made,  from  plans  drawn  to  scale,  at  a  bench 
on  the  ground  and  assembled  in  place  without 
the  use  of  any  tool  but  a  haiiuner,  it  unll  be 
seen  that  almost  as  great  precision  must  be 
used  in  their  construction  as  li'ith  structural 
steel. 

The  question  of  change  of  size  of  columns 
in  every  story,  or  once  in  two  or  three  stories, 
is  one  of  cost.  The  expense  of  clianging  the 
forms  is  usually  greater  than  the  cost  of  the 
concrete  saved  on  small  columns  where  the 
reduction  is  less  than  3  ins.  and  on  large 
columns  where  the  reduction  is  less  than  2 
ins.  Therefore,  it  is  not  often  economical  to 
change  the  size  every  story.  Often  when  the 
column  is  reduced  it  is  desirable  to  use  ahead 
the  size  of  lowest  story  columns  in  order  to 
avoid  expense  of  splicing  out' beam  and  girder 
at  sides  and  bottoms.  Sometimes  when  the 
upper  floor  has  a  lighter  load  than  the  lower, 
it  would  be  possible  to  reduce  the  size  of 
beams.  Economy  dictates  that  the  depths 
may  be  reduced  but  not  their  width,  because 
this  would  require  splicing  out  all  the  floor 
panels  and  joists,  which  is-  more  expensive 
than  the  saving  in  concrete. 

Lastly,  the  question  of  whether  the  floor 
panels  may  be  centered  with  wood  or  corru- 
gated iron  may  be  discussed,  and  must  he  set- 
tled very  early.  In  the  writer's  opinion,  the 
appearance  of  corrugated  iron  ceilings  is  bet- 
ter than  that  of  lumber,  and  it  is  just  as  ea 
to  attach  inserts  to  the  mental  forms.  Th' . 
are   somewhat   more   economical. 

Uncommon  Features. — In  a  certain  mill,  the 
basement  floor  was  partly  of  beam  construc- 
tion with  concrete  slab  and  partly  of  con- 
crete beams  without  slab,  the  floor  being 
made  of  wood,  as  the  owner  desired  an  op- 
portunity for  frequent  changes  of  the  ar- 
rangement of  his  mechanical  plant.  This 
caused  special  form-work  to  be  used,  which 
could  not  be  used  again,  and  also  made  it 
difficult  to  support  the  floor  above. 

The  frequency  of  special  features  in  a  lower 
floor,  and  the  certainty  that  the  basement 
story  height  is  less  than  that  above,  adds  to 
the  cost  of  form  work.  This  is  at  a  time  in 
the  process  of  construction  when  new  lumber 
must  be  cut  up  although  it  could  be  advan- 
tageously used  in  long  lengths  on  the  upper 
stories.  If  it  cannot  be  used  again,  it  has 
to  be  remade,  and  the  remaking  of  second- 
hand lumber  into  new  shapes  is  more  expen- 
sive than  when  it  is  new. 

Where  extremely  heavy  loads  are  to  be 
carried  on  columns,  sometime?  so  much  steel 
reinforcement  is  shown  that  it  is  impossible 
to  use  stone  concrete,  as  the  bars  are  so  close 
together  that  the  column  really  has  to  be 
filled  with  mortar.  This  is  doubtless  an  over- 
sight on  the  part  of  the  drafting  room  of  the 
designer,  and  makes  a  problem  for  the  con- 
tractor to  adjust  before  work  can  progress. 
Similarly,  heavy  girders  have  had  so  much 
reinforcement  that  there  was  not  enough  con- 
crete in  the  widtli  of  the  girders  shown  to 
imbed  the  reinforcement,  as  shown  on   plans. 

An  unusual  problem  put  up  to  the  writer's 
company  to  solve  in  execution  was  a  very 
high  tower  which  had  two  floors  niear  its  top, 
one    160    ft.   and   the   other   180    ft.    from   the 
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ground,  each  of  which  carried  a  load  of  400 
tons  on  an  area  of  28  by  30  ft.  This  floor 
was  supported  on  a  central  girder,  running 
the  short  way,  with  beams  running  from  it 
to  the  opposite  walls.  The  requirement  of 
engineer  was  that  the  walls  and  floors  be 
cast  as  a  monolith  and  be  watertight  as  a 
tank,  as  moisture  penetrating  from  driving 
storms  would  be  a  serious  handicap  to  the 
operation  of  the  plant.  This  unusual  feature, 
high  in  the  air,  required  absolute  prevention 
of  all  cracks  from  any  cause,  impermeable 
concrete  and  as  near  continuous  work  as  pos- 
sible. Under  ordinary  conditions  there  would 
be  frequent  joints  between  days'  work  of 
reasonable  size  which  might  allow  the  pene- 
tration   of    the    weather.     This    problem    was 


solved  by  a  little  lower  working  stresses  in 
materials  than  is  common,  by  a  rich  mixture 
carefully  proportioned  for  a  maximum  den- 
sity by  designing  forms  for  casting  a  large 
amount  of  concrete  at  one  time,  and  by  con- 
tinuous work  with  different  shifts  of  men, 
combined  with  very  close  supervision  by  more 
than  the  usual  number  of  bosses,  besides  the 
inspector.  The  result  proved  satisfactory  in 
every  way. 

Method  of  Drawing  Details. — The  prepara- 
tion of  drawings  for  details  of  steel  and  form 
work  is  very  similar.  They  have  been  stand- 
ardized as  far  as  possible  to  simplify  the 
work  in  the, drafting  room,  and  also  so  that 
the  men  handling  the  plans  outside  can  easier 
understand   them. 


Columns  are  shown  full  height  from  foot- 
ing to  roof,  showing  the  outline  which  is  to 
be  built  in  forms,  the  joints  with  curtain 
walls  and  floors,  as  they  may  occur,  and  the 
steel  reinforcement  shown  by  as  simple  a 
method  as  can  be  devised.  Each  beam  is 
shown  by  itself  inside  elevation,  with  sec- 
tions and  notes  as  to  the  number  and  loca 
tion. 

It  is  seldom  necessary  to  make  an  assembly 
drawing,  as  the  engineer's  plans  are  sufiiciem 
for  this  purpose,  but  while  the  details  of  sonu 
engineers  are  sufficient,  they  are  as  a  rule  re- 
duced to  a  system  which  experience  ha- 
shown  to  be  the  most  useful  to  the  men  on 
the  work. 
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Design  of  the  Proposed  Aqueduct  for 

the    Additional    Water    Supply    of 

Winnipeg,  Manitoba. 

An  article  published  in  the  current  news 
section  of  Engineerixg  and  Contracting  of 
Nov.  5,  1913,  presented  some  of  the  salient 
features  of  the  proposed  works  for  the  addi- 
tional water  supply  of  the  city  of  Winnipeg. 
That  article  gave  a  schedule  of  the  required 
works  and  the  corresponding  estimate  of  cost. 
The  conditions  under  which  the  work  will  be 
prosecuted  were  outlined  and  other  informa- 
tion of  interest  to  contractors  was  given.  The 
present  article  relates  almost  wholy  to  the 
engineering  features  of  the  proposed  aqueduct, 
the  information  presented  being  abstracted 
and  quoted  from  the  report  of  tlie  Board  of 
Consulting  Engineers,  Messrs.  Rudolph  Her- 
ing,  Frederick  P.  Stearns  and  James  H. 
Fuertes. 

The  new  supply  will  be  drawn  from  Shoal 
Lake,  one  of  the  lakes  in  the  same  group  as 
the  Lake  of  the  Woods,  and  will  be  con- 
ducted to  the  city  through  an  aqueduct  of 
total  length  of  95.8.5  miles.  The  inlet  to  the 
aqueduct  will  be  near  the  west  end  of  Indian 
Bay,  an  arm  of  Shoal  Lake.  Leaving  the  lake 
the  water  will  pass  through  a  concrete  aque- 
duct 84.75  miles  in  length,  laid  with  a  con- 
tinuous down  grade  to  a  point  about  a  mile 
east  of  Transcona,  a  suburb  of  Winnipeg, 
thence  through  a  5-ft.  steel  pipe  line  to  the 
Red  River,  thence  under  the  river  through 
a  5-ft.  cast  iron  pipe  in  tunnel,  and  thence 
through  a  4  ft.  cast  iron  pipe  laid  in  the 
city  streets,  to  the  reservoirs  at  McPhillips 
St.  The  concrete  portion  of  the  aqueduct  will 
be  given  a  capacity  of  85,000,000  imp.  gals,  per 
day  and  the  pipe  line  portion,  25,000,000  gals, 
per  day.  The  construction  of  a  250,000,000- 
gal.  reservoir  at  a  point  on  the  aqueduct  about 
a  mile  east  of  Transcona  is  recommended, 
though  not  for  immediate  construction,  and 
it  is  further  recommended  that  a  main  pump- 
ing station  he  then  established  to  force  water 
to  the  city  through  the  5-ft.  steel  pipe.  This 
reservoir  and  pumping  station  should  be  com- 
pleted and  ready  for  use  before  the  demands 
for  water  have  reached  the  capacity  of  the 
pipe  line  portion  of  the  aqueduct. 

nUANTITY   OF  WATER    REQUIRED. 

The  population  of  the  Greater  Winnipeg 
Water  District  is  about  22.5,000,  about  200.- 
000  being  in  the  city  of  Winnipcc.  This  pop- 
ulation is  twice  that  of  seven  years  ago  and 
five  times  that  of  15  years  ago.  The  average 
per  capita  consumption  of  water  increased 
from  32  imp.  gals,  in  1902  to  47  gals,  in  1912. 
The  increase  per  capita  is,  of  course,  likely 
to  continue  with  the  increase  in  facilities  for 
using  water. 

It  is  believed  that  85  gals,  per  inhabitant  is 
a  proper  quantity  to  adopt  for  estimating  the 
future  needs  of  the  district  as  an  average  for 
the  year,  but  in  some  months  the  rate  will 
average  as  high  as  100  gals,  per  inhabitant. 
Therefore  an  aqueduct  to  provide  for  a  con- 
siderable time  in  the  future  should  be  de- 
signed   with    a   capacity    of    100   gals,    per    in- 


habitant, and  even  with  this  provision  a  large 
reservoir  should  be  built  near  the  city,  in  the 
future,  to  provide  for  a  still  higher  rate  of 
water  consumption  during  short  periods. 

The  consumption  of  water  at  the  present 
time  is  somewhat  restricted  by  the  limited 
capacity  of  the  sources  of  supply  and  will  un- 
doubtedly increase  to  a  considerable  extent 
when  a  new  supply  with  a  better  water  is 
furnished.  For  the  next  10  years,  however, 
the  consumption  is  likely  to  be  less  than  85 
gals,  per  inhabitant. 

The  best  conduit  for  conveying  water  for 
the  greater  part  of  the  way  from  Shoal  Lake 
to  Winnipeg  is  a  concrete  aqueduct  laid  with 
a  continuous  down  grade,  and  as  such  a  struc- 
ture can  be  built  of  large  capacity  for  a  mod- 
erate  additional   cost,   the  engineers  have  de- 


Fig.  1.     Cross  Section  of  9x10  ft.  Portion  of 
Proposed  Aqueduct  for  Additional  Water 
Supply   of   Winnipeg. 
Manitoba. 
Area  of  section.  73.6  sq.   ft. 
Perimeter.  31.6  ft. 
H.vdraullc   radius,    2.33   ft. 
Coelllclent   adopted,    132.8. 
Concrete   per  ifncal  foot,   1.156  cu.   yds. 

signed  this  structure  to  carry  85,000,000  gals, 
in  24  hours,  sufficient,  on  the  basis  assumed, 
for  a  supply  throughout  the  year  for  850,000 
inhabitants.  While  this  is  a  large  provision 
for  future  years,  it  should  be  borne  in  mind 
that  the  additional  cost  of  making  such  a 
structure  of  liberal  size  is  comparatively  small 
while  the  cost  of  duplicating  such  an  aqueduct 
would  be  large. 

The  capacity  of  85,000,000  gals,  daily  was 
adopted  after  giving  due  consideration  to  the 
many  demands  for  money  for  public  works 
in  a  growing  city  like  Winnipeg;  otherwise  a 
larger  aqueduct,  say  one  having  a  capacity  of 
100,000,000  gals,  in  21  hours  would  have  been 
recommended. 

From  the  point  near  Transcona  where  the 
concrete  aqueduct  ends,  to  the  existing  Mc- 
Phillips St.  reservoirs,  a  pipe  is  recommended; 
and  a  single  pipe  line  of  the  sizes  which  now 
seem  desir.nldc  will  convey  by  gravity  2.5,000.- 
000  gals,  of  water  in  24  hours,  or  nearly  three 
times  the  quantity  of  water  no\y  used.  When 
necessary,  the  flow  through  this  pipe  can  be 
incre.Tscd  l)y  pumping,  or  a  second  pipe  can 
be    laid. 


Assuming  a  continuous  growth  for  the 
Greater  Winnipeg  Water  District,  based  upon 
the  past  growth  of  the  district  and  the  rate 
at  which  other  somewhat  similarly  situatcl 
cities  have  grown,  the  8.5,000,000-gal.  aqueduct 
would  have  sufficient  capacity  for  supplyin.tr 
the  district  until  19-i4.  .\ssuming  further  the 
introduction  of  water  from  Shoal  Lake  at  th'' 
earliest  practicable  date,  the  aqueduct  would 
supply  the  requirements  of  the  district  for 
about  25  years  after  its  completion,  and  the 
25.000,000-gal.  pipe  line  would  supply  by  grav- 
ity the  quantity  of  water  required  for  two  or 
three  years ;  but,  as  already  stated,  the  ca- 
pacity of  the  pipe  line  can  be  increased  by 
pumping. 

THE    AQUEDUCT. 

Iiitahe. — The  intake  of  the  aqueduct  is  to 
be  located  at  a  corner  of  the  bay  where  con- 
ditions are  favorable  in  that  the  shore  for  a 
long  distance  is  rocky,  and  the  depth  of  water 
.50  ft.  from  the  shore  is  10  ft.  and  170  ft. 
from  shore  is  15   ft. 

It  is  proposed  to  build  the  gate  and  screen 
chamber  on  the  shore  and  to  protect  the  in- 
take from  material  which  may  drift  along  the 
shore  during  winds,  by  building  piers  extend- 
ing at  least  150  ft.  into  the  lake  on  each  side 
of  the  intake,  or  by  laying  a  large  submerged 
conduit  to  bring  the  water  from  a  point  at 
least  150  ft.  from  the  shore.  The  conduit  is 
preferable,  if  it  can  be  built  for  nearly  the 
same  cost  as  the  piers.  The  bottom  of  the 
aqreduct  at  the  bay  is  11  ft.  below  high  water. 

The  gate  and  screen  chamber  should  be 
designed  with  liberal  areas  for  sluice  gate 
openings  and  for  screens,  so  as  to  cause  as 
little  fall  of  the  water  from  the  bay  to  the 
aqueduct  as  practicable.  There  should  be  at 
le.Tst  two  sluice  gates  not  less  than  5  ft.  wide 
and  6  ft.  high,  and  the  screens  should  have  a 
total  length  of  not  less  than  50  ft.  and  a  height 
extending  from  the  bottom  of  the  aqueduct  to 
the  surface  of  the  water. 

.■lijucdiiit  Designs. — In  order  to  take  water 
from  Indian  Bay  by  gravity,  the  aqueduct  for 
the  first  nine  miles  has  to  pass  through  land 
that  is  higher  than  Indian  Bay,  thus  necessi- 
tating a  deep  summit  cut.  .'\fter  passing  this 
nine  miles,  a  line  can  be  selected  which  will 
bo  down  grade  all  the  way  to  Transcona,  but 
the  gradient  obtained  for  an  aqueduct  varies 
from  place  to  place,  and  consequently  the 
size  of  the  aqueduct  required  to  convey  a 
given  quantity  of   water  also  varies. 

The  engineers,  therefore,  prepared  a  series 
of  designs  of  horseshoe-shaped  aqueducts 
ranging  from  the  large  one.  9  ft.  high  and  10 
ft.  wide,  useil  at  the  summit  cut  where  there 
is  a  low  gradient,  here  shown  in  Fig.  I.  to  one 
5  ft.  high  and  5  ft.  wide,  used  where  the  gradi- 
ent is  highest.  .'Xqucducts  of  this  kind  are  ex- 
pected to  flow  partly  full  as  a  rule  and  never 
to  have  any  considerable  pressure  of  water 
against  the  top  of  the  arch. 

For  the  first  2G.O00  ft.  of  the  concrete 
aqueduct,  near  Transcona,  it  is  desirable  to 
use  a  section  which  can  stand  internal 
pressure,  as  it  will  be  necessary  at  some  time 
in  the  future  to  build  a  large  reservoir  at 
the   end   of   the   concrete   aqueduct,   in   which 
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the  high  water  level  may  be  18  or  20  ft.  above 
the  surface  of  the  ground  and  the  aqueduct 
will  be,  at  least  in  part,  below  the  surface  of 
the  ground.  This  portion  of  the  aqueduct 
has  been  designed  of  circular  form,  8  ft.  in 
diameter  and  provided  with  steel  reinforce- 
ment. This  pressure  aqueduct  will  be  equally 
valuable  before  the  reservoir  is  built,  as  it 
will  provide  additional  head  at  the  end  of  the 
steel  pipe  to  force  the  water  through  the 
pipe  to  the  McPhillips  Street  reservoirs. 

At  the  crossing  of  the  Brokenhead  River 
and  the  lowland  each  side  of  it,  for  a  total 
distance  of  13,000  ft.,  it  has  also  been  found 
desirable  to  adopt  the  circular  form  of  aque- 
duct reinforced  with  steel  so  that  this  portion 
will  withstand  the  pressure  resulting  from 
building  it  10  ft.  or  more  below  the  regular 
grade  line. 

As  the  aqueduct,  with  the  exception  of  the 
reinforced  portions  above  mentioned  and  some 
other  short  lengths  at  river  crossings,  is  not 
expected    to    stand    any    considerable    upward 


adopted  of  building  the  aqueduct  in  a  shal- 
low trench — from  3  to  4  ft.  deep,  where  prac- 
ticable— and  covering  it  to  a  depth  of  4  ft. 
with  an  embankment  of  earth. 

It  is  proposed  to  make  this  embankment 
with  a  top  width  of  not  less  than  8  ft.  and 
nowhere  less  than  the  inside  width  of  the 
aqueduct  and  to  make  the  slopes  of  the  em- 
bankment 2  horizontal  to  1  vertical. 

Aqueduct  Statistics. — Table  I  gives  various 
statistics  relating  to  the  different  portions  of 
the  aqueduct,  including  the  lengths,  gradients, 
elevations  and  dimensions  of  the  different 
portions. 


dependent  upon  the  hydraulic  gradient  and 
not  upon  the  gradient  of  the  pipes.  For  a 
flow  of  25,000,000  gals,  daily,  this  amounts 
to  .37  ft.  per  1,000  in  the  5-ft.  pipe  and  .81 
ft.  per  1,000  in  the  4-ft.  pipe,  making  a  total 
fall  through  these  pipes  to  the  McPhillips 
Street  reservoirs  of  2C   ft. 

Red  River  Crossing. — The  designs  provide 
for  crossing  Red  River  with  a  pipe  placed  in 
a  tunnel,  the  tunnel  extending  about  900  ft. 
horizontally  across  the  river  from  a  shaft  in 
Victoria  Park  to  a  corresponding  shaft  on 
the  opposite  side  of  the  river.  The  shafts 
will  each  be  about  75  ft.  deep.     After  consid- 


Fig.  2.      Part  Section  of  Box  Drain  and  Tim- 
ber   Foundation — Winnipeg   Aqueduct. 

pressure  on  the  arch,  measures  must  be  taken 
to  prevent  the  opening  of  the  sluice  gates  at 
Indian  Bay  to  a  height  which  will  permit  a 
quantity  of  water  to  enter  the  aqueduct 
much,  if  any,  in  excess  of  the  rate  of  25,- 
OOO.OOO  gals,  daily,  which  is  the  limit  of  the 
capacity  of  the  pipe  line  leading  from  Trans- 
cona  to  the  city  reservoirs,  and  as  a  further 
safeguard  waste  weirs  should  be  provided  at 
several  places  where  the  aqueduct  crosses 
streams  to  permit  the  water  to  overflow  into 
such  streams  if  it  should  rise  above  the  safe 
elevation. 

In  order  that  the  aqueduct  may  be  both 
watertight,  strong  and  permanent,  it  is 
recommended  that  it  be  built  of  first-class 
concrete  mixed  in  the  proportion  of  one  part 
of  Portland  cement  to  two  parts  of  sand  and 
four  parts  of  screened  gravel.  To  prevent 
transverse  cracks  in  the  aqueduct,  it  should 
be  built  in  sections  not  more  than  20  ft.  in 
length,  and  where  one  section  joins  another 
a  steel  bar  about  3  ins.  by  %-in.  .should  be  in- 
serted to  act  as  a  water  stop  and  prevent 
leakage  at  these  joints,  or  some  other  suitable 
water  stop  should  be  provided. 

The  aqueduct  cross-section  shown  in  Fig.  1 
has  a  central  wooden  box  drain  and  a  plat- 
form composed  of  two  thicknesses  of  1-in. 
boards,  the  upper  one  being  fluted  on  the 
under  side  to  furnish  channels  in  which  the 
water  may  flow  from  the  side  of  the  trench 
to  the  drain.  The  only  purpose  of  this  plat- 
form is  to  furnish  a  dry  bottom  upon  which 
the  concrete  bottom  of  the  aqueduct  may  be 
built  and  kept  dry  until  it  has  had  time  to 
set.  The  dimensions  of  the  box  drain  are 
shown  in  Fig.  2.  .Ml  sections  of  the  aqueduct 
may  be  provided  with  this  platform. 

.Although  a  double  platform  is  shown  it  is 
better  where  there  is  but  little  water  to  be 
taken  care  of  to  use  only  one  board  with 
grooves  in  each  edge  of  each  board  through 
which  the  water  can  pass  to  the  central  drain. 
Both  types  of  plank  foundation  are  shown 
in  Fig.  3.  The  boards  should  be  bedded  in 
sand.  If  there  are  places  along  the  line  where 
a  platform  .will  not  be  kept  continuously  wet 
afier  the  aqueduct  is  completed,  the  platform 
should  be  omitted  because  of  the  liability  to 
decay  under  such  circumstances. 

Re-filliiif]  and  Embankment. — Where  pipes 
are  to  be  laid  in  the  streets,  they  are  to  be 
placed  at  a  depth  which  will  permit  a  4-ft. 
covering  of  earth.  East  of  Transcona,  where 
the  aqueduct  will  not  follow  the  streets,  but 
be  laid  through  the  open  country,  the  much 
cheaper    and    more    expeditious    plan    will    be 


TABLE  I.— LENGTHS,  SLOPES,  ELEVATIONS  AND  DIMENSIONS  OF  THE  VARIOUS  SEC- 
TIONS OF  THE  AQUEDUCT  FROM  THE  McPHILLIPS  STREET  RESERVOIRS  IN  WIN- 
NIPEG    TO     SHO.\L    LAKE.  * 

Elevation 

of 
hydraulic 
gradient 
Slope  in   at  end 
ft.  pel'    of  sec- 
1,000  ft.  tion,  ft. 
41.31 


Total  Distance 

from  McPhillips  Length    Dimen'ns  of  Aqueduct. 
St.  Resci'\Girs.    of  sec- 
tion, ft.    Height,  ft.       Width,  ft 


Remarks. 


Feet. 


Miles. 
0 


■  12,000 
50,100 
82,100 
56,100 


2.27 
10.62 
15.55 
10.02 


12,000 
4-1,100 
26,000 


82,100     15.55 


4  ft.  diam. 

5  ft.  diam. 
8  ft.  diam. 


8.0 


C.  I.  pipe 
Steel  pipe 
Rein.  cone. 


8.0 


0.81 
0.37 
0.025 


0.29 


82,100 

15.55 

113,100 

21.42 

31.000 

i.o 

128,100 

24.26 

15,000 

6.4 

141,600 

26.82 

13,500 

5.7 

156,100 

29.57 

14,500 

5.1 

165,100 

31.28 

9,000 

5.8 

229,700 

43.54 

•64,600 

6.6 

246,500 

46.69 

16,800 

5.3 

262,500 

49.71 

16,000 

6.7 

.■)06,5O0 

58.65 

44,000 

7.4 

392,500 

74.34 

86,000 

6.3 

445,400 

S4.35 

52,900 

V.3 

455,400 

86.25 

10,000 

8.0 

470,400 

89.09 

15,000 

9.0 

.503,359 

95.34 

32,959 

9.0 

503,400 

95.35 

41 

8.5 
7.4 
6.4 
5.1 
6.7 
7.6 
5.7 
7.7 
8.4 
7.3 
8.3 
9.0 
10.0 
10.0 


0.32 
0.70 
1.23 
2.83 
1.00 
0.54 
1.90 
0.50 
0.30 
0.69 
0.32 
0.24 
0.24 
0.11 
0.00 


51.03  1 
67.35  \ 
68.00  J 
61.00 

68.54 

Elevation  of 

inside  of 

aqueduct 

bottom 

at  end 

of  section 

83.0 

72.92 

83.42 
100.02 
141.05 
150.05 
184.93 
216.90 
224.90 
238.10 
297.44 
314.37 
316.77 
320.37 
324.00 
324.00 


High  water  in  McPhillips  St.  Res- 
ervoirs. 

These  slopes  and  elevations  are 
for  a  discharge  through  the 
pipes  of  25,000,000  gals,   daily. 

Proposed  high  water  in  reservoii 
east  of  Transcona. 

This  slope  based  on  85,000,001 
als.  daily. 


Beginning  of  grade  conduit. 


Gate  and  screen  chamber. 


♦13.000  ft.  of  this  length  at  Brokenhead  River  Crossing   is    7.2   ft.    in    diameter   and   reinforced. 


For  a  distance  of  33,000  ft.  from  Indian 
Bay,  the  gradient  of  the  aqueduct  has  been 
made  only  .11  ft.  in  1,000  ft.  This  low 
gradient  was  adopted  to  diminish  the  depth 
of  the  summit  cut.  The  aqueduct  through  this 
section  is  9  ft.  high  and  10  ft.  wide. 

For  the  next  25,000  ft.  the  fall  per  1,000  is 
.25  ft.  The  large  sized  aqueduct,  9  ft.  high 
and  10  ft.  wide,  is  continued  for  15,000  ft. 
of  this  distance  and  a  smaller  aqueduct,  8 
ft.  high  and  9  ft.  wide,  for  the  remainder  of 
the  distance.  This  design  is  the  result  of 
somewhat  complicated  hydraulic  computa- 
tions which  show  that  with  these  sections  of 
the  aqueduct  as  planned  85,000,000  gals,  daily 
will  flow  through  the  aqueduct  when  the 
water  in  the  bay  is  3.75  ft.  below  high  water 
level,  provided  the  water  has  such  a  free  en- 
trance through  the  intake  and  gate  and  screen 
chamber  that  it  docs  not  fall  more  than  .25 
ft.  in   passing  through  them. 

Beyond  the  three  portions  of  aqueduct 
above  described,  the  gradient  of  the  aqueduct 
has  been  made  to  follow  approximately 
parallel  with  the  surface  of  the  ground  all 
the  way  to  its  end  near  Transcona,  and  a 
size  has  been  adopted  for  each  gradient,  with 
a  few  exceptions  which  would  give  the  aque- 
duct the  standard  capacity  of  85,000,000  gals, 
per  day. 

The  quantity  of  water  which  will  flow 
through  the  reinforced  section  of  aqueduct, 
used  for  the  last  20,000  ft.,  will  not  depend 
upon  the  gradient  of  ihe  aqueduct  itself,  but 
upon  the  hydraulic  gradient  available  when 
a  reservoir  is  built  east  of  Traiiscona,  and 
its  size  has  been  computed  accordingly. 

Somewhat  similarly,  the  next  two  portions 
of  the  aqueduct  east  of  the  reinforced  por- 
tion, covering  a  total  length  of  46,000  ft., 
have  been  made  a  little  larger  than  the  size 
due  to  the  gradient  of  these  portions,  on 
account  of  the  possible  back  water  effect  from 
the  reservoir. 

The  flow  through  the  pipe  line  is,  of  course. 


ering  different  plans,  one  plan  was  selected 
which  provides  for  the  use  of  cast-iron  pipes 
5  ft.  in  diameter,  with  metal  1.9  ins.  thick, 
provided  with  a  special  bell  about  15  ins. 
long,  so  designed  as  to  permit  the  joirit  be- 
tween pipes  to  be  caulked  from  the  inside 
with  lead  wool.  The  tunnel  is  to  be  exca- 
vated only  large  enough  to  permit  the  pipe 
to    be   put    in    place.     This    requires    that    its 


Fig.  3.     Detail  Section  of  Plank  Foundations 

Where  One  and  Two  Thicknesses  Are 

Required — Winnipeg  Aqueduct. 

minimum  diameter  shall  not  be  less  than  (i 
ft.,  3  ins.  and  the  average  diameter,  owing 
to  the  irregularities  in  blasting,  will  be  con- 
siderably more.  All  spaces  between  the  pipe 
and  the  sides  of  the  tunnel  are  to  be  I'dled 
with  concrete,  as  far  as  it  is  practicable  to 
place  concrete,  and  the  remaining  space  is  to 
be  filled  by  pumping  in  cement  grout,  the  aim 
in  using  such  thick  pipe  and  in  filling  all 
spaces  with  concrete  or  cement  grout  being  to 
make  absolutely  secure  this  portion  of  the 
pipe  line  which  will  be  inaccessible  unless  the 
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water  is  shut  off  and  the  oipe  is  emptied  hy 
pumping. 

Seine  River  Crossing. — The  pipe  where  it 
crosses  the  Seine  River  is  located  in  a  pro- 
posed street,  and  the  designs  provide  for 
building  a  30-ft.  arched  concrete  culvert,  fill- 
ing over  it  with  earth  and  laying  the  steel 
pipe  in  the  earth  in  the  same  manner  as  in  the 
other  places. 

Other  Special  Structures  Along  Aqueduct. — 
In  addition  to  the  intake  works  at  Indian 
Bay,  special  construction  and  structures  will 
be  required  at  various  places.  At  the  cross- 
ing of  the  Falcon  River  a  pile  foundation  will 
be  required  for  about  600  ft.,  and  for  about 
150  ft.  of  this  length  it  will  be  necessary  to 
depress  the  aqueduct  so  that  its  top  will  be 
low  enough  to  permit  the  passage  of  the  water 
of  the  river  and  of  boats  of  light  draft.  This 
depressed  portion  should  be  reinforced  with 
steel,  and  the  concrete  should  be  made  much 
thicker  than  under  ordinary  circumstances. 
In  a  similar  way  there  should  be  a  depressed 
and  strengthened  section  of  aqueduct  at  the 
crossing  of  the  Whitemouth  and  Brokenhead 
Rivers,  also  at  the  Birch  River,  unless  it  is 
found  to  be  feasible  to  carry  the  aqueduct 
over  this  river.  For  a  part  of  the  distance 
at  the  crossing  of  the  Brokenhead  River, 
where  the  muskeg  is  too  deep  to  permit  of 
the  construction  of  the  aqueduct  upon  a  solid 
natural  l)ottom,  a  pile  and  timber  foundation 
will  be  required. 

Blow-offs  should  be  provided  for  discharg- 
ing water  from  the  aqueduct  into  Boggy, 
Birch.  Whitemouth,  Brokenhead  and  Red 
Rivers  and  into  other  places  where  an  op- 
portunity offers,  such  blow-offs  being  con- 
venient for  use  during  the  construction  of 
the  aqueduct  and  while  it  is  being  cleaned  or 
repaired  and  for  use  in  emergencies  when 
the  aqueduct  is  in  service. 

Waste  weir-6  should  be  provided  at  the 
Birch.  Whitemouth  and  Brokenhead  Rivers 
and  provision  should  be  made  at  these  waste 
weir  structures  for  placing  stop  planks  across 
the  aqueduct  to  stop  or  throttle  the  flow 
through  it.  By  making  suitable  arrangements, 
it  will  be  practicable  to  force  over  the  waste 
weirs  any  excess  of  water  above  the  capacity 
of  the  pipe  line  leading  from  Transcona  to 
the  city  which  might  accidentally  be  permitted 
to  enter  the  aqueduct  at  Indian  Bay. 

Culverts  will  be  required  where  all  small 
streams  cross  the  aqueduct  line  and  at  other 
places  where  there  arc  no  definite  streams, 
in  order  to  permit  water  to  find  its  way  from 
one  side  of  the  aqueduct  to  the  other.  All 
culverts  should  be  so  designed  that  they 
will  not  become  plugged  by  ice  during  the 
winter. 

PERMANEN'CE    OF    CONCRETE    MASONRY. 

I  oncrete  masonry  is  under  most  circum- 
stances one  of  the  most  durable  and  per- 
manent of  materials,  but  in  certain  soils  and 
in  the  presence  of  sulphates  and  sulphuretted 
hydrogen  it  sometimes  softens  and  disin- 
tegrates. F.ven  under  these  adverse  circum- 
stances it  has  been  found  that  a  dense, 
smooth  and  impervious  concrete  is  very  re- 
sistent  to  deterioration. 

In  order  to  ascertain  whether  or  not  any 
deterioration  of  the  concrete  of  the  proposed 
aqueducts  is  likely  to  take  place,  the  engineers 
had  certain  chemical  analyses  made  of  the 
muskeg  waters,  the  materials  forming  the 
muskegs  and  the  underlying  soils,  toth  in  the 
Laurentian  formation,  which  underlies  the 
greater  part  of  the  length  of  the  aqueduct, 
and  limestone  formation  which  occurs  to- 
wards its  westerly  end.  The  results  of  these 
analyses  show  that  the  sulphates  and  sul- 
phuretted hydrogen  were  not  present  in  the 
Laurentian  formation,  and  were  there  only  in 
small  quantities,  in  the  limestone. 

As  already  stated  the  policy  adopted  pro- 
vides for  building  the  aqueduct,  where  pos- 
sible, in  a  shallow  trench  from  3  to  4  ft.  deep. 
This  niethod  of  construction  will  permit  of 
the  drainage  of  the  muskegs  and  other  ground 
in  the  limestone  formation,  nearly  as  low  as 
to  the  liottom  of  the  aqueduct,  so  that  very 
little  of  the  ground  water,  which  may  con- 
tain sulphates  and  sulphuretted  hydrogen,  will 
come  in  contact  with  the  concrete,  and  the  en- 


gineers recommend  that  especial  attention  be 
given  to  providing  good  drainage  along  the 
aqueduct  through  the   limestone   formation. 

Although  the  engineers  believe  that  with 
concrete  mixed  in  the  usual  proportions  there 
would  be  very  little  danger  of  disintegration 
they  have  thought  it  best  to  recommend  that 
the  concrete  be  made  of  such  proportions  of 
cement  and  other  materials  that  it  will  be 
especially  dense  and  strong,  and  therefore 
much  less  likely  to  be  injuriously  affected. 

They  are  convinced  that  the  concrete  aque- 
duct, if  built  as  recommended,  will  be  a  per- 
manent  structure. 


A    Complete   Accounting    System    for 

Both    Large   and   Small    Water 

Works  Properties. 

Contributed    by    Le    Roy    W.    Allison,    Newark, 
New  Jersey. 

A  general,  comprehensive  accounting  sys- 
tem for  any  specific  utility  must  necessarily 
offer  great  flexibility  to  afford  adequate  serv- 
ice for  both  large  and  small  operating  com- 
panies. Yet  as  a  whole  the  accounting  sched- 
ule would  comprise  the  same  general  standard 
classifications,  with  elimination  of  such  inter- 
mediate sub-classifications  as  would  be  non- 
operative  and  accordingly  unessential  with  the 
smaller  organization. 

The  components  of  a  thorough  accounting 
system  include  a  schedule  of  accounts  of 
Assets,  Liabilities,  Fixed  Capital,  Income,  Op- 
erating Revenue  and  Operating  Expense,  and, 
for  facilitation,  would  be  divided  into  two 
great  classifications  under  the  headings  of 
Balances  or  Indicant  Accounts  and  Income 
Accounts.  Of  these,  the  first  would  comprise 
.Asset,  Liability  and  Fixed  Capital  .\ccounts ; 
and  the  second.  Income,  Operating  Revenue 
and  Operating  Expense  .Accounts. 

A  comparison  of  the  balances  of  the  Indi- 
cant Accounts  would  siiow  the  existing  condi- 
tion of  a  company  at  any  specific  time,  and 
constitutes,  with  the  subsidiary  schedules,  all 
that  is  necessary  prior  to  that  time  when  tlie 
company  may  be  termed  an  active  organiza- 
tion. 

Effective  with  operation,  the  second  group, 
or  Income  Accounts,  becomes  necessary,  there- 
by recording  in  convenient  form  the  account- 
ing history  of  its  various  activities.  This 
■schedule  closed  upon  a  basis  of  Corporate 
.Surplus  or  Deficit,  yearly  or  otherwise,  con- 
nects both  groups  of  accounts. 

The  accompanying  system  of  accounts  for 
water  works  properties,  arranged  in  concise 
and  convenient  form  with  explanation  of 
classifications  where  essential,  oft'ers  a  uni- 
form and  complete  schedule  for  efficient  ap- 
plication. Based  upon  systems  approved  and 
prescribed  by  public  utility  commissions,  and 
thus  standardized  in  accord  with  each  par- 
ticular feature  of  operation,  it  is  adaptable  to 
both  large  and  small  properties,  with  any  re- 
quired elimination  in  the  latter  case  n^  .-ihnvo 
mentioned. 


TABLE    I.— ASSET    ACCOUNTS. 

(1)  Fixed    Capital   Installed. 

(2)  Fixed   Capital   Installed    In   Other   Depart- 

ments. 

(3)  Construction   Work   In   Progress. 
(1)     Materials  and   Supplies. 

'     1)      Cash. 


(6)     Current  Assets 


(6) 


(II) 

(III) 

(IV) 

(V) 


(10) 
(11) 
(12) 
(13) 
(II) 
(16) 
(16) 


Bills    Rocolvnble. 

Acc'ts   U>-celviibIe. 

Interest    and    Divi- 
dends rjecclvnblo. 

OthiT   Current   As- 
aeta. 

Coupon   Special    Deposits. 
Other    Special    Dtpoaits. 
Inveatment.s. 
Re-aniMlr'il   .Sccurltlos. 
Slnl<lnK   I'liiida. 
Othfr   Sr.'-riii   Funds. 
Pr.-i 

Vii  Debt   Discount  and  E^pense. 

PiM  indoncd. 

Other   .-^Ubp'/tise. 
Corporate  Deficit. 


(3)  Construction  Work  in  Progress:  Ex- 
penditures upon  plant  and  equipment  in 
process  of  construction,  :jut  not  ready  for 
service;  including  consistent  proportion  of  ex- 
pense for  supervision,  engineering,  tools  and 
supplies ;  upon  completion,  cost  to  be  credited 
to  this  account  and  charged  to  the  proper 
Fixed  Capital  Account. 

(4)  Materials  and  Supplies:  All  materials 
and  supplies  acquired,  salvage  value  of  dis- 
carded equipment,  and  of  equipment,  materials 
and  supplies  returned  to  store,  regardless  of 
whether  same  are  to  be  consumed  in  construc- 
tion or  in  operation,  or  later  to  be  sold. 

(5)  Current  Assets,  (V)  Other  Current  As- 
sets :  To  provide  for  all  current  assets  not  in- 
cludible in  other  classifi>;ations  under  this 
schedule. 

(7)  Other  Special  Deposits:  All  funds  and 
bank  credits  deposited  in  the  hands  of  agents 
for  other  special  purposes,  and  not  elsewhere 
provided  for. 

(11)  Other  Special  Funds:  All  such  be- 
longing to  or  held  in  trust  for  specific  pur- 
poses, and  not  otherwise  provided  for. 

(12)  Prepayments:  Advance  payments  for 
taxes,  insurance,  rents,  etc.,  prior  to  the 
period  to  which  such  pertain. 

(15)  Other  Suspense:  .All  expenses  of  pre- 
liminary surveys,  plans,  investigations,  etc., 
made  for  determining  the  feasibility  of  proj- 
ects under  contemplation.  Through  the  carry- 
ing to  completion  of  any  ^uch  later  on.  the 
amounts  so  expended  to  be  credited  to  this 
account,  and  charged  to  the  proper  Fixed  Capi- 
tal Account;  if  later  abandoned,  the  amounts 
to  be  charged  to  the  appropriate  Income  or 
Operating  Expense  Account. 

(IC)  Corporate  Deficit:  To  show  the  debit 
balance,  if  any,  in  the  Corporate  Surplus  or 
Deficit   Account. 


(1) 


(2) 


TABLE  IL— LIABILITY  ACCOUNTS 
Funded  Debt  Account. 

(I) 

(II) 

(III) 

(IV) 

(V) 


Unfunded 
debt  ac- 
counts... 


Taxes  Accrued. 

Judgments  Unpaid. 

Receiver's    Certificates. 

Interest  Accrued. 

Other    Accrued    Liabili- 
ties. 

Dividends  Declared. 

Bills  Payable. 
(VIII)   Advances    from    Otiv 
Companies. 

Consumers'  Deposits. 

Other  Accounts   Pa 
able. 

Unearned  Revenue. 

Other  Unfunded  Debt 


(VI) 
(VII) 


(IX) 
(X) 


EXPLANATION    OF    ASSET    SCllEnui.FS    SHOWN    IN 
TABLE   I. 

(2)_  Fixed  Capital  in  Other  Departments: 
Tangible  and  intangible,  Jtvotcd  to  other  than 
water  operations. 


(XI) 
(XII) 

(3)  Premiums  on   Stocks. 

(4)  Other   Permanent    Reserves. 
(■I)  Contractual    Reserves. 

(6)  Accrued  -Amortization  of  Capital. 

(7)  Unamortized  Premium  on  Debt. 

(8)  Other   Required    Reserves. 

(9)  Casualty   and    Insurance   Reserve 

(10)  Other  Optional   Reserves. 

(11)  Capital   Stock   Accounts. 

(12)  Corporate  Surplus. 


EXPLANATION    OF    LI.VBIUTY    SCHEDULES    SHOW 
IN    TABLE   II. 

(1)  Funded  Debt  .Account:  To  be  divide 
into  classes,  such  being  determined  by  tli 
four  characteristics— (a)  Mortgage  or  other  lii 
or  security  therefor;  (b)  Rate  of  interest;  (c 
Interest  dates;  (d)  Date  cf  maturity.  A  sei 
arate  sub-account  to  be  carried  for  each  sue 
class  of   funded  debt. 

(2)  Unfunded  Debt  Accounts,  (V)  Otiu 
.Accrued  Liabilities :  Those  accruing  from  da 
to  day  but  not  coming  du.':  until  a  particula 
date,  such  as  interest,  rent,  taxes,  etc.  (VIII 
Advances  from  Other  Companies  :  All  amouni 
of  such  advances  received  to  pay  for  construi 
tion  or  additions  and  betterments  to  plant  an 
equipment,  or  for  any  other  purpose.  (X 
Other  Accounts  Payable:  .AH  amounts  owin; 
to  miscellaneous  creditors  on  open  account  ii. 
elsewhere  provided  for.  (XI)  Unearned  Re\ 
enuc :  All  payments  received  for  water  to  I  • 
supplied  in  future  months ;  as  the  advam  - 
term  expires,  the  proper  Revenue  .Accoun 
should  be  credited,  and  this  account  debitc 
with  the  amount  applicable  to  the  time.  (XII 
Other  Unfunded  Debt:  All  unfunded  del 
upon  which  the  company  is  liable,  and  nr 
elsewhere  provided   for. 

(4)  Other  Permanent  Reserves:  All  re 
serves  created  to  remain  intact  until  the  dis- 
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TABLE    III.— FIXED    CAPITAL,    ACCOUNTS. 


(1)     Intangible    Fixed    Capital. 


(I)  Organization. 

(II)  Franchises. 

(III)  Patent   Rights. 

(IV)  Other  Intangible  Water  Capital. 


(2)     Water  Collecting  System. 


(3)     Purification    System 


Water  Diversion   Rights. 

Reservations. 

Impounding  Dams  and   Reservoirs. 

Lalte  and  River  Cribs. 

Springs   and   Wells. 

Infiltration  Galleries  and   Tunnels. 

Collecting  Conduits  and  Reservoirs. 

Gravity  Intalies  and  Suction  Mains. 

Aqueduct  and  Supply  Mains. 

Settling  Basins. 

Coagulating  Basins. 

Softening  and  Iron  Removal  Plant. 

Filters. 

Ozone  Sterilizating  and  Aeration  Plant. 

Chemical  Treatment  Plant. 


(4)     Pumping  System 


(5)     Distribution    System 


(6)     Miscellaneous    Properties 


(7)     Miscellaneous    Construction    Expenditures.. 


(1) 

(II) 

(III) 

(IV) 

(V) 

(VI) 

(VII) 

(VIII) 

(IX) 

(I) 

(II) 

(HI) 

(IV) 

(V) 

(VI) 

(VII)  Clear  Water  Basins. 

(I)  Pumping  Stations. 

(II)  Steam   Power  Pumping   Equipment. 

(III)  Hydraulic  Power  Pumping  Equipment. 

(IV)  Electric  Power  Pumping  Equipment. 

(V)  Gas   Power  Pumping  Equipment. 

(VI)  Miscellaneous  Pumping  Equipment. 

(I)  Transmission  Mains  and  Accessories. 

(II)  Storage  Reservoirs.  Tanks  and  Standpipes. 

(III)  Distribution  Mains  and  Accessories. 

(IV)  Service  Pipes  and  Stops. 

(V)  Meters,   Meter  Boxes  and  Vaults. 

(VI)  Fire  Hydrants  and  Fire  Cisterns. 

(VII)  Fountains.  Troughs  and  Other  Equipment 


(I)       General   Structures. 


(II)  Gen'l  Equipment 

(a)  Otflce    Equipment. 

(b)  Shop   Equipment. 

(c)  Store    Equipment. 

(d)  Stable  Equipment. 

(III)  Other  Intangible  Water  Capital. 


(I)  Engineering  and  Superintendence. 

(II)  Law    Expenditures    During    Construction. 

(III)  Injuries    During    Construction. 

(IV)  Taxes  During  Construction. 

(V)  Miscellaneous  Construction  Expenses. 

(VI)  Interest   During   Construction. 


TABLE    IV. 

(I) 
(II) 


-INCOME    ACCOUNTS. 

Rents  Accrued  from  Lease  of  Water  Plant. 

Miscellaneous  Rent  Rev-  f  ,    ,  .  u   , ,    r^ 

gjjygg  _ .         J  (a)  Leasehold   Revenues. 

j  (b)   Other  Rent  Revenues. 


(Ill)    Interest  Revenues 


<1)     Non-Operating    Revenues.. -I 


(IV) 
(V) 


[    (a)  Inte 
[    (b)  Inf 


terest   from  Investments, 
st   from   Other   Sources. 


Divided   Revenues. 

-Miscellaneous   Non-Operating  Revenues. 


(VI)    Non-Operating 
Deductions    . . 


Revenue 


fa)  Rent  Expense. 
{ b)   Interest  Expense. 

(c)  Dividend  Expense. 

(d)  Miscellaneous   Non-Operat- 
ing Expense. 

(e)  Non-Operating  Taxes. 

(f)  UncoUectable  Non-Operat- 
ing Revenues. 


f  (I)       Interest   Accrued   on   Funded   Debt. 

(II)  Other  Interest  Deductions. 

(III)  Rent  for  Lease  of  Other  Water  Plant  and  Equipment. 


(2)     Income  Deduction.^. 


(IV)    Miscellaneous    Rent    De-  f    (a)  .Toint  Facility  Rents. 

ductions    ■(    (b)  Miscellaneous  Rent  Deduc- 
tions. 


.|(. 


(V)    Miscellaneous    Deductions 
from  Income    


(VI)    Amortization    Deductions-! 


f    (a)   Sinking  Fund  Accruals. 
I    (b)  Guaranties  of  Periodic  Pay- 
I  ments. 

■1    (c)   Loss  on  Operations  of  Oth- 
ers. 
I    (d)  Other    Contractual    Deduc- 
t  tions  from  Income. 


(a)  Amortization  of  Landed 

Capital. 

(b)  Amortization   of  Debt  Dis- 

count  and   lOxppnse. 

(c)  Amortization    of     Premium 

on  Debt. 


(I)  Bad  Debts  Collected. 

(II)  Other  Additions  to  Surplus. 

(III)  Expenses   Elsewhere   Unprovided  For. 

(IV)  Dividends  on  Outstanding  Stocks. 


<3)     Appropriation  .Accounts ■{ 


<\')    Miscellaneous    Appropria-  I 
tlons    ■( 


i     (VI)    Bad    Debts    Written    Off. 

I    (Vll)   Other  Deductions  from  Surplus. 


r    (a)  Amortization    Elsewhere 
I  LTnprovided     For. 

(b)  Appropriations  to  Reserves. 

(c)  Gifts   to   Controlled   Com- 
panies. 

(d)  Other   Appropriations. 


solution  of  the  company,  not  elsewhere  classi- 
fied. 

(5)  Contractual  Reserves :  All  Reserves 
necessitated  by  contracts  of  the  company,  such 
as  to  cover  sinking  funds  provided  for  in 
mortgages,  etc. 

(6)  Accrued  Amortization  of  Capital:  Such 
amounts  as  are  charged  from  time  to  time  to 
Operating  Expenses  or  other  accounts  to  cover 
depreciation  of  plant  and  equipment,  and 
other  amortization  of   fixed  capital. 

(7)  Unamortized  Premiim  on  Debt:    To  in- 
clude the  excess  of  cash  value  received  when 
funded   debt   securities   or  other   evidences   of 
indebtedness  are  disposed  of  for  a  considers 
tion  greater  than  the  sum  of  the  par  value. 

(8)  Other  Required  Reserves:  All  required 
reserves  not  elsewhere  provided  for. 

(10)  Other  Optional  Reserves:  All  such 
reserves  not  otherwise  classified,  a  sub-account 
being  carried   for  each  particular  reserve. 

(12)  Corporate  Surplus:  To  show  the  credit 
balance,  if  any,  in  the  Corporate  Surplus  or 
Deficit   Account. 

EXPLANATION      OF      FIXED      CAPITAL       SCHEDULES    I 
GIVEN    IN    TABLE    III. 

(1)  Intangible  Fixed  Capital  (I)  Organiza- 
tion :  All  office  and  other  expenses,  legal,  pro- 
motion and  otherwise  incident  to  the  organi- 
zation of  the  company,  and  placing  it  in  readi- 
ness to  operate.  (IV)  Other  Intangible  Water 
(Capital:  All  other  property  coming  within 
such  definition  devoted  to  water  operations. 

Under  the  succeeding  classifications,  "Water 
Collecting  System,"  is  embodied  all  structures 
and  equipment  used  in  collecting  water  and 
conveying  it  from  such  place  of  collection  to 
the  purification  or  pumping  plant;  or  in  case 
of  a  gravity  system,  to  a  point  from  which  it 
is  distributed  to  consumers. 

(2)  Water  Collecting  System,  (IV)  Lake 
and  River  Cribs:  All  land  and  lake  or  river 
bed,  and  all  structures  thereon  used  for  col- 
lecting water  for  supply  purposes.  (VIII) 
Gravity  Intakes  and  Suction  Mains :  All  land 
and  rights-of-way  and  structures  used  for 
bringing  water  by  gravity  or  suction  from  the 
source  of  supply  to  the  purification  or  pump- 
ing plant. 

Under  the  next  classification,  "Purification 
System,"  is  incorporated  all  land,  structures 
and  equipment  engaged  in  the  purification  of 
water,  in  conveying  water  from  one  section  of 
the  purification  system  to  another,  and  includ- 
ing steam  or  other  power  plant  and  pumping 
equipment,  when  such  apparatus  is  used  in 
connection  with  the  delivery  of  wash  water  for 
filter  or  sand  washing.  It  does  not,  however, 
include  any  such  steam  or  other  power  plant 
and  pumping  apparatus  which  is  employed  for 
pumping  the  water  supply  from  one  part  of 
the   purification  works  to  another. 

(3)  Purification  System,  (II)  Coagulating 
Basins:  All  land  and  structures  used  for  the 
coagulation  of  water,  whether  same  is  prelimi- 
nary to  supply  or  in  conjunction  with  further 
purification  by  some  additional  process ;  or 
whether  employed  as  a  step  in  purification  fol- 
lowing sedimentation;  also,  such  equipment  as 
coagulant  mixing  and  storage  tanks,  orifice 
boxes  and  feeder  apparatus,  etc.  (IV)  Filters: 
All  land  and  structures  used  for  filtration  pur- 
poses, whether  such  filters  be  "roughing  fil- 
ters," "slow  sand  filters,"  or  "mechanical  fil- 
ters." and  appliances  forming  a  part  of  such 
filters,  cleaning  and  sand-ivashing  equipment, 
etc.  (V)  Ozone  Sterilizing  and  Aeration 
Plant :  .Ml  land  and  equipment  used  for  the 
process  of  water  purification  by  such  system. 
(VII)  Clear  Water  Basi:is :  All  land  and 
structures  used  for  the  storing  of  water  cither 
in  process  of  purification  or  as  an  intermediate 
step  in  the  purification  process,  where  some 
particular  system  or  method  of  purification  is 
cmploved. 

(4)  Pumping  System,  (VI)  Miscellaneous 
Pumping  Equipment.  All  equipment  for  such 
purpose  not   properly   classed   elsewhere. 

(5)  Distribution  System.  (I)  Transmission 
Mains  and  Accessories:  All  land  and  rights 
of-way,  and  all  main  pipe  lines,  special  cast 
ings.  valves,  valve  vaults  and  boxes,  etc..  be- 
longing to  the  transmission  system,  and  ac- 
cessories to  the  transmissirn  mains. 

The    transmission    lines,    noted    above,    arc 
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intended  to  include  those  which  convey  water 
for  long  distances,  without  having  any  connec- 
tions for  services  from  the  pumping  station 
to  the  distributing  storage  reservoir  or  the 
distributing  system  mains.  Accordingly  only 
applying  in  the  case  of  water  works  operating 
pumping  stations,  as  in  the  case  of  a  gravity 
system  such  mains  would  come  under  the 
classification  of  distribution  or  supply  mains. 

(.ti)  Miscellaneous  Properties,  (III)  Other 
Tangible  Water  Capital :  All  tangible  property 
devoted  to  water  operations  not  elsewhere 
provided    for. 

(7)  Miscellaneous  Construction  Expendi- 
tures, (V)  Miscellaneous  Construction  Ex- 
penses :  Including  all  salaries  and  expenses 
of  executives  and  general  officers,  salaries  of 
clerks  :  all  construction,  equipment  items  of  a 
special  and  incidental  nature,  and  not  properly 
chargeable  to  any  other  classification  account. 

EXPL.VNATION     OF    INCOME     SCHEIlfLES    GIVE.V     IN 
TABLE    IV. 

(IJ  Non-Operating  Revenues.  (1)  Rents 
Accrued  from  Lease  of  Water  Plant:  .All  rev- 
enues from  interests  in  water  plant  or  equip- 
ment held  by  others  under  some  form  of 
lease  whereby  possession  of  such  property  is 
surrendered.  (II)  Miscellnneous  Rent  Reve- 
nues, (b)  Other  Rent  Revenues :  All  such 
from  any  lease  or  contract  the  entire  term  of 
which  does  not  exceed  one  year,  or  which  is 
held  at  will,  etc.  (Ill)  Interest  Revenues 
(b)  Interest  from  Other  Sources:  All  interest 
accruing  upon  interest-bearing  current  assets, 
special  deposits,  etc.,  not  provided  for  bv 
classification  elsewhere.  (V)  Miscellaneous 
N'on-Operating  Revenues :  All  non-operating 
revenues  accruing  to  the  company  and  not 
provided  for  elsewhere.  (VI)  Non-Operating 
Revenue  Deductions,  (d)  Miscellaneous  Non- 
Operating  Expense:  All  non-operating  ex- 
penses not  provi(^d  for  by  other  sub-accounts, 
(e)  Non-Operating  Taxes :  All  taxes  accru- 
ing upon  non-operating  property  and  assign- 
able  to   non-operating   revenues. 

(2)  Income  Deductions,  (11)  Other  Interest 
Deductions :  All  interest  accruing  monthly  or 
quarterly  on  receiver's  certificates,  and  on  all 
interest-bearing  obligations.  (IV)  Miscella- 
neous Rent  Deductions,  (a)  Joint  Facility 
Rents :  To  include  the  rent,  return,  or  profit, 
above  depreciation  and  other  expense  of 
maintenance  and  operation,  on  plant  or  equip- 
ment operated  by  another  company  for  the 
joint  benefit  of  the  accounting  company  and 
others^  and  under  a  joint  arrangement  for 
sharing  the  expenses,  (b)  Miscellaneous  Rent 
Deductions:  All  miscellaneous  rents  payable, 
and  not  elsewhere  provided  for.  (V)  Mis- 
cellaneous Deductions  from  Income,  (d)  Other 
Contractual  Deductions  from  Income:  All 
contractual  liabilities  accruing  from  annual  or 
periodic   matters   not   elsewhere   classified. 

(VI)  Amortization  Deductions,  (a)  Amorti- 
zation of  Landed  Capital:  At  the  close  of  any 
fiscal  period  to  include  such  proportion  of  the 
original  money  cost  of  landed  capital  as  neces- 
sary to  cover  the  extent  of  life  expired  during 
such   period. 

(3)  .Appropriation  .Accounts  (II)  Other 
Additions  to  Surplus;  Providing  for  the  cred- 
iting of  all  additions  to  surplus  not  otherwise 
classified.  (V)  Miscellaneous  .Appropriations, 
(d)  Other  .Appropriations:  All  optional  appro- 
priations made,  and  not  otherwise  provided 
for,  (VII)  Other  Deductions  from  Surplus: 
All  deductions  for  surplus  not  elsewhere  ar- 
ranged for  by  sub-accounts. 

TABLE  v.— OPERATING  HKVENUE  AC- 
COUNTS. 

(1)  Metered   Private  Service. 

(2)  Unmetercd    Private   Service. 

(3)  Service  to  Otlier  Water  Supply  Systems. 

(4)  Miuiioipal   Water  Service. 

(5)  Miscellaneous    Water    Service. 

(6)  Miscellaneous   Operating   Revi  i   . 


(6)  Miscellaneous  Operating  Revenues:  All 
revenues  accruing  for  services  rendered  in 
connection  with  water  operations,  other  than 
supplying  water,  such  as  fees  for  shutting  off 
and  turning  on  water,  tapping  mains,  etc. 

EXl'I.ANATIO.V   OF  OPERATING  EXPENSE   SCHEDULES 
GIVEN    IN    TABLE   VI. 

The  accounts  for  operating  expenses  are  ar- 
ranged in  three  groups  as  follows:  (1)  Water 


same;  (3)  General  and  Miscellaneous  Ex- 
penses cover  all  costs  relating  to  the  general 
management  of  the  water  w-orks  as  a  business 
enterprise,  and  those  incident  to  the  business 
as  a  whole  not  otherwise  classified. 

(1)  Water  Supply  Expenses  (III.  Pumping 
System  Expenses),  (d)  Miscellaneous  Sup- 
plies and  Expenses :  All  supplies  and  ex- 
penses  incurred   in    operating     the     pumping 


TABLE  VI.— OPERATING  EXPENSE  ACCOUNTS. 


(1)     Water   Supply   Expenses.... 


(I) 


Collecting   System    Ex- 
penses    


and 
and 


(11)      Purification     System 
Expenses    


(Ill)    Pumping     System     Ex- 
penses     


(IV)    Distribution    Expenses 


(a)  Water  Purchased. 

(b)  Reservation    and    Drainage 

Area. 

(c)  Impounding  Dams  and  Res- 

ervoirs. 

(d)  Lake  and   River  Cribs. 

(e)  Springs  and  Wells. 

(f)  Infiltration      Galleries 

Tunnels. 

(g)  Collecting      Conduits 

Reservoirs. 

(h)  Gravity    Intakes    and    Suc- 
tion  Mains. 

(i)    Aqueducts  and   Supply 
Mains. 


r  (a)  Sedimentation   and   Coagu- 
lation. 

I  (b)  Softening    and    Iron    Re- 
J  moval. 

•  1  (c)  Filtration. 

I  (d)  Chemical  Treatment. 

1^  (e)  Clear  Water  Basins. 

{(a)  Operating   Labor, 
(b)  Fuel, 
(c)  Power   Purchased, 
(d)   Miscellaneous  Supplies  and 
Expenses. 

(a)  Transmission    Meiins    and 
Accessories. 

(b)  Storage    Reservoirs.    Tanks 
and   Standpipes. 

(c)  Distribution  Mains  and  Ac- 
cessories. 

(d)  Service   Pipes  and   Stops. 

(e)  Meters,    Meter    Boxes    and 
Vaults. 

(f)  Fire  Hydrants  and  Cis- 
terns. 

(g)  Fountains,    Troughs    and 
Other     Equipment 


(2)     Maintenance    Expenses..., 


(I)  Repairs  of  Water  Collecting  System. 

(II)  Repairs  of  Purification  System. 

(III)  Repairs  of  Pumping  System. 


(IV)    Repairs  of  Distribution 
System    


(a)  Transmission    Mains   and 

Accessories. 

(b)  Storage    Reservoirs,    Tanks 

and   Standpipes. 

(c)  Distribution  Mains  and  Ac- 

cessories. 

(d)  Service   Pipes  and   Stops. 

(e)  Meters.    Meter    Boxes    and 

Vaults. 

(f)  Fire    Hydrants    and    Cl.- 

terns. 

(g)  Fountains,    Troughs    ar 

Other   Equipment. 


(V)      General   Repairs. 
.  (VI)    General  .Amortization. 

r 

(I)  Administration    Expenses. 


)i 


(a)  General   Officers. 

(b)  General   Office  Clerks, 
c)  General  Office  Supplies  and 

Expenses. 


(II)  Accounting     and     Commer-  (    '?>   Lmployees. 

clal  Expen.ses i    (b)  Ofllco     Supplies     and      I 

(  penses. 


(Ill) 


Business   Promotion   Expenses. 

(IV)  Legal  Expenses. 

(V)  Injuries  and  Damages. 

(VI)  Insunmce. 
(Vli)     Relief  Department  and    i^ension;^. 

(3)  General    and     Mlscelluneous.^    iVIlI)  Water  Franchise   Requirements. 

" (IX)       Store    and    Stable     Ex-  I    (a)  Store. 

penses I   (b)  Stable. 


Expenses 


i.V) 


MIsccllaneouH       Adjust 
inenta    (balance) 


f  (a.)  Inventory   Adjustments. 
I    (b)  Discounts  on  Materials  and 

J  Supplies   (credit), 

(c)  Duplicate     Water     Charges 
(credit). 

(d)  Water     Expenses       Trans- 
ferred   (credit). 

(e)  .Toint     Operating    Expenses 
(credit). 


(XI)  Miscellaneous  General  Expenses. 

(XII)  Taxes. 

>.  (XIII)  Uncollectable  Water  Bills. 


I  NI'I.WATIDN   OF  OI'ERATINn   UEVFNl'E  SCHF.RUI,ES 
GIVEN    IN   TADLE   V. 

(5)  Miscellaneous  Water  Service:  All  reve- 
nues accruing  for  water  furnished  to  builders 
or  street  paving  contractors,  and  those  using 
water  for  a  limited  period  of  time  without 
pernianent  service  connections ;  and  for  all 
other  water  service  not  elsewhere  classified. 


Supply  Expenses  are  those  which  represent 
the  costs  of  materials  and  services  other  than 
those  for  repairs,  and  directly  connected  with 
collection,  nurification,  pumping  and  distribu- 
tion ;  (2)  Maintenance  Expenses  arc  those 
which  represent  the  cost  of  services  and  ma- 
terials incident  to  the  repair  of  properties,  and 
the   losses   arising   from   the    depreciation    of 


plant,   not  otherwise  classified,  as  water  used 
in  boilers,  oil  and  waste,  etc. 

(2)  Maintenance  Expenses,  (V)  General 
Repairs:  To  include  the  cost  of  all  labor  and 
materials  used  in  making  repairs  to  general 
structures  and  general  equipment,  such  as 
j^eneral  offices,  general  storehouses,  shops,  etc. 
(Vn     General     .Amortization:     The    amount 


so 
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necessary  to  cover  such  wear  and  tear  and 
obsolescence  as  have  accrued  during  the  period 
in  the  tangible  fixed  capital  of  the  company, 
such  period  to  be  monthly  or  quarterly ;  also, 
such  portion  of  the  life  of  the  intangible  fixed 
capital  as  has  expired  or  been  consumed  dur- 
ing the  period,  and  any  reserve  amounts 
necessary  to  cover  the  cost  of  property  de- 
stroyed by  unusual  casualties. 

(3)  General  and  Miscellaneous  Expenses, 
(XI)  ivliscellaneous  General  Expenses:  All 
miscellaneous  general  expenses  not  elsewhere 
classified,  and  of  such  unimportant  character 
as  not  to  warrant  the  npenin.e:  of  a  specific 
account  or  accounts  for  same.  (Xlin  Uncol- 
lectible Water  Bills:  To  include  all  bills  ren- 
dered which,  after  reasonable  period  and  ef- 
forts, have  proved  impracticable  of  collection. 
Upon  charging  the  amount  to  this  account,  it 
should  be  credited  to  the  account  receivable 
in  which  it  has  been  carried. 


Discussion  and  Data  on  the  Economic 

Location  of  Conduits. 

Every  conduit  must  change  at  certain  points 
along  its  length  from  one  type  of  construction 
to  another,  as  from  pipe  line  to  lined  canal, 
unless  it  traverses  a  country  of  uniform 
topography.  Such  changes  arise  from  con- 
siderations of  economy  or  safety.  A  conduit 
of  any  considerable  length  seldom  consists 
wholly  of  canal  section  but  changes  from 
that  type  of  construction  to  flumes,  siphons, 
pipe  lines,  bridge  flumes  or  tunnels,  as  the 
location  conditions  dictate.  The  points  at 
which  such  changes  are  made  are  determined 
by  economic  considerations  as  well  as  bv 
ground  slope,  by  the  nature  of  the  material 
encountered  in  the  excavation  processes  and 
by  the  other  local  conditions.  Just  as  the 
comparative  costs  of  deep  cutting  and  tunnel- 
ing are  used  to  indicate  when  to  pass  from 
cut  to  tunnel  in  railroad  location,  so  the 
transition  from  one  type  of  conduit  construc- 
tion to  another  is  based  upon  comparative 
costs. 

In  making  various  conduit  locations  Mr.  C. 
E.  Hickok.  Assoc.  M.  Am.  Soc.  C.  E.,  has 
evolved  a  diagram  which  gives  the  equivalent 
lengths,  from  an  economic  standpoint,  of 
various  types  of  conduits.  The  diagram  and 
Mr.  Hickok's  discussion  of  it  are  here  given 
as  described  by  him  in  his  paper  entitled :  A 
Study  of  Economic  Conduit  Location,  as  pub- 
lished in  Vol.  XXXIX  Proc.  Am.  Soc.  of 
C.  E.,  pp.  218.')-2190.  When  the  locator  comes 
to  a  point  where  he  must  decide  whether  to 
tunnel  through  a  ridge  or  follow  the  grade 
around  with  a  canal,  he  measures  the  length 
of  the  two  possible  routes,  and.  by  an  inspec- 
tion of  the  diagram  given  herewith,  reaches 
a  decision  as  to  the  more  economical  of  the 
two  types  of  conduits.  This  not  only  saves 
time  but,  with  a  properly  constructed  diagram, 
assures  a  proper  and  complete  comparison 
between  the  two  alternatives  as  to  first  cost, 
depreciation,  head-loss  values,  evaporation 
and  seepage  loss  values,  interest,  taxes,  in- 
spection and  repairs. 

For  purposes  of  illustration  assume  a  case 
where  the  project  under  consideration  is  to 
be  used  for  irrigation  and  hydro-electric  pur- 
poses, and  where  the  conduit  has  a  capacity 
of  44.G  cu.  ft.  per  second  and  a  slope  of  one- 
tenth  of  1  per  cent.  Four  types  of  conduit 
are  shown  in  Fig.   1. 

It  is  obvious  that  for  each  foot  saved  in 
length  of  conduit  there  is  a  saving  in  head 
loss,  as  well  as  in  evaporation  and  seepage 
losses.  The  value  of  this  saving  is  ascer- 
tained in  the  following  way,  taking  I.OdO  ft. 
of  conduit,,  for  convenience  in  calculating: 

11  end  /.ow.— 1,000  ft.  of  conduit  dissipates 
1  ft.  head.  With  a  discharge  of  41.0  cu.  ft. 
per  second,  and  77  per  cent  efficiency,  the 
horsepower  is : 

1  X  44.6  X  02.5  X  0.77 

=  3.9  IIP.  =  2.8  KW., 

.J.50 

Ic.^s    10  per  cent    for   transmission  and   trans- 
former losses  =  2.61  KW.,  at  ?5o  =  $1 13.50. 


Ei-at> oration  Loss — Power  Valut. — Assum- 
ing an  evaporation  of  5    ft.  per  annum : 

8  X  1,000  X  5.0 

^0.915  acre-ft.   per  year 

43,560 
=  0.0025  acre-ft.  per  24  hours  =  0.00125  cu. 
ft.  per  second.,   with  a  head  of  1,500  ft. 
0.00125  X  1,500  X  62.5  X  0.77 

=  0.162  HP.  = 

550 
0.121  KW.,     less  10  per  cent  for  transmission 
and  transformer  losses  =  0.109  KW.,  at  $55, 
=  $6. 

Seepage  Loss — Pozver  Value. — From  tests 
made  by  Elwood  Mead  and  B.  A.  Etcheverry, 
at  the  University  of  California,  the  writer 
concludes  that  the  rate  of  percolation  through 


less  25  per  cent  loss  =  0.353  miner's  inch  at 
10  cts.  per  miner's  inch  per  day  =  per  annum, 
$51.64. 

Total  annual  irrigation  loss,  $58.50. 

Capitalized  at  10  per  cent,  $.585.00. 

Or  per  foot,  $0,585. 

Stinimai-y. — Power  loss  per  foot,  $1.95;  ir- 
rigation loss  per  foot,  0.585;  total  loss  per 
foot,  $2,535. 

The  first  cost  and  the  annual  charges  of 
each  type  of  conduit  are  next  computed.  The 
annual  charges  are  taken  as  consisting  of  the 
following  items :  Interest,  depreciation,  taxes,, 
inspection,  and  repairs.  The  annual  charges- 
of  each  conduit  are  capitalized  at  10  per  cent 
and  added  to  its  first  cost,  which  gives  a  fig- 
ure having  a  real  comparative  value.  For  in- 
stance,  we   obtain    the   comparison   between   a. 
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Fig.    1.     Economic    Conduit    Location — Cross  Sections  of  Four  Types  of  Conduits. 


a  3-in.  canal  lining  under  a  head  of  3.5  ft. 
is  about  0.0043  cu.  ft.  per  hour,  or  0.103  cu. 
ft.   per  24  hours. 

8  X  1,000  X  0.103 

=  0.0188   acre-ft.   per   24 

43,560 
hours  =  0.0094  cu.  ft.  per  second. 

0.0094  X  1,500  X  62.5  X  0.77 

=  1.23  HP.  = 

550 
0.92   KW.,   less    10   per  cent  =   0.828   KW.; 
0.828   KW.   at  $55  =  $45.54. 

Total  annual  power  loss,  $195.04. 

Capitalized  at  10  per  cent,  $1,950.40 

Or  per  foot,  $1.95. 

Evaporation  Loss — Irrigation  Value. — 0.0025 
acre-ft.  in  24  hours  (from  the  foregoing)  = 
0.00125  cu.  ft.  per  second  =  0.0625  miner's 
inch.  Assume  25  per  cent  loss  before  delivery 
to  consumer : 

0.047  miner's  inch  at  40  cts.  per  miner's  inch 
per   day  =  per  annum,  $6.86. 

Seepage  Loss — Irrigation  Value. — 0.0188 
acre-ft.  per  24  hours  (from  the  foregoing)  := 
0.0094  cu.  ft.  per  second  ^  0.47  miner's  inch, 


lined    canal    and    a    concrete-lined    tunnel    as 
follows : 

CONCRETE    LINED    C.'VNAL. 

rirsi  Cost — Per  Foot. — Excavation,  2  cu. 
yds.  at  36  cts.  =  $0.72;  concrete,  4.25  cu.  ft. 
at  $10.20  per  cu.  yd.  =  $1.67.     Total  =  $2.29. 

Annual  Charge. — Interest  at  10  per  cent,. 
$0.23;  depreciation,  at  2  per  cent,  $0,046; 
taxes,  $0,019;  inspection,  $.01;  repairs,  $0.02; 
total,  $0,325;  at  10  per  cent,  $.3.25;  total,  $5.54. 

CON-CRETE-LINED  TUNNEL. 

Excavation,  2.25  cu.  yds.  at  $5.50  =  $12.40; 
concrete  and  forms,  $4.10;  total,  $16.50; 

.Innuat  Charge. — Interest  at  10  per  cent, 
$1.65;  depreciation,  at  1  per  cent,  $0,165; 
taxes,  $0,137;  inspection,  $0.01;  repairs,  $0.02; 
total,  $1,982;  at  10  per  cent,  $19.82;  total, 
.$.'W.32. 

It  is  evident,  if  we  shorten  the  conduit  by 
building  the  tunnel,  that  the  first  cost  and 
the  capitalized  annual  cost  of  the  tunnel  can 
exceed  the  first  cost  and  the  capitalized  annual 
cost  of  the  canal  by  an  amount  equal  to  the 
length  of  conduit  saved  multiplied  by  the  loss 
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value  per  foot  of  conduit.     This  is  shown  by 
ihe  equation: 

J-   iCr  +  Ay)   =X   (C.  +  /1.)    +    (.r  — r)    y 
"where 

J<   =  linear  feet  of  canal, 
y   ^linear  feet  of  tunnel, 
•C  =  estimated  cost  per  foot  of  canal, 
^«^  estimated    annual    charges    per    foot    of 

canal  capitalized  at  10  per  cent, 
•0  =  estimated  cost  per  foot  of  tunnel. 
-4r  =  estimated    annual    charges    per    foot    of 
tunnel   capitalized   at   10  per  cent,   and 
/'   lvalue  of  losses  per  foot  of  conduit. 

In  the  case  of  a  tunnel,  the  evaporation  will 
be  considerably  lessened,  thereby  effecting  an 
•additional  saving.  If  entirely  eliminated,  this 
saving  would  amount  to  12.8  cts.  per  foot,  as 
shown  above.  This  was  reduced  to  10  cts. 
and  the  first  cost  of  tunnel  credited  with  that 
amount.  Inserting  the  proper  values  .'n  the 
■equation  : 
y   ( 16.40   -r    19.82)   =  X    (2.29   +  3.25)    + 

(x  —  y)  2.53 
y  —  0.208  A',  the  equation  of  a  straight  line. 

In  the  same  way,  two  types  of  conduit  can 
l)e  compared  and  the  resulting  straight-line 
equation  obtained.  The  diagram,  Fig.  2, 
which  is  self-explanatory,  shows  the  results. 
The  following  formula  and  assumptions  were 
wsed   in  constructing  Fig.  2: 

GENERAL  FORMUL.^. 

y(Cj)—vC.+  (x  —  y)  V  +  X  {A.)  —y{Ay) 
<■  >  —  Estimated  cost  per  foot  of  conduit  above 

line. 
■Ay  =  Estimated    annual   expense   per    foot   of 

conduit  above  line  capitalized  at  10  per 

cent. 
■Ci  =  Estimated   cost  per   foot  of   conduit  be- 
low line. 
At^  Estimated   annual   expense  per   foot  of 

conduit    below    line    capitalized    at    10 

per  cent. 
•/'    ^Estimated   value   of  one   foot  of   canal 

for    power   and    irrigation    purposes  ;= 

$3.-53. 
Tunnel  is  credited  with  10  cts.  per  foot  for 
•saving  in  evaporation. 

VALUES  USED. 

Original     Annual 
cost      expenses 
_  per  ft.         per  ft. 

Tunnel   $16.50  J1.98 

-Concrete-lined    canal    2..'!0  0.325 

Concrete   flume    4.2S  0.579 

48-ln.  steel  siphon,  100-ft.  head     5.88  0.961 

48-ln.  steel  siphon,  200-ft.  head     7.4G  1.211 

•48-in.  steel  siphon,  300-ft.  head  10.64  1.714 

Steel  flume 3.58  0.887 

Steel  siphons  are  credited  with  $1.10  per  ft. 
for  saving  in  evaporation  and  seepage. 

In  the  case  where  a  siphon  crossing  a  gulcli 
•is  compared  with  a  canal  or  flume  passing 
around  the  head  of  the  gulch,  the  cost  of  the 
siphon  is  credited  with  the  saving  in  evapora- 
tion and  seepage  throughout  its  length,  which 
in   this  case  amounts  to  $1.10  per   foot. 

The  writer  realizes  that  such  a  diagram 
canni't  be  relied  on  entirely  in  the  location 
of  a  cf.nduit,  for  there  are  local  conditions 
on  every  piece  of  wxsrk  which  must  be  taken 
into  account. 


Some  Aspects  of  Water  Supply  Engi- 
neering  in    Communities  of  300 
to  3,000  Population. 

lu  discussing  some  of  the  aspects  of  and 
•difficulties  encountered  in  the  water  works 
Imsincss  in  cities  and  towns  of  the  third  and 
fourth  classes.  Mr.  Morton  Macartney,  city 
•engineer  of  Spokane,  Wash.,  stated  that  in 
liis  opinion  the  chief  interest  in  the  subject 
lies  in  the  cities  of  from  300  to  .3,000  popula- 
tion. Mr.  Macartney's  paper,  which  was  pre- 
sented before  the  Washington  League  of 
Municipalities,  related  primarily  to  conditirms 
■existing  in  that  state,  where  fourth-class  cit- 
ies range  from  .300  to  1,500  population  and 
third-class  cities  from  1,500  to  lo.ilOO  popula- 
tion. The  conditions  in  cities  of  these  classes 
in  Washington,  however,  are  so  diversified 
and  present  such  a  wide  field  that  any  prob- 
lems arising  in  such  towns  may  safely  be 
considered  typical  of  conditions  in  towns  of 
like  size  throughout  the  countrv 

The  field  is  so  broad  that  it  includes  cvcr>'- 
thing  connected   with  water  supply.     For  the 


communities  of  the  size  in  question,  nearly 
every  known  source  of  water  supply  has  been 
utilized  in  Washington  from  a  mountain 
stream  or  spring,  piped  and  conveyed  by  grav- 
ity to  the  consumer,  to  a  deep  well  w'ith  the 
most  complicated  pumping,  storage  and  dis- 
tribution system,  and  all  types  apply  to  cities 
of  these  classes.  The  large  range  of  sizes  in 
towns  of  the  third  and  fourth  class  as  applied 
to  water  supply  is  in  itself  no  small  item.  Of 
the  two  classes  under  discussion,  the  fourth 
class  presents  the  more  difficult  problem,  al- 
though the  conditions  surrounding  each  indi- 
vidual water  supply  system  will  be  simpler 
than  those  of  the  third  class,  and  our  dis- 
cussion will  primarily  deal  with  towns  of  the 
fourth  class.  The  difficulties  confronted  in 
the  two  classes  of  towns  are  more  matters  of 
degree  than  of  character,  and  while  the  sug- 
gestions made  are  particularly  applicable  to 
towns  of  the  fourth  class,  I  think  they  will 
apply  to  third  class  cities,  only  in  a  slightly 
less   degree. 

There  are  about  112  towns  and  cities  of  the 
fourth  class  in  Washington,  and  of  these 
there  are  39  towns  having  a  population  of 
from  300  to  500;  46  towns  having  a  population 
of  from  500  to  1,000  and  27  towns  having  a 
population  of  from  1,000  to  1,500.  There  are 
only  39  towns  and  cities  of  the  third  class  in 
Washington,  of  which  20  have  from  1,500  to 
3,000  inhabitants.  Ten  cities  have  from  3,00ft 
to  5,000,  and  only  nine  cities  have  a  popula- 
tion of   from  5,000   to  10,000.     The  chief  in- 


itself.  Its  citizens  usually  do  not  appreciate 
the  necessity  of  securing  technical  advice  in 
these  matters,  advice  Uhich  would  safeguard 
the  community  from  the  usual  blunders  in 
starting  work  of  this  character.  Their  funds 
are  very  limited  and  they  will  not  allow  proper 
preliminary  expenditure,  and  the  many  make- 
shifts that  exist  are  the  result.  The  state  of 
Washington,  however,  has  really  been  rather 
fortunate  in  this  matter,  for  it  does  not  pos- 
sess to  as  large  a  degree  the  great  number  of 
inefficient,  badly  planned  and  badly  construct- 
ed water  systems  as  many  other  older  states 
possess.  Investigations  by  compQtent  men  are 
usually  not  cheap  processes,  although  usually 
the  most  economical  in  the  end,  and  so  many 
instances  of  poor  advice  and  poor  plans  ex- 
ist, which  have  come  from  sources  supposed 
to  be  competent,  that  our  citizens  in  the  small 
places  are  very  reluctant  to  authorize  the  pre- 
liminary expenditure  for  investigation. 

One  hears  much  complaint  among  engineers 
against  the  practice  of  technical  men  connect- 
ed with  the  state  institutions  undertaking  the 
planning  and  execution  of  works  of  this  char- 
acter, claiming  that  they  are  being  deprived 
of  a  legitimate  line  of  practice,  a  source  of 
income  for  them  to  pay  the  very  taxes  which 
support  the  several  state  institutions.  A  dis- 
cussion of  this  phase  of  the  matter  would 
raise  the  entire  question  of  the  seeming  pa- 
ternal element  that  is  fast  creeping  into  our 
state  and  also  our  national  government,  and 
only   one   suggestion    will   be   oflfered    in    this 
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terest  in  this  subject,  it  seems  to  me,  lies  in 
the  cities  of  from  300  to  3,000  people. 

When  a  community  reaches  the  point  of 
having  a  population  of  about  300,  it  u.su3lly 
begins  to  realize  that  it  is  a  community  hav- 
ing common  interests  and  common  desires. 
Naturally,  the  first  serious  problem  that  comes 
to  it  is  that  of  water  supply. 

Few  of  the  towns  of  Washington  having 
a  population  of  less  than  400  have  a  public 
water  supply,  but  in  almost  evcrv  one  of  these 
communities  there  is  more  or  less  discus- 
sion about  this  question.  The  writer  sent 
out  letters  to  every  town  and  city  of  the  third 
.ind  fourth  classes  in  the  state,  asking  for  de- 
tailed inforniation  regarding  their  water  sup 
plies.  In  all.  On  replies  were  received,  and 
the  information  given  was  in  the  main  satis 
factory,  although  in  a  great  many  instances 
this  infiirmatiiin  was  nieagrr,  and  froni  the 
manner  in  which  a  great  many  of  the  ques- 
tions were  answered,  wa.s  not  considcrcil  ex- 
actly reliable.  In  I'J  replies  to  'JO  tiucstions 
.sent  to  towns  of  less  than  400  people,  two 
towns  only  reported  water  systems  in  opera- 
tion, one  unrlcr  'ii  and  nine  con- 
templating such  <                   :i. 

To  the  latter  cl.i  ■,  i...  ,c  beginning  to  plan 
for  a  wafer  system,  a  serious  question  presents 


matter,  and  that  from  the  point  of  view  of 
the  citizens  of  the  small  town.  The  latter  is 
almost  helpless  in  selecting  an  adviser  from 
the  list  of  technical  talent  available,  men  of 
all  grades  of  ability,  from  an  ordinary  plumber 
to  a  highly  trained  and  experienced  hydrauli' 
oiigineer.  There  were  in  Spok-ine  about  u 
year  ago  some  00  men  advertising  themselves 
to  he  experts  in  water  works  construction, 
most  of  these  having  references  which  would 
pass  the  inspection  of  an  ordinary  layman. 
To  my  personal  knowledge  10  of  these  men 
have  never  made  an  installation  of  the  cbar- 
:ictcr  in  question ;  as  a  consequence  the  ni.iyor. 
councilmcn  or  commissioners  of  the  small 
town,  conscientious  and  desirous  to  get  thi 
most  for  the  money  his  town  can  spend,  wil' 
turn  to  the  man  whom  he  believes  to  be  com 
pctcnt  because  of  the  very  connection  with 
the  varoiiis  state  institutions.  He  looks  upon, 
rightly,  such  connection  with  a  state  insti- 
tution as  sufficient  endorsement  for  the  ability 
and  inlcgritv  of  the  man. 

There  arc  two  ways  of  overcoming  this  diffi 
cully— one  of  examining  and  licensing  engi- 
neers who  are  able  to  execute  plans  for  thi-^ 
type  of  work  and  requiring  the  towns,  par- 
ticularly the  fourth  class,  to  employ  such  a  li- 
censed engineer;  or.  second,  the  approval  of 
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all  plans  for  small  water  works  systems  by  a 
competent  state  official  or  a  board  of  such 
officials.  The  fees  ft>r  technical  advice  for 
works  of  this  character  from  cities  of  the 
fourth  class,  and  even  the  third  class,  are  so 
small  that  they  attract  only  the  poorer  and 
inexperienced  man.  In  many  instances  this 
condition  results  in  the  only  advice  being 
asked  is  that  of  an  expert  employed  by  a 
manufacturing  concern  or  a  supply  house.  His 
chief  aim  many  times  is  to  sell  certain  classes 
of  machinery  or  supplies  rather  than  furnish- 
ing a  well-designed  and  efficient  plant.  In- 
stances of  this  character  are  too  numerous, 
not  only  in  Washington,  but  over  the  entire 
country. 

To  try  to  outline  any  definite  set  of  rules 
to  apply  to  cities  of  this  class  for  the  planning 
and  construction  of  water  works  would  be 
absurd,  on  account  of  the  varying  conditions 
and  sizes,  amount  of  probable  consumption, 
possible  sources  and  actual  physical  condi- 
tions of  the  town  itself,  and  one  set  of  rules 
proper  for  one  community  would  be  of  no 
value  to   another. 

The  available  data  concerning  towns  of  the 
fourth  class,  and  even  of  the  third  class,  is 
very  meager  and  difficult  to  collect.  In  10 
replies  from  cities  having  a  population  of 
from  oOO  to  1,000,  only  one  city  could  tell 
the  amount  of  water  used  in  24  hours.  Most 
of  these  replies  said  there  was  no  way  of 
determining  this,  although  many  reported  that 
they  were  pumping  water  from  wells  and 
streams.  While  the  consumption  per  capita 
of  towns  of  500  to  1,000  will  probably  be  a 
little  less  than  in  those  from  1,000  to  5,000,  the 
difference  will  be  slight. 

In  towns  of  1,000  to  5,000  fof  the  24  towns 
replying)  the  average  daily  consumption  per 
capita  was  a  little  less  than  200  gals.  In  these 
replies,  almost  without  exception,  the  irrigat- 
ing systems  were  separate  from  the  domestic 
water  supply,  other  than  the  little  lawn  irri- 
gation that  is  done  with  -hose  attached  to  taps 
on  the  water  mains.  Of  towns  larger  than 
5,000  only  one  reply  was  received,  and  that  in- 
dicated a  daily  consumption  per  capita  of  140 
gals.  The  consumption  indicated  in  all  re- 
plies was  between  widely  varying  limits,  but 
when  averaged  showed  a  per  capita  consump- 
tion usually  followed  in  well-designed  pump- 
ing plants.  The  sources  of  water  supply  are 
so  numerous  that  to  give  any  intelligent  idea 
of  the  same  would  be  to  enumerate  each  one 
and  describe  its  peculiar  difference  from  the 
others.  In  general,  the  replies  received  indi- 
cate that  of  the  (iO  towns  five  obtain  their 
water  from  mountain  streams,  12  from  moun- 
tain springs,  12  from  wells  (no  indication  was 
made  as  to  whether  these  wells  were  deep  or 
shallow),  three  from  lakes  and  28  did  not 
indicate  the  source  of  their  water  supply. 

Municipal  ownership  in  these  classes  of 
towns  and  cities  is  predominant.  Only  10  of 
the  60  towns  replying  indicated  private  own- 
ership, and  of  these  three  were  negotiating 
for  the  purchase  of  these  water  supplies.  It 
is  a  peculiar  coincidence  that  the  replies  re- 
garding rates  charged  would  indicate  that  the 
lowest  rate  charged  and  also  the  highest  rate 
charged  were  reported  from  cities  having 
private  ownership.  While  the  writer  believes 
that  the  towns  of  this  character  should  always 
own  their  own  water  systems,  the  data  re- 
ceived does  not  offer  any  true  basis  for  com- 
paring the  merits  of  public  and  private  own- 
ership. 

I  have  mentioned  in  the  foregoing  the  great 
variety  of  conditions  of  water  supplies,  and 
the  one  element  offering  probably  the  largest 
limits  is  that  of  the  rates  charged.  Most  of 
the  60  towns  reported  the  use  of  meters  and 
gave  rates  charged  on  a  meter  basis.  There 
were,  however,  several  towns  which  reported 
a  flat  rate.  Where  flat  rates  were  reported 
the  amount  charged  did  not  vary  widely.  The 
lowest  flat  rate  reported  was  95  cts.  per 
month  for  an  ordinary  residence  having  mod- 
ern facilities,  such  as  bath  and  lavatories.  The 
highest  rate  charged  for  the  same  class  of 
service  was  $1..50  per  month.  Without  ex- 
ception, where  this  flat  rate  was  charged,  a 
difference  is  made  in  the  house  having  modern 
facilities  and  the  one  having  none.  A  sprinkling 


rate  for  the  irrigation  season  is  usually 
charged  where  flat  rates  are  used.  The  aver- 
age of  the  eight  towns  reporti  g  a  flat  rate 
was  $1.20  per  month  for  a  modern  house. 
Where  meter  rates  are  used,  such  rates  are 
hard  to  reduce  to  terms  comparable.  Almost 
invariably  a  minimum  rate  is  charged,  al- 
though there  are  exceptions  to  this.  Two 
of  the  towns  charge  a  rate  per  1,000  gals. 
whether  1,000  or  10,000  gals,  are  used,  but 
the  rule  is  that  a  certain  rate  is  charged  for 
the  first  3,000  to  6,000  gals.  Where  a  flat  rate 
is  charged  for  1,000  gals,  without  a  minimum 
rate,  the  rates  are  exceptionally  low  and  in- 
dicate a  very  economical  installation  and  low 
operating  cost.  One  town  reports  a  rate  of 
20  cts.  per  1,000  gals,  for  any  quantity  of 
water  used.  Another,  30  cts.  per  1,000  gals, 
for  the  first  25,000  gals,  a  reduction  of  5  cts. 
being  made  for  every  10,000  gals,  used  above 
this  amount,  until  a  rate  of  10  cts.  per  1,000 
gals,  is  reached.  This  rate,  however,  includes 
ordinary  irrigation  charges.  The  rates  charged 
are  shown  in  Table  I,  and  while  all  of  the  cit- 
ies reporting  are  not  shown,  enough  of  these 
are  shown  to  set  forth  the  typical  conditions 
throughout  the  state. 


TABLE     I.— TYPICAL     METER     RATES     FOR 
WATER    IN    SMALL    TOWNS    IN 
WASHINGTON. 
Gals.— 
1,000.    2.000.   3.000.    4,000.    5,000.    6,000.    7,000.    S.OOO. 
?2.S0     $3.35     $5.40 
-< 1.25 >-    5c  per  M. 


< 

< 

$4  25 
20c 


—  1.50- 
—1.05- 


-1.00- 


->-  15c  per  M. 


->-  30c  per  M. 

-4-  5  '/i  c  per  M. 


18c  per  M. 


-1.00- 
-1.50- 


->-  20c  per  M. 

->-  IVzc  per  M. 


-< 1.00 >-  10c  per  M. 

30c  per  M.  1st  25,000.     Reduction  of  5c  in  rate 
every  10  M.  to  10c. 

-< 1.00 >- 1.00  per  M. 

-< 2.00 >-  25c  per  M. 


-1.50- 


->  1.50  per  M. 


-< 

< 

1.00 

-3.00 

>- 

14c 

->8c 
per 

per 

M. 

M. 

1.00 
40c 
1.50  ' 

25c 
■iOc 

15c 

per  M. 

36c 

25c 

Most  small  places  pay  little  or  no  attention 
to  the  fire-protection  end  of  their  water  sup- 
ply, other  than  the  installation  of  fire  hy- 
drants on  the  system.  Adequate  storage  ca- 
pacity for  fire  protection  is  seldom  provided, 
and,  when  not  provided,  there  is  usually  no 
auxiliary  pumping  arrangement  made  to  cover 
the  same  condition.  Where  the  total  con- 
sumption of  water  is  100,000  gals,  (the  aver- 
age of  the  towns  of  1,500  people)  there  should 
either  be  a  storage  of  twice  the  amount  of 
the  total  daily  consumption  or  a  total  pump- 
ing capacity  of  s  fficient  size  to  completely 
cover  fire  protection.  For  a  town  of  this 
size  such  a  capacity  is  one  that  will  throw 
three  fire  streams  at  the  rated  normal  head 
of  125  lbs.  The  exact  method  of  reaching  this 
result  is,  of  course,  a  matter  to  be  determined 
after  a  careful  study  of  local  conditions,  such 
as  the  cost  of  electrical  energy  or  other  pump- 
ing power,  cost  of  constructing  reservoirs  and 
the  ability  to  secure  rates  for  low-load  factors 
where  electric  energy  is  used.  Where  elec- 
trical energy  is  available  an  auxiliary  system 
may  often  be  installed  and  be  in  readiness  for 
fire  hazard,  upon  the  payment  of  a  small 
"readiness   to   serve"   charge. 

The  distribution  systems  are  usually  de- 
signed in  the  cheapest  manner  to  serve  the 
first  or  primary  demands  of  the  town,  and 
no  consideration  is  given  to  important  factors, 
such  as  the  delivery  of  water  without  undue 
loss  of  pressure,  flexibility  of  control  and  op- 
eration and  the  possibility  of  future  extension. 

Water  supply  in  cities  of  the  third  and 
fourth  class,  like  nearly  all  questions  pertain- 
ing to  community  life,  are  ones  to  be  deter- 
mined by  trained  men,  regardless  of  personal 
interests;  men  who  have  not  only  the  present 
but  the  future  welfare  of  the  community  in 
consideration.  The  best  advice,  whether  tech- 
nical, legal  or  financial,  is  none  too  good  for 
a  community  starting  out  on  a  venture  such 
as  the  consideration  of  a  water  system,  and 
when  an  adviser  offers  his  services  to  a  com- 


munity for  this  class  of  work  it  should  be 
given  the  closest  scrutiny  to  the  end  that  not 
only  his  training  and  experience  should  be  the 
best,  but  that  his  character  and  integrity  are 
above  question.  With  such  an  adviser,  few 
mistakes  are  made  and  good  results  are  al- 
most invariably  secured. 


Organization    and    Procedure    of    and 

Instructions      Issued      to      Water 

Waste  Prevention  Force  in 

Philadelphia — Results. 

The  systematic  attempt  now  being  made  to 
curtail  the  waste  of  water  in  Philadelphia 
was  begun  in  .\pril,  1912,  by  starting  a 
thorough  house-to-house  inspection  for  leak- 
ing fixtures.  In  August  of  that  year  pito- 
meter  surveys  were  begun.  Mr.  John  S.  Ely, 
assistant  engineer  in  charge  of  the  waste 
prevention  work,  described  the  organization 
of  the  force  engaged  on  that  work  in  a  dis- 
cussion on  water  waste  prevention  methods 
before  the  New  England  Water  Works  Asso- 
ciation. Mr.  Ely  also  described  the  procedure 
followed  in  carrying  on  the  work,  described 
the  apparatus  used  and  enumerated  the  gen- 
eral instructions  given  to  the  inspectors.  The 
following  information  is  taken  from  his  dis- 
cussion : 

For  convenience  in  house-to-house  inspec- 
tion, the  city  was  divided  into  12  sections, 
letter  A,  B,  C,  etc.,  and  the  blocks  in  each 
section  were  numbered  consecutively.  Fifty 
men  were  employed,  at  $2  per  day,  with  an 
experienced  district  inspector  as  foreman,  who 
laid  out  the  work  for  his  men  each  morning, 
assigning  a  certain  block  to  each  man.  These 
inspectors  found  a  great  many  leaks,  and  the 
results  of  their  inspection  began  to  be  ap- 
parent  immediately  in   reduced   pumpage. 

Use  of  Aqtiaphones. — The  corps  has  since 
been  weeded  out  and  reduced  to  30,  the  pay 
increased  to  $2.50  per  day,  and  the  men  pro- 
vided with  aquaphones  and  taught  how  to 
use  them.  These  aquaphones  are  invaluable 
in  locating  leaks  in  underground  service  and 
yard  hydrant  pipes.  By  their  use  about  1,500 
such  leaking  underground  pipes  have  been 
found. 

The  aquaphones  are  also  valuable  in  expe- 
diting the  work  of  inspection,  for  the  in- 
spector, by  listening  on  a .  single  spigot,  can 
tell  at  once  whether  any  water  is  running  in 
the  house,  and  if  there  is  none,  can  proceed 
to  the  next  house,  thus  saving  the  time  and 
the  inconvenience  to  the  householder  of  a 
complete  inspection. 

GENER.M,    INSTRUCTIONS. 

The  men  wear  badges  and  carry  cards  for 
identification,  and  the  following  general  in- 
structions are  issued  to  them: 

1.  Inspectors  must  wear  their  badges  on  the 
outside  of  their  coats  in  plain  sight 

2.  They  must  at  all  times  be  polite  and  cour- 
teous in  their  manner,  and  must  cause  house- 
holders as  little  inconvenience  as  possible. 

3.  They  must  ask  permission  of  the  house- 
holder before  entering  private  rooms  or  bath- 
rooms, and  avoid  doing  anything  which  might 
be  misconstrued  on  the  part  of  the  house- 
holder. 

4.  They  will  not  waste  time  over  small  and 
trivia!  leaks.  In  leaks  smaller  than  %-ln. 
stream.  It  Is  sufficient  to  call  the  tenant's  at- 
tention to  them,  and  no  written  notice  to  repair 
need  be  made  out.  It  is  of  much  more  Im- 
portance to  spend  the  time  In  finding  large 
leaks. 

5.  They  will  in  all  cases  carefully  examine 
the  service  pipe  from  the  street,  using  an  aqua- 
phone,  and  in  cases  where  there  seems  to  be 
a  leak  in  the  service,  it  shall  be  followed  up 
until  located  and  shall  be  reported  to  the  fore- 
man  at   the   first   opportunity. 

6.  In  cases  where  leaks  are  found  of  ^-In. 
stream  or  more,  the  regular  printed  notice  to 
repair  will  be  carefully  made  out  and  left  with 
the  tenant,  the  duplicate  copy  being  kept  and 
given    later    to    the    foreman. 

7.  Inspectors  will  spend  only  enough  time  In 
each   house    to   walk    rapidly   through   and   note 
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the  condition  of  plumbing.     Five  or  ten  minutes 
should   be   sufficient    in   all   cases. 

8.  In  cases  where  leaks  of  ',4 -in.  or  more 
arc  found  in  rented  houses,  the  name  and  ad- 
dress of  the  owner  or  agent  should  be  taken 
and   written    on   the   duplicate   slip. 

9.  Inspectors  shall  keep  steadily  at  work 
during  the  whole  day  and  endeavor  to  find  as 
many  large  leaks  as  possible.  The  city  pays 
you   for   your  time   and   is   entitled   to   it. 

10.  As  inspectors  are  intrusted  with  discre- 
tionary duties,  they  will  be  required  to  display 
good  judgment  on  all  occasions,  and  lapses  from 
a  high  standard  of  conduct  will  be  dealt  with 
accordingly. 

.A  second  inspection  of  those  houses  wliere 
notice  to  repair  has  been  left  is  made  about 
one  week  later.  If  the  leak  is  still  unrepaired, 
at  the  second  inspection,  a  "shut-off"  man  is 
sent  in  a  few  days,  and,  finding  the  leak  still 
not  repaired,  he  shuts  off  the  water  at  the 
curb. 

Two  clerks  keep  the  records  of  the  inspec- 
tions and  lay  out  the  work  for  the  second  in- 
spections and  "shut-ofif"  men. 

The  work  of  this  corps  is  best  shown  by  a 
summary  of  the  first  six  months  of  1013,  as 
follows : 

Number    of    buildings    in- 
spected     113,808 

Number  of  buildings  show- 
ing  waste    20,780  (IS  per  cent) 

Number    ot    buildings    re- 
paired       17,371 

Number  of  buildings   shut 

off    2J21    (many  vacant) 

Fixtures      repaired,      toilet 

nush  tanks    12.432 

Fixtures    repaired,    spigots     6,063 
Fixtures    repaired,    yard 

hydrants     1,286 

Fixtures     repaired,     horse 

troughs   36 

Fixtures    repaired,    service 
and    hydrant    pipes 2,367 

COST    OF    HOUSE-TO    HOUSE    INSPECTION 
AND   REPAIRS. 

Cost  per 

building 

Cost.         inspected. 

Labor    $7,908.21         $0.0695 

Material   100.40        

Transportation  1S9.10        

Total    $5,197.71         $0,072 


The  ordinary  flush  tank  of  cheap  make  is 
responsible  for  a  very  large  percentage  of  the 
total  waste.  It  is  often  concealed  and  a  good- 
sized  flow  may  run  constantly  with  very  little 
sound. 

In  August,  1912,  the  bureau  purchased  six 
Simplex  pitometer  sets,  including  recorders. 
The  recorders  are  of  a  recently  perfected  type, 
giving  a  24-hour  record  of  the  velocity  of 
flow  in  red  ink  on  a  circular  chart,  driven  by 
clockwork.  They  were  first  used  to  check 
the  output  from  the  various  pumping  stations 
and  filter  plants.  They  are  now  being  used 
to  measure  the  consumption  in  various  dis- 
tricts of  the  city,  a  district  being  isolated  in 
the  usual  manner  by  lines  of  closed  valves 
and  the  flow  into  it  measured  on  one  or  more 
large  feed  mains. 

In  addition,  a  number  of  pitometer  rods 
were  purchased  for  use  with  a  U-tube  in 
making  night  block  surveys.  For  this  pur- 
pose the  apparatus  is  set  up  in  a  shelter  box 
over  a  tap  in  the  street  main  at  some  con- 
venient point.  The  adjacent  territory  is  then 
cut  in,  a  block  at  a  time,  by  closing  the  valve 
at  one  end  and  feeding  past  the  pitometer.  An 
observer  notes  the  deflections  in  the  U-tubc 
and  the  time  of  each  deflection.  Thus,  the 
night  rate  of  flow  into  each  block  is  obta^ned 
(the  work  always  being  done  between  11  p. 
m.  and  5  a.  m.).  A  report  of  these  rates  is 
turned  in  the  following  morning  and  house- 
to-house  inspectors  are  sent  through  all  the 
blocks  which  show  a  high  rate  until  it  is  sat- 
isfactorily  accounted   for. 

In  the  six  square  miles  of  territory  exam- 
ined in  this  way,  only  two  leaks  have  been 
found  in  the  street  mains,  these  being  small 
joint  leaks.  In  all  other  cases,  the  leakage 
has  been  accounted  for  in  broken  service  pipes 
or  house  plumbing. 

A  recent  improvement  in  the  method  of 
making  these  night  surveys  has  been  made  in 
the  following  manner :  A  short  section  of 
6-in.  flange  pipe  has  been  mounted  on  a  light 
covered  wagon,  the  pipe  having  .3-in.  hose 
connections  at  either  end,  and  n  1-in.  ferrule 
or  pitometer  connection  in  the  center.  The 
U-tube  is  fastened  up  on  the  inside  of  the 
wagon   cover.     The  block  to  be  examined   is 


shut  off  at  each  end,  and  fed  through  a  fire 
hydrant  from  another  hydrant  on  a  live  block, 
the  wagon  being  of  course  stationed  between 
the  two  hydrants,  thus  measuring  any  leak- 
age there  may  exist  in  the  block. 
This  method  has  the  following  advantages: 

1.  It  permits  quicker  work  because  there  are 
fewer  valves  to  handle.  The  average  number 
of  blocks  covered  in  one  night  is  about  20 
with  the  wagon  and  15  by  the  old  method. 

2.  It  is  cheaper  and  does  away  with  the  ne- 
cessity of  tapping  the  main  for  a  pitometer 
connection. 

3.  It  can  much  more  readily  be  taken  to  any 
part  of   the  city,   where   surveys  are   desired. 

It  has  the  disadvantages  of  being  less  ac- 
curate in  measuring  the  amount  of  leakage, 
giving  rates  about  30  per  cent  less  than  the 
old  methods,  due  probably  to  loss  of  pressure 
in  passing  through  the  hose.  An  exact  value 
of  the  leakage  is  not,  however,  necessary  in 
rapid   surveys   of   this   character. 

These  surveys,  when  followed  up  by  a 
through  and  efficient  corps  of  house-to-house 
inspectors,  are  probably  the  quickest  method 
of  reducing  waste  in  any  given  territory.  It 
is  not  necessary  for  the  pitometer  corps  to 
stop  and  examine  each  house  and  service  in- 
dividually, but  only  to  find  the  block  night 
rate.  Likewise,  it  is  not  necessary  for  the 
corps  of  inspectors  to  examine  those  blocks 
where  there  has  been  shown  to  be  no  leakage. 
Each  corps,  therefore,  reduces  the  work  of 
the  other.  If  at  the  same  time,  the  district 
in  which  the  work  is  being  done  is  isolated 
and  the  flow  into  it  being  measured  by  re- 
corders, the  results  of  the  work  can  be  read- 
ily followed.  The  effects  of  this  work  are 
soon  felt  in  the  neighborhood  in  which  it  is 
being  done  in  increased  pressures. 

The  net  result  of  the  work  done  so  far  has 
been  to  reduce  the  rate  of  consumption  in 
West  Philadelphia  from  145  gals,  to  125  gals, 
per  .capita  per  day.  or  about   14  per  cent. 

The  total  pumpage  for  the  whole  city  in 
May,  June,  ^nd  July.  1013,  averaged  301.638 
m.g.d.,  while  for  the  same  three  months  in 
1912  it  averaged  315.9  m.g.d.,  a  saving  of  4% 
percent,  although  only  about  one-tenth  of  the 
area  has  vet  been  covered. 
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Methods  and  Costs  of  Constructing  the 

Byberry    and    Bensalem     Service 

Test  Road,  Philadelphia,  Pa. 

In  the  past  few  years  a  number  of  experi- 
mental roadways  have  been  constructed  in 
diff'erent  parts  of  the  United  States.  A  new 
road  which  is  claimed  to  be  in  no  sense  an 
expcrinicntal  road,  but  distinctly  a  service  test 
roadway  emljracing  practically  all  of  the  pres- 
ent day  standard  methods  of  construction  and 
materials  used  for  roads  designed  for  both 
motor  and  animal  drawn  traflic  has  recently 
been  completed  in  the  city  of  Philadelphia. 
The  accumulation  of  data  to  be  used  as  a  fu- 
ture guide  in  connection  with  country  road 
construction  in  Philadelphia  ma<le  the  con- 
struction of  such  a  road  quite  desirable.  The 
results  of  experience  gained  through,  and  the 
data  collected  from,  the  various  experimental 
roads  were  taken  into  account  in  the  selection 
of  methods  and  materials  used  in  constructing 
the  service  test  roadway  which  forms  part 
of  the  Byberry  and  Bensalem  Turnpike,  a 
direct  road  to  Trenton.  Newark,  Jersey  City 
and  New  York. 

The  construction  work  was  commenced  on 
Sept.  28.  1912,  and  was  suspended  during  the 
winter  season,  when  the  weather  was  too  cold 
for  work  of  that  character.  Operations  were 
resumed  again  on  .April  M.  1913.  and  the  road- 
way was  completed  Sept.  13.  191.3.  On  ac- 
count of  lack  of  transportation  facilities  and 
the  consequent  scarcity  of  labor,  the  work 
was  carried  on  with  difficulty.  With  few  ex- 
ceptions, all  of  the  labor  employed  came  from 
the  built-up  portion  of  the  city  and  their 
transportation    was    paid    by    the    contractor.^. 


This  expense  was  approximately  7  per  cent 
of  the  total  labor  cost.  A  building  was  pro- 
vided for  the  men  to  live  in,  but.  although 
the  work  was  some  distance  from  transporta- 
tion facilities,  most  of  the  men  insisted  in 
going  to  their  homes  in  the  city,  .Mthough 
the  laborers  were  paid  for  a  ten-hour  day  the 
work  could  not  be  prosecuted  for  ten  hours 
every  day  on  account  of  the  necessity  of  al- 
lowing the  men  time  to  make  connections  with 
trains.  The  materials  used  were  shipped  lo 
Buslcton,  Byberry,  Somerton  and  Trevose  sta- 
tions on  the  Philadelphia  &  Reading  Railway. 
The  average  length  of  haul  from  the  railroail 
to  the  work  was  1%  miles,  which  increased 
the  cost  of  the  work. 

The  roadway  comprises  26  sections,  con- 
sisting of  different  types  of  construction.  The 
work  was  done  by  contract.  The  methods  and 
detailed  costs  of  construction  form  the  major 
portion  of  a  report  to  the  Director  of  Public 
Works  on  the  construction  of  the  Service 
Test  road  by  Mr.  William  II.  Cnnnell,  Chief, 
Bureau  of  Highways  aiul  .Street  Cleaning, 
from  which  the  information  here  given  con- 
cerning the  construction  of  the  varioii'.  ser- 
tions,  is  taken  : 

SECTION    1,   STATIO.V    0  TO  37— IIITf  M  I  Nnls    p  \\  •  - 
-MENT     MIXINC     METHOD,     AMIKSITK. 

Fouvdation  Course. — The  foundation  ciuirsc 
was  originally  old  waterboimd  macadam  with 
a  telford  base.  After  cleaning  and  spiking  the 
old  macadam,  iVi-in.  trap  rock  was  spread  and 
rolled  to  bring  the  surface  to  a  grade  2  ins. 
below  the  finished  grade.  Just  enough  screen- 
ings were  added  to  form  a  coarse  grainy  base 
and    the    road    was    rolled    and    puddled    until 


thoroughly  cemented.     .A   12-ton  3-\vheel  roller 
was  used. 

Surface  Course. — The  paving  mixture  was 
shipped  from  the  plant  of  the  .-Kmiesite  Com- 
pany, and  consisted  of  clean  crushed  trap 
rock  passing  a  H6-in.  screen  treated  with  a 
liquifier,  and  mixed  with  asphaltic  cement, 
after  which  oxide  of  lime  was  added.  The 
paving  mixture  consisted  of  the  following 
proportions : 

Per  cent. 

Mineral  aggregate  «..     92 

Asphalt  5 

Lime    H4 

Liquifier   1V4 

The  material  was  spread  and  rolled  to  a 
depth  of  2  ins.  and  after  rolling  once  over,  a 
final  course  of  friable  filler,  consisting  of  a 
mineral  aggregate  of  trap  rock  passing  a 
lit-in.  ring  and  treated  and  mixed  in  the 
same  proportion  as  above  described,  was  then 
spread  and  rolled  with  a  12-ton  roller. 

Surface  Finish. — Upon  the  wearing  surface 
a  thin  layer  of  clean  trap  rock  screenings  was 
snread   anil   rolled. 

CoBt —  Cnst  per 

sq.  yd. 
Item: 

l*r<'piirntlon  of  foiindntlon  course Jfl.1310 

Surface   course    ...  0.6226 

Surface   flnl.ih    ...  0.007S 

Trimming    nhoiilden  0.0062 

10.7.573 
I  ii-ljilIoi|   Com.    Prepnrnllon  and    Foundation 
Coiinio — 
MnterlnlB —  CoBt  per 

Item:  Bq.  yd. 

m-ln.    trap    rock.    7!      cu.      yds.,      at 

II. "S.";    J0.0184 

Tmn   TOCk  screenings.   SO  ru.   yds.,   at 

ll.TS.n    0.0130 
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Labor — 

Scarifying    JO-0269 

•  Shaping OMOS 

Hauling    trap   rocl« .- 5„J;,^ 

Spreading  trap  roclc  and  screenings..  O.OWb 
Itoiling    .^0^287 

6.75S   sq.   yds.    at J0.1210 

Wearing  Surface— 

Materials—  Cost  per 

Item-  sq.  yd. 

Amiesite  No.  1,  6,310  tons,  at  $3.928. .  .$0.3671 
Amieslte  No.  2,  1S9.2  tons  at  $3.992...  O.IUS 

Labor — 

Iteni:  ..  ^__ , 

Unloading  Amiesite   *Mii„ 

Hauling   Amiesite    0.0572 

Spreading   Amiesite    „-X,,V 

Rolling  Amiesite   •  O-Ul'l 

6,758  sq.  yds.   at $0.6226 

Surface  Finish— 
Materials—  Cost  pei 

Item.  „  ,  sq.  yd. 

Trap  rock  screenings,  8.S9  cu.  yds.,  at 

$1,755    $0.0023 

Labor- 
Item:  rt  ftAir 

Hauling   screenings    Hxi^ 

Spreading  ■   0-OP37 

6,758  sq.  yds.  at .$0  0075 

Cost  per 

Trimming  Shoulders—  f?„Jf?,; 

Labor,  6,758  sq.  yds.  at $0.0062 

SECTION       2,       STATION      37     TO     47— BITUMINOUS 
PAVEMENT,    MIXING    METHOD,    TOPEKA. 

Foundation  Course— The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base,  .\fter  cleaning  and  spiking 
the  old  macadam,  additional  1%-in.  stone  was 
added  to  give  not  less  than  4  ins.  of  stone  on 
the  top  of  the  telford  foundation.  Just  enough 
screenings  were  added  to  form  a  coarse 
grainy  base  and  the  road  was  rolled  and  pud- 
dled until  thoroughly  cemented.  A  12-ton  3- 
wheel  roller  was  used. 

Surface  Course  or  Paving  Mixture. — The 
paving  mixture  consisted  of  the  following 
mineral  aggregate :  Trap  rock  ships,  screen- 
ings and  sand,  within  the  limits  of  the  follow- 
ing proportions  : 

''  '  Percent. 

Passing  200   mesh  screen ,ot°oA 

Passing     40  mesh  screen 18  to  30 

Passing     10  mesh   screen ^o  J°  i)^ 

Passing       4  mesh  screen 8  to  ^i^: 

Passing  2  mesh  screen. .  .less  than  10  per  cent 
Bitumen     10  per  cent 

The  asphaltic  cement  used  was  Pioneer 
Road  Asphalt  and  was  heated  in  a  tar  kettle. 
The  mineral  aggregate  was  heated  in  a  port- 
able Rapid  Heater  Mixer;  the  hot  asphaltic 
cement  was  added  and  mixed  with  the  mineral 
aggregate. 

The  paving  mixture  was  laid  at  a  tempera- 
ture of  250°  to  350°  and  rolled  to  a  finished 
depth  of  2  ins.,  with  a  6-ton  tandem  roller. 

Seal  Coat.— From  station  42  to  47  a  seal 
coat  of  %  gal.  per  square  yard  of  Pioneer 
Road  Surface  Asphalt  was  applied  at  a  tem- 
perature of  350°  and  covered  with  clean  trap 
rock  chips  passing  f^-in.  screen  and  rolled. 

Cost—  Cost  per 

Item:       •  sq.  yd. 

Preparation  of  base  course $0.3.')9?. 

Wearing    surface     1.0784 

Sand  covering  0.0077 

Trimming  shoulders    0.0792 

$1.5246 
Seal  coat   0.0872 

Cost.  Including  seal  coat $1.6118 

Petailp'1   Cost.   Preparation  of  Base  Course — 
Materials —  Cost  per 

Item:  sq.  yd. 

lV4-ln.    trap    rock,    174.35   cu.    yds.,   at 

$2.3121     ■ $0.1926 

Trap  rock  screenings,  35.34  cu.  yds.,  at 

$2.3121    f 0.0391 

Ijfibor — 
Item: 

Scarifying    $0.0096 

shaping    0  041' 

.Spreading   trap    rock 0.0396 

Rolling  and  watering 0.0339 

2,092.7  sq.   yds.   at $0.3593 

■Wfarine  .Surface- 
Materials —  Cost  per 
Item:  sq.  yd. 
Trap  rock,  113.84  cu.  yds.,  at  >3. 5944.  .$0,195". 
Asphnltic      cement.      46.920      lbs.,      at 

JO. 013625    fl..104S 

Sand.    14.14    cu.    vds.,   at    $2  312 0.0156 

Sand.    68.1    cu.    yds.,   at   $1.9785 0.0644 

Kerosene,   9   bbls..   nt    $6.22 0  0'!6'< 

Ci-\1.    7   tons.   .Tt   S5.nn 0.0167 

Forms,  etc.,  100  ft.   B.  M.,  at  $8.50 0.0004 


Labor—  Cost  per 

Item:  sq.  yd. 

Mixing     $0.2437 

Applying   bituminous    materials 0.102S 

Rolling     0.1077 

2092.7  sq.  yds.  at $1.0784 

Cost  per 
Trimming   Shoulders —  sq.  yd. 

Labor,   2092.7   sq.   yds.   at $0.0792 

Cost  per 
Sand    Covering—  sq.  yd. 

Materials— Sand,  4.18  cu.  yds,  at  $1.9785. $0.0069 

Labor— 1203.8  sq.   yds.  at 0.0077 

Seal  Coat — 
Materials—  Cost  per 

Item:  sq.  yd. 

'/.    in.    trap    rock,    7.41    cu.     yds.,    at 

■$3.5944    $0.0300 

Asphaltic      cement,      2,360      lbs  ,      at 

$0.013625    0.0362 

Labor- 
Item: 

Sweeping    $0.0007 

Heating    asphaltic    cement 0.0011 

Applying  asphaltic  cement 0.006.''. 

Spreading    chips 0.0055 

Rolling    0.0072 

888.9  sq.   yds.  at $0.0872 

SECTION    3,    STATION    47    TO    50 — FIVE-INCH     CON- 
CRETE   PAVEMENT    WITH    BITUMINOUS    TOP. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base. 

The  surface  was  graded  to  within  5%  ins. 
of  the  finished  grade  and  additional  material 
was  added  where  required.  It  was  then  thor- 
oughly rolled. 

Concrete  Pavement. — A  5-in.  concrete  base, 
proportioned  1-8-fi.  was  laid  upon  the  prepared 
subgrade  .without  joints.  The  concrete  was 
mixed  in  a  portable  rapid  mixer,  and  the  sur- 
face was  finished  to  grade  with  a  template 
and  trowels  and  swept  with  a  stiff  broom 
when  partially  set. 

Bituminous  Top. — A  bituminous  top  of  Vz 
gal.  per  square  yard  of  Pioneer  Road  Surface 
Asphalt  was  applied  at  a  temperature  of  350' 
'  and  covered  with  clean  trap  rock  chips  pass- 
ing y%-'\n.  screen  and  rolled  with  a  6-ton  tan- 
dem roller. 
Cost —  Cost  per 

Item —  sq.  yd. 

Preparation  of  base  course $0.0571 

Concrete   pavement 0.9500 

Bituminous    top 0.1261 

Trimming    shoulders 0.0130 

$1.1462 

Concrete  pavement  per  cu.  yd $6.84 

Detailed  Cost — Preparation  of  Base  Course. 

Cost  per 
Material—  sq.  yd. 

Item: 

H4-in.    trap    rock,    4.73    cu.    yds.,    at 

$2,312    $0,020". 

Labor — 
Item: 

Scarifying    $0.0132 

Shaping    0.0234 

533.3  sq.  yds.  at $0.0571 

Concrete  Pavement — 
Materials—  Cost  per 

Item:  sq.  yd. 

11/,-in,    trap    rock,    72.75    cu.    yds.,    at 

$2,312    $0.3154 

Sand.  36.!   cu.   vds.,  at  $1,8432 0.1258 

Forms,  etc..  75-ft.   B.  M,.  at  $8.50 0.0012 

Portland  cement,  90.75  bbls.,  at  $1.85..  0.314S 
Labor    0.192S 

533.3  sq,   yds.  at $0.9500 

Bituminous  Top — 
Materials —  Cost  per 

Item:  sq.  yd. 

i/a-in.     trap    rock,     4.44    cu.     yds.,     at 

$3.5944     $0.0299 

Pioneer    road    surface    asphalt,     2,260 

lbs.,  at  $0.012395 0.0525 

Labor — 
Item: 

Sweeping    $0  004.' 

Heating   bituminous    materials OOIOX 

.Applying   bituminous   materials n.OftSl 

Chipping    0.009S 

Rolling     O.niO,-. 

533.3  sq.  yds.  at $0.1261 

Cost  ppr 
Trimming    Shoulders —                                       sn.  yd 
Labor— 533.3  sq.   yds.  at $0.0126 

SECTION    4.     STATION     .50      TO      52  -|-  50 — VITRIFIEP 
m.OCK    PAVEMENT    ON    4-IN.    CONCRETE    BASE. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base. 

The  surface  was  graded  to  within  OI/2  ins. 
of  the  finished  grade  and  additional  material 
was  added  where  required.  It  was  then  thor- 
oughly   rolled. 

Concrete  Base  and  Vitrified  Blocks. — A  -l-in. 
concrete    base    with    concrete    curbs,    propor- 


tioned 1-3-6,  was  laid  upon  the  prepared  sub- 
grade.  The  concrete  was  mixed  in  a  Ran- 
some  No.  2  Concrete  Mixer,  equipped  with, 
a  charging  device. 

The  sand  cushion  was  spread  and  rolled 
with  an  iron  hand  roller  and  shaped  with  a 
template.  After  laying,  the  vitrified  blocks- 
were  rolled  with  a  6-ton  tandem  roller,  and 
grouted  to  within  14  in.  of  the  surface  with 
cement  grout,  proportioned  1-1,  and  covered 
with  sand. 

Cost—  Cost  per 

Item:  sq.  yd. 

Preparation  of  foundation  course $0,123* 

Concrete   base 2' J?oc 

Concrete   curb n  H2o 

Sand   cushion ".1378. 

Vitrified   blocks J-?5$? 

Laving  vitrified  blocks '*-J5?|' 

Grouting  and   covering 942SI 

Trimming    shoulders O.Oois 

$2.6531 

Poncrete  curb,   per  cu.   yd $7,652 

Concrete  curb,  per  lin.  ft 0.111 

Concrete  base,  per  cu.  yd 6.624 

Detailed   Post— Preparation   of  Foundation 

Course.  Cost  per 

Materials—  „,s3;y?,- 

11/2-in.  limestone,  9  cu.  yds.,  at  $2,125.$0.041S 
Labor — 
Item: 

Scarifying    ''Mlli 

Shaping    ■   0-060T 

462.5   sq.    yds.,    at  $0.1230 $0.1230 

Concrete  base —  „ 

Materials—  Cost  per 

Item:  sq.  yd. 

Portland  cement.   51.75   bbls^  at  $1.30. $0.1455 

Sand.  24.7  cu,  yds.,  at  $1.885 0.100ft 

Crushed     pebbles,     49.8     cu.     yds.,     at 

$1.8125    0.1951 

Labor    ■   0-2954 

462.5  sq.  yds.   at $0.7365. 

Concrete  Curb — 
Materials—  Cost  per 

Item:  sq.  yd. 

Portland  cement,  7.25  bbls.,  at  $1.30.  .$0.0204 

Sand,  3.6  cu.  yds.,  at  $1.885 0.014T 

Crushed     pebbles,     7.1     cu.     yds.,     at 

$1.8125    0-027S 

Forms,  etc.,  250  ft.  B.  M.,  at  $28 0.0131 

Labor    0.041S 

462.5  sq.  yds.,  at $0.1196 

Sand  Cushion—  Cost  per 

Materials—  sq  yd. 

Sand,  24.6  cu.  yds.,   at  $1.885 $0.1002: 

I.«ibor     ■   0.037S 

462.5  sq.  yds.  at $0.137S 

Vitrified  Blocks—  Cost  per 

Materials —  sq.  yd. 

Vitrified  blocks,  19,466  at  $29.85  per  M.$1.256S 

Cost  per 
Laying  Vitrified  Blocks —  sq.  yd. 

Labor — Laying  and  rolling,  462.5  sq.  yds. 

at     $0.1095 

nroutins  and  Covering — 
Materials—  Cost  per 

Item:  sq.  yd. 

Portland  cement,  12.5  bbls.,  at  $1.30.  .$0.0351 

Sand,  9  cu.  yds.  at  $1.885 0.0367 

Labor   0.0341> 

462.5  sq.  yds.  at $e.l06T 

Cost  per 
Trimming  Shoulders —  sq.  yd. 

Labor— 462.5  sq.  yds.  at _. ._.... $0.63S 

SECTION    5,    STATION    52  +  50    TO    59  +  50.      FIVE- 
INCH     CONCRETE     PAVEMENT     WITH     BITU- 
MINOUS   TOP. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  This  was  removed  to  a  depth  of 
5%  ins.  below  the  finished  grade,  and  where 
the  original  surface  was  below  this  grade,  the 
surface  was  loosened  and  1%-in,  stone  an(t 
scrcenin<>s  were  spread  and  rolled  to  raise 
the  surface  to  the  required  grade  for  the  lay- 
ing of  the  concrete  base. 

Concrete  Paveinent.^A  concrete  pavement 
5  ins.  thick,  proportioned  1-3-6  and  mixed  ii* 
a  No.  2  Ransome  Concrete  Mixer  with  2 
charging  device  was  laid  on  the  prepared  sub- 
grade.  The  surface  of  the  concrete  was  fin- 
ished with  a  template  and  trowels  and  was 
roughened  with  a  stiff  broom.  Onc-quarter- 
inch  transverse  contraction  joints,  at  right  an- 
gles to  the  roadway,  were  provided  at  inter- 
vals of  40  ft.  For  this  purpose  %-in,  irore 
plates  were  embedded  in  the  concrete  and  re- 
moved as  soon  as  the  concrete  had  hardened. 
.After  the  concrete  was  thoroughly  set.  the 
joints  were  filled  with  Pioneer  Road  Surface 
,\sphalt. 

Bituminous  Top. — From  station  52-1-50  to  54 
-f  .'iS  a  bituminous  top  of  Ugite  was  applied. 
.After  sweeping  the  surface  of  the  concrete. 
1/6  gal.   per   square   yard   of   Ugite   ".\"   was 
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applied  by  hand  and  }i  gal.  per  square  yard 
■of  Ugite  No.  3  was  then  applied  at  a  tempera- 
ture of  280°  by  a  pressure  distributor.  A 
•coating  of  M  '"■  dry  trap  rock  chips  followed. 
Another  application  of  V*  gal.  per  square  yard 
of  Ugite  No.  3  was  then  applied  at  a  tempera- 
ture of  280°  by  a  pressure  distributor,  which 
in  turn  was  covered  with  torpedo  sand  and 
rolled   with   a   12-ton  3-wheel   roller. 

From  station  54-f58  to  57-1-17  a  bituminous 
top  of  Tarvia  was  applied.  .After  sweeping  the 
surface  of  the  concrete,  V*  gal.  per  square 
yard  of  Tarvia  "B"  was  applied  cold,  after 
which  !8  gal-  per  square  yard  of  Tarvia  "A" 
was  then  applied  at  a  temperature  of  250^ 
with  a  pressure  distributor  and  covered  with 
torpedo  sand. 

From  station  57  +  17  to  59+50,  a  bituminous 
top  of  Texaco  Asphalt  was  applied.  After 
sweeping  the  surface  of  the  concrete,  H  gal. 
per  square  yard  of  Texaco  Asphalt  cut  back 
with  naphtha  was  applied  by  hand,  after  which 
<j/10  gal.  per  square  yard  of  Texaco  Asphalt, 
55  penetration,  was  applied  by  hand  at  a  tem- 
perature of  45ii°  and  covered  with  clean  trap 
rock  chips  passing  ^-in.  screen  and  rolled 
with  a  12-ton  3-wheel  roller. 
Cost—  Cost  per 

Item.  sq.  yd. 

Foundation    course    'SS?!** 

Concrete  pavement   0.7464 

Shoulders    0.0594 

Bituminous   top,    Ugite 0.1S14 

Bituminous  top.  Tarvia "•l?ii; 

Bituminous    top.    Texaco 0.1632 

Foundation  course,  concrete  pavement 

and  bituminous  top,  Ugite 1.0094 

Foundation  course,  concrete  pavement 

and  bituminous  top,  Tarvia 0.949J 

Foundation  course,  concrete  pavement 

and  bituminous    top,   Texaco 0.9912 

Detailed  Cost,  Foundation  Course —  Cost  per 

Materials—  sq.  yd. 

H^-in.    limestone,    31.1    cu.      yds.,     at 

$2.11:5    ■ $0.0523 

I^abor — 
Item: 

Scarifying    JO.OOi  1 

Shaping  0.0171 

Spreading  stone   O.OOjI 

1.263.1   sq.   yds.  at    $0.0816 

Concrete  Pavement — 

Materials—  Cost  per 

Item:  sq.  yd. 

Crushed    pebbles,     170.3    cu.     yds.,    at 

$1  S12.i    $0.2444 

Sand,  84. 3  cu.  yds.,  at  $1.885 0.125S 

Portland  cement.   176  bbls.,  at  $1.30..   0.1812 

Lumber,   150  ft.  B.  M..  at  $28.00 0.0033 

Labor    0.1917 

1,263.1  sq.  yds.  at $0.7464 

Shoulders—  Cost  per 

Materials—  sq.  yd. 

Cinders,   5  tons,   at  $1.25 $0.0049 

Labor     .^^545 

1,263.1  sq.  yds.  at $0.0594 

Bituminous    Top,    Ugite,    Station    52  +  50 

to  54  +  58— 
Materials—  Cost  per 

Item:  sq.  yd. 

Ugite   "A,"    7.5   gals,   at   $0  07 $0.0134 

Ugite  No.  3,  250  gals.,  at  $0.08 0.0512 

aj-in.  trap  rock.  7  tons,  at  $1.90 0.0340 

Torpedo  sand,  6  tons,  at  $2.95 0.0422 

I.,abor — 

Hauling  $0.0266 

Sweeping    "55^' 

.Xpplving  bituminous  materials 0.0061 

Spreading  chips   0.0057 


at $0,1514 

Tarvia.    Station    54  -f-  58 


391  sq.  yds. 
Bituminous   Top, 

to  57  +  17—  •  „     , 

Materials—  Cost  per 

Item:  sq   >'<!■ 

Tarvia    "B."   91   gals.,   at   $0.07 $0.01.19 

Tarvia  "A."  191  gals,  at  $0.085 0.0354 

Torpedo  sand,   9.5   tons,   at  $2.75 0.0569 

Labor — 

Item:  ,  . 

Hauling     $0.008.. 

Sweeping    O-OOK, 

Applying  bituminous   materials O.no.i6 

Spreading  chips    O.OOir, 

459  sq.  vds.  at  $0.1215 

Bituminous  "fop,  Texaco,  Station  57  +  17 
to  59  -f  50— 

Materials—  Cost  per 

Item:  "!?•>■?• 

Texaco  asphalt,  270  gals.,  at  $0.085 $0.0555 

N.aphtha.  36  gals.,  at  $0.18 0.ni57 

Trap  rock  chips,  6  tons,  at  $2.20 0.0320 

Labor — 

Item:  •„„„,„ 

Hauling   $0.0072 

Sweeping    !!?21: 

He.Tting   bituminous    materials SJISS^ 

Applving    bituminous    materials 0.0221 

Spreading  chips    ?-99 .1 

Itolling    ■   "  O'-l' 

413  sq.   yds.   at 10.16,32 


SECTION  6— STATION  59  +  50  TO  72.     BITUMINOUS 
PAVEMEN'T     MIXING     METHOD.      FILBERTINE. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  After  cleaning  and  spiking  the 
old  macadam,  additional  1^-in.  stone  was 
added  to  give  not  less  than  4  ins.  of  stone  on 
the  top  of  the  telford  foundation.  Just  enotigh 
screenings  were  added  to  form  a  course  grainy 
base  and  the  road  was  rolled  and  puddled 
until  thoroughly  cemented. 

Surface  Course  or  Faviiifi  'Mixture. — Th^ 
paving  mixture  consisted  of  the  following 
mineral  aggregate:  %-m.  limestone,  sand  and 
Portland  cement.  The  mineral  aggregate  was 
combined  with  asphaltic  cement  within  the 
following  limits:  Limestone,  M-'n.,  55  to  65 
per  cent ;  sand,  coarse  to  fine,  and  cement,  35 
to  45  per  cent;  asphaltic  cement.  70  to  S(» 
penetration,  6  C/10  per  cent.  The  paving  mix- 
ture was  prepared  in  a  stationary  plant  of  600 
sq.  yds.  capacity,  erected  by  the  contractor  at 
the  south  side  of  the  road  at  Station  115.  The 
paving  mixture  was  laid  at  a  temperature  of 
250  to  350°  and  rolled  to  a  finished  depth  of 
2  ins.  with  a  6-ton  tandem  roller. 

Cost  per 
Cost—  sq.  yd^ 

Preparation  of  foundation  course ?0  4d69 

Wearing  surface    0.7584 

Trimming  shoulders  0.0428 

$1.2581 
Detailed    Cost,    Preparation     of    Founda- 
tion Course — 
Materials—  Cost  per 

Item:  sq.  yd. 

1%-in.  trap  rock,  236  cu.  yds.,  at  $2.43. $0.2532 
Trap  rock  screenings,  49.7  cu.  yds.,  at 

$2,363    0.0514 

Labor — 
Item: 

Scarifying    *<'-9*l'' 

Spreading    trap    rock 0.0504 

Rolling  and  watering 0.0609 

2,265  sq.  yds.  at $0.4569 

Wearing  Surface — 

Materials—  Cost  per 

Item:  sq.  yd. 

%-in.    limestone,    136.4    cu.      yds.,      at 

$2,145    $0.1292 

Asphalt  sand,  54.2  cu.  yds.,  at  $1.74..  0.0416 
Coarse  sand,  53.7  cu.  yds.,  at  $1.885..  0.0447 
Asphaltic      cement,      41.110      lbs.,      at 

$0.012917    0.2344 

Portland  cement.  35  bbls..  at  $1.30 0.0201 

Forms,  etc..  500  ft.  B.  M.,  at  $28 0.0062 

Coal,  24  tons,  at  $4 0  0424 

Wood.  IMs  cords,  at  $7.50 0.0044 

Labor — 

Item: 

Mixing   $0.0797 

Applying   bituminous    materials 0.0872 

Rolling     0.0186 

Hauling   bituminous   materials 0.0499 

2.265   sq.    yds.    at $0.7584 

Trimming  Shoulders —  Cost  per 

Materials-  sq.  yd. 

Cinders.   5   tons,   at   $1.25 $0.0027 

Labor    0.0401 

2,265  sq.  yds,  at , $0.0428 

SECTION   7— STATION   72  TO  84  +  50.   BITUMINOUS 
MAC.\nAM    MIXING    METlIOTi. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  .After  cleaning  and  spiking  the 
old  macadam,  additional  I'/i-in.  stone  was 
added  to  give  not  less  than  4  ins.  of  stone  on 
the  top  of  the  telford  foundation.  Just 
enough  screenings  were  added  to  form  a 
coarse  grainy  base  and  the  road  was  rolled 
and    puddled    until    thoroughly    cemented. 

Surface  Course  or  Pavinii  Mixture. — The 
paving  mixture  consisted  of  the  folldwing  min- 
eral aggregate:  Trap  rock,  run  of  crusher 
and  passing  a  lV4-in.  screen,  2  parts;  sand,  1 
part;  mineral  dusi,  .">  per  rent  of  the  above; 
asphaltic  cement,  5.2  per  cent. 

This  mineral  aggregate  was  mixed  with  the 
asphaltic  cement  in  a  stationary  asphalt  plant 
erected  by  the  contractor  at  the  south  side  of 
the  road  at  Station  115.  The  paving  mixture 
was  laid  at  a  temperature  of  25<>  tn  .150°  and 
rolled  to  a  finished  depth  of  2  ins.  with  a 
6-ton  tandem  roller.  After  the  rolling  wa.i 
completed,  that  portion  not  covered  by  the 
seal  coat  was  swept  and  covered  with  dry 
sand. 

Seal  Coo  f.— From  Station  72  to  78  c  seal 
roaf  of  'j  gal.  per  square  yard  of  asphnltic 
cement  was  applied  at  a  temperature  of  350° 
and  covered  with  clean  trap  rock  chips,  pass- 
ing  1^-in.   screen   and   rolled. 


Cost —  Cost  per 

Item:  sq.  yd. 

Foundation  course $0.5067 

Wearing  surface 0.7934 

Sand  covering   0.0073 

Trimming  shoulders  0.0;iOo 

$1.3274 
Seal  coat  0.1017 

Cost,  Including  seal  coat $1.4291 

Detailed  Cost,   Preparation  of  Foundation 
Course — 
Materials —  Cost  per 

Item:  sq.  yd. 

Ife-in.  trap  rock,  243.4  cu.  yds.,  at  $2. 43. $0.2620 
Trap  rock  screenings,  49.5  cu.  yds.,  at 

$2,295    0.0503 

Labor — 
Item: 

Scarifying    $0.0375 

Spreading  stone   0.0794 

Rolling  and  watering 0.0775 

2,257.71   sq.  yds.  at $0.5067 

Wearing  Surface — 

Materials —  Cost  per 

Item:  sq.  yd. 

Trap  rock,  IVi-lnch  and  smaller,  162.5 

cu.   yds.,   at  $2.43 $0.1749 

Coarse  sand,  19  9  cu.  yds.,  at  $1.885..  0.0166 
Asphalt  sand,  37.1  cu.  yds.,  at  $1.7-1..  0.02S6 
Asphaltic      cement,      31,000      lbs.,      at 

$0.012867    0.1774 

Portland  cement,  4S  bbls.,  at  $1.30 0.0276 

Lumber,  500  ft.  B.  M.,  at  $28 0.0062 

Coal,  32   tons,  at  $4 0.0567 

Wood,   1'.4   cords,   at  $7.50 0.0044 

Labor — 

Item: 

Mixing     $0.1129 

Hauling   bituminous    materials 0.0635 

Applying  bituminous  materials O.IOOO 

Rolling    bituminous   materials 0.0246 

2,257.71  sq.  yds.,  at $0.7934 

Seal  Coat- 
Materials —  Cost  per 
Item:  sq.  yd. 
Trap    rock    chips,    13.3     cu.     yds.,    at 

$3.44425    $0.0425 

Asphaltic      cement.      2.802      lbs..      at 

$0.012867    0.0336 

Labor — 
Item: 

Sweeping    $0.0006 

Applying   bituminous   materials 0.0136 

Chipping     0.0088 

Rolling    0.0026 

1,077.06  sq.  yds.,  at $0.1017 

Sand  Covering — 
Materials—  Cost  per 

Item:  sq.  yd. 

Sand,    4.1   cu.   yds.,   at  $1.S85 $0.0065 

Labor     0.0008 

1.180.65  sq.  yds.,     at $0.0073 

Trimming  Shoulders — 
Materials—  Cost  per 

Item:  sq.  yd. 

Cinders.  5  tons,   at  $1.25 $0.0025 

Labor     0.0175 

2,257.71  sq.  yds.,  at $0.0200 

SECTION     8 — STATION     84  +  50    TO    87  +  50.      VIT- 
RIFIED  BLOCK    PAVEMENT   ON   4-IN.    CONCRETE 
BASE. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  The  surface  was  graded  to 
within  9%  ins.  of  the  finished  grade,  and  ad- 
ditional material  was  added  where  required. 
It  was  then  thoroughly  rolled. 

Concrete  Base  and  P'itrified  Blocks. — .\  4-in. 
concrete  base  with  concrete  curbs,  propor- 
tioned 1-3-6,  was  laid  upon  the  prepared  sub- 
grade.  The  concrete  was  mixed  in  a  Ransome 
No.  2  Concrete  Mixer,  equipped  with  a  charg- 
ing device. 

The  sand  cushion  was  spread  and  rolled 
will)  an  iron  hand  roller  and  shaped  with  a 
template.  After  laying,  the  vitrified  blocks 
were  rolled  with  a  6-ton  tandem  roller,  and 
grouted  to  within  %  in.  of  the  surface  with 
cement  grout,  proportioned  1-1.  and  covered 
with  sand. 

Coat —  Cost  per 

Item:  sq.  yd. 

Prepnrntion  of  foundation  course $n.l957 

ConrrotG  base    0.6866 

Concrete  curb    0.1142 

Snnd  cushion 0,1176 

Vitrified   blorks   1.2559 

Laying  vltrlfled  blocks 0.1024 

firoutlng  and   covering 0.0906 

Trimming  shoulders  0.0402 

$2.6032 

Concrete  base,  per  cubic  yard $6,179 

Concrete  curb,  per  cubic  yard 6.943 

Concrete  curb,  per  linear  foot 0.102 

Detailed  Preparation  of  Foundation  Course — 
Materials —                                                      Cost  per 
Item;  sq.  yd. 

IH-lnch    limestone,    27.6   cu.    yds.,    at 
»2     $0.1031 
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Labor — 

Spreading  1%-ln.  limestone 0.0084 

Rolling   and    watering •_.___ 

535.5  sq.  yds.  at   $0.1957 

Concrete  Base —  _  _.  „^„ 

Materials-  Cost  per 

Item'  ^^-  * 

Crushed    pebbles.    57.7     cu.     yds.,     at 

£1  S125  ifU.iyo^s 

Sand.  28.4  cu.  yds.,  at  $1.885..........  0.1000 

Portland  cement,  60  bbis.,  at  $1.30....  0.145o 

Labor •_?:?!!! 

535.5  sq.  yds.  at $0.6866 

Concrete   Curb— 
Materials—  Cost  per 

Item:  ^  ,^1-  y^- 

Crushed     pebbles.     S.a     cu.      yds.,    at 

^1  Sl''5  $U.0J57 

Sand,  4.2  cu.  yds.',  at  $1.885 0.0147 

Portlknd  cement.  8.75  bbls..  at  $1.30..  0.0213 

Forms,  etc..  250  ft.  B.  M.,  at  $28 0.0131 

Labor     ._0.0364 

535.5  sq.   yds.,  at $0.1142 

Sand  Cushion — 
Materials-  Cost  per 

Item-  sq.  yd. 

Sand,  29.6  cu.  yds.,  at  $1.885 $0.1042 

Labor     ■   00134 

535.5  sq.  yds.,  at   $0.1176 

Vitrified  Blocks—  ^     . 

Materials—  Cost  per 

Item-  '^l-  y^- 

Vitrified    blocks,    22,530    at    $29.35    per 

M $1.2559 

535  5  sq.   yds.,  at $1.2559 

Laying  Vitrified  Blocks—  Cost  per 

Item-  sq.  yd. 

Labor,  535.5  sq.  yds.,  at $0.1024 

Grouting  and    Covering—  „     ^  - 

Materials—  Cost  per 

Item-  sq.  yd. 

Portland  cement.  15  bbls.,  at  $1.30 SO.OOT-1 

Sand.  9.5  cu.  yds.,  at  $1.885 0.0331 

Labor    .J).020S 

535  5  sq.  yds.,  at  $0.0906 

Trimming   Shoulders —  „     ^ 

Materials—  Cost  per 

Item-  sq.  yd. 

Cinders.  5  tons,  at  $1.25 W-SHJ 

Labor     0.0285 

.••>35.5  sq.   yds.,   at $0.0402 

JECTION  9— STATION  87  +  50  TO  94.  FIVE-IN.  CON- 
CRETE   PAVEMENT    WITH    BITUMINOUS    TOP. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  This  was  removed  to  a  depth  of 
5^  ins.  below  the  finished  grade,  and  where 
the  original  surface  was  below  this  grade  the 
surface  was  spiked  and  1%-in.  stone  and 
screenings  were  spread  and  rolled  to  raise  the 
surface  to  the  proper  grade. 

Concrete  Pavement. — A  concrete  base.  5  ins. 
thick,  was  laid  upon  the  subgrade.  This  con- 
crete was  proportioned  1-3-6  and  was  mixed 
by  a  No.  2  Ransome  Concrete  Mixer  equipped 
with  a  charging  device.  The  surface  of  the 
concrete  was  finished  with  a  template  and 
trowels  and  was  roughened  with  a  stiff  broom. 

Transverse  contraction  joints,  at  right  angles 
to  the  line  of  roadway,  were  provided  at  in- 
tervals of  -)0  ft.  For  this  purpose  two  pieces 
of  tar  felt  paper  were  embedded  in  the  con- 
crete at  each  joint  and  trimmed  to  the  grade 
of  the  concrete  surface  when   it  was  finished. 

Biluminou.i  To/". —From  station  87  +  .50  to 
92,  a  bituminous  top  was  laid.  From  station 
87  -f  .5«  to  90,  4/10  gal.  iter  square  yard  of 
Dolarway  Bitumen  was  applied  at  a  tempera- 
ture of  270°  and  covered  with  torpedo  sand. 

From  station  90  to  90  +  70,  'A  gal.  per 
square  yard  of  Bicomac  was  spread  on  the 
surface  of  the  concrete  pavement.  A  mixture 
of  trap  rock  chips,  trap  rock  dust  and  Bicomac 
was  then  applied  and  rolled  with  a  hand  roller. 
One-half  of  this  surface  was  covered  with 
trap  rock  dust  and  rolled  lightly.  The  other 
half  was  covered  with  trap  rock  chips  and 
rolled  lightly. 

From  station  90  +  70  to  91  +  35.  4/10  gal. 
per  square  yard  of  asphalt  cut  back  with 
naphtha  was  spread  upon  the  surface  of  the 
concrete  pavement  and  the  naphtha  was 
burned  out.  Trap  rock  chips  were  then  spread 
and  roUi'd  into  this  asphalt  coating  with  a 
hand   roller. 

Frnm  station  91  +  .35  to  92,  yi  gal.  per 
square  yard  of  Bicomac  was  spread  upon  the 
surface  of  the  concrete  pavement,  after  which 
4/10  gal.  per  square  yard  of  asphalt  was  ap- 
plied  at   a    temperature   of    400°    and    covered 


with    clean    trap    rock     chips     passing     J4-'"- 
screen. 

Cost—  Cost  per 

Item:  sq.  yd. 

Preparation  of  foundation  course '"-i*"?!? 

Concrete  pavement  S  aIoi 

Trimming    shoulders    0.0391 

$1.0863 

Bituminous    top    Dolarway 0.16S9 

Bituminous      top      Bicomac        mixing 

method    0.1203 

Bituminous    top     cut     back      asphalt 

fired    0.1057 

Bituminous  asphalt  and  Bicomac 0.1004 

Detailed       Cost       Preparation       of     Foundation 

Course—  Cost  per 

Materials:  sq.  yd. 

H4-in.  limestone,  524  cu.  yds.,  at  $2.00.$0.0845 

Labor — 

Scarifying    ^9-2511 

Shaping    0.0012 

Spreading   stone 0.0202 

Rolling   and   watering 0.0044 

1.240.7   sq.   yds.    at $0.1680 

Concrete  Base — 
Materials—  Cost  per 

Item:  sq.  yd. 

Crushed    pebbles.     167.6 -cu.    yds.,    at 

$1.8125      $0.2448 

Gravel,  82.8  cu.  yds.,  at  $1.885 0.1258 

Portland   cement.    173   bDls.   at   $1.30..   0.1813 

Forms,    etc.,    300   ft..    B.    M.,   at    $28.00  O.006S 

Labor 0.3205 

1.240.7  sq.   yds.   at $0.8792 

Trimming  Shoulders—  Cost  per 

Materials:  sq.  yd. 

Cinders,    15   tons   at   $1.25 $0.0151 

Labor  O.QS'IO 

1.240.7    sq.    yds.    at $0.0391 

Bituminous  Top  Station  S7  +  50  to  90  Dolarway. 
Materials—  Cost  per 

Item:  sq.  yd. 

Doiarway     bitumen.     200     gallons,     at 

$0,095    $0.0417 

Torpedo  sand,  7   tons,  at  $2.75 0.0422 

I..abor: 

Hauling   $0.0482 

Heating    bituminous    materials 0.0055 

-Applying    bituminous    materials 0.0184 

Chipping    bituminous    materials 0.0129 

456    sq.    yds.    at $0.1689 

Bituminous   Top   Station   90   to   90  +90    Bicomac, 
Mixing  Method — 
Materials—  Cost  per 

Item:  sq.  yd. 

Bicomac,    72   gallons,    at    $0.100 $0.0581 

%-inch  trap  rock,  and 

Trap  rock  chips,  2y2  tons,  at  $2.20 0.0444 

Labor  0-0274 

124   sq.   yds.   at $0.1299 

Bituminous   Top   Station   90  +  70   to   91  +  35   Cut 
Back  Asphalt.     Fired — 
Materials—  Cost  per 

Item:  sq.  yd. 

Bicomac,   7   gallons,   at   $0.10 JO.flOSl 

Cut  back  asphalt,  58  gallons,  at  $0.11.   0.0555 

Trap  rock  chips,   1%   tons,  at   $2.20...   0.0287 

Labor    0.0274 

115    sq.    yds.,    at $0.1177 

Bituminous    Top    Station    91  +  35    to   92   Asphalt 
and  Bicomac — 
Materials—  Cost  per 

Item:  sq.  yd. 

Bicomac,   46   gallons,   at   $0.10 $0.0241 

Asphalt.    60    gallons,    at    $0.115 0.0362 

Trap   rock   chips,    2   tons,    at   $^,.20 0.0230 

Labor  0-0274 

191    sq.    yds.,    at $0.1107 

SECTION    10— STATION    94   TO   97.    VITRIFIED    BLOCK 
PAVEMENT    ON    4-IN.    CONCRETE    BASE. 

Foundation  Course. — The  foundation  coui-se 
was  originally  old  waterbound  macadam  with 
a  telford  base.  The  surface  was  graded  to 
within  9'/^  ins.  of  the  finished  grade  and  addi- 
tional material  was  added  where  required.  It 
was  then  thoroughly  rolled. 

Concrete  Base  and  Vitrified  Blocks.— .\  4-in. 
concrete  base  with  concrete  curbs,  propor- 
tioned 1-3-fi,  was  laid  upon  the  prepared  sub- 
grade.  The  concrete  was  mixed  in  a  Ran- 
some No.  2  concrete  mixer  equipped  with  a 
charging   device. 

The  sand  cushion  was  spread  and  rolled 
with  an  iron  hand  roller,  and  shaped  with  a 
template.  After  laying,  the  vitrified  blocks 
were  rolled  with  a  O-ton  tandem  roller  and 
grouted  to  within  %-in.  of  the  surface  with 
cement  grout,  proportioned  1-1.  and  covered 
with   sand. 

Cost Cost  per 

It»m:  SI-  y^- 

Preparation  of  foundation   course *2'loo 

Concrete    base S  i,f V 

Concrete    curb n,i-2 

.Sand     cushion vlU„ 

Vitrified    blocks ll.'l" 

Laving  vitrified  blocks 0.0i7. 


Crouting   and    covering "-i"^! 

Trimming    shoulders 0.079S 

$2.5532 

Concrete  base,  per  cubic  yard ^5-^?L 

Concrete    curb,    per    lineal    foot 2'^$ 

Concrete   curb,   per  cubic  yard 7.001 

Detailed   Cost   Preparation   of   Foundation 

Course—  Cost  per 

Materials:  sq.  yd. 

m-in.     limestone,     10.4    cu.     yds.,     at 

$2.00     $0.0389 

Labor — 

"scarifying    ^°AB^ 

Shaping 2-2?i? 

Spreading    IVa-in.    limestone "-22"? 

Rolling   and    watering 0.0095 

534.3    sq.     yds.     at $0.1125 

Concrete  Base — 

Materials —  Cost  per 

Item:  sq.  yd. 

Crushed    pebbles,     57.5     cu.     yds.,     at 

$1.8125     *2-lH 

Sand,  28.4  cu.  yds.,  at  $1.885 0.1002 

Portland  cement,  59  bbls.,  at  $1.30 0.1435 

Labor     -   0-2510 

534.3   sq.  yds.  at $0.6898 

Concrete   Curb —  „     ^ 

Materials—  Cost  per 

Item:  si-  y<J- 

Crushed     pebbles,   *S.5     cu.     yds.,     at 

$1.8125       $0.0288 

.Sand.    4.2    cu.    yds.,    at   $1.885 0.0148 

Portland  cement,   8.75  bbls..  at  $1.30..   0.0213 

Forms,   etc..   250  ft.  B.   M.,  at  $28.00..   0.0131 

Labor    0-0371 

534.3    sq.    yds.    at $0.1151 

Sand   Cushion—  Cost  per 

Materials:  fq.  yd 

Sand,    29.6   cu.    yds.,    at   $1.885 $0.1044 

Labor     : 0.0132 

534.3    sq.    yds.    at $0.1i.6 

Vitrified  Blocks—  Cost  per 

Material:  ,,  fq.  yd. 

Vitrified  blocks.  224S2  at  $29.85  ner  M. $1.2560 

534.3    sq.    yds.    at 1.2560 

Laving  Vitrified  Blocks — 

Labor — laying    and    rolling     534.3     sq. 

yds.     at $0.07i  I 

Grouting  and  Covering — 
Materials — 

Portland   cement,   15  bbls..   at   $1.30. .  .$0.0365 

Sand,   9.4  cu.   yds.,   at  $1.885 0.0332 

Labor    : O.035O 

534.3    sq.    yds.    at .$0.1047 

Trimming  Shoulders — 
Materials: 

Cinders,     5    tons,    at    $1.25 $0.011 1 

Labor    0.0681 

534.3    sq.    yds.    at $0.0798 

SECTION     11 — SECTION     97    TO     103.       BITUMINOUS 
PAVEMENT    MIXING    METHOD. 

Foundation  Course. — The  foundation  coui-se 
was  originally  old  waterbound  macadam  with 
a  telford  base.  .'Kfter  cleaning  and  spiking 
the  old  macadam,  additional  1%-in.  stone  was 
added  to  give  not  less  than  4  ins.  on  the  top 
of  the  telford  foundation.  Just  enough 
screenings  were  added  to  form  a  coarse  grainy 
base  and  the  road  was  rolled  and  puddled 
until  thoroughly  cemented.  .\  12-ton  3-wheeI 
roller    was    used. 

Surface  Course  or  Paving  Mixture.— The 
paving  mixture  consisted  of  the  following 
miner"al  aggregate :  Trap  lock.  run  of  crusher, 
passing  a  1-in.  screen  and  retained  on  a  %-in.  J 
screen.  The  mineral  aggregate  was  mixed  | 
with  4.8  per  cent  of  asphaltic  cement  in  a  sta- 
tionary asphalt  plant  erected  by  the  contractor 
at  the  south  side  of  the  road  at  Station  115. 
The  paving  mixture  was  laid  at  a  temperature 
of  2.50  to  .350°  and  rolled  to  a  finished  depth 
of  2  ins.  with  a  6-ton  tandem  roller. 

Seal  Coat.— A  Seal  Coat  of  y.l  gal.  per 
square  yard  of  asphaltic  cement  was  applied 
at  a  temperature  of  350°.  and  covered  with 
clean  trap  rock  chips  passing  a  54-in.  screen 
.nnd   rolled. 

Cost—  Cost  per 

Item:  sq.  yd. 

Foundation     course $0.4934 

Wearing    surface 0.6460 

Seal    coat S-iSi?" 

Trimming  shoulders   0.0392 

$1.2836 
Detailed   Cost  Foundation  Course — 

Materials—  Cost  per 

Item:  sq.  yd. 

l«.-ln.    trap    rock,    146.3    cu.    yds.,    at 

$2.43 $0.3186 

Trap    rock    screenings.    24.5    cu.    yds., 

at    $2.295 0.0504 

[^abor^ 
Item: 

Scarifving    $0.0396 

Shaping 0.0154 
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Spreading    stone 0.0224 

Rolling   and    watering 0.0470 

1113.9    sq.    yds.    at $0.4934 

Wearing  Surface — 
Materials —  Cost  per 

Htm:  sq.  yd. 

,-in.   trap  rock,   92  cu.   yds.,  at  $2. 43. $0.2003 
Asphaltic      cement,      12040      lbs.,      at 

$0.012867     0.1394 

Coal.    16   tons,    at   $4.00 0.0574 

Wood,    %    cords,   at   $7.50 0.0045 

Forms,    etc.,   200  ft.    B.    M.   nt    .<2Sil(l..   0.0050 
Labor — 
Item: 

Mixing     0.0776 

Hauling    bituminous    materials 0.0542 

Applying    bituminous    materials 0.0915 

Rolling     0.0161 

1115.9    sq.    yds.    at $0.6460 

Seal  Coat — 
Materials —  Cost  per 

Item:  sq.  yd. 

Trap    rock    chips.     13.3     cu.     yds.,     at 

$3.4425     $0.0410 

Aspbaltic      cement.     •3340       lbs..       at 

$0.012867     0.0387 

Labor- 
Item: 

Sweeping     $0.0024 

Heating   bituminous    materials 0.0059 

Applying   bituminous    materials 0.0066 

Chipping     0.0053 

Rolling     0.0051 

1115.9    sq.    yds.    at $0.1050 

Trimming   Shoulders —  Cost  per 

Materials:  sq.  yd. 

Cinders.    10    tons,    at    $1.25 $0.0112 

Labor     0.0280 

1115.9    sq.    yds.    at $0.0392 

SECTION     12 — STATION     103    TO    109.      BITUMINOUS 
PAVEMENT     MI.XINC     METHOD. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  After  cleaning  and  spiking  the 
old  macadam,  additional  l;/2-in.  stone  was 
added  to  give  not  less  than  4  ins.  of  stone  on 
the  top  of  the  telford  foundation.  Just 
enough  screenings  were  added  to  form  a  coarse 
grainy  base  and  the  road  was  rolled  and  pud- 
dled until  thoroughly  cemented.  A  12-ton  3- 
whee!   roller  was  used. 

Surface  Course  or  Paving  Mixture. — The 
paving  mixture  consisted  of  the  following 
mineral  aggregate :  Bank  gravel,  with  no 
stone  over  1  in.  in  its  largest  dimensions,  and 
sand. 

The  mineral  aggregate  was  mixed  with  8.1 
per  cent  of  asphaltic  cement  in  a  stationary 
asphalt  plant  erected  by  the  contractor  at  the 
roadside  at  Station  11-5.  The  paving  mixture 
was  laid  at  a  temperature  of  2.50  to  350°  and 
rolled  to  a  finished  depth  of  2  ins.  with  a  6- 
ton    tandem    roller. 

From  Station  103  to  10f>,  a  seal  coat  of 
V4  gal.  per  square  yard  of  asphaltic  cement 
was  applied  at  a  temperature  of  350°  and  cov- 
ered with  clean  trap  rock  chips  pacing  a  J^-in. 
screen    and    rolled. 

From  Station  lOG  to  100  the  surface  of  the 
road    was   covered   with    sand. 

Cost—  Cost  per 

Item:  sq.  yd. 

Foundation     course $0.4889 

Wearing    surface 0.8542 

Sand     covering 0.0086 

Trimming    shoulders 0.1288 

$1.4805 
Seal    coat O.mS 

Cost,    Including    seal    coat $1.6083 

Detailed  Cost  Foundation  Course — 

M.Tterlals—  Cost  per 

Item:  sq.  yd. 

I'/.-ln.     trap    rock,     141    cu.    yds.,    at- 

$2.43     ..." $0.3096 

Trap    rock    screenings,    24.3    cu.    yds.. 

at     $2,296 0.0504 

T.ibor — 

Scarifying     $0.0095 

Shaping     0.01.12 

Spreading    stone 0.0B17 

Rolling    and    watering O.OBZn 

1106.67    sq.    yds.    at $0.4889 

Wearing  Surface — 
Materials— 

nllnk  gravel.  97.2  cu.   vds..  nt  $2.4.175. $0.2141 

.Snnd.    25.4   cu.    vds..    at   $1.74 0.0399 

Asphaltic      cement.      25310      lbs.,      at 

$0.012fll7     0.29B4 

Cnal.   16  tons,  at  $4.00 SSSI? 

Wdod.    %   cords,   at  $7.50 0.0045 

Forms,  etc..  200  ft.  B.  M..  at  $28.00 O.OOol 

I..abor^ 

>iixing     $0.0660 

Hauling    bituminous    materials 0.0518 


Applying    bituminous    materials 0.1005 

Rolling     0.0191 

1106.67    sq.    yds.    at $0.8542 

Seal  Coat — 
Materials — 
Item: 

Trap     rock     chips.     6.7     ou.     yds.,     at 

$3.4425     $0.0415 

Asphaltic       cement,       2858      lbs.,      at 

$0.012917     0.0665 

Labor — • 
Item: 

Heating    bituminous    materials $0.0045 

Applying     0.0049 

Chipping     0.0065 

Rolling     0.0039 

553.4    sq.    yds.    at $0.1278 

Sand    Covering — 
Materials: 

Sand.    1.9   cu.    vds.,   at   $1.885 $0.0065 

Labor     0.0021 

553.4    sq.    yds.    at $0.0086 

Trimming   Shoulders — 
Materials: 

Cinders.    55    tons,   at   $1.25 $0.0621 

Labor     0.0667 

1106.67    sq.    yds.    at $0.1288 

SECTION    13 — STATION    109   TO    112  4-  50.   VITRIFIED 
BLOCK   PAVEMENT  ON   4-IN.   CONCRETE   B.^SE. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  The  surface  was  graded  to 
within  9%  ins.  of  the  finished  grade  and  addi- 
tional material  was  added  where  required.  It 
was  then  thoroughly  rolled. 

Concrete  Base  and  Vitrified  Blocks. — A  4- 
in.  concrete  base  with  concrete  curbs,  propor- 
tioned 1-3-6,  was  laid  upon  the  prepared  sub- 
grade.  The  concrete  was  mixed  in  a  Ran- 
some  No.  2  concrete  mixer,  equipped  with  a 
charging  device. 

The  sand  cushion  was  spread  and  rolled 
with  an  iron  hand  roller,  and  shaped  with  a 
template.  After  laying,  the  vitrified  block.«: 
were  rolled  with  a  C-ton  tandem  roller  and 
grouted  to  within  %  in.  of  the  surface  with 
cement  grout  proportioned  1-1  and  covered 
with  sand. 

Cost —  Cost  per 

Item:  sq.  yd. 

Preparation    of    foundation    course $0.3044 

Concrete    base 0.7446 

Concrete    curb 0.1235 

Sand     cushion 0.1309 

'    Vitrified     blocks 1.2557 

Laying   vitrified    blocks 0.1288 

Grouting    and    covering 0.0883 

Trimming    shoulders 0.0681 

$2.8443 

Concrete  base,  per  cubic  yard $6,702 

Concrete   curb,    per   cubic   yard 7.49G 

Concrete  curb,   per  linear  foot 0.1096 

Detailed  Cost   Preparation   of   Foundation 

Course—  Cost  per 

Materials:  sq.  yd. 

IVS-in.     limestone.     45.6     cu.     yds.,    at 

$2.00     $0.1468 

I..abor — 
Item: 

Scarifying     $0.0672 

Shaping     0.0566 

Spreading    H4-ln.    limestone 0.0137 

Rolling    and     watering 0.0201 

621.4    sq.    yds.    at $0.3044 

Concrete    Base — 
Materials — 
Item: 
Crushed      pebbles.      67      cu.      yds.,    nt 

$1.8125     $0.1951 

Sand.    33.1    cu.    yds.,    nt    $1.885 0.1004 

Portland  cement,  69.75  bbls.,  nt  $1.30.  0.1459 
Labor     0.3029 

621.4    sq.    yds.    nt $0.7446 

Concrete  Curb — 
Materials — 
Hem: 
Crushed    pebbles.     10.1     cu.     yds.,     nf 

$1  S125     $0.0295 

.<?and.   4.5  cu.   yds.,   nt  $1.88B 0.0136 

Portland  cement,   10.5  bbls..  nt   $1.30.  n nCL'o 

Forms,   etc..  300  ft.    R.  M.,  at   $28.00..   nnnr. 

Labor     O'm'-' 

S21.4    sq.     yds.     nt  "1235 

Snnd  Cushion — 

Mnlerlnls:  ..    „. 

Snnd,   36  cu.   yds.,  nt  $1.885 'M"'; 

Labor     0.0217 

621.4    sq.    yds.    nt $0.1309 

Vitrified    Hlocks— 

Mnierl.ils:  .    „,„ 

Vitrified  blocks.  28.140  at  $29  85  per  M.$'.25Bf 

621.4    S'|.    yds.    at 1.2557 

l..ivlng  Vltrlfled  Blocks-- 

'iwiying  nnd   mlllng  621.4  sq.   yds.  at.. $0.1288 
Grouting  and    diverlng- 


Materials — 

Item: 

Portland  cement.  17.5  bbls..  at  $1.30.  .$0.0366 
.Sand,   10.9  cu.   yds.,    at  $1.885 0.0331 

Labor     0.0186 

621.4    sq.    yds.    at $0.0883 

Trimming  Shoulders — 
Materials: 

Cinders,    5  tons,   at  $1.25 $0.0101 

Labor     0.0580 

621.4  sq.  yds.  at $0.0681 

SECTION     14 — STATION      112  "j-  50      TO      118.      FIVE- 
INCH     HASSAM    CONCRETE    PAVEMENT    WITH 
BITUMINOUS    TOP. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  This  was  removed  to  a  depth 
of  5'/2  ins.  below  the  finished  grade  and  where 
the  original  surface  was  lower  than  this  grade, 
the  surface  was  loosened  and  1%-in.  stone 
and  screenings  were  spread  and  rolled  to  raise 
the  surface  to  the  required  grade  for  the  lay- 
ing of  the  concrete  pavement. 

Concrete  Pavement. — Stone  was  spread  upon 
the  foundation  coarse  and  rolled  with  a  C-ton 
tandem  roller  to  a  finished  depth  of  5  ins. 
From  Station  112  4-50  to  114  4-85,  2%-in. 
trap   rock   was    used. 

From  Station  114  -f  85  to  116,  1%-in.  trap 
rock  was  used. 

From  Station  116  to  118,  crushed  pebbles 
in  size  from  1  to  2  ins.  were  used. 

Cement  grout,  proportioned  1-2,  was  mixed 
in  a  Hassam  Grout  Mixer  and  poured  on  the 
stone  until  the  grout  flushed  to  the  surface. 
As  soon  as  the  grout  had  settled  the  road  was 
rolled  with  a  6-ton  tandem  roller. 

Bituminous  Top. — A  bituminous  top  was 
laid  upon  the  concrete  surface.  One-fourth 
gal.  per  square  yard  of  Ugite  No.  3  was  ap- 
plied at  a  temperature  of  250°,  by  a  pressure 
distributor  which  was  covered  with  clean  trap 
rock  chips  passing  Vs-'"-  screen  and  rolled 
with  a  6-ton  tandem  roller,  after  which  % 
gal.  per  square  yard  of  an  asphaltic  cement 
was  then  applied  at  a  temperature  of  425°  by 
a  pressure  distributor  and  covered  with  clean 
trap  rock  chips  passing  V&-in.  screen  and 
rolled. 
Cost —  Cost  per 

Item:  sq.  yd. 

Preparation    of   foundation    course $0.2255 

Concrete     pavement 0.8919 

Bituminous     top 0.1331 

Detailed  Cost   Preparation  of  Foundation 

$1.2505 

Course —  Cost  per 

Materials:  sq.  yd. 

IH-in.  limestone.  48  cu.  yds.,  at  $2.00. $0.0977 

1.41  hor — 

Item:  ^ 

Shaping     0.0572 

Spreading    stone 0.0362 

Rolling   and    watering 0.0S44 

983.1    sq.    yds.    at $0.2255 

Grouted  Concrete  Pavement — 

.Materials—  Cost  per 

Item:  sq.  yd. 

l',A-ln      Iran    rock.    28.4    cu.    yds.,    at 

12.43     $0.0702 

2H-ln.    trap    rock,    58.9    cu.    yds.,    at 

$2.43    0.1456 

Crushed     pebbles,     44.9    cu.     yds.,     at 

tl.S125     0.0911 

Snnd,  46.7  cu.  yds.,  at     '.74 0.0827 

Portland  cement    176  lbs.,  nt  $1.30 0.2314 

Forms,   etc.,   276  ft.    B.  M..  at  $28.00..  0.0078 
Iwihor — 
item: 

Cnncretc    pavement 0.0991 

Grouting     0.1640 

983.1    so.    yds.    at $0.8919 

Bituminous  Top — 

Mnlerlnls —  Co.st  per 

Item:  P'l   yd. 

rgile  No.  3.  240  gnls..  nt  $0.08 $0  0200 

Asphnltlc  cement.  246  gals.,  nt  $0.1095  0  0274 
Trnp  Rock  chips.  20  tons,  at  $2.20 0.0447 

Ijlbnr — 

Itrni; 

.Sweeping    0  0069 

lli'nting   bituminous    mnterlnls 0.0115 

Applving   bituminous    materials 0.0063 

SiTi-ndlng    chips 0.0097 

Rolling     0.0076 

983.1    sq.    yds.    at $0.1331 

SF<TION    15 — STATION   1 18  TO  121.  VITRIHED  BLOCK 
PAVF.MENT    ON     4-IN.    CONCRETE    BASE. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  The  surface  was  graded  to 
within  9*4  ins.  of  the  finished  grade  and  addi- 
tional material  was  added  where  required.  It 
was  then  thoroughly  rolled. 
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Concrete  Base  and  Vitrified  Blocks.— A  4-in. 
concrete  base  with  concrete  curbs,  propor- 
tioned 1-3-6,  was  laid  upon  the  prepared  sub- 
grade.  The  concrete  was  mixed  in  a  Ran- 
some  No.  2  concrete  mixer,  equipped  with  a 
charging  device. 

The  sand  cushion  was  spread,  rolled  with  an 
iron  hand  roller,  and  shaped  with  a  template. 
After  laying,  the  vitrified  blocks  were  rolled 
with  a  (j"-ton  tandem  roller,  grouted  to  within 
l/i  in.  of  the  surface  with  cement  grout,  pro- 
portioned 1-1,  and  covered  with  sand. 
Cost—  Cost  per 

Item:  sq.  yd. 

Preparation   of   foundation   course JO. 161k 

Concrete    base S-JIIc 

Concrete    curb "41; 

s'Jand    cushion ■    0.12 lO 

Vitrified    block ■   1.2.^60 

L-aying    vitrified    bloclcs 5-S„»5 

(".routing   and   covering a?  15 

Trimming     shoulders 0.1641 

$2.6401 

Concrete   base,  per  cubic  yard $6,098 

Concrete   curb,   per  lineal   foot 0.0992 

Concrete  curb,   per  cubic  yard 6.786 

Detailed   Cost   Preparation   of   Foundation 

Course—  Cost  per 

Materials:  sq.  yd. 

IVj-in.   limestone,  7  cu.  yds.,   at  $2.00..?0.0262 
Labor — 

Scarifying     *2-9??5 

Shaping    0.036 1 

Rolling    and    watering 0.0086 

534.3   sq.    yds.    at $0.1618 

Concrete  Base —  ^     ^ 

Materials-  Cost  per 

Item:  ,  sq.  yd. 

Crushed     pebbles,     57.6     cu.     yds.,    at 

$1.8125     $0.1954 

Sand,   28.4  cu.  yds.,   at   $1.885 0.1002 

Portland  cement,  60  bbls.,  at  $1.30 0.1460 

Labor     0.2359 

534.3    sq.    yds.    at $0.6775 

Concrete  Curb — 
Materials — 
Item: 

Crushed     pebbles,    8.1     cu.     yds.,     at 

$1.8125     $0.0275 

Sand,  4.2  cu.  yds.,  at  $1.885 0.0148 

Portland  cement.  8.75  bbls.,  at  $1.30..  0.0213 

Forms,   etc.,  250  ft.  B.  M.,  at  $28.00..   0.0131 

Uibor     00349 

534.3    sq.    yds.    at $0.1116 

Sand    Cushion — 

Materials:  .„  ..   , 

Sand,  29.6  cu.  yds.,  at  $1.885 $0.1044 

Labor     0.0226 

534.3   sq.   yds.    at $0.1270 

Vitrified   Blocks- 
Materials: 
Vitrified   blocks,  22,482,  at  $29.85  per  M, 

534.3  sq.  yds.  at $1.2560 

Laying  Vitrified   Blocks — 
Labor: 

Laying  and   rolling  534.3  sq.  yds.   at.. $0.0446 
Grouting   and   Covering — 

Materials—  Cost  per 

Item:  sq.  yd. 

Portland  cement,  15  bbls.,  at  $1.30. ..  .$0.0365 

Sand,   9.4   cu.   yds.,   at  $1.885 0.0332 

Labor     0.0278 

534.3    sq.    yds.    at $0.0975 

Trimming  Shoulders — 
Materials: 

Cinders,   5.5   tons,   at   $1.25 $0.0129 

Labor     0.1512 

534.3  sq.  yds.  at $0.1641 

SECTION     10- STATION     121    TO    127.      BITUMINOUS 

I'.WEMENT,     PENETRATION     METHOD,     UCITE 

BINDER. 

foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  After  cleaning  and  spiking 
the  old  macadam,  1^2 -in.  trap  rock  was 
spread  and  rolled  to  bring  the  surface  to  a 
grade  .3  ins.  below  the  finished  grade.  Screen- 
ings were  then  added  and  the  road  rolled  and 
puddled  until  thoroughly  cemented.  .\  12-ton 
3-wheel  roller  was  used. 

Wearing  Surface. — Three  ins.  of  1%-in. 
trap  rock  was  spread  upon  the  foundation 
course  and  rolled.  One  and  six-tenths  gals, 
per  square  yard  of  Ugite  Binder  No.  3, 
heated  in  tar  kettles  to  a  temperature  of  250°, 
was  then  applied  by  hand  and  covered  with 
clean  H-in.  trap  rock  chips  and  rolled  with  a 
12-ton    3-wheel    roller. 

Seal  Coat. — A  seal  coat  of  6/10  of  a  gal.  per 
square  yard  of  Ugite  No.  3  was  applied  by 
hand  at  a  temperature  of  2.50°  and  covered 
with  clean  IJ/j-in.  trap  rock  chips  and  rolled. 


Cost  per 
Cost —  sq.  yd. 

Preparation  of  foundation  course $0.1400 

Wearing    surface 0.5042 

Seal    coat 0.1762 

Trimming    shoulders 0.0662 

$0.8866 
Detailed   Cost   Preparation   of   Foundation 
Course- 
Materials — •  Cost  per 
Item:  sq.  yd. 
Hi-in.     trap    rock,     35.3     cu.'    yds.,     at 

$2.6325     $0.0847 

Trap    rock    screenings,    o4.3    cu.    yds., 

at    $2.6325 0.0130 

Labor — 
Item: 

Scarifying     $0.0093 

Shaping     0.0060 

Spreading   I'/i-in.    trap    rock.. 0.0184 

Rolling   and    watering 0.0086 

1097    sq.    yds.    at $0.1400 

Wearing   Surface — 

Materials —  Cost  per 

Item:  sq.  yd. 

IVz-in.     trap    rock.    91.4    cu.    yds.,    at 

$2.6325      $0.2193 

•54 -in.     trap     rock,     20.3    cu.    yds.,     at 

$2.6325     0.0487 

Ugite  binder,  1750  gals.,  at  $0.076 0.1212 

Labor — 
Item: 

Spreading    l>.4-in.    trap   rock $0.0320 

Rolling    IVs-in.    trap    rock 0.0204 

Heating     Ugite     binder 0.0237 

Applying    Ugite    binder 0.0124 

Spreading    %-in.    chips 0.0087 

Rolling    *4-in.    chips 0.0178 

1097  sq.   yds.   at $0.5042 

Seal  Coat — 

Materials^  Cost  per 

Item:  sq.  yd. 

\i-m.     trap     rock,     25.2     cu.     yds.,    at 

$2.6325     $0.0605 

Ugite   binder,    C50   gals,    at 0.0450 

Labor — 
Item: 

Heating    Ugite    binder $0.0081 

Applying    Ugite    binder 0.0055 

Spreading    "^-in.    chips O.0098 

Rolling    i/2-in.    chips 0.0473 

1097    sq.    yds.    at $0.1762 

Trimming   Shoulders — 

Labor:   1097   sq.   yds.   at $0.0662 

SECTION    J7 — STATION     127      TO      131  "i"  GO.      BITU- 

.MINOUS     PAVEMENT,     PENETRATION     METHOD. 
BYERLITE  ASPHALT. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base,  .^ftcr  cleaning  and  spiking 
the  old  macadam,  1%-in.  trap  rock  was 
spread  and  rolled  to  bring  the  surface  to  a 
grade  3  ins.  below  the  finished  grade.  Screen- 
ings were  then  added  and  the  road  rolled  and 
puddled  until  thoroughly  cemented.  A  12-ton 
3-wheel  roller  was  used. 

Wearing  Surface. — Three  ins.  of  iy2-in. 
trap  rock  was  spread  upon  the  foundation 
course  and  rolled.  One  and  seven-tenths  gals, 
per  square  yard  of  Bycrlitc  Asphalt,  heated 
in  tar  kettles  to  a  temperature  of  400°,  was 
then  applied  by  hand  and  covered  with  clean 
.l4-in.  trap  rock  chips  and  rolled  with  a  12-ton 
,3-wheel    roller. 

Seal  Coat. — A  seal  coat  of  V2  gal.  per  square 
yard  of  Byerlite  Asphalt  was  applied  by  hand 
at   a   temperature   of   400°    and   covered   with 
clean   J^-in.  trap  rock  chips  and  rolled. 
Cost—  Cost  per 

Item:  sq.  yd. 

Preparation    of   foundation    course. ..  .$0.1523 

Wearing     surface 0.6827 

Seal    coat 0.2183 

Trimming    shoulders. 0.0066 

$1.0599 
Detailed   Cost   Preparation   of   Foundation 
Course — 
Materials—  Cost  per 

Item:  sq.  yd. 

Trap   rock,   16.1   cu.  yds.,  at  $2.6325. .  .$0.0656 
Trap  rock  screenings,   2.4   cu.   yds.,  at 

$2.6325    0.0098 

Labor: 
1  tern : 

Scarifying     $0.0023 

Shaping     0.0239 

Spreading    trap    rock 0.0246 

Rolling   and    watering 0.0261 

$0.1523 
Wearing  Surface — 
Materials —  Cost-per 

Item:  sq.  yd. 

I'/.-in.    trap    rock,    53.9    cu.    yds.,    at 

$2.6325     $0.2195 

^i-ln.     trap     rock,     12     cu.     yds.,    at 

$2.6325     0.0489 

Bverlite      asphalt,       1077      gals.,      at 
$0.1043     0.1738 


Labor — 

Item: 

Spreading    IV^-in.    trap    rock $0.0606 

Rolling   IVs-in.    trap    rock 0.0742 

Heating    Byerlite    asphalt 0.0453 

Applying  Byerlite  asphalt 0.0207 

Spreading    %-in.    chips 0.0i50 

Rolling    %-in.    chips 0.0247 

646.3   sq.    yds.    at $0.6827 

Seal  Coat- 
Materials —  Cost  per 
Item:  sq.  ft. 
•Va-m.     trap    rock,     14.9     cu.     yds.,    at 

$2.6325     $0.0607 

Byerlite  asphalt,    323   gals.,    at   $0.1043  0.0522 
Labor — ■ 
Item: 

Heating    Byerlite    asphalt $0.0132 

Applying    Byerlite    asphalt 0.O084 

Spreading    %-in.    chips 0.0151 

Rolling    Vl-in.    chips 0.0687 

646.3    sq.    yds.    at $0.2183 

Cost  per 

Trimming   Shoulders  per  yd. 

Labor  646.3   sq.    yds.    at $0.0066 

SECTION   18 — STATION    130  +  60  TO  133.    VITRIFIED 
BLOCK    PAVEMENT    ON    4-IN.    CONCRETE    BASE. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  The  surface  was  graded  to 
within  9%  ins.  of  the  finished  grade  and  addi- 
tional material  was  added  where  required.  It 
was  then  thoroughly  rolled. 

Concrete  Base  and  Vitrified  Blocks. — A  4-in. 
concrete  base  with  concrete  curbs,  propor- 
tioned 1-3-6,  was  laid  upon  the  prepared  sub- 
grade.  The  concrete  was  mi.xed  by  hand 
labor. 

The  sand  cushion  was  spread,  rolled  and 
shaped  with  a  template  after  laying,  the  vitri- 
fied blocks  were  rolled  and  grouted  to  within 
%  in.  of  the  surface  with  cement  grout  pro- 
portioned 1-1  and  covered  with  sand. 
Cost —  Cost  per 

Item:  sq.  ft. 

Foundation    course $0.1912 

Concrete    base 0.8758 

Concrete    curb 0.1702 

Sand    cushion 0.142.". 

Vitrified     blocks 1.1557 

Laying   vitrified    blocks 0.1787 

Grouting    and    covering 0.1137 

Trimming     shoulders 0.0392 

$2.8670 

Concrete   base,    per   ou.    yd $7.8801 

Concrete  curb,   per  linear  ft 0.1524 

Concrete  curb,  per  cubic  yard 9.8900 

Detailed  Cost   Preparation   of  Foundation 
Course — 
Labor—  Cost  per 

Item:  sq.  yd. 

Scarifying     $0.0746 

Shaping     0.1166 

430   sq.    yds.    at $0.1912 

Concrete   Base — 
Materials —  Cost  per 

Item:  sq.  yd. 

Crushed    pebbles,    46.35    cu.    yds.,    at 

$1.9375      $0.208H 

Sand,  22.9  cu.  yds.,  at  $2.015 0.1073 

Portland   cement,    48.25    bbls.,    at   $1.71  0.1917 

Forms,   etc.,    150   ft.   B.    M.,  at  $32.00..  0.0112 

Labor     0.3567 

430   sq.   yds.   at $0.875S 

Concrete   Curb — 

Materials —  Cost  per 

Item:  sq.  yd. 

Crushed     pebbles,     7.18    cu.     yds.,     at 

$1.9375     $0.0324 

Sand.   3.6  cu.    yds.,   at  $2.015 0.0169 

Portland   cement,   7.5   bbls..   at  $1.71..   0.0296 

Forms,   etc.,   300  ft.   B.  M..  at  $32.00..  0.0223 

Labor     0.0690 

430   sq.   yds.   at $0.1702 

Sand  Cushion —  Cost  per 

Materials:  sq.  yd. 

Sand,   23.9   cu.   yds.,   at  $2.015 $0.1119 

Labor     0.0306 

430   sq.    yds.   at $0.1425 

Cost  per 
Vitrified   Blocks—  sq.  yd. 

Vitrified    blocks,    18,402    at    $27.00,    430 

sq.    yds.    at $1.1557 

Cost  per 
Laying  Vitrified   Blocks—  sq.  yd. 

Labor  laying  and  rolling  430   sq.  yds. 

at     $0.1787 

Qrouting  and   Covering- 
Materials-  Cost  per 
Item:  sq.  yd. 

Sand.   7.6  cu.   yds.  at  $2.015 ...$0.0356 

Portland  cement,  11.75  bbls.,  at  $1.71.  0.0467 
Labor     0.0314 

430    sq.    yds.    at $0.1137 

Cost  per 

Trimming  Shoulders —  sq.  yd. 

Labor  430  sq.   yds.   at $0.0392 
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SECTION     19 — STATION     133    TO    139.     BITUMINOUS 

PAVEMENT,     PENETRATION     METHOD,    TAR- 

VIA    "X." 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  After  cleaning  and  spiking 
the  old  macadam,  1%-in.  trap  rock  was 
spread  and  rolled  to  bring  the  surface  to  a 
grade  3  ins.  below  the  finished  grade.  Screen- 
ings were  then  added  and  the  road  rolled  and 
puddled  until  thoroughly  cemented.  A  r2-ton 
3-wheel  roller  was  used. 

Wearing  Surface. — Three  ins.  of  l!/2-in.  trap 
rock  was  spread  upon  the  foundation  course 
and  rolled.  One  and  one-half  gals,  per  square 
yard  of  Tarvia  "X,"  heated  in  tar  kettles  to 
a  temperature  of  230°,  was  then  applied  by  a 
pressure  distributor  and  covered  with  clean 
a-'m.  trap  rock  chips  and  rolled  with  a  12-ton 
3-wheel  roller. 

.S'cal  Coat. — A  seal  coat  of  %  gal.  per  square 
yard  of  Tarvia  "X"  was  applied  by  a  pressure 
distributor  at  a  temperature  of  225°  and  cov- 
ered with  clean  J^-in.  trap  rock  chips  and 
rolled. 

'  "list —  Cost  per 

Item;  sq.  yd. 

Preparation    of    foundation    course $0.2787 

Wearing    surface 0.5108 

Seal    coat 0.2279 

Trimming    shoulders 0.0403 

$1.0577 
Detailed   Cost   Preparation   of   Foundation 
Course — 
.Materials—  Cost  per 

Item:  sq.  yd. 

I'A-in.     trap     rock.     65     cu.     yds.,     at 

$2.6325     $0.1341 

Trap  rock  screenings,  8.6  cu.  yds.,  at 

$2.6325     0.0210 

Labor — 
Item; 

Scarifying     $0.0293 

Shaping     "-"^H 

Spreading    trap    rock 0.0388 

Rolling   and    watering 0.0301 

1079.75    sq.    yds.    at $0.2787 

Wtaring   Surface- 
Materials—  Cost  per 
item;  sQ-  yd- 
li^-ln.     trap    rock,    90    cu.     yds.,     at 

$2.6325      .    $0.2194 

^-in.  trap  rock.  20  cu.  yds.  at  $2.6325  0.0488 

Tarvia    "X,"    1671    gals,    at   $0.085 0.1315 

Labor — 

Spreading    I'^-in.    trap    rock $0.0362 

Rolling    IH-in.    trap   rock 0.0359 

Heating   Tarvia    ■'X" 0.0084 

.vpplying   Tarvia    "X" ""^S^ 

.Spreading    %-in.    chips 0.0122 

Rolling    %-in.    chips 0.0059 

1079.75    sq.    yds.    at $0.5108 

Seal    Coat— 

.Materials—  Cost  per 

Item;  sq.  yd. 

'4-ln.     trap    rock.    24.8    cu.     yds.,    at 

$2.6325     $0,060.1 

Tarvia  "X."   591  gals,   at  $0.085 0.0465 

I«ibor— 

"'■m:  .„  .... 

Heating   Tarvia   "X" jn.OOjS 

.Xpplving     Tarvia     "X" 0.0136 

Spreading    %-in.    chips "  51  iV 

Rolling    V4-ln.    chips O.OSi^ 

1079.73  sq.   yds.   at ..$0.2279 

Cost  per 

Trimming  Shoulders—  3IJ„Yi'.; 

Uibor    1079.75   sq.    yds.    at $0.0403 

.  TION    20— STATION     139    TO    145.      BITUMINOUS 
I'.WEMENT.     PENETRATION     METHOI',     TEXACO 
ROAD  ASPHALT    BINDER. 

luundation  Course.— The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  iclford  base.  .Mter  cleaning  and  spiking 
the  old  macadam.  VA-in.  trap  rock  was  spread 
.■mil  rolled  to  bring  the  surface  to  a  grade  3 
inv  I.elow  the  finished  grade.  Screenings 
were  then  added  and  the  road  rolled  and  pud- 
dled until  thoroughly  cemented.  .\  12-ton  3- 
wlucl   roller  was  used. 

U'rariiKi  Surface.— TUrcc  ins.  of  1%-in.trap 
rock  was  spread  upon  the  foundation  course 
and  rolled.  One  and  eight-tenths  gals,  per 
square  vard  of  Texaco  Road  .Vsphalt  Hinder, 
heated  in  tar  kettles  to  a  temperature  of  3.50  . 
was  llien  applied  by  hand  and  covered  with 
dean  M-in.  trap  rock  chips  and  rolled  with  a 
12-ton  3-whcel  roller. 

Seal  Coat.— A  seal  coat  of  6/10  of  a  gal.  per 
square  vard  of  Texaco  Asphalt  Binder^^  was 
applied  bv  hand  at  a  temperature  of  350  and 
covered  with  clean  '/$-in.  trap  rock  chips  and 
rolled. 


Cost —  Cost  per 

Item;  sq.  yd. 

Preparation  of  foundation  course $0.2678 

Wearing    surface 0.5580 

Seal    coat 0.1714 

Trimming     saoulders 0.0182 

$1.0154 
Detailed   Cost   Preparation   of  Foundation 
Course — 
Materials —  Cost  per 

Item:  sq.  yd. 

IVs-in.   trap   rock,    61.8    cu.     yds.,    at 

$2.6325     $0.1339 

Trap  rock  screenings,  9.5  cu.   yds.,  at 

$2.6325     0.0205 

Labor — 
Item; 

Scarifying     $0.0235 

Shaping     0.0366 

Spreading  1 14  -in.    trap  rock 0.0288 

Rolling   and    watering 0.0245 

1214.73    sq.    yds.    at $0.2678 

Wearing  Surface — 
Materials —  Cost  per 

Item:  sq.  yd. 

lV4-in.    trap    rock,    101.2    cu.    yds.,    at 

$2.6325     $0.2193 

%-ln.     trap    rock,    22.5    cu.     yds.,     at 

$2.6325     0.0488 

Texaco   asphalt   binder.    2261    gals.,    a* 

$0.10525     0.1959 

Labor — 
item; 

Spreading    l>A-in.    trap    rock $0.0314 

Rolling    li^-in.    trap   rock 0.0114 

Heating    Texaco    asphalt    binder 0.0189 

Applying  Texaco   asphalt  binder 0.0128 

Spreading    %  -in.    chips 0.0087 

Rolling    %-in.    chips 0.0108 

1214.73    sq.    yds.    at $0.5580 

Seal  Coat— 
-Materials-  Cost  per 

Item;  sq.  yd. 

Vi-in.    trap    rock,     27.9     cu.     yds.,     at 

$2.6325     $0.0605 

Texaco    asphalt    binder,    730    gals.,    at 

$0.10525     0.0632 

Labor- 
Item: 

Heating  Texaco  asphalt  binder $0.0069 

.'Applying  Texaco  asphalt  binder 0.0046 

Spreading    1.4-in.    chips 0.0082 

Rolling    '/^-in.    chips 0.0280 

1214.73    sq.    yds.    at $0.1714 

Cost  per 

Trimming  Shoulders —  sq.  yd. 

Labor  1214.73  sq.  yds.  at $0.0182 

SECTION     21 — STATION     145    TO     151.      BITUMINOUS 

.MACADAM    PENETRATIO.N     METHOn,    STANDARD 

BINDER    B. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base,  .\fter  cleaning  and  spiking 
the  old  macadam.  l'/4-in.  trap  rock  was  spread 
and  rolled  to  bring  the  surface  to  a  grade  3 
ins.  below  the  finished  grade.  Screenings 
were  then  added  and  the  road  rolled  and  pud- 
dled until  thoroughly  cemented.  .\  12-ton  3- 
whecl   roller  was  used. 

IVearing  Surface. — Three  inches  of  1%-in. 
trap  rock  was  spread  upon  the  foundation 
course  and  rolled.  One  and  one-half  gals,  per 
square  yard  of  Standard  Binder  B.  heated  in 
tar  kettles  to  a  temperature  of  .150°.  was 
then  applied  by  hand,  and  covered  with  clean 
'4-in.  trap  rock  chips  and  rolled  with  a  12-lon 
3-wheel  roller. 

Seal  Coat.— A  seal  coat  of  M  gal.  per  square 
vard   of    Standard    Binder   B   was   applied   by. 
iiand   at   a   temperature   of   350°   and   covered 
with  clean  '/i-in.  trap  rock  chips  and  rolled. 
Cost—  Co.st  per 

Item:  sq.  yd. 

Preparation    of    foundation    course $0.3961 

Wearing    surface n.4861 

Seal    cout ".1442 

Trimming     shoulders.  0.0516 

$1.0780 
lietalled     Cost    Preparation    uf    Foundation 
Course — 
Materials-  Coat  per 

ItemH;  "I.  y<l. 

IW-ln.     trap    rock,     Oi.4    cu.    yds.,    al 

12.6325     $0.1658 

Trap  rock  screenings.  lO.D  cu.  yd«..  n(      

$2.6325     0.02S5 

Ijxbor — 

Item;  ,^  «.,, 

Scarifying     .  '""1^'" 

Shaping     "  "■'<„• 

Spreading   lV4-ln.    trap   rock '^i 

Rolling   and    watering "  ■-"' 

1085.84    sq.    ydii.    at.  10.3961 

Wearing   Surface —  _     , 

Materials-  Coat  ptr 

Item;  .  sq.  yd. 

m-ln.    trap    rock.     90.S     cu.     yds.,     nt 

$2  632." 10.2194 

■\-ln.     trap    rock.     :0.1     cu.    yds.,    nt 

$2  6325     0.04S7 

Stnndard     Binder     B.     16S0    gals.,     nt 
$.0905     0.1S5!> 


Labor — 

Item: 

Spreading    l',2-in    trap   rocK $0.0235 

Rolling    lii-ln.    trap    rock 0.0101 

Heating    Standard    binder 0.0164 

Applying    Standard    binder 0.012S 

Spreading    %-in.    chips 0.008» 

Rolling    *4-in.    chips 0.0101 

1085.84    sq.    yds.    at $0.4861 

Seal  Coat- 
Materials—  Cost  per 
Item;  sq.  yd. 
V4-in.    trap    rock,     24.9     cu.     yds.,     at 

$2.6325     $0.0604 

Standard     Binder     B,     568     gals.,     at 

$0.0905     0.0474. 

Labor — 
Item: 

Heating    Standard    binder $0.0065 

Applying    Standard    binder 0.004S 

Spreading    %-in.    chips 0.0070- 

Rolling     >/i-in.     chips 0.0181 

1085.84   sq.    yds.    at $0.1442- 

Cost  per 
Trimming    Shoulders —  sq.  yd. 

Labor   1085.84   sq.    yds.   at $0.0518- 

SECTION    22 — STATION    151    TO    157.       BITUMINOUS. 

PAVEMENT,     PENETRATION      METHOD,     PIONEER 

ROAD    ASPHALT. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  After  cleaning  and  spiking  the 
old  macadam,  lV6-in.  trap  rock  was  spread 
and  rolled  to  bring  the  surface  to  a  grade  S 
ins.  below  the  finished  grade.  Screenings 
were  then  added  and  the  road  rolled  and  pud- 
dled until  thoroughly  cemented.  .\  12-toa 
3-wheel  roller  was  used. 

Wearing  Surface. — Three  inches  of  1%-in^ 
trap  rock  was  spread  upon  the  foundatioa- 
course  and  rolled.  One  and  seven-tenths  gals, 
per  square  yard  of  Pioneer  Road  .Asphalt  X'o. 
9()3.  heated  in  tar  kettles  to  a  temperature  of 
350°.  was  then  applied  by  hand  and  covereil 
with  clean  H-'".  trap  rock  chips  and  rolled' 
with  a  r2-ton  3-wheel  roller. 

Seal  Coat. — A  seal  coat  of  %  gal.  per  square- 
yard   of    Pioneer   Road   .Asphalt   No.  963   was. 
applied  at  a  temperature  of  350°  and  covered 
with  clean  ;  j-in.  trap  rock  chips  and  rolled. 
Cost —  Cost  per 

Item:  sq.  yd. 

Preparation   of   foundation   course $0.4543- 

Wearing    surface n..'.47S 

Seal    coat u.l6il 

Trimming    shoulders 0.045S 

'$1.2150- 
Detailed   Cost  Preparation  of  Foundatoin 
Course — 
Materials —  Cost  per 

Items:  sq.  yd. 

H4-in.    trap    rock,     80.5     cu.     yds.,    at 

$2.6325     $0.197« 

Trap    rock    screenings,    12.4    cu.    yds.. 

at    $2.6325 0.0304 

I.iibor— 
Item: 

Scarifying    $0.0293: 

Shaping     0.1225. 

Spreading    trap    rock 0.0357 

Rolling   and    watering 0.0394> 

1072.44    sq.    yds.    at $0.454» 

Wearing   Surface — 
Materials —  Cost  per 

Item;  sq.  yd. 

IH-'n.    trap    rock.    ^...4    cu.    yds.,    at 

$2.6325     $0.2195 

»4-ln.    trap    rock,     19.9    cu.     yds.,     at 

$2.6325     0.0489 

Pioneer    rond    naphnlt    No.    96S,    1823 

gnls..    at    $.10584 0.1799 

Labor   - 
Item: 

Spreading   lV4-ln.    trap    rock $0.037» 

Rolling    IH-ln.    trap    rock 0.0123 

IIcTtlng  Pioneer  Rond  A.tphalt  No.  963  0.O2O3 
.Vpplying    Pioneer    Rond    Asphalt    No. 

963     0.0109 

Sprendlng    *i-ln.    chips 0.0082 

Rolling    ?i-ln.    chips 0.0102 

1072.44    »q.    yds.    nl  JO..-47B 

Senl  Cont — 
Mnterlnln —  Cost  pe^ 

Item:  sq.  yd. 

Vt-ln.    trap    rock.    24.8     cu.     yds.,     at 

$2.8.125     $0.0604 

Pioneer    Rond    /tsphalt    No.    963,    687 

gnls..    nt   $.10584 0.0579 

Labor- 
Item: 
Heating    Pioneer     Road    Asphalt    No, 

963     $0.0082 

Applying   Pioneer    Road    Asphalt    No. 

963     0.0044 

Spreading    H-ln.    chips 0.0074 

Rolling    '/4-ln.    chips 0.0288 

1072.-44    sq.    yds.    at $0.1671 

Cost  per 

Trimming  Shoulders —  so.  yd. 

iJibor.   1072.44   sq.   yds.,   nt $0.0451 
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SECTION    23— STATION     157    TO    1(33.      DITUMINOUS 

PAVEMENT,     PENETRATION      METHOD,      BER- 

MUDEZ    ASPHALT    BINDER. 

I-oundation  Course.— "^ht  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford   base. 

After  cleaning  and  spiking  ihc  old  macadam, 
1^-in.  trap  rock  was  spread  and  rolled  to 
bring  the  surface  to  a  grade  3  ins.  below  the 
linished  grade.  Screenings  were  then  added 
and  the  road  rolled  and  puddled  until  thor- 
oughly cemented.  A  12-ton  3-vvheel  roller 
was   used.  ' 

Wearing  Surface.— Three  ins.  of  ly2-;in. 
trap  rock  was  spread  upon  the  foundation 
course  and  rolled.  One  and  eight-tenths  gals, 
per  square  yard  of  Bcrmudez  Asphalt  Binder, 
heated  in  tar  kettles  to  a  temperature  of  350°, 
was  then  applied  by  hand  and  covered  with 
clean  i4-in.  trap  rock  chips  and  rolled  with 
a    12-ton   3-wheel    roller. 

Seal  Coat.— A  seal  coat  of  si.\-tenths  gal. 
per  square  yard  of  Bermudez  Asphalt  Binder 
was  applied  by  hand  at  a  temperature  of  350° 
and  covered  w^ith  clean  ^/i-in.  trap  rock  chips 

and  rolled. 

Cost—  Cost  per 

Item:  sq.  yd. 

Preparation    foundation    course $0.3o71 

Wearing    surface 0.5932 

Seal    coat M?^5 

Trimming    shoulders 0.0173 

$1.1511 
Detailed   Cost   Preparation   of  Foundation 

Course—  Cost  per 

Materials:  sq.  yd. 

H4-in.     trap    rock,     1)3     cu.     yds.,     at 

$2.6325 $0.2137 

Trap  rock  screenings,  14.3  cu.  yds.,  at 

$2  6325     0.0329 

L^bor — 

Scarifying    ^''■*'H? 

Shaping     0.0221 

Spreading   IVs-in.   trap  rock 0.0366 

Rolling    and    watering 0.0206 

1145.43   sq.    yds.    at $0.3571 

'  Wearing  Surface — 

Materials—  Cost  per 

Item:  sq.  yd. 

H4-in.     trap     rock,     95.4     cu.     yds.,     at 

$2.6325       $0.2193 

%-in.     trap    rock,     21.2    cu.    yds.,    at 

$2.6325 0.0487 

Bermudez  Asphalt   Binder,   2099   gals., 

at    $0.1275    0.233G 

Labor — 
Item: 

.■^lir.ading  1%-in.   trap  rock $0.0342 

Itolling    1%-in.    trap    rock 0.0167 

Heating    Bermudez    Asphalt    Binder..  0.0128 
Applying  Bermudez   Asphalt  Binder. .   0.0097 

Spreading    94-in.    chips 0.0078 

Rolling    %-in.    chips 0.0104 

1145.43   sq.    yds.    at $0.5932 

Seal  Coat- 
Materials—  Cost  per 
Item:  sq.  yd. 
'A-in.    trap    rock,     26.3     cu.    yds.,     at 

$2.6325     $0.0604 

Bcrmudez    Asphalt   Binder,    687    gals., 

at    $0.1275 0.0765 

I.,abor — 
Item: 

Heating  Bermudez   Asphalt   Binder. .  .$0.0043 
Applying  Bermudez   Asphalt   Binder..   0.0032 

Spreading    ^4-in.    chips 0.0050 

Rolling    '^-In.    chips 0.0333 

1145.43    sq.    yds.    at $0.1835 

Cost  per 
Trimming   Shoulders —  sq.  yd. 

Labor,   1145.43   sq.   yds.,   at $0.0173 

SECTION    24 — STATION    163    TO    169.       BITUMINOUS 

PAVEMENT,      PENETRATION       METHOD,      SUN 

HVDROLENE    ASPHALT. 

roundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  After  cleaning  and  spiking  the 
old  macadam,  lyi-in.  trap  rock  was  spread 
and  rolled  to  bring  the  surface  to  a  grade  3 
ins.  below  the  finished  grade.  Screenings 
were  then  added  and  the  road  rolled  and  pud- 
dled until  thoroughly  cemented.  A  12-ton  3- 
wheel   roller  was  used. 

Wearing  Surface. — Three  ins.  of  1%-in. 
trap  rock  was  spread  upon  the  foundation 
course  and  rolled.  One  and  seven-tenths  gals, 
per  square  yard  of  Sun  Hydrolene  Asphalt 
Binder,  heated  in  tar  kettles  to  a  temperature 
of  350°.  was  then  applied  by  hand  and  cov- 
ered with  clean  .>:4-in.  trap  rock  chips  and 
roiled  with  a  12-ton  3-wheel  roller. 

Seal  Coal.^A  seal  coat  of  %  gal.  per 
square  yard  of  Sun  Hydrolene  Asphalt  Binder 
was  applied  by  hand  at  a  temperature  of  .350°, 


covered  with  clean  %-in.  trap  rock  chips  and 

rolled. 

Cost—  Cost  per 

Item:  sq.  yd. 

i-reparation   of    foundation    course. ..  .$0.5419 

Wearing    surface 0.5383 

Seal    coat 0.1608 

'inmming    shoulders 0.0587 

$1.2997 
Detailed   Cost   Preparation    of  Foundation 
Course — 
Materials —  Cost  per 

Item:  sq.  yd. 

I'A-in.   trap    rock,     117.5    cu.    yds.,   at 

t2.6325     $0.2884 

Trap   rock  screenings,     18.1    cu.     yds., 

at    $2.6325 0.0444 

Labor — 
Item: 

Scarifying     $U.0658 

Sliaping     0.0050 

Spreading    trap    rock 0.0832 

RoUing   and    watering 0.0551 

1072.4   sq.    yds.   at $0.5419 

Wearing   Surface — 
Materials—  Cost  per 

Item:  sq.  yd. 

1%-in.   trap   rock,    89. 4   cu.    yds.,    at 

$2.6325     $0.2194 

%-in.     trap    rock,     19.9     cu.     yds.,     at 

$2.6325     0.0489 

Sun    Hydrolene    Asphalt    Binder,    1811 

gals.,    at    $0.0886 0.1496 

Labor — 
Item: 

Spreading  IVa-in.   trap  rock $0.0467 

RoUing    1%-in.    trap   rock 0.0032 

Heating   Sun   Hydrolene  Asphalt  Bin- 
der        0.0266 

Applying      Sun      Hydrolene      Asphalt 

BindeF    0.0129 

Spreading    %-in.    chips 0.0104 

Rolling    %-in.     chips 0.0206 

1072.4    sq.    yds.    at $0.5383 

Seal  Coat- 
Materials—  Cost  per 
Item:  sq.  yd. 
Vi-in.     trap     rock,     24.6     sq.     yds.,    at 

$2.6325     $0.0604 

Sun    Hydrolene    Asphalt    Binder,    535 

gals.,     at    $0.0886 0.0442 

Labor — 
Item: 

Heating   Sun  Hydrolene  Asphalt  Bin- 
der        $0.0074 

Applying     Sun      Hydrolene      Asphalt 

Binder    0.0045 

Spreading    Mj-in.    chips 0.0069 

Rolling    %-in.    chips 0.0374 

1072.4   sq.    yds.   at $0.1608 

Trimming  Shoulders — 

Labor,    1072.4   sq.    yds.,    at $0.0587 

SECTION    25 — STATION    169    TO    174  +  50.     BICOMAC 
CONCRETE    PAVEMENT. 

FoundalioH  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  This  was  removed  to  a  depth 
of  5  ins.  below  the  finished  grade,  and  where 
the  original  surface  was  lower  than  this 
grade,  the  surface  was  loosened,  and  l>4-in. 
stone  and  screenings  were  spread  and  rolled 
to  raise  the  surface  to  the  grade  required  for 
the  laying  of  the  concrete  base.  A  5-ton  tan- 
dem roller  was  used. 

Concrete  Pavement  and  Bituminous  Top. — 
The  concrete  pavement,  4  ins.  thick,  and  pro- 
portioned 1-3-6,  was  laid,  and  as  soon  as  the 
concrete  had  settled,  it  was  rolled  with  a  hand 
roller  weighing  700  lbs.,  and  while  still  wet 
and  in  a  plastic  condition,  was  covered  with  a 
resilient  concrete  wearing  surface  1-in.  thick 
after  compression.  The  wearing  surface,  or 
bituminous  top,  was  applied  cold,  and  con- 
sisted of  1  part  Portland  cement,  6  parts  clean 
sand,  and  12  parts  clean  trap  rock  passing  a 
1%-in.  screen,  and  containing  not  more  than 
25  per  cent  of  1%-in.  size  stone,  and  8  per 
cent  of  Headley  Good  Roads  Company  No. 
26,  known  as  Bicomac,  which  was  used  in  the 
proportion  of  70  per  cent  of  Bicomac,  and  30 
per  cent  of  water.  The  mineral  aggregate 
was  thoroughly  coated  with  the  solution.  The 
sand  and  cement  were  mixed  together  and 
added  to  the  coated  stone  and  the  whole  thor- 
oughly saturated  with  the  solution  and  laid 
and  rolled  with  a  5-ton  tandem  roller,  as  soon 
as  the  base  had  become  hard  enough  to  sustain 
the   roller. 

Cost—  Cost  per 

Item:  sq.  yd. 

Preparation    of   foundation    course. ..  .$0.1461 

(Joncrete    pavement 0.9777 

Bituminous     top 0.6515 

Trimming    shoulders 0.0918 

$1.8671 
Detailed    Cost   Preparation   of   Foundation 
Course — 


Labor —  Cost  per 

Item:  sq.  yd. 

Scarifying     $0.0306 

Shaping     0.1155 

1015    sq.    yds.    at $0.1461 

Concrete   Pavement — 

Material—  Cost  per 

Item;  sq.  yd. 

Trap       rock,      109.39       cu.       yds.,      at 

$2.4705     $0.2690 

Gravel,    54.13   cu.   yds.,   at   $1.82 0.098i 

Portland  cement,   113.25  bbls.,  at  $1.6s  0.1860 

Coal,    6   tons,    at   $5 0.0299 

Forms,   etc.,  750  ft.  B.  M.,  at  $32 0.0239 

Labor     0.3708 

1,015   sq.    yds.    at $0.9777 

Bituminous   Top   Bicomac — 

Material:  Cost  per 

Item.  sq.   yd. 

Trap   rock,   26.32   cu.   yds.   at   $2.4705.  .$0.0647 

Sand.    13.17   cu.    yds.   at  $1.82 0.0239 

Portland  cement,   15  bbls.   at  $1.65 0.0246 

Bicomac,    1,653.37   gals,   at   $0.10997 0.1810 

Coal,    2    tons   at   $5 0.0400 

Forms,  etc.,  350  ft.  B.  M.  at  $32 0.0112 

Labor: 

Mixing     0.2383 

Applying     0.0794 

Rolling     0.0184 

1,015    sq.    yds.    at $0.6515 

Trimming  Shoulders—  Cost  per 

Labor:  sq.   yd. 

1,015   sq.    yds.    at $0.0918 

SECTION   26— STATION    174  +  50  TO   180  +  15._  VIT- 

■RIFIED    BLOCK    PAVEMENT    ON    4-IN.    CONCRETE 

BASE. 

Foundation  Course. — The  foundation  course 
was  originally  old  waterbound  macadam  with 
a  telford  base.  The  surface  was  graded  to 
9%  ins.  below  the  finished  grade  and  additional 
material  was  supplied  where  needed  and 
rolled. 

Concrete  Base  and  Vitrified  Blocks.— A  4-in. 
concrete  base  with  concrete  curb,  proportioned 
1-3-6,  was  laid  upon  the  prepared  subgrade. 
The  concrete  was  mixed  in  a  Foote  Concrete 
Mixer  and  by  hand  labor. 

The  sand  cushion  was  spread,  rolled  with 
an  iron  hand  roller  and  shaped  with  a  tem- 
plate. After  laying,  the  vitrified  blocks  were 
rolled  with  a  4-ton  tandem  roller,  the  joints 
were  grouted  to  within  Vz  in.  of  the  surface 
with  cement  grout,  proportioned  1-1,  and  cov- 
ered with   sand. 

Cost—  Cost  per 

Item:  sq.  yd. 

Preparation    of    foundation   course. ..  .$0.1038 

Concrete  base   ■^■??!l'' 

Concrete  curb   „,,',! 

Sand  cushion   X'J  .1;',' 

Vitrified   blocks    0.9631 

Laying  vitrified  blocks 0.163j 

Grouting  and   covering '  ".1175 

Trimming  shoulders  0.1223 

$2.8834 

Concrete  base,   per  cu.   yd $9,829 

Concrete  curb,  per  cu.  yd 12.2290 

Concrete  curb,  per  lin.  ft 0.1790 

Detailed  Cost,   Preparation  of  Foundation 
Course —  „     ^ 

Labor—  Cost  per 

Item-  sq.  yd. 

Scarifying    *5-2^I^ 

Shaping    ■   0.076u 

$0.1038 
Concrete  Base — 

Materials:  Cost  per 

Item.  sq.    yd. 

Trap  rock,  109.39  cu.  yds.  at  $2.4705.  .$0.2662 

Sand.   53.56  cu.  yds.   at  $1.82 0.0960 

Portland  cement.   112.25  bbls.  at  $1.65.  0.1825 

Forms,  etc..  500  ft.  B.  M.  at  $32 0.0158 

Coal.   5    tons   at   $5 0.0246 

Labor     0.4955 

1,004.4  sq.   yds.   at $1.0806 

Concrete   Curb — 

Materials:  Cost  per 

Item.  SI-  y'- 

Trap   rock,   16.03   cu.   yds.   at  $2.4705.  .$0.0390 

Sand.    7.93    cu.    yds.    at    $1.82 n.0M2 

Portland  cement,  16.75  bbls.  at  $1.65.  0.0272 
Forms,  etc.,  750  ft.  B.  M.  at  $32....  0.0236 
Labor     ^0951 

1.004.4    sq.    yds.    at $0.1991 

S.-md  Cushion—  Cost  per 

.Materials:  sq.   yd. 

Sand,   55.8  cu.   yds.   at  $1.82 $0.1001 

Labor     0.0334 

1.001.4    sq.    yds.    at $0.1335 

Vitrified    Blocks—  Cost  per 

.Materials:  sq.   yd. 

Vitrified     blocks,      39,473.      at      $24,654 

per  M $0,9631 

1,004.4    sq.    yds.    at 0.9631 

Laying   Vitrified   Blocks —  Cost  per 

Labor:  so.    yd 

Laying  and    rolling,   1,004.4   sq.    yds. .  .$0.1635 
Grouting  and   Covering — 
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Materials:  Cost  per 

Item.  sq.   yd. 

Portland   cement,   27.75   bbls.   at  $1.65. $0.0456 

Sand,   1T.87   cu.  yds.   at  $1.82 0.0324 

Forms,  etc.,  100  ft.   B.  M.  at  $32 0.0032 

Labor     0.0363 


1,004.4  sq.   yds.   at $0.1175 

Trimming  Shoulders —  Cost  per 

I^abor:  sq.  yd. 

1,004.4   sq.   yds.    at.' $0.1223 

SCHEDULE    OF    WAGES. 

1912. 
Superintendents,   $125   per   mo... 10 

Foremen    10 

Carpenters     8 

Roller  engineers    10 

Paviors   (straight  time  men) 10 

Watchmen .12 

Watchmen  (after  Nov.  6,  1312)..  12 

Laborers    10 

Laborers    (after  Nov.    6,   1912). ..10 

Laborers   (asphalt  plant) 10 

Single  teams   10 

Double    teams    10 

Double  teams  (aft.  Nov.  6,  1912)10 

1913. 

Foremen    10 

Foremen    9% 

Foremen    10 

Laborers     10 

Laborers     9  ^4 

Laborers    9 

Water    boys    9hi 

Single    teams    9^4 

Double  teams   9%  and  10 

Paviors    8 

Rammers    8 

SCHEDULE  OF  CHARGES  FOR  TOOLS,   ETC. 
Rollers,    12-ton,   3-wheel,   with  engr.,   etc.. $12.00 

Rollers,    6-ton   tandem,    with    engineer 8.00 

Rollers,    4-ton   tandem,    with   engineer 10.00 

Water   wagons    50 

Tar    kettles    50 

No   allowance   was    made    for   the   use    of   the 
asphalt  plant  on  mixing   sections. 


Per 

Day. 

hours 

$4.81 

hours 

3.50 

hours 

3.60 

hours 

3.00 

hours 

2.50 

hours 

1.75 

hours 

2.00 

hours 

1.75 

hours 

2.00 

hours 

2.25 

hours 

3.00 

hours 

5.00 

hours 

6.00 

Per 

Day. 

hours 

$3..50 

hours 

3.50 

hours 

3.00 

hours 

2.00 

hours 

2.15 

hours 

2.00 

hours 

1.00 

hours 

3.00 

hours 

5.50 

hours 

4.50 

hours 

4.00 

A  Sub-Organization  for  Securing   Ef- 
ficient Highway  Maintenance. 

A  complete  reorganization  of  the  New  Yorli 
State  Highway  Department,  recommended  by 
a  board  of  consulting  engineers,  has  .been 
adopted  by  Mr.  John  N.  Carlisle,  Commis- 
sioner of  Highways,  and  the  names  of  division 
engineers  appointed  in  accordance  with  the 
plans  for  reorganization  were  published  in  our 
issues  of  Oct.  29  and  Nov.  5.  An  important 
feature  of  the  reorganization  consists  of  the 
consolidation  of  construction  and  maintenance 
forces  into  one  organization,  similar  to  the 
arrangement  of  the  engineering  and  mainten- 
ance of  way  departments  on  many  railroads. 
In  a  paper  presented  to  the  tenth  annual  con- 
vention of  the  American  Road  Builders'  Asso- 
ciation held  at  Philadelphia,  Dec.  9-12,  1913, 
Mr.  Carlisle  explains  how  the  new  organiza- 
tion will  be  made  and  how  it  will  handle  the 
maintenance  work.    The  paper  in  full  follows : 

The  really  great  problem  confronting  those 
who  are  in  charge  of  state  departments  of 
highways  is  maintenance.  This  question  in- 
volves not  only  a  study  of  the  methods  to  be 
adopted  for  properly  keeping  the  roads  in 
repair,  but  first  involves  the  question  of  what 
scheme  of  organizing  a  department  can  be  in- 
stalled to  procure  such  a  result. 

In  New  York  state  up  to  this  year  the  con- 
struction of  highways  was  under  the  charge 
of  division  engineers,  and  the  maintenance 
work  was  separate  and  apart  and  was  in  charge 
of  a  maintenance  bureau  under  different 
divisions  and  under  superintendents  of  main- 
tenance.    This  plan  of  divided  authority  was 


so  unsatisfactory  that  in  the  winter  of  1913 
the  state  legislature  of  New  York  provided 
that  the  work  of  construction  and  maintenance 
should  be  consolidated  under  the  control  of 
the  division  engineers,  and  that  the  work  of 
maintenance  should  be  done  either  by  contract 
or  directly  by  the  department. 

New  York  is  divided  into  9  divisions  with 
a  division  engineer  in. charge  of  each  division, 
and  we  intend  to  subdivide  each  of  these 
divisions  into  about  7  subdivisions,  making  63 
subdivisions  of  the  state.  In  charge  of  each 
of  these  subdivisions  we  intend  to  appoint  an 
assistant  engineer,  and  put  him  in  charge  of 
both  construction  and  maintenance  in  his  ter- 
ritory, requiring  him  to  have  an  office  and  live 
therein,  and  to  hold  him  rigidly  responsible 
for  the  condition  of  the  roads,  in  his  territory. 

The  New  York  plan  in  the  past  has  been  to 
rely  largely  upon  patrolmen,  that  is  the  placing 
of  a  man  with  a  horse  and  wagon  in  charge 
of  a  short  number  of  miles,  and  imposing  upon 
him  the  duty  of  keeping  his  section  of  the 
road  in  repair.  With  a  state  so  large  as  New 
York,  this  plan  has  not  worked  out  to  our 
satisfaction,   and   while   we   do   not   believe   in 


of  an  engineer  who  is  held  responsible,  we 
ought  to  produce  a  sub-organization  which  can 
give  efficient  maintenance.  Section  gangs  will 
be  organized  strong  enough  to  clean  and  oil 
the  roads  at  the  proper  season,  make  tem- 
porary repairs,  and  when  this  preliminary  work 
is  done,  make  heavy  permanent  repairs  to  the 
roads. 


A   New  Gasoline   Tractor   with   Dust- 

Proof  Running  Parts. 

(Staflf  Article.) 

One  cause  of  frequent  repair  bills  for  all 
machinery  used  for  work  on  fields  or  haulage 
is  the  continual  grind  from  dust  and  dirt  on 
gearing  and  running  parts.  All  working  parts 
of  the  tractor  illustrated  by  the  accompanying 
cut,  where  practicable,  are  enclosed  and  run 
in  oil.  The  makers  claim  the  type  of  protec- 
tion used  to  be  dust-proof.  A  14-in.  belt  pul- 
ley driven  from  the  motor  by  gears  is  pro- 
vided for  use  when  it  is  desired  to  run  ma- 
chinerj-  with  the  motor. 

The  tractor  is  mounted  on  helical  springs, 
and  is  equipped  with  a  spring  draw  bar.    Some 


Fig.    1.     A    Three-Wheeled    Gasoline    Tractor  for  General    Hauling  Purposes. 


entirely  abandoning  the  patrol  system,  yet  we 
are  arranging  for  an  organization  of  section 
gangs  in  each  of  the  subdivisions,  each  section 
gang  to  be  furnished  with  equipment  with 
which   roads  can  be   oiled  and   repaired. 

No  railroad  company  today  would  think  of 
trying  to  keep  its  tracks  in  repair  simply  by 
the  patrol  system,  and  we  believe  that  in  fol- 
lowing the  methods  of  the  steam  railroads  in 
taking  care  of  their  tracks  we  can  accomplish 
better  results  than  in  any  other  way.  This  prob- 
lem, of  course,  means  the  organizition  of  a 
proper  section  gang  with  equipment  sufficient 
to  do  repair  work.  Our  plans  call  for  the  fur- 
nishing of  an  auto  truck,  a  pressure  «prayer 
oiler,  a  steam  roller,  and  heating  tanks,  and 
the  necessary  small  tools  for  each  section,  and 
each  section  gang  will  be  large  enough  and 
well  enough  equipped  to  properly  repair  any 
tyne  of  a  road  already  constructed. 

With  section  gangs  propcrlv  organized,  and 
with   sufficient   equipment   under   the  direction 


of  the  advantages  claimed  for  the  Wallis 
Tractor  by  the  manufacturers  are  as  follows: 
Light  weight :  dust-proof  construction ;  three- 
speed  transmission  with  only  three  reductions 
for  forward  speeds  with  the  consequent  sav- 
ing in  power ;  liberal  use  of  high  grade  roller 
bearings ;  motor  with  but  few  and  simple 
parts;  ability  of  machine  to  turn  around  in 
a  space  having  a  diameter  equal  to  its  wheel- 
base;  economy  in  fuel  consumption;  and  sim- 
ple and  strong  construction. 

The  tractor  weighs  7,500  lbs.,  and  its  gen- 
eral dimensions  arc :  Length  over  all,  14  ft. ; 
width  over  all,  G  ft.  2  ins. ;  height  over  all,  6 
It.,  and  wheel  base.  8  ft.  4  ins.  A  4-cylinder 
motor,  capable  of  developing  2^  B.  H.  P.  at  600 
R.  P.  M.  furnishes  power  for  the  machine, 
which  is  rated  as  having  1.5  H.  P.  at  the  draw- 
bar. A  speed  of  from  2  to  3^  miles  per  hour 
is  obtained  with  the  motor  running  at  normal 
rate.  This  tractor  is  manufactured  by  the 
Wallis  Tractor  Co.,  Racine,  Wis. 


n]l^)Qf(oi57S 


A  Comparison  of  Results  of  Different 
Methods     Used     in     Computing 
Earthwork  Overhaul. 
(Stafit   Article. ~t 
A    comparison    of    the    results    obtained    by 
computing    overhaul    in    earthwork    problems 
bv   some  of   the  various   methods   in   use   has 
been    prepared    by    Mr.    Frank    Gahrtz,    Civil 
Engineer,  Oklahoma  City.  Okla.     As  the   re- 
sults   of    no    two    methods    are    alike,    in    his 
comparison,   for  a  copy  of  which  we  are  in- 


debted to  Mr  Walter  II.  Meier,  Civil  Engi- 
neer, Oklahoma  City,  our  re.iders  may  be  in- 
terested in  studying  the  methods  compared 
and  the  results  obtained.  The  following  dclini- 
tions  of  terms  used  in  overhaul  problems  are 
used  in  the  comparison  : 

Oirr/iflK/.— The  distance  CNcecding  a  stated 
amount  of  distance  that  material  is  hauled 
in  constructing  a  roadbed.  Free  Haul,  the 
distance  within  a  stated  amount  (the  stated 
amount  referred  to  in  the  definition  of  over- 
haul)  that  material   is  hauled  in  constructing 


a  roadbed.  The  limits  of  free  haul  shall  be 
determined  by  fixing  on  the  profile  two  points 
— one  on  each  side  of  the  neutral  grade  point 
— one  in  excavation  and  the  other  in  embank- 
ment, such  that  the  distance  between  them 
shall  equal  the  specified  free  haul,  and  the  in- 
cluded quantities  of  excavation  and  embank- 
ment, after  making  allowance  for  shrinkage 
or  swell,  balance.  Free  Haul  Mass,  the  quan- 
tity of  material  in  excavation  between  the 
limits  of  free  hauL  Overhaul  Masses,  the 
quantities  of   material   in   excavation   and   re- 


92 


Engineering    and    Contracting 


Vol.  XLI.     No.  2. 


suiting  embankment  exclusive  of  the  free  haul 
mass.  Units  of  Overltaul,  1  cu.  yd.  hauled 
100  ft.  is  the  unit  by  which  payment  for  over- 
haul shall  be  made. 

METHOD  I,  GIVEN  IN  MOLITOR  AND  BEARD'S  "MAN- 
UAL  FOR  RESIDENT   ENGINEERS." 

Molitor  and  Beard  in  their  "Manual  for 
Resident  Engineers,"  obtain  the  overhaul  dis- 
tance by  deducting  the  free-haul  distance  from 
the  distance  between  the  centers  of  mass  of 
excavation  and  embankment,  the  latter  dis- 
tance being  obtained  graphically  by  means 
of  a  "mass  diagram."  They  obtain  the  units 
of  overhaul  or  "the  number  of  pay  cubic  yards 
hauled  in  100  ft.,"  by  mutiplying  the  number 
of  cubic  yards  hauled  by  the  length  of  over- 
haul in  100-ft.  stations.  This  includes  the 
free-haul  mass,  and  this  method  is  therefore 
greatly  in  favor  of  the  railway  company,  and 
an  injustice  to  the  contractor,  as  will  be  shown 
in  the  comparison  of  results  following  the 
discriptions  of  the  methods  compared. 

METHOD    II,    GIVEN    IN    AMERICAN     RAILWAY    EN- 
GINEERING ASSOCIATION   MANUAL. 

This  method  is  in  use  bv  a  number  of  en- 
gineers who  after  separating  the  free-haul 
mass,  which  receives  no  further  consideration, 


METHOD  III — METHOD  SUGGESTED  BY  MR.  GAHRTZ. 

Establish  the  ends  of  the  free  haul  (say  300 
ft.)  graphically,  then  proceed  with  the  use 
of  prisms  extending  from  one  cross  section 
to  another  as  units,  multiplying  the  volume 
of  each  such  prism  in  the  overhaul  masses  of 
excavation  and  embankment  by  the  distance  in 
feet  between  its  center  of  mass  and  the 
proper  adjoining  limit  of  free  haul.  Add  the 
excavation  items  and  embankment  items  in 
two  separate  amounts.  The  sum  of  these 
two  amounts  divided  by  the  volume  in  the 
overhaul  mass  of  excavation  will  be  the  over- 
haul distance  in  feet.  The  volume  (in  cubic 
yards)  in  the  overhaul  mass  of  excavation 
multiplied  by  the  overhaul  distance  in  100-ft. 
stations,  gives  the  number  of  units  of  over- 
haul. 

While  Method  II  is  applicable  to  approxi- 
mate estimates.  Method  III  should  be  used 
in  preparing  final  estimates  to  do  justice  to 
contractors  as  well  as  railway  companies. 

At  the  top  of  Fig.  1  is  shown  a  short  sec- 
tion of  profile,  the  number  of  cubic  yards 
of  excavation  or  embankment  in  each  100- 
ft.  station  being  indicated  thereon.  In  the 
mass  diagram  below  the  profile  the  graphical 
determination    of   the   distance    (640    ft.)    be- 


lOOOCu  Yds 
Moss  inclusive  Free  Haul  Mass 
3000  -      - 


ZOOCuYds.Total ExQ  tobemoved 


6000  ■■ 


Profile    and     Mass   Diagram     Used    in     Comparison     of     Methods    of     Computing 

Overhaul. 


treat  with  the  overhaul  masses  only,  comput- 
ing the  overhaul  by  subtracting  the  free  haul 
from  the  distance  between  the  centers  of  the 
overhaul  masses.  The  number  of  units  of 
overhaul  are  computed  by  multiplying  the 
length  of  overhaul  in  100-ft.  stations  by  the 
number  of  cubic  yards  in  the  overhaul  mass. 
The  unfairness  of  this  method  in  final  es- 
timates to  contractors  is  illustrated  in  Fig. 
1  by  the  dotted  profile  and  dotted  section  of 
the  mass  diagram,  which  shows  a  case  where 
the  total  overhaul  mass  (5,200  cu.  yds.)  and 
the  center  of  overhaul  mass  remain  the  same 
as  in  the  example  used  for  comparison  of 
methods,  but  the  haul  distance  becomes  greater. 
The  effect  on  the  overhaul  distance  and  number 
of  units  of  overhaul  as  computed  by  Method 
III  for  this  increase  in  length  of  haul  is 
given  in  the  comparison  under  the  heading 
Special  Case  by  Method  III. 


tween  the  centers  of  mass  according  to 
Method  I,  is  indicated  by  the  horizontal  line 
marked  I.  In  like  manner  the  graphical  de- 
termination of  the  distance  (800  ft.)  between 
the  centers  of  the  overhaul  masses  used  in 
Method  II  is  designated  by  the  horizontal  line 
marked  II.  It  might  be  well  to  state  that 
the  plotting  of  the  mass  diagram  was  done  by 
the  usual  method  of  making  such  diagrams. 
As  mentioned  under  the  description  of 
Method  II,  the  dotted  lines  on  the  profile 
and  mass  diagram  represent  change  of  profile, 
but  not  of  total  quantity  of  excavation  which 
affects  the  overhaul  distance  and  number  of 
units  of  overhaul.  The  earthwork  quantities 
in  parentheses,  under  the  left-hand  end  of 
the  cut.  indicate  the  change  in  yardage  in 
the  100-ft.  stations.  The  numerical  part  of 
the  comparison  follows,  500  ft.  being  the  free 
haul  in  all  cases : 


METHOD    I. 

/640  ft.  -  500  ft. 
\        100  ft. 


)- 


7,280  units 


/800  ft. -500  ft. 
[         100  ft. 


)-,., 


200  units 


5,200  cu.  yds. 
of  overhaul. 

METHOD    II. 

The  location  of  the  free-haul  limits,  ob- 
tained graphically,  is  indicated  in  Fig.  1. 
There  are  1,800  cu.  yds.  of  excavation  within 
these  limits ;  5,200  cu.  yds.  —  1,800  cu.  yds.  = 
3,400  cu.  yds. 

3,400  cu.  yds. 
of  overhaul. 

METHOD   III. 

The  free-haul  limits  coming  at  plus  sta- 
tions, cause  the  quantities  between  stations  22 
and  23,  and  between  stations  17  and  18  to  be 
divided;  part  of  each  100  ft.  prism  falling 
within  tlie  limits  of  free  haul;  500  cu.  yds. 
of  excavation  between  stations  22  and  23  be- 
ing left  as  part  of  the  overhaul  mass  in  ex- 
cavation ;  and  TOO  cu  yds.  of  embankment  be- 
ing in  a  similar  way  part  of  the  overhaul  mass 
in  embankment,  Table  I. 


Cu.  yds.  Ft. 

500  X  20  =  10,000 
1,100  X  90  =  99.000 
900  X  190  =  171,000 
600  X  290  =  174,000 
300  X  390  =  117,000 


TABLE  I. 

Cu.  yds.    Ft. 

SOO  X     30  =    24,000 

1.100  X  110  =  121,000 

800  X  210  =  168,000 

700  X  310  =  217,000 


3,400 


530,000 


3,400  571.000 

571,000  +  530,000 

=  323.8  ft.  =  overhaul  distance. 

3,400 
571,000  4-  530,000 


100 


=  11,010   units   of  overhaul. 


SPECIAL   CASE    BY    METHOD    III. 

In  all  cases  "swell"  or  "shrinkage"  of  ma- 
terial as  well  as  the  material  from  ditches  in 


TABLE  n. 


Cu.  yds.  Ft. 

500  X  20  =  10,000 
1,100  X  90  =  99,000 
700  X  190  =  133,000 
300  X  290  =  87,000 
300  X  390  =  117,000 
300  X  490  =  147,000 
200  X  590  =  118,000 


Cu.  yds.  Ft. 

800  X  30  =  24,000 

1,100  X  110  =  121,000 

SOO  X  210  =  168,000 

700  X  310  =  217,000 


3.400 


530,000 


3,400  711,000 

711,000  +  530,000 

._ =  3S2.6  ft.  =  overhaul  distance. 

3,400 
711,000  -I-  530,000 


=  12,410  units  of  overhaul. 
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the  cuts  and  on  the  surface  should  be  taken 
into  account.  These  items  have  been  omitted 
from  this  comparison  in  order  to  simplify  the 
computations  and  explanation. 


Methods    and    Costs    of    Painting    An 

Interurban    Railway     Car,    Green 

Bay,  Wis. 

(Staff  Article.) 

.\  one-compartment  interurban  car  belong- 
ing to  the  Wisconsin  Public  Service  Co.  of 
Green  Bay,  Wis.,  was  painted  in  the  com- 
pany's shops  at  a  cost  of  $81.50. 

.After  the  loose  paint  was  removed,  the  car. 
which  had  double  trucks  and  was  40  ft.  long 
(iver  all,  was  given  five  coats  of  paint  in  the 
following  order:  One  coat  of  Tector,  two 
coats  of  color  varnish,  and  two  coats  of  out- 
side varnish.  Two  coats  of  varnish  were  put 
nn  the  interior  of  the  car,  two  coats  of  paint 
on  the  floor,  one  coat  of  varnish  on  the  seats, 
and  a  coat  of  roof  paint  on  the  roof.  Only 
the  window  guards  were  removed  from  the 
car  during  the  work  of  painting,  the  doors 
and  windows  being  left  in  place.  The  work 
was  all  done  by  two  painters  between  Oct. 
4  and  Oct.  26,  1913,  inclusive,  no  carpenter 
work  being  necessary.  A  one-color  process 
of  painting  was  used  and  the  trim  was  red. 
Ironhide  paint  was  applied  to  the  trucks.  The 
low  unit  cost  of  labor  for  painting  was  only 
possible  on  account  of  the  fact  that  the  men 
who  did  the  work  are  employed  the  year 
round  and  do  other  kinds  of  work  when  no 
painting  is  to  be  done.    The  cost  of  materials 
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and  labor  for  painting  the  car  are  given  in  the 
following  tabulation: 

COST  OF  PAINTING  A   40-FT.  INTERURBAN 
CAR. 
Materials —  Cost. 

S  gals,  dry  white  lead $  0.58 

1  can  road  cart  red 1.26 

1  gal.    turpentine 0.65 

1  gal.   Tector 1.30 

:i  gals,  floor  paint 3.72 

2  gals.  Ironhide  paint 2.46 

1  >i  gals,  dark  color  varnish 3.33 

-  gaJs.  outside  varnish 4.88 

',;  gal.  spar  varnish 1.34 

4S  sheets  sand  paper 0.48 

Total    cost    materials ...$20.10 

Labor — 
307  hours'  painting  at  20  cts $61.40 

Total  cost    $81.50 


TABLE  II. 
Bricklaying: 


-COST  DETAILS  FOR  4,211  FT.  OF    ARCHING    IN   WEST   VIRGINIA  TUNNEL. 


Cost  Data  on  Lining  Two  TunneLs. 

Contributed  by  George  H.arper,  New  York  City. 
The  accompanying  data  give  the  cost  of 
lining  two  tunnels,  exclusive  of  the  portals. 
The  tunnel  of  4,211  ft.  length  is  located  in 
West  Virginia  and  the  4,000  ft.  tunnel  is  in 
Pennsylvania.  The  West  Virginia  figures  are 
for  brick  arching  and  packing  alone.  On  the 
Pennsylvania  tunnel  the  entire  lining  from 
footings  up  is  inclusive  of  one  course  of  fire 
brick  lining  in  arch  area  affected  by  gas 
and    smoke.     This    single   course   lining   was 


TABLE   I.— COST   OF  BRICK  ARCH   TUNNEL 

LINING  (4,211  LIN.  FT.)   IN  WEST 

VIRGINIA    TUNNEL. 

Total  Total  Cost  per 

shifts,  cost.  lin.  ft. 

Bricklaying    7,392  $20,580  $4.84 

Moving  centers    672  1,806  0.43 

Lagging      504  1,176  0.26 

Packing     2,520  4,410  1.0.5 

Key     840  1,075  0.26 

Material.       delivery       from 

west   portal    1,176  3,570  0.85 

Air  service  and  pipe  line..     168  6,093  1.45 
Center     erection    and     dis- 
mantling         16S  3.000  0.71 

Mixer,  erection,   etc 168  600  0.14 

Tracks    and    switches 168  500  0.12 

Lighting,    oil.    etc 168  1,600  0.3S 

Timekeeper,      ofHce      and 

plant     IBS  2,430  0.55 

Brick     (5.396,000) 168  44,517  10.57 

Cement    (6,600  bbls.) 168  9,240  2.20 

Sand    (3,500   cu.   yds.) 168  2,800  0.66 

Packing    stone  (9,050    cu. 

yds.)     168  6,787  1.61 

Extra    brick     (portal    and 

bad   ground)    292  0.07 

Total     cost $110,476  $26.21 


tied    into    the    concrete     with     headers     every 
fourth  course. 

The  West  Virginia  work  was  put  up  by 
thoroughly  experienced  tunnel  contractors, 
whose  system,  organization  and  general  meth- 
ods were  of  the  best  and  had  been  evolved 
from  the  result  of  years  of  experience.  The 
work  on  the  tunnel  in  Pennsylvania  w'as  done 
by  another,  firm  with  not  so  much  experi- 
ence in  this  line  of  work,  and  whose  methods 
were  somewhat  more  expensive,  cumbersome 
and  inexperienced.  The  costs  are  from  pri- 
vate notes  and  from  close  contact  with  both 
of  these  undertakings.  The  brick  lining  cost 
in    the   4,211-ft.    tunnel    in    Wc^t    ^"  ■•■■•-a    is 


T.\BLE  IV.  — COST  OF  MATICPJ.VL  l-OP.  .\RCH 


AND     PACKING     OF 
TUNNEL,   F.   O. 


Rrlck   (5,396.000  M.).  . 

Hement    (6,600  bbls.) 1.40 

S.and  (3.500  cu.  yds.) 

P.'icklng  alone  (0,050  cu.yds.) 


WEST     VIRGINI.\ 
B.   PORTAL. 

Approx. 
cost  per 
Total,     lln.  ft. 
$  44,517     $10.57 
9,240         2.20 
2,800         0.66 
0,787         1.61 


Rate. 

.$8.25 


SO 


$110,184     $26.14 


$2fi.l.")  per  lin.  ft.,  for  the  arching  and  pack- 
ing, and  with  the  concrete  walls  and  footings 
added  it  will  approximate  in  all  about  $40.15 
per   lin.   ft. 

WEST    V1RCINI.\    TlNNEl,. 

.\s  stated  the  length  of  this  tunnel  is  4.211 
ft.  The  tunnel  width  is  31  ft.  The  radius 
of  the  arch  is  15  ft.  fi  ins.  The  arch  consists 
of  five  rings  of  brick  laid  up  in  five  courses 
with    1    to   3    mortar.       An     individual     brick 


General  foreman  

Foreman  bricklayer 

Bricklayers    

Labor   foreman    

Mortar   tenders    

Mortar  mixer    

Mortar   laborers    

Mortar  box    

Mortar  laborers   

Mortar   mule   and  drivers 
Mortar  hoister  and  runner 

Brick  laborers    

W^ater  boy   

Light  and  lamp  tenders   . . 


Total    

Moving  Centers: 

Foreman  carpenters 
Laborers    


Total   . 
Lagging: 

Carpenter  . 
Laborers    . 

Total   . 

Packing: 

Laborers    . 

Key: 

Bricklayer 
Laborers    . 
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$4.84 

$4.00 

1 

168 

168 

$      672 

$0.16 

2.25 

3 

168 

504 

1,134 

0.27 

4 

672 

$  1,806 

$0.43 
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336 
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$1.05 
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$      672 

$0.16 
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$  1,075 
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TABLE  III.— MISCELLANEOUS  COST  DATA  ON  WEST  VIRGINIA   TUNNEL. 


Material,  Delivery  from  W. 
Portal  to  Work. 


& 

Dinkeys    $        5.00 

Dinkey  engineers    2.75 

Dinkey  brakemen   2.00 

Dinkey   watchmen    1.75 

• 

\ir  Service: 

Hoisting,  mixing,   etc 36.32 

Center  erection  and  dismantling ,. .   1,000.00 

Mixer  erection  and  moving 200.00 

Tracks  and  Switches: 

Propn.    charges    500.00 

Lighting  and  Oils: 

9,000  gals,  gasoline  at  17  cts .17 

200  gals,  kerosene   .15 

400  gals,  blackoll  (centers) .10 

Interest  on  Plant,  Etc.: 

Arbitrary    750.00 

Propn.  timekeeper  and  offlce 10.00 
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168 
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$6,092 
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3 

168 

3.000 

0.71 

3 

168 

600 

0.14 

16$ 

SCO 

0.12 

16S 

1,530 

0.36 

168 

30 

0.01 

168 

40 

0.01 

16<t 

750 

0.18 

'■" 

1.680 

0.38 

measured  3x4x9  ins.  The  bricklayers  worked 
167  shifts.  Only  one  shift  was  worked  by 
others  than  bricklayers.  The  time  lost  due 
to  moving,  delays,  etc.,  amounted  to  28  shifts. 
The  number  of  .shifts  as  calendar  days 
amounted  to  196.    The  average  length  of  tun- 


each  lin.  ft.  of  arch  1.227  bricks  were  re- 
quired, making  in  all  5,166.897  bricks  in  the 
arch.  In  each  spandrel  wall,  soacing  5  ft.  4 
ins.,  ther-c  were  1,564  bricks;  156,400  bricks 
in  all  were  used  for  the  spandrel  walls.  For 
extra  work  including  portals,  bad  ground,  etc.. 


TABLE  v.— COST  DATA  ON  LINING  AND  ARCITING  ON  4,000  LIN. 

TALS,   PENNSYLVANIA   TUNNEL. 

Cost,  Walls,  Footings  and  Arches.  Amounts. 

Arches,  walls  with  foolings  and  brick $216,794 

Arches,  walls  with  brick  and  without  footings..   207.909 
Arches,  walls  with  footings  and  without  brick..    196,034 

Arches,   walls  without   brick  and   footings 187,149 

Footings; 

Material  and  labor.  8,000  ft. — 1.777  cu.  yds.— at  $u     8,885 
Bricklaying  and  Labor: 

On    4,000   ft.   nrch   only 20,760 


FT..   AND  WITHOUT  FOR- 


u.  yd. 

lln.  ft. 

Basis    of    Figures. 

$7.74 

$54.20 

154.02    cu.    yds.    concrete 

In 

7.43 

61.98 

walls. 

7.00 

49.01 

120.24    cu.    yds.    concrete 

In 

6.68 

46.79 

arch. 
11.08    cu.    yds.    concrete 

li 

2  22 

footings. 

6.19 


ESTIMATED   QITANTITIES   OF   MATERIAL. 

Cement,    bbls.,    34.500    "Alphla." @  $  1.10  per  bbl. 

Sand.   cu.    yds.,    12.160 'i       1.40  per  c.  y. 

Gravel,    cu.    yds.,    14.560 '       1.20  per  c.y, 

Stone,  cu.   ytis..  7.280   1.30  per  c.y 

Fire  brick,  M.'s,  900   Hi     11.60  per  M. 

Work  consumed  163  days,  on  average  of  24.50  ft.  per  day.  Inclusive  of  all  delays. 
Proportion  used  mortnr,   I   and  3 
Proportion  used  Concrete,  1-3  anrl 


286.07  cu.  yds.  concrete  In 
sec.  of  40  ft, 
28.000  cu.  yds.  concrete,  ce- 
ment and  brick  used  as  con- 
crete unit,  and  without  foot- 
ings. 


Does    not   Include   footings. 


nel  lined  per  shift  for  the  168  shifts  of  actual 
working  time  was  25  ft.  The  tunnel  lining 
was  carried  on  simultaneously  at  different 
points  along  the  length  of  the  tunnel  and  for 
this    reason    four   closures   were    made.      For 


31,825  bricks  were  used.  The  number  of  culls, 
bats,  etc.,  amounting  to  %  of  1  per  cent,  were 
40.878.  making  the  total  number  of  bricks 
used  for  the  lining  5,3!)6,000.  The  packing 
averaged  2  cu.  yds.  and  4  cu.  ft.  to  each  lineal 
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TABLE  VI.— COST  OF  PENNSYLVANIA  TUNNEL   LINING,   CONCRETE 
ING,  FOR  ENGINES,  CARS  AND  LABOR  ONLY. 
(4,000  lin  ft.) 

■s"  I"             ^ 

5cJj:  gcao                 5S 

,                                                 •s.Q  w  H-'  ox:                  ffi 

Walls,   Bricklaying  and   Arching.                                   i  oq  ti  nn 

Arching— Bricklayers     1  ^»  *!■"" 

ES^-^".. ::::::::::::;:::;::::::::::::::::::::  i?  390          :2o 

Carpenters    1  ^5                    i? 

Walls— Foreman,   ppn ^  234                   .20 

Labor .  oq                   "  oc 

Bulkhead    carpenter    1  ^=                    -J^ 

Forms— Foreman,    ppn '2  2^                    -J" 

Labor,    ppn •=  ">                     •'=° 

Walls  and  Arching:                                                                ,  „„                     „- 

Hoister  runner   i  ^'l^-                    "JJ, 

Dinkey   engines    ^  :fji                    -Sx,, 

Dinkey   engineers    ^  ||'                    -^''2 

Dinkey  brakemen   ^  ^J'                    •-" 

Cement  and  brick  cars   »  •>=^                    ■"' 


WALLS   AND   ARCH- 


0 

CO  CQ 

S*^ 

U 

0)  c 

nS 

cS 

0    C    rt; 

$  39.00 

JO. 98 

15.60 

0.39 

78.00 

1.95 

13.65 

0.34 

7.80 

0.20 

46.80 

1.17 

13.65 

0.34 

7.  SO 

0.20 

19.50 

0.49 

9.75 

0.24 

58.50 

1.46 

32.17 

0.80 

23.40 

0.58 

14.04 

0.35 

$379.66 


$9.49 


TABLE      VIL  —  COST      OF     PENNSYLVANIA 

TUNNEL  LINING  FOR  MATERIAL,  PLANT. 

LIGHTING  AND   OVERHEAD   CHARGES. 

(4,000   lin.   It.) 

costper  Costper 

Estimated  Costs.                                cu  yd.  lin  ft. 

Cement,  sand,  gravel  and  stone. .  .$2.9258  $20.48 

Brick.  900  M «-3™  2.63 

Blavv  forms    •■•   ''•3214  i.io 

Blaw     forms,     erection     and     dis- 

mantling    (4)    ■  •  •  ■   0-2760  1.93 

Plant    E.    portal,    boilers,    machy., 

storage   bins   W.    H.,    etc.,    erec- 

tion   and   dismantling..... 0.5357  3.75 

Electric    and    gasoline    lighting....   0.1690  1.1s 

Superintendence,   5V4   months O.O^Sb  u.^s 

Office,  etc.,  5%  months 0.1236  0.87 

Air   and    pipe    lines,    $50    per    day 

for  173  days 0-3089  ^Ij 

Tracks,    switches,    etc 0.0535  u.3 1 

Interest      and      incidentals      (esti- 

mated) •, .0.0893  0.62 

Stock,     cement,    etc.,     mixer    and 

labor     ......0.8384  5.87 

Walls     and     arching,     labor     and 

machinery 1-^^=.^  =•'? 

8,000   lin.   ft.   footmgs ^.3173  ^■i-' 

Total  cost    ■■■■$7".7420     $54.20 

TABLE  VIII. —  COST  OF  PENNSYLVANIA 
TUNNEL  LINING.  STOCK  PIPE  LINES,  CE- 
MENT, WAREHOUSE  AND  MIXER,  LABOR 

°^^^'  (4,000  lin.    ft.) 

C  I        t-c-i  J- 

o       .  5 "  '^ 

Warehouse.  Material  and     _£  •"  t,  " 

Mixing  Stock,  Pipe        d-SS  -2  S  -^ 

Line,  Etc.                2;Sm  o"  .     &  o.^ 

Industrial  crane  engr.,  ppn..   1  13  $0.35  $0.11 

Industrial  crane  fireman,  ppn.  1  13  0.25  0.08 
Industrial    crane    watchman, 

ppn 1  13  0.25  0.08 

General   foreman    1  26  0.50  0.32 

Foreman    1  39  0.40  0.39 

Laborers     12  468  0.20  2.34 

Incline  runner   1  39  0.25  0.24 

Mixer  bin   laborers   3  117  0.20  0.58 

Cement  W.   St.  laborers   2  78  0.20  0.39 

Mixer   laborers    3  117  0.20  0.59 

Mixer  engineer   1  39  0.25  0.24 

Mixer  fireman    1  39  0.25  0.24 

Pump  fireman    1  39  0.25  0.24 

$5.84 


foot  of  tunnel.  The  cost  data  on  the  West 
VifRinia  work  are  given  in  Tables  I  to  IV,  in- 
clusive. The  cost  data  on  the  Pennsylvania 
tunnel  are  given  in  Tables  V  to  VIII,  in- 
clusive. The  former  work  was  done  in  1911 
and  1912,  while  the  latter  was  done  in  1912, 
from  July  to  December. 


Unit   Prices   for   Electric   Current   for 
Operating    Urban    Electric    Lines, 
Chicago,  111. 
(StafT  Article.) 
All  Chicago  elevated  and   surf.ice  lines  will 
by  a  new  contract  operate  by  purchased  power 
alone.    Foi"  some  years  the  city's  surface  lines 
have  bought  all  operating  current,  but  the  ele- 
vated lines  have  in   part  generated  their  own 


current.  The  new  arrangement  involves  a 
new  schedule  of  rates  which  is  given  by 
Table  I.  The  scale  of  prices  is  made  up  of 
two  parts,  a  primary  and  a  secondary  charge, 
but  a  sliding  scale,  instead  of  a  fixed  primary 
charge  which  prevailed  in  the  old  contracts,  is 
provided. 

TABLE  I.— CHARGES  FOR  ELECTRIC  CUR- 
RENT TO  BE  PAID  TO  THE  COMMON- 
WEALTH EDISON  COMPANY  BY  CHICAGO 
ELECTRIC  RAILWAYS  UNDER  PRESENT 
OPERATION  BY  SEPARATE  COMPANIES. 
Primary  or   Power  Charge. 

Primary 

charge 

Maximum  demand  in  Kw. —  per  Kw. 

To  and  including  30,000 $1.25 

Excess  over  30,000  to  and  including  60,000       1.00 

Excess  over  60,000  to  and  including  90,000       0.917 

Excess  over  90,000  to  and  includ'g  120,000       0.875 

Excess   over   120,000 0.833 

Secondary  or  Energy  Charges. 

Charge 
Monthly  energy  consumption   in  per 

Kw.-hrs. —  ,  Kw.-hr. 

To   and   including  5,000,000 0.400  eta. 

Excess   over  5,000.000   to   and   including 

10.000,000    0.395  cts. 

Excess  over  10,000,000  to  and  Including 
15,000.000    0.390  ct». 

Excess  over  15,000,000  to  and  Including 
20,000,000    0.385  cts. 

Excess  over  20,000,000  to  and  including 
25,000.000    0.380  cts. 

Excess  over  25,000,000  to  and  including 
30,000,000    0.375  cts. 

Excess  over  30,000,000  to  and  including 
35.000,000    0.370  cts. 

Excess  over  35,000,000  to  and  including 
40.000,000    0.S65  cts. 

Excess   over   40,000,000 0.360  cts. 


Greater  efficiency,  to  be  obtained  by  (I)  an 
improved  load  factor  on  the  cables;  (2)  trans- 
mission and  distribution  economies ;  and  (3) 
the  joint  use  of  .substations  by  the  railway 
and  power  companies,  is  expected  to  result 
from  the  avoidance  of  much  duplication  of 
transmission  lines,  cables  and  substations  ar- 
ranged for  under  the  new  contracts.  The 
calculation  of  the  maximum  amount  of  cur- 
rent which  the  Commonwealth-Kdison  Co., 
the  contractors,  may  be  called  on  to  deliver  is 
based  on  the  heaviest  hourly  morning  and 
evening  loads  on  any  three  consecutive  days, 
so  selected  as  to  yield  a  total  consumption  of 
energy  greater  than  would  be  obtained  as  the 
total  of  the  corresponding  six  hours  on  any 
other  three  consecutive  days.  The  power 
company  must  be  prepared  to  furnish  a  max- 
imum of  20,000  KW.  or  a  demand  equal  to 
that  established  by  the  loads  of  previous 
month.s,  if  they  exceed  20,000  KW.  The  ad- 
ditional power  used  to  heat  the  cars  in  cold 
weather,  when  the  air  has  a  temperature  be- 
low 1.5°  F.,  is  not  taken  into  account  in  com- 
puting the   maximum   demand. 

A  correction  to  the  prices  given  in  Table 
I  is  provided,  to  be  used  when  the  cost  of 
coal  to  the  power  company  exceeds  on  the 
average  $1.90  per  ton  delivered  at  the  storage 
yards  of  the  Edison  company,  as  follows:  If, 
during  any  two-year  period,  the  price  of 
coal  having  a  heating  value  equivalent  to  that 


of  coal  from  mines  in  Central  Illinois  exceeds 
on   the   average  $1.90  per  ton  the   consuming 
company  is   to  pay  an   extra  charge  obtained 
by  using  the  following  formula ; 
Total  excess  charge  for  coal  = 
2   X   KW-hT&.  (consumed  in  2-yr.  period) 

2^000  ^ 

(Cost  of  coal  —  $1.90.) 

This  is  equivalent  to  paying  the  average 
excess  cost  of  coal  at  the  rate  of  2  lbs.  of  coal 
consumed  per  kilowatt  hour. 

The  current  will  be  metered  in  alternating 
current  form  at  the  high-tension  terminals 
of  the  transformers  where  rotary  converters 
are  operated  by  the  railways.  Where  the  con- 
verters are  operated  by  the  power  company 
the  current  will  be  metered  at  the  delivery 
point  to  the  direct  current  feeders.  All  power 
plants  and  substations  of  the  elevated  railway 
companies  may  be  leased  by  the  Common- 
wealth Edison  Co.  at  rentals  stated  in  the  con- 
tracts so  graduated  as  to  cover  the  natural 
depreciation  of  the  buildings  and  equipment. 

A  maximum  scale  of  charges  similar  to 
those  given  in  Table  I  are  provided  in  the 
contracts  which  are  to  apply  in  case  the  rail- 
way systems  are  consolidated.  These  charges 
are  given  in  Table  II. 

TABLE  II.— CHARGES  FOR  ELECTRIC  CUR- 
RENT   TO    BE    PAID    TO    THE    COMMON- 
WEALTH EDISON  COMPANY  BY  CHICAGO 
ELECTRIC  RAILWAYS  IF  CONSOLIDATED. 
Primary   or   Power  Charge. 

Primary 

charge 

Maximum  demand  in  Kw. —  per  Kw. 

To  and  including  75,000 $1.25 

Excess  over  75,000  to  and  includ'g  150,000       1.00 

Excess  over  150.000  to  and  includ'g  225,000       0.917 

Excess  over  225,000  to  and  Includ'g  300,000       0.875 

Excess  over  300,000 0.83;i 

Secondary  or  Energy  Charges. 

Charge 
Monthly  energy  consumption   in  per 

Kw.-hrs. —  Kw.-hr. 

To  and  including  12,500,000 0.400  cts. 

Excess  over  12,500,000  to  and  including 

25,000,000    0.395  Cts. 

Excess  over  25,000,000  to  and  including 
37,500,000    0.390  cts. 

Excess   over  37,500,000  Co  and  including 

50,000,000    0.385  cts. 

Excess  over  50,000,000  to  and  including 
62,500,000    0.380  cts. 

Excess  over  62,500,000  to  and  including 

75,000,000    0.375  cts. 

Excess  over  75,000,000  to  and  including 

87,500,000    0.370  cts. 

Excess  over  87,500,000  to  and  including 

100,000,000    0.365  cts. 

Excess  over  100,000,000 0.360  cts. 


Annual  Meeting  American  Society  of 
Agricultural  Engineers. — The  American  So- 
ciety of  .'\gricultural  Engineers  held  its  sev- 
enth annual  meeting  at  the  Great  Northern 
Hotel,  Chicago,  111.,  December  29-31,  1913. 
Papers  presented  that  wer;  of  interest  to  civil 
engineers  were  as  follows:  "Farm  Sanita- 
tion, with  Special  Reference  to  Water  Supply 
and  Sewage  Disposal,"  by  Paul  Hanson,  Illi- 
nois State  Water  Survey;  "The  Design  of 
Permanent  Farm  Buildings,"  by  F.  S.  Fowler, 
Universal  Portland  Cement  Co.;  "Standardi- 
zation of  Wagon  Construction,"  by  E.  Par- 
sonage, John  Deere  Wagon  Co. ;  "Concrete  in 
Drainage  and  Irrigation,"  by  C.  W.  Boynton, 
Universal  Portland  Cement  Co.;  "Extension 
Work  in  Agricultural  Engineering,"  by  F.  M. 
White.  University  of  Wisconsin;  "The  Five 
Winnipeg  Motor  Contests  and  Lessons  to  be 
Drawn  from  Them,"  by  P.  S.  Rose,  Ameri- 
can Thrcsherman;  "Suggestions  Concerning  a 
Motor  Contest."  by  E.  A.  Johnson,  Inter- 
national Harvester  Co..  and  "Report  of  the 
Comniiltce  on  Proposed  Motor  Contest  in  the 
United  States,"  by  L.  W.  Chase,  University 
of    Nebraska. 

The  following  officers  were  elected  for  the 
coming  year:  President,  W.  F.  McGregor.  J. 
I.  Case  Threshing  Machine  Co.,  Racine, 
Wis.;  first  vice-president.  J.  L.  Moury.  Agri- 
cultural Engineering  Department,  University 
of  Minnesota;  second  vice-president,  W.  T. 
Brandon,  .^very  Manufacturing  Co.,  Peoria, 
III.;  secretary  and  treasurer,  F.  M.  White, 
Agricultural  Department,  University  of  Wis- 
consin. 
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Has  the  Last  Word  Been  Said  About 
Water-Bound   Macadam? 

Two  articles  suggest  this  query,  the  one  by 
Prof.  W.  G.  Fearnsides  in  our  issue  of  Dec. 
SI.  and  the  one  by  Mr.  J.  E.  Tupper  printed 
elsewhere  in  this  issue. 

Prof.  Fearnsides  advances  the  theory  that 
macadam  "binds"  because  of  the  force  known 
as  "surface  tension"  that  exists  in  the  water 
that  fills  the  minute  voids  in  the  "binder." 
This  theorv  was  first  announced  in  "Eco- 
nomics of  Road  Construction"  (1901)  by  II. 
P.  Gillette.  While  the  theory  is  probably  not 
perfect,  it  offers,  nevertheless,  an  explana- 
tion of  one  of  the  causes  of  the  binding  ac- 
tion of  clay,  rock,  screenings,  fine  sand,  etc. 
To  the  "colloidal"  character  of  certain  soils 
and  powdered  rock  may  also  be  attributed 
some  of  the  binding  action  that  occurs  in 
macadam.  There  m.ay  be  other  forces  that 
assist  the  binding.  The  last  word  has  not  yet 
been  said  as  to  this  interesting  phenomenon 
which  MacAdam  himself  so  little  understood. 
Mr.  Tupper  now  asks  some  new  questions 
and  revives  a  few  old  questions  as  to  water- 
bound  macadam.  He  questions,  seriously, 
whether  water-bound  macadam  is  an  obsolete 
form  of  pavement.  He  believes  macadam  to 
be  preferable  to  concrete  under  certain  con- 
ditions. He  thinks  that  clay  should  be  more 
frcquentlv  used  as  a  binder.  He  beli-ves  that 
macadam'  should  not  be  laid  in  a  "trench." 
He  sees  no  necessity  of  constructing'  mac- 
adam "like  a  filter  bed."  He  finds  no  need 
of  setting  grade  stakes  by  which  to  secure 
uniform  thickness  of  macadam.  Throughout 
his  article  Mr.  Tupper  is  the  scientific  icono- 
clast. .\pparently,  however,  he  "does  not  know 
that  other  engineers  hold  many  of  the  opin- 
ions that  he  holds.  Mr.  Owen,  for  example, 
has  used  clay  as  a  binder  for  macadam  roads 
in  New  Jersey  for  many  years,  and  so  had 
other   engineers   before   him. 

-Mr.  Tupper  makes  an  error  that  seems  to 
need  correction.  Speaking  of  the  cross-sec- 
tion for  a  macadam  road  recommended  by 
Mr.  Gillette  in  "Economics  of  Road  Con- 
struction."   Mr.   Tupper   says: 

Like  all  other  roadmen,  he  fGillette]  is  ob- 
sessed with  the  Idea  of  the  essential  perme- 
ability of  macadam,  though  he  ha.s  pointed  out 
in  another  place  a  method  whereby  It  may  be 
made   practically   Impervious. 

In  attributing  to  Mr.  Gillette  a  belief  in  the 
"essential  permeabilitv  of  macadam,"  Mr. 
Tupper  is  in  error.  Mr.  Gillette  docs  believe 
that  water  often  gets  under  macadam  and  per- 
meates the  subsoil,  without  its  having  perco- 
lated through  the  macadam.  This  ordinarily 
happens  in  one  or  both  of  two  ways.  Where 
there  is  high  ground  adjacent  to  a  macadam 
road,  heavy  rains  or  melting  snows  often  sat- 
urate the  ground  to  such  an  extent  that 
water  is  forced,  by  the  hydrostatic  pressure 
of  higher  levels,  up  under  the  macadam;  and 
this  may  happen  in  spite  of  drainage  ditches. 
This  is  one  of  the  reasons  why  macadam  in 
"cuts"  is  so  apt  to  be  pounded  out  ot  shape 
by  trafiic  in  the  spring  of  the  year.  Another 
reason  for  saturating  of  suhgrades  is  the  ex- 
istence of  snow  and  slush.  These  dam  the 
ditches  and  the  roadway,  and  cause  the 
melted  snow  water  to  flow  back  under  the 
macadam.  This  phenomenon  is  seen  in  its 
most  objectionable  form  where  the  subgradc 
is  rather  impervious  and  where  the  macadam 
is  laid  in  a  "trench."  These  rcason-s,  together 
with  the  fact  that  cheaper  grading  results, 
account  for  Mr.  Gillette's  .abandonment  of 
the  old  designs  wherein  macadam  was  laid 
in   a  "trench." 

Mr.  Tupper's  belief  in  the  economy  of 
water-bound    macadam    under    certain    condi- 


tions is  a  belief  that  will  not  down.  Bitu- 
minous macadam,  concrete,  brick,  and  other 
forms  of  road  pavement  unquestionably  have 
their  economic  uses,  and  the  field  for  each  of 
them  is  rapidly  extending.  But  there  will 
always  remain,  we  believe,  economic  justifi- 
cation for  the  dirt  road,  for  the  «and-clay 
road,  for  the  gravel  road,  and  for  the  water- 
bound  macadam  road,  under  certain  condi- 
tions as  to  density  and  kind  of  traffic  and 
unit  costs  of  road  construction.  Engineers 
who  have  tended  toward  the  complete  aban- 
donment of  water-bound  macadam  will  ulti- 
mately find  that  it  has  its  economic  uses. 
Mr.   Tupper  speaks   a  timely  word. 


ing  of  those  older  and  more  experienced  than 
himself  will  unconsciously  acquire  some  of 
those  qualities  which  tend  to  make  him  a 
leader.  The  first  duty  of  the  young  engineer 
is  to  make  his  services  of  value  to  his  em- 
ployer, and  he  can  best  do  this  by  first  acquir- 
ing a  reputation  for  reliability  and  hard,  con- 
scientious work. 


Initiative — Applied  and  Misapplied. 

We  often  hear  it  said  that  a  certain  person 
has — or  lacks— initiative,  this  term  being  ap- 
plied frequently  to  the  young  engineer.  Take 
the  case  of  the  possible  employer  who  has  be- 
fore him  the  young  engineer's  application  for 
a  job.  Generally  the  first  thing  about  which 
inquiry  is  made  is  character;  the  next,  initia- 
tive. We  do  not  believe  that  the  question  of 
initiative  should  be  raised  at  this  time;  but. 
that  the  employer  more  properly  should  seek 
to  discover  whether  or  not  the  young  man  is 
inclined  to  continue  the  studies  begun  at 
school  and  to  familiarize  himself  with  what 
has  been  accomplished.  Experienced  engineers 
in  lecturing  to  engineering  students  sometimes 
deplore  the  fact— as  they  see  it— that  young 
engineers  do  not  possess  initiative.  The  re- 
sult is  that  their  statements  are  taken  too  seri- 
ously by  these  young  men,  who  feel  that  they 
must  assume  a  bold  front  and  must  appear 
capable  of  performing  engineering  tasks  which 
experienced  men  would  undertake  only  after 
serious  investigation. 

We  do  not  believe  that  the  yoiing  engineer 
can  possess  the  proper  kind  of  initiative  until 
he  has  acquainted  himself  with  the  niain  facts 
relating  to  the  problems  at  hand,  which  knowl- 
edge can  be  gained  only  by  hard  and  conscien- 
tious work.  After  he  has  carefully  studied 
what  has  been  accomplished,  then— and  not 
until  then— is  he  qualified  to  take  a  step  in  ad- 
vance. Of  course  he  may  make  a  better  "first 
showing"  by  inmiediately  starting  to  work  out 
an  "inspiration"  which  in  the  end  may  develop 
into  something  of  value,  hut  only  after  repeat- 
ed trials  and  a  great  waste  of  time  and  energy. 
The  point  which  we  wish  to  emphasize  is  that 
many  of  us  are  inclined  to  put  the  carl  before 
the  horse,  instead  of  realizing  that  a  careful 
study  of  the  available  data  on  the  subject  can 
profitably  be  made  before  the  actual  design  is 
started,  instead  of  waiting  until  experience 
teaches  us  that  we  arc  making  very  inefficient 
progress.  The  same  tendency  works  to  pre- 
vent a  continuation  of  systematic  study  after 
graduation  from  college,  with  the  result  that 
our  private  libraries  consist  of  only  a  f<-'w 
books — pocket  size. 

Wc  have  in  mind  a  well-known  engineer 
who  has  shown  great  originality  in  some  of 
his  designs,  but  wc  know  that  these  designs 
were  worked  out  only  after  an  exhaustive 
study  of  the  available  data  on  somewhat  sim- 
ilar stiuctures.  This  man  not  only  possesses 
a  well-equipped  library,  but  also  has  learne<l 
how  to  make  use  of  it.  His  designs  arc  not 
the  product  of  inspiration,  but  represent  much 
preliminary  study  and  investigatiMU.  I  lis  abil- 
ity to  reason  and  to  draw  In^i.al  r  iiuhisi.ms 
is  mainlv  the  result  of  the  knowledge  and 
training  gained  by  systematically  studying  that 
which  others  have  accomplished. 

Wc  believe  that  the  young  engineer  who 
cultivates  the  habit  of  study  and  investigation 
and  who  has  respect  for  the  ability  and  Icarn- 
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Queries   Directed   to   Engineering  So- 
cieties. 

Within  the  present  month  there  have  been 
or  will  be  held  the  annual  meetings  of  per- 
haps a  score  of  engineering  societies.  The 
year  of  1913  has  opened  wider  four  ways  for 
the  advance  of  the  engineer.  These  ways  are 
management  engineering,  valuation  of  public 
utilities,  city  management,  and  public  service 
commissionership.  What  are  engineering  so- 
cieties doing  to  put  before  the  public  the  spe- 
cial claim  of  the  engineer  for  useful  official 
participation    in    these   activities? 

Engineering  societies  know  that  the  major- 
ity of  the  tasks  involved  in  public  utilities 
■valuation  and  regulation  and  city  management 
are  engineering  tasks,  but  the  public,  at  whose 
will  these  activities  have  been  instituted,  does 
not  know.  It  has  to  be  told  and  its  favorable 
opinion  influenced.  Who,  if  the  engineering 
societies  do  not,  will  give  the  information  re- 
quired and  exert  the  needed  influence? 

Engineers  are  engaged  in  valuation  work, 
in  public  service  management  and  regulation, 
in  city  public  works,  successfully  as  servants 
under  lawyer  and  financier  and  politician  direc- 
tion. In  a  number  of  instances  an  engineer 
is  successfully  exercising  directorship.  What 
in  any  community  has  the  engineering  society 
done  toward  placing  engineers  in  the  member- 
ship of  public  service  commissions,  in  execu- 
tive charge  of  valuation  work,  in  the  office 
of  citv  manager? 

Engineering  societies  have  materially  aided 
the  progress  of  the  engineer  so  far  as  such 
accomplishment  can  aid  it  by  working  to  per- 
fect liir.  technical  attainments.  This  is  a 
fundmental  service,  but  it  is  only  a  part  of 
the  service  that  the  engineer  requires  to  secure 
the  heritage  of  public  appreciation  to  which 
he  is  entitled.  From  this  viewpoint  what  is 
the  efficiency  of  the  service  of  the  engineering 
society? 

An  Epitome  on  Municipal  Engineering 
The  letter  quoted  herewith  expresses,  with 
much  felicity,  the  requirements  and  limita- 
tions commonly  exacted  of  and  imposed  upon 
municipal  engineers  by  city  officials.  This  let- 
ter was  receive<l  by  a' Kansas  City  engineering 
linn  from  the  mayor  of  an  Iowa  city.  In  a 
previous  letter  the  mayor  cautioned  the  engi- 
neers regarding  the  necessity  of  strict  econ- 
omy in  the  clesign  of  the  contemplated  im- 
provement, and  they  replied  assuring  him  that 
all  considerations  of  economy  would  be  given 
line  weight  consistent  with  good  construction 
rcquiryients.  The  reply  of  the  mayor  fol- 
lows : 

I  did  not  mean  to  convey  the  Idea  that  we 
wnntcd  an  Inferior  or  poorly  constructed  reser- 
voir. On  the  contmry.  I  want  no  stone  left 
unturned  to  Insure  a  perfect  job.  I  want  a 
reservoir  that  will  stand  .in  earthquake  and 
never  quiver,  one  that  can  he  taken  out  bodily 
and  carried  off.  one  In  which  there  will  never 
bo  a.  crack,  one  that  will  never  leak  a  drop,  one 
that  will  stand  there  for  ever  and  ever.  amen. 
What  I  want  to  avoid  Is  the.  spending  of 
money.  I  want  the  above  described  reservoir 
for  little  or  nothing.  I  think  I  make  myself 
clear. 
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Edward  Hervey  Lee,  President  Western  Society  of  Engineers. 


Edward  Hervey  Lee  was  elected  President 
of  the  Western  Society  of  Engineers  on  Jan. 
7,  1914.  Jlr.  Lee  has  been  since  1898  chief 
engineer  of  the  Chicago  &  Western  Indiana 
R.  R.  and  the  Belt  Railway  of  Cliicago,  two 
railways  which  provide  trackage  facilities  for 
a  number  of  important  railways  entering  Chi- 
cago. He  began  his  railway  work  as  rodnian 
for  the  Scioto  Valley  R.  R.'  in  1880  and,  with 
the  exception  of  about  four  years  in  private 
engineering  practice  and  engineering  contract- 
ing, he  has  been  in  railway  engineering  ser- 
vice for  33  years.  Mr.  Lee's  enginering  work, 
like  that  of  all  railway  engineers  who  have 
started  as  a  minor  unit  in  a  survey  corps  and 
have  advanced  by  steps  to  chief  engineership. 
has  included  all  kinds,  but  since  18S)8  it  has 
been  e.xceptional  in  the  amount 
of  city  grade  elimination  and 
terminal  yard  work  for  heavy 
traffic. 

Edward  H.  Lee  was  born 
Jan.  29,  1863,  at  Dayton,  O. 
His  schooling  was  received  at 
Ohio  L'niversity,  Athens,  O., 
and  at  Wooster  University. 
Wooster,  O.  He  began  en- 
gineering work  in  1880,  when 
about  17  years  old,  as  a  rod- 
man  on  the  Scioto  Valley  R.  R. 
This  railway,  now  a  division 
of  the  Norfolk  &  Western  Ry., 
was  then  being  located  and 
constructed  between  Ports- 
mouth, O.,  and  .\shland,  Ky. 
The  young  engineer's  next 
engagement  took  him  to  the 
opposite  end  of  the  state  where 
at  Cleveland  he  drove  the  first 
stake  in  the  location  survey 
east  of  Cleveland  for  the  New 
York,  Chicago  &  St.  Louis 
R.  R.,  commonly  known  as  the 
"Nickel  Plate."  During  the 
construction  of  this  railway 
Mr.  Lee  was  connected  with 
engineering  corps  working  both 
east  and  west  of  Cleveland 
and  was  stationed  at  Fort 
Wayne,  Ind.,  when  the  road 
was  opened  for  traffic  from 
Buffalo  to  Chicago.  His  work 
on  the  Nickel  Plate  raised 
Mr.  Lee  to  responsible  rank  in 
railway  engineering  and  the 
record  of  his  future  work  need 
only  mention  that  of  special 
character. 

As  assistant  engineer  for  the 
Ohio  River  R.  R.,  now  the 
Ohio  River  Division  of  the 
Baltimore  &  Ohio  R.  R.,  Mr. 
Lee  had  charge  of  the  heavy 
construction  work  along  the 
rock  cliffs  and  hillsides  that 
form  the  West  Virginia  bank 
of  the  Ohio  River  from  Wheel- 
ing to  Parkersburg.  Mr.  Lee 
then  held  positions  twice  with 
the  Wisconsin  Centra!  and 
once  with  the  Union  Pacific. 
His  first  engagement  with  the 
Wisconsin  Central  was  as  resi- 
dent engineer  on  the  construc- 
tion of  the  main  line  into  Chicago.  lie  then 
became  assistant  engineer  for  the  Union  Pa- 
cific on  the  construction  of  the  branch  lines 
of  that  road  in  Nebraska  and  Kansas.  Re- 
turning to  the  Wisconsin  Central  Mr.  Lee 
was  connected  with  the  construction  of  the 
first  large  ore  dock  built   at  .'\shland.  Wis. 

In  1887  Mr.  Lee  was  appoiiUed  office  en- 
gineer of  the  Elgin.  Joliet  &  Eastern  R.  R., 
and  in  that  position  he  located  the  branch 
line  that  was  constructed  to  the  coal  fields. 
Later  he  was  promoted  to  be  chief  engineer 
and  among  other  tasks  he  built  locomotive 
shops  at  Joliet  and  located  and  constructed 
extensions  from  McCord  to  Porter,  Ind.,  and 
into  the  cities  of  Joliet  and  Aurora,  III.  Mr. 
Lee  now  turned  from  railway  work  and  from 
1893  to  1897  was  employed  on  the  construc- 
tion engmeering  force  of  the  Sanitary  Dis- 
trict of  Chicago,  which  was  then  building  the 


Chicago   Drainage   Canal,  and  also  in   private 
engineering  practice  and   in   contracting. 

As  engineer  with  the  Sanitary  District 
Mr.  Lee  had  charge  of  the  field  work  for  the 
dredging  operations  for  Sections  A  and  B  of 
the  channel — the  two  earth  sections  west  from 
Bridgeport  where  the  canal  connected  with 
the  Chicago  River.  He  also  had  charge  for 
the  district  of  the  dredging  of  the  Chicago 
River,  and  the  construction  of  the  Western 
Boulevard  Bridge  over  the  main  canal.  His 
private  practice  during  this  period,  1893-7,  in- 
cluded the  construction  of  three  miles  of  8 
and  10-ft.  sewers  in  Chicago,  the  construc- 
tion of  some  50,000  cu.  yds.  of  concrete  re- 
taining wall  along  the  rock  sections  of  the 
western  end  of  the  Drainage   Canal,  and   the 


construction  of  a  diversion  channel  for  the 
Michiganime  River,  in  the  upper  peninsula  of 
Michigan. 

In  1898  Mr.  Lee  returned  to  railway  work, 
being  first  principal  as'-istant  engineer  in 
charge  of  grade  separation  at  Kith  .St..  Chi- 
cago, and  later  appointed  chief  engineer  of 
the  Chicago  &  Western  Indiana  R.  R.  and 
the  Belt  Railway  of  Chicago,  the  position 
which  he  now  holds.  Mr.  Lee's  work  now 
became,  because  of  the  position  of  the  roads 
named  as  terminal  and  transfer  lines  for 
several  large  systems,  very  largely  of  three 
classes :  grade  crossing  elimination,  terminal 
yard   construction    and   bridge   construction. 

(irade  crossing  elimination  as  prescribed  bv 
the  Chicago  ordinances  is  practically  coniplete 
track  elevation ;  the  prevailing  construction 
being  embankment  fill  lield  by  retaining  walls 
for    the    portions    between    streets    and    over 


crossing  streets  being  steel  or  concrete  solid 
floor  viaducts  or  bridges.  The  programme 
for  grade  elimination  on  the  Chicago  &  West- 
ern Indiana  and  the  Belt  Line  roads  included 
some  22  miles  of  line.  With  the  exception 
of  one  crossing  of  the  Belt  Line  and  the  Chi- 
cago Burlington  &  Quincy  R.  R.,  built  in 
1891,  all  this  22  miles  of  track  elevation  has 
been  under  the  direction  of  Mr.  Lee;  some  15 
miles  of  the  work  have  been  completed  and 
the  remainder  is  in  process  of  construction. 
The  work  so  far  done  has  involved  some 
250,000  cu.  yds.  of  concrete  wall,  abutment 
and  foundation  work ;  some  20,000  tons  of 
structural  steel  work  and  some  5.200,000  cu. 
yds.  of  sand  and  earth  embankment  between 
retaining  walls. 

Besides  the  bridge  work 
involved  in  track  elevation 
proper  Mr.  Lee  has  directed 
the  engineering  and  construc- 
tion work  of  a  number  of 
liridges  over  stream  cross- 
ings and  two  of  these  are  of 
exceptional  character.  One  is 
the  1,000-ton  Strauss  bascule 
of  186  ft.  span,  double-track, 
built  in  1909  over  the  Grand 
Calumet  River.  The  second 
is  the  notable  four-track 
swing  bridge,  built  in  1900, 
over  the  Chicago  Drainage 
Canal.  The  superstructure  of 
this  bridge  weighed  1,540 
tons  and  the  moving  portion 
weighed  1,480  tons ;  this 
bridge  cost  nearly  $182,000. 
In  building  and  yard  work, 
the  47th  St.,  55th  St.,  68th 
St.,  and  Englewood  stations ; 
a  51-stall  roundhouse,  power- 
house, machine  shop,  store- 
house, and  coal,  cinder  and 
inspection  pits  at  the  49th  St. 
engine  terminals ;  a  supply 
house  for  the  Chicago  & 
Western  Indiana  R.  R.,  a 
thawing  out  house  and  a 
Pullman  supply  house  at  the 
51st  St.  yards,  have  been 
constructed  under  IVIr.  Lee's 
direction.  On  the  Chicago  & 
Western  Indiana  R.  R.  he 
has  constructed  yards  for 
the  Chicago  &  Eastern  Illi- 
nois R.  R.  at  35th  St.,  for 
the  Wabash  R.  R.  at  47th 
St.,  and  for  the  Erie  R.  R. 
at  51st  St.  The  joint  yards 
at  51st  St.  have  been  extend- 
ed and  improved,  coach 
yards  constructed  and  at 
65th  St.  the  Englewood  team 
yards  have  been  built.  On 
the  Belt  Line  the  West  Chi- 
cago yards,  the  West  22nd 
St.  yards,  the  Rockwell  St. 
yards  and  the  South  Chicago 
yards  have,  under  Mr.  Lee's 
direction,  been  enlarged  and 
improved.  A  new  clearing 
yard  is  now  under  con- 
struction. 

Mr.  Lee  became  a  member 
of  the  Western  Society  of  Engineers  Nov.  7, 
1889.  In  1X99  he  joined  the  American  Rail- 
way Engineering  Association  as  a  charter 
member,  and  in  1900,  the  American  Society  of 
Civil  Engineers.  He  is  also  a  member  of  the 
Engineers'  Club  of  Chicago.  In  the  American 
Railway  Engineering  .Association  Mr.  Lee  has 
been  a  member  of  the  Committe  on  Track  for 
one  year,  of  the  Committee  on  General  Con- 
tract Forms  for  two  years  and  of  the  Commit- 
tee on  .Arrangements  for  three  years.  In  his 
engiueerine  society  work,  Mr.  Lee  has  been 
noted  particularly  for  his  labors  on  connnittces 
and  in  the  advance  in  numerous  similar  ways 
of  the  technical  work  of  the  society,  rather 
than  for  the  frequent  presentation  of  engineer- 
ing papers.  His  genial  and  kindly  considera- 
tion of  his  associates  is  the  characteristic  by 
which  he  is  perhaps  best  known  aside  from  his 
professional  ability. 
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The  Engineer-Manager  Plan  of  Muni- 
cipal   Government    as    Suc- 
cessfully Applied  at 
Abilene,  Kans. 

In  an  editorial  published  in  our  issue  of 
December  31,  1913,  we  commented  upon  the 
growing  popularity  of  the  city  manager  plan 
of  municipal  government.  The  engineer-man- 
ager plan  was  held  to  be  especially  advisable 
for  towns  too  small  to  employ  regularly  a 
city  engineer.  The  experience  of  the  city  of 
Abilene,  Kan.,  was  cited  as  a  successful  appli- 
cation of  the  plan  in  a  city  of  5,000  popula- 
tion. The  present  article  gives  further  dis- 
cussion on  the  general  features  of  the  plan 
and  gives  data  drawn  from  a  trial  of  the  plan 
at  Abilene  during  the  past  eight  months.  The 
data  and  discussion  are  from  a  paper  by  Mr. 
Kenyon  Riddle,  engineer-manager  of  Abilene, 
before  the  Kansas  Engineering  Society. 

The  success  of  any  good  business  is  pos- 
sible if  it  is  controlled  properly.  Imagine 
some  piece  of  construction  work  being  car- 
ried on  by  a  body  of  men  and  each  man  hav- 
ing equal  authority,  or  a  railroad  under  such 
conditioiis.  Nevertheless,  this  is  the  encum- 
brance which  a  great  deal  of  city  work  strug- 
gles against.  ^  However,  work  done  under 
standard  specifications  is  saved  by  the  clause, 
"All  instructions  shall  be  given  to  the  con- 
tractor through  the  engineer."  This  clause 
guards  against  the  unlimited  confusion  that 
would  result  if  no  one  person  were  made  the 
head. 

In  n.'aintenance  work  and  the  general  busi- 
ness of  the  city,  though,  is  where  conf.usion 
arises  from  too  many  men  giving  directions 
to  the  city's  employes  and  from  giving  indi- 
vidual orders.  Every  important  move  of  the 
'  "mmission  should  be  acted  upon  by  the  body 
as  a  whole,  then  delivered  to  one  man  for  dis- 
posal or  distribution  to  the  proper  heads  or 
departir.ents.  This  removes  individual  action 
by  any  one  member  of  the  board,  and  it  also 
cancels  any  feelings  of  jealousy  among  the 
board  members.  It  makes  the  commission  as 
a  body  responsible  for  the  act  and  the  one 
nian  is  made  to  account  for  putting  this  act 
into  service.  The  manager,  being  a  salaried 
man  with  no  definite  term  of  office,  naturally 
would  strive  to  give  his  best  service,  since 
the  length  of  his  term  depends  upon  his  capa- 
bility. 

Preferably  the  manager  should  be  without 
e.xtensive  interests  in  the  town  or  city  which 
he  serves.  This  makes  it  more  possible  for 
him  to  give  impartial  views  in  matters  con- 
cerning- employment  of  labor  and  purchasing 
of  material.  His  preparation  should  consist 
in  a  thorough  education  along  the  lines  of  gen- 
eral engineering  rather  than  a  knowledge  of 
a  few  special  branches.  This  will  make  it 
possible  for  him  to  advise  and  check  up,  in  a 
general  way,  every  act  of  the  engineering  de- 
partmtnt.  He  should  also  have  an  under- 
standing of  values  and  be  able  to  estimate  all 
classes  of  construction  and  maintenance  work, 
be  economical  and  able  to  establish  systems  of 
record-keeping  and  cost-keeping,  and  have  a 
general  conception  of  business  methods  and 
finances.  In  addition  to  this  he  should  have 
an  understanding  of  the  city's  sanitary  and 
social  conditions,  which  exert  an  important 
bearing;  upon  public  welfare.  Inefficiency  here 
liises  every  imaginable  trouble.  Here  is  in- 
'  Ived  the  street  cleaning  and  disposal,  water 
system  and  supply,  sanitary  sewer  system, 
drainage  .system,  the  working  and  living  quar- 
ters of  every  class  of  people,  the  transporta- 
tion facilities,  and  numerous  other  items. 

A  general  knowledge  of  all  of  the  above 
liarticulars  is  not  too  much  to  expect  of  a  city 
manaeier.  However,  since  men  have  not  pre- 
pared themselves  for  this  particular  situation 
it  may  be  well  to  try  the  new  system  of  con- 
trol in  smaller  towns,  for  in  these  places  some 
of     the     qualifications    of      manager     can     be 


stricken  out  entirely  and  others  are  of  much 
less  importance.  On  the  other  hand,  in  the 
larger  cities  the  different  departments  are 
more  complete  in  themselves  and  would  re- 
quire less  direct  supervision  and  advice  from 
the  manager. 

Sin-re  these  requirements  have  been  enumer- 
ated it  is  not  at  all  difticult  to  see  that  the 
great  majority  of  the  city's  affairs  are  of  an 
engineering  nature  and  should  be  managed 
by  an  engineer. 

Since  the  engineer-manager  plan  is  especially 
applicable  to  the  average  sized  towns  of  3,U0O 
to  25,000  or  oO.OuO,  and  since  its  success  is 
more  probable  in  these  places,  let  us  confine 
ourselves  to  this  particular  application. 

In  order  to  demonstrate  the  importance  of 
the  adoption  of  this  more  simplified  form  some 
of  the  defects  of  the  older  and  more  complex 
forms  might  be  brought  out.  These  innumer- 
able defects  have  been  the  cause  of  an  awaken- 
ing on  the  part  of  the  people  who  wish  better 
administration. 

People  have  commenced  to  see  that  public 
affairs  as  a  rule  have  not  been  handled  in  in 
a  business  way,  but  rather  along  lines  of  poli- 
tics, and  when  business  becomes  mixed  with 
politics  then  efficiency  is  replaced  by  ineffi- 
ciency. Instead  of  each  member  of  the  gov- 
erning board  exerting  his  efforts  along  the 
lines  he  believes  to  be  best  and  in  a  manner 
desired  by  the  people,  he  is  very  often  misled 
by  reason  of  political  views.  .Appointments 
are  very  often  made  because  of  favoritism  or 
by  reason  of  political  debt.  Also  due  to  poli- 
tics, every  citizen  is  not  treated  on  an  equal 
basis.  Improvements  are  centered  around  ccr- 
tani  localities,  and  are  not  distributed  in  an 
impartial  way.  Everyone  is  aware  of  the  fact 
that  money  is  wasted  in  nearly  all  public  busi- 
ness. Some  of  the  dissipation  of  tax  money  is 
often  due  to  graft,  etc.,  but  most  of  it  is  the 
result  of  poor  management,  lack  of  harmony 
among  the  board  members  and  a  lack  of 
knowledge  along  particular  lines,  especially  in 
the  engineering  department  of  smaller  towns 
and  the  purchasing  department  of  nearly  all 
municipalities.  No  doubt  the  larger  cities  lose 
money  in  their  engineering  departments,  due 
to  lack  of  management,  and  the  department  is 
possi'f)ly  hampered  by  politics.  Xevertheless 
they  do  not  lack  in  principles  of  engineering 
practice  as  do  the  smaller  towns. 

Therefore,  in  consideration  of  the  small 
town  the  main  object  in  order  to  secure  effi- 
ciency where  it  is  most  lacking  is  to  devise 
some  scheme  whereby  the  town  can  feel  justi- 
fied in  having  the  services  of  an  engineer  at 
all  times,  and  this  remedy  lies  in  the  engineer- 
manager  plan.  It  will  be  shown  later  on  how 
the  creation  of  this  office  is  possible  for  any 
town  and  how  it  can  be  made  remunerative. 

We  might  account  for  wastes  due  to  a  com- 
plex .system  of  management.  The  particular 
duties  of  different  oflicials  and  departments 
arc  no:  well  defined,  thereby  causing  confusion 
and  resulting  in  loss  of  lime,  which  is  loss  of 
money. 

Wastes  due  to  lack  of  harmony  are  (luite 
conuiion.  This  lack  of  harmony  is  usuall\ 
traced  back  to  differences  of  politics  or  pos- 
sibly jealousy  among  the  different  members 
Withniil  harmony  there  is  no  unity  antl  with- 
out unity  all  ailv.incement  is  retarded. 

Rut  the  principal  dissipation  nf  funds  comes 
from  lack  of  knowledge,  and  this  particular 
shortagt  is  most  ofleii  conspicuous  in  the  engi- 
neering department,  and  since  the  great  ma- 
jority of  the  city's  business  is  of  an  engineer- 
ing nature  this  makes  up  the  greatest  waste. 
This  particular  argument  best  fits  a  small 
Inwn,  .■•incc  these  are  the  towns  which  are  be- 
lieved to  be  too  small  to  feel  the  necessity  of 
employing  an  engineer  the  year  around.  These 
are  the  places  where  a  lack  of  knowledge 
makes  up  the  principal  reason  for  receiving 
about  three- fourths  value  oh  each  dollar  spent 
in  taxes.  The  permanent  improvements  and' 
systems  in  such  places  are  the  nucleus  for  pos- 


sible larger  systems.  Therefore  they  should 
be  caiefuUy  planned  so  as  to  meet  future 
conditions.  They  should  be  accurately  re- 
corded also. 

If  a  town  or  city  had  some  means  of  ligur- 
ing  the  money  wasted  in  prospecting  for  lost 
underground  systems,  in  the  improvements 
buried  and  never  found,  in  systems  that  are 
built  with  no  idea  of  future  growth  and  "that 
have  to  be  abandoned  years  before  they  are 
worn  cut,  in  the  grading  and  re-grading  of 
streets,  in  sinking  hundreds  of  dollars  into 
permanent  culverts  and  waterways  built  with 
no  idea  of  future  drainage  and  that  have  to 
be  broken  out  when  pavement  is  laid,  it  would 
be  no  difficult  matter  to  prove  the  economy 
of  city  planning  and  of  proper  management. 

How  could  anything  else  be  expected  from 
a  council  or  commission  composed  of  bankers, 
lawyers,  farmers  and  men  who  have  devoted 
their  efforts  to  their  professions  and  who  are 
in  active  business  and  cannot  neglect  it  to 
make  a  study  of  engineering  so  as  to  carry 
out  some  drainage  proposition  or  such  for  the 
city,  their  salaries  being  anything  from  $1 
to  $2.j  per  month? 

As^  soon  as  a  town  reaches  a  size  which 
Justine.',  permanent  improvements,  from  that 
time  on  systematic  methods  should  be  car- 
ried out,  and  a  capable  man  w-ho  is  paid  a 
fair  salary  and  feels  permanency  in  his  posi- 
tion is  more  apt  to  be  able  to  do  these  things 
than  a  council  or  commission.  It  very  sel- 
dom i.i  the  case  that  the  successor  will  follow 
plans  laid  down  by  his  predecessor.  On  the 
contrary,  not  only  will  he  refuse  to  follow  his 
predecessor's  plans,  but  he  will  e.xert  his 
efforts  in  tearing  them  down. 

With  an  engineer-manager  it  is  possible  to 
get  the  very  best  and  most  active  business  men 
to  serve  on  the  commission,  since  their  duties 
are  reduced  to  a  few  hours  a  week.  Further- 
more. i»  is  generally  admitted  that  the  hold- 
ing of  a  political  job  is  not  a  successful  means 
of  increasing  one's  business,  but  under  the  new 
plan  all  complaints  and  grievances  may  be  put 
to  the  manager,  such  as  come  up  every  day  of 
a  lack  of  water  pressure,  sluggish  sewers,  poor 
drainage,  etc.;  and  since  he  is  not  elected  by 
the  people,  but  appointed  by  the  commission- 
ers, he  may  be  free  to  act  as  one  whose  best 
judgment  is  not  overpowered  by  some  politi- 
cal fear.  By  hiring  a  manager  the  hindrances 
of  politics  are  eliminated  and  f<rofi'ssioi:a!ism 
is  substituted. 

Can  anyone  argue  that  this  will  not  bring 
about  efficiency?  The  average  person  cannot 
realize  that  paying  what  now  seems  like  an 
exorbitant  salary  for  expert  men  is  economy. 
The  principal  reason  is  that  one  laii  see  the 
expense  of  salaries,  but  can  not  discern  the 
huge  waste  due  to  poor  and  inadequate  man- 
agement. This  waste  invariably  exceeds  the 
expenditures  that  might  be  made  for  men 
capable  of  handling  public  affairs. 

Mow.  the  way  to  eliminate  these  objection- 
able features  of  the  old  style  of  administra- 
tion is  to  adopt  commission  form  of  govern- 
ment as  the  executive  board  and  as  repre- 
sentatives of  the  people,  and  for  them  to 
select,  by  purely  business  methods,  an  expert 
through  whom  they  can  look  for  professional 
advice.  .\s  a  result  of  this  professional  ad- 
vice many  blunders  in  the  town's  affairs  chti 
be  overcome. 

Every  person  here  who  has  had  any  expei . 
ence  with  the  different  systems  of  a  city  well 
knows  the  deplorable  condition  which  some  of 
these  are  in.  The  distribution  of  the  water 
comprises  a  length  of  mishi,  complicated  pipes 
and  valves,  with  absolutely  no  records  of  the 
iindcrKround  system — the  result  of  having  un- 
trained, inexperienced  men  who  wish  to  e.x- 
pcrim<.nt  alung  the  lines  of  engineering,  all 
at  the  expense  of  the  city.  Due  to  the  fact 
that  the  town  had  no  engineer,  they  thought 
it  would  be  economy  to  plan  and  supervise 
their  own  systems  and  extensions.  During 
the    time   that   the   town    is    small    and    wh-n 
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these  errors  are  being  made  is  the  very  time 
to  put  into  practice  every  method  of  city  plan- 
ning, since  this  is  the  foundation  of  a  pos- 
sible larger  system.  And,  by  all  means,  per- 
manent records  should  be  kept  of  all  under- 
ground  work. 

It  is  needless  to  say  that  the  sewer  systems 
suffer  the  same  inexcusable  poor  treatment. 
These  mistakes  all  bring  about  complications 
and  unnecessary  expense  to  the  city. 

Also  think  of  the  money  wasted  in  drainage 
systems.  This  is  one  feature  on  which  the 
incompetent  street  commissioner  of  a  small 
town  professes  profound  knowledge.  Costly 
and  permanent  waterways,  etc.,  are  built  to 
care  for  drainage,  with  absolutely  no  idea  of 
drainage,  of  adequate  capacity,  of  the  future 
outcome  or  development  of  the  scheme.  In  a 
few  years,  the  street  is  paved  and  it  then  be- 
comes necessary  to  tear  out  hundreds  of  dol- 
lars' worth  of  these  permanent  improvements. 
The  only  means  of  overcoming  these  items  of 
waste  is  for  the  city  to  proceed  along  lines 
which  will  insure  expertness.  If  they  were 
to  employ  an  outside  engineer  for  these  less 
important  things  doubtless  it  would  be  too 
expensive,  but  the  proper  procedure  is  to  de- 
vise some  method  whereby  the  town  will  have 
an  engineer  at  their  service  at  all  times.  Sal- 
vation lies  in  the  adoption  of  the  engineer- 
manager  plan. 

Now,  to  make  this  newly  created  office  re- 
munerative: The  employment  of  an  engineer 
as  manager  no  doubt  will  be  considered  too 
expensive,  especially  for  a  small  town.  The 
thoroughness  of  record  keeping  which  it  is 
possible  to  maintain  would  more  than  obviate 
this  objection.  But  there  are  several  ways 
in  which  an  income  to  the  city's  general  fund 
can  be  realized  by  the  newly  created  office : 
No  matter  how  small  the  town,  all  sewer  work, 
plumbing,  wiring,  water  mains  and  services, 
meters,  etc.,  should  be  inspected,  and  the 
small  cost  for  doing  this  should  be  charged 
to  the  property  owner.  Then  there  will  be 
the  ordinary  expenses  of  surveying  lot  lines, 
giving  grades  for  buildings  and  sidewalks ; 
this  would  be  charged  to  the  property  owner 
and  turned  into  the  general  fund.  Also,  there 
will  be  the  usual  engineering  for  sewer  and 
water  extensions,  curbs  and  pavements,  .'^nd 
finally,  if  the  manager  has  charge  of  the  street 
work,  the  street  commissioner's  salary  may  be 
added.  The  aggregate  of  these  different 
amounts,  if  the  town  were  doing  its  share  of 
improvement  work,  would  average  from  $100 
to  $1.50  per  month,  a  sufficient  amount  to  em- 
ploy a  competent  engineer,  without  extra  draft 
on  the  city's   funds. 

To  prove  that  this  is  not  all  theory  lei  us 
consider  the  savings  already  made  in  Abilene. 
Kansas,  a  town  of  -5,000  population,  which 
town  has  been  controlled  by  commission  form 
of  government  and  an  engineer-manager  for 
the  past  eight  months.  During  this  time  the 
follow ;ng  improvements  have  been  made: 

Street    improvements    $80,000 

Ornamental  street  light  system,  consist- 
ing of  flve-llgtit  and  single-light  con- 
crete   standards,     cost    of    installment, 

city's   share    1,200 

Light   company's    share 6,800 

(The  city  has  a  contract  with  the  light 
company  to  pay  $3,000  a  year  for  three 
hundred  lO-watt  lamps;  about  one-half 
of  these  are  burned  every  night  in  the 
week,  and  the  balance  are  burned  about 
one-half  the  time.) 

Water  works  Impiovemcnts,  consisting  of 
general   overhauling  and   new   pump   at 

plant   and   booster  pump 5,275 

Water   main   extensions 2,910 

Sewer   extensions    2,136 

Making   a   total   of $98,321 

Later  on  there  will  be  shown  a  few  exam- 
ples of  savings  as  a  result  of  proper  manage- 
ment. Credit  for  these  savings  is  given  to  the 
methods  employed,  such  as:  Preliminary  esti- 
mates, which  save  the  city  from  overcharges ; 
plans  and  specifications,  which  insure  better 
workmanship  and  speed  ;  system  ;  supervision 
and  inspection,  and  a  final  measurement  and 
estimate,  which  insure  the  city  of  fair  settle- 
ment. 

A  summary  of  the  several  small  sewer  and 
water  extensions  exhibits  the  following 
marked  differences.  This  takes  into  account 
work  done  bv  the  old  administration  and  that 


done  by  the  commission  body  with  a  superin- 
tendent or  manager.  Somewhat  different 
methods  have  been  employed  in  the  recent 
work.  The  city  has  purchased  all  of  the  ma- 
terial and  let  the  labor  to  the  lowest  respon- 
sible bidder.  All  other  conditions  are  prac- 
tically the  same.  That  is,  cost  of  labor  and 
material  and  all  other  features,  such  as  depth 
of  trenches,  quality  of  soil,  etc.,  are  figured 
the  same.  The  comparison  is  based  on 
trenches  averaging  8  ft.  in  depth,  number  one 
6-inch  vitrified  sewer  pipe,  flushtanks  and 
manholes  built  under  the  same  identical  cir- 
cumstances. 

Past   methods  show  the   following : 
Excavating     and      refilling     trenches 

averaging  8  ft.  in  depth 40.Scts.it. 

Furnishing   and   laying   6-in.    vitrified 

sewer   pipe    15.5  cts.  ft. 

Furnishing      material      and      building 

flushtanks     $66.00  each 

Furnishing      material     and      building 

manholes     $40.80  each 

Nev>'   methods : 
Excavating      and      refilling      trenches 

averaging  8  ft.  in  depth 25  cts.  ft. 

Laying  6-in.   vitrified  pipe...  5  cts.  ft. 
Furnishing    on    works    6-in. 

vitrified  pipe   10  cts.  ft. 

15  cts.  ft. 

Labor  on  flushtanks $10.00 

IWaterial    in    flushtanks 41.80 

$51.80  each 

Labor  on  manholes $  8.00 

Material    in    manholes 15.00 

23.00  each 

The  saving  is — in  consideration  of  the  amount 
done   this   year: 

Difference 

pioli  itGm 

4,721  lin.  ft.  of  excavation  and  refilling     $    745.02 

4,721  lin.  ft.  of  furnishing  and  laying. .  212.44 

3  flushtanks    42.60 

4  manholes    71.20 

Total  amount  saved $1,072.16 

on  this  one  very  small  item  of  the  city's 
business  during  the  eight  months  of  city 
management. 

To  save  enumerating  the  total  savings  in 
the  waterworks  department  I  have  figured  that 
the  difference  between  the  unit  costs  under 
the  old  and  new  systems  represents  8  cts.  per 
lineal  foot  and  for  the  5,010.0  ft.  laid  this  year 
the  saving  would  be  $400.80. 

The  cost  of  cleaning  the  pavement  and  dis- 
posing was  cut  from  an  average  of  40  cts.  per 
1.000  sq.  yds.  to  36.2  cts.  per  1,000  sq.  yds. 
Therefore  on  the  total  area  of  2,'215,797  sq. 
yds.  covered  in  order  to  keep  9'2,000  sq.  yds. 
clean  for  six  months  there  was  a  saving  of 
$842.00. 

It  would  be  too  monotonous  if  I  were  to 
itemize  every  saving  that  has  been  accom- 
plished by  the  more  simplified  form.  How- 
ever, in  every  department  there  has  been  a 
saving.  The  saving  on  the  street  cleaning  was 
doubtless  due  to  system.  At  present  there  is 
a  report  turned  in  by  the  street  commissioner, 
showing  the  streets  cleaned  and  the  cost. 
From  this  report  the  'number  of  sq.  yds.  is 
figured  and  the  cost  per  1,000  obtained.  From 
this  data  different  methods  of  cleaning  have 
been  tried  until  the  most  satisfactory  method 
is   obtained. 

The  dragging  of  dirt  roads  used  to  be  con- 
sidered too  expensive  and  was  therefore 
omitted.  No  one  had  any  idea  how  many 
miles  of  dirt  streets  the  town  had  which 
could  be  considered  as  arteries  of  traffic  nor 
how  much  a  mile  the  dragging  should  cost.  In 
order  to  prove  that  all  of  the  more  important 
streets  could  he  dragged  at  a  nominal  cost  the 
streets  were  gone  over  and  two  districts  were 
laid  out.  For  each  of  these  districts  a  log- 
sheet  was  made,  showing  the  streets  to  be  cov- 
ered, the  number  of  times  to  cover  each  of 
them  and  the  numlier  of  miles  traveled.  One 
district  has  ]fi%  miles  to  cbver  and  the  other 
contains  19  miles;  when  the  streets  need  drag- 
ging teams  arc  employed  and  each  of  tlie  two 
outfits  is  paid  $G  for  following  out  the  course 
as  listed  on  his  log.  During  the  past  eight 
months — of  course  some  of  these  mnnths  were 
(|uite  dry — the  draggintr  has  cost  $51. 

Now,  besides  the  $2,.315  which  has  been 
saved,  as  itemized  here,  the  city  has  a  com- 
plete set  of  records  of  all  underground  work 
and  of  every  survey  made. 

In  order  that  all  important  work  shall  be 
authorized  by  the  commissioners  as  a  body, 
with  a  clear  understanding  on  their  pari,  a  re- 


port of  the  coming  week's  work  is  made  up, 
with  a  preliminary  estimate  of  the  cost  and 
an  account  of  the  benefits  derived.  This  is 
presented  by  the  manager  at  the  meeting  of 
the  board  and  after  the  work  is  discussed  the 
commissioners  order  that  which  they  deem 
necessary.  The  manager  then  takes  charge  and 
at  the  next  meeting  of  the  board  he  reports 
on  its  progress;  or  if  it  is  completed  he  sub- 
mits the  final  estimate.  With  this  procedure 
the  commissioners  are  thoroughly  acquainted 
with  all  of  the  city's  affairs. 

With  all  of  the  principles  which  have  been 
discussed  here  and  with  the  conclusive  evi- 
dence of  efficiency  which  has  been  cited  as 
attained  by  the  businesslike  methods  which  are 
possible  in  the  engineer-manager  plan  there 
iseems  to  be  absolutely  no  question  that  it  is 
the  ideal  form  of  public  control,  particularly 
for  :iiunicipalities,  and  probably  most  ap- 
plicable to  the  smaller  towns  while  in  its  ex- 
perimental state. 


The  Economy  of  the  Electric  Motor 
Drive  for  Contractor's  Hoists. 

Contributed    by    W.    H.    Easton,    Westinghouse 
Department   of  Publicity,   Pittsburgh,   Pa. 

The  question,  "Is  the  electric  motor  driven 
hoist  cheaper  to  operate  than  the  steam 
hoist?"  is  frequently  asked.  The  electric 
hoist  has  some  obvious  advantages  over  the 
stea'm  hoist,  making  it  more  desirable  to  use 
if  current  is  available,  provided  the  cost  of 
operation  is  not  out  of  all  proportion  to  the 
benefits  received.  But  the  question  is  not  an 
easy  one  to  answer  in  dollars  and  cents.  That 
is,  it  is  very  difficult  to  compile  figures  that 
would  show  for  example  .that  a  steam  hoist 
completed  a  job  for  $100  and  an  electric  hoist 
did  the  same  work  for  $125,  or  perhaps  for 
$80;  because  the  cost  of  operating  a  hoist 
is  composed  of  a  great  many  factors,  many 
of  which  are  difficult  to  estimate,  while  others 
vary  widely  with  varying  conditions.  It  is, 
however,  practicable  to  compare  the  condi- 
tions under  which  the  two  types  of  hoists  op- 
erate and  to  determine  whether  under  a  given 
set  of  conditions  the  electric  hoist  would  or 
would  not  be  more  economical  than  the  steam 
hoist.  If  this  is  done  it  is  believed  that  the 
electric  hoist  will  be  found  the  cheaper  for 
average  work  where  electricity  is  available 
for   the    following   reasons : 

The  electric  hoist  floes  not  require  a 
licensed  engineer.  Almost  any  intelligent 
workman  can  learn  to  operate  it,  because  it 
has  no  boiler,  the  control  is  very  simple,  and 
the  motor  requires  no  attention  when  operat- 
ing. A  single  handle  controls  all  motor  op- 
erations. Throwing  it  one  way  starts  the 
hoist  in  one  direction,  the  speed  depending 
upon  how  far  the  handle  is  moved;  throwing 
the  handle  in  the  opposite  direction  reverses 
the  hoist,  the  same  speed  range  being  also 
available. 

Having  no  boiler,  the  electric  hoist  requires 
no  fireman,  no  fuel  or  water.  There  are  no 
ashes  to  handle,  no  frequently  objectionable 
smoke  and  exhaust,  and  no  sparks,  which  elim- 
inates the  fire  risk.  The  electric  hoist  is  also 
lighter  and  more  compact  than  the  steam 
hoist  with  its  boiler,  and  is  therefore  cheaper 
to  move. 

Where  the  steam  hoist  is  driven  from  an 
independent  boiler,  steam  pipes,  which  are 
leaky  and  awkward  to  handle,  must  be  laid. 
The  electric  hoist,  on  the  other  hand,  gets  its 
power  from  flexible  cables  which  can  be  run 
anywhere   with   ease. 

Another  advantage  of  the  electric  hoist  is 
that  it  consumes  power  only  when  actually  in 
use,  and  when  at  rest  involves  no  expense  for 
power  whatever,  whereas  with  a  steam  hoist, 
steam  must  he  kept  up,  and  frequently  the 
stand-by  expense  exceeds  the  actual  operat- 
ing expense. 

The  motor-driven  hoist  is  in  general  less 
likely  to  be  out  of  commission  than  a  steaiVi 
hoist.  It  can  be  started  at  any  time  without 
delays  for  steaming  up.  There  is  nothing 
about  it  to  freeze  up  and  hence  it  is  inde- 
pendent of  weather  conditions.  The  simple 
construction  of  the  motor,  with  its  two  bear- 
ings only  and  no  reciprocating  parts,  insures 
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minimum  delays  for  repairs,  and  as  for  relia- 
bility, motors  designed  especially  for  crane 
service  are  as  strong  and  rugged  as  any  steam 
engine. 

There  remains  nothing  but  a  consideration 
of  the  cost  for  current  as  compared  with  that 
for  coal.  This  will  naturally  vary  with  local 
conditions,  but  it  can  be  stated  that  in  general 
the  cost  of  operating  an  electric  hoist  will  not 
be  greater,  all  factors  considered,  than  that  of 
operating  a  steam  hoist. 


For  example,  with  a  coal  hoist  in  Pittsburgh, 
where  a  motor  was  directly  substituted  for  a 
steam  engine,  all  other  factors  remaining  the 
same,  the   following  results  were  obtained : 

Cost  of  coal  per  month t  60 

Cost  of  water  per  month 15 

Cost  of  electric  power  per  month  $  77 

Wages  of  engineer  per  month 125 

Wages   of   motor  operator 75 

Totals    $200  $152 


Thus  the  electric  hoist  showed  a  saving  of 
$48  per  month.  But  it  also  proved  itself  able 
to  handle  more  coal.  With  the  steam  hoist, 
a  bucket  containing  42  bushels  was  lifted  every 
60  seconds,  whereas  the  electric  hoist  re- 
quired only  50  seconds  for  the  trip,  because  it 
could  be  accelerated  more  rapidly.  Hence  in 
a  10-hour  day  the  electric  hoist  can  perform 
120  more  trips,  or  handle  over  5,000  bushels 
more  than  the  steam  hoist. 
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The    Design    and    Construction    of    a 

Plant  for  Complete  Treatment  of 

Sewage,  Chester  County  Home, 

Pennsylvania. 

Contributed  by   P.    E.   Mebus,   C.   E.,   and  F.    R. 
Berlin,    C.   E.,   Philadelphia,   Pa. 

In  recent  years,  sewage  treatment  plants 
have  been  built  at  nearly  all  of  the  state  and 
county  institutions  in  Pennsylvania.  The 
most  recent  of  these  is  the  plant  at  the  Ches- 
ter County  Home,  where  the  insane  and  in- 
digent of  the  county  of  Chester  are  provided 
for.  This  institution,  with  a  population  of 
nearly  GUO,  including  attendants,  is  situated 
about  six  miles  west  of  West  Chester,  on  high 
ground  overlooking  the  valley  of  the  Brandy- 
wine  Creek.  The  buildings  consist  of  the 
Home  for  the  Indigent,  the  Insane  Hospital, 
Nurses'    Home   and   the   farm   buildings. 

In  order  to  determine  the  capacity  of  the 
new  plant,  measurements  were  made  which 
indicated  that  the  total  sewage  flow  for  a  24- 
hour  period  would  be  about  42,000  gals.  The 
average  rate  of  flow  between  7  a.  m.  and  7 
p.  m.  was  found  to  be  about  2,000  gals,  per 
hour,  while  the  maximum  rate  w^as  found  to 
be  nearly  3,000  gals,  per  hour. 

The  present  plant  was  designed  to  treat 
the  sewage  flow  of  1,000  persons,  which  at  70 
gals,  per  capita  would  amount  to  70,000  gals. 
per  24  hours.  Provision  has  been  made  for 
additions  to  this  plant,  which  will  double  its 
present  capacity  so  that  ultimately  it  will  be 
able  to  treat  150,000  gals,  of  sewage  every  24 
hours. 

The  sewers  are  built  on  the  separate  sys- 
tem and  only  the  domestic  sewage  and  laundry 
wastes  reach  the  treatment  plant.  The  storm 
water  is  collected  and  disposed  of  at  con- 
venient points. 

PAST    HISTORY    OF    SEWAGE    TREATMENT    AT    THIS 
INSTITUTION. 

About  12  years  ago,  an  irrigation  field,  hav- 
ing an  area  of  about  %  an  acre,  was  laid  out, 
and  a  syphon  was  installed  for  dosing  it.  Un- 
suitable soil  and  improper  distribution  of  the 
sewage  over  the  field  caused  it  to  become  a 
nuisance  and  a  menace  to  health.  The  soil 
became  what  has  been  called  "sewage  sick," 
and  oxidation  was  no  longer  possible.  The 
continuous  flow  of  sewage  scoured  the  sur- 
face and  formed  artificial  channels,  through 
which  it  ran  into  the  Brandywine  practically 
in  its  crude  state. 

The  Pennsylvania  State  Board  of  Heallh 
ordered  the  directors  of  the  Home  to  install 
a  modern  plant  and  abandon  the  older  method 
entirely.  Plans  were  prepared,  approved  by 
the  state  officials  and  construction  work  be- 
gan shortly  thereafter.  The  present  plant 
involves  no  new  principles,  altliough  it  has 
been  designed  and  built  to  secure  an  effluent 
of  exceptionally  high  degree  of  purification, 
which  is  necessary  to  protect  certain  water 
intakes  situated  farther  down  the  stream. 
Local  conditions  also  demanded  a  prevention 
of  nuisance.  It  occupies  a  site  near  the  old 
irrigation  field,  and  about  1,000  ft.  south  of 
the  institutional  buildings. 

NEW  TRKATMENT   PLANT. 

The  thoroughness  of  treatment  is  indicated 
by  the  units  of  which  the  plant  consists,  viz., 
one  primary  settling  tank  of  the  ImhotT  type: 


percolating  filter  and  dosing  chamber ; 
hypochlorite  disinfection  house;  secondary- 
settling  tank ;  and  sand  beds  for  drying 
sludge.  A  plan  of  the  works  exclusive  of  the 
sludge  drying  beds,  is  given  in  Fig. ,  1.  A 
longitudinal  section  through  the  plant  shows 
the  chief  elements  in  their  relative  elevations, 
see  Fig.  2.  The  necessity  for  simplicity  and 
facility  of  operation  was  fully  appreciated  in 
designing  this  plant.  With  occasional  in- 
structions from  the  authorities,  an  inmate  of 
ordinary    intelligence    is    able    to    operate    the 


has  normally  a  three-hour  detention  period, 
while  the  sludge  decomposing  room  has  a 
storage  capacity  for  about  four  months.  It 
was  not  deemed  necessary  to  increase  the 
latter  because  of  the  climate  and  the  shel- 
tered location  of  the  plant.  The  sludge  is 
removed  in  the  usual  manner,  i.  e.,  by  a 
differential  head  of  about  9  ft.  The  6-in.  cast 
iron  outlet  pipe  extends  nearly  to  the  apex 
of  the  hopper  bottom  and  the  flow  therefrom 
is  controlled  by  a  6-in.  gate  valve  located  in 
a  manhole  adjacent   to   the  tank.     From   the 
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Fig.  1.   Plan  of  New  Sewage  Treatment  Works  at  ChCEter  County   Home,  Pa.      (Sludge  Bed 

Not   Shown). 


plant  with  a  medium  amount  ..i  ^duntion  and 
yet  secure  an  effluent  of  the  necessary  degree 
of  purification.  A  general  view  of  the  plant 
is  shown  in   Fig.  3. 

Imhoff  Tank. — The  ImhoflF  lank  was  one 
of  the  first  in  this  country  to  be  designed 
along  Dr.  ImhofF's  ideas  for  a  rectangular 
tank.  It  has  practically  a  square  sludge  de- 
composing room  with  a  hopper  bottom,  while 
the  upper  or  settling  chamber  is  made  rec- 
tangular with  overhanging  ends,  to  provide 
an  adequate  detention  period  for  the  dilute 
sewage.  The  two  compartments  arc  con- 
nected by  6-in.   slots.      The  settling  chamber 


manhole  it  tiows  to  the  drying  beds  by  gri'. 
ity. 

The  sewage  is  distributed  and  collected  b 
weirs  extending  the  full  width  of  the  setllini 
chamber,  which  insure  a  nearly  uniform  dis 
tribution.  The  bulk  of  the  solids  in  the 
crude  sewage  are  removed  in  this  tank  an( 
settle  into  the  decomposing  room  below. 

The  construction  of  the  tank,  with  the  ex 
ception  of  the  diaphragm  walls,  is  unique,  it 
that  it  was  built  entirely  of  stone  masonr\ 
laid  in  1 :2  cement  mortar.  The  Home  has 
quarry  on  its  property  where  an  excellen' 
grade   of   limestone   was  available   at   almos' 
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no  cost.  Masons  for  laying  the  walls  could 
also  be  secured  near  at  hand.  A  comparison 
of  the  cost  of  masonry  wall  built  under  these 
conditions  with  a  concrete  wall  requiring  ex- 
pensive formwork,  proved  beyond  a  doubt 
the  economy  of  the  former  type  of  construc- 
tion. The  inside  faces  of  the  walls  were  left 
rough  and  afterward  plastered  with  cement 
mortar  and  given  a  smooth  finish.  The 
diaphragm   walls   were  built  of    1:1^4:3   rein- 


duit  is  laid  under  the  floor  and  has  obstruc- 
tions placed  therein  to  thoroughly  mix  the 
tilter  effluent  with  the  hypochlorite  of  lime 
solution.  The  building  contains  the  rein- 
forced concrete  mixing  and  solution  tanks, 
and  a  float  controlled  constant  head  tank  for 
adding  the  solution  at  uniform  rates.  The 
chloride  of  lime  is  mixed  by  hand  and  in 
sufficient  quantity  to  last  about  .30  hours.  This 
solution   is   allowed  to  run   into  the   percolat- 


The  Engineer's  estimate,  which  was  very 
carefully  made,  and  which  took  into  consid  • 
eration  the  isolated  part  of  the  country  in 
which  the  work  was  to  be  done,  showed  that 
the  construction  would  cost  about  $7,000. 
After  due  deliberation,  the  directors  came  to 
the  conclusion  that,  by  using  institutional 
labor  and  stone  from  their  own  quarry,  a  re- 
duction in  this  estimate  could  be  effected. 
Nearly   all   of   the   work   at   the   institution   is 
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forced  concrete  and  were  carefully  joined 
into  the  stone  masonry.  A  pleasing  and  fin- 
ished effect  has  been  obtained  by  placing  a 
concrete  coping  along  the  tops  of  the  walls. 

The  mean  velocity  in  the  sedimentation 
chamber  has  been  calculated  as  being  prac- 
tically 0..')  m.m.  per  second  and  the  maximum 
velocity  at  the  surface  of  the  sewage  will  not 
exceed  1  m.m.  per  second.  The  velocity  at 
the  slots  must  necessarily  be  as  near  zero  as 
possible. 

Dosing  Chamber. — The  dosing  chamber  is 
located  immediately  adjacent  to  the  Imhoff 
tank,  and  connected  thereto  by  a  continuation 
of  the  effluent  channel.  Before  entering  the 
chamber,  the  Imhoff  effluent  is  passed  through 
a  %-in.  mesh  wire  screen  to  retain  foreign 
substances  which  would  have  a  tendency  to 
clog  the  nozzles.  The  dose  of  about  3.50  gals, 
is  discharged  into  the  distributing  piping  by 
an  8-in.  Miller  syphon  drawing  3  ft.  of  water. 
."Ml  of  the  feed  pipe  and  the  specials  are  cast 
iron  water  pipe,  American  Water  Works  As- 
sociation standard  for  100  ft.  head.  The 
joints  were  made  of  lead  poured  hot  and 
afttrward   caulked. 

Pcrcolaliufj  Filler. — The  superficial  area  of 
the  percolating  filter  is  nearly  .04  of  an  acre. 
The  average  rate  of  filtration  will  be  ap- 
proximately   1,400,000  gals,   per  acre  per   day, 


ing  filter  effluent  at  uniform  rates  during  both 
day  and  night,  although  the  night  rate  is  de- 
creased to  correspond  with  the  decreased 
sewage  flow  during  that  time.  The  rate  of 
adding  and  the  strength  of  the  solution  are  so 
adjusted  that  available  chlorine  is  added  at 
the  rate  of  about  21i  parts  per  million. 

Secondary  Settling  Tank. — The  disinfected 
eflluent  flows  through  the  main  conduit  and 
into  the  secondary  settling  tank,  which  is 
rectangular  in  plan  and  has  a  hopper  bottom. 
The  filter  effluent  is  distributed  and  collected 
by  weirs  as  in  the  Imhoff'  tank.  The  sludge 
which  flows  to  the  drying  beds  by  gravity  is 
removed  by  a  differential  head,  similar  to  the 
scheme  in  use  at  the  Imhoff  tank.  The  de- 
tention period  in  this  secondary  tank  has 
been  made  one  hour  as  the  designer's  experi- 
ence along  this  line  has  shown  that  this  time 
is  sufficient.  The  effluent  is  discharged  into  a 
small  brook  which  carries  it  to  the  Brandy- 
wine.  No  nuisance  is  created  in  this  brook 
due  to  the  high  degree  of  purification  obtained 
in  this  plant,  although  the  dilution  ratio  or- 
dinarily will  not  exceed  1  :.5. 

Sludge  Drying  Beds. — The  drying  beds 
have  an  area  of  .023  acres,  which  is  rather  ex- 
cessive for  sludge  drying  purposes  only,  in  a 
plant  of  this  size.  It  is.  however,  contem- 
plated to  use  a  part  of  this  bed  occasionally 


Fig.  3.     General   View  of  Sewage  Treatment   Plant  at  Chester  County  Home. 


and  the  maximum  rate  will  not  exceed  2,000,- 
OOO  gals,  per  acre  per  day. 

The  sewage  after  leaving  the  dosing  cham- 
ber flows  in  turn  through  the  main  distribut- 
ing piping,  the  6-in.  lateral  distributors,  and 
the  'i-in.  riser  pipes,  from  which  it  is  sprayed 
on  the  stone  by  27  Taylor  hexagonal  type 
nozzles  of  which  G  are  used  for  half  sprays. 
The  lateral  distributors  are  laid  in  the  body 
of  the  filtering  material  and  are  supported  by 
concrete  posts  running  to  the  floor.  The 
filter  media,  which  is  7  ft.  deep,  is  local  lime- 
stone nearly  white  in  color,  the  sizes  ranging 
from  IVj  to  4  ins.  The  floor  on  which  the 
cement  underdrains  are  laid,  slopes  toward 
the  right  end  along  which  is  built  the  main 
collecting  channel,  which  carries  the  effluent  to 
the  disinfection  house.  A  view  of  the  filter 
in  operation  is  shown  in  Fig.  4. 

Hypochlorite  Disinfection  House.  —  The 
hypochlorite  house,  which  is  built  of  cut  stone 
masonry  laid  in  cement  mortar,  is  9  ft.  by  12 

ft.    inside    dimensions       The    main    effluent    ron- 


as  a  sand  filter  and  for  this  reason  a  larger 
area  was  utilized  than  was  really  necessary 
niercly  for  sludge  drying.  The  plant  piping 
is  arranged  accordingly.  The  distributing 
trough  which  is  carried  through  the  middle 
of  the  bed  on  a  masonry  wall,  has  four  out- 
lets, i.  e.,  two  for  each  bed,  all  of  whicli  are 
equipped  with  stop  planks.  The  stone  ma- 
sonry wall  besides  supporting  the  trougli  acts 
as  a  dividing  wall,  so  that  one  side  of  the  bed 
may  be  used  independently  of  the  other.  The 
media  consists  of  21  ins.  of  local  sand  spread 
over  graded  gravel,  in  which  the  underdrains 
are  laid.  The  embankments  surrounding  the 
filters  were  made  of  clean  earth  sodded  both 
inside  and  outside.  The  drain  water  is  con- 
ducted to  an  old  dry  room  through  which  it 
flows  to  the  above  mentioned  Brandywinc 
Creek. 

C0N.STRt'CTI0N. 

.After    the    i)lans    had    been    drawn,    the    di- 
rectors  of   the    Home   very   carefully   consid- 
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done  with  its  own  labor,  and  it  was  decided 
to  carry  out  this  work  in  the  same  manner, 
and  in  fact  all  of  the  work,  with  the  excep- 
tion of  the  stone  masonry,  was  done  with  in- 
stitutional labor.  The  work  was  begun  in 
the  late  summer  of  1912,  and  completed  in 
October  of  this  year.  The  time  of  building 
was  somewhat  lengthy,  but  on  considering 
that  for  three  months  during  the  winter  of 
1012-13,  practically  nothing  was  done  and  that 
during  the  spring  and  summer  of  1913,  all  of 
the  routine  farm  work  was  looked  after,  the 
record  is  highly  commendable.  No  excep- 
tional difficulties  were  experienced  during  the 
construction.  The  total  cost  of  the  plant  com- 
plete has  been  somewheat  less  than  $-5,000, 
which  means  a  saving  to  the  Home  of  about 
$2,000. 

The  plant  itself  is  located  behind  the  brow 
of  a  small  hill  and  is  consequently  invisible 
from  the  highway.  It  presents  a  very  neat 
and  unique  appearance  with  its  pointed  stone 
masonry  walls.  Such  construction  with  its 
incident  beantification,  would,  if  more  gen- 
erally carried  out  in  this  country,  tend  to 
overcome  much  of  the  prejudice  existing 
against   sewage   treatment   plants. 

On  the  occasion  of  an  inspection  by  the 
writers,  in  the  late  fall  of  1913.  the  plant  had 
been  operating  successfully  for  about  two 
months.  The  effluent  was  clear,  colorless, 
odorless  and  non-putrescible.  No  operating 
results  were  available  at  that  time,  although 
from  unofficial  reports,  we  believe  that  every 
requirement  will  be  very  fully  met,  and  that 
operating  costs  will  be  very  low. 

Too  great  credit  cannot  be  given  to  Mr. 
Davis  Garrett,  the  superintendent  of  the 
Home,  for  his  interest  in  this  comparatively 
new  and  difficult  work.  His  intelligent  con- 
struction has  made  a  plant  whose  beauty  and 
stability  furnish  an  admirable  example  of  a 
modern  up-to-date  treatment  plant. 

The  plant  was  designed  bv  Mr.  Chas.  F. 
Mcbus,  M.  A.  S.  C.  E.,  of  .M'bright  &  Mebus, 
Consulting  F.ngineers  of  Philadelphia,  Pa., 
and  Mr.  P.  E.  Mebus,  C.  E.,  Assistant  En- 
gineer. The  construction  was  under  the  su- 
pervision of  Mr.  F.  R.  Berlin.  C.  E.,  As- 
sistant  Engineer. 


A    $125  000   Dam   at    Cedar   Rapids,    la.— 

Plans  and  specifications  are  being  prepared 
for  the  construction  of  a  dam  for  the  city 
of  Cedar  Rapids,  la.  It  will  be  of  the  solid 
gravity  type  about  650  ft.  long  and  will  be 
provided  with  floodgates  and  with  a  small 
lock.  The  local  railway  and  light  company 
will  pay  a  rental  of  $12,,500  per  year  for  the 
use  of  the  dam,  and  will  construct  a  power 
plant.  At  an  election  on  Dec.  16  the  city 
officials  w-ere  authorized  to  issue  $125,000  of 
bonds  for  the  construction  of  the  dam.  Core 
borings  have  been  made  at  the  site,  but  it  will 
be  some  time  before  the  plans  are  \eady  for 
bids.     Hedrick  &  Cochrane,  Kansas  (Sijty,  Mo., 
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Some   Important   Features   in  the   De- 
sign and  Operation  of  Imhoff  Sed- 
imentation and  Sludge  Diges- 
tion Sewage  Tanks. 

An  article  entitled,  "Some  Observations 
upon  the  Preparatory  Treatment  of  Sewage 
with  Special  Reference  to  California  Condi- 
tions'' was  published  in  Exgineering  and 
CoxTRACTixG  of  Dec.  10.  VMS.  That  article, 
which  discussed  sedimentation  and  sludge  di- 
gestion in  single  and  two-story  sedimentation 
tanks,  independent  sedimentation  and  sludge 
digestion,  the  odor  problem  in  connection  with 
Cameron  and  Imhoff  septic  tanks,  and  briefly 
reviewed  California  experiences  in  the  pre- 
paratory treatment  of  sewage,  was  from  a 
paper  before  the  California  League  of  Muni- 
cipalities by  Charles  Gilman  Hyde.  Professor 
of  Sanitary  Engineering  at  the  University  of 
California  and  consulting  engineer  of  the  Cali- 
fornia State  Board  of  Health.  The  present 
article  is  taken  from  a  paper  prepared  by 
Prof.  Hyde  for  "Pacific  Municipalities,"  the 
official  organ  of  the  League  of  California  Mu- 
nicipalities. We  are  indebted  to  Professor 
Hyde  for  a  copy  of  the  paper  here  given. 

While  the  present  article  is  written  for  con- 
ditions as  they  e.xist  in  California,  practically 
all  that  is  given  is  of  general  application.  The 
climatic   conditions   in    California   have   appar- 


the  state  heavy  frosts  are  only  occasionally 
known.  In  fact,  the  conditions  are  such  that 
sewage  treatment  works  must  be  designed  and 
operated  with  the  expectation  of  extraordinary 
biological  activities.  In  common  septic  and  Im- 
hoff tanks  it  is  necessary  to  prevent  excessive 
scum  formation,  and  in  the  latter  tanks,  espe- 
cially, large  scum  chambers  must  be  provided 
readily  accessible  for  frequent  scum  agitation, 
and,  if  necessary,  scum  removal.  It  is  to  be 
noted  in  this  connection  that  scum  formation 
is  more  or  less  directly  related  to  biological 
activity  and  the  production  of  gas  through  the 
decomposition   of   organic    matter. 

FE.\TURES    OF    DESIGN    OF    IMHOKF    TANKS. 

The  Subsidence  Period.  —  Fundamentally, 
the  subsidence  period  provided  in  Imhoff  tank 
installations  must  be  sufficiently  prolonged  at 
most  critical  times  (i.  e.,  times  of  maximum 
flow  or  of  the  discharge  of  wastes  which  are 
most  difficult  to  treat),  to  compel  as  effective 
subsidence  as  is  reasonably  possible.  Strangely 
enough,  the  available  evidence  goes  to  show- 
that  the  weaker  sewages  require  as  long,  if 
not  longer,  periods  of  subsidence  than  do  the 
stronger.  .'Xt  any  rate,  the  "flowing-through" 
period  for  domestic  sewages  should  never  be 
less  than,  say,  from  1  to  1%  hours.  This 
means  that  the  average  period  of  subsidence 
should  be  considerably  greater  than  this,  and 
the  ma-ximum  period,  represented  by  minimum 
night  flow-,  would  be  still  further  prolonged. 
With  unclean  sedimentation  chambers  and 
with  too  prolonged  storage,  there  is  evidence 
that  some  septic  action  may  take  place.     In- 
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Fig.  4.  View  of  Sprinkling  Filter  In  Operation. 


ently  developed  certain  s|)ecial  problems  m 
the  preparatorv  treatment  of  sewage  in  Imhoff 
tanks,  as  well' as  in  septic  tanks  of  the  older 
Cameron  type.  Recent  experience  has  dem- 
onstrated the  need  of  more  careful  design,  as 
well  as  painstaking  operation.  Unfortunately, 
careful  attendance  and  wise  operation  have 
not  as  vet  obtained  in  connection  with  anv 
Imhoff  tank  installation  in  California  ot 
which  the  writer  is  aware.  For  this  reason, 
it  has  been  deemed  important  to  summarize 
at  this  time  the  main  conclusions  with  respect 
to  certain  features  of  design  and  operation 
which  appear  to  be  warranted  by  expcrKiici, 
both  in  general  and  in  particular,  under  Cali- 
fornia conditions. 

CALIFORNIA     CONDITIONS     AS     AFFECTING     SEWAGE 
TREATMENT. 

(The  following  paragraph  from  the  article 
published  in  ENGiNKERtNO  and  Contr.sctini; 
of  Dec.  10,  lOi:?,  is  quoted  to  co-ordinate  the 
reader  with  California  conditions  as  affecting 
sewage  disposal. — Editors.)  : 

Speaking  generally,  the  climatic  '■"•"1|'{°"»  '" 
California  are  strikingly  favor.iblc  to  all  proc- 
esses of  sewage  treatment  which  '"^"'^e  "  " 
logical  activities,  that  Is,  the  "''"'■l".'-'^  "^  "l"'/ 
te?la,  worms  and  other  organisms  « '• '^^ '  f  P*!,, 
ate  to  decompose,  digest  I'-Vdro'"'-'  K-f'fy  ?' 
oxidize  the  organic  and  mineral  matteis  in 
aewace  The  activities  of  the  organisms  In 
question  aTe'gr'latly  affected  by  temperature 
high  temperatures  tending  to  Induce  n'l>lrt  de- 
velopment and  great  activity  and  '""■'*■,";,';«' ■^,; 
tures  tending  to  Inhibit  "•;Y'^'h"""f  .ho  mLni 
lower  th^  vitality  and  the  activ  ty  of  the  oiga  i- 
Isms.  I-:xcept  at  the  higher  a>"t"?'",?..J",,.*^"  ,1 
tornia.  freezing  weather  occurs  b"'  '"^^'>  ,^'''J 
for   short    intefvals.    while    over   large   areas   of 


formation  with  respect  to  the  acuteness  and 
limitations  of  this  danger  is  not  locally  avail- 
able, but  it  is  very  essential.  It  ought  to  be 
forthcoming  before  very  long  through  expe- 
rience with  existing  and  immediately  proposed 
tanks. 

In  order  to  save  in  original  cost,  there  is  a 
natural  tendencv  on  the  part  of  engineers  to 
underestimate  the  maximum  rates  of  sewage 
flow  and  to  arbitrarily  and  unduly  limit  in 
design  the  "flowing-through"  period. 

As  a  matter  of  fact,  the  subsidence  or  re- 
tention period,  based  on  the  total  displace- 
ment volume  of  the  "flowing-through"  cham- 
bers in  anv  installation,  should  not  be  less 
than,  say,  from  >  to  4  hours,  varying  with 
conditions,  for  the  average  rate  of  flow  of 
sewage  from  a  population  estimated  for  .i 
reasonable  period  in  advance  of  the  time  of 
construction.  These  figures  are  larger  than 
those  which  have  been  given  for  Ccrinan  con- 
ditions, but  it  is  believed  that  local  circum- 
stances demand  longer  intervals  of  subsidence. 

Special  consideration  must  be  given  to  the 
effect  of  pumping  in  those  cases  where  pumps 
must  be  installed,  for  reasons  of  economy  of 
construction,  on  the  inlet  ends  of  liulii-)tT  or 
other  subsidence  tanks.  With  unduly  large 
pumps  operating  intermittently  at  compara- 
tively rapid  rates,  there  is  a  tendency  to  force 
the  sewage  through  the  siibsideiice  chambers 
without  giving  proper  opportunities  for  the 
deposition  of  sludge. 

If  such  pumps  are  employed,  the  volume 
discharged  at  any  one  operation  wonid  be  only 


a  fraction  of  the  total  volume  or  displace- 
ment capacity  of  the  "flow-ing-through"  cham- 
bers, and  such  chambers  should  be  effectively 
baffled  to  break  up  the  adverse  currents  which 
would  otherwise  inevitably  be  formed. 

The  Sludge  Digesting  Period.— Tht  period 
provided  for  the  digestion  of  sludge  should  be 
determined  upon  the  basis  of  a  number  of 
considerations,  among  which  are  primarily  the 
character  of  the  sludge  and  the  probable  in- 
tensity of  biological  activity  in  the  sludge  di- 
gestion chambers.  This  latter  factor  is  prob- 
ably the  more  important  one  with  domestic 
sewages.  It  is  probable  that  a  miniuuim  pcrioii 
of  two  months  is  required  for  the  complctf 
digestion  of  sludge  under  optimum  conditions, 
and  that  the  total  effective  storage  capacity  of 
sludge  digestion  chambers  should  never  be  less 
than  four  months  under  California  conditions 
in  large  plants.  The  smaller  the  plant  the 
longer  the  period  of  sludge  storage  which  may 
w-ell  be  provided,  because  of  the  greater  vari- 
ability w-hich  is  likely  to  obtain  w-ith  respect 
to  the  character  and  condition  of  the  sludge 
and  because  of  the  desirability  of  reducing  to 
a  minimum  the  attendance  required  to  be  given 
to  the  withdrawal  and  drying  of  sludge,  etc. 
For  the  ordinary  case  in  California,  giving  due 
consideration  to  climatic  conditions,  including 
the  duration  of  the  rainy  season,  it  would 
appear  that  an  effective  sludge  capacity  repre- 
senting six  months  of  storage  of  the  sludisre 
received  from  the  population  upon  the  basis 
of  w-hich  the  tanks  arc  proportioned  w-ould 
be  reasonable. 

The  volume  of  sludge  found  at  any  time  in 
a  given  tank  depends,  of  course,  primarily 
upon  the  period  represented  by  the  deposits. 
It  also  depends  upon  the  character  of  the 
sewage,  the  period  of  subsidence,  the  activity 
of  the  organisms  in  the  sludge,  the  volume  of 
gas  entrained  therein  and  the  water  content. 
The  last  named  factor  is  an  extremely  impor- 
tant one.  Freshly  settled  sludge  may  contain 
from  90  to  95  per  cent  of  water ;  a  thoroughly 
digested  sludge  may  contain  from  7.")  to  80  per 
cent  of  water.  With  a  given  dry  weight  of 
solids,  the  ratio  of  the  volume  of  a  sludge 
containing  7.5  per  cent  moisture  to  that  of  one 
containing  05  per  cent  of  moisture  is  as  1  to 
about  (5.2.  In  other  w-ords,  the  volume  of  75 
per  cent  moisture  sludge  is  only  16  per  cent 
of  05  per  cent  moisture  sludge. 

The  volume  of  thoroughly  digested  sludge 
(75  per  cent  moisturel  from  a  system  of  sani- 
tary sewers  (street  wastes  and  storm  waters 
being,  of  course,  excluded  therefrom)  is  given 
bv  Dr.  Imhoff  as  0.1  Htre  per  day  per  person 
connected  w-ith  the  system.  This  is  equivalent 
to  0.00.35  cu.  ft.  per  person,  or  3.5  cu.  ft.  per 
1.000  persons  per  day.  With  shallow  tanks 
and  the  less  complete  dewatering  of  the  sludge 
which  w-ould  ordinarily  take  place  therein,  the 
volume  of  sludge  to  be  withdrawn  would  be 
greater.  With  combined  sewers  receivinc 
storm  wastes  from  which  the  heavier  mineral 
matters  have  been  removed  in  silt  chamber^ 
on  the  outfall  sewer  lines.  German  cxperieno 
'  indicates  a  volume  of  0.2  litres  of  digested 
sludge  per  capita  per  day. 

It  is  to  be  noted  that  the  sludge  present  at 
any  stated  time  in  the  lower  chamber  of  an 
Imhoff  tank  is  by  no  means  uniform  in  com- 
position. The  uppermost  portion  of  the  de- 
posit would,  of  course,  be  comparatively  fresh, 
and  therefore  would  have  a  very  high  water 
content.  The  lowest  layers,  if  deposited  sev- 
eral months  previously,  should  be  well  di- 
gested and  greatly  rediucd  in  volume,  due  to 
a  very  considerable  dew-atering.  Between  the 
top  and  bottom  there  is  probably  a  gradual 
change  in  the  composition  and  character  oi 
the  sludge.  To  calculate  the  capacity  of  a 
given  sludge  digestion  chamber,  it  is  neces- 
sary to  take  into  account  at  least  these  three 
factors:  the  amount  of  sludge  to  be  deposited 
per  dav  (perhaps  best  expressed  in  terms  oi 
thoroughlv  digested  shulge),  the  average  vol- 
ume of  this  sludge  as  determined  by  the 
changes  taking  place  during  the  storage  or  re 
tention  period,  and  the  period  of  storage.  In- 
formation is  needed  as  to  the  water  conten; 
of  the  sludge  which  would  be  found  at  statec 
times  and  under  stated  conditions  at  diffcreni 
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depths    in    the    sludge    digesting    chambers    of 
Imhoff  tanks  of  varying  total  depth. 

Based  upon  the  above  considerations,  Mr. 
Kenneth  Allen  has  derived  the  following 
rough  general  formulas  for  the  determination 
of  the  effective  capacity  of  the  sludge  cham- 
bers of  an  Imhoff  tank  installation  : 

C  (sanitary  sewers  alone)  =  o.2.5  P.  D. 

C  (combined  sewers)  =  10.50  P.  D. 
where 

C  ^  effective  capacity  of  chambers  in  cubic 
feet; 

P  =  population  in  thousands  provided  for; 
and 

D  =  duration  of  storage  of  sludge  or  the 
retention  period   in   days. 

By  the  term  "efTective  capacity"  of  sludge 
digesting  chambers  should  be  meant  the  vol- 
ume measured  from  the  bottom  up  to  a  point 
such  a  distance  below  the  bottoms  of  the  slots 
of  the  "flowing-through"  chambers  that  no 
gas-laden  sludge  may  be  carried  backward 
through  the  slots.  This  level  is  ordinarily 
from  18  to  24  ins.  below  the  slots. 

General  Shape  and  Arrangements  of  Tanks. 
— Due  to  their  very  considerable  depth  (25  to 
30  ft.)  and  the  consequent  heavy  earth  pre.s- 
surc  involved,  German  tanks  have  consistently 
been  made  circular  in  form  with  conical  bot- 
toms, the  "flowing-through"  chambers  being  of 
both  longitudinal  and  radial  type.  American 
engineers,  except  for  the  deepest  tanks  or  for 
very  unfavorable  soil  conditions,  seem  to  pre- 
fer the  rectangular  type,  although  circular 
tanks  have  been  installed  in  a  number  of 
cases;  in  fact,  several  of  this  type  have  already 
been  built  and  others  are  projected  in  Cali- 
fornia. Circular  tanks  are  favorable  from 
the  standpoint  of  their  capacity  for  resisting 
earth  pressure,  but  there  can  be  no  question 
but  that  they  involve  heavy  additional  expense 
for  form  work  as  compared  with  rectangular 
tanks.  In  some  cases  the  expense  so  repre- 
sented is  greater  than  that  which  would  be 
represented  by  the  additional  concrete  and 
reinforcement  possibly  required  for  the  rec- 
tangular  tanks. 

Questions  of  depth  are  important.  The 
greater  the  depth  the  smaller  the  volume  of 
digested  sludge  will  be.  due  to  the  greater 
compression  of  the  entrained  gases  (resulting 
from  the  decomposition  of  sludge),  and  due 
to  the  smaller  water  content  or  percentage  of 
moisture.  In  populous  communities,  where 
land  is  very  valuable  and  sewage  treatment 
sites  are  restricted,  as,  for  instance,  in  por- 
tions of  the  Emscher  Valley  in  Germany, 
where  the  Imhoff  tank  was  first  developed, 
anv  saving  in  the  size  of  sludge  drying  beds 
which  may  be  effected,  without  excessive  cost, 
would  be  welcome.  Rut  where  land  is  com- 
paratively cheap  and  where  climatic  conditions 
as  related  to  the  drying  of  sludge  arc  very 
favorable,  as  is  notably  the  case  in  California, 
the  writer  is  inclined  to  believe  that  shallower 
depths  than  have  been  employed  in  Germany 
may  be  used  with  satisfaction  and  mav  repre- 
sent a  real  total  economv.  It  would  appear 
that  tanks  from  16  to  20  ft.  in  total  depth  can 
be  made  to  be  satisfactory,  provided  that,  in 
their  design,  proper  account  is  taken  of  the 
greater  average  volume  of  sludge  which  will 
obtam  with  a  given  weight  of  drv  solids  in 
the  shallower  tanks,  as  compared  with  the 
deeper  tanks  to  which  most  of  the  data  now 
available  relate. 

In  Germany,  in  installations  involving  sev- 
eral horizontal-flow  units,  the  tanks  are  fre- 
quently arranged  in  pairs  or  groups,  through 
which  the  sewage  flow  is  reversed  in  direction 
from  time  to  time,  so  that  the  character  and 
amount  of  sludge  deposited  in  the  several 
tanks  shall  be  uniform.  This  practice  has  been 
followed  iji  a  number  of  instances  in  America. 
American  engineers,  however,  when  employing 
horizontal-flow  rectangular  tanks  in  installa- 
tions involving  several  units,  frequcntlv  design 
them  independently  of  each  other,  the  flow  of 
sewage  through  each  being  determined  by  its 
size  or  capacity.  In  this  way,  since  each  tank 
receives  its  due  proportion  of  the  flow  of  .sew- 
age and  since  each  receives  the  same  character 
of  sewage  and  operates  presumably  under  the 
same   conditions,   the   sludge   deposits   in   each 


should    be    similar    in    character    and    relative 
volume. 

There  seems  to  be  no  valid  reason  why  mul- 
tiple "  flowing-through "  or  sedimentation 
chambers  cannot  be  employed  in  a  single  Im- 
hoff unit.  Such  an  arrangement  is,  of  course, 
primarily  suited  to  rectangular  tanks.  There 
would  apparently  be  no  greater  tendency  for 
sewage  to  pass  from  sedimentation  ch,imber 
to  sedimentation  chamber  through  the  com- 
mon sludge  digestion  chamber  than  there 
would  be  for  an  interchange  of  contents  to 
take  place  between  a  single  "flowing-through" 
chamber  and  the  sludge  digesting  chamber  be- 
neath it.  Experience  has  demonstrated  that 
siich  a  tendency,  if  it  exists  at  all,  is  very 
slight  and  does  not  require  special  considera- 
tion. Theoretically,  of  course,  due  to  relative 
temperature  changes,  such  an  interchange  of 
liquids  might  take  place.  Where  several  sedi- 
mentation chambers  in  a  single  unit  are  pro- 
posed, great  care  must  be  taken  accurately  to 
proportion  the  flow  of  sewage  between  them 
by  the  use  of  suitable  and  sufficient  inlet  and 
outlet  devices.  Such  devices,  it  is  believed, 
can  be  readily  arranged.  In  a  recently  pro- 
posed installation  the  writer  has  suggested  as 
many  as  three  sedimentation  or  "flowing 
through"  chambers  or  channels  above  a  com- 
mon sludge  digestion  chamber.  One  tank  has 
already  been  constructed  in  California  with 
two  "flowing-through"  chambers  of  the  type 
in  question. 

It  should  be  remembered  that  the  greater 
the  width  of  such  sedimentation  chambers  the 
greater  their  depth  must  necessarily  be,  and 
the  greater  will  be  the  volume  of  ineffectual 
space  in  the  scum  chambers  above  the  level  of 
the  slots.  The  use  of  multiple  sedimentation 
chambers  may  often  permit  of  their  better  pro- 
portioning and  greater  effectiveness. 

It  will  be  observed  that  there  is  an  oppor- 
tunity for  the  display  of  considerable  origin- 
ality in  the  design  and  arrangement  of  these 
structures,  and  it  is  to  be  hoped  that  eff^ective 
means  may  be  taken  to  simplify  their  con- 
struction as  much  as  possible,  at  the  same  time 
maintaining  their  efficiency. 

The  "Flowing-Through"  or  Sedimentation 
Chamber. — Thorough  diffusion  of  the  sewage 
is  essential  to  the  highest  efficiency  and  to  the 
utilization  of  the  nominal  storage  period  as 
completely  as  possible.  This  means  that  for 
any  given  flow  of  sewage  the  actual  retention 
period  must  approximately  equal  the  nominal 
period  as  determined  by  the  volume  of  the 
sedimentation  chamber  and  the  rate  of  flow. 
It  is  impossible  in  practice  to  secure  absolutely 
complete  diffusion,  but  it  may  be  materially 
assisted  in  several  ways.  The  sedimentation 
chamber  may  be  made  very  long  as  compared 
with  its  w-idth  and  depth  ;  effective  means  may 
be  devised  for  bringing  the  sewage  into  the 
chamber  and  taking  the  sewage  from  it 
through  a  number  of  ports  or  openings;  and 
specially  designed  diffusion  b.Tffies  may  be  used 
at  the  ends  of  the  chamber,  and,  possibly,  un- 
der certain  conditions,  distributed  throughout 
i(s  length.  Preferably  all  of  these  features 
should  be  employed  to  secure  effective  dis- 
placement or  diffusion  of  the  sewage  in  pass- 
ing through  any  sedimentation  chamber. 

.■\side  from  the  matter  of  the  storage  period 
above  discussed._  the  rate  of  flow  or  velocity 
of  forward  motion  through  such  chambers  is 
very  important.  General  experience  derived  in 
the  subsidence  of  sewage  and  of  water  indi- 
cates that  the  average  rate  of  forward  motion 
should  not.  as  a  rule,  be  greater  than  from  50 
to  "5  ft.  per  hour.  In  Germany,  in  the  sedi- 
mentation chambers  of  Imhoff  tanks,  the  aver- 
age nominal  velocity  is  stated  to  be  not  usually 
less  than  60  ft.  per  hour.  It  is  wise  to  adop!, 
a  low  average  rate  of  forward  travel  in  the 
design  of  chambers  of  this  sort,  because  of  the 
frequently  unexpected  rapid  growth  of  our 
communities  and  the  general  tendency  to  un- 
derestimate the  volume  of  sewage  flow. 

In  order  that  the  sludge  settling  from  the 
sewage  passing  through  these  tanks  may,  to 
the  greatest  possible  extent,  automatically  and 
without  assistance  pass  through  the  slots  into 
the  digesting  chamber  below,  it  is  important 
that  the  bottom  slopes  be  not  less  than,  say, 


1.25  on  1.0.  It  is  probably  seldom  desirable 
to  increase  these  slopes  beyond  1.5  on  1.0.  The 
angles  represented  by  these  slopes  are,  respect- 
ively, 51°  and  50°,  measured  from  the  hori- 
zontal. The  interior  surfaces  of  these  cham- 
bers should  be  very  smooth.  Slots  in  baffles 
or  other  obstructions  in  sedimentation  cham- 
bers should  have  their  upper  surfaces  steeply 
sloped,  so  that  deposits  will  not  accumulate 
upon   them. 

The  proper  width  of  slots  in  the  bottoms  of 
sedimentation  chambers  through  which  the 
sludge  may  pass  to  the  digestion  chambers  is 
determined  more  by  experience  and  by  certain 
practical  considerations  than  by  theory.  From 
6  to  8  ins.  would  represent  good  design  for 
large  chambers,  while  even  4  ins.  may  be  found 
satisfactory  for  small  works,  where  the  sew- 
age is  screened  or  otherwise  free  from  the 
danger  of  conveying  extremely  coarse  matters. 
A  most  important  detail  is  the  overlapping  of 
the  edges  of  the  bottom  slopes  of  the  sedimen- 
tation chamber  so  that  no  gases  or  gas-laden 
particles  from  the  lower  sludge  digestion 
chamber  may  pass  upward  through  the  slots. 
The  overlap,  measured  horizontally,  should 
never  be  less  than  .3  or  4  ins.  A  safer  figure 
would  be  6  ins. 

The  Sludge  Digestion  Chamber. — Comments 
have  been  made  above  with  respect  to  the  ca- 
pacity, depth  and  general  shape  of  sludge  di- 
gesting chambers.  It  remains  nierelv  to  dis- 
cuss the  features  of  bottom  slopes,  sludge  re- 
moval pipes  and  sludge  stirring  and  diluting 
devices. 

The  bottom  slopes  of  sludge  digesting  cham- 
bers may  be  comparatively  slight.  A  slope  of 
1  on  2  would  appear  to  be  ample,  and  under 
certain  conditions  an  even  smaller  slope  may 
be  desirable.  It  should  be  noted,  however,  in 
this  connection,  that  earth  and  water  thrusts 
are  the  better  resisted  by  inverted  cones  or 
pyramids  which  are  not  unduly  flat. 

Sludge  removal  pipes  are  seldom  less  than 
8  ins.  in  diameter  nor  more  than  10  ins.  In 
very  small  and  shallow  installations  6-in.  or 
even  4-in.  pipes  may  be  employed  with  satis- 
faction. Sludge  removal  pipes  should  be  en- 
larged, if  possible,  by  some  .sort  of  bell  end 
at  their  lower  extremities.  They  should  be 
set  with  their  lower  ends  from  8  ins.  to  1  ft. 
above  the  bottom,  and  they  should  be  rigidly 
supported.  The  outlet  ends  of  these  pipes 
should  be  placed  witli  reference  to  the  normal 
water  level  in  tanks  so  that  the  static  head  will 
be  sufficient  to  force  the  digested  sludge  up 
through  the  pipes  and  out  into  the  channels 
delivering  upon  the  sludge  drying  beds.  Ex- 
perience has  shown  this  necessary  head  to  be 
from  3  to  6  ft.,  depending  on  conditions.  On 
general  principles,  the  head  allowed  should  be 
as  great  as  possible.  Arrangements  for  back- 
filling these  pines  with  water  or  settled  sewage 
after  use  in  the  removal  of  sludp'e  should  be 
made.  The  pipes  should,  in  all  cases,  be  heav- 
ily coated  with  materials  which  will  resist  the 
action  of  the  gases  and  decomposing  products 
in  the  sludge  digesting  chambers. 

A  perforated  pressure  pipe,  arranged  in  the 
form  of  a  ring,  should  he  installed  near  the 
bottom  of  each  sludge  digestion  chamber.  It 
will  serve  a  double  purpose  in  that  it  may  be 
employed  to  loosen  the  sludge  should  it  be- 
come too  dense  and  fail  to  flow  readily 
through  the  removal  pipe,  and  it  may  be  used, 
if  necessary,  to  dilute  the  sludge  and  carry 
away  any  by-products  of  the  growth  of  bac- 
teria and  other  organisms  which  may  have 
accunuilated  to  such  an  extent  as  to  seriously 
lower  the  vitality  and  reduce  the  activity  of 
these  very  necessary  organisms.  Such  an  un- 
favorable condition  in  the  sludge  would  appear 
upon  its  withdrawal  or  from  an  examina- 
tion of  samples  properly  collected.  This 
pressure  pipe  may  be  supplied  with  water  or 
with  settled  sewage.  If  the  latter  is  employed, 
it  will  ordinarily  require  to  be  pumped,  and 
if  such  is  the  case,  the  pump  suction  should 
be  provided  with  a  fine  screen.  The  holes  in 
this  perforated  pipe  should  be  suitably  spaced 
and  directed,  and  should  be  of  proper  size  to 
secure  the  desirable   results  above  outlined. 

Scum  Chambers. — The  scum  chambers,  so 
called,  in  Imhoff  tanks,  really  constitute  a  part 
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of    the    sludoe    disestin"    chambers  •    in    other  where  tight  soils  exist  it  will  be  necessary  to  following  procedure  is  consistently  carried  out, 

words!  their"  uppSst^  portion      In   Cahfor-  construct^  tile  underdrains  superposed  by  8  to  the  results  w.Il  be  generally  satisfactory : 

nia     due    to    e.xtreme    biological    activity,    un-  12  ins.  of  porous   material   graded   from  bot-  (1)     Cleaning  Sides  and  Slots  of  Sedimen- 

screened    sewage   ordinarily   decomposes   very  torn  up  from  coarse  to  fine.     Construction  de-  tation   Chambers.— Eyery   fevy   days  the  wall.? 

rapidly,     forming     large     volumes     of     gases,  tails  of  such  beds  are  available  in  engineering  and   sloping  bottoms   of   sedimentation   cham- 

which  lift  the  particles  and  produce  scum  in-  literature.  bers  should  be  gone  over  with  a  rubber  squee- 

stead   of   sludge.     In   some   cases   the  amount  Cozers  I' crsus  Screens.— From  the  opeTniins  gee    (a   flat  hard-wood  board    from    12   to   24 

and  nature  of  the  scum  formation  has  repre-  program  outlined  herein  it  should  appear  that  ms.  long  and  from  3  to  4  ms wide  with  rub- 

sented  a  most  troublesome   feature  of  opera-  .-/instant  inspection  of  and  frequent  access  to  ber  edges  and  a  light  wooden  handle  of  length 

tion  of  septic  tanks  of  the  Cameron  tvpe  and  the  sedimentation,  scum  and  sludge  digestion  determined   by   the   dimensions   of   the   cham- 

of   Imhoff   tanks.     It  is   important   that   scum  chambers  of  Imhoff  tanks  are  oftentimes  ab-  bers)    and   all   adhering   solid   matters   pushed 

chambers  be  of  generous  horizontal  area,  per-  .^olutelv   essential  to  the  securing  of  satisfac-  down   through   the   slots.     Floating   materials, 

haps  at  least  15  per  cent  of  the  total  superficial  torv  and  effective  results.     Covers  over  these  such  as  matches,  corks,  etc.   behind  baffles  and 

area    of    the    sedimentation    chambers.     They  chambers    therefore,  are   to   be   avoided   inas-  all   scum   collecting   upon   the   surface   of   the 

should  be  perfectlv  accessible,  so  that  the  scum  n^ich  as  thev  are  entirclv  unnecessarv  to  the  sewage  passing  through  the  chambers,  should 

mav  be   frequentlv  broken  up  with  a  view  to  proper   phvsfcal   and   biological   action   of   the  be  removed.     This  may  be  done  by  means  ol 

liberate    the   entrained    gases    and    permit    the  tanks  and'are  a  decided  obstruction  and  hin-  a  dish-shaped  perforated  skimmer,  perhaps  18 

solids   to   settle   to   the   bottom,   where  proper  drance  to  their  proper  manipulation.     If  cov-  to    20    ins.    in    diameter,    attached    to    a    long 

digestion  mav  take  place.     If  this  is  not  done,  ers    must    be   provided    thev    should    be    suffi-  wooden   handle      The  scum  and  floating  ma- 

verv   troublesome   amounts   of    scum    may    be  ciently  elevated,   with   windows  and   doors   in  tcrial  may  be  thrown  into  the  scum  chambers 

formed,  and,  under  extreme  conditions,  prac-  the  side  wall,  so  that  all  parts  of  tanks  may  connecting  with   the  digestion   chambers.     .\o 

ticallv  the  entire  weight  of  solids  deposited  in  j.^   „.eii   lighted   and   readilv   accessible   to   at-  decomposing    material    should    be    allowed    to 

a  tank  will  be  lifted  into  the  scum  chambers  ,endants                                   '  accumulate  in  these  chambers,  otherwise  sep- 

and  will  collect  to  a  depth  which  will  be  lim-  experience   available   to   date   indicates  ^I'l'''"".,"!^    *"''"    ^'^^    '"''    disagreeable 

ited  onlv  bv  the  dimensions  of  the  tank.  ,            ^               r         screen    of    trees    or    a  °^?^^  Produced                                    ■     .  „  ,• 

This,  general  matter  has  not  received   hith-  ,,dee°^ot:nd  the  site  of  an  Imhoff  tank   in-  (2)     Reversal     of    Flozv.-ln     installations 
erto  the  attention  which  it  deserves.    It  should  SioTwlirbe   mtK^   bVter   than   covers  I^rthrflow  Sf  S%e"ers^r i^ di^VtL^^ 
be  realized  that  not  only  do  the  scum  cham-  i^^^  ^j  ^■^^^.     i„  t,,^  R^st  place  Ir^ulhtLanks  at  least  rn«rmonthT^^^^^ 
bers  represent  an  important  feature  of  design  ,     ,          .  r-ahfornia  orivet    eugenia,  pittos-  nro"g"  '"'^  tanks  at  least  once  a  montn.     inis 
«f  Jrr^hr^ff  f!.nl-s    hiif  thpv  are  essential  to  the  ^  neage   oi   i.,a  norma  urnci.   cuaciua,   t     "  ,     necessarv  or  at  anv  rate   verv   desirable  in 
of  Imhott  tanks,  but  tlie.\    are  esscnudi  to  uil  ^      aurustinus    or    any    one    of    a    dozen  ,       .l,^  "fU.  ei„Ho-p  Vollertine-  in  the  several 
operation  of  such  tanks,  both  as  respects  their  P            ^^^j,^y^     ,^„j^  ^^.„^,,j  ^e  infinitely  more  ^J^"  ^^a    ^^^  ™^  =°"f ''^f J,"    33  p^^sMe 
mode  of  action  and  their  manipulation.  nrtistir  than  anv  cover  could  possiblv  be.     If  -^^  '"^^    °^  maintainea  as  nearh   as  possiDie 
-7-,      c-i   J        r.     •        D  J      Ti,..     \.,A„^   A,-.-  '^rtist'C  tnan  any    <-u\er  cuuiu  ijusmuiv    uc  uniform  in  composition  and  volume. 
The  Sludge  Dry  ng  5r<f.-The  sludge  dr>-  ^   hedges   were  allowed   to   grow   up   quite  Breaking  Up  and  Removal  of  Scum  in 
.ng  bed  IS  a  very  necessary  adjuna  to  the  Im-  high    they   woiild   aid   in   diffusing   any   odors  ^      /   Chambers.-kvery  few  davs,  depending 
hoff   tank.      No    installation   of    Imhoff    tanks  generated  by  the  plant   (biit  such  odors  should  ^          j^e    character   and    composition    of    the 
should    be    attempted    without    suitable    pioM-  ^^j   ordinarily   obtain   with   properly   operated  ^^^^    ^^^         ■^.^^^.   ^^jj^    ^^.^-^^   -^   -^    j^^^^j^ 
sions  of  this  sort.  Imhoff     tank      installations)         \\  ell-ordereo  ^^^^  j,^^  ^^^^  collecting  in  the  scum  chambers 
The  necessary  area  of  the  sludge  drying  bed  hedges  would  do  much  to  allay  the  suspicion  g^ould   be  thoroughly  broken  up  with  a  rake 
or  beds  in  anv  installation  is  dependent  upon  of   neighbors    and    passers-by     while   a    board  ^^  ^^^^^  suitable  device  and  pushed  down  into 
the  frequencv  of  removal  and  the  consequent  fence  or  a  cover  would  tend  to  arouse  their  ^^^  digestion  chambers.     If  this  is  not  faith- 
amount  of  sludge  withdrawn  in  any  given  case.  suspicion    and    offend    their    aesthetic    sense^.  j^jj^.  ^^^  consistentlv  done  at  sufficientlv  fre- 
conditions  of  atmospheric  dryness  and  of  tem-  The  psychological  side  of  the  Drohlein  ot  nui-  ^^^^^^  intervals  scum"  mav  collect  to  altogether 
perature  are   important   factors  governing  the  sances  and  offense  to  the  public  is  extremel..  ^^^   excessive   depths    in   the   .scum   chambers, 
size  of  sludge  drving  beds,  because  they" deter-  import.int    and    should    receive    particular    at-  ^^^^^  depths  of  scum  will  not  digest  properly 
mine  to  a  considerable  degree  the  rapidity  01  tention   in  certain  cases.     There  is  no  excuse  ^^^  ^^^.  ^^^.^  ^^  ^^^^  p^.  ,^^5  offensive  odors 
the   drving   out   of   the    sludge.     Heavy   rains  for  unsightliness  even  in  connection  with  such  ^f  decomposition.    If,  in  spite  of  frequent  and 
not  only  moisten  the  sludge  but  tend  to  other-  commonplace     things     as     sewage     treatmen.  thorough   agitation   the   scum    layers   continue 
wise  interfere  with  its  drying  out  on  account  plants.  to  deepen,  relief  mav  be  had  by  spraying  them 
of  the  unduly  rapid  liberation  of  the  gas  bub-  Royalties.— The  Imhoff  tank   has   been   pat-  ^^.jtj,  ^  j,ose  under  pressure,  thus  breaking  up 
bles  which  they  bring  about.  Sludge  from  deep  gnted'  in  Germany,  in  the  United   States,  and  j^e  particles  somewhat  and   liberating  the  en- 
tanks,   because   of   the   usually    smaller   water  elsewhere  and  installations  are  subject  to  roy-  trained    gas.      If    this    is    ineffectual    and    the 
content    and     the    greater    compression,    and  j,]ty  fees.     These  fees  are  comparatively  sniall  ^^^^  lavers  become  too  deep,  dense  and  hard 
hence    the    greater    volume    of    entrained    gas,  .^^^  ^^g  payable  to  the  Pacific  Flush  Tank  Co.  j^gy  should  be  removed  by  means  of  shovels, 
will  require  less  area  in  drying  bed?  than  will  ^f  j^jg^^.  York  and   Chicago,  acting  as   .\nier-  -phg    5(.„m    5^    rem.oved    during    the    ripening 
the  sludge  from   shallow  tanks  of  similar  ca-  j^g^  agents  for  Dr.  Karl  Imhoff.  period   should   preferably   be   placed    in   a   pit 
pacity.     In   dry   weather  well-digested   Imhoff  p^.    j^j,off  and   his   representatives   do   not  and   covered    with    earth,     .\fter    the    process 
tank  sludge  of  the  usual  consistency,  contain-  attempt  to   design   installations   for  communi-  of  digestion  has  become  effectively  est.iblished 
ing  suitable  quantities  of  gas,  will  dry  out  and  ^.^^    1^^^^  require  that  local  engineers  shall  de-  in    the    lower    chambers,    any    scum    removed 
become    spadable   in    from    three   to    six   days  -^   ^^^  construct   such    works.     In   this   re-  from  the  scum  chambers  may.  in  some  cases, 
upon  beds  of  proper  construction.     Less  well-  ^^^^^^    j^^jj.    ,,ro?ram    is   quite    different    from  be  satisfactorily   treated   by   placing   upon   the 
dieested    sh-dgc   will   require   a   longer   period  ||^^^  ^^  ^1^^  Cameron   Septic  Tank  Co.,  which  sludge     drying'   bed     and     mixing     with     the 
for  dryine.  originallv  attempted  to  usurp  the  place  of  the  digested  sludge. 

The  usual   rule   for  determining  the  size  of  i^^al  engineer  and  to  design  and  install  nlant  ^^^     Obsen'at'on  of  Rate  of  Deposition  of 

sludge  drving  beds  in  Germany  in  connection  itself.     Their  attempted  royalty  charges  have  Sludoe.— The  rate  of  deposition  of  the  sludge 

with    Imhoff    tank   installations    servinq;    sani-  ^]^„    been    relatively    excessive    as    compared  j^,    jj^p    sludge   digestion    chambers    should    be 

tarv  sewers  only  is  to  provide  about  33n  sq.  ft.  ^^.jth    the    charges    which    are   being    '"ade    in  carcfullv  watched'and  the  elevation  of  its  sur- 

pcr   1.000  persons  represented  by  the  lank  ca-  connection  with   Imhoff  tanks.     Dr.  Imhoff  is  f^^^    should    be   determined    as    frequently    as 

pacity.     In    .America    this    figure    mav   be   ac-  ^]^^    to    advise    engineers    respecting    special  ^^^^  j„  g^^l,  ^^.ggk  or  ten  days.     This  may  be 

cepted    provisionally    for    tanks    of    the    usual  features  of  these  tanks.  fjonc  bv  means  of  a  weighted  board  or  sheet 

depth,  and  under  average  climatic  conditions.  ^j^^   schedule  of  charges,   represented   by  a  iron  plate   from   12  to  18  ins.  square  attached 

In  California,  where  the  dry  periods  are  more  ^{„f,](.  payment  when  the  construction  of  work  to  a   wire  or  cord  or  to  a  long  light   rod  of 

prolonged,   it   is   possible   that,   it/  some  cases,  :^  hecun    varies  with  the  population  which  the  wood  or  gas  pipe. 

especially  where  the  .sludge  digestion  chambers  j„,,aiip,i'on    is    pniporlionefl    to    serve    and    is  ^j^     Removal   of   Sludge.— When    the    sur- 

represent  a  considerable  period  of  storage,  tne  ,,g,ig^.p,|  ^^  be  approximately  as  follows:  f_.,ge  ^f  ,bc  sludge  has  risen  to  a  point  IS  or 

sludge  drying  beds  may  be  smaller.     It  wnuia  „„  _„__,p                  t     Z.-i  (smallest   fe<^)  20  ins   hclow  the  slots  some  of  the  thoroughly 

not    appear   safe    however    to   construct    such  =00  people.:::::: 60  digested  sludge  at  the  verv  bottom  of  the  tank 

beds  with  areas  less  than  2.)0  sq    H.  per  l.ui"'  ^  „„„  j,^,,^,^^ 80  should  be  drawn  off.     The  amount  withdrawn 

persons,   re^resented   by   the  nominal   capacity          .ji.oon  p.-pie ..•■•     zsn  -^^  ^^^   ^^^  ^.^^  ^^^^,^  ^^^^  ^^  ^^^  ^^^^^      I„ 

of  any  installation.  oo'.ono  peoplo 74n  the  first  place  only  well  digested  sludge  should 

Upon   the   sludge   drving  bed   the  gas-laden  sn.non  pcnpl.- 960  j^^   removed.     .Again,   it   is   better,   at   least   in 

sludge  quickly  loses  the  major  portion  of  its  .g^'^Iln  !^;:;;!;u/ ■•:;::::::::;;  J.'.lOO  large  plants,  to  remove  relatively  small  amounts 

water     content,     partly     by     evaporation,     but  oon:onf»  piM.pl'-: ::: ^'^J"  of  sludge  at  frequent  intervals  than  to  with- 

larpely  by  drainage.    A  7-')  to  SO  per  cent  mois-  f.no.noo  people '."O"  draw    very    large   quantities   infrequently.     If 

ture  sludge,  as  removed  from  the  tanks,  should  qperatiko   features  of  imhoff  tanks  the  entire  volume  of  sludge  were  removed  at 

thus  be  reduced  in  volume  from  40  to  ^.0  per  o           ,^j  Vf/irrfiWr  of  Operations.-The  fol-  any  one   time,   the  entire  process  of   ripening 

cent  and  in  water  content   from  2.'".  to  3.-,  per  .;f,'^'^"Xdule   of    operations    is    tcntativelv  or    establishing   effective    biological    action    in 

cent.     It  is  evident,  therefore,  that  sludge  dn--  °;^";ftg  j-^''^^ ^'j^en  ial  to  the  satisfactorv  and  -he   lower   chamber   w:ould    require   repetition. 

ing  beds   must  be  well   underdrained.     If    he  ^"^.^^i;^"^^.^,.,.;^     ^j  ,,„,,„ff  ,ank  installations.  This  ripening  period  is  sometimes  marked  by 

soils  in  which  they  are  located  are  not  natiir-  ^'I^'-f '^^  "^^^  7based  upon  general  as  well  as  verv   excessive  and   troublesome  scum   forma- 

ally  very  porous  and  sandy,  with  a  w^'"  .t^We  This  P/^P^j^J^.'^^^Vit  is  to  be  realized  that  tion.     G.eat  care  must  be  taken  not  to  allow 

several    feet   below   the    surface,   sub-drainage  '""'  •"L';^"'^"^" '^bow   that   other   features   of  the  sludge  to  pass  too  rapidly  out  through  the 

must    he    artificially    provided.     Occasionally  ^^^^Ynuhitionn  as   require  to  be  taken  into  ae-  sludge  withdrawal  pipes  because  the  less-well 

beds  mav  be  made  sufficiently  porous  by  sim-  '"^"  f  "'7  f"  ""•     i^  i,   l^jlieved    that,    if    the  digested  and  softer  sludge  nearer  tne  surface 

pic  unde'rdrainage  with  agricultural  tiles.     But  count.      iio«ivj   . 
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might  lie  forced  by  the  water  pressure  out  of 
the  tank  rather  than  tlie  more  compact,  thor- 
oughly digested  and  less-readily  flowing 
shidge  at  the  bottom.  In  other  words,  an 
inverted  cone  of  least  resistance  miglit  be 
formed  and  eventually  only  liquid,  rather  than 
solids,  would  pass  from  the  tank. 

(6)  Use  of  Perforated  Pressure  Pipes. — 
If  the  sludge  should  not  flow  readily  through 
any  sludge  removal  pipe  it  may  be  loosened  by 
forcing  clarified  sewage  or  water  through  the: 
perforated  pressure  pipe  in  the  bottom  of  the 
digestion  chamber.  If  clarified  sewage  is  em- 
ployed it  will  require  to  be  pumped  by  a  hand 
or  motor-driven  pump  whose  suction  should 
be  guarded  by  a  brass  screen  having  at  least 
ten  meshes  per  linear  inch,  so  that  the  per- 
forations in  the  pipe  may  not  become  clogged. 
.■\ccording  to  Saville,  excessive  scum  forma- 
tion may  sometimes  be  checked  by  the  occa- 
sional use  of  this  perforated  pipe.  When  this 
is  done  some  of  the  gas  in  the  sludge  is  driven 
oflf  and  there  is  consequently  less  tendency  for 
the  sludge  to  rise  into  the  scum  chambers. 
Furthermore,  if  the  activity  of  the  organisms 
in  the  sludge  seems  to  be  retarded,  due  to  the 
excessive  formation  of  so-called  enzymes  or 
other  by-products  of  their  existence,  these  may 
be  disseminated  and  diluted  by  spraying  fresh 
clarified  sewage  or  water  through  the  per- 
forated pipes  in  question. 

Ci)  Refilling  of  Sludge  Pipes. — After  each 
withdrawal  of  sludge  the  sludge  pipe  should 
be  backfilled  with  water  or  clarified  sewage. 
If  the  latter  is  employed  it  may  be  pumped 
into  the  pipe  by  means  of  the  force  pump 
mentioned  in  (C).  If  the  pipe  were  not  thus 
backfilled  it  would  almost  certainly  become 
clogged  with  dried-out  sludge.  If,  from  any 
cause,  the  sludge  pipe  should  become  clogged, 
it  may  be  cleaned  by  pushing  a  rod  through 
it  or  by  forcing  water  or  clarified  sewagf 
through  it  under  sufficient  pressure.  In  order 
that  these  methods  of  cleaning  may  be  utilized 
the  straight  run  of  the  pipe  should  be  contin- 
ued to  a  point  slightlv  above  the  high  water 
line  in  the  tank.  This  portion  of  the  pipe 
may  l)e  capped  if  desired,  tlic  cap  being  fitted 
with  a  pump  connection. 

(8)  Drying  of  Sludge.^The  depth  of 
sludge  deposited  upon  the  drying  lied  at  any 
one  time  should  not  be  over  12  or  15  ins.  In 
dry  weather  the  sludge  should  become  spade- 
able  in  a  few  days  and  should  be  removed 
from  the  bed.  It  mav  he  used  as  a  fertilizer 
upon  lands  or  it  may  be  used  for  filling  in  low 
places  upon  which  it  is  not  anticipated  that 
liouses  will  ever  be  built.  German  experience 
indicates  that  such  material  is  a  fairly  satis- 
factory fertilizer  and  is  well  worth  hauling 
away  and  utilizing  upon  cultivated  lands.  It 
has  the  advantage  of  being  able  to  lighten 
heavy  soils,  and  it  would  doubtless  furnish 
humus  to  soils  which  are  lacking  in  this  fea- 
ture. When  deposited  in  fills  the  thoroughly 
digested  sludge  does  not  undergo  putrefaction 
and  will  not  cause  any  nuisance  due  to  odors. 

(9)  Resurfacing  of  Sludge  Drying  Bed. — 
Whenever  the  surface  layer  of  the  sludge 
drying  bed  becomes  clogged  or  is  taken  away 
in  the  removal  of  the  sludge  a  new  layer 
should  be  applied.  This  feature  is  important 
in  order  that  water  draining  from  the  sludge 
may  be  removed  quickly  either  by  seepage 
into  the  underdrainage  system  or  into  the 
naturally  porous  sub-surface  materials,  as  the 
case  may  be. 

(10')  Sampling  and  Testing  of  Sewage. — 
The  superintendent  of  sewers  or  other  official 
in  charge  of  the  sewage  treatment  and  disposal 
works  should  be  provided  with  Imhoff  conical 
glass  graduates  for  testing  the  amount  of  sus- 
pended matter,  in  the  raw  and  settled  sewage. 
From  these  observations  the  efficiency  of  any 
installation  may  be  roughly  determined.  The 
results  should  be  recorded  on  proper  blanks 
prepared  for  the  purpose.  Ordinarily  this 
testing  should  be  done  once  a  day,  but  occa- 
sionallv  it  should  be  done  throughout  the  day 
in  order  to  determine  the  variations  in  the 
composition  of  the  sewage. 

(11)  Measurement  of  Scivage. — itvery  in- 
stallation should  be  provided  with  a  measur- 
ing weir,  suitable  orifices  or  other  devices  for 


determining  with  reasonable  accuracy  the  rate 
of  flow  of  sewage.  Whenever  possible  a  re- 
cording, self-integrating  gage  should  be  in- 
stalled to  exhibit  the  tlow  of  sewage  at  all 
times.  This  gage  should  be  systematically 
checked  against  a  suitable  glass  gage  and 
scale  or,  better,  against  a  hook  gage. 


Investigations  Preparatory  to  the  De- 
sign of  a  Comprehensive  Sewerage 
System  for  Cincinnati,  O. 

Withui  the  next  few  years  a  comprehensive 
sewerage  system,  costing  several  million  dol- 
lars of  which  $3,000,000  already  has  been  voted 
in  bonds,  will  be  installed  in  Cincinnati,  Ohio. 
The  various  major  features  of  the  proposed 
system  were  discussed  and  the  appropriate 
quantitative  data  were  given  in  an  article  pub- 
lished in  the  Current  News  section  of  En- 
gineering and  Contracting  for  Jan.  14,  1914. 
The  present  article  describes  the  preparatory 
investigations  requisite  to  a  comprehensive  im- 
provement of  the  sewerage  conditions  of  the 
city.  The  information  given  is  taken  from  the 
latest  annual  report  of  Mr.  H.  S.  Morse,  en- 
gineer in  charge  of  the  division  of  sewerage. 
This  sewerage  investigation  is  now  nearing 
completion  and  its  details  will  be  fully  de- 
scribed in  a  published  report  of  700  pages 
now  in  the  hands  of  the  printer. 

The  work  on  the  sewerage  investigations 
was  begun  in  April,  11312.  After  an  inspection 
of  existing  data  and  a  conference  with  the 
consulting  engineer,  Mr.  Harrison  P.  Eddy, 
who  is  retained  for  this  work,  the  preliminary 
investigations  were  divided  into  these  sec- 
tions :  underground  survey,  topographic  sur- 
vey, new  and  relief  sewerage,  intercepting 
sewers  and  creek  improvements  and  sewage 
treatment.  As  descriptive  details  of  these  va- 
rious sections  of  the  work  are  contained  in 
the  annual  report  for  1912,  they  will  be  taken 
up  now  only  in  a  general  way  for  the  purpose 
of  showing  progress. 

Underground  Survey. — Upon  examination 
of  records  of  the  city  sewers,  it  was  at  once 
evident  that  they  were  incomplete  and  of  lit- 
tle value  in  the  careful  planning  of  sewerage 
improvements.  A  survey  of  all  existing  sewers 
was  mimediately  started  and  it  was  deemed 
advisable  to  locate  not  only  the  sewers,  but 
surface  investigations  of  all  underground 
structures,  as  water  and  gas  mains,  telephone 
and  telegraph  conduits,  etc.  Field  work  was 
completed  Nov.  21,  191.3,  49G  miles  of  sewers 
having  been  located.  This  total  will  be  in- 
creased by  the  addition  of  several  miles  of 
sewers  now  under  construction. 

The  data  supplied  by  this  .survey  are  being 
plotted,  and  traced  on  sheets  24x.''4  in.  on  a 
scale  of  ."lO  ft.  to  the  inch,  excepting  in  the 
congested  down  town  section  of  the  city, 
where  a  scale  of  40  ft.  to  the  inch  is  used. 
These  plats  will  be  reproduced  on  white  cloth 
prints  for  general  use.  Three  hundred  and 
ninety-seven  miles  of  sewers  have  been  plotted 
on  557  sheets,  and  if  the  present  rate  of  prog- 
ress is  maintained,  all  plotting  should  be  com- 
pleted by  June  1914. 

Topographic  Survey. — The  j)urpose  of  the 
topographic  survey  is  to  provide  an  accurate 
map  showing  in  detail  the  topographic  and 
drainage  features  of  the  city.  .M'hough  tlie 
area  of  the  city  is  approximately  70  square 
miles,  in  order  to  include  watersheds  affecting 
the  loca'  problem,  the  area  finally  mapped  was 
extended  to  a  total  of  102.16  square  miles.  .Ml 
field  work  for  the  map,  including  a  system  of 
triangulations  of  extreme  accuracy,  150  miles 
of  precise  level  lines  from  which  were  estab- 
lished 217  permanent  I)ench  marks  referred  to 
mean  sea  level  as  a  datiun,  28.')  miles  of  transit 
traverse  control  and  102. l(i  square  miles  of 
plane  table  topography,  was  completed  Nov. 
.3,  1913.  A  booklet  has  been  published  giving 
the  descriptions  and  elevations  of  the  217 
bench  marks. 

The  details  of  this  survey  are  shown  on  48 
sheets,  24x31  ins.,  the  scale  being  400  ft.  to 
the  inch  and  the  contour  interval  5  ft.  These 
sheets  have  been  inked  in  colors  as  perma- 
nent records,  and  in  order  to  make  these  data 
available  for  use  in  various  city  departments. 


reproductions  are  being  made  by  means  of  en- 
graving, the  work  of  engraving  and  printing 
of  the  reproductions  being  done  by  contract. 
Engraving  is  completed  for  approximately 
41.5  square  miles  of  area,  and  the  entire  work 
of  reproduction  should  be  completed  in  June 
1914. 

Care  in  the  reading  of  proofs  from  the  en- 
graved plates  is  essential  to  the  accuracy  of 
the  map,  as  the  high  standard  maintained  in 
the  making  of  the  map  can  easily  be  lost  in 
the  engraving.  This  work  of  proof  reading, 
therefore,  must  be  continued  in  a  careful  and 
painstaking  manner  to  the  completion  of  the 
work  of  reproduction. 

Necv  and  Relief  Sewerage. — Preliminary  to 
the  design  of  new  or  relief  sewerage,  studies 
were  made  of  the  rainfall  records  in  Cincin- 
nati from  1S71  to  1912,  furnished  by  the  U.  S. 
Weather  Bureau,  and  a  rainfall  curve  for  (Tin- 
cinnaii  w^as  plotted  from  these  records.  This 
curve  is  now  being  used  on  all  sewerage  de- 
sign being  done  by  the  city.  Also  it  was 
thought  advisable  to  start  observations,  which, 
if  continued  over  a  period  of  several  years 
will  furnish  excellent  data  as  to  the  coefficient 
or  proportion  of  runoff  of  rainfall  in  Chi- 
cinnati.  As  this  coefficient  varies  with  the 
topography  and  the  proportion  of  developed 
or  impervious  territory  in  a  given  area,  four 
drainage  districts  of  different  characteristics 
were  selected  for  study,  namely,  Walnut 
Street,  Clark  Street,  Badger  Street,  and 
Bloody  Run.  These  drainage  districts  have 
been  carefully  measured  and  analyzed,  and  the 
proportion  of  impervious  area  computed,  and 
13  maximum  sewer  gages  have  been  placed  in 
the  sewers  in  these  districts.  In  connection 
with  the  gages  in  the  Bloody  Run  district,  an 
automatic  rain  recording  gage  has  been 
placed  on  the  roof  of  a  building.  The  Weather 
Bureau  records  of  precipitation  are  available 
for  comparison  of  rainfall  and  runoff  in  the 
Walnute  Street  district.  A  regular  inspector 
has  been  assigned  to  make  frequent  visits  to 
these  various  gages  to  obtain  the  records  of 
gage  heights  and  to  keep  the  gages  in  or- 
der. The  results  from  the  automatic  gages 
have  been  entirely  satisfactory  and  as  a  rule 
the  maximum  gages  have  given  good  results 
wdiere  extreme  velocities  do  not  exist.  This 
condition  obtains  in  the  lower  end  of  the  por- 
tion of  the  Bloody  Run  district  now  under  ob- 
servation and  a  variation  in  the  type  of  maxi- 
mum gage  for  this  district  must  be  devised. 

The  relief  work  has  been  so  arranged  as  to 
attack  first  the  problems  of  localities  general- 
ly known  to  need  relief  and  is  being  extended 
so  as  to  include  the  entire  city  sewerage  sys- 
tem. As  rapidly  as  essential  data  are  sup- 
plied by  the  topographic  and  underground  sur- 
veys, computations  of  the  e.xisting  and  re- 
quired capacities  of  the  sewers  are  made  and 
when  found  inadequate  through  calculations, 
house  to  house  canvasses  are  made  to  verify 
the  findings.  Plans  for  relief  of  such  dis- 
tricts are  then  worked  out  for  use  as  the 
basis  of  future  sewer  construction.  The  char- 
acter of  this  work  is  such  that  progress  is 
necessarily  slow,  for  the  problems  must  be 
worked  out  by  a  few  men  particularly  fitted 
for  the  work.  As  a  rule,  there  are  several 
methods  of  relief  for  any  one  locality  and 
when  sewers  cost  from  $2  to  $20  per  foot,  care 
and  time  spent  in  analysis  and  comparison  of 
these  methods  result  in  the  saving  of  thou- 
sands of  dollars. 

While,  due  to  the  lack  of  funds,  the  entire 
area  of  the  city  cannot  be  covered  by  these 
studies  as  a  part  of  this  investigation,  this 
work  should  be  continued  without  interruption 
as  a  part  of  the  current  sewer  design  w'ork. 
By  this  means  a  plan  will  be  provided  which 
will  show  all  trunk  sewer  lines  needed  to 
serve  the  entire  area  of  the  city  whether  de- 
veloped or  not.  Then,  as  development  calls 
for  construction,  such  construction  can  be 
made  a  part  of  a  comprehensive  scheme  for 
sewerage  of  the  city  sufficient  for  ultimate 
population  and  thereby  prevent  damages 
caused  by  inadequate  scw'erage  and  also  the 
expense  of   frequent  rebuilding  of  sewers. 

Intercepting  Sewers  and  Creek  Improve- 
ments. — The  work  outlined  for  this  section 
of   the   investigation  included   studies  and   re- 
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ports  leading  to  the  relief  of  the  unsanitary 
conditions  existing  in  Duck  Creek,  Mill  Creek 
and  along  the  Ohio  River  front  of  the  city, 
and  reports  and  preliminary  plans  for  each 
of  these  intercepters  has  been  completed.  As 
it  was  early  decided  that  all  sewerage  plan- 
ning should  be  based  on  the  development  of 
the  city  in  1950,  studies  of  the  probable  area 
and  population  of  Cincinnati  in  1950  were 
made,  with  the  conclusion  that  the  area  would 
be  extended  from  70  to  141.5  square  miles 
and  the  population  increased  from  the  present 
figure  of  3(^4,000  to  720,000. 

Based  on  these  assumptions,  a  distribution 
of  the  population  over  the  entire  area  was 
made,  with  further  assumptions  as  to  the  par- 
ticular sections  to  be  devoted  to  residential, 
park,  cemeten.-,  industrial  and  commercial  pur- 
poses. While  the  results  of  this  work  are 
largely  conjectural  and  open  to  wide  varia- 
tions, they  have  sufficient  grounding  on  past 
statistics  of  this  and  many  other  United 
States  cities,  as  well  as  a  reasonable  allow- 
ance for  the  numerous  agencies  which  may  af- 
fect the  growth  of  the  citj-,  to  furnish  assur- 
ance tha^  intercepting  sewers  designed  on 
these  data  will  be  sufficient  for  the  require- 
ments of  the  population  of  Cincinnati  in  1950. 
In  addition  to  these  data,  preliminary  to  the 
design  of  intercepting  sewers,  information  was 
needed  as  to  the  quantities  of  sewage  for 
which  provision  should  be  made  for  the  va-  ■ 
rious  classes  of  development.  Consequently, 
gagings  were  made  on  eight  sewers  in  mer- 
cantile districts,  four  sewers  in  industrial 
areas,  and  on  two  sewers  in  residential  dis- 
tricts. In  the  majority  of  the  sewers  gaged, 
the  readings  were  taken  for  a  period  of  one 
week.  With  the  completion  of  these  prelim- 
inarie:..  the  following  units  of  maximum  flow 
were  atlopted : 

Water  supply  returned   to  sewers — 135  gals,   per 

capita  per  day. 
Ground   leakage   into  sewers— 750   gals,   per  acre 

per  day. 
Industrial  wastes— 9,000  gals,  per  acre  per  day. 
Commercial    wastes — 40,000    gals,    per   acre    per 

day. 

Kor  use  in  the  preparation  of  estimates, 
available  information  was  collected  and  a  re- 
■  port  on  the  sub-surface  materials  of  Cincin- 
nati wa;  made.  (The  various  intercepting  sew- 
ers were  described  in  sufficient  detail  for  the 
present  in  the  article  to  which  reference  has 
been  made.— Editors.) 

SEW.\CE  TREATMENT. 

Studies  bearing  on  the  question  of  the  ulti- 
mate disposal  of  Cincinnati  sewage  are  un- 
der the  direct  supervision  of  the  consulting 
engineer,  Mr.  Harrison  P.  Eddy,  and  the  re- 
port or.  this  branch  of  the  investigation  has 
been  completed. 

As  a  basis  for  the  report,  a  detailed  sanitary 
survey  including  dissolved  oxygen  tests,  was 
made  of  the  Ohio  River  between  the  intake 
fif  the  water  works  to  the  Fernbank  dam,  of 
the  Little  Miami  River,  Licking  River,  Mill 
Creek,  Muddy  Creek,  and  the  Miami  and  Eric 
Canal  irom  Hamilton  to  Cincinnati.  Samples 
of  wa'cr  for  chemical  and  bacterial  analysis 
were  collected  from  all  of  these  streams.  The 
sanitary  survey  of  the  Ohio  River  was  extend- 
ed cither  by  'correspondence,  personal  visits, 
or  reports  of  the  several  state  boards  of 
health  from  Pittsburgh,  Pa.,  to  Warsaw,  Ky. 

In  order  to  ascertain  the  character  of 
sewage  which  may  require  treatment,  a  gen- 
eral investigation  of  the  industrial  wastes  of 
345  manufacturing  plants  in  Cincinnati  was 
made.  These  included  tanneries.  1>rcwcries. 
slaugh'.cr  houses,  packing  houses,  soap  fac- 
tories, galvanizing  works,  distilleries,  glue, 
grease  and  oil  works.  Of  this  number,  132 
plants  were  studied  in  detail.  Twenty  sam- 
ples, representative  of  the  wastes  from  these 
plants  were  collected  and  analyzed. 

The  report  on  Sewage  Treatment  in  a  sim- 
ilar manner  to  the  closely  related  report  on 
the  Ohio  River  Intercepter  does  not  indulge 
in  untimclv  definite  recommendations,  hut  dis- 
cusses thoroughly  the  local  problems,  present- 
ing the  findings'  for  such  future  action  as 
necessity  may  demand. 


Object   and   General   Features   of   the 

Sewage   Treatment   Experiment 

Station  at  the  University 

of  Michigan. 

Last  spring  we  learned  that  an  experimental 
sewage  treatment  plant  was  to  be  installed  at 
the  University  of  Michigan  and  we  expressed 
our  enthusiasm  over  the  possibilities  of  the 
undertaking  in  an  editorial  entitled  :  Experi- 
mental Work  in  Sewage  Treatment  at  State 
Universities,  which  was  published  in  our  issue 
of  April  2,3,  1913.  .'\t  that  time  we  spoke  only 
in  general  terms  of  the  contemplated  Michi- 
gan in.«tallation,  for  the  reason  that  direct 
publicity  was  not  then  desired  by  those  who 
had  the  planning  of  the  station  in  hand.  The 
present  article  describes  the  object  and  gen- 
eral features  of  the  experimental  plant.  Our 
information  is  taken  from  an  article  by  Will- 
iam C.  Hoad,  Professor  of  Sanitary  Engineer- 
ing at  Michigan,  published  in  the  bulletin  of 
the  Michigan  State  Board  of  Health  for 
November,  1913. 

Last  year  the  regents  of  the  university  es- 
tablished a  sanitary  experiment  station  in  the 
department  of  engineering,  lor  the  purpose  of 
providing  means  whereby  various  problems  re- 
lated to  public  sanitation  might  be  studied. 
The  station  building  and  the  structures  that 
comprise  the  physical  equipment  of  the  plant 
are  now  just  completed,  and  the  plant  is  being 
put  into  operation.  It  is  located  on  the  north- 
erly slope  of  the  campus,  where  the  topogra- 
phy permits  the  compact  and  efficient  arrange- 
ments  of  the  various  station   structures. 

The  plans  at  present  under  way  relate  large- 
ly to  the  problerhs  involved  in  city  sewerage, 
especially  the  treatment  and  proper  disposal 
of  sewage,  and  of  other  city  wastes ;  and  to 
the  protection  of  streams  and  lakes  from  pol- 
lution. It  is  the  expectation,  however,  that 
opportunity  may  be  found  later  for  the  inves- 
tigation of  certain  problems  of  water  supply 
and  of  water  purification. 

For  the  purpose  just  outlined,  the  station  is 
equipped  with  fair  sized  working  units  of  all 
the  mere  reliable  and  better  known  sewage 
treatment  devices,  together  with  suitable  ap- 
paratus for  testing  the  results  of  the  various 
processes.  Some  of  the  more  important  of 
these  devices  may  be  mentioned  briefly. 

THE    SEPTIC    T.^NK. 

The  septic  tank  is  one  of  the  best  known 
and  most  valuable  devises  for  the  treatment 
of  city  sewage.  When  used  alone  it  does  not 
bring  about  a  complete  but  only  a  partial 
purification  of  the  crude  sewage.  Its  action 
is  to  separate  out  the  suspended  solids  of  the 
sewage  from  the  water  in  which  they  are  con- 
tained, and  afterwards  to  disintegrate  and 
liquify  these  removed  solids.  The  use  of  the 
septic  tank  in  this  manner  will  minimize  the 
tendency  of  sewage  discharged  into  lakes  or 
sluggish  streams  to  form  objectionable  depos- 
its near  the  sewer  outlet,  and  in  general  will 
permit  the  sewage  to  be  discharged  into 
smaller  streams  or  bodies  of  water  than  would 
otherwise  be  possible  without  giving  rise  to 
local  ruisanccs.  The  septic  tank  attains  its 
greatest  usefulness,  however,  when  employed 
in  combination  with  a  filtration  process,  the 
septic  tank  removing  and  disposing  of  the 
sludge  and  the  filter  taking  care  of  the  im- 
purities in  solution  in  the  sewage. 

.\  good  sized  septic  tank  unit  has  been  in- 
stalled as  a  part  of  the  station  equipment, 
which  will  not  only  illustrate  the  septic  tank 
process,  but  will  in  addition  permit  special 
studies  to  be  made  of  such  subjects  as  sludge 
disintegration,  gas  formation,  efficient  inlet 
and  outlet  arrangements,  effective  means  of 
controlling  the  flow  of  sewage  throngh  the 
tank,  most  profitable  detention  period,  and  the 
volume  and  character  of  the  residual  sludge, 
and  the  best  means  of  disposing  of  it. 

THE  IMHOFF  TANK. 

The  TmhofT  tank  is  a  relativclv  new  device 
for  the  separation  of  the  sludge  from  sew- 
age and  the  digestion  or  disintceration  of  its 
organi.-  constituents.  The  new  device,  although 
promising  well  for  the  future,  needs  to  be  rig- 
orouslv  tested  out  under  American  conditions 


before  its  advantages  as  well  as  its  limitations 
can  bo  fully  known.  The  unit  tank  included 
in  the  experiment  station  equipment  is  care- 
fully designed  with  this  purpose  in  view.  With 
it  studies  can  be  made  of  sludge  digestion,  the 
most  efficient  period  of  flow  for  the  crude 
sewage,  the  most  profitable  detention  period 
for  the  sludge,  the  nature  and  extent  of  gas 
formation,  effective  means  of  drying,  and 
finally  disposing  of  the  residual  sludge  and 
other  questions  bearing  on  the  economic  de- 
sign of  large  scale  plants. 

VARIOUS   FILTERS. 

Contact  Filters. — One  of  the  most  adaptable 
and  reliable  engineering  devices  for  the  purifi- 
cation of  sewage  is  the  contact  filter.  In  this 
device  the  sewage  is  very  thoroughly  clarified 
and  is  subjected  to  the  action  of  certain  scav- 
enger forms  of  bacteria,  which  are  colonized 
in  immense  numbers  in  filter  beds  of  gravel  or 
broken  stone.  Inasmuch  as  filters  of  this  type 
are  usually  constructed  from  local  materials, 
and  since  climatic  conditions  have  an  impor- 
tant bearing  upon  the  efficiency  of  their  opera- 
tion, 3  total  of  ten  filter  units  have  been  in- 
stalled for  the  purpose  of  testing  out  local 
gravels  of  various  sizes,  broken  stone,  coke, 
screened  cinders  and  any  other  promising  ma- 
terial that  may  be  found,  and  of  experiment- 
ing with  different  methods  and  rates  of  opera- 
tion. 

Trickling  Filter. — The  trickling  or  sprinkling 
filter,  now  common  in  England  and  steadily 
winning  its  way  in  America,  is  peculiarly  sus- 
ceptible to  climatic  influences,  being  especially 
sensitive  to  extreme  cold.  A  full-sized  unit 
of  this  type  of  sewage  filter  is  included  in  the 
station  equipment.  This  filter  is  set  out  in  the 
open,  where  it  will  be  subjected  to  the  rigors 
of  the  Michigan  winters,  and  is  so  arranged 
that  three  kinds  of  filtering  materials  and  two 
different  depths  of  each  material  can  be  tried 
out  at  the  same  time  under  identical  condi- 
tions. The  connections  are  so  arranged  that 
the  effluent  from  either  the  septic  tank  or  the 
Imhof?  tank  can  be  applied  to  this  filter. 

Sand  FiV/crj.— Extensive  areas  in  Michigan 
are  covered  by  the  drift  formation,  which  fur- 
nish excellent  opportunities  for  the  purifica- 
tion of  sewage  by  intermittent  filtration 
through  natural  beds  of  sand.  This  is  the 
method  of  sewage  purification  most  commonly 
employed  in  Massachusetts,  where  the  idea  was 
originally  developed ;  and  the  Massachusetts 
conditions  with  respect  to  topography  and  soil 
formation  are  in  many  ways  similar  to  those 
existing  in  Michigan.  The  bacterial  efficiency 
of  the  intermittent  filtration  process  is  so  high 
and  its  general  operating  results  so  satisfac- 
ton,-  that  it  should  be  given  a  thorough  trial. 

Two  sand  filters  are  included  in  the  experi- 
ment station  plant  by  which  tests  may  be 
made  of  different  qualities  of  sand  or  of  sand 
and  gravel;  of  most  profitable  rates  of  filtra- 
tion, and  of  best  methods  of  operation  during 
the   winter   season. 

OTHER    PROCESSES    ANO   DEVICES. 

In  addition  to  the  foregoing,  facilities  are 
provided  for  studying  methods  and  results  of 
screening  crude  sewage  through  fine-mesh 
screens  of  various  types :  the  sterilization  of 
sewage  and  of  the  effluents  from  the  various 
tanks  at^d  filters;  the  beneficial  effects  of  aera- 
tion as  an  aid  to  other  purification  processes; 
the  separation  and  concentration  of  sludge 
by  plain  sedimentation  in  specially  designed 
tanks;  and  other  special  methods  of  treating 
the  crude  sewage,  or  of  handling  the  sludge. 

RKI.ATION  TO  THE  STATE. 

The  population  of  the  cities  of  the  state  is 
increasmg.  With  this  growth  of  the  cities 
and  with  the  higher  sanitary  standards  that 
have  become  prevalent  in  recent  years,  the 
difficulty  of  securing  acceptable  municipal 
water  supplies  has  vastly  increased,  and  this 
tendency  may  fairly  be  expected  to  continue. 
The  cities  must  have  adequate  and  suitable 
water  supplies,  however,  at  whatever  cost. 
There  is  no  handicap  to  a  city's  normal  de- 
velopment more  powerful,  and  no  burden  more 
heavy  to  bear,  if  the  whole  story  could  be 
told,  than  an  inadequate  and  unsuitable  public 
water  supply. 

Mo\  cover,  as  the  sewered  population  upon 
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the  drainage  areas  of  streams  aiid  lakes  in- 
creases and  as  industries  grow,  inevitably 
there  comes  about  an  increased  pollution  of 
the  water,  unless  this  is  prevented  by  vigorous 
and  well-directed  remedial  measures,  such  as 
the  proper  treatment  of  the  sewage  or  indus- 
trial wastes  before  they  are  discharged  into 
the  stream.  But  sewage  treatment  costs  moneys 
both  to  build  the  disposal  plants  and  to  operate 
them  after  they  are  built,  and  both  the  cost 
and    the    efficiency    of    the    treatment    process 


depend  to  an  important  extent  upon  local  con- 
ditions of  climate,  topography,  geological  form- 
ation, sewage  characteristics  and  the  like.  One 
of  the  objects  of  the  station  will  be  to  try  out 
under  the  conditions  existing  in  southern 
Michigan  such  sewage  purification  processes 
and  devices  as  have  demonstrated  tlieir  use- 
fulness elsewhere,  and  to  exemplify  these  to 
city  officials  and  to  local  health  officers  in  a 
small  plant  operated  under  careful  supervision. 
The  growing  sensitiveness  of  the  courts  to 


questions  of  stream  pollution,  and  the  steady 
improvement  of  our  everyday  standards  of 
common  fairness  and  decency,  no  less  than 
the  slowly  increasing  actual  pollution  of  our 
streatns,  are  bringing  many  cities  face  to  face 
with  the  problem  of  the  proper  disposition  of 
their  municipal  wastes.  It  is  the  hope  of  the 
experiment  station  that  it  may  be  able  to  assist 
the  cities  of  the  state  somewhat  in  meeting 
this   problem. 


<]jl> 


Concrete  Tile  Floor  Construction  for  a 

Reinforced  Concrete  Highway 

Viaduct. 

(Contributed.) 

A  new  type  of  floor  construction  was 
adopted  for  the  Trent  Road  Viaduct,  which 
has  recently  been  constructed  in  Spokane  Co., 
Washington.  This  construction  is  somewhat 
similar  to  the  combination  terra  cotta  tile  and 
reinforced  concrete  construction  commonly 
used  foi  the  floors  of  buildings,  except  that  a 
special  hollow,  rectangular  concrete  tile  is 
used.  This  type  of  construction  weighs  about 
one-half  as  much  as  a  solid  concrete  slab  of 
equal  strength,  and  it  cati  be  used  on  spans 
as  great  as  40  ft.,  for  either  buildings  or 
bridges. 

Figi'.re  1  show-s  a  cross-section  of  the  Trent 
Road  Viaduct  and  indicates  the  type  of  con- 
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Fig.  1.    Cross-Section  of  Trent  Road  Viaduct 
Showing   Type   of  Construction. 

struction  used.  This  drawing  also  shows  the 
heavy  collision  piers  which  were  used  to 
protect  the  columns  in  case  of  the  derailment 
of  trains  passing  under  the  bridge. 

Figure  2  shows  a  perspective  view  of  a  por- 
tion of  the  floor  and  illustrates  its  construc- 
tion. It  will  be  noted  that  the  tiles  are  laid 
in  row.',  with  spaces  between  the  rows.  Rein- 
forcing bars  are  then  placed  near  the  bottom 
of  these  spaces,  and  the  spaces  are  filled  with 
concrete  and  leveled  off  flush  with  the  top  of 
the  tiles.  The  forms  required  for  this  con- 
struction are  known  as  "open  centering,"  con- 
sisting of  8-in.  plank  laid  under  each  joist, 
spaced  21  ins.  on  centers.  Each  tile  has  three 
beveled  edges  on  one  end,  which  form 
V-shaped  joints  between  the  ends  of  the  files 
composing  each  row.  The  transverse  temper- 
ature rods  are  placed  in  these  joints  which  are 
then  filled  with  the  grout-like  portion  of  the 
concrete,  at  the  time  that  the  joists  are  being 
poured 

The  wedge-shaped  lugs,  shown  on  the  sides 
of  the  tiles,  not  only  prevent  their  vertical  dis- 
placement, but  when  the  spaces  are  filled  with 
concrete  transfer  bcndinf;  stresses  from  the 
concrete  joists  to  the  tiles ;  thereby  causing  the 


latter  to  act  as  the  compression  flange  of  the 
slab.  The  compressive  stresses  thus  transmit- 
ted from  the  joists  to  the  tiles  are  in  turn 
transferred  from  tile  to  tile  by  the  V-shaped 
grouted  joints.  From  the  above  it  will  be 
seen  that  no  poured  concrete  is  required  on 
top  of  the  tiles,  as  is  the  case  of  terra  cottu 
tile  and  concrete  slab  construction,  in  which 
the  tiles  act  mainly  as  a  filler. 

The  advantages  of  having  no  poured  con- 
crete above  the  top  of  the  tiles  are  tw'o-fold : 
In  the  first  place,  the  top  of  the  tile  forms  a 
strong  and  convenient  working  surface,  mak- 
ing it  possible  to  place  all  reinforcement,  in- 
cluding the  top  bars,  before  any  concrete  is 
poured,  and  as  all  of  the  reinforcement  is 
below  this  working  surface  there  is  no  dan- 
ger of  it  being  displaced  by  the  men  who  are 
wheeling  concrete.  The  second  advantage  is 
that  ihe  concrete  tiles  insure  a  uniform  and 
proper  depth  of  slab. 

The  theory  of  combined  action  of  joists 
and  tiles  was  demonstrated  by  tests  made  in 
Spokane  under  the  supervision  of  Mr.  A.  D. 
Butler,  assistant  city  engineer,  in  which  a 
concrete  tile  slab  having  the  same  cross-sec- 
tion and  reinforcement  as  a  hollow  monolithic 
slab  was  shown  to  be  11  per  cent  stronger. 
Another  proof  of  the  strength  and  rigidity  of 
this  construction  is  to  be  found  in  the  traffic 
test  given  to  the  Trent  Road  Viaduct  before 
its  acceptance  by  Mr.  J.  W.  Strack,  county 
engineer.  The  16-in.  concrete  tile  floor,  on  a 
span  of  22  ft.  .3  ins.,  sustained  1.50  lbs.  per 
square  foot  of  gravel  fill,  together  with  a  con- 
centrated load  consisting  of  a  16-ton  road 
roller,  with  a  deflection  at  the  center  of  the 
1  1 

span  of  only  —  in.,  which  is  less  than  

40  10,000 

of  the  span.  The  bridge  was  designed  for  100 
lbs.  of  fill  and  a  1.5-ton  road  roller. 

The  cross-section  and  reinforcement  re- 
quired for  any  given  load  and  span  is  deter- 
mined in  the  same  manner  as  though  the  con- 
struction were  poured  monolithic,  which  is  a 
conservative  assumption.  The  lugs  on  the 
sides  of  the  tiles  are  proportioned  to  take 
shear  and  bearing  in  the  same  manner  as 
rivets  in  a  plate  girder,  standard  dimensions 
being  adopted  which  place  these  stresses  well 
within  safe  values.  The  lugs  are  made  wider 
at  the  top  than  at  the  bottom  to  prevent  any 
possibility  of  vertical  displacement  of  the  tiles. 

The  process  of  manufacture  of  the  concrete 
tiles  is  like  that  used  for  ordinary  wall 
blocks.  The  mixture  used  is  composed  of  1 
part  cement  to  6  parts  of  well  graded  aggre- 
gate, the  latter  consisting  of  about  equal  parts 
of  fine  and  coarse  sand  and  screened  gravel 
or  crushed  rock  not  exceeding  %  in.  in  size. 
The  materials  are  mixed  just  damp  enough  to 
compact  well  under  iron  tampers.  .\  metal- 
lined  form  and  core  are  used  for  molding  the 
tile.  The  tiles  are  formed  on  hollow  rectan- 
gular pallets  which  fit  over  the  core.  The 
core  is  provided  with  a  draw  of  %  in.  in  the 
length  of  a  tile  so  that  after  the  materials  are 
tamped  in  place  it  can  be  lowered  through  the 
pallet.  The  outer  collapsible  form,  which  is 
hingeil  to  the  working  bench,  is  then  folded 
outward  and  downward  leaving  the  tile  resting 
on  the  pallet.  The  tiles  are  then  stored  under 
cover  for  five  or  six  days,  during  which  time 
they  ."ire  sprinkled  twice  a  day.  The  most  con- 
venient length  in  which  to  manufacture  and 
handle   concrete   tiles   has   been    found    to   be 


S  ins.  Two  men  using  the  mold  and  core  de- 
scribed above,  with  materials  supplied  to  them, 
can  manufacture  about  150  concrete  tiles  per 
day.  In  manufacturing  the  concrete  tiles  for 
the  Trent  Road  Viaduct  a  temporary  storage 
shed  was  erected,  the  lumber  of  which  was 
afterwards  used  for  the  centering  of  the 
bridge. 

In  the  construction  of  concrete  tile  floors 
the  end  tiles  in  each  row  are  closed  by  casting 
in  theiM  a  1%-in.  layer  of  concrete,  which  pre- 
vents the  poured  concrete  from  flowing  into 
the  ends  of  the  rows.  As  the  open  cell  is 
each  tile  is  more  than  four  times  as  large  as 
the  corresponding  cell  in  a  terra  cotta  tile, 
this  construction  is  well  adapted  for  carrying 
pipes  and  conduits. 

The  use  of  concrete  tiles  for  the  Trent  Road 
Viaduct  reduced  the  weight  of  the  structure 
140  lbs.  per  square  foot  from  that  of  the 
solid  slab  design  originally  contemplated.  The 
floor  construction  described  above  was  in- 
vented by  White  &  Co.,  bridge  and  structural 
engineers,  Spokane,  Wash. 


■Results  of  Tests  of  a  40-Ft.  Reinforced 
Concrete  Highway  Bridge. 

There  are  few  data  on  the  actual  strength 
of  reinforced  concrete  structures,  due  mainly 
to  the  difficulty  of  making  and  analyzing  tests. 
Strength  and  safety  are  of  prime  importance, 
but  itis  not  good  engineering  practice  to  place 
too  much  excess  material  in  our  structures,-  as 
the  cost  will  then  greatly  restrict  their  use. 
It    is   onlv   bv   means   of   carefully    conducted 


Croutedjoint 

'emperaturs  Rpcf 


Poured  ConcJois  o 


Reinforcing  Bdr 
Concrete  Tile 

Fig.  2.    Perspective  View  of  a  Section  of  the 

Floor    Construction    Used   for  the 

Trent    Road    Viaduct. 

tests,  followed  by  an  intelligent  analysis  of  the 
data  obtained,  that  we  can  hope  for  a  better 
knowledge  of  the  actual  strength  of  our  rein- 
forced concrete  structures.  The  following  ar- 
ticle has  been  abstracted  from  a  paper  by  Mr. 
D.  A.  Abrams,  in  Proc.  American  Society  for 
Testing  Materials,  vol.  xiii.  1913.  The  test 
reported  is  quite  complete,  and  the  data  have 
been  carefully  analyzed.  We  have  greatly  con- 
densed the  material  contained  in  the  original 
paper,  out  nave  included  practically  all  of  tnc 
data  of  direct  value  to  designers  and  builder^. 
An  exhaustive  study  of  the  different  types 
ot  short-span  highway  bridges  by  Mr.  A.  N. 
Johnson,  engineer,  Illinois  Highway  Commis- 
sion, led  to  the  design  of  a  through  girder 
bridge  with  a  suspended  floor.  .\  bridge  ot 
this  tvpe  has  obvious  advantages  for  roadways 
of  ordinary  width,  and  is  peculiarly  adapted  to 
the  conditions  in  Illinois,  since  it  gives  a 
iiiaxmium  water-way  in  locations  where  head- 
rnnm  is  limited.  Several  hundred  bridges  of 
this  form  have  been  built  through  the  co-op- 
eration of  the  city  or  township  road  commis- 
sioners and  the  Highway  Commission,  and  all 
are  now  giving  satisfactory  service.    The  spans 


January  21.  1914. 


Engineering    and    Contracting 


lo; 


thus   far  constructed  vary   in   length   from  24 
to  60  ft. 

In  order  to  furnish  an  object  lesson  for  the 
benefit  of  skeptical  advocates  of  older  types 
of  highway  bridges,  it  was  determined  to  make 
a  test  on  a  bridge  of  this  kind  by  subjecting 
it  to  a  load  much  more  severe  than  it  would 
ever  be  expected  to  carry  in  service.     It  was 


tended  to  the  top  of  the  girder.  The  webs  of 
the  girders  were  further  reinforced  by  carry- 
ing each  third  bar  from  the  cross  reinforce- 
ment in  the  floor  up  into  the  girder,  as  shown 
in  Fig.  2.  In  the  design,  the  girders  were  as- 
sumed to  carry  the  entire  dead  and  live  load 
as  simple  reinforced  concrete  beams  under  a 
uniformly   distributed   load. 


■43'-0'- 


e^ 


3oEL 


•^  -j'^F" 


i....- 


s-e — 


vtF 


].£ 


•=—•?»-«?" — 

tongitudinol  Section.  Longitudinal  Elevation, 

(a)  Longitudinal  Section  and  Elevation. 


TT^ 


rii^-iSC.C-  -'it^rs  II  C.C.  -r  gb^r:sl3C.C.  7  ^bC!rsl7CC-IO' 


(6)   Section  of  Girder  showing  Stirrups. 


Fig.   1.      Longitudinal    Sections   and    Elevation  of  Reinforced  Concrete  Test   Bridge. 


also  felt  that  in  this  way  valuable  information 
could  be  obtained  as  to  the  action  of  the  bridge 
under  unusual  loading,  and  thus  secure  a  check 
on  certain  details  of  the  design.  Accordingly, 
in  1907,  a  bridge  of  40-ft.  span  and  18-ft. 
roadway  was  built  for  testing  purposes,  from 
the  design  that  was  then  being  used.  The  test 
bridge  was  built  inside  the  prison  yard  at  the 
Southern  Illinois  Penitentiary,  near  Chester. 
.'Ml  labor  of  constructing  and  testing  the 
bridge  was  performed  by  convicts. 

Mr.  A.  N.  Johnson  is  responsible  for  this 
design  and  for  planning  and  carrying  out  the 
tests  described  below  ;  and  the  work  of  build- 
ing the  test  bridge  and  conducting  the  tests 
was  done  under  his  direction,  the  writer  being 
indebted  to  him  for  information  concerning 
the  construction  of  the  bridge.  Mr.  N.  E.  En- 
sign, instructor  in  the  University  of  Illinois, 
ijave  valuable  assistance  in  making  the  final 
lond  test  and  in  compiling  the  data. 

DESIGN    AND   CONSTRUCTION    OF   BRIDGE. 

Design  of  Bridge.— The  test  bridge  was  de- 
i'.'ned    for  the   usual  loading  of   125  lbs.   per 

luare  foot,  uniform  load,  or  a  24-ton  traction 

m;ine  load  distributed  over  an  area  10  by  12 

The    girders    were     24      ins.      wide     on 

p   and  had   an  over-all  depth  of  6   ft.   1   in. 

irn.nmental  paneling,  both  inside  and  outside, 
rvcd  to  relieve  the  severe  lines  of  the  de- 
i-n.  The  floor  consisted  of  a  12Vj-in.  rcin- 
!  .reed  concrete  slab,  suspended  from  the 
Unvcr  portion  of  the  girders,  and  built  mono- 
iihic  with  them.  The  abutments  were  oi  the 
Inw  wing-wall  type  of  plain  concrtlc.  18  ms. 
thick.     Thcv  rested  directly  on  the  rnck  floor 

f  an   abandoned  qtiarry.     Details  of   the  de- 

•gn  are  shown  in  Figs.  1  and  2. 
The  longitudinal  reinforcement  of  each  gir- 
der consi.stcd  of  ten  iM-in.  cold  twisted  square 
>iars,     placed     horizontally    -throughout     their 
Irngth  in  four  lavcrs,  as  shown  in  Fig.  1.    The 

Icpth  of  the  girders  from  the  top  to  the  cen- 
troid  of  the  longitudinal  steel  was  1  ft^  t.  in. 
The  webs  of  the  girders  were  reinforced  with 
vertical  stirrups  of  %  to  %-in.  cold  twisted 
square  bars,  spaced  as  shown  m  Fig.  1  (p'- 
These  stirrups  were  bent  in  a  U-shapc  and 
thev  engaged  all  the  longitudinal  bars  and  ex- 


The  bridge  floor  was  suspended  from  the 
lower  portion  of  the  girders  as  indicated  above 
and  rested  directly  on  the  abutment';  at  the 
ends  of  the  bridge.  The  principal  floor  rein- 
forcement consisted  of  %-in.  cold  twisted 
square  bars,  4%  ins.  apart,  placed  across  the 
roadway  at  right  angles  to  the  girders.  The 
ends  of  these  bars  were  disposed  as  shown  in 
Fig.  2;  %-in.  twisted  square  bars,  12  ins.  apart, 
paral'cl  to  the  girders,  served  to  distribute  the 
floor  loads  and  to  take  temperature  stresses. 

The  bridge,  exclusive  of  the  abutments,  con- 
tained 97  cu.  yds.  of  concrete  and  weighed 
about  206  tons. 

Construetion  of  Bridge.— The  concrete  was 


to  weld  all  the  1%-in.  bars  at  about  10  ft. 
from  one  end.  The  welds  were  alternated 
when  the  bars  were  placed,  the  welding  being 
done  at  the  prison  shop. 

The  quality  of  the  concrete  in  this  bridge 
was  apparently  decidedly  inferior  to  that  ob- 
tained under  ordinary  field  conditions,  as  the 
work  was  done  by  convicts  without  previous 
experience  in  this  kind  of  work. 

The  concrete  was  placed  Dec.  26  to  31,  lOn 
the  temperature  during  construction  varving 
from  54°  to  28°  F.  On  Dec.  31,  the  tempera- 
ture was  as  low  as  28°  during  the  forenoon, 
and  stood  at  about  35°  during  the  afternoon. 
The  girders  were  sufficiently  protected  to 
show  no  frost  action,  but  scale  was  formed 
over  certain  areas  of  the  floor,  which  later 
peeled  ofl  to  a  depth  of  about  Vt,  in. 

PRELIMIN.^RV  LOAD  TESTS. 

Two  preliminary  load  tests  were  made. 
From  May  5  to  10,  1908,  when  the  bridge  was 
about  four  months  old,  a  load  amounting  to 
106  tons,  equivalent  to  296  lbs.  per  square 
foot,  was  placed  on  the  bridge  floor  and  was 
allowed  to  remain  lor  three  weeks.  This  load 
consisted  of  about  12  ins.  of  crushed  stone, 
upon  which  blocks  of  cut  stone  weighing  100 
to  200  lbs.  each  were  piled.  According  to  the 
constants  used  in  the  design,  this  load  should 
produce  a  stress  in  the  longitudinal  steel  of 
the  girders  of  16.000  lbs.  per  square  inch.  The 
deflection  of  the  girders  under  this  load  was 
about  0.04  in.  The  total  deflection  of  floor 
and  girder  was  about  0.12  in.  * 

In  June,  1909.  when  the  bridge  was  1% 
years  old,  a  second  preliminary  load  test  was 
made.  .\  track  was  built  and  provision  made 
for  pulling  a  loaded  freight  car  on  and  off  the 
bridge.  The  car  was  loaded  with  stone  in 
such  a  way  that  a  load  of  44  tons  came  on  one 
truck.  The  track  was  laid  in  12  ins.  of  ballast 
but  the  load  of  44  tons  was  the  onlj'  load  that 
affected  the  measurements  taken  in  this  test. 
In  order  to  concentrate  the  load,  a  separate 
piece  of  track  5  ft.  long  was  placed  in  the 
middle  of  the  span  to  receive  the  loaded  truck. 
Deflections  in  the  floor  and  girders  and  de- 
formations in  the  girders  were  measured  with 
the  car  on  and  off  the  bridge.  The  girder 
showed  a  center  deflection  of  about  0.025  in. 
due  to  the  load  of  44  tons,  but  the  temperature 
change  with  the  load  on  or  off  the  bridge  was 
found  to  be  about  0.02  in. 

FIX.\L   L0.\D   TEST." 

Preparation. — Before  beginning  the  final 
load  test  several  brick  piers  were  built  under 
the  girders  and  floor  for  use  in  measuring  de- 
flections at  various  points.  Openings  were 
cut  in   the  concrete  to  the  depth  of  the  steel 
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Fig.  2.     End    Elevation  and  Cross-Sectionof  Test  Bridge. 


a  1  :  2V4  : 5  mis  bv  loose  volume.  Mississippi 
River  «and  and  a  hard  grade  of  cru.shcd  lime- 
stone trnm  the  pri.son  crusher,  in  si/cs  varying 
from  •%  to  I'/i  in.,  formed  the  aggrcg.itcs. 
The  concrete  was  mixed  by  hand.  /Ml  rein- 
forcement consisted  of  cold  twisted.  mi!d  steel 
■square  bars.  .\s  the  bars  could  not  readily 
be  obtained  in  lengths  of  43  ft.  for  the  longi- 
tudinal girder  reinforcement  it  was  necessary 


liars  at  various  points  along  the  lower  flange 
of  the  girders,  and  in  the  floor  in  order  to 
locate  gage  holes  for  use  in  measuring  defor- 
mations in  the  steel.  For  measuring  concrete 
deformations  at  the  upper  surface  of  the  gir- 
ders, steel  plugs  were  set  in  small  holes  drilled 
in  the  concrete.  The  outsides  of  the_  girders 
were  white-washed  in  order  to  facilitate  the 
mapping  of  cracks. 
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Method  of  Loading.— It  was  desired  to  apply 
the  load  in  a  manner  that  would  appro.ximate 
as  nearly  as  possible  the  conditions  of  a  uni- 
formly distributed  load  on  the  bridge  floor. 
The  principal  loading  material  consisted  of 
cruslied  limestone  from  the  prison  crusher 
nearby.  In  order  to  prevent  arching  of  the 
loading  material  due  to  the  deflection  of  the 
girders  and  floor,  it  was  deemed  advisable  to 
build  a  series  of  separate  bins  for  the  crushed 
stone.  The  bins  were  eight  in  nurnber,  7  ft. 
square  inside,  placed  four  on  each  side  of  the 
center  line  of  the  bridge.  They  were  built  up 
of  2x6-in.  lumber,  laid  flatwise  and  spiked 
together  at  the  corners,  the  edges  of  the  outer 
bins  being  2%  ft.  inside  the  outer  faces  of  the 
abutments.  The  bins  were  first  built  up  to  a 
height  of  about  5  ft.  over  the  entire  floor.  A 
runwav  was  then  constru:ted  over  the  tops 
of  the  bins  and  the  crushed  stone  dumped 
from  wheelbarrows.  After  this  portion  of  the 
load  had  been  placed,  the  bins  were  carried  up 
a  few  feet  at  a  time,  and  the  remaining  por- 
tion of  the  stone  load  was  placed  by  means  of 
a  horse-power  derrick,  which  was  erected  at 
the  side  of  the  bridge.  Each  wagonload  of 
stone  was  weighed  on  a  platform  scale  befor-? 
it  was  dumped  at  the  bridge  site,  so  that  at 
any  time  the  exact  weight  of  stone  on  the 
bridge  could  readily  be  determined. 

The  stone  bins  were  finally  filled  to  a  height 
of  21  ft.,  which  was  about  the  maximum 
height  to  which  it  seemed  feasible  to  build 
them.  The  total  load  on  the  bridge  at  this 
time  was  418  tons.  Later,  about  144  tons  of 
pig  iron  were  placed  on  top  of  the  girders 
without  throwing  any  additional  load  on  the 
floor. 

Progress  of  Loading. — .''l  detailed  schedule 
of  the  loading  and  unloading  is  given  in  Table 
I. 


set  of  observations  was  taken  at  an  early  hour 
each  day,  before  the  morning  had  an  appre- 
ciable effect,  and  another  set  after  sunset.  It 
was  hoped   that  in   this  way  the  effect  of  the 


iron  available,  if  placed  equally  on  both  gir- 
ders, would  not  produce  as  high  stresses  as 
had  been  expected  ;  therefore,  all  the  remain- 
ing  pig   iron   was   placed   on   the   west  girder. 
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Fig.  3.     Diagrams  Showing  Effect  of  Temperature  on  Deflection  of  Girders. 


direct  sun  heat  on  the  bridge  and  the  meas- 
uring instruments  would  be  less  troublesome. 
Observations    of    temperature    and    deflections 


TABLE    I.— PROGRESS    OF    LOADING     THE    TEST     BRIDGE. 
Date —  Remarks. 

Julv    26,  I'Jll Began    liiiiklhig  stone   bins   on   bridge   floor.     Built   brick   piers   for 

deflection  measurements.     Took  series  of  temperature  readings. 
27 Continued   building  bins;   took  temperature  readings,   initial  deflec- 
tion readings  and  initial  readings  of  steel  and  concrete  deforma- 
tions. 

1%   to   30 Load   of  6  tons  on  bridge,   consisting  of  lumber  in  the   stone  bins. 

Took  frequent  series  of  temperature,  deflection  and  deformation 
readings. 

31 Began  loading  stone.     Total  load  on  bridge  at  4:30  p.   m.,  89  tons. 

August    1 Loading  stone.     Load  at  4:30  p.  m.,   122  tons. 

■■         2 Built   stone   bins   in   forenoon.     Load   on   bridge  at   noon,   12S   tons. 

Began  loading  stone  2:30  p.  m.     Load   at  4:30  p.  m.,   166  tons. 

3 Began  loading  stone  at  8  a.   m.     Load  at  11  a.   ni.,   219  tons.     Built 

bins  in  afternoon;   load  at  5   p.   m.,   225  tons. 

4 Began  loading  stone  at  9  a.  m.     Load  at  4:30  p.  m..  280  tons. 

5 Built   bins;    load  at   4  p.    m.,   2S3   tons. 

6    to   7 Load  on  bridge   remained  at  283   tons. 

8 Began  loading  stone  at  S  p.  m.     Load  at  .'J  p.  m.,  33.',  tons. 

9 Loading  stone  and  building  bins;  load  at  ',  p.  m..  369  tons. 

10 Loading  stone  and   building  bins;   load  at   5  p.    m.,   418   tons. 

"       11 Took    full    set    of    readings,    plotted    cracks    and    took    photographs. 

Load  remained  at  418   tons. 

12    to   25 Load,   418  tons.     Took  set  of  readings  on  August  25. 

.■JO Began  loading  pig  iron;   12   tons  placed   on   eacli  girder. 

"       31 Loading  pig  iron  on  girders;  at  2  p.  m..  44  tons  had  been  placed  on 

each  girder.  No  further  load  was  put  on  east  girder.  Continued 
loading  pig  iron  en  west  girder.  At  4  p.  m.,  80  tons  pig  iron  on 
west  girder. 

September    1 Ixiading  pig  iron   on   west   girder.     Load  at  11:30   a.   m.,   100   tons. 

This  was  the  maximum  load  applied  to  the  test  bridge — 100  tons 
of  pig  iron  on  the  west  and  44  tons  on  the  east  girder,  in  addition 
to  the  418  tons  of  stone  on  the  bridge  floor. 

"  2  to  4 Load  remained  on  the  bridge  as  above. 

'■  5 Began  removing  pig  iron   load. 

6 All   pig   iron   removed   from   the   girders. 

7 Took  full   set   of  observations   under   stone   load   of  418   tons. 

Sept.   S.  1911,   to  Aug.   12.   1912.. Load  of  418  tons  remained  on  bridge.     Set  of  readings  taken  Dec. 

29.   1911. 

August   12.   1912 Took   set  of  readings  imder  load  of  418  tons. 

13 Betran   unloading  stone.     Load  at  4:30   p.   m.,   330   tons. 

14 Unloading  stone;   load  at  11  a.   m.,   274   tons.     Load  at  4:30  p.   m., 

205  tons. 

15 Unloading  stone;   load  at  11:30   a.   m.,   160  tons.     Load  at  5  p.   m., 

110  tons. 

16 ; Unloading  stone;  load  at  11  a.  m.,  100  tons.    Load  at  5  p.  m.,  70  tons. 

17... Unloading  stone;   load  at  3   p.   m.,   30   tons. 

August  17  to  September  3 Load  remained   as  above. 

September  3,   1912 Took   difleotldn   readings. 

4 rtemainder   of   load   removed. 

"  5 Took  final   observations. 


Three  or  four  days  were  spent  in  preparing 
the  bridges  for  loading,  and  in  making  deflec- 
tion and  deformation  measurements,  in  order 
to  study  the  cflfect  of  diurnal  temperature 
changes.  The  observations  of  temperature,  de- 
flection of  girders  and  floor,  and  the  deforma- 
tions of  concrete  and  steel  at  the  various 
points,  were  taken  at  frequent  intervals  dur- 
ing the  period  of  applying  the  load,  and  while 
the  load  was  in  place.     In  general,  a  complete 


were  taken  at  more  frequent  intervals  during 
the  dav. 

On  Aug.  Ifl,  mil,  a  total  stone  load  of  418 
tons  had  been  applied  to  the  floor.  The  load 
remained  unchanged  until  .^ug.  .30.  when  the 
placing  of  piir  iron  on  the  tops  of  the  girder« 
was  begun.  The  pig  iron  load  was  distributed 
over  the  middle  of  30  ft.  of  the  40-ft.  span. 
.\t  first  a  load  of  44  tons  was  placed  on  each 
girder.     It  was  then  seen  that  the  amount  of 


On  Sept.  1,  a  load  of  100  tons  of  pig  iron  had 
been  placed  on  the  west  girder,  and  44  tons 
on  the  east  girder,  in  addition  to  the  418  tons 
of  stone  load. 

It  was  the  expectation  that  in  this  test  the 
bridge  would  be  loaded  to  failure,  but  the 
loading  material  available  and  the  facilities  at 
hand  did  not  permit.  The  maximum  load  re- 
mained undisturbed  from  Sept.  1  to  5,  1911. 
On  Sept.  6,  the  pig  iron  load  had  been  entirely 
removed,  but  the  stone  load  of  418  tons  was 
allowed  to  remain  in  place  until  Aug.  13,  1912. 
One  complete  set  of  observations  were  taken 
on  Dec.  29,  1911,  and  on  Aug.  13,  1912,  the  re- 
moval of  the  stone  and  bins  was  begun.  Ob- 
servations of  the  deformations  in  the  concrete 
and  steel  of  the  girders  and  deflections  of  the 
girders  were  taken  during  the  unloading  of 
the  stone,  and  after  the  removal  of  the  load. 
Final  observations  were  taken  on  Sept.  5,  1912. 
It  will  be  seen  that  the  bridge  carried  an  ap- 
plied load  equivalent  to  318  tons  per  girder 
for  four  days  and  a  floor  load  of  418  tons  for 
over  a  year. 

Measurement  of  Deflections. — .'Ml  measure- 
ments of  deflection  in  the  girders  and  floor 
were  taken  from  the  brick  piers.  The  deflec- 
tion measurements  were  taken  by  means  of 
an  Ames  gage  attached  to  a  screw  microm- 
eter. .^s  an  illustration  of  the  sensitiveness  of 
this  instrument  in  indicating  changes  of  de- 
flection, and  also  to  show  the  action  of  the 
bridge,  it  may  be  of  interest  to  note  that  with 
the  "full  stone  load  on  the  bridge — 418  tons, 
in  addition  to  the  weight  of  the  bridge— an 
appreciable  movement  of  the  pointer  of  the 
deflection  instrument  was  produced  by  a  man 
walking  along  the  top  of  one  of  the  girders. 

Tcm}>cralure  Observations. — In  the  prelirn- 
inarv  tests  mentioned  above,  the  changes  in 
the  position  of  the  girders  due  to  tempera- 
ture variations  made  the  interpretation  of  the 
observations  diflicult,  and  showed  the  neces- 
sity of  determining  in  advance  the  effect  of 
teiiiperature.  In  the  final  test,  three  thermom- 
eters were  used  and  the  readings  recorded  at 
frequent  intervals.  Three  or  four  days  before 
the  application  of  load  was  begun,  frequent 
observations  of '  temperature  and  deflections 
were  made  for  the  purpose  of  determining  the 
effect  of  the  diurnal  changes  in  temperature 
on  the  position  of  the  bridge. 

Measurement  of  Steel  and  Concrete  Defor- 
mations.— Tensile  deformations  of  the  steel 
were  measured  at  the  mid-points  of  the  gir- 
ders and  at  points  about  5  ft.  each  side  of  the 
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middle,  and  at  two  points  noar  the  center  of 
the  bridge  floor.  The  measurements  at  the 
center  of  the  girders  were  taken  on  the  three 
bars  of  the  bottom  layer,  and  the  other  girder 
measurements  on  the  middle  bar  only.  The 
deformations  of  the  floor  steel  were  measured 
on  two  %-in.  bars  about  12  ins.  apart,  near  the 
middle  of  the  span.     Deformations  were  also 


greater  influence  of  the  temperature  change 
at  the  top  of  the  girder  is  readily  found  in 
the  fact  that  the  concrete  at  this  point  is 
heated  to  a  higher  degree  than  elsewhere  and 
the  longitudinal  e.xpansion  of  the  concrete  due 
to  this  cause  has  the  effect  of  lengthening  the 
top  chord  of  the  girder,  and,  since  the  lower 
portion  is  not  thus  elongated,  the  girder  must 
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Fig.  4.      Load-Deflection   Curves  for  Girders. 


measured  at  points  near  the  mid<llc  of  two 
%-in.  vertical  stirrups,  about  6  ft.  from  the 
north  end  of  the  west  girder.  Concrete  de- 
formations were  measured  at  tw-o  points  at 
the  middle  of  the  top  of  each  of  the  .girders 
and  at  single  points  about  5  ft.  each  side  of 
the  middle.  .\11  deformation  measurements 
were  made  by  means  of  a  modified  form  of 
the  Berry  strain  gage. 

RESULTS    OF    TEST. 

Effect  of  Temfcralure  on  the  Deflection  nj 
the  Girders.— \n  Fig.  3,  the  relation  of  tem- 
perature to  the  position  of  the  bridge  is  shown 
for  the  four  days  preceding  the  commence- 
ment of  loading.  The  atmospheric  tempera- 
ture ranged  from  67°  to  83°  F.  The  thei;- 
momcter  "C"  on  top  of  the  west  girder  indi- 
cated the  effect  of  heating  the  concrete.  This 
efTcct  is  most  noticeable  during  the  afternoons 
after  the  girders  have  been  exposed  to  jhc  sun 
for  a  few  hours.  It  is  noteworthy  that  the 
west  girder  showed  more  change  in  deflection 
than  the  cast,  but  the  east  girder  was  pro- 
tected from  the  sun  by  the  prison  wall  until 
about  the  middle  of  the  forcnomi.  Tlie  ther- 
mometer on  top  of  the  girder  did  not  indicate 
the  highest  temperature  to  which  the  concrete 
was  exposed,  but  it  probably  indicated  the  de- 
gree of  heat  which  may  be  considered  as  ef- 
fective in  producing  changes  in  the  positi'in 
of  the  girders. 

The  deflection  of  the  girder  is  seen  to  vary 
directlv  with  the  change  in  temperature  at  the 
top  of' the  girder,  rather  than  with  the  atmos- 
pheric temperature.  The  maximum  chance  in 
deflection  due  to  this  cause  with  the  bridge 
unloaded   was   0.027   in.     The   reason    for   the 


assume  a  curved  form,  and  thus  raise  its  cen- 
ter above  its  former  position.  .-Xs  indicated  in 
Fig.  .3,  the  change  in  deflection  at  the  centers 
of  the  girders  amounts  to  about  0.001  in.  per 
degree. 

These  considerations  indicate  that  in  any 
set  of  observations  in  which  careful  measure- 
ments of  deflection  are  taken   on  a  structure 


covered  by  the  measurements  under  the  cor- 
responding load.  When  a  mean  line  is  con- 
structed, the  error  due  to  this  cause  is  neg- 
ligible. 

Deflection  of  Girders  under  Load. — In  Fig. 
4  the  center  deflections  for  both  girders  have 
been  plotted  for  the  loading  and  unloading  of 
the  bridge.  The  approximate  dates  corre- 
sponding to  some  of  the  points  are  indicated 
in  the  figure.  The  action  of  the  girders  is 
(|uite  similar  to  that  w-hich  has  been  observed 
for  reinforced  concrete  beams  under  load.  Up 
to  an  applied  load  of  209  tons  on  each  girder 
the  curves  have  the  characteristic  parabolic 
form. 

During  the  interval  from  Aug.  10  to  30. 
1911,  with  the  load  at  209  tons,  the  deflection 
changed  from  about  0.42  to  0.56  in.  After 
the  placing  of  the  pig  iron  load  was  begun  on 
Aug.  -30,  the  change  in  deflection  was  compar- 
atively slight  for  the  first  portion  of  the  load. 
Later,  the  curve  follows  a  path  which  might 
have  been  predicted  for  it  had  the  application 
of  the  load  not  been  interrupted.  During  the 
four  days  which  the  west  girder  remained 
under  the  full  applied  load  of  309  tons,  the 
center  deflection  changed  from  O.Sl  to  0.91 
in.  Xo  measurements  of  deflection  were  taken 
during  the  unloading  of  the  pig  iron.  After 
the  removal  of  the  pig  iron  the  west  girder 
deflection  was  about  0.30  in.  greater  than  it 
was  immediately  after  the  stone  load  was  ap- 
plied. During  the  interval  of  about  eleven 
months. after  the  removal  of  the  pig  iron,  with 
the  stone  load  in  place,  the  change  in  deflection 
of  both  girders  was  about  the  same  as  that 
which  occurred  during  the  20  diys  following 
the  placing  of  the  stone  load.  This,  however,  is 
as  might  have  been  expected,  since  the  bridge 
had  been  subjected  to  a  much  higher  load  in 
the  meantime.  .After  unloading,  the  girders 
showed  a  permanent  deflection  of  about  0.4.5 
in. 

In  Fig.  5  several  curves  have  been  drawn 
which  show  the  deflection  of  the  west  girder 
at  the  various  points  where  measurements 
were  taken,  for  loads  varying  from  45  to  309 
tons.  These  lines  may  be  said  to  represent 
the  elastic  curves  for  the  girder.  The  remark- 
able symmetry  of  the  curves  will  be  noted 
By  projecting  the  curves  beyond  the  last  ob- 
servation points  to  the  abutments,  it  is  seen 
that  there  was  a  slight  settlement  of  the  ends 
of  the  girders  as  the  load  increased.  This  was 
probably  the  result  of  the  concentration  of 
the  load  at  the  outer  face  of  the  abutments 
due  to  the  deflection  and  tilting  of  the  girders. 
However,  this  is  a  small  amount  and  no  cor- 
rection has  been  made  for  it  in  plotting  the 
curves. 

Deflection  of  Floor  Slab  under  Load. — In 
Fig.  (i  the  deflections  of  the  center  of  the 
floor  slab  have  been  plotted  in  terms  of  the 
stone  load,  considered  as  uniformly  distributed 
over  the  floor.     The  maximum  load  placed  on 
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Fig.   5.      Deflection   Curves   for  West   Girder. 


of  this  kind,  the  results  must  be  interpreted 
in  conjunction  with  the  temperature  changes 
which  are  encountered.  In  subsequent  figures 
in  which  the  deflections  of  the  girders  have 
been  plotted,  no  correction  for  temperature 
has  been  made,  but  the  group  of  points  which 
appears  for  each  load  shows  the  maximum 
variations  due  to  temperature  during  the  tiiui- 


the  tloor  amounted  to  about  1450  lbs.  per 
square  foot.  The  deflections  given  for  the 
floor  have  been  reduced  in  such  a  way  that 
they  represent  the  true  deflection  of  the  floor 
slab  with  reference  to  the  girders  and  not  the 
total  depression  of  the  floor  at  this  point.  The 
maximum  deflection  of  the  floor  was  about 
ii;ii;  in.     I'niin   rornov.Tl  of  the  load,  the  floor 
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slab  showed  a  residual  deflection  of  0.37  in. 

Effect  of  Temperature  on  Deformation 
Measurements.— It  should  be  borne  in  mind 
that  in  attempting  to  make  accurate  measure- 
ments   of    deformations    in    the   concrete    and 


was  little  chance   for  variation  in  the  adjust- 
ment of  the  instrument. 

Deformations  in  Girders. — In  this  discussion 
only  the  deformations  taken  at  the  centers  of 
the  girders  will  be  considered. 
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steel  of  a  structure  of  this  kind,  the  difficulties 
are  greatly  increased  over  those  encountered 
in  the  usual  indoor  laboratory  test.  Varia- 
tions in  temperature  and  other  changes  in 
weather  conditions  afifect  the  structure  as  well 
as  the  instrument  used,  and  under  the  very 
best  conditions  wide  variations  may  be  ex- 
pected in  observations  of  this  kind.  This  is 
especially  true  of  the  concrete  deformations 
which  were  taken  on  top  of  the  girders,  since 
the  readings  were  affected  by  the  local  heating 
of  the  girders,  and  by  the  direct  rays  of  the 
sun  and  the  radiated  heat  on  the  instrument. 
It  was  found  that  the  deformation  measure- 
ments taken  at  hours  when  the  direct  rays  of 
the  sun  fell  upon  the  instrument  were  not 
very  reliable. 

The  observations  made  before  loading  was 
begun  did  not  cover  a  sufficient  range  to  indi- 
cate the  exact  effect  of  temperature  variations 
on  the  concrete  and  steel  deformations.  How- 
ever, the  range  of  the  points  for  certain  loads 
on  the  load-deformation  diagrams  for  the  gir- 
ders show  the  extreme  variations  which  were 
found. 

There  are  so  many  variables  which  affect  a 
measurement  of  this  kind  that  it  is  impossible 
in  this  case  to  differentiate  between  the  errors 
due  to  instrument  adjustment,  the  personal 
equation  of  the  observer,  and  the  actual  va- 
riations in  the  deformations  due  to  stress  or 
temperature.  If  it  were  not  true  that  some 
engineers  entertain  mistaken  ideas  on  this 
point,  it  would  he  considered  superfluous  to 
say  that  the  changes  in  the  position  of  the 
girders  in  a  bridge  of  this  kind,  and  changes 
in  deformation  due  to  temperature,  have  no 
influence  on  the  stresses  developed  in  the  con- 
crete and  steel,  as  long  as  the  ends  of  the  gir- 
ders are  not  fixed.  It  should  be  emphasized 
that  it  is  chance  in  deformation  that  we  are 
now  dealing  with  and  as  long  as  changes  in 
temperature  affect  the  results  this  does  not 
necessarily  mean  change  in  stress.  In  fact,  in 
some  cases  the  change  of  deformation  due  to 
change  of  stress  seems  to  have  been  entirely 
masked  by  the  change  of  deformation  due  to 
temnerature. 

The  deflection  readings  were  not  appreciably 
aflFected  by  changes  in  temperature,  since  the 
quantities    dealt   with   were   larger,   and   there 


Figure  7  shows  the  unit  deformations  in  the 
steel  at  the  centers  of  both  girders,  plotted 
with  respect  to  the  applied  load  in  tons  on 
the  girders.  Approximate  dates  are  shown  on 
the  diagram.  It  will  be  noted  that  these  load- 


plied  load  of  102  tons  per  girder  averaged 
about  11,700  lbs.  per  square  inch.  The  defor- 
mations were  measured  on  the  lowest  layer  of 
bars,  and  they  would  be  expected  to  represent 
the  highest  stresses  developed  in  the  girder 
steel.  Under  the  full  applied  load  of  309  tons, 
the  west  girder  showed  a  stress  of  23,400  lbs. 
per  square  inch,  which  apparently  was  in- 
creased to  about  25,.500  lbs.  per  square  inch 
during  the  time  this  load  remained  in  place. 
After  the  removal  of  the  load,  the  west  girder 
showed  a  residual  stress  of  about  13,000  lbs. 
per  square  inch.  It  seems  probable  that  if 
subsequent  observations  had  been  taken,  this 
residual  stress  would  have  been  found  to  be 
greatly  reduced  after  a  period  of  rest.  The 
action  of  the  two  girders  was  very  similar, 
except  that  there  was  a  difference  in  the  ap- 
plied load  on  the  girders. 

In  Fig.  8  the  deformations  of  the  concrete 
at  the  top  of  the  west  girder  have  been  plotted. 
The  curve  is  shown  only  to  an  applied  load 
of  2-50  tons  on  the  girder.  The  unit  deforma- 
tion for  the  maximum  load  derived  from  pro- 
ducing the  curve  is  about  0.0011.  which  is 
probably  80  per  cent  of  what  might  be  ex- 
pected for  the  ultimate  deformation  in  con- 
crete of  this  quality  and  age,  and  since  this 
deformation  in  the  concrete  is  due  to  applied 
load  only,  it  represents  a  stress  which  must 
be  near  the  ultimate  compressive  strength  of 
the  concrete.    . 

Position  of  Neutral  Axis. — Before  _  making 
computations  of  stresses  in  any  reinforced 
concrete  member  subjected  to  flexure,  it  is 
necessary  to  know  the  position  of  the  neutral 
axis,  or  to  make  some  assumption  as  to  its 
location.  It  is  evident  that  in  a  structure  of 
such  irregular  section  as  the  test  bridge  under 
consideration,  the  location  of  the  neutral  axis 
from  theoretical  considerations  will  be  some- 
what prolDlematical,  and  that  its  nosition  will 
vary  widely  with  the  assumptions  made  as  to 
the  properties  of  the  concrete  and  the  distribu- 
tion of  the  stresses  between  the  concrete  and 
steel.  The  calculated  depths  of  the  neutral 
axis  below  the  tops  of  the  girders  for  various 
conditions  are  as  follows  : 
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Fig.  7.     Load-Deflection  Curves  for  Steel   in  Girders. 


deformation  curves  exhiljit  about  the  same 
characteristics  as  were  described  for  the  load- 
deflection  curves.  The  observed  stress  in  the 
steel  at  the  center  of  the  girder  under  an  ap- 


Glrdcr  only,  considered  as  plain  concrete 
beam   3S  ins. 

Girder  only,  steel  taking  all  tensile  stress. 26  ins. 

Gii'der  only,  both  steel  and  conci-ete  tak- 
ing tension    31  ins. 
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Bridge  as  a  whole,  both  concrete  and  steel 
in  floor  and  girders  taking  tensile  stress. 45  ins. 

In  computing  the  foregoing  values,  the 
modulus  of  elasticity  of  concrete  was  taken 
at  3.000,0(t0  lbs.  per  square  inch.  However,  a 
considerable  variation  in  this  modulus  makes 
only  a  slight  change  in  the  computed  depth  of 
the  neutral  a.\is. 

The  deformations  measured  in  the  concrete 
at  the  tops  of  the  girders  and  in  the  lower 
layer  of  girder  bars  give  definite  information 
as    to    the    neutral    axis    position    durin.s;    tlie 


ZT5 


tance  in  the  concrete,  to  a  slight  slipping  of 
the  bars  in  the  concrete,  and  to  the  increasing 
deformation  at  the  tops  of  the  girders  as  the 
loading  progressed.  In  comparing  the  depth 
in  inches  with  the  percentages  of  the  effective 
depth,  it  should  be  remembered  that  the  steel 
deformations  were  measured  on  the  lowest 
layer  of  bars — about  70  ins.  below  the  top- 
while  the  effective  depth  of  the  girder  was  66 
ins. 

Computed    Stresses    in    Girders. — For    pur- 
poses of  computation  the  load  will  be  consid- 
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Fig.    8.      Load-Deformation    Curve    for   Concrete  at  Top  of  Girder. 


loading  of  the  bridge.  Table  IT  shows  the 
position  of  the  neutral  axis  as  determined 
from  the  deformations  in  the  diagrams  in 
Figs.  7  and  8,  for  applied  loads  .on  the  west 
girder,    varying    from    50    to   300    tons.      The 


TABLE   II.— NEUTRAL  AXIS    POSITION,   DE- 
TERMINED    FROM     MEASURED    DE- 
FORMATION  IN   THE   GIRDERS. 
Neutral 
, — Unit  deformation^,  , — axis  position — ^ 


Applied 

Distance 

Percent- 

load on 

Concrete 

steel 

bel 

jw  top 

age  of 

girder. 

at  top 

at  bottom 

sill 

face  of 

effective 

tons. 

of  girder. 

of  girder. 

Kin 

<ji.  Ins. 

depth. 

0 

5n» 

76* 

50 

0.00012 

0.000055 

48 

73 

100 

0.00025 

0.00013 

4G 

70 

l.-)0 

0.00039 

0.00023 

44 

67 

200 

0.00056 

0.00035 

43 

05 

250 

O.OOOSO 

0.00054 

42 

64 

noil 

ii.nfii(i.|* 

o.nnoTi 

■n 

62 

309 

O.OOllO* 

0.00083 

40 

61 

•Estimated. 

ered  as  uniformly  distributed  over  the  full 
span  of  40  ft.,  although  the  pig  iron  load  was 
distributed  over  a  length  of  30  ft.  and  the 
stone  load  over  a  length  of  3,5  ft.  This  gives 
a  bending  moment  about  12  per  cent  less  than 
that  resulting  from  taking  the  loads  as  they 
existed,  but  this  error  is  offset  by  the  consid- 
eration that  a  portion  of  the  stone  load  on 
the  floor  was  carried  directly  to  the  abutments 
without  producing  any  stress  in  the  girders. 

The  bending  moment  in  one  girder  due  to 
the  maximum  test  load,  considering  the  girder 
as  a  simple  beam  uniformly  loaded,  is 


618,000X40X12 


:V/l.  = 


:  37,100,000  in.-lbs. 


values  from  Table  II  have  been  plotted  in 
Fig.  9;  they  indicate  a  steady  rise  of  the  neu- 
tral axis  from  about  50  ins.  under  dead  loail 
only  to  40  ins.  under  an  applied  load  of  309 
tons,  with  a  mean  value  of  about  41  ins.  It 
was  seen  above  that  a  depth  of  45  ins.  was 
computed  for  the  condition  that  both  concrete 
and  steel  in  the  entire  section  of  girders  and 
floor  are  considered  as  effective  in  taking  the 
longitudinal  tensile  stress.  The  close  agree- 
ment between  the  observed  position  and  the 
computed  position  for  the  bridge  as  a  whole 
indicates  that  the  girders  did  not  act  as  in- 
dependent reinforced  concrete  beams  in  the 
manner  usually  assumed,  but  that  the  concrete 
in  the  girders  and  floor  is  effective  in  taking 
tensile  stresses.  The  gradual  rise  of  the  neu- 
tral axis  as  the  load  was  increased  is  in  accord 
with  other  tests  of  reinforced  concrete  beams. 
This  rise  is  probably  due  to  the  opening  of 
tensile   cracks   which    extend   up   a   short   dis- 


The   resisting   moment   of   the   girder,   consid- 
ering the  steel  to  take  all  the  tensile  stresses,  is 

Mr  =  Af.d'. 
Equating    bending    moment    to    resisting    mo- 
ment, 

M„ 
/.  =  - 
Ad' 
ulure  ./  -=  area   of   longitudinal    steel    in   gir- 
ders.  15.5  S(|.  ins. ; 
/.  =  computed    tensile    stress    in    steel. 

and 
rf'  =  arm  of  resisting  moment. 

Taking  the  depth  of  the  neutral  axis  as  40 
ins.,  as  found  for  the  maximum  load  from  the 
deformation  measurements  (see  Table  II), 
the  centroid  of  the  compressive  stresses  is 
found  to  be  15  ins.  below  the  lop  of  the  gir- 
der, or  al  about  what  we  may  term  the  lower 
edge  of  the  coping.  This  gives  rf'  =  5l  ins. 
Substituting  these  values,  and  solving  for  the 
stress  in  the  steel,  /■  =  47,000  lbs.  per  square 
inch,  if  we  consider  all  tensile  stress  taken  by 
ihc  steel  of  the  girders.  If  the  dead  load  on 
the    girders    is    included,    the    computed    steel 


stress    becomes    about    62,000    lbs.    per    square 
inch. 

The  maximum  steel  stress  determined  from 
the  deformation  measurements  was  25,-500  lbs. 
per  square  inch,  which  means  that  the  meas- 
ured^ stress  in  the  steel  accounts  for  only 
25/47  of  the  total  tensile  stress  resulting  from 
the  applied  load  on  the  bridge.  If  the  defor- 
mation measurements  are  to  be  depended  upon, 
22/47  of  the  total  tensile  stress  must  be  carried 
by  the  steel  in  the  floor  and  by  the  concrele  in 
the  floor  and  girders.  If  we  consider  the 
longitudinal  floor  steel  as  carrying  its  part  of 
the  stress  in  the  same  way  as  the  girder  steel, 
the  average  computed  steel  stress  is  reduced 
to  about  40,000  lbs.  per  square  inch,  which 
indicates  that  about  36  per  cent  of  the  total 
tensile  stress  must  be  carried  by  the  concrete 
of  the  floor  and  girders.  Taking  the  moment 
of  inertia  of  the  entire  concrete  .section  about 
the  neutral  axis  as  determined  from  the  de- 
formation measurements — 40  ins.  below  the 
top  of  the  girders— and  making  the  neces- 
sary computations,  we  find  that  a  maximum 
tensile  stress  in  the  concrete  at  the  lower 
surface  of  the  bridge  of  about  300  lbs.  per 
square  inch  will  be  sufficient  to  account  for  all 
tensile  stress  not  taken  by  the  steel.  This 
assumes,  of  course,  that  the  steel  is  taking 
all  the  dead  load  stress,  which  is  probablv 
true ;  since  at  the  time  the  centers  were  struck, 
the  tensile  strength  of  the  concrete  was  com- 
paratively low,  and  the  concrete  had  ample 
time  during  the  subsequent  period  of  harden- 
ing to  thoroughly  adjust  itself  and  come  to 
an  unstressed  condition  before  the  application 
of  the  final  load.  It  is  probable  that  concrete 
of  this  age  would  carry  a  tensile  stress  much 
Iiiglier  than  300  lbs.  per  square  inch  without 
failure. 

The  computed  compressive  stress  in  the 
girder  from  live  load  only  is  about  2200  lbs. 
per  square  inch  on  the  assumption  that  the 
bridge  as  a  whole  takes  the  stress,  with  the 
neutral  axis  at  a  depth  of  40  ins.  For  com- 
bined dead  and  applied  load,  this  stress 
amounts  to  about  3000  lbs.  per  square  inch. 
The  maximum  measured  unit  deformation  in 
the  concrete  at  a  load  of  250  tons  on  the  gir- 
der was  about  0.0008.  which  indicates  a  de- 
formation of  about  0.0011  at  the  maximum 
load  of  309  tons,  .^ssuming  an  initial  mod- 
ulus of  elasticity  of  3.000.000  lbs.  per  square 
inch  for  the  concrete,  this  deformation  under 
maximum  applied  load  only  indicates  a  coir- 
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prcssivc  stress  of  about  2000  lbs.  per  square 
inch.  It  may  not  be  expected  that  the  com- 
puted and  the  measured  stresses  in  the  con- 
crete will  show  a  close  agreement,  since  the 
concrete  deformation  measurements  were  less 
satisfactory  than  those  for  the  steel,  and  the 
strength  and  elastic  properties  of  the  concrete 
are  uncertain. 

It  is  recognized  that  there  are  discrepancies 
in  the  above  analysis  of  the  distribution  of 
tensile  stresses,  for  it  would  be  difficult  to  ac- 
count for  the  resulting  deformations  in  the 
steel  and  the  adjacent  concrete  if  the  stresses 
were  distributed   as   indicated.     However,   the 
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low  position  of  the  neutral  axis,  the  low 
stresses  measured  in  the  girder  steel,  the  mi- 
nuteness of  the  tensile  cracks  in  the  girders, 
the  rigidity  of  the  connection  of  the  floor  to 
the  girders,  and  the  general  behavior  of  the 
bridge  under  these  unusual  loads,  will  admit 
of  no  other  explanation. 

Stresses  in  the  Vertical  Stirrups. — Vertical 
stirrups  were  provided  to  take  the  shearing 
stresses  developed  in  the  girders.  Deforma- 
tions were  measured  on  two  %-in.  stirrup  bars 


of  this  load  near  the  ends  of  the  bridge  was 
carried  directly  to  the  abutments  by  the  floor 
slab  and  did  not  produce  stress  in  either  the 
main  system  of  floor  reinforcement  or  the  gir- 
ders, but  since  we  are  concerned  only  with 
what  occurs  at  the  middle  of  the  bridge  span, 
it  is  clear  that  the  above  method  is  proper. 
For  the  full  applied  load  of  418  tons  this  gives 
a  uniformly  distributed  load  of  14.50  lbs.  per 
square  foot  on  the  floor. 

If  we   consider   that   the   floor    slab   carried 
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at  about  tl  ft.  from  the  north  end  of  the  west 
girder.  These  measurements  were  not  begun 
until  a  load  of  140  tons  had  been  placed  on 
the  girder.  From  this  point  to  the  maximum 
load  the  measured  deformations  indicate  an 
increase  in  stress  of  about  12,000  lbs.  per 
.square  inch.  The  close  spacing  of  the  diag- 
onal cracks  in  this  girder  indicated  that  the 
web  stresses  were  well  distrilnited,  and  that 
the  stress  in  the  vertical  stirrups  was  not  high. 

Deformation  and  Stress  in  the  Floor  Rein- 
forcement.— Measurements  were  taken  at  the 
middle  of  two  %-in.  floor  bars  near  the  mid- 
dle of  the  floor  span.  These  measurements 
were  subject  to  much  less  variation  than  was 
found  in  the  girders,  probably  due  to  more 
constant  temperature  at  this  point.  The  val- 
ues have  been  plotted  in  Fig.  10.  The  curve 
exhibits  the  usual  characteristics  for  steel  de- 
formations in  reinforced  concrete  beams.  At 
the  time  of  the  application  of  the  full  stone 
load  on  the  floor,  these  bars  showed  a  meas- 
ured stress  of  about  3fi,000  lbs.  per  square 
inch,  which  was  increased  to  about  40,000  lbs. 
per  square  inch  before  the  stone  load  was  re- 
moved. It  was  not  practicable  to  make  ob- 
servations on  these  bars  during  the  removal 
of  the  stone  load.  It  was  impossible  to  take 
deformation  measurements  in  the  concrete  of 
the  floor. 

In  computing  the  stresses  in  the  floor-slah 
reinforcement,  it  was  considered  that  the  load 
was  carried  laterally  by  the  system  of  %-in. 
twisted  square  bars,  4%  ins.  apart,  to  the 
lower  flanges  of  the  girders.  For  purposes 
of  comparing  the  computed  stress  in  the  rein- 
forcing bars  with  the  stresses  found  from  the 
observed  deformation  at  the  middle  of  the 
lloor  slab,  it  is  sufficiently  accurate  to  consider 
that  the  entire  stone  load  of  418  tons  was 
uniformly  distributed  over  the  area  covered 
by  the  bins.     It  is  appreciated  that  a  portion 


its  load  as  a  partially  ti.xed  beam,  it  will  be  of 
interest  to  determine  the  elements  of  a  beam 
which  would  develop  the  same  stress  in  the 
reinforcing  steel  as  that  measured  in  the  floor 
steel  in  the  test.  Using  a  uniformly  distrib- 
uted load  of  1460  lbs.  per  square  foot,  and  an 
effective  depth  of  10.7  ins.,  we  find  that  .i 
simple  iieam  of   15..5-ft.   span   would  develop  a 


floor  is  rigidly  attached  to  the  girders,  its 
ends  have  only  a  slight  degree  ot"  fixedness, 
on  account  of  the  freedom  with  which  the 
girders  may  deflect  laterally  and  tilt  inward  at 
the  top  as  the  floor  deflects  under  tlie  load. 
It  should  be  borne  in  mind  that  the  stresses 
discussed  above  are  in  addition  to  the  dead 
load  stress  which  has  not  been  considered. 
Tlie  computed  dead  load  stress  in  the  floor- 
slab  steel  amounts  to  about  4,000  lbs.  per 
square  inch.  The  numerous  cracks  which 
were  present  and  the  measured  deflections  in- 
dicate that  the  floor  steel  was  stressed  much, 
higher  than   the  girder  bars. 

Cracks  in  Girders  and  Floor. — Before  begin- 
ning the  last  test  the  cracks  in  the  girders 
produced  by  the  preliminary  tests  were  care- 
fully mapped  and  photographed.  These  cracks 
could  be  traced  on  each  end  of  both  girders, 
inside  and  outside.  Photographs  were  taken 
which  show  similar  cracks  at  the  other  ends 
of  the  girders.  It  was  found  in  many  in- 
stances during  the  application  of  load  that 
diagonal  cracks  which  had  been  previously 
marked  had  opened  again,  but  at  a  much 
higher  load  than  was  placed  on  the  bridge  in 
the  earlier  tests.  In  some  instances  new 
cracks  were  formed  parallel  to  and  near  the 
old  ones,  and  in  some  cases  the  cracks  which 
were  produced  by  the  earlier  tests  did  not  re- 
open at  all.  although  the  girders  were  sub- 
jected to  a  load  many  times  that  which  pro- 
duced the  cracks  in  the  earlier  tests.  It  is 
evident  that  in  being  exposed  to  the  weather 
during  three  years  between  the  tests,  many  of 
these  cracks  had  healed  in  such  a  way  as  to 
form  a  joint  even  stronger  than  the  unbroken 
concrete.  Recent  tests  made  by  the  writer  at 
the  University  of  Illinois  on  concrete  cylinders 
in  compression  and  in  bond  tests  with  plain 
bars  embedded  in  concrete  exhibit  similar  phe- 
nomena in  a  most  striking  manner. 

.A.  few  vertical  hair  cracks  were  formed 
near  the  middle  of  the  girders,  but  in  no  case 
did  these  cracks  open  wide.  These  cracks  ex- 
tended only  a  short  distance  into  the  concrete, 
and  it  is  believed  that  they  were  partially  due 
to  the  lateral  deflection  of  the  girders  whicli 
resulted  from  the  sag  of  the  floor  slab.  The 
small  size  of  the  tension  cracks  in  the  girders 
confirms  the  results  of  the  deformation  meas- 
urements in  the  longitudinal  steel,  in  showing 
that  at  no  time  was  the  steel  highly  stressed. 

Cracks  in  the  floor  slab  were  much  more 
prominent  and  much  more  numerous  than  in 
the  girders.  These  cracks  were  well  distrib- 
uted and  extended  parallel  with  the  girders 
throughout  the  middle  half  of  the  bridge  span. 
Tlie  fine  tension  cracks  which  opened  in  the 
lower  portion  of  the  girders  extended  a  short 


Fig.     II.       Diagram     Showing 

stress  equal  to  that  measured  in  the  floor  steel. 
In  other  words,  we  may  assume  that  the 
points  of  inflection  of  the  flotir  slab  are  P  ins. 
from  the  wheel  guard,  and  that  between  these 
points  the  floor  acts  as  a  simple  beam.  If  the 
floor  slab  was  fully  fixed  by  the  girders,  the 
points  of  inflection  would  be  about  0.21  of  the 
span,  or  about  8%  ft.  from  the  wheel  guard. 
These  considerations  indicate  that  although  the 


k /oo- J\  ^ 

Cracks     In     Slab    of    Bridge. 

distance  along  the  lower  surface  of  the  floor 
slab.  Fig.  1 1  shows  the  approximate  position 
of  the  principal  cracks  on  the  underside  of  the 
floor  after  the  full  load  had  been  applied.  The 
figure  has  been  drawn  as  seen  from  below. 
The  heavy  dotted  lines  across  the  corners  in- 
dicate the  position  of  the  cracks  on  the  top 
of  the  floor.  The  top  cracks  were  nearly  at 
right   angles   to  those   in   the   bottom    face   of 
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the  floor  slab.  They  were  also  much  more 
prominent  than  those  at  the  bottom  of  the 
floor,  and  extended  well  into  the  floor  con- 
crete and  up  to  the  middle  of  the  inside  of 
the  girders,  and  in  two  instances  they  joined 
diagonal  cracks  which  had  been  formed  at 
earlier  stages  of  the  test.  It  was  found  that 
the  deflection  of  the  bridge  had  caused  the 
ends  of  the  floor  to  be  lifted  from  the  abut- 
ments. It  is  plain  that  the  peculiar  condition 
under  which  the  floor  slab  is  loaded  in  a  bridge 
of  this  type,  may  be  expected  to  produce  just 
the  system  of  cracks  which  were  observed  in 
this  test. 

Behavior  of  the  Abutments. — .\s  stated  pre- 
viously, the  deflection  measurements  near  the 
cnAi  of  the  girders  indicated  that  there  was 
some  settlement  of  the  ends  of  the  girders 
under  the  load.  This  can  be  accounted  for  by 
the  consideration  that  the  deflection  and  the 
inward  tilting  of  the  girders  produced  a  highly 
concentrated  bearing  stress  on  the  concrete 
near  the  outer  faces  of  the  abutments  which 
probably  resulted  in  crushing  the  concrete  ar 
these  points  to  the  extent  shown.  The  effect 
of  the  deflection  and  tilting  of  the  girders  is 
also  shown  by  the  horizontal  cracks  which 
formed  across  the  tops  of  the  wing  walls  and 
across  the  ends  of  the  girders. 

SUMMARY. 

In  arriving  at  a  final  estimate  of  the  value 
of  the  information  derived  from  this  test,  it 
should  be  borne  in  mind  that  at  the  time  of 
the  final  loading  the  bridge  was  3^^  years  old. 
However,  the  influence  of  the  age  of  the  con- 
crete was  somewhat  offset  by  the  unfavorable 
conditions  under  which  it  was  built.  This 
bridge  of  40-ft.  span  carried  a  load  for  four 
days  which  was  equivalent  to  .309  tons  per  gir- 
der, in  addition  to  the  weight  of  the  bridge, 
and  the  floor  slab  carried  an  applied  load  of 
418  tons  for  over  a  vear.  without  indication 
of  serious  distress.  These  loads  amount  to 
about  9  to  13  times  the  maximum  load  which 
a  bridge  of  this  kind  would  ever  be  called 
upon    to   carry    in    service.      The    remarkable 


load  carried  by  the  floor  and  girders  mav  sug- 
gest that  the  bridge  was  over-reinforced,  or 
that  the  design  was  heavier  than  necessarv : 
but  it  should  be  remembered  that  the  strength 
of  the  concrete  and  the  stiffness  of  the  bridge 
as  a  whole  were  very  much  increased  over 
what  we  would  find  in  the  structure  during 
the  first  few  months  after  it  was  put  into 
service. 

The  behavior  of  the  girders  as  indicated  by 
the  opening  of  the  diagonal  cracks  in  tlie  web's 
during  the  preliminary  tests,  as  compared  with 
the  final  loading,  is  an  evidence  of  the  in- 
creased strength  and  stiffness  of  the  concrete. 
This  calls  attention  to  one  of  the  most  valu- 
able properties  of  reinforced  concrete  for 
bridge  construction.  In  the  case  of  a  steel 
structure,  great  care  must  be  used  to  prevent 
the  deterioration  from  beginning  at  once : 
while  bridges  of  concrete  increase  in  strength 
and  stiffness  with  the  lapse  of  time,  and  are 
all  the  better  structures  for  having  been  ex- 
posed to  the  weather  for  several  years. 

The  maximum  stress  in  the  longitudinal  gir- 
der steel,  as  determined  from  the  deformation 
measurements,  was  about  2.").n00  lbs.  per  square 
inch.  The  stress  computed  for  the  same  load, 
under  the  assumption  that  the  steel  of  the  gir- 
ders takes  all  the  tensile  stress,  is  47.000  lbs. 
per  square  inch.  It  will  be  appreciated  that 
these  girders  are  of  irregular  form  and  un- 
usual size ;  they  are  not  comparable  in  size 
and  form  with  other  reinforced  concrete 
beams  on  which  tests  have  been  reported.  The 
ordinary  assumptions  may  not  apply  to  a 
girder  of  this  form  and  size.  The  unknown 
values  of  the  strength  and  stiffness  of  the 
concrete  in  this  bridge  is  an  additional  ele- 
ment of  uncertainty.  The  wide  variations  be- 
tween the  computed  stress  in  the  longitudinal 
steel  of  the  girders  and  the  measured  stress 
is  probably  due  to  the  fact  that  the  girders  do 
not  act  as  independent  beams,  but  the  entire 
concrete  section  and  the  steel  of  the  floor  are 
also  effective  in  taking  the  longutudinal  stress. 
The  manner  in  which  these  stresses  were  dis- 
tributed between  the  girder  stec!  and  the  floor 


was  not  determined  ;  but  it  is  apparent  from 
the  general  behavoir  of  the  bridge,  the  low 
position  of  the  neutral  axis,  and  the  minute- 
ness of  the  tension  cracks  in  the  girders,  that 
the  steel  stress  was  actually  comparatively 
low,  and  that  both  concrete  and  steel  of  the 
floor  were  effective  in  taking  this  stress.  It  is 
evident  that  the  influence  of  the  floor  is  much 
greater  at  this  age  than  it  would  have  been 
during,  say,  the  first  few  months  after  open- 
ing the  bridge  to  traffic.  The  measurements 
also  indicated  that  while  the  compressive 
stress  in  the  tops  of  the  girders  are  \trv  high, 
it  was  still  within  the  ultimate  strength  of  the 
concrete. 

It  was  impracticable  to  compute  the  diag- 
onal shearing  stress  developed  in  the  webs  of 
the  girders,  on  account  of  the  irregular  sec- 
tion of  the  girders  and  the  unknown  action 
of  the  floor,  but  it  is  evident  that  while  this 
stress  was  very  high,  the  girders  were  not 
seriously  affected  in  carrying  it.  The  numer- 
ous diagonal  cracks  in  the  girders,  and  the  low 
stresses  measured  in  the  vertical  stirrups, 
show  that  the  vertical  stirrups  provided  ample 
reinforcement  against  the  stresses  developed. 

The  inward  tilting  of  the  girders  in  re- 
sponse to  the  deflection  of  the  floor  shows  the 
remarkable  rigidity  and  strength  of  the  con- 
nection of  the  suspended  floor  slab.  The  de- 
tail of  the  connection  of  the  floor  slab  to  the 
girders  may  be  considered  a  distinctive  fea- 
ture of  this  design  for  a  highway  bridge,  and 
Its  action  under  an  unusual  test  load  gives 
added  confidence  to  this  method  of  construc- 
tion. 

The  load  of  418  tons  carried  by  the  floor  for 
over  a  year  is  equivalent  to  a  uniformly  dis- 
tributed live  load  of  about  14o0  lbs.  per  square 
foot.  The  measured  stress  in  the  floor  steel 
under  this  load  was  about  34,000  lbs.  per 
.square  inch,  which  corresponds  to  the  com- 
puted stress,  if  we  consider  the  effective  span 
of  the  floor  slab  to  be  somewhat  shortened  by 
a  certain  degree  of  end-fixedness,  resulting 
from  the  method  of  attaching  it  to  the  girders. 
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Desirability    of    Making    More    Intelli- 
gent  Use   of   Underground   Space 
in  Locating  Street  Mains  and 
Conduits  of  All  Kinds. 

The  laying  and  maintaining  of  street  mains, 
particularly  in  the  congested  districts  of  large 
cities,  constitutes  one  of  the  serious  problems 
now  confronting  the  distribution  departments 
of  water  and  gas  companies,  sewer  depart- 
ments and  all  other  interests  that  are  com- 
pelled to  use  the  streets  for  the  laying  of 
mains  and  conduits.  Formerly  even  in  large 
cities  this  condition  did  not  exist,  for  the 
water  main  was  laid  G  ft.  from  one  curb,  the 
gas  main  6  ft.  from  the  other  curb,  and  the 
street  car  tracks  occupied  the  center  of  a  few 
streets  The  development  of  public  utilities 
of  all  kinds  has  been  so  great  in  recent  years 
that  all  is  now  confusion  amongst  the  vari- 
ous underground  pipe  lines,  conduits  and 
•appurtenances  lying  beneath  the  street  sur- 
faces in  the  business  districts  of  the  larger 
cities.  Conditions  are  especially  bad  in  Bos- 
ton, and  Mr.  J.  A.  Gould  in  a  paper  before 
the  American  Gas  Institute  recited  the  condi- 
tions existing  in  that  city  with  a  view  to  indi- 
cating the  desirability  of  making  more  intelli- 
gent use  of  underground  .space  for  the  pur- 
poses here  under  consideration  in  cities  which 
still  h.-:ve  the  opportunity  to  apply  modern 
methods  in  locating  pipes  under  streets.  Mr. 
Gould  writes  particularly  from  the  point  of 
view  of  the  gas  man.  Something  of  this 
point  cf  view  should  be  understood  by  public 
works  officials,  especially  since  in  most  states 
the  privately  owned  gas  main  must  give  the 
right  of  way  to  almost  everything  in  the  shape 
of  publicly  owned  pipes  or  conduits.  The  por- 
tions of  the  paper  which  follow  are  of  inter- 


est  to  all   public   service   departments   or  cor- 
porations : 

The  Boston  sewer  department  now  has  a 
double  system  of  sewers — one  for  house  drain- 
age, the  other  for  surface  drainage.  The 
water  department  has  its  ordinary  distributing 
mains,  a  duplicate  system  of  high-pressure 
mains  for  fire  service,  and  reinforcing  feed 
mains.  The  electric  business  has  developed 
rapidly  until  there  are  now  nearly  a  score  of 
different  varieties  of  wires  buried  in  our 
streets,  among  which  are  found  the  following 
companies: 

Street  railway  company's  feed  and  return 
lines,  the  electric  illuminating,  the  New  h2ng- 
hnd  Telephone  and  Telegraph,  .\merican  Tele- 
phone and  Telegraph,  \\estern  Union  Tele- 
graph, Postal  Telegraph,  Telepost,  fire  alarm 
service,  police  signal  service,  Boston  District 
Messenger,  .\utomatic  Fire  Alarm,  Electric 
Protective,  Holmes  Electric  Protective,  Mutual 
District  Messenger,  Stock  Quotation  Telegraph 
and  United  Telegram. 

Several  of  these  larger  interests,  like  the 
street  railway,  the  lighting,  the  telephone  and 
telegraph  companies,  have  separate  con<luits. 
while  nine  of  the  companies  using  low  voltage 
combine  as  the  Low-Tension  Wire  .\ssocia- 
tion,  and  their  wires  arc  laid  in  a  common 
conduif  These  electric  conduits  may  be  of 
small  cross  section,  but  as  the  manltolcs  are 
built  on  too  liberal  a  scale,  they  encroach  upon 
the  neighboring  pipes  and  make  serious  com- 
plications. In  addition  to  the  electric  con- 
duits we  have  the  pipes  of  the  heating 
company  followed  by  those  of  the  freezing 
companies.  The  pneumatic  tubes  for  the  mail 
service  and  parcel  delivery  arc  also  trouble- 
some neighbors,  because  exacting  in  their  re- 
quirements as  to  line  and  grade. 

The    requirements    of    transportation    have 


outgrown  the  capacity  of  the  surface  lines  and 
require  the  elevated  system  with  its  large 
underground  piers,  or  subways  which  tear  up 
all  existing  gas  pipes  and  most  of  the  other 
structures.  The  city  catchbasins,  which  occupy 
a  portion  of  the  sidewalk  and  about  3  ft.  of 
the  roadway,  still  further  reduce  the  available 
space;  and  in  the  business  districts  the  prac- 
tice of  occupying  the  space  under  the  side- 
walks for  vaults  still  further  reduces  the  area 
available   for  pipes  and  conduits. 

One  very  serious  condition  that  confronts 
gas  companies  that  are  not  municipal  plants 
is  they  have  no  permanent  rights  in  their  loca- 
tions that  the  city  or  state  is  bound  to  respect 
when  the  latter  wants  to  do  any  work  with 
which  our  pipes  conflict.  This  was  strongly 
brought  out  in  the  construction  of  a  duplicate 
sewer  system.  When  the  storm  sewers  are 
built  in  streets  where  the  old  sewer  is  in  the 
center  of  the  street,  with  the  water  main  on 
one  side  and  the  gas  main  on  the  other,  the 
city  naturally  locates  its  new  sewers  not  where 
they  will  disturb  the  municipal  water  pipe, 
but  on  the  side  of  the  gas  main,  with  the  re- 
sult that  much  of  the  gas  main  must  be  relaid. 
This  makes  constant  trouble  and  expense  for 
the  gas  company.  It  is  also  unfortunate  that 
most  of  this  sewer  work  is  let  in  small  jobs 
to  irresponsible  contractors,  who  have  no  in- 
terest in  properly  supporting  or  backfilling 
their  trenches,  so  the  neighboring  gas  pipes 
have  to  suffer.  This  trouble  from  storm  sewer 
building  is  avoided  in  new  streets  now  being 
piped  by  not  laying  the  gas  mains  until  the 
sewer  and  water  mains  have  been  laid.  The 
gas  main  is  then  located  between  the  two,  a 
good  location  for  the  gas  pipe,  if  the  sewer 
and  water  trenches  have  been  carefully  back- 
filled. Unfortunately  hundreds  of  miles  of 
older  streets  were  built  and  piped  before  th( 
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city  had  adopted  the  duplicate  system  of  sew- 
ers. Accordingly  there  is  trouble  ahead  for 
several  years. 

A  long  step  towards  avoiding  these  trou- 
bles would  be  made  if  it  were  possible  to  de- 
vise some  wise  system  for  assigning  proper 
locations  for  all  sub-surface  structures  m  all 
new  streets;  but  even  if  such  a  scheme  were 
in  force  serious  trouble  would  probably  de- 
velop unless  these  structures  were  laid  in  their 
proper  sequence,  so  those  laid  shall  not  be 
undermined   by    subsequent   work. 

Under  present  methods  space  is  wasted  by 
one  party  taking  more  than  necessary  and,  by 
claiming  unnecessary  clearance  for  conven- 
ience, forcing  other  pipes  into  contracted 
areas.  For  instance,  the  parallel  clearance 
demanded  by  different  water  departments 
ranges  all  the  way  from  6  to  12  ins.  in  one 
city  to  5  ft.  in  another. 

Sonic  have  the  unfortunate  habit  of  locat- 
ing their  pipes  halfway  between  existing  pipes, 
with  the  result  that  the  next  fellow  has  the 
choice  of  two  contracted  locations  and,  which- 
ever he  chooses,  he  will  crowd  both  his  neigh- 
bors;  whereas  if  his  predecessor  had  been 
wiser  there  would  have  been  room  for  all. 

If  some  experienced,  fair-minded  official  or 
board  could  have  the  power  to  determine  just 
where  all  pipes  and  conduits  should  be  located, 
so  that  each  structure  could  be  given  proper 
location,  conditions  would  improve  greatly. 
This  official  should  be  familiar  with  the  lay- 
ing and  maintaining  of  such  structures  so  as 
to  intelligently  locate  them  for  the  best  inter- 
ests of  all  concerned,  and  should  be  free  from 
all  bias  or  prejudice.  Such  a  position  would 
be  no  sinecure  and  would  require  tact  and 
horse  sense  to  adjust  conflicting  interests  and 
do  justice  to  all. 

In  Boston  we  have  had  a  sample  of  the  pos- 
sibilities of  this,  one  of  the  engineers  of  the 
transit  commission  being  assigned  the  duty  of 
supervising  the  relocating  of  all  pipes  and  con- 
duits over  the  new  subways.  This  engineer 
had  previous  experience  on  telephone  conduits 
and  pneumatic  tubes,  but,  best  of  all,  the  lay- 
ing of  gas  mains,  so  his  success  was  assured. 
The  method  now  in  force  in  Boston  for  ob- 
taining a  permit  for  a  new  main  is  as  follows : 
The  engineer  of  distribution  compiles  a  plan 
showing  all  existing  structures  in  the  street 
and  indicates  the  desired  location  of  the  new 
pipe.  A  blueprint  is  sent  with  the  application 
to  the  office  of  the  commissioner  of  public 
works,  and  the  location  is  approved  success- 
ively by  division  engineers  in  charge  of  sewer, 
water,  grades  and  catchbasins,  and  finally  by 
the  one  in  charge  of  highways,  who  indorses 
the  application  and  the  permit  clerk  issues  the 
permit.  This  supervision  is  to  protect  munici- 
pal structures,  regardless  of  its  effect  on  the 
interests  of  other  corporations. 

Unless  there  is  a  thoroughly  settled  policy 
as  to  the  locations  to  be  given  certain  pipes, 
a  change  in  the  personnel  of  the  departments 
may  make  radical  changes.  We  have  had 
executives  in  the  street  and  park  departments 
who  located  gas  mains  in  sidewalk  in  prefer- 
ence to  the  paved  or  macadam  street,  while 
their  successors  changed  the  policy  and  kept 
all  the  pipes  in  the  roadway.  Unless  some 
settled  policy  is  in  force  it  is  impossible  intelli- 
gently to  locate  outlets  for  branch  streets 
when  a  new  main  is  laid. 

Every  corporation  or  municipal  department 
in  a  growing  city  is  sure  to  outgrow  the  capac- 
ity of  its  original  pipes  and  conduits,  and  the 
locating  and  laying  of  reinforcing  pipes  is  a 
serious  problem.  But  above  all  other  things 
the  problem  of  maintaining  existing  pipes  in 
a  safe  condition  is  the  most  serious  one  for 
the  gas  company,  and  it  is  not  always  the  last 
fellow  in  the  street  who  has  the  worst  of  it. 
Everyone  knows  that  an  undermined  cast  iron 
pipe,  is  liable  to  settle  and  either  leak  or 
ijreak,  and  this  is  especially  dangerous  when 
a  manhole  is  built  so  as  to  inclose  or  support 
the  pipe,  while  the  adjacent  lengths  are  de- 
pending on  soft  earth  for  support.  The  pipes 
may  be  so  covered  or  crowded  by  new  struc- 
tures that  it  is  practically  impossible  to  caulk 
the  joints,  and  large  bills  may  be  incurred  for 
damage  to  the  electric  cables  by  driving  bars 
and  picks  when  making  necessary  repairs. 


From  my  investigations  of  conditions  in 
some  of  the  larger  cities  I  often  find  the  solu- 
tion of  this  problem  is  a  local  one,  in  that  con- 
ditions vary. 

As  to  the  permanent  right  of  the  gas  mains, 
it  is  conceded  that  a  gas  company  has  few 
that  the  city  is  bound  to  respect,  and  any 
gas  lines  which  interfere  with  work  of  the 
city  or  state  must  be  changed  at  the  expense 
of  the  company.  In  many  cities  gas  com- 
panies can  collect  from  contractors  on  city 
work  who  damage  their  pipes,  and  in  one  city 
the  gas  company  is  recompensed  by  the  city 
for  moving  its  mains  on  account  of  subway 
construction.  In  a  few  cities  the  gas  com- 
pany is  paid  actual  cost  for  moving  its  pipes, 
and  occasionally  a  gas  company  bills  the  city 
for  damages  to  gas  pipes  due  to  carelessness. 

In  some  cities  the  locations  are  not  assigned 
or  approved,  while  in  others  such  assignment 
or  aproval  is  made  after  plans  are  submitted 
by  the  gas  company.  In  many  cities  there  is 
a  well-established  understanding  as  to  the 
location  of  the  sewers  and  water  and  gas 
mains,  while  the  location  of  the  electric  con- 
duits  is  more  a  matter  of  chance. 

The  relative  locations  vary  in  different  cities. 
In  one  large  city  the  water  main  is  the  cen- 
ter of  the  street,  where  most  often  we  find 
the  sewer.  In  another  the  center  of  the  street 
is  given  to  the  gas  main.  This  seems  a  most 
happy  condition,  unless  the  street  is  wide 
enough  to  require  two  lines,  or  the  center  of 
the  street  is  occupied  by  car  tracks.  From 
this  location  services  can  be  run  to  either  side 
without  blocking  the  street  or  requiring  the 
pipe  to  be  laid  in  two  sections. 

In  another  important  city  the  mains  are  laid 
between  curbstones  and  line  of  street  when 
practicable.  Most  gas  men  select  a  location 
in  the  roadway  near  the  curb  line,  and  if  there 
are  car  tracks  there  should  be  two  mains. 
Philadelphia  has  as  near  a  standard  system  of 
locations  as  any  of  the  large  cities,  and  loca- 
tions for  underground  structures  are  assigned 
by  the  board  of  highway  supervisors  consist- 
ing of  director  of  public  works  and  the  chiefs 
of  the  highway,  city  property,  survey  and 
water  bureaus. 

These  standard  locations  are  generally  fol- 
lowed: Gas,  3%  ft.  from  curb;  telephone,  5 
ft.  from  curb ;  sewer,  7  or  8  ft.  from  curb ; 
electric  railroad  conduit,  close  to  either  rail ; 
water,  in   center  of  street. 

This  plan  of  standard  locations  often  re- 
ceives a  setback  other  than  due  to  existing 
structures  installed  before  the  plan  was  in- 
augurated, owing  to  the  fact  that  the  three 
city  bureaus  which  install  underground  struc- 
tui'es  lay  pipes  or  conduits  without  consulting 
the  board  of  highway  supervisors,  and  take 
any  location  they  prefer.  Thus  any  system 
will  prove  a  failure  if  the  city  departments, 
responsible  only  to  themselves,  ignore  its  pro- 
visions. We  could  hardly  conceive  of  a  cor- 
poration being  allowed  to  break  up  a  system 
in  that  way. 

The  authorities  of  one  very  large  city  have 
recently  attempted  to  establish  a  bureau  of 
sub-surface  structures,  designed  to  locate  and 
map  all  such  so  they  will  be  able  to  assign 
proper  locations  for  all  sub-surface  companies, 
insuring  permanence  and  preventing  interfer- 
ence with  existing  structures.  This  is  the 
theory,  but  I  am  informed  that  to  the  present 
time  about  1/7  of  1  per  cent  of  the  territory 
has  been  plotted,  so  we  may  confidently  hope 
the  grandchildren  of  the  present  generation 
may  enjoy  its  benefits.  A  similar  scheme  was 
tried  in  Boston  about  25  years  ago,  but  after 
the  original  sectional  plans  were  made  there 
was  no  appropriation  to  keep  them  up  to  date, 
and  they  soon  became  of  little  value,  so  now 
our  plans  must  be  compiled  by  collecting  data 
from  all  known  to  have  pipes  in  the  street. 
A  gas  company  with  which  I  was  connect- 
ed was  required  to  file  plans  annually  at  the 
city  hall,  showing  locations  of  all  gas  mains 
laid;  but  I  doubt  if  they  were  consulted  by 
the  departments  for  whose  benefit  they  were 
made,  as  the  draughtsman  came  to  the  gas 
office  to  compile  the  location  plans  for  water 
pipes  and  sewers. 

It  may  be  practical  for  some  modern  cities 
to   start    such   a   system    and    derive   practical 


benefit  from  the  data  on  file;  but  for  an  old 
city,  where  gas  pipes  have  been  laid  annually 
since  1824,  its  systems  of  water  pipes  and 
sewers  being  entitled  to  the  respect  of  old 
age,  It  is  not  an  easy  thing  without  a  large 
annual  expenditure,  and  for  this  reason  such 
schemes  are  apt  to  come  to  an  untimely  end. 


Operation   of  the   Philadelphia   High- 
Pressure  Fire  Service  System. 

The  management  and  operation  of  the  Phila- 
delphia high-pressure  fire  service  system  was 
transferred  from  the  department  of  public 
service  to  the  department  of  public  works  in 
the  spring  of  1912.  The  service  was  then 
placed  in  charge  of  the  bureau  of  water  in 
accordance  with  the  policy  of  the  department 
of  public  works  of  combining  in  one  bureau 
all  pumping  stations.  Some  features  of  the 
organization  developed  for  handling  the  sys- 
tem and  of  the  results  secured  are  here  given 
from  information  taken  from  the  latest  annual 
report  of  the  bureau  of  water. 

The  high-pressure  system,  with  the  exten- 
sions put  in  service  during  the  year,  covers  the 
business  portion  of  the  city  betw-een  Walnut 
and  Race  streets,  from  Broad  street  to  the 
Delaware  river,  and  the  mill  district  of  the 
city  lying  in  general  between  Allegheny  ave- 
nue, Girard  avenue,  Germantown  avenue  and 
Front  street,  with  extensions  embracing  cer- 
tain outlying  sections  of  this  mil!  district.  It 
comprises  49  miles  of  pipe  ranging  in  size  from 
8  ins.  to  20  ins.,  and  is  provided  with  877 
hydrants.  Two  stations  supply  water  to  the 
system  up  to  a  maximum  pressure  at  the  sta- 
tion of  300  lbs. 

Station  No.  1,  located  at  Front  and  Race 
streets,  and  drawing  water  from  the  Dela- 
ware river,  contains  seven  1,200-gal.  pumps 
and  two  3.50-gal.  pumps,  having  a  combined 
capacity  of  9,100  gals,  per  minute.  This  sta- 
tion serves  the  business  district  of  the  city. 

Station  No.  2,  at  Seventh  street  and  Lehigh 
avenue,  drawing  water  from  the  Fairhill  res- 
ervoir, contains  ten  1,200-gal.  pumps  and  one 
350-ga!.  pump,  with  a  combined  capacity  of 
12,350  gals,  per  minute.  This  station  serves 
the   mill   district   of   the   city. 

Both  stations  are  equipped  with  three-cyl- 
inder four-cycle  gas  engines.  While  each  sta- 
tion se'ves  a  distinct  district,  the  two  districts 
are  tied  together,  so  that  in  case  of  an  emerg- 
ency either  district  can  be  fed  from  either  sta- 
tion by  two  separate  routes.  The  manipula- 
tion of  the  valves  necessary  to  make  these 
changes  requires  but  a  few  minutes. 

During  the  year  Station  No.  1  was  in  actual 
service  for  periods  ranging  from  20  minutes 
to  48  hours  for  23  fires.  There  were  81  addi- 
tional calls  in  which  the  line  pressure  was  built 
up  and  held,  but  in  which  the  system  was  not 
needed.  Station  No.  2  was  called  into  serv- 
ice .34  times,  on  four  of  which  the  service  was 
used. 

Station  No.  1  consumed  during  the  year 
2,175,200  cu.  ft.  of  gas  for  all  purposes,  includ- 
ing experimental  runs.  Station  No.  2  con- 
sumed .357.600  cu.  ft.  of  gas  for  all  purposes, 
including  experimental  runs. 

Upon  the  service  being  taken  over  by  the 
department  of  public  works  the  organization 
was  divided  into  three  parts,  having  distinct 
duties : 

1.  Maiiiteiiaiice.  Under  an  assistant  engi- 
neer acting  as  assistant  superintendent. 

2.  Operation.  Under  a  superintendent  in 
direct  charge  of  the  operations  of  the  stations. 

3.  Construction  and  Engineering.  Under 
the  first  assistant  engineer  as  engineer  in 
charge.  This  force  concerns  itself  with  engi- 
neerin.g  and  construction  work. 

Under  the  maintenance  force  a  repair  gang 
is  or,j;anized  for  each  distribution  district. 
Each  gang  is  in  charge  of  a  foreman,  and  is 
provided  with  a  light  motor  truck  for  carrying 
the  men  to  and  from  their  work.  The  use 
of  these  motor  trucks  has  improved  the  serv- 
ice, decreased  the  time  necessary  for  the 
manipulation  of  stop  valves  in  case  of  a  leak, 
and  in  responding  to  fires. 

Each  line  is  put  under  pressure  for  one  hour 
weekly  and  tested  for  breaks,  unless  the  line 
has  been  in  service  under  working  pressure 
during  the  preceding  seven  days. 
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During  the  year  thirteen  broken  flanges 
were  tound  on  the  lines  in  the  business  dis- 
trict. The  pipes  in  this  district  are  cast-iron 
flange  pipes  laid  about  1902.  On  the  hnes 
in  the  mill  district  there  were  found  one  S-in., 
three  12-in.  and  two  16-in.  split  and  broken 
pipes.  This  pipe  is  Universal  cast-iron  pipe 
laid  during  the  last  three  years. 

Investigation  of  these  split  pipes  seems  to 
show  that  the  w'hole  movement  of  the  pipe, 
due  either  to  the  working  pressure  or  the  ex- 
pansion in  the  mains  after  they  were  laid, 
accumulated  in  one  joint,  forcing  the  taper 
end  forward  until  the  pipe  split  under  this 
additioiial  pressure. 

When  the  high-pressure  system  was  taken 
over  by  the  department  of  public  works  the 
loss  of  static  head,  due  to  leaks,  etc.,  amount- 
ed to  about  16  lbs.  per  square  inch.  By  a  sys- 
tematic: campaign  of  going  over  these  lines, 
testing,  retesting,  replacing  hydrants,  valves, 
etc..  this  loss  has  been  reduced  to  !>  lbs.  per 
square  inch. 


Design  of  Reinforced  Concrete  Settling 

Reservoir  and  Coagulation  Plant 

for  Anheuser-Busch  Brewing 

Association  at  St.  Louis. 

While  the  city  of  St.  Louis  reserves  the 
right  to  supply  its  citizens  with  water  it  has 
no  power  to  prevent  the  owners  of  riparian 
rights  from  taking  water  from  the  river  and 
conducting  it  to  industries  on  the  river  front, 
provided  that  the  private  pipe  lines  do  not 
enter  or  cross  any  public  thoroughfare  or 
other  publicly  owned  lands.  Thus  there  has 
developed  at  the  .Anheuser-Busch  brewing  es- 
tablishment a  water  supply  system  with  a  ca- 
pacity of  more  than  6,000,000  gals,  per  day,  or 
sufficient  to  supply  the  average  city  of  80,000 
inhabitants.  The  principal  features  of  this 
water  supply  system  are  here  described  from 
information  taken  from  the  paper  prepared  by 
Edward  Flad,  entitled:  Reinforced  Concrete 
Reservoir  and  Coagulation  Plant  at  St.  Louis, 


three  Reisert  filters,  recently  completed,  which 
are  rectangular  in  plan,  each  being  approxi- 
mately 34  by  15  ft. 

Chemical  Treatment. — The  water  is  settled 
by  addmg  sulphate  of  aluminum  (alum)  and 
lime.  A  special  three-story  reinforced  con- 
crete building  is  provided  for  storing  and  pre- 
paring the  chemicals. 

The  hopper  for*  storing  the  lime  is  36  by  9 
by  14  fi.  high,  and  has  a  cap^ity  of  90  tons. 
It  is  placed  in  a  pit  so  that  it  can  be  filled 
directly  by  shoveling  from  the  cars.  An  elec- 
tric elevator  conveys  to  the  third  floor  the 
hand-cars  containing  the  lime  or  alum. 

The  alum  is  dissolved  in  a  concrete  tank, 
and  is  fed  to  the  water  by  gravity.  This  alum 
tank  has  three  rectangular  divisions,  each  10 
by  7  by  3  ft.  deep.  Each  division  is  charged 
with  from  -"jOO  to  2,000  lbs.  of  alum  which  is 
dissolved  in  water.  It  requires  from  two  to 
five  hours  to  dissolve  one  charge.  The  lime 
is   slacked    in   iron   tanks   on    the   third   floor. 


Fig.  1.    General  Plan  of  Old  (Steel)  and  New    Reinforced  Concrete  Settling  Reservoirs  at  Anheuser-Busch  Brewery,  St.  Louis,  Mo. 


A  disputed  point  between  the  fire  bureau  and 
those  in  control  of  the  high-pressure  system 
as  to  the  ma.ximum  limit  to  be  placed  upon 
the  pressure  in  the  mains  in  case  of  fire  has 
been  definitely  settled.  A  conference,  attend- 
ed by  city  and  fire  department  officials,  and 
of  insurance  representatives  decided  that  250 
lbs.  w:i:;  a  safe  limit  to  be  placed  on  the  pres- 
suri-  at  the  hydrants,  except  in  case  of  extraor- 
dinary emergency.  It  was  agreed  that  an  in- 
creascr!  pressure  carried  with  it  serious  danger 
of  blowing  out  the  system  at  several  points 
at  once,  tliereby  depriving  the  fire  bureau  of 
the  entire  use  of  the  high  pressure. 

It  was  also  agreed  that  this  pressure  was 
sufficient  to  supply  all  the  water  that  could 
be  controlled  or  would  be  required  at  any  fire 
except  a  serious  conflagration. 


Short  Course  in  Highway  Engineering  at 
the  University  of  Illinois. — A  short  course 
in  lii(;hway  enj;inccring  is  to  be  given  by  the 
Utiivcrrity' of  Illinois,  Jan.  19  to  31.  In  addi- 
tion to  lectures  upon  the  various  features  of 
road  and  bridge  construction,  and  the  selec- 
tion and  operation  of  gasoline  engines  and 
tractors,  demonstrations  of  road-building  ma- 
chincrj'  will  be  made  by  several  manufac- 
turers. 


Mo.,  for  presentation  before  the  American 
Society  of  Civil  Engineers  on  Feb.  4,  1914,  and 
published  on  pp.  21.33  el  seq.  of  the  i'rocecd- 
ings   for  December,  1913. 

The  waterworks  of  the  Anheuser-Busch 
Brcw<  ry  are  on  the  river  front,  south  of  Dor- 
cas strict.  The  water  is  taken  from  the  Mis- 
sissippi through  two  20-in.  cast-iron  intake 
pipes,  and  is  siphoned  into  one  of  two  intake 
wells,  from  which  it  is  pumped  into  settling 
tanks.  It  flows  by  gravity  through  the  set- 
tling tanks,  thence  through  the  fillers,  and  is 
then  pumped  into  the  distribution  system.  A 
Rener:il  plan  of  ihe  settling  tanks  is  shown  in 
Fig.  1. 

The  low-service  pumps  arc  in  a  brick  pit, 
■10  ft.  in  diameter  and  40  ft.  deep.  There  arc 
three  centrifugal  pumps  having  a  combined 
cap.T-''  ■■'  I  '.iidiHiiiii  cals.  per  day,  and  one 
(ripl  imp  having  a  capacity 

of  '-'.'  .         ly. 

There  are  two  steel  settling  tanks.  75  ft.  in 
diameter  and  2S  ft.  high,  one  circular  con- 
crete reservoir  approximately  150  ft.  in  diam- 
eter and  30  ft.  deep,  and  one  rectangular  cov- 
ered reservoir  having  a  capacity  of  about  1.- 
ono.OOi)  gals. 

The  filter  plant  comprises  six  Jewell  filters, 
circular  in  plan,  each   16  ft.  in  tliamctcr.  and 


These  tanks  arc  rectangular,  12  by  12  ft.  by  7 
ft.  deep,  with  sloping  bottoms.  A  false  per- 
forated bottom  is  provided  at  a  depth  of  30 
ins.,  on  which  the  lime  is  placed  and  p.-rrtly 
submerged  in  1  ft.  of  water.  After  slaking, 
which  requires  about  one  hour,  the  attendant 
stirs  ih-:  mixture,  which  passes  readilv  through 
the  perforated  bottom  and  into  the  lime  tanks 
below.  This  milk  of  lime  is  stored  in  three 
vertical  cylindrical  iron  tanks,  12  ft.  in  diam- 
eter and  18  ft.  high,  with  conical  bottoms. 
One  charge  of  lime  consists  of  from  2,0it0  to 
6.000  lbs.,  and  the  tank  holds  about  Id.OOO 
gals,  of  water,  giving  a  2V6  to  7  per  cent  solu- 
tion. In  tlie.sc  tanks  the  milk  of  lime  is  kept 
agitated  by  compressed  air  admitted  at  the 
bottom  through  a  small  perforated  pipe. 

The  flow  of  both  Ihe  .tlum  and  lime  solu- 
tions i>  regulated  by  standardized  orifices 
operating  under  fixed  heads.  The  milk  of 
lime  is  pumped  into  the  supply  pipe  or  settling 
tanks  by  a  centrifugal  pump.  As  a  general 
rule,  tht  lime  is  added  to  the  water  as  it  enters 
the  first  settling  tank,  and  the  alum  as  the 
water  enters  the  second  settling  tank. 

Cotisi'mf<lion. — The  maximum  consumption 
of  water  during  the  summer  is  about  6.fi00.00O 
gals,  per  day,  for  which,  at  times.  1,600  lbs.  of 
alum   and  5,000  lbs.  of  lime  are  required,  or 
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about  2  grains  of  alum  and  7  grains  of  lime  cided  on,  and  the  diameter  was  made  as  large  voir   was    supposed   to   have   some  advantage, 
per  gallon  of  water.  as  the  available  space  permitted.     The  eleva-  being  a  more  permanent  form  of  construction 
The  water  is  used   for  boiler  purposes,  for  tion  of  the  top  was  fixed  by  that  of  the  water  and  not  requiring  painting,  and  perhaps  a  de- 
condensing  and  cooling  in  connection  with  the  in    the    old    settling    tanks,    which    operate    in  sire  to  follow  the  latest  fashion  had  a  minor 
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Fig.  2.    Foundation  Plan  of  New   Reinforced  Concrete    Settling   Reservoir — Anheuser-Busch  Brewery,  St.      Louis. 


ice  machine,  as  well  as  for  washing  barrels, 
bottles,  etc.  It  is  not  used  in  brewing,  partly 
because  of  the  natural  prejudice  against  water 
taken  from  the  river  below  the  outlet  of  the 
large  city  sewers. 


series  with  the  new  reservoir;  and  the  bottom 
was  placed  sufficiently  low  to  pass  below  the 
fill  of  cinders  and  rubbish,  and  rest  on  the 
river  silt. 

Estimates    were    made    of    the    comparative 
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Fig.  3.    Sectional  and  Side  Elevations  of  New   Reservoir — Anheuser-Busch  Brewery. 


Reinforced  Concrete  Reservoir. — Reverting 
row  to  the  reinforced  concrete  reservoir,  the 
large  settling  tank  shown  in  Fig.  1,  recently 
completed :  After  due  consideration  of  the 
various  possibilities  as  to  the  shape  and  loca- 
tion of  the  reservoir,  a  circular  shape  was  de- 


cost  pf  a  steel  tank  and  a  reinforced  concrete 
reservoir.  Exclusive  of  the  foundations, 
pipes,  gate-house,  and  accessories  common  to 
both  designs,  the  steel  tank  was  estimated  to 
cost  $.32,000,  and  the  reinforced  concrete  res- 
ervoir, $.30,800.    The  reinforced  concrete  reser- 


influeiKe;  at  all  events  it  was  decided  to  use 
reinforced  concrete. 

The  reservoir  has  vertical  sides  and  is  153 
ft.  G  ins.  in  diameter  at  the  top  and  35  ft.  deep 
at  the  center.  The  side-wall  extends  25  ft. 
6  in.  above  the  ground.  The  capacity  is  ap- 
proximately 4,250,000  gals.  There  is  a  central 
partition,  consisting  of  a  4-in,  reinforced  con- 
crete wall  with  buttresses,  which  starts  at  one 
side  of  the  reservoir  and  passes  diametrically 
across  to  within  14  ft.  of  the  other  side.  The 
object  of  this  partition  is  to  make  the  enter- 
ing water  circulate  around  the  reservoir  be- 
fore reaching  the  outlet.  The  diameter  of  the 
intake  and  outlet  pipes  is  30  ins.,  and  that  of 
the  waste  pipe  24  ins.  The  outlet  pipe  has  a 
float  and  a  hinged  joint,  so  that  water  is 
always  taken  from  near  tlie  surface.  The 
valves  cnnrolling  the  flow  arc  in  a  gate-cham- 
ber outside  the  reservoir. 

Foundation. — The  foundation  is  a  12-in.  lay- 
er of  concrete  resting  directly  on  the  river  silt 
and  reinforced,  in  two  directions  at  right 
angles  with  1  in.  square  bars,  2  ft.  from  cen- 
ter to  center,  making  %  per  cent  reinforce'* 
nient  each  way.  ; 

On  top  of  this  foundation  rests  the  bottom 
of  the  reservoir,  which  is  G  ins.  thick  and 
reinforced  in  a  manner  similar  to  the  founda- 
tion, except  that  the  bars  are  %  in.  square 
and  6  ins.  from  center  to  center. 

The  top  of  the  foundation  was  coated  with 
a  thin   layer   of  coal-tar,   the   object  being  to! 
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provide  for  expansion  and  contraction  of  the 
bottom  independent  of  the  foundation. 

Side-li^'alls. — The  thickness  of  the  concrete 
side-walls,  shown  in  Fig.  4,  is  7  ft.  G  ins.  at 
the  base,  2  ft.  o  ins.  at  the  ground  line,  and 
12  ins.  at  the  top.  The  pressure  of  the  water 
is  carried  by  hoop  tension,  the  side-walls  being 
reinforced  circumferentially  with  corrugated 
round  bars,  under  the  assumption  that  the 
concrete  carries  no  tension.  There  are  three 
lines  of  1%-in.  round  bars  at  the  bottom  and 


A  =  Area  of  bars,  in  square  inches  per  foot 
of  height  of  wall ; 

D  =  Vertical  distance,  in  inches,  between 
two  layers  of  bars  at  the  point  selected ; 

/'  =  Thickness  of  concrete  wall,  in  inches, 
at  the  point  selected ; 

f>  =  Water  pressure,  in  pounds  per  square 
foot,  at  the  point  selected ; 

r  =  Radius  of  reservoir,  in  feet; 

s  =  Stress  in  steel,  in  pounds  per  square 
inch,  allowed  under  the  assumption  that  the 
concrett;  carries  no  tension ; 

c  =  Stress  in  concrete,  in  pounds  per  square 
inch,  allowed. 

a  =  Area,  in  square  inches,  of  steel  in  each 
layer. 

The  area  of  the  bars  required  per  foot  of 
height  of  wall  is 

/"■ 

A= 


The  vertical  distance  between  the  layers  of 
bars  is 

12  a 

D  = 

A 
The   thickness  of  the  concrete   wall  at  any 
point  is 

pr  —  9A  c 
T  = . 


The  reinforcing  bars  were  held  in  position 
by  angle-iron  frames,  the  sides  of  the  angles 
being  punched  accurately  with  small  holes  for 
the  insertion  of  the  wires  which  tied  the  bars 
to  the  frame. 

Splices. — The  circumferential  bars  were  in 
lengths  of  from  50  to  55  ft.,  and  were  spliced 
by  lapping  40  diameters  and  attaching  two 
Crosby  clips  at  each  lap.  The  strength  of 
this  joint  was  tested  by  making  up  sample 
joints  and  pulling  the  bars  in  a  testing  ma- 
chine. Two  tests  were  made  on  each  diam- 
eter of  bar  used,  one  with  bars  and  clips  with- 
out any  mortar,  and  the  other  with  the  same 


Table  1  gives  the  results  of  the  tests. 

.A.t  the  junction  of  the  side-wall  with  the 
bottom,  knee-bars  are  provided  to  reinforce 
this  connection.  These  bars  are  1  in.  square 
and  12  ins.  from  center  to  center. 

Mi.riure. — The  concrete  in  the  walls  and 
bottom  is  a  mi.xture  of  1  part  cement,  1% 
parts  sand,  and  3  parts  limestone  screenings 
run  through  a  %-in.  mesh  screen,  with  the 
addition  of  10%  lbs.  of  Shamrock  water- 
prooling  to  each  barrel  of  cement.  The  com- 
position of  this  water-proofing  is  approxi- 
mately as  follows: 

Silica   60.0  pet. 

Alumina    15.0  pet. 

Lime     6.5  pet. 

Oxide  of  iron 1.5  pet. 

Combined  water  10.0  pet. 

Gelatinous   material    7.0  pet. 

This  material  cost  73%  cts.  per  barrel  of 
cement 

Forms. — The  forms  for  the  side-walls  were 
built  up  of  %-in.  tongued  and  grooved  floor- 
ing, with  2  by  6-in.  vertical  studs  about  2  ft. 
from  ctnter  to  center.  The  studs  on  the  oppo- 
site sides  were  fastened  together  with  iron 
wire  passing  through  the  forms.  These  wires 
were  approximately  2  ft.  apart  horizontally 
and  4  ft.  vertically. 

The  concrete  was  placed  in  the  forms  with 
a  tower  and  dump-cars  running  on  a  circular 
track. 

Arraigemcnts  for  Washing  Out. — The  bot- 
tom of  the  tank  slopes  toward  the  center  from 
all  sides,  the  24-in.  waste  outlet  being  at  the 
center.  The  slope  toward  the  center  could 
not  readily  be  made  more  than  2  in  75,  being 
limited  by  the  depth  of  the  sewer  which  was 
already  built.  In  order  to  facilitate  the  re- 
moval of  sediment,  therefore,  the  bottom  was 
laid  out  in  a  series  of  star-shaped  mounds, 
as  indicated  in  Fig.  2,  each  mound  draining 
into  a  shallow  gutter.  Hose  connections  fur- 
nish v;ater  under  pressure  of  cleaning  out. 
Sectional  and  side  elevations  are  shown  in 
Fig.  3. 

Bond  in  Concrete. — Special  precaution  was 
taken  to  obtain  a  good  bond  between  the  suc- 
cessive layers  of  concrete.  The  old  surfaces 
were  scrubbed  with  brushes  and  a  stream  of 
water.     In  addition,  6-in.  strips  of  corrugated 

1 
plates,  about  —  in.  thick,  were  placed  vertical- 
16 


Fig.  4.    Vertical  Section  of  Wall  and  Footing  of  New    Reinforced   Concrete   Settling   Reservoir  of   Anheuser-Busch    Brewing 

Association,   St.   Louis,   Mo. 


two  lines  of  %-in.  round  bars  at  the  top,  the 
sections  and  spacing  being  varied  from  bottom 
to  top  to  correspond  with  the  pressure.  It 
was  intended  to  allow  a  stress  of  15,000  lbs. 
per  sq.  in.  rni  the  bars.  Owing  to  an  error  in 
the  calculation,  which,  happily,  was  on  the  safe 
side,  an  excess  of  steel  was  used,  making  the 
stress  per  square  inch  somewhat  less  than  that 
oricinally  contemplated. 

The  thickness  of  the  concrete  wall  was  fixed 
at  each,  point  so  that  the  concrete  would  iiot 
he  stressed  more  than  200  lbs.  per  sq.  in., 
under  the  assumption  that  no  vertical  cracks 
would  develop  under  this  tension.  ,\ssuming 
the  modulus  of  elasticitv  of  steel  at  30,000,000 
and  concrete  at  3,000.000,  the  actual  maximum 
stress,  if  no  vertical  cracks  develop,  will  be 
2.000  lbs.  per  square  inch  of  steel  and  29  lbs. 
per  square  inch  of  concrete. 

The  inllowing  formulas  were  used  in  deter- 
mining tlie  dimensions  and  spacing  of  the  steel 
bars  and  the  thickness  of  the  concrete: 


joint  embedded  in  cement  mortar  of  the  same 
mixture  as  that  used  for  the  walls  of  the 
reservoir. 

The  tests  showed  that  the  presence  of   the 
mortar  did  not  add  materially  to  the  strciiRth 


ly  in  the  joints.  In  spite  of  these  precau- 
tions, when  the  reservoir  was  filled,  small 
leaks  dcvclopeil  along  most  of  the  joints,  and 
iiffloresccncc  was  quite  extensive.  These  leaks 
appear   lo   he  closing   up  gradually,  and   it   is 


TABLE    I.— TKSTS    OK    BAHS, 
Began 
Kind  of  bur —  slipping  Mi.k.-at 

l',i-ln.    round    bur,    plain lb». 

1 '4-111.  round   bar.  with  mortar i,,,mO  Ib.-i. 

m-ln.    round   bar.    plain .17.400  lbs 

1^-in.   round  bar.  with  moitnr..     .12.200  lbs.        32.200  lbs. 

1-ln.    round   bar.   plain .l.'i.OOO  lbs 

1-ln.   round   bar.  with  mortar 2".. 600  lbs.        2.'.. 600  lbs. 

:v,-ln.    round    bar.    plain 27, .100  lbs.         .10,000  Ibn. 

\-tn.  round  bar.  with  mortar...     26.100  lbs.         26.400  lbs. 


Remarks. 
1-ln.   slip  at   18,000   lbs. 
Mortar  broke  at  29,000   lbs. 


of  the  joint,  as  it  failed  either  by  slippage  or 
by  breaking  off  the  clip.  The  first  sign  of 
slippage  occurred  at  a  stress  of  from  18.000 
to  3.1,000  lbs.,  and  the  ultimate  strength  of  the 
joint  varied  from  25,000  to  75.000  lbs. 


probable  that  in  the  course  of  time  they  will 
disappear  entirely.    The  intention,  however,  is 
to   empty   the   reservoir   and   treat   the   joints 
with  some  water-proofing  compound. 
.\ftei-  completion  the  outside  of  the  wall  was 
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rubbed  with  carborundum  blocks  and  brushed 
■with  cfment  mortar. 

The  reservoir  was  designed  by  the  writer's 
company,  and  was  built  under  contract  by  the 
Fruin-Colnon  Contracting  Co.,  of  St.  Louis. 
The  cost,  including  pipes  and  accessories,  was 
approximately  $.52,OOU.  'Ihc  unit  prices  and 
total  cost  of  the  various  classes  of  work  were 
as  follows : 

Excavation.   7,S01  cu.  yds.  at  80  cts $  6.240.80 

Plain  concrete,  class  A,  58.2  cu.  yds.,  at 

J4    232. SO 

Plain  concrete,   class   B,   281.3  cu.   yds., 

at  $5   I,406.a0 

Eeinforced    concrete,     12-ln.    base.    759 

cu.   yds.,   at  $5 3,795.00 

Reinforced  concrete,  6-in.  bottom,  473.1 

cu.    vds.,  at   $8 3.784.80 

Reinforced    concrete   side   walls,    1,178.3 

cu.   yds.,  at  $11 12,961.30 

Reinforced    concrete    partition,    120    cu. 

yds.,   at   $2U 2.400.00 

Reinforcing  bars,  582,668  lbs.,  at  1%  cts.  10,196.69 

Clips   for  reinforcing  bars 650.0" 

Ladders   and   angle-iron   supports 852.16 

Cast  iron  pipes  and  valves 7.283.00 

Gate   house    1,200.00 

Miscellaneous    844.59 

Total   cost    $51,847.64 


The  Break  in  the  Water  Supply  Con- 
duit of  Montreal — Method  oi 
Making  Repairs. 

(Staff  Article.) 

A  serious  "blow-out"  of  a  portion  of  the 
reinforced  concrete  conduit  which  conveys  the 
municipal  water  supply  of  Montreal  occurred 
on  Dec.  20.  1913,  and  until  Jan.  2,  1914,  when 
the  conduit  was  again  successfully  placed  in 
service,  the  city  was  plunged  into  the  confu- 
sion and  distress  incident  to  a  partial  water 
famine.  An  official  report  on  the  cause  of  the 
break  and  the  general  condition  of  the  conduit 
is  beini;  prepared,  at  the  instance  of  the  proper 
city  officials,  by  J.  .\.  Jamieson  and  P.  W.  St. 
George.  The  gist  of  that  report  will  be  pre- 
sented to  our  readers  when  it  becomes  avail- 
able for  editorial  use.  Pending  the  receipt  of 
the  report  mentioned  we  have  prepared  the 
following  statement  relative  to  the  failure  of 
the  conduit  and  to  the  methods  employed  in 
repairing  it.  The  present  article  is  based  on 
inforn'ation  derived   from  various  sources. 

Sectinn  of  Conduit. — Figure  1,  herewith, 
shows  a  cross  sectional  view  of  the  concrete 
conduit  which  failed.  Figure  2  is  a  diagram- 
matic cross  section  showing  the  relative  posi- 
tion of  the  old  and  new  canals  and  the  con- 
duit. 

The  smaller  canal  shown  in  Fig.  2  was  for- 
merly used  to  conduct  the  water  supply  of  the 
•city  from  the  St.  Lawrence  River.  .Miout  five 
years  ago  the  reinforced  concrete  ccnd  nt  was 
built    and    since   then    the    work    of   enlarging 
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Fig.    1.      A    Typical    Cross    Section    of    Rein- 
forced      Concrete       Conduit,       Montreal 
Water  Supply  System,  Which  Failed 
Dec.    25,    1913. 


the  first  canal  has  been  prosecuted  at  intervals. 
The  new  canal  is  to  furnish  water  for  power 
and  industrial  purposes.  The  primary  cause 
of  abandoning  the  old  canal  was  iliat  the  water 
it  carried  was  exposed  to  serious  contamina- 
tion. 


The  old  canal  had  a  width  at  the  water 
line  of  80  ft.  and  a  depth  of  8  ft.  The  old 
canal  was  widened  to  140  ft.  and  its  dcptli 
increased  to  14  ft.  under  a  contract  awarded 
in  1!)10.  Work  on  the  canal  widening  was  be- 
gun in  1877,  long  before  the  enclosed  concrete 
conduit  was  thought  of,  but  a  change  in  plan 
soon  led  to  the  cessation  of  excavation  opera- 
tions and  they  were  not  resumed  until  after 
the  concrete  conduit  was  in  use. 

As  shown  in  Fig.  1  the  cijnduit  is  of  the 
horseshoe  type,  the  radius  of  the  invert  being 
13  ft.  The  greatest  inside  height  of  the  sec- 
tion is  7  ft.  3%  ins.  and  the  greatest  width  is 
0  ft.  The  inside  width  of  the  bottom  segment 
is  7  f":.  2V2  ins.  The  thickness  of  the  concrete 
at  the  top  and  bottom  is  8  ins.  and  at  the  level 
of  the  greatest  width  of  section  it  is  12  ins. 
The  concrete  is  1:2:5  mixture  reinforced  with 
No.  7  and  No.  12,  Birmingham  gage,  Clin- 
ton wire  mesh,  the  larger  strands  being  4  ins. 


on  the  evening  of  Christmas  day.  The  conduit 
was,  of  course,  soon  emptied  and  Montreal 
was  without  an  adequate  supply  of  water  until 
the  evening  of  January  2.  The  conduit  head 
gates  were  closed  as  soon  as  the  break  oc- 
curred. 

METHOD    OF    MAKING    EMERGENCY    REP.MRS. 

A  local  iron  works  was  given  a  rush  order 
to  get  out  seven  18  ft.  lengths  of  riveted  steel 
pipe,  7  ft.  in  diameter  and  V4  in.  thick.  While 
the  pipe  was  being  made  the  entire  section  of 
the  conduit  was  torn  out  for  the  full  length 
of  the  break.  The  bucket  of  the  drag  line 
excavator  previously  mentioned  was  used  as 
a  battering  ram  to  break  out  the  concrete.  It 
took  rlmost  two  days  to  clear  away  the  por- 
tion mentioned. 

The  steel  pipe  was  placed  in  the  conduit  in 
such  a  manner  that  it  extended  across  the 
break  and  32  ft.  farther  at  each  end.  Adja- 
cent sections  of  the  pipe  were  bolted  together 


Canal  Before  Enlargement^- — 
Water  Line-  f-'  '  x' 


Fig,   2. 


Enlarged     ■^;;£^"^^^^^  Canal 
'^TmpTmTwrmTrrrmmrpnTinppp;^: 

Concrete  Conduit  E  8.  C 

IWor.tre?!   Water  Conduit — Sectional   Diagram    Showing   Relative  Positions  of  Old 
Canal     and   Its  First  Enlargement  and  the  Water  Supply  Conduit. 


(The    second    enlargement    of    the    canal,    which  was  under  wav  at  the  point  where  the  blow- 
out  occurred,    is   4    ft.    deeper   and   34    ft.    wider    than   largest   canal   above  shown.) 


and  the  latter  12  ins.  apart.  The  soil  traversed 
liy  the  conduit  ranges  from  limestone  to  clay. 
The  stability  of  the  latter  soil  is  dependent 
upon  its  moisture  content.  Where  the  sur- 
rounding soil  was  unstable  the  reinforcement 
c-xtcnds  entirely  around  the  conduit  section. 
Where  the  foundation  was  stable  the  rein- 
forcement was  carried  1  ft.  within  the  outer 
ends  of  the  bottom  segment  of  the  section. 
The  size  of  stone  specified  for  this  construc- 
tion was  up  to  1%  ins.  in  greatest  dimension 
for  the  portion  below  the  greatest  horizontal 
width  of  the  section  and  up  to  %  ins.  in  the 
balance  of  the  section.  It  was  further  speci- 
lied  that  the  wire  cloth' should  not  at  any 
point  be  closer  than  3  ins.  to  the  inner  sur- 
face oi  the  conduit.  The  capacity  of  the  con- 
duit IS  .M.OOO.OOO  imp.  gals,  per  day.  The 
length  is  27,3(10  ft.  and  the  grade  1  in  .j.onii. 
When  carrying  the  normal  flow  the  hydraulic 
grade  line  is  only  from  -5  to  10  ft.  above  the 
top  of  the  conduit. 

The  larger  canal,  shown  in  F'ig.  2,  was  com- 
pleted under  a  contract  awarded  in  1!)I0,  and 
almost  as  soon  as  this  work  was  finished  a 
further  widening  and  deejsening  of  the  canal, 
to  174  ft.  and  18  ft.,  respectively,  was  decided 
upon.  This  final  enlargement  of  the  canal 
section  has  been  carried  on  by  the  Cook  Con- 
struction Co.  The  new  canal  bottom  is  .5  ft. 
lower  than  the  invert  of  the  concrete  conduit 
at  the  point  where  the  accident  occurred,  and 
at  thai  point  the  canal  side  slope  is  only  17  ft. 
from  the  conduit. 

.About  the  middle  of  December  the  contrac- 
tor had  about  excavated  the  canal  section  to 
its  full  size  at  the  point  where  the  break  in 
the  conduit  subsequently  occurred.  The  ex- 
cavation, which  was  in  clay  at  this  point,  was 
made  by  means  of  a  drag  line  machine  wdiich 
moved  parallel  to  the  caiial.  This  excavating 
machine  was  a  short  distance  from  the  con- 
duit, the  conduit  being  between  the  scraper  and 
the  canal.  The  scraper  was  on  about  •")  ft.  of 
spoil  from  the  canal  excavation.  This  made 
the  depth  of  filling  over  the  condijft  about  10 
ft.  At  the  time  mentioned  it  was  noticed  that 
the  conduit  was  leaking,  so  excavation  opera- 
tions were  suspended.  The  leaking  portion  of 
the  aqueduct  was  exposed  and  the  cracks 
through  which  the  leakage  occurred  were 
calked.  Stone  and  sand  for  filling  were  also 
deposited  back  of  a  line  of  sheet  piling  set 
between  conduit  and  canal.  This  repair  work 
was  completed  two  days  before  the  blow-out 
occ-  rred  but,  as  developments  indicate,  it  was 
of  no  avail. 

A  strip  of  the  conduit  concrete  00  ft.  long 
and  2   ft.  wide,  on   the  canal   side,   gave  way 


by  means  of  angle  iron  flanges,  which  were 
riveted  to  the  inside  of  the  pipe.  The  placing 
of  these  flanges  inside  instead  of  outside  the 
pipe  caused  embarrassment  later  on,  as  will 
be  described. 

The  entire  length  of  lap  between  the  con- 
crete and  the  steel  pipe  was  filled  to  form  a 
seal.  At  the  ends  of  the  steel  pipe  bulkheads 
were  laid  up,  between  the  pipe  and  conduit, 
of  brick  in  bitumen.  The  remaining  portimi 
of  tht;  seal  was  made  by  concrete  deposited 
around  the  pipe  through  holes  drilled  for  that 
purpose  through  the  top  of  the  conduit.  Use 
was  also  made  of  cement  in  bags,  presumably 
for  the  outer  ends  of  the  lap,  and  of  grout 
applied  by  the  cement  gun.  .\n  effort  was 
made  fc  hasten  the  setting  of  the  concrete  by 
introducing  live  steam  into  the  conduit  and  by 
banking  coke  fires  against  the  exposed  portion 
of  the  pipe. 

As  soon  as  the  seal  was  completed  as  de- 
scribed the  head  gates  were  opened  and  it  was 
at  once  apparent  that  the  repairs  made  w'ere 
inadequate.  Leaks  occurred  through  the  seal 
and  al.io  through  the  bolted  flange  joints  wdiioh 
were  provided  with  rubber  gaskets.  Since  the 
bolts  were  inside  the  pipe  it  was  necessary  to 
empty  the  conduit  in  order  to  tighten  them. 
Men  entered  the  conduit  through  a  manhole 
in  the  exposed  portion  of  the  pipe  line  and 
tightened  up  the  bolts.  The  seal  between  pipe 
and  conduit  was  also  improved,  and  the  new 
concrete,  wdiich  was  carefully  placed,  was 
given  24  hrs.  in  which  to  set  before  the  gates 
were  again  opened.  This  time  the  repair  was 
a  success.  Since  the  head  gates  were  opened 
on  the  evening  of  January  2  the  normal  sup- 
ply of  water  has  been  delivered  through  the 
conduit  to  the  city. 

While  the  municipal  conduit  was  out  of 
service  the  city  was  partially  supplied  with 
water  through  connections  between  the  cny 
mains  and  the  mains  of  the  distribution  s\  s- 
tem  of  the  Montreal  Water  and  Power  C". 
.'\boul  30  per  cent  of  the  normal  supply  was 
furnished  in  this  manner.  Some  water  w;i- 
distributed  by  means  of  portable  tanks  im 
carts. 


Indiana  Engineering  Society. — The  annu.il 
meeting  of  the  Indiana  F.ngineering  Societv 
will  lie  held  Jan.  22.  23  and  24  at  the  Hotel 
Severin,  Indianapolis,  Ind.  In  connection  with 
the  convention  there  will  also  be  an  exhibit 
of  engineering  material  by  various  manufac- 
turers and  so  forth.  The  annual  banquet  will 
be  held  Jan.  22.  at  8  p.  in.  and  an  invit.Uinii 
is  extended  to  all  of  those  interested  in  engi- 
neering  work   in   Iiuliana  to  attend. 


anuary  21,  1914. 
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i^ethods  and  Cost  of  Constructing  an 

Experimental    Clay-Macadam 

Road  at  Pomeroy,  Wash. 

Contributed  by  J.  E.  Tupper.  City  Engineer, 
'omeroy,   Washington. 

In  common  with  good  roads  enthusiasts 
iiroughout  the  country  the  writer  has  been 
tudying  the  theory  and  practice  of  construc- 
ion  of  hard  road  surfaces  as  fully  and  care- 
ully  as  circumstances  would  permit  for  the 
ast  ten  years.  Previous  to  that  time  my 
.'ork  had  been  along  other  lines  and  my  at- 
intioii  had  not  been  called  to  the  subject 
xccpt  in  a  casual  way.  In  pursuing  this 
ludy  every  text  book  and  technical  magazine 
rticle  bearing  on  the  subject  that  I  could 
et  hold  of  was  given  careful  consideration, 
rithout  any  bias  in  favor  of  one  method 
lore  than  another.  Especial  attention  was 
iven  to  what  may  be  termed  non-technical 
nicies  appearing  in  newspapers  and  agricul- 
iiral  journals,  as  I  have  frequently  found 
iiat  tl;e  corfiments  of  non-technical  men  often 
ontain  points  that  are  well  worth  heeding 
y   the   technical   man. 

The  conclusion  to  which  I  was  forced  to 
ome  was  that  there  is  no  unanimity  of  theory 
r  practice  among  road  engineers,  and  further 
flat  such  rules  as  seem  to  be  generally  ac- 
epted  are  purely  empirical.  There  are  a  few 
imdamental  principles  that  are  so  simple  as 
D  be  axiomatic,  applying  equally  to  all  roads 
egardless  of  the  surfacing  materials,  but  be- 
ond  this  there  seems  to  be  practically  no 
ata  that  can  be  said  to  be  scientifically  es- 
iblished. 

No  sooner  does  it  seem  to  be  thorouglily 
stablished  that  concrete  is  the  one  and  only 
eliable  foundation  for  a  pavement  than  Mr. 
lammatt  appears  in  Western  lingineering 
or  September  with  an  article  in  which  he 
dvances  the  heretical  argument  that  con- 
rete  has  not  filled  the  bill,  and  even  goes 
s  far  as  to  say  that  "As  a  substitute  for 
Dncrcte  I  believe  that  water  bound  macadam 
jnnot  be  improved  upon."  Shades  of  Byrne! 
'hat  next?  Listen:  "Water  bound  macadam 
as  but  two  faults  as  an  ideal  pavement  for 
nythiiig  but  congested  city  traffic.  One  of 
icse  is  its  tendency  to  disintegrate  under 
lotor  traffic,  and  the  other  is  its  permeability 
>  water."  This  is  but  a  sample  of  what  we 
re  meeting  with  continually,  and  in  the  lace 
f  such  conditions  we  can  scarcely  denounce 
s  heretical  any  new  proposition,  however 
idical  it  may  seem  to  be,  nor  need  we  fear 
)  attack  any  of  the  old  rules  of  procedure 
mply  because  they  have  gained  general  ,ic- 
cptance  if  there  appear  to  us  to  be  a  funda- 
icntal   defects   in   their   position. 

When  in  1011  I  was  called  upon  as  county 
tJginecr  to  prepare  plans  and  specifications 
3r  the  construction  of  a  mile  of  water  hound 
lac.idam  road  I  realized  that  to  a  very  great 
Ktent  the  future  of  road  improvement  in 
ur  county  was  at  stake.  Should  the  road 
lil   in  any   respect  to  meet   the  requireincnls 

would  be  a  long  time  before  another  ex- 
erinu-nt  could  l>c  made.  The  sentiment  of 
ic  public  was  very  largely  cither  virulently 
[lta).;iinislic  r>r  indifferently  ncutr.il.  the 
Junt)  board  was  unanimous  in  rr|i|KiMtion  to 
Ic  expenditure  of  mnney  for  any  sui  h  pur- 
Bse,  .ind  it  was  only  by  reason  of  the  fact 
lal  imder  the  state  law  a  fund  h.wl  aicimtu- 
ited  which  could  he  used  for  no  ■uhcr  pur- 
Dsc  ihat  they  were  finally  induced  l"  con- 
Mit  to  the  construction  of  the  road.  The 
Jad  selected  for  the  experiment  was  one 
inning  cast  from  the  city  of  Pomeroy  .ilong 
le  axis  of  a  deep  valley,  and  is  swept 
iroughout  its  entire  length  by  every  high 
■ind— a  condition  admittedly  hard  on  iiiaca- 
iini  construction.  The  travel  over  the  road 
i  heavy  at  all  times,  averaging  .some  500  vc- 
iclos  per  diem,  and,  there  being  no  parallel 
)ad  that  would  serve  the  purpose,  the  travel 
JuM  not  be  diverted  and  must  be  taken  care 


of  during  construction.  So  far  one  could 
hardl}'  conceive  of  harder  conditions  under 
which   to  work. 

As  a  partial  offset  to  these  conditions  I 
was  able  to  get  specifications  approved  which 
gave  me  a  very  free  hand  in  working  out 
the  problems  that  might  arise,  the  founda- 
tion for  the  road  was,  in  the  main,  exception- 
ally good,  and  we  secured  a  contractor  who 
heartily  co-operated  with  me  in  my  endeavor 
to  secure  the  best  practical  results. 

A  quarry  of  very  excellent  trap  rock  was 
opened  which  was  well  located  for  hanJling 
the  product  by  gravity,  and  exceptionally  ac- 
cessible to  the  road.  The  rock  is  very  hard 
and  tough,  has  a  theoretically  good  fracture, 
but  is  wofully  lacking  in  binding  qualities, 
whatever  that  may  mean.  Al  least  I  have 
been  informed  by  experienced  road  engineers 
that  the  failure  to  get  it  to  form  a  com- 
pact mass  without  the  addition  of  some  ex- 
traneous material  was  due  to  that    fact. 

CROSS-SECTION. 

As  this  is  one  of  the  most  important  roads 
in  the  county,  and  carries  as  much  traffic  as 
any  two  other  roads,  it  was  thought  best  to 
give  it  ample  width,  and  yet  there  did  not 
seem  to  be  any  good  reason  for  metalling  a 
wider  surface  than  was  needed  for  convenient 
passing  of  vehicles.  The  state  law  provides 
for  a  minimum  width  of  12  ft.,  which  appears 
to  us  to  be  an  anamoly ;  being  loo  wide  lot 
a  single  track  and  not  wide  enough  for  teams 
to  pass  on.  Sixteen  feet  was  chosen  as  be- 
ing the  most  suitable  width  for  the  inacadani 
surface.  .-Xs  there  was  much  travel  over  the 
road  with  bare-footed  horses  and  consider 
able  objection  in  general  to  the  stone  surfaced 
road,  we  felt  obligated  to  make  the  earth 
shoulders  wide  enough  so  that  the  travel 
could  follow  them  in  case  the  macadam  sur- 
face was  objectionable.  .Xs  a  general  propo- 
sition I  am  convinced  that  this  is  a  good 
plan  in  any  case.  Making  the  earth  shoulders 
8  ft.  wide  instead  of  4  ft.,  as  is  usual,  gave 
us  a  width  of  roadbed  of  32  ft.  In  order  to 
obtain  this  and  have  room  for  broad  ditches 
with  flat  slopes  we  made  our  road  -10  ft. 
wide  in  cuts.  With  this  construction  ample 
room  is  given  for  the  travel  to  keep  off  of 
the  macadam  surface,  and  the  efficiency  and 
desirability  of  the  road  is  considerably  en- 
hanced without  any  disadvantage  other  than 
the   increased   cost  of  grading. 

The  travel  will  not  follow  the  earth  sur- 
face during  muddy  weather,  nor  to  any  great 
extent  during  the  dry  season  on  account  of 
the  dust,  but  during  very  much  of  the  year 
the  conditions  are  favorable  for  travel  on 
the  earth  surface  and  the  light  traffic  will 
follow  along  the  side  of  the  road  to  the  con- 
siderable saving  of  the  metal  surface.  In  se- 
lecting lij  ft.  as  the  wiilth  of  the  metal  sur- 
face we  were  governed  solely  by  the  needs  of 
the  traffic. 

A  very  large  part  of  the  traffic  over  this 
road  consists  of  heavy  loaded  teams,  and  pro- 
vision must  be  made  for  the  meeting  of  the 
teams  without  forcing  the  heavy  loads  off 
the  macadam  onto  the  earth  .shoulders.  Six- 
teen feet  is  the  minimum  width  that  will  do 
this,  and  yet  is  not  too  wide  to  allow  of 
reasonable  width  to  the  earth  shoulders  with- 
out making  the  total  width  of  the  road  too 
great. 

In    my    investigation    of    the    various    plans 
for   water   bound    ni.i.'.id.ini    ciusirM -tion.    .ui'l 
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ui  rolling  the  earth  will  recede  under  the 
pressure  of  the  crushed  rock  and  the  re- 
sult will  be  a  deformed  cross  sec- 
tion similar  to  that  shown  by  Fig.  2,  in- 
stead of  the  theoretical  form  shown  by  Fig. 
1.  This  sharp  triangular  edge  with  its  point 
on  the  surface  is  bound  to  crush  off  as  soon 
as  the  earth  surface  begins  to  wear  away  or 
to  soften  in  wet  weather.  Some  have  at- 
tempted to  correct  this  defect  by  hand  placing 
a  row  of  Telford  blocks  along  each  edge,  thus 
forming  a  sort  of  rough  curb.  This  device 
helps  for  a  time  in  that  it  prevents  the  forma- 
tion of  the  sharp  edge  and  consequent  early 
ravelling;  but  the  ultimate  result  must  be 
much  the  same,  and  perhaps  even  worse.  As 
the  earth  wears  away  or  becomes  soft  the 
wheels  in  passing  from  the  metal  to  the 
earth  will  have  an  abrupt  drop,  the  blow 
from  which  will  hasten  the  formation  of  a 
deep  rut,  destroy  the  earth  support  for  the 
blocks  and  finally  displace  them,  producing  a 
worse  condition  than  in  the  Srst  case.  Others 
have  tried  placing  2x6-in.  plank  along  the 
edges  to  hold  the  stones  in  place.  The  only 
advantage  this  has  over  the  curbstone  method 
is  in  the  cost,  while  the  final  result  must  of 
necessity  be  very  similar.  The  more  I  studied 
the  subject  the  more  was  the  conclusion 
forced  upon  me  that  the  whole  vertical 
shoulder  method  was  fundamentally  unsound. 
The  earth  shoulders  cculd  never  be  depended 
upon  to  hold  the  edges  of  the  crushed  rock 
in  a  vertical  position.  Eventually  the  edges 
would  break  down  and  flatten  out  until  they 
had  assumed  such  a  form  as  they  could  retain 
of  their  own  inherent  stability.  In  doing  this 
the  adjacent  portions  of  the  macadam  sur- 
face must  suffer  more  or  less.  Why  not  give 
the  rock  such  a  form  during  construction 
as  it  could  be  depended  upcn  tn  retain  with- 
out the  aid  of  external  suppcirt.  The  idea  ap- 
pealed to  me  forcefully,  and  though  I  could 
find  no  support  in  any  of  the  authorities  I 
decided  to  try  the  method  and  watch  the  re- 
sults. Later  on,  during  the  course  of  the 
construction,  a  member  of  the  contracting 
lirm  handeil  me  a  little  book  by  H.  P.  Gillette 
entitled  "Economics  of  Road  Construction"  in 
which  similar  arguments  were  used  and  a 
similar  method  of  construction  recommended. 
While  starting  from  the  same  premises,  using 
the  same  arguments,  and,  in  the  main,  arriv- 
ing at  the  same  conclusions,  we  have  devel- 
oped cross  sections  that  are  in  some  respects 
radically  different.  In  Fig.  3  is  shown  Mr. 
Gillette's  cross  section,  while  mine  is  shown 
by    l-ig.    I. 

Mr.  Gillette  discards  all  side  protection  for 
the    macadam,    leaving     the  '      raw 

edges    bare,    and    makes  '  the  ilders 
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ingly, he  docs  this  on  the  grounds  of  provid- 
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lhat  he  bases  his  argument  on  a  fallacy.  He 
apparently  assumes  that  the  subgradc  is  more 
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water  that  penetrates  the  macadam  surface 
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of  the  roadbed.  The  central  17  ft.  on  which 
the  macadam  is  to  be  placed  is  then  trimmed 
with  the  road  grader  by  starting  at  the  cen- 
ter line  and  throwing  the  dirt  outward  and 
giving  the  surface  a  crown  of  appro.ximately 
2  ins.  The  additional  crown  is  secured  by 
making  the  metal  thicker  in  the  center  than 
at  the  sides.  After  placing  and  spreading 
each  course  of  stone,  and  before  rolling,  a 
couple  of  rounds  are  made  with  the  grader, 
bringing  dirt  from  the  sides  up  against  the 
stone  until  the  earth  surface  is  somewhat 
higher  than  the  stone.  This  excess  will  usual- 
ly disappear  under  the  action  of  the 
roller,  but   if   it   still   remains   it   is   easily   re- 


quarry  was  opened  up  the  clay  content  would 
be  reduced.  .About  1,000  ft.  of  the  first  course 
was  laid  in  this  way  and  finished  and  000  ft. 
of  tlie  second  course  was  spread  but  not  yet 
rolled  when  the  weather  got  so  bad  that  we 
had  to  suspend  operations  until  spring.  Dur- 
ing the  winter,  while  work  was  suspended,  it 
was  utterly  impossible  to  keep  the  travel  off 
of  the  unfinished  road.  Of  course  they  made 
ruts  in  the  partially  finished  surface,  and 
equally  of  course  they  carried  quantities  of 
nnid  on  this  surface  and  beat  it  into  the  por- 
tions traveled  over.  Whatever  the  effect  of 
this  travel  on  the  ultimate  condition  of  the 
roadbed    might   be.   the   matter    was   one   that 
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Fig.  1.    Earth  Shoulders  as  Generally  Planned    for  Macadam  Roads. 


either  very  wet  or  very  dry,  but  when  thor- 
oughly puddled  it  forms  a  firm  bed  for  par- 
ticles of  sand,  gravel  or  crushed  rock,  hold- 
ing them  in  place  while  they  take  the  brunt 
of  the  abrasive  and  percussive  action  of  the 
feet  of  teams  and  the  wheels  of  vehicles.  That 
this  is  true  is  amply  borne  out  by  the  suc- 
cess of  the  sand-clay  roads  that  have  been 
built  in  various  parts  of  the  country.  Taken 
by  itself,  neither  sand  nor  clay  makes  a  good 
road  surface.  Sand  will  not  remain  firm 
and  compact,  and  clay  grinds  up  into  dust 
in  dry  weather  and  into  mud  in  wet  weather. 
Combined  the  good  qualities  of  each  appear, 
resulting    in    a    very    good    and    cheaply   con- 
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Cross-Section    of    Macadam    Roads 
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moved  after  the  rolling  is  completed  by  the 
final  trimming  with  the  road  grader  that 
should  be  given  in  any  case.  The  result  will 
be  a  continuou.sly  smooth  surface,  with  no 
evident  line  of  demarkation  between  the  stone 
and  the  earth  surfaces,  and  absolute  protec- 
tion of  the  edges  of  the  macadam  surface 
against  shearing  by  the  wheels  of  heavy  load- 
ed vehicles,  a  protection  that  will  not  be  de- 
stroyed by  the  wearing  down  or  softening  of 
the  earth  shoulders  until  that  wear  equals  the 
thickness  of  the  metal.  Before  that  time  the 
material  worn  from  the  shoulders  will  have 
been  replaced  if  any  reasonable  care  is  taken 
of  the  road.  In  actual  practice  this  theory 
has   been   absolutely   sustained. 

The  transition  from  the  metal  to  the  earth 
surfaces  has  been  imperceptible  at  all  times, 
there  has  been  absolutely  no  shearing  or  ra- 
velling of  the  edges,  and  no  ruts  have  formed 
over  any  part  of  the  surface  of  the  road. 
From  a  cost  standpoint  the  saving  is  consid- 
erable. The  work  was  done  as  a  part  of  the 
grading  contract  and  the  actual  cost  to  the 
county  is  not  easily  ascertained.  The  actual 
cost  to  the  contractors  was  $9  per  mile.  Tak- 
ing as  a  basis  the  costs  given  in  Gillette's 
"Hand  Book  of  Cost  Data"  and  reducing  to 
the  basis  of  the  wages  paid  here  the  cost  of 
preparing  the  subgrade  where  the  trenches 
are  called  for  cannot  be  less  than  .$.'3.50  per 
mile,  and  would  probably  cost  $500  per  mile. 
It  may  be,  and  probably  was  true,  that  the 
saving  accrued  to  the  contractor  in  this  case. 
Even  then  the  public  has  benefited  and  event- 
ually will  be  able  to  secure  lower  prices  if  this 
method  is  generally  adopted. 

CI..\Y    EIXnF.R    FOR    MACAD/VM. 

We  had  but  fairly  got  started  with  the 
construction  of  the  road  when  a  new  and 
wholly  unforeseen  problem  confronted  me. 

We  were  taking  our  rock  from  a  ledge  of 
very   much   shattered  basalt,   and   the  crevices 
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was  beyond  our  control  and  we  must  abide 
by  the  results.  During  this  period,  while  we 
were  waiting  for  the  weather  to  settle  so 
tliat  we  could  resume  operations,  I  studied 
as  never  before  the  question  of  why  clay 
need  be  objectionable  in  road  construction, 
why  it  was  necessary  to  have  the  crushed 
rock  clean  and  free  from  any  earthy  matter? 
If  these  are  true,  then  there  must  be  reasons 
for  them,  and  these  reasons  I  failed  to  find. 
What  is  mean  in  "binding  qualities"  in  stone, 
and  what  is  needed  and  can  reasonably  be  ex- 
pected in  a  binder?  Incidentally,  why  is  it 
necessary  to  construct  a  macadam  road  like 
a  filter  bed  ?  ]Vhat  is  needed  in  the  cover  of 
a  road  is  saincthiiig  tliat  will  shed  the  water, 
not  strain  it.  It  is  self-evident  that  in  some 
manner  the  stones  in  the  macadam  surface 
nmst  be  made  to  retain  their  position,  and 
the  more  certainly,  readily  and  cheaply  it 
can  be  done  the  more  serviceable  and  econom- 
ical will  be  the  construction  of  the  road.  It 
seems  probable,  though  by  no  means  certain, 
that  with  some  kinds  of  stone,  such  as  the 
limestones,  shales,  and  stone  containing  a 
considerable  amount  of  iron  ore,  that  there 
may  be  a  limited  amount  of  chemical  action 
akin  to  that  occurring  in  the  set  of  Portland 
cement  as  an  aid  in  binding  the  mass  to- 
gether. With  the  inert  rocks  like  granite, 
quartzite,  and  basalt  this  cannot  be  conceded, 
and  the  action  must  be  purely  mechanical. 
There  seems  to  be  an  idea  prevalent  in  tlie 
minds  of  engineers  that  with  the  right  kind 
of  crushed  rock  a  sort  of  knitting  and  inter- 
locking action  takes  place  under  the  pressure 
of  the  roller  similar  to  the  felting  action  of 
wool  or  fur.  As  a  matter  of  fact  no  such 
action  takes  place,  as  may  readily  be  seen  if 
the  nature  and  form  of  the  material  is  taken 
into  consideration.  What  does  take  place  is 
the  formation  of  a  more  or  less  perfect  matrix 
for  each  individual   particle  under  the  crush- 


structed  road.  The  clay  carries  the  load,  be- 
ing protected  from  abrasion  by  the  sand  and 
gravel,  which  in  its  turn  takes  the  wear,  be- 
ing held  in  place  by  the  clay  bed. 

As  the  result  of  my  studies  I  decided  to 
continue  the  use  of  the  clay  in  the  binder,  at 
least  for  a  portion  of  the  road,  in  spite  of 
the    volume    of    adverse    criticism. 

As  was  anticipated,  the  clay  content  of  the 
screenings  diminished  as  we  got  deeper  in  the 
quarry,  so  that  by  the  time  the  first  1,000  ft. 
was  completed  the  screenings  were  practical- 
ly clean.  Our  trouble  then  arose  in  trying 
to  get  the  surface  to  firm  up  under  the  roller. 
It  simply  would  not  do  it.  We  were  using 
a  I'j-ton  roller,  but  the  rock  was  so  hard 
and  tough  that  there  was  no  evidence  of  any 
crushing  or  the  production  of  dust  under  its 
action,  and  it  simply  would  not  set  up.  The 
roller  was  run  continuously  for  three  days 
on  800  yds.  of  clean  stone  in  the  attempt  to 
get  a  firm  surface,  and  it  was  no  nearer  com- 
plete at  the  end  of  that  time  than  it  was  at 
the  end  of  six  hours'  run.  As  at  that  rate 
the  contractors  were  loosing  money  without 
our  getting  anything  for  their  work,  I  directed 
them  to  haul  clay  from  an  adjacent  bank, 
and  spread  it  over  the  road,  sprinkle  it  thor- 
oughly, and  see  what  the  result  would  be 
This  was  done  and  in  a  few  hours  we  had 
what  appeared  to  be  a  perfect  surface.  The 
test  of  service  showed,  however,  that  in  this 
section  of  the  road  the  clay  did  not  penetrate 
deep  enough  to  thoroughly  bed  the  surfacing 
material  with  the  result  that  it  began  to  ravel 
soon  and  had  to  be  given  further  treatments. 
From  then  on  we  treated  the  road  to  clay 
before  attempting  to  give  it  a  final  rolling. 
After  rolling  the  screened  rock  to  as  firm 
a  surface  as  could  be  secured  without  a 
binder  we  spread  a  coating  of  clay  over  the 
surface,  sprinkled  it  thoroughly  to  wash  it 
down  into  the  interstices  of  the  rock,  followed 
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Fig.  2.     Earth  Shoulders  as  Generally  Constructed    for    Macadam 

Roads. 


Fig.    4.     Cross-Section    of    Macadam    Roads      Recommended     and 
Constructed  by  J.  E.  Tupper. 


were  filled  with  clay  that  had  washed  in  from 
the  overlying  soil.  Because  of  the  shattered 
condition  of  the  rock  the  output  of  .screenings 
was  not  very  great,  even  including  the  clay 
content,  which  amounted  to  fully  50  per  cent. 
What  to  do  with  this  "mud"  was  the  prob- 
lem. Our  "Missourians"  did  not  believe  in 
putting  mud  on  a  road  that  was  being  built 
to  get  rid  of  the  m\id.  Work  had  begun  late 
in  the  fall  and  frequent  rains  kept  the  screen- 
ing pile  so  wet  that  it  was  useless  to  try  to 
get  rid  of  the  clay  by  the  use  of  an  extra 
finer  screen  and  washing  would  be  difficult 
and  costly.  Closing  down  the  crusher  so  as 
to  get  a  larger  output  of  screenings  would 
only  partially  remedy  the  trouble  and  would 
largely  increase  the  cost  of  the  crushed  rock. 
At  last  I  decided  to  allow  the  use  of  the 
screenings  as  they  came  from  the  crusher  on  the 
first  course  of   macadam,  hoping  that  as   the 


ing  and  grinding  action  of  the  roller,  and 
the  greater  the  susceptibility  of  the  rock  used 
to  the  formation  of  dust  and  well  graduated 
fine  particles  out  of  which  the  matrix  can  be 
formed,  the  more  perfect  the  so-called  bind- 
ing qualities  of  the  stone.  The  limestones 
and  shales  excell  in  this  quality  while  the 
traps  are  notably  deficient.  It  may  be  set 
down  as  an  axiom  that  the  greater  the  bind- 
ing qualities  of  any  stone  the  less  the  wear- 
ing qualities.  Now,  why  should  any  great 
weight  be  placed  on  the  binding  qualities  of 
the  stone  in  selecting  the  material  for  a  road? 
If  the  formation  of  a  matrix  is  what  is  want- 
ed W'C  have  in  clay  a  more  perfect  material 
than  can  be  found  in  the  dust  and  screenings 
of  even  the  most  perfecllly  ideal  rock.  While 
clay  is  naturally  very  cohesive  and  has  ex- 
cellent bearing  powers,  it  does  not  stand 
abrasion   or   percussion   well,   especially   when 


with  a  coating  of  rock  screenings  and  sprinkleil 
and  rolled  it  until  a  satisfactory  surface  was 
secured.  We  found  that  in  this  way  the 
screenings  would  work  down  into  the  voids 
of  the  rock,  the  wet  clay  would  ooze  up 
under  the  pressure  of  the  roller,  and  the 
surplus  clay  would  be  washed  away  by  the 
sprinkler.  It  was  at  about  this  stage  of  the 
work  that  I  got  hold  of  II.  P.  Gillette's  book 
on  the  "Economics  of  Road  Construction''  and 
read  with  interest  his  contention  that  trap 
rock  could  not  be  made  sufficiently  firm  for 
a  road  surface  without  the  addition  of  clay, 
road  dust,  or  loam  to  the  binder.  As  the 
result  of  our  experiments  with  binding  ma- 
terials on  this  road  becomes  more  evident 
I  feel  justified  in  stating  positively  that  not 
only  is  it  necessary  to  use  some  such  addition 
to  llie  screenings  as  an  aid  to  their  binding 
qualities,  but  I  am  prepared  to  go  even  farther. 
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and  to  assert  that  the  addition  of  clay  in 
proper  amounts  to  macadam  work  is  essential 
to  the  best  results.  When  I  say  clay  I  mean 
a  good,  tough,  tenacious  quality  of  clay  suit- 
able for  brick  making.  Road  dust  or  loam 
will  aid  in  the  setting  up  of  the  surface  dur- 
ing construction,  but  the  effect  is  not  lasting. 
When  the  traffic  comes  on  the  road  such 
binders  break  down,  crumble  up  and  blow 
away.  Another  result  of  the  use  of  clay,  and 
in  my  estimation  by  no  means  a  matter  of 
minor  importance,  is  the  fact  that  the  addi- 
tion of  clay  renders  the  surface  practically 
impervious  to  water.  Ask  any  hydraulic  en- 
gineer and  he  will  tell  you  that  a  clay  pud- 
dle is  about  the  most  impervious  substance 
known  to  the  profession. 

METHODS     OF    CONSTRUCTION. 

While  we  are  about  it,  let  us  break  a  few 
more  precedents.  I  set  no  grade  stakes  or 
cross  lines  to  distribute  the  stone  by.  What 
is  the  use?  If  the  subgrade  is  tested  up  as 
it  should  be  all  that  is  needed  is  to  have  the 
stone  brought  on  in  loads  of  uniform  size, 
which  is  easy  to  do  where  dump  wagons  are 
used,  and  dump  the  loads  at  uniform  inter- 
vals. Your  distribution  will  then  be  as  uni- 
form as  it  would  be  with  all  the  stakes  and 
chalk  line  gages  you  can  place.  I  have  the 
loads  dumped  directly  on  the  roadbed,  placing 
the  wagon  squarely  across  the  road  when 
dumping.  The  terrible  bug-a-boo  of  hard 
places  in  the  road  where  the  loads  are  dumped 
has  no  terrors  for  me.  They  do  not  ma- 
terialize. I  had  stakes  set  at  8-ft.  intervals 
for  the  first  course  and  16  ft.  for  the  second 
course  and  required  2  cu.  yd.  loads  to  be 
dumped  at  the  stakes.  Of  course,  with  auto- 
matic spreading  wagons  a  somewhat  different 
course  would  have  to  be  pursued,  but  in  either 
case  I  should  stake  out  the  dumping  intervals 
and  insist  on  their  being  observed.  The 
spreading  was  done  first  with  what  is  locally 
known  as  a  Morman  scraper,  followed  w'ith 
a  heavy  harrow.  While  the  harrowing  was 
being  done  the  man  who  was  in  charge  of 
the  spreading  attended  to  the  alignment  of 
the  edges,  corrected  any  faults  that  might  de- 
velop during  the  harrowing  by  filling  low 
places  and  removing  material  from  high  spots, 
and  tested  up  his  crown  as  needed  with  a 
straight  edge.  A  good  man  is  needed  in  this 
place.  Much  of  the  justifiable  criticism  of 
our  road  can  be  traced  directly  to  ignorance 
or  carelessness  on  tlie  part  of  the  man  we 
had  in  this  place.  If  careful  work  is  done 
here  there  will  be  little  need  of  corrections 
following  tlie   roller. 

L'nder  the  first  contract  let  we  constructed 
5,700  ft.  of  two-course  macadam,  the  first 
course  consisting  of  stone  retained  on  a  1  Va- 
in, screen  and  not  exxeeding  4  ins.  in  any  di- 
mension; the  second  course  consisted  of 
stones  passing  the  lV4-in.  screen  and  retained 
on  the  %-in.  screen.  The  first  course  was 
distributed  at  the  rate  of  '/4  cu.  yd.  per  linear 
foot  and  the  second  course  at  the  rate  of  Mt 
cu.  yd.  per  foot.  .Mlowing  for  a  compression 
of  20  per  cent  this  produced  a  final  thick- 
ness of  C  ins.  Before  the  first  contract  was 
completed  two  additional  contracts  were  let 
for  extensions  of  the  road  aggregating  3,500 
ft.  In  these  contracts  the  two  sizes  of  rock 
were  run  together,  only  the  screenings  being 
taken  out.  Otherwise  the  procedure  was  the 
same  as  in  the  first:  ]t  is  hard  to  tell  which 
makes  the  best  road.  The  metal  for  the  sec- 
ond contracts  was  considerably  denser  and 
did  not  compress  as  much  as  the  first  lot. 
The  result  is  a  rather  thicker  surface  coat  and 
one   that  appears   to  wear   rather  better. 

COST    DATA. 

.\^  this  work  was  all  done  under  contract 
and  the  force  available  in  the  engineer's  office 
was  insufficient  to  keep  continuous  tab  on 
the  costs  it  is  not  possible  for  me  to  give  a 
full  analysis- of  the  costs  of  the  different  parts 
of  the  work.  The  following  cost  data  were 
taken  during  one  entire  week  when  the  force 
was  thoroughly  organized,  the  men  all  fa- 
miliar with  their  work,  the  weather  ideal  and 
everything  working  smoothly.  It  represents 
the  maximum  output  of  the  force,  and  is  con- 
siderably in  excess  of  the  average.     The  out- 


put of  the  quarry  averaged  75  cu.  yds.  a  day 
exclusive  of  the  screenings,  or  87  cu.  yds. 
including  screenings,  bunker  measure.  The 
face  of  the  quarry  at  the  time  was  about  21 
ft.  high  and  12-ft.  holes  were  drilled  in  the 
face  close  to  the  bottom.  All  drilling  was 
done  by  hand,  one  man  holding  and  one 
striking.  The  blasts  were  fired  with  electric 
detonators  in  batteries  of  three  or  four  holes, 
each  hole  carrying  15  lbs.  of  60  per  cent 
dynamite  and  breaking  down  10  cu.  yds.  per 
foot  of  hole  or  8  cu.  yds.  per  pound  of  pow- 
der. This  very  exceptional  showing  was 
largely  due  to  the  shattered  condition  of  the 
ledge.  The  mucking  was  easy,  there  being 
very  little  sledging  required.  .4  21-in.  gage 
track  carrying  V^  cu.  yd.  steel  dump  cars  was 
installed,  running  from  the  crusher  platform 
to  the  face  of  the  quarry,  with  a  switch  and 
two  branches.  The  cars  were  loaded  and 
operated  by  hand. 

The  daily  quarrying  and  crushing  costs  dur- 
ing the  week  observed  are  given  in  Table  I. 

TABLE  I.— DAILY  COSTS  OF  QUARRTING 

AND  CRUSHING  SHATTERED  TRAP 

ROCK,  POMEROY,  WASHINGTON. 


Per  day. 

Engine  rental  t  5.00 

Kngineer 3.50 

Gasoline  and   oil 4.00 

Quarry   foreman    3.50 

2    drillers    5.00 

S   muckers    20.00 

1    feeder    2.50 

Supervision    2.00 

Powder    1.95 

Detonators     0.12 

Total    $47.57 


Per  cu.  yd. 
bunk,  meas. 

$0.0667 
0.O466 
0.0533 
0.0467 
0.0G6G 
0.2666 
0.0333 
0.0267 
0.0260 
0.0016 


jo.i;a4i 


The  crushing  was  done  with  a  No.  2  Au- 
rora portable  crusher  driven  by  a  25-HP. 
gasoline  engine.  The  crushed  rock  was  ele- 
vated to  a  two  section  revolving  screen, 
dropped  into  hopper  bottomed  bunkers,  and 
spouted  directly  into  the  dump  wagons.  Three 
teams  hauled  the  rock  from  the  bunkers  to 
the  road  in  2  cu.  yd.  dump  wagons,  one 
team  hauled  screenings  and  clay  in  a  V/2  cu. 
yd.  wagon  box,  the  teamster  and  one  helper 
loading  and  spreading  it  as  needed.  One 
team  was  kept  constantly  at  work  on  the 
sprinkling  wagon,  and  one  team  spread  the 
rock  and  harrowed  it,  helping  at  odd  times 
with  the  sprinkling.  Two  extra  men  were 
kept  on  the  road  assisting  in  distributing  the 
materials  and  correcting  defects  that  appeared 
under  the  action  of  the  harrower  or  roller. 

The  roller,  a  15-ton  Austin  gasoline,  op- 
erated by  one  man,  was  kept  constantly  at 
work.  Only  for  the  fact  that  the  harrowing 
reduced  by  fully  30  per  cent  the  amount  of 
rolling  needed,  the  roller  would  have  ha<l 
to  work  two  shifts  much  of  the  time.  With 
the  force  as  above  stated  they  completed  20(i 
lin.  ft.  of  road  per  eight-hour  day  at  the  unit 
costs  given  in  Table  II. 

This  is  equivalent  to  a  cost  of  30.1  cts.  per 
sq.  yd.  of  surface.  It  must  be  borne  in  mind, 
however,  that  the  cost  given  in  Table  II  is 
the  actual  minimum  cost  possible  with  the 
force  as  organized,  and  includes  no  item  lor 
overhead  charges  or  profits. 

SFRVICF.    AND     .MAINTENANCE. 

This  road  was  completed  at  the  beginning 
of  harvest  in  1912  and  has  now  passed 
through  two  seasons  of  the  heavy  traffic  inci- 
dent to  the  delivery  of  the  grain  crop.  The 
portion  of  the  1013  crop  that  passed  over  this 
road  during  the  months  of  .\ug\ist,  .Scptcni- 
lier  and  Oclnbcr  ainounlcd  to  I.^OOO  tons, 
an  average  of  (Wi  tons  per  day.  Though  no 
accurate  traffic  census  has  been  taken  on 
this  road,  it  is  known  that  during  the  busy 
season  the  travel  often  reaches  1,500  vehicles 
per  21  hours.  Much  of  this  traffic  consists 
of  heavy  loads  and  it  is  not  unusual  to  find 
instances  where  the  load  amounts  to  1,000 
lbs.  per  inch  in  width  of  tire,  which  is  double 
the  pressure  given  bv  our  ro.nd  roller. 

.At  first,  either  throiigh  ignorance  or  indif- 
ference, no  provision  was  m.ide  for  the  main- 
tenance of  the  rr>ad  and  the  turning  of  this 
heavv  traffic  on  the  green  surface  could  only 


result  in  serious  damage  unless  care  was 
taken  to  prevent  it.  The  result  of  the  heavy 
traffic  soon  began  to  manifest  itself  and  the 
surface  began  to  shown  signs  of  abrasion, 
especially  in  places  where  an  insufficient 
amount,  or  a  poor  quality,  of  clay  had  been 
used.  The  authorities  soon  found  that  they 
must  do  something  or  the  road  would  be  a 
dead  loss.  We  had  no  road  roller,  nor  were 
we  prepared  to  crush  rock.  The  only  thing 
possible  to  us  under  the  circumstances  was 
done. 

We  had  more  clay  hauled  and  distributed 
where  the  road  showed  signs  of  failure,  and 
then  put  a  sprinkling  wagon  on  the  road  and 
gave  it  a  thorough  soaking.  This  stopped  the 
damage,  and  by  sprinkling  the  road  twice  a 
week  during  the  dry  season  we  were  able  to 
prevent  any  further  damage.  This  year  the 
sprinkling  was  begun  as  soon  as  the  dry 
season  set  in,  and,  aside  from  the  damage 
above  mentioned,  which  was  due  to  faulty 
construction  and  to  neglect  while  the  road 
was  still  green,  there  has  been  no  further 
damage  sustained  worth  mentioning.  As  to 
the  effect  of  motor  traffic  on  the  road  it  does 
not  seem  to  do  as  much  harm  as  do  the  caulks 
of  the  sharp-shod  trotting  teams.  By  watch- 
ing the  condition  of  the  surface  and  keeping 
it.  sufficiently  moist  so  that  no  considerable 
depth  of  dust  will  form  there  will  be  noth- 
ing for  the  tires  to  pick  up  and  no  damage 
can  be  done.  This  sprinkling,  that  has  cost 
us  $60  per  mile  per  year,  is  all  that  has  been 
done  so  far  in  the  way  of  maintenance.  At 
a  fair  estimate  $100  per  mile  will  repair  the 
damage  done  when  the  road  was  new.  Of 
course,  there  has  been  some  wear  on  all  parts 
of  the  road,  but  a  careful  examination  made 
a  short  time  ago  shows  that  this  does  not 
exceed  %  in.  except  in  the  places  above  men- 
tioned.     If   this    rate   can   be   maintained   the 


TABLE  II.  — INIT  COSTS  OK  CONSTKLCTING 
CLAY-STONE     MACADAM     ROAD, 
POMEROY.  WASHINGTON. 

Per  day.  Per  lln.  ft. 

Quarrying  and  crushing $  47.50        $0.2375 

Hauling  stone    13.50  0.0675 

Haulins  scrceninKs  and   clay.       4.5u  0.0225 

Team  spreading  stone 4.50  0.0225 

Team  sprinkling  4.50  0.0225 

3    extra    men 7.50  0.0375 

Holler  operator   3.50  0.0175 

Gasoline  and   oil 5.00  0.0250 

Rental  of  3  dump  wagons 1.50  0.0075 

Rental  of  2  sprinklers 2.00  0.0100 

Rental  of  road   roller 10.00  0.0500 

Supervision  on  the  road 3.00  O.0150 

Total   $107.00         $0.5350 


road   will  last  ten  years  without  resurfacing. 

ECONOMIES     OBTAINED     AND     COMPARISON      WITH 
CONCRETE   ROADS. 

The  question  naturally  arises,  does  it  pay 
to  build  a  road  that  will  cost  $100  per  mile  a 
year  for  maintenance,  and  that  will  require 
resurfacing  at  the  end  of  ten  years  at  cost 
equal  to  one-half  the  original  cost  of  the 
road  ?  Why  not  build  a  concrete  road  in  the 
first  place  and  save  the  cost  of  maintenance 
at  least  ?  The  question  is  one  that  will  not 
down  and  it  must  be  answered. 

Both  the  county  and  the  city  are  doing  con- 
si<lcrable  concrete  work  of  various  kinds  and 
the  cost  of  concrete  road  construction  has 
been  pretty  thoroughly  investigated.  The 
least  we  can  hope  to  lay  a  concrete  pavement 
16  ft.  wide  for,  is  $1,50  per  square  yard.  We 
can  place  the  best  macadam  for  $0.50  per 
square  yard  at  the  most.  R"Ughly  speaking 
ihc  cost  of  macadam  is  $5,000  per  mile  and 
the  cost  of  concrete  is  $l5.00i1.  This  gives  an 
excess  cost  for  concrete  of  $10,000  upon  which 
interest  must  be  computed.  Placing  this  at 
1  per  cent,  which  is  lower  than  we  can  reason- 
ably expect  to  gel  the  money,  we  have  an  an- 
nu.-il  interest  charge  of  $-l06.  Even  the  most 
•  iptimistic  advocates  of  concrete  road'  con- 
struction admit  an  annual  maintenance  charge 
of  $25  per  mile,  and  most  of  them  concede 
$50  per  mile.  Then  the  surface  is  not  inde- 
structible, and  though  concrete  has  not  been 
used  long  enough  for  this  purpose  to  enable 
us  to   form   more  than   a   shrewd   guess,  it  is  ' 
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fair  to  assume  that  taking  one  road  with  an- 
other they  will  require  renewal  at  the  end  of 
20  years.  For  this  purpose  at  least  $J00  must 
be  set  aside,  making  in  all  an  annual  charge 
of  $92-5  per  mile  on  the  concrete  construction 
as  against  $350   for  the  macadam. 

CONCLUSIDNS. 

The  proof  of  the  pudding  is  in  the  eating, 
and  the  real  and  only  true  test  of  the  value  of 
a  road  is  the  estimation  in  w^hich  it  is  held 
by  that  portion  of  the  public  which  uses  it. 
As  I  stated  at  the  beginning  of  this  article, 
the  feeling  of  the  public  was  at  first  largely 
antagonistic,  but  before  the  first  half  mile 
had  been  completed  the  feeling  had  changed 
to  so  great  an  extent  that  the  farmers  who 
would  use  the  road  contributed  $'2,625  for  an 
extension  of  the  road  2,700  ft.  farther  east, 
and  the  city  of  Pomeroy  appropriated  $700 
for  an  extension  into  the  city.  Fifteen  of  the 
subscribers  paid  $100  each  and  the  verdict 
of  these  men  is  unanimous  that  Ihey  were 
amply  compensated  by  the  use  of  the  road 
the  first  year.  No  macadam  work  has  been 
done  this  year,  nor  is  any  contemplated  for 
next  year  that  is  to  be  paid  for  out  of  the 
permanent  highway  fund.;  but  tliis  is  not  be- 
cause of  any  dissatisfaction  with  that  type  of 
road  or  doubt  of  its  ability  to  stand  the  wear. 
We  are  simply  waiting  until  the  accumula- 
tion in  the  fund  is  sufficient  to  warrant  the 
letting  of  larger  contracts,  and  in  the  mean- 
time we  are  getting  our  road  in  shape  out 
of  the  other  funds  to  receive  the  metal  sur- 
face. 

The  growth  of  public  sentiment  in  favor 
of  improved  roads  is  fairly  mirrored  in  the 
attitude  toward  taxation.  At  the  time  this 
road  was  started  the  levy  in  this  county  for 
Toad  purposes  was  four  mills  on  the  dollar 
■of  valuation,  which  was  about  the  average 
of  the  preceding  ten  years.  This  was  nearly 
all  needed  for  the  ordinary  repairs  and  very 
little  was  available  for  permanent  work.  The 
next  year  the  levy  was  raised  to  six  mills, 
which  proved  to  be  woefully  inadequate  to 
the  demands.  This  year  the  call  for  road 
improvement  was  so  great  that  the  board 
raised  the  levy  to  the  statutory  limit  of  14 
•mills,  an  increase  of  350  per  cent  in  two  years. 
It  may  not  be  fair  to  attribute  the  whole  of 
this  enthusiasm  to  the  construction  of  this 
one  piece  of  road,  but  as  it  was  the  first  piece 
of  good  road  constructed  in  the  county  it  had 
much  to  do  with  it.  A  movement  is  on  foot 
to  surface  1%  miles  of  road  in  another  part 
of  the  county  with  macadam  9  ft.  in  width, 
the  expense  to  be  borne  largely  by  subscrip- 
tion. More  than  that,  the  success  of  the 
macadam  on  this  piece  of  work  has  been  such 
that  the  feeling  is  very  strong  in  favor  of 
using  it  for  city  pavements.  It  seems  quite 
probable  that  12,000  sq.  yds.  of  macadam 
pavement  will  be  laid  in  the  city  this  coming 
season. 

Among  the  lessons  that  we  have  learned 
from  this  experiment  are  that  a  water  and 
clay-bound  macadam  road  kept  well  sprinkled 
will  stand  up  under  any  traffic;  that  it  is  in 
most  cases  cheaper  and  better  to  keep  a 
sprinkling  wagon  on  the  road  during  the  dry 
season  than  to  attempt  to  keep  down  the  dust 
and  hold  the  metal  in  place  with  a  bituminous 
binder ;  that  the  better  the  quality  of  clay 
used  in  the  binder  the  more  durable  the  road; 
that  \vliere  a  good  quality  of  clay  is  used 
there  is  no  danger  of  failure  of  the  road 
through  saturation  of  the  sub-grade;  and  that 
a  well  built  macadam  road  is  superior  to 
either  asphalt  or  concrete  as  a  road  surface. 

In  this  article  I  have  not  attempted  to  cover 
all  of  the  experiments  that  we  made  in  the 
course  of  the  construction  nor  enumerate 
the  problems  we  had  to  solve.  Many  of  these 
were  of  minor  importance  and  had  to  do 
mainly  with  the  efficiency  of  the  w-orking 
force.  Others  affecting  the  quality  of  the 
road  showed  negative  results.  Jn  all  of  our 
experiments  cost  was  made  sulwrdinate  to 
quality,  and  a  method  was  not  rejected  on  ac- 
count of  cost  until  it  was  clearly  established 
:that  it  would  be  true  economy  to  do  so. 

It  is  not  argued  that  the  methods  we  used 
were   such   as    would    produce   the   most   per- 


fect surface.  Some  small  depressions  devel- 
oped soon  after  traffic  was  turned  on  the 
road,  the  surface  was  somewhat  wavy,  and 
there  was  a  tendency  for  the  large  stones  to 
show  up  on  the  surface  and  make  it  rougher 
than  it  should  be.  Had  we  been  constructing 
a  city  pavement  we  would  have  used  greater 
refinement  of  detail,  but  the  object  we  were 
striving  for  was  the  securing  of  a  good, 
serviceable  road,  and  we  placed  greater  stress 
on  stability  than  on  ideal  smoothness  of  sur- 
face. 


An   Improved  Clip  Anchor  for  Metal 

Guards  for  Concrete  Curbs  and 

Columns. 

(Staff  Article.) 

In  our  issue  of  May  21,  1913,  we  published 
an  illustrated  description  of  a  metal  device 
for  protecting  the  corners  of  concrete  curbs 
and  columns  as  made  by  the  Clip  Bar  Manu- 
facturing Co.,  2540  Olive  St.,  Philadelphia, 
Pa.  The  same  manufacturers  have  recently 
placed  an  improved  type  of  clip  anchor  on 
the  market  for  use  with  their  type  of  bar. 
The  new  style  of  clip  anchor  is  shown  in  the 
accompanying  view,  which  also  sli07/s  the 
shape  and  dimensions  of  the  bar  which  luve 
not  been  changed.    The  new  clip  anchors  have 


An    Improved   Clip    Anchor    Metal   Guard   for 
Concrete    Curts    and    Columns. 

a  double  function:  (1)  To  position  and  sup- 
port the  guard  bar  in  the  form  while  the 
concrete  is  being  placed,  and  (2)  to  anchor 
the  curb  guard  securely  in  the  concrete  struc- 
ture when  finished.  The  slip  anchors  are  at- 
tached at  9-in.  intervals,  by  springing  them 
into  the  bar.  After  all  of  the  necessary  clips 
are  attached  to  the  bar,  it  is  placed  in  the 
form  and  the  guard  bar  and  clips  are  held 
in  position  by  wedging  the  anchors  between 
the  two  sides  of  the  form  which  form  the 
back  and  face  of  the  curb.  The  guard  bar 
can  be  bent  to  any  radius  of  curb  desired  at 
street  and  alley  intersections.  Among  the  ad- 
vantages claimed  by  the  makers  for  this  type 
of  bar  are  the  following:  (1)  Light  strong 
section;  (2)  simplicity  of  installation;  (3) 
efficient  servicef;  (4)  great  wearing  surface; 
(5)  ornate  appearance;  (6)  not  afTected  by 
frost ;  (7)  not  affected  by  expansion  and  con- 
traction on  account  of  uniform  thickness. 


National  Conference  on  Concrete  Road 
Building. — The  program  of  the  sessions  of 
the  National  Conference  on  Concrete  Road 
Building  to  be  held  at  the  Auditorium  Hotel, 
Chicago,  Feb.  12-14,   1914,  will  be  as  follows: 

Februarv  12:  "The  National  Conference  on 
Concrete  Road  Building."  bv  Dr.  W.  F.  M. 
Cioss;  "Financing  Permanent  Roads,"'  by  S.  E. 
Bradt;  "Can  a  Rural  Community  .Afford  Per- 
manent Roads?"  by  Oliver  Dunlap;  and  "The 
Concrete  Road  System  of  Wayne  County, 
Michigan,"  by  Edward  N.  Hines. 

February  13 :  "Development  of  Concrete 
Roads  in  the  United  States,"  by  H.  C.  Shirley; 
"Contraction  and  Expansion  of  Concrete 
Roads."  by  R.  J.  Wig,  Ch..  N.  H.  Tunnidiff 
and  W.  A.  Mclntvrc;  "Joints  for  Concrete 
Roads,"  by  Dr.  W.  K.  Hatt,  Ch..  G,  W.  Cooley 
and  R.  J.  Wig;  "Methods  and  Cost  of  Repair- 
ing and  Maintaining  Concrete  Roads,"  bv  E. 
N.  Hines,  Ch..  J.  S.  McCullough  and  F.  P. 
Wilson;  "Preparation  and  Treatment  of  Sub- 
grade  for  Concrete  Roads,"  liy  Prof.  I.  O. 
Baker.  Ch.,  A.  R.  Hirst  and  K.  N.  Johnson; 
"Reinforcement  of  Concrete  Roads"  by  T.  H. 
McDonald,  Prof.  H.  E.  Riggs  and  R.  L.  Hum- 
phrey; "Experiments  with  Concrete  for  Roads 
Conducted   by  the    United    States     Office     of 


Public  Roads,"  by  Logan  Waller  Page ;  "Ag- 
gregates for  Concrete  Roads,"  bv  S.  E. 
Thompson,  Ch.,  Prof.  A.  N.  Talbot  and  W.  M. 
Kinney;  "Shoulders  for  Concrete  Roads."  by 
Maj.  W.  W.  Crosby,  Ch,,  C.  A.  Kingsley  and 
J.  H.  Mullen ;  "Bituminous  Surfaces  for  Con- 
crete Roads,"  by  E.  J.  Mehren,  Ch.,  H.  G. 
Shirley  and  J.  R.  Marker;  "Finishing  and 
Curing  Concrete  Road  Surfaces,"  by  Dr.  Turn- 
saure,  Ch.,  H.  J.  Knelling  and  E.  D,  Boyer; 
"Economic  Methods  of  Handling  and  Hauling 
Materials  for  Concrete  Roads,"  by  H.  P.  Gil- 
lette, Ch.,  D.  D.  Price  and  P.  H.  Wilson, 

February  14 :     "Concrete  Road  Construction 
by  the  Ohio   State  Highway  Department,"  by 
James  R.  Marker;  "Mixing  and  Placing  Ma- 
terials   for    Concrete   Roads,"   by    P.   D.   Sar- 
gent, Ch,,   Prof.  A.  H.   Blanchard  and  C.  W. 
Bovnton ;     "Cost     of     Constructing     Concrete 
Ro'ads."  by  A.  N.  Johnson.  Ch„  Dr.  J.  H.  Pratt 
and  Albert  Reichmann;  "Thickness,  Crown  and] 
Grades   for  Concrete  Roads,"  bv   Prof.  L.   C. 
Smith,  Ch.,  E.  R.  Whitmore  and  Prof.  T.  R. 
.\gg:   "Proportion   and   Consistency  of   Mate-J 
rials   for  Concrete  Roads."  by  C.   U.   Bowleyj 
Ch.,     C.    C.  .Widener     and    G.    A.    Dingmanj 
"Form  of  Specifications  for  Concrete  Roads,'^ 
by  Dr.   A.  Marston,  Ch.,   Prof.   .\.  N.   TalbotJ 
and   G.   W.   Cooley. 


Meeting  of  Committee  to  Consider  the 

Improvement  and  Securing  of 

Upiform  Road  Laws. 

A  definite  effort  is  to  be  made  to  revis^ 
the  road  laws  of  the  various  states  with 
view-  to  codifying  and  simplifying  them  ano 
making  them  more  uniform.  A  committee  ol 
the  American  Highway  Association  has  been 
appointed  to  take  charge  of  the  matter  and 
this  committee  has  held  its  first  meeting  witH 
C,  T.  Terry,  of  New  York,  who  is  chairman 
of  the  committee  on  uniform  legislation  of  th| 
American  Bar  Association.  The  members  o| 
the  American  Highway  Association's  commiti 
tee  are  F.  E.  Wadhams,  of  Albany,  N.  Y. ;  Ai 
B.  Fletcher,  State  Highway  Engineer  of  Call 
ifornia;  A.  N.  Johnson,  State  Highway  Engil 
neer  of  Illinois;  P.  T.  Colgrove,  President  oi 
the  Michigan  State  Good  Roads  Association! 
and  J.  E.  Pennypacker,  Secretary  of  the  .\mer-| 
ican  Highway  Association.  Mr.  Wadhams  i^ 
chairman. 


Short  Course  of  Civil  Engineering  Lec- 
tures for  Highway,  County  and  City  Engi^ 
neers  and  Officials. — During  the  week  ol 
Ian.  12-17,  1914,  a  short  course  of  lectures  am' 
laboratory  demonstrations  on  highway  conj 
struction,  highway  bridges,  highway  mail 
tenance,  drainage,  plain  and  reinforced  con] 
Crete  construction,  testing  of  construction  m; 
terials,  and  a  special  conference  on  road  lavirj 
was  given  before  a  civil  enginering  confei 
pnce  of  county  surveyors,  county  commissioi 
ers,  road  superintendents,  city  engineers  anj 
other  public  officials  at  Purdue  University 
LaFayette,  Indiana.  The  purpose  of  the  coursi 
was  to  familiarize  those  attending  the  lectures 
with  the  results  of  tests,  and  to  point  out  the 
right  and  wrong  methods  of  doing  public 
work.  The  lectures  were  given  by  menibcrs 
of  the  civil  engineering  faculty  nnd  nroniincnt 
experts  on  subjects  of  interest  to  public  offi- 
cials'. 


Holing  Through  of  Mount  Royal  Tunnel. 

^The  headings  of  the  Moi.nt  Knyal  tunnel  of 
the  Canadian  Northern  Railw-ay  terminal 
project,  at  Montreal,  holed  through  at  7  a.  m., 
Dec.  10.  within  an  hour  of  the  time  at  which 
it  had  been  estimated  on  Nov.  1,  that  they 
would  meet.  Over  17,000  ft.  of  heading  have  ' 
been  completed  in  about  fifteen  months'  time, 
or  at  the  rate  of  progress  of  1,100  ft.  per  | 
month,  for  all  headings.  Since  June  1,  at 
which  time  a  world's  record  foV  hard  rock 
tunneling  of  810  ft.  of  8x12  heading,  in  thirty- 
one  working  days,  was  set,  the  two  remaining 
headings  have  advanced  towards  each  other  at 
the  rate  of  960  ft.  per  month.  Both  headings 
have  been  in  exceedingly  hard  rock,  namely, 
cyanite,  essexyte  and  volcanic  breccia,  for 
nearly  all  of  this  last  period. 
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The    Building    Contractor — -His    Prob- 
lems and  Methods. 

Contracting  companies  have  not  often  made 
public  the  detailed  methods  used  by  them  in 
organizing  for  and  in  carrying  out  their  vari- 
ous contracts.  The  result  is  tliat  there  is 
considerable  mystery  surrounding  the  work  of 
contractors,  and  owners  and  engmeers  have 
in  some  cases  looked  upon  such  men  with 
suspicion.  However,  conditions  arc  changing, 
and  it  is  being  realized  that  an  efficient  organ- 
ization and  open  dealings  with  owners  and 
engineers  are  important  assets  of  a  company, 
and  that  the  publication  of  construction  metli- 
ods  used  on  particular  jobs  constitutes  legiti- 
mate and  profitable  advertising.  Further,  the 
publication  of  this  information  should  tend 
to  cause  engineers  to  adopt  types  of  construc- 
tion which  can  be  erected  economically.  Some 
firms  have  failed  because  they  did  not  ap- 
preciate the  necessity  of  good  business  methods 
— others  have  not  possessed  sufficient  flexi- 
bility in  their  organization  to  meet  the  chang- 
ing character  of  work.  Some  have  engaged 
in  more  work  than  their  capital  and  equip- 
ment justified,  and  thus  were  not  able  to 
provide  for  emergencies.  The  willingness  of 
some  contractors  to  take  work  on  a  specula- 
tive basis  has  not  given  the  best  results,  eithei 
to  the  contractor  or  to  the  owner,  as  both  are 
entitled  to  a  fair  return  on  their  investment. 

Many  companies  are  now  glad  to  !ake  "work 
on  a  cost-plus-percentage-basis,  which  simply 
means  that  the  speculative  element  is  omitted 
.ind  that  only  a  fair  return  is  expected.  With 
this  form  of  contract  the  contractor  rents  his 
■equipment  and  organization  and  becomes  the 
owner's  broker  in  the  purchase  of  materials; 
while  the  owner  furnishes  the  capital  inquired 
to  provide  for  depreciation  of  the  contractor's 
plant,  the  cost  of  labor  and  a  fair  profit.  Con- 
tracting companies  working  on  this  basis  must 
rely  mainly  upon  their  ability  to  give  good 
service  and  to  do  reliable  work  in  order  to 
insure  future  contracts. 

In  our  issue  of  Jan.  14,  1914,  wx  gave  an 
abstract  of  a  part  of  a  paper  by  Mr.  Leonard 
C.  Wason.  president  of  the  .''iberthaw  Con- 
struction Co.  of  Boston.  We  are  giving  a 
rather  full  abstract  of  the  remainder  of  this 
paper  in  this  issue,  and  have  been  glad 'to 
afford  it  considerable  space,  believing  as  we 
do  that  conditions  will  be  improved  if  en- 
gineers and  owners  better  understand  the  con- 
tractor's problems  and  difficulties.  Mr.  Wason 
gives  empliasis  to  what  he  calls  the  "human 
element''  and  states  that  it  is  highly  desirable 
to  thoroughly  understand  the  temperament  of 
the  owner,  architect  and  engineer  if  harmoni- 
ous work  is  to  be  done.  It  is  pointcil  out  that 
contractors  soon  learn  what  treatment  to  ex- 
pect from  certain  architects  and  owners  and 
govern  their  bids  accordingly.  It  is  evident 
that  the  attitude  of  the  owner  and  architect 
has  much  to  ilo  with  the  progress  and  cost  of 
the  work.  The  importance  and  the  ditliculty 
of  securing  good  inspectors  is  pointed  out.  It 
is  not  sufficient  to  get  an  honest  inspector,  but 
it  is  necessary  to  get  one  who  is  entirely 
familiar  with  the  particular  kind  of  work 
which  he  is  to  inspect. 

The  company  with  which  Mr.  Wason  is  con- 
nected favors  the  cost-plus-fixed-sum-for-profit 
form  of  contract,  as  such  a  contract  makes 
the  interests  of  owner,  architect  and  engineer 
identical.  To  emphasize  the  fact  that  the  con- 
tractor for  building  work  is  largely  a  broker 
it  is  stated  that  in  office  building  work  the 
■contractor  may  not  handle  more  than  10  per 
■cent  of  the  contract  price  as  direct  labor,  the 
remainder  being  for  materials  bought  and  for 


sub-contracts  let.  In  reinforced  concrete  build- 
ings the  percentage  of  labor  is  about  :i.")  per 
cent  of  the  total  cost. 

The  best  results  can  be  secured  only  by  per- 
fecting a  smoothly  working  organization  and 
confining  the  contracts  to  what  this  organiza- 
tion can  handle.  There  is  great  risk  in  taking 
en  too  much  ivork  and  in  employing  super- 
intendents and  foremen  for  a  single  job.  If 
work  is  done  in  widely  sei)arated  cities  it  can 
r.ot  be  efficiently  handled  by  the  main  office,  as 
incorrect  methods  can  not  be  detected  and  cor- 
rected soon  enough  to  be  effective.  The  sys- 
tem of  carefully  analyzing  the  design  in  the 
main  office  and  then  planning  and  routing  the 
work  has  many  advantages.  The  making  of 
detailed  drawings  for  the  forms  by  men  skilled 
'n  this  branch  of  the  work — instead  of  allow- 
ing the  carpenters  to  lay  out  the  forms — has 
the  advantage  that  the  lumber  can  be  ordered 
in  such  lengths  and  sizes  that  cutting  is  largely 
avoided.  Furtheir,  better  results  can  be  ob- 
tained by  this  method,  as  carpenters  capable 
of  doing  the  highest  class  of  work  can  not 
often  be  obtained  for  concrete  work.  It  is 
important  that  special  study  be  given  to  de- 
termine the  rate  of  progress  necessary  to  com- 
plete the  building  on  time.  The  crowding  of 
work  when  not  absolutely  necessary  will  re- 
quire greatly  increased  expenditures  for  equip- 
ment and  labor.  Most  contractors  appreciate 
the  desirability  of  an  efficient  cost-keeping  sys- 
tem. However,  all  do  not  realize  that  a  system 
which  merely  enables  the  contractor  to  de- 
termine tl  e  unit  costs  of  the  completed  work 
has  little  value.  A  system  to  be  of  greatest 
value  must  be  one  by  which  unit  costs  can  be 
determined  as  the  work  progresses.  Such  a 
system  enables  those  in  charge  to  determine 
what  part  of  the  work  is  costing  too  much, 
thus  enabling  them  to  correct  defects  in 
time  to  prevent  large  wastes.  In  the  main 
this  paper  deals  with  those  common  sense 
features  which  we  are  too  apt  to  consider  of 
little  importance,  and  in  addition  mentions 
some  new  methods  which  by  test  have  been 
found  to  be  efficient. 


The  Engineer's  Part  in  the  Regulation 
of  Public  Utilities. 

In  the  regulation  of  public  utilities,  the  en- 
gineer is  most  often  represented  not  by  mem- 
bership on  the  regulating  board  or  conunis- 
sion  but  by  employment  by  that  body.  Law- 
yers, accountants,  business  men  and  politicians 
lake  precedence  of  engineers  when  appointive 
power  chooses  the  members  of  public  service 
commissions.  The  appointment  of  an  engineer 
is  indeed  so  rare  that  it  is  considered  to  merit 
comment  by.  the  journals  of  his  profes- 
sion. Invariably,  however,  an  engineer  is 
appointed  by  the  conunission  to  direct  its 
chief  work,  and  many  engineers  are  employed 
in  his  service.  The  conclusion  follows  that 
the  engineer  is  considered  a  good  servant  but 
a  poor  master.  Naturallv  engineers  regard  this 
as  a  radically  wrong  opinion. 

Recently  Dr.  Alexander  C.  Humphreys, 
President  Stevens  Institute  of  Technology,  in- 
vited discussion  of  the  subject.  "The  Engi- 
neer's Part  in  the  Regulation  of  Public  Ulili 
ties."  This  discussion  was  participated  in  by 
Dr.  Humphreys,  Mr.  (ieorgc  Gibbs,  consult- 
ing engineer;  Mr.  Ncwconib  Carlton,  vice- 
president  Western  I'nion  TclcRraph  Co. ;  Mr. 
John  W.  Licb,  vice-president  New  York 
Edison  Co.,  and  Mr.  James  E.  Sague,  member 
Public  Service  Commission  of  New  York 
(Second  district). 

In  opening  the  discussion  Dr.  Humphreys 
called    attention    to    the   condition    outlined    in 
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the  paragraph  above  and  contended  that  the 
engineering  profession  should  be  fully  repre- 
sented in  every  public  service  commission.  He 
stated,  however,  that  whether  the  commis- 
sioner is  engineer,  lawyer,  accountant  or  busi- 
ness man  he  should  have  had  experience  in 
the  exercise  of  administrative  functions,  and 
he  pointed  out  that  engineers  were  in  part  re- 
sponsible for  not  deliberately  and  advisedly 
equipping  themselves  for  administrative  re- 
sponsibilities. If  membership  of  a  public  serv- 
ice commission  must  be  confined  to  a  single 
profession  he  considered  that  five  or  seven 
Iroadly  trained  engineers,  with  competent 
legal  assistants  on  the  staff,  would  give  far 
better  results  than  has  on  the  average  been 
obtained  thus  far  by  commissions  composed  as 
they  are. 

Referring  to  Dr.  Humphrey's  remarks,  Mr 
Carlton  pointed  out  that  the  engineer  possess- 
ing sound  technical  knowledge  coupled  with 
broad  administrative  experience  is  in  demano 
everywhere,  and  is  thus  placed  beyond  the  call 
of  public  service  commissions  as  they  are 
now  constituted.  He  considered  the  per- 
sonnel of  such  commissions  at  present  as 
far  from  satisfactory  and  that  these  commis- 
sions would  be  made  far  more  equitable, 
judicial  and  competent  by  the  appointment  of 
trained  experienced  engineers  as  members. 

The  value  of  having  as  members  of  public 
service  commissions  technically  educated  men 
was  considered  by  Mr.  Licb  so  obvious  as  to 
need  no  special  proof.  To  him  it  seemed  hard- 
ly creditable  to  the  authority  and  influence  of 
the  engineering  profession  that  its  members 
played  so  unimportant  a  part  in  the  personnel 
and  organization  of  public  service  commis- 
sions. Most  of  the  problems  of  such  commis- 
sions rested  upon  the  determination  of  such 
matters  as  physical  valuation,  functional  de- 
preciation, normal  wear  and  tear,  obsolescence, 
suppression,  adequacy  of  equipment,  better- 
ments, etc.,  and  this  determination  and  valua- 
tion was  an  engineering  task. 

Following  Mr.  Lieb,  Mr.  Sague  joined  with 
him  and  previous  speakers  in  expressing  sur- 
prise that  "engineers  should  have  taken  so 
little  interest  heretofore  in  state  regulation 
which  affects  the  business  and  success  of  prac- 
tically all  engineers.  It  is  the  right  and  duty 
of  engineers  to  take  part  in  the  solution  of 
these  great  problems.  They  can  be  settled 
properly  only  after  the  truth  has  been  ascer- 
tained, and  a  fundamental  duty  of  engineer- 
ing is  to  ascertain  the  truth  and  to  work  in 
accordance  with  it." 

The  discussion  by  Mr.  Gibbs,  himself  an  en- 
gineer with  experience  on  both  sides  of  the 
railway  regulation  questions,  was  a  distinct 
variation  of  thought  from  that  expressed  by 
preceding  speakers.  He  considered  that  an  en- 
gineer in  the  position  of  business  manager  or 
commissioner  on  a  public  utility  board,  on 
accouiu  of  his  nudtifarious  duiies,  soon  gets 
out  of  touch  with  the  details  of  professional 
progress,  and  unless  he  is  willing  to  delegate 
the  investigation  of  engineering  matters  to 
subordinates  who  arc  specialists,  his  decisions 
must  rest  upon  general  knowledge  which  is 
not  always  a  true  guide.  The  matter  of  proper 
commission  organization  is  fundamentally  one 
of  selecting  faithful  men  of  sound  judgment 
and  organizing  a!)ility,  previous  specialized 
training  being  a  matter  of  less  importance. 
The  internal  organization  should  include  a 
permanent  engineering  staff  headed  by  a  chief 
engineer  of  eminence  in  his  profession  and 
the  rclcnlion  of  outside  engineering  consultants 
who  are  specialists  in  the  various  lines  of 
engineering  advice  needed  and  who  are  called 


124 


Engineering   and    Contracting 


Vol.  XLI.     No.  4. 


in  as  occasion  requires.  This  organization,  of 
course,  presupposes  that  tlie  engineering  staff 
will  he  called  upon  for  analysis  of  the  technical 
problems  arising  before  the  commission  and 
that  the  latter  will  accept  the  advice  of  its 
staff  upon  such  matters.  The  engineer  has  an 
important  status  in  connection  with  tlie  com- 
mission work,  and,  tis  a  matter  of  fact,  this  is 
so  well  recognized  that  staff'  engineers  are 
frequently  more  highly  paid  men  than  the 
coiumissioners  themselves.  The  added  honor 
of  holding  the  title  of  "commissioner"  is,  of 
course,  attractive,  but  is  not  essential  to  the 
dignity  of  the  engineering  profession,  nor  will 
the  field  opened  up  by  the  employment  of  a 
few  engineer  connuissioners  add  luaterially  tn 
the  o()portunities  of  men  of  that  profession 
in  securing  positions  of  higli  honor  and  re- 
mtmeration  in  the  conmiunity. 

The  thoughts  which  stand  out  upon  read- 
ing the  remarks  which  have  been  summarized 
arc:  (1)  The  general  admission  of  the  im- 
portance of  the  service  in  public  utilities  reg- 
ulation of  engineering  knowledge  and  experi- 
ence; (2)  the  general  feeling  that  engineers 
have  been  apathetic  and  short  sit?hted  in  not 
advancin.g  themselves  in  responsible  participa- 
tion in  public  service  regulation;  (8)  the 
query  whether  public  service  coiumissioner- 
ship  proper  holds  out  any  considerable  en- 
ticement in  the  way  of  high  popular  honor  or 
increased  remuneration  greatly  attractive  to 
engineers.  Each  of  these  subjects  is  one  upon 
which  a  separate  discussion  is  warranted  and 
in  succeeding  issues  we  shall  give  such  dis- 
cussions. For  the  present  we  shall  suggest 
only  that  engineers  consider  seriously  the  en- 
gineer's part  in  the  regulation  of  ])ublic  utili- 
ties as  it  has  been  outlined  here. 


Further  Comment  on  the  Increased  De- 
mand for  Water  Following  the 
Introduction  of  Filtration. 

In  recent  editorials  we  have  called  attention 
to  the  desirability  of  making  ample  provision 
in  designing  the  capacity  of  filter  plants  for 
a  rapid  increase  in  consumptioii  of  water,  fol- 
lowing the  introduction  of  filtration  due  to 
an  increase  in  the  number  of  people  taking  the 
city  supply  and  to  a  freer  use  of  the  water. 
We  have  mentioned  these  facts  in  cpnnection 
with  two  large  cities  in  which  the  increase  in 


water  consumption  following  the  placing  in 
operation  of  filters  has  been  so  great  that 
within  a  few  months  thereafter  the  construc- 
tion of  additional  filters  has  been  planned. 
.Still  further  evidence  of  the  increased  popu- 
larity of  a  public  water  supply  after  filters 
have  been  constructed  conies  to  us  from  a 
north  central  city  which  had  a  population  of 
70,000  in  191(1.  The  name  of  the  city  is  with- 
held since  to  give  it  would  add  nothing  to 
the  force  of  the  illustration  it  affords  of  the 
point  under  consideration,  and  might  direct 
criticism  upon  the  designer  who  labored  under 
we  know  not  what  limitations,  financial  and 
otherwise. 

The  filtration  plant  consists  of  twelve  rapid 
sand  filters  of  a  combined  nonual  rating  of 
12.0110.000  gals,  daily,  three  coagulating  basins 
with  a  total  capacity  of  2,")00,000  gals.,  equiva- 
lent to  five  hours  as  a  ma.xinnmi  period  of  sedi- 
mentation, a  clear  well  having  an  available 
filtered  water  capacity  of  1,750,000  gals.,  six 
chemical  solution  tanks,  arranged  for  feeding 
either  iron  and  lime  or  alum  as  a  coagulant 
and  lileach  for  sterilization,  and  the  usual 
wash  water  and  sump  pumps,  air  blower,  etc. — 
in  a  word  a  thoroughly  modern  and  efficient 
type  of  plant.  The  only  criticism  which  at- 
taches to  the  plant  is  its  insufficient  capacity. 
The  plant  is  already  overtaxed,  at  times, 
although  it  has  been  in  operation  less  than  two 
full  years. 

The  olant  was  placed  in  service  in  the  spring 
of  1912.  It  is  illuminating  to  note  the  number 
of  new  services  installed  per  year  before  arid 
after  the  plant  was  placed  in  operation.  During 
the  years  1909,  1910  and  1911,  .508,  0.")1  and  71(i 
new  services  were  installed,  respectively.  In 
1912,  the  first  year  of  the  filter's  operation,  1.-508 
new  services  were  installed  and  in  1918  the 
number  of  new  services  placed  was  1,043.  Dur- 
iitg  the  two  years  last  named  the  total  numl;)er 
ot  services  in  the  city,  which,  of  course,  has 
long  had  a  public  water  supply,  increased  ex- 
actly one-third. 

The  city  in  question  is  verv  inadequately 
metered.  At  the  end  of  1910  87  meters  were 
in  service  and  this  number  had  been  increased 
only  to  53  meters  at  the  end  of  1913.  There 
are  no  meters  in  service  smaller  than  1  in. 
and  ordinary  house  services  are  entirely  un- 
metered.  Meters,  so  far,  have  been  installed 
only    where    it    was    thought    that    water    was 


being  wasted,  as  in  factories,  laundries,  livery 
stables,  etc.  It  should  be  added  that  the  city 
intends  to  instal  meters  quite  generally  from 
now  on. 

Despite  the  unsatisfactory  meterage  condi- 
tions described  the  water  department  officials 
have  succeeded  in  decreasing  the  daily  tap 
consumption  from  1,011  gals,  in  1911  to  85(> 
gals,  in  1918.  Tap  consumption  here  indicates 
the  average  number  of  gallons  per  service  con- 
nection whether  in  use  or  not.  This  reduction 
of  tap  consumption  was  accomplished  by  a 
careful  inspection  of  the  use  of  water  by 
various  consumers  and  the  installation  of 
meters  where  water  was  wasted  in  large  quan- 
tities. Had  meters  been  generally  installed  this 
consumption  of  water  per  tap  would  no  doubt 
have  been  still  further  reduced. 

As  stated  the  capacity  of  the  plant  has 
already  been  reached  and  the  filters  are  over- 
ta.xed  during  the  summer  wdien  sprinkling  is 
heavy.  The  records  show  that  the  daily  con- 
sumption for  the  summer  of  1913  exceeded 
12.000.000  gals,  at  times,  and  the  maximum 
pumpage  during  the  period  of  heaviest 
sprinkling  reached  the  18,000,000  gal.  rate  for 
three  or.  four  hours  in  the  evening. 

In  the  light  of  the  foregoin.g  additional  illus- 
tration of  the  increase  in  water  consumption 
following  filtration,  we  again  desire  to  impress 
upon  filtration  engineers  the  desirability  of 
making  due  allowance  for  such  increased  de- 
mand in  prooortioning  filtration  plants  for 
cities  which  formerly  have  had  an  inferior 
water  supply.  Closely  related  to  ■this  consid- 
eration is  the  desirability  of  keeping  meterage 
consistently  abreast  of  filtration.  A  city's 
meterage  program  must  be  considered  in  con- 
nection with  its  filtration  program  if  the  en- 
gineer is  to  make  a  dependable  future  con- 
sumption estimate. 

Many  engineers  who  appreciate  the  full  sig- 
nificance of  the  foregoing  observations  may 
be  called  upon  to  design  a  filtration  plant  to  fit 
a  certain  bond  issue,  bein.g  thereby  constrained 
to  limit  the  capacity  of  the  plant  in  order  to 
keep  within  prescribed  cost  limitations.  To 
such  we  trust  the  foregoing  data  will  be  of 
some  service  in  convincing  city  officials  of  the 
wisdom  of  taking  into  consideration,  in  due 
season,  the  increased  demand  for  water  in  a 
city   following   filtration   of   the  pulilic   supply. 
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Some  Principles  Pertaining  to  the  Ad- 
ministration   and    Financing    of 
Highway   Construction   and 
Maintenance. 

In  an  editorial  concerning  the  technical  or- 
ganization of  the  road  system  of  France  pub- 
lished in  our  issue  of  Oct.  22,  1913,  the  im- 
portance of  road  administration  as  a  feature 
of  state  public  works  management  was  com- 
mented upon  in  connection  with  the  sugges- 
tion that  useful  lessons  in  highway  administra- 
tion may  be  learned  by  carefully  considering 
the  methods  employed  in  countries  having  such 
complete  and  perfected  organizations  as  exist 
in  France.  A  noteworthy  discussion  of  some 
of  the  important  principles  concerning  the  ad- 
ministration and  financing;  of  highway  work 
in  the  United  .States  was  given  in  a  paper  pre- 
sented before  the  tenth  annual  convention  of 
the  ,'\merican  Road  Builders'  Association  by 
Col.  E.  A.  Stevens,  Commissioner.  Depart- 
ment of  Public  Roads  of  Xew  Jersey.  The 
major  portion  of  the  paper  follows: 

The  condition  of  the  public  roads,  which  is 
generally  admitted  as  a  good  measure  of  a 
community's  advance  in  civilizatinn.  depends 
upon  two  factors:  (1)  Correct  planning,  de- 
sign and  construction ;  and  (2)  Proper  up- 
keep. Both  of  these  are  in  turn  dependent  on 
efficient  administration.  In  the  latter  term 
are  to  be  included  all  of  the  numerous  details 
of  management,  exclusive  of  the  technical  en- 
gineering work.     Without    proper   administra- 


tion no  extensive  system  of  good  roads  is 
possible  or  even  conceivable.  It  is  in  this  very 
aspect  of  the  road  question  that  we  are  most 
backward.  .-Xs  a  pioneer  nation  we  have  had 
to  combine  many  trades  in  one  man.  The  tra- 
dition of  those  days  hangs  aroiuid  us  still.  We 
still  act  on  the  principle  that  any  two-handed 
man  who  can  earn  a  living  and  is  fairly  honest 
can  care  for  a  road  and  that  the  highway  engi- 
neer is  an  almost  superlluous  luxury  whose 
duty  is  mainly  drawing  pretty  but  useless  pic- 
tures of  work  and  whose  service  and  pay 
should  be  cut  down  to  the  irreducible  mini- 
mum. The  engineer — and  by  this  I  mean  the 
good  and  consequently  well  paid  engineer — 
is  essential  to  good  roads;  you  can't  build 
them  and  have  them  stay  linilt  without  his.aid. 

Our  misapiilied  inheritance  from  a  glorious 
past  does  not  limit  its  baneful  infiuence  to  the 
engineer  and  to  his  work.  In  this  respect, 
however,  it  is  losing  force  every  day.  We 
too  often  spend  state  inouey  in  building  mag- 
nificent roads  without  taking  any  thought  of 
their  administration  after  completion.  In  New 
Jersey,  and  in  many  other  states,  we  turn  over 
these  roads  to  elective  bodies  of  constantly 
changing  politics  and  personnel,  bodies  not 
litted  by  training  for  the  technical  work  of  ad- 
ministration, without  requiring  the  employ- 
ment of  trained  men  and  without  setting  any 
require<l  standard  of  maintenance.  ,'\t  best 
these  bodies  are  unconnected  units  and  their 
work  is  not  systematized  and  coordinated  to  a 
connnon   end. 

Whatever  may  have  becji  the  case  20  years 


ago,  the  motor  vehicle  and  its  ever  growing 
commercial  importance  today  demands  contin- 
uous ror.ds.  The  condition  of  every  part  of 
such  a  road  is  a  matter  of  general  concern 
and  not  to  be  localized,  as  it  is,  by  the  neglect 
of  any  portion  of  what  must  be  a  continuous 
wdiole  if  the  value  of  the  investment  is  to  be 
realized. 

While  this  statement  is  true  as  to  all  public 
roads,  its  importance  is  greatest  in  the  case 
of  those  roads  which  form  the  main  arteries 
of  road  traffic.  These  W'l!  naturally  cross 
municiiial  and  county  bcnuidaries.  The  cost  of 
the  upkeep  of  any  portion  within  one  munici- 
pality bears  no  close  relation  to  the  benefit  to 
the  community  nor  to 'its  financial  ability.  At 
the  same  time  in  the  case  of  less  important 
roads  the  benefit  accrues  largely  to  the  locality. 
Hence  it  becomes  advisable  to  classify  roads 
so  as  to  provide  equitably  for  tlie  distribution 
of  the  cost  of  maintenance.  In  whatever 
manner  this  classification  is  made  and  what- 
ever system  of  administration  is  adopted,  cer- 
tain tUKlerlying  principles  must  be  adopted  if 
the  best  results  are  to  be  expected. 

(1)  There  must  be  a  central  control  to  se- 
cure the  direction  of  all  efforts  to  a  common 
end;  (2)  There  must  be  an.  adequately  trained 
force  to  carry  on  the  work:  (8)  Sufficient 
means  must  be  provided   for  the  work. 

As  to  the  lirst  of  these  principles,  whether 
there  be  a  system  of  state  highways  or  whether 
localities  are  left  in  charge  of  their  own  roads, 
some  one  must  lay  out  the  through  lines  and 
there  must  be  some  uniformitx'  in  their  design 
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and  improvement  as  well  as  in  the  condition  in 
which  they  are  to  be  maintained.  These  can- 
not be  left  to  the  chance  agreement  of  a  num- 
ber of  mimicipalities.  Work  both  in  construc- 
tion and  repa'ir  must  be  planned  not  only  with 
foresight  and  intelligence  but  to  give  the  best 
results  for  the  state  at  laige  and  not  merely 
for  the  convenience  and  ijcnelit  of  the  locality 
in  which  the  road  is  to  be  built.  For  the  pur- 
poses of  scientific  design  statistics  as  to  traffic 
■over  various  types  of  roads  and  the  compara- 
tive cost  of  the  maintenance  under  varying 
conditions  of  load  must  be  gathered,  com- 
piled and  analyzed.  \ew  types  of  construc- 
tion must  be  tested  and  orovcd.  All  of  this 
is  work  which  local  bodies  are  seldom  fitted  to 
perform  even  were  their  means  and  the  value 
to  them  of  the  data  obtained  sufficient  to  jus- 
tify  the   considerable   expense   involved. 

The  need  of  a  trained  and  disciplined  force 
is  beyond  doubt.  How  it  is  to  be  secured  is 
the  question.  The  most  important  men  will 
be  those  at  its  head  and  these  naturally  will 
be  engineers.  Highway  engineering  in  its 
theoretical  requirements  is  simple  enough. 
E.xcept  as  to  bridges  few  problems  arise  re- 
quiring high  mathematical  training.  There  is. 
however,  an  almost  unlimited  held  for  the 
application  of  the  thoroughly  digested  infor- 
mation that  comes  only  with  extended  experi- 
ence. The  power  to  acq;iire.  digest  and  sys- 
tematically apply  this  information  is  what 
makes  the  practical  engineer,  such  as  is  needed 
in  highway  work.  This  training  is  best  ac- 
quired on  the  work  itself  by  young  men  with 
thorough  technical  preparation.  The  ideal 
rfiad  force  must  attract  such  men,  must  offer 
them  a  training  and  a  future.  Only  in  a  large 
force,  free  from  political  control  and  with 
fair  chances  for  promotion  as  reward  for 
proven  efficiency,  can  such  conditions  be  in- 
'sured.  What  is  true  for  the  technicalh 
trained  young  man  is  likewise  true  for  the 
repair  man.  .Ml  officials  actually  in  charge  of 
roads,  no  matter  how  important  or  unimpor- 
tant their  tasks,  should  form  parts  of  a  trained 
force,  without  consideration  of  whether  they 
be  employed  by  township,  county  or  state. 
Too  much  stress  cannot  be  laid  on  the  need 
of  a  trained  force.  To  every  state  official  will, 
I  believe,  at  once  occur  many  instances  of 
waste  by  improper  repair,  of  petty  graft  and 
of  stupid  or  ill-planned  work.  Without  a 
force  which  at  least  is  supposed  to  be  trained. 
It. is  hard,  if  not  impossible,  to  enforce  that 
individual  responsibility  which  must  underlie 
any  efficient  administration.  The  roads  also 
are  one  system.  The  driver  knows  no  differ- 
ence when  he  passes  from  a  state  highway  to 
a  township  road.  Good  roads  are  needed  un- 
der all  jurisdictions  if  the  commercial  poten- 
tiality of  any  general  highway  system  is  to  be 
developed.  Hence  the  coordination  and  unity 
not  only  in  the  state  force  but  in  all  officials 
charged  with  providing  efficient  road  service 
for  the  people  of  any  state.  Today  the  civil 
service  system  seems  the  only  means  of  re- 
(  ruiting  such  a  force.  Whatever  may  be  the 
>linrtci>mings  of  this  source  of  supply,  it  is 
preferable  to  political  control.  Promotion  for 
efficiency  in  all  grades  is  necessary  for  the 
iK-it   results. 

Above  all  any  force  must  have  a  spirit  of 
loyalty,  of  devotion  to  its  work  and  of  pride 
therein  ;  in  a  word  an  "esprit  de  corps."  With 
this,  men  far  from  ideal  in  attainment  and 
organization  can  and  will  accomplish  results 
impossible  to  the  most  perfectly  fitted  and  or- 
ganized body  not  animated  by  this  life-giving 
force. 

A   road  program  must  comprise  not  only  a 

list  of  the  roads  to  he  built  and  kept  in  repair 

and    the    organization    of    a    force    to    do    the 

wiirk,  but  must  consider  likewise  the  amount 

money   needed  and   the   methoils  by   which 

1^  to  he  raised,  and  the  coal  must  be  cut  tn 
lit  the  cloth.  .\s  it  is  generally  the  case  that 
the  stale  shares  with  communities  in  the  cost 
of  much  of  the  road  work,  the  question  of 
finance  is  not  usually  to  be  solved  by  merely 
determining  the  amounts  to  be  furnished  each 
year  by  the  state.  The  ability  and  willingness 
of  the  counties  and  municipalities  to  bear  their 
share  nmst  be  weighed.  .At  best  this  is  a 
hard  and  unsatisfactory  problem,  but  it  must 


be  faced  and  solved,  in  each  case  probably  by 
different  means  and  in  different  ways  as  local 
conditions   and   laws   may   require. 

For  any  public  body  the  choice  of  the  bond 
issue  to  provide  for  original  improvement 
or  of  the  "pay  as  you  go '  method  or  some 
combination  must  be  made.  The  elements  in 
this  choice  are  the  comparative  cost  to  the 
taxpayer  and  the  return  to  the  public  in  road 
service.  My  own  experience  is  that  these  arc 
seldom  considered.  The  decision  is  usually 
based  on  the  desire  of  finding  the  easiest  wa\ 
out  of  a  difficult  dilemma,  satisfying  the  de- 
mand for  good  roads  and  keeping  down  ne.xt 
year's  ta.x  levj'.  The  troubles  of  the  officials 
in  charge  3U  years  hence  rarely  w-orry  one 
very  much. 

1  have  worked  out  an  example  as  follows : 
Take  a  case  involving  $lu.(ii.i(i.iloii  in  bonds,  is- 
sued at  the  rate  of  $l.<Hiu.niJii  a  year  for  10 
years,  bearing  i  per  cent  interest  and  due  •'{O 
years  from  date  of  issue,  with  a  sinking  fund 
charge  of  1.783  per  cent;  assume  that  Inn  miles 
of  road  will  be  built  each  year ;  that  the  con- 
tractor will  keep  the  road  in  repair  for  one 
year  after  acceptance  and  that  the  cost  in  re- 
pair thereafter  is  $on(i  a  mile.  The  last  bonds 
will  be  paid  in  40  years.  The  cost  to  the  com- 
munity will  be : 

SinkinV    fund    (construction) $5,527,300 

Interest    12.400.000 

fpkeep    16.750.000 

Total     $34,677,300 

or  nearly  $862,000  a  year  as  an  average.  The 
yearly  charge  varies  from  $57.83o  in  the  first 
year  to  $1,073,800  for  the  13th  year,  at  which 
ma-ximum  it  remains  to  the  30th  year,  after 
which  it  decreases  to  the  4iith  year,  where  it 
becomes  $oOO,000,  the   repair  charge. 

If.  on  the  other  hand,  a  fund  of  $860,000  be 
set  aside  each  year  to  keep  roads  built  in  re- 
pair and  the  balance  used  to  build  roads,  the 
l.OiMI-mile  system  would  be  finished  in  less 
than  17  years.  The  cost  of  the  system  with  its 
maintenance  to  the  end  of  the  40-year  period 
would  be  $"2-5.77ft,00O.  There  is  a  saving  of 
almost  $9,000,000  against  which  the  community 
has  enjoyed  the  use  of  the  whole  system  for 
about  nine  years'  more  time. 

The  money  spent  will  have  been  disbursed 
as    follows : 

For  construction    $10,000,000 

For   upkeep   (40-ycar)   period 15.779.000 

Total     $25,779,000 

If  the  average  yearly  disbursement  of  $860.- 
onii  be  kept  up  for  the  v.  hole  period  of  40 
years,  it  would  be  possible  to  increase  the 
total  mileage  to  about  l.oj.j.  but  from  that 
date  on  the  upkeep  charge  would  be  $763.00o 
instead   of  $.JiHi.oiiO. 

All  of  these  plans,  as  well  as  one  providing 
for. a  gradually  increasing  charge,  deserve  and 
should  receive  consideration  before  deciding 
on  the  method  to  be  followed  in  any  case. 

The  general  consideration  of  how  the  roads, 
after  being  planned  and  built,  are  to  be  kept 
in  order,  is  a  vital  p^t  of  administrative 
work.  A  thorough  coiifparison  of  the  total 
cost  during  a  period  under  different  financial 
plans  involves  such  consi<leralion.  The 
changes  of  the  last  few  years  in  the  charac- 
ter of  road  traffic,  its  unforeseen  increase  in 
amount  and  in  destruclivencss  to  road  sur- 
faces emphasize  the  need  for  the  most  liberal 
allowances  for  this  item.  There  arc  certain 
items  in  the  cost  of  a  ro-^l  that  are  perma- 
nent investments.  The  right  of  way  is  pre- 
eminently of  this  class:  the  grading,  drainage, 
and,  in  some  cases,  the  foiindalion,  are  of 
such  a  nature  that  with  reasonable  care  thev 
can  be  kept,  at  a  small  yearly  charge,  in  sucJi 
condition  that  no  depreciation  lakes  place. 
The  surface,  however,  is  frequently  of  a  ma- 
terial that  cannot  be  made  good  every  year. 
These,  after  a  term  of  years,  will  have  to  be 
replaced  and  hence  an  item  of  damage  that 
cannot  be  made  good  every  year  will  intro- 
duce a  depreciation  charge  to  further  compli- 
cate   the   problem. 

The  City  of  Winnipeg,  Man,,  will  expend 
Jl.iHHi.iHin  for  iinpriivements  to  light  and  power 
svstcm.  Half  of  this  sum  will  be  spent  for 
constructing  a  new  flexible  tower  transmission 
line.  77  miles  long. 


A  Suggested  Program  of  National 
Highway  Legislation  and  Plans  for 
the  Economical  Expenditure  of 
Federal  Funds  for  Highway  Im- 
provement. 

The  editors  have  received  the  following 
communication  relative  to  a  far-sighted  fed- 
eral legislative  program  on  highway  building 
and  relative  to  the  equitable  and  economical 
expenditure  of  money  appropriated  by  the 
federal  government  for  constructing  a  na- 
tional system  of  highways : 

Sirs :  I  am  very  deeply  interested  in  the 
highway  proposition  and  am  taking  the  liberty 
of  writing  to  you  in  relation  to  that  phase  of 
it  which  is  now  before  Congress.  It  seems 
futile  at  this  time  to  discuss  the  advisability 
of  appropriations  by  the  federal  government 
for  highway  building.  It  appears  inevitable 
that  such  appropriations  are  to  be  made  and 
such  being  the  case,  all  who  are  interested 
should  exert  themselves  to  the  utmost  to- 
wards influencing  efficient  legislation  and  the 
expenditure  of  the  money  to  bs  appropriated 
in  a  proper  manner.  I  believe  it  most  unwise 
to  make  large  federal  appropriations  for  high- 
way work  until  all  aspects  of  the  undertaking 
have  been  thoroughly  examined  and  the  very 
best  and  most  equitable  scheme  devised.  There 
is  not  such  need  for  haste  as  to  necessitate  a 
beginning  which  may  be  wrong.  Many  years 
have  passed  since  federal  money  has  been  ex- 
tensively used  for  highway  building  and  al- 
though the  need  for  more  and  better  high- 
ways is  urgent,  a  delay  of  two  or  three  years 
more  in  order  to  ensure  a  proper  beginning 
will  do  little  real  injury  to  anyone  and  may 
prevent  the  doing  of  that  which  later  on  all 
will  wish  undone. 

For  criticism  I  recommend  the  following: 

1.  That  Congress  request  the  Secretary  of 
.Agriculture  to  prepare  a  map  of  the  United 
States  showing  a  system  of  national  high- 
ways ;  this  map  upon  completion  to  be  for- 
warded to  the  President  for  transmittal  to 
the  Governors  of  the  various  states  with  the 
request  that  they  obtain  the  legislative  ap- 
proval for  the  portions  of  the  routes  lying 
within  the  respective  states  and  return  fol- 
lowing the  close  of  the  next  session  of  the 
leo'islature  with  the  approval  of  the  respective 
state  legislatures  of  it  or  of  a  modification. 
.\fter  the  closing  of  all  of  the  aforesaid  legis- 
lative sessions,  but  not  later  than  three 
months  previous  to  the  assembling  of  the 
following  regular  session  of  the  U.  S.  Con- 
gress, the  President  shall  forward  ail  of  the 
papers  in  the  case  to  the  Secretary  of  .Agri- 
culture requesting  the  preparation  of  a  map 
of  the  United  Stales  showing  a  system  of 
national  highways  which  shall  conform  to  the 
actions  of  the  various  states,  and  also  a  map 
showing  the  system  of  national  highways  rec- 
ommended by  the  Secretary  of  .Agriculture  in 
the  light  of  later  information.  These  two 
maps  shall  next  be  forwarded  to  Congress  in 
the  usual  manner  and  with  all  the  papers  in 
the  case.  To  each  of  these  maps  there  shall 
be  attached  a  list  of  the  roads,  each  approxi- 
mately 100  miles  in  length,  making  up  the  said 
national  system  and  each  road  shall  be  so 
designated  in  the  list  as  to  render  all  easily 
identified  with  the  roads  shown  upon  the  map. 

'2.  That  with  the  aforesaid  information  be- 
fore it,  Congress  shall  proceed  to  adopt  a 
system  of  nati<mal  highways,  and  cause  to 
be  published  a  map  showing  the  adopted  sys- 
tem, together  with  a  list  of  the  roads  mak- 
ing up  said  adopted  system;  this  list  to  con- 
sist of  roads  each  approximately  100  miles 
in  length  and  listed  in  the  order  in  which 
ihey  shall  be  constructed.  Until  amendment 
the  aforesaid  approved  system  and  list  of 
national  highways  shall  be  the  system  upon 
which  all  money  appropriated  by  Congress 
for  highway  building  and  maintenance  shall 
be  expended,  and  the  list  shall  determine  the 
order  in   which  building  shall  proceed. 

3.  That  Congress  shall  next  direct  the  Sec- 
retary of  .Agriculture  to  survey  and  prepare 
plans,  specifications,  estimates,  proposal  forms 
and   contract    forms    for  the   first   1,000   miles 
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of  the  aforesaid  approved  system  of  national 
highways  and  report  to  the  following  regular 
session  of  Congress  the  amount  of  money 
needed  to  construct  the  said  1,000  miles  of 
highways.  The  act  of  Congress  just  referred 
to  shall  carry  a  continuing  appropriation .  of 
$300,000,  or  as  much  thereof  as  may  be  neces- 
sary, to  pay  the  cost  of  doing  the  specified 
work  of  surveying,  etc. 

4.     That  Congress  upon  the  receipt  of   the 
report    from    the    Secretary    of    Agriculture 
slating   the   amount   of   money   necessary    for 
the   construction   of   the    said    1,000   miles    of 
highways,    shall    appropriate    said    sum,    make 
it     a     continuing     appropriation     immediately 
available    and    direct   the    Secretary    of    Agri- 
culture to  proceed  to  construct,  in  accordance 
with    said    plans    and    specifications,    the    said 
mileage   and   report   to  the  ne.xt   regular   se.-- 
>ion  of  Congress  the  number  of  miles  of  high- 
ways    so     constructed     and     the    amount    of 
money  needed  to  properly  maintain  such  mile- 
age   during   the    following    fiscal    year.     This 
appropriation    act    shall    also    direct   the    Sec- 
retary   of    .^griculture    to    proceed    with    the 
survey  and  preparation  of  plans,  specifications, 
estimates,  proposal  forms  and  contract  forms 
lor   the    second    1,000   miles   of   the   aforesaid 
approved    system    of    national    highways    and 
reoort    to    the    following    regular    session    of 
Congress  the  amount  of  money  needed  to  con- 
struct said   second    1,000   miles   of   highways; 
and  it  shall  make  a  continuing  appropriation 
of   $300,000   or   as    much   thereof    as   may   be 
necessary  to  pay  the  cost  of  said  surveys,  etc. 
5.    That   Congress   at   its   following  regular 
session  and  upon  receipt  of  the  reports  from 
the    Secretary    of    Agriculture,    called    for    in 
recommendation  No.  4  shall  proceed  to  appro- 
priate the   sum  specified  as  necessary  to  con- 
struct the  second  1,000  miles  and  to  maintain 
the  portions  completed  of  the  first  1,000  miles 
of  highways,  direct  the  Secretary  of  Agricul- 
ture   to    proceed    with    said    construction    and 
maintenance;   and   further   to   pass   the   legis- 
lation  which   is  indicated   above  as   necessary 
to  continue  the  plant  outlined. 

The  above  is  an  indication  of  the  necessary 
procedure.     It   contemplates   a  system   of   na- 
tional highways  built  entirely  by  the  national 
government    and    maintained    entirely    by    the 
national  government.     I  sincerely  believe  that 
if  we  are  to  expend   federal  money  it  should 
be  upon  work  which  may  not  be  called  local. 
What   is   needed    is   construction   by   the   fed- 
eral   government    of    the    trunks:    the    main 
branches   should  be  constructed  by  the  states 
and  the   smaller  ones  or   feeders  by  counties 
and  towns.     Why  should  the  federal  govern- 
ment aid  in  building   local   roads?     Why,   for 
example,    should    taxpayers    of    Massachusetts 
be  taxed  to  raise  money  to  build  a  road  be- 
tween    Hewitt,      Wis.,    and     Easton,     Wis.? 
These   taxpayers   would,   however,   be   willing 
to    pay    their    portions    of    a    tax    to    build    a 
national  highway  from  Augusta,  Me.,  to  San 
Francisco,    Calif.,    or    from    Chicago,    111.,    to 
New   Orleans,   La.     If  local   roads   are  to  be 
built,  in  what  order  are  they  to  be  selected? 
I  am  confident  that  if  once  the   federal  gov- 
ernment embarks  on  what  is  called  the  state- 
aid   proposition   and   appropriations   are   made 
without  any   definite   end   in   view,  the   result 
will  be  something  appalling.     Suppose  the  ex- 
penditures  are   confined   to   post   roads ;    does 
any  one  suppose  that  all  of  the  roads  in  the 
United    States,    nearly    2,500,000    miles,    may 
not  become  post  roads?    To  engineer  the  stu- 
pendous   resulting   expenditure   there    will    be 
necessary  a  federal  organization  of  enormous 
proportions,  even   if   formed   solely  to   super- 
vise work  done  by  the  states.     The  carrying 
out   of    the   program    recommended   and    out- 
lined above  will  be  of  something  definite. 

The  method  of  selecting  the  system  recom- 
mended seems  nearly  ideal;  the  .=;ystcm  is 
national  and  the  whole  nation  should  have  a 
hand  in  its  determination. 

Placing  the  conduct  of  the  work  under  the 
Secretary  of  Agriculture,  and  thereby  under 
the  Office  of  Public  Roads,  is  a  natural  pro- 
ceeding. Here  is  an  office  already  organized 
and  equipped  for  just  this  class  of  work.  The 
money    being    all    federal    the    administration 


of  it  should  be  federal.  There  would  be  no 
gain,  but  rather  a  loss  in  any  other  arrange- 
ment. If  a  state  body  is  made  administrator 
it  would  need  just  as  many  assistants  as 
would  the  federal  department,  and  the 
cost  of  the  work  would  be  more  because  there 
will  still  be  necessary  a  federal  organization 
to  provide  federal  superivsion.  Placing  the 
whole  responsibility  upon  the  Department  ot 
Agriculture  insures  uniformity  in  der.ign,  con- 
struction and  maintenance.  Such  uniformity 
does  not  mean  that  the  same  treatment  would 
be  given  to  all  classes  of  foundations,  or  that 
each  problem  would  not  receive  the  consid- 
eration due  on  account  of  local  conditions. 
Again,  state  officers  are  now  in  manv  cases 
hclivily  overburdened  with  their  local  ^  prob- 
lems and  cannot  be  expected  to  administer 
United  States  funds  with  the  same  regard 
for  efficient  results  as  in  the  case  of  funds 
derived  from  taxes  paid  by  those  to  whom 
they  feel  more  directly  responsible. 

r  believe  the  scheme  outlined  aliove  is  emi- 
nently businesslike  and  I  doubt  if  in  general 
much  fault  can  be  found  with  it.  If  the 
federal  government  is  to  furnish  money  to 
build  highways  let  it  be  done  right;  let  the 
procedure  be  in  accordance  with  a  well  con- 
sidered plan  and  the  carrying  out  of  that 
plan  be  solely  for  the  public  benefit;  let  us 
in  this  instance  build  an  enduring  monument 
of  which  we  may  always  be  justly  proud. 
Verv  truly  yours. 
Thomas  Wateras   Warren. 

No.  7  De  Kalb  Ave.,  White  Plains,   N.  Y. 


Methods  and  Cost  of  Constructing  a 

Petrolithic  Pavement  in  Cudahy 

City,   California. 

Contributed  by  C.  G.  Varcoe,  Inspecting  Super- 
intendent, Los  Angeles,  Calif. 
Cudahy  City  is  a  residence  and  business 
center  developed  by  the  managers  of  the  great 
Cudahy  Ranch,  which  lies  a  short  distance 
southeast    of   Los    Angeles,    California. 

GENER.\L   CONDITIONS. 

Before    adopting    the    method     herein      de- 
scribed a  great  deal  of  time  was  spent  by  the 
executive  officers  of  the  management  and  the 
writer    in    investigating    various    processes    in 
order  to   ascertain   which  process   would  give 
the  most  effective  paving,  with  the  least  cost, 
for    residence    streets    carrying    moderate    to 
light  traffic.     The  process  finally  adopted  con- 
sists   in   mixing   asphaltic   oil   with   the   native 
soil   and   compacting  the   mixture   with   Petro- 
lithic tamping  rollers  to  secure  a  solid  carry- 
ing  base    for   the    streets.     The    surfacing,    it 
was    evident,    could    be   varied    to    suit    needs 
and    cost    limits.     The    tamping    method    was 
viewed  by  the  writer  with  much  doubt  in  the 
beginning,   because   of     much     doubtful     and 
shoddy  work  he  had  seen  done  with  the  tamp- 
ing roller.     Perhaps   because. of  this   doubt,   I 
exercised   more   care   in   the   oversight   of   the 
work.      In   the   outcome    I    am    decidedly   con- 
vinced that  intelligent  skillful  use  of  the  tamp- 
ing roller  within   its  proper  scope   will  secure 
the  product   of  very  superior   results  in  many 
classes   of   difficult   materials. 

The  soil  of  Cudahy  City  is  in  general  a 
very  fine  silt-loam.  It  varies  from  an  ex- 
treme of  about  60  per  cent  to  80  per  cent  of 
fine  drift  silt  sand  to  an  opposite  extreme 
containing  about  8.5  per  cent  of  gumbo  loam 
mixed  with  a  residue  of  fine  silt,  a  mixture 
which  is  often  classed  as  a  straight  gumbo. 
This  gave  a  great  variation  of  material  to 
work  with  and  the  pavement  on  the  street 
which  I  use  as  an  illustration  extended  through 
both  extremes  with  the  modifications  between. 

METHODS    AND    MATERIALS    USED. 

For  purpose  of  more  exact  statement  the 
methods  and  cost  of  constructing  the  pave- 
ment on  one  street,  which  was  the  longest 
stretch  of  unbroken  construction,  will  be 
given.  It  had  the  more  than  balancing  disad- 
vantage, however,  of  a  double-track  electric 
car  line  along  the  middle  of  the  street  for  the 
entire  length.     The  length  was  3,200  ft.,  with 


1.5  ft.  width  of  paving  on  each  side  of  the 
tracks,  totalling  10,(jCt),6-f  sq.  yds.  of  paved 
surface.  There  were  cement  curbs  on  both 
sides  of  the  street,  but  no  gutters.  The  pav- 
ing extended  clear  to  the  curbs. 

In  most  of  this  street  the  soil  was  a  silt  so 
light  and  loose  that  a  man  would  sink  to  his 
shoe  tops  in  it  when  walking  across  the  street. 
This  part  required  no  plowing  in  the  prepara- 
tory shaping,  but  was  easy  grading.  Two 
separate  parts  of  the  roadway,  totalling  about 
750  lineal  feet,  were  dry  hard  gumbo,  that  had 
to  be  plowed  and  broke  up  in  large  clods, 
quite  difficult  to  pulverize.  The  grading  was 
done  with  Fresno  scrapers  end  a  light  road- 
grader.  The  grading  was  comparativel.\ 
light,  consisting  in  taking  off  an  extreme  of 
12  to  20  ins.  at  some  points  and  filling  simi- 
lar amounts  at  other  points.  The  excess  ma- 
terial was  spread  over  the  lots  along  the 
streets. 

When  the  street  was  shaped  water  was 
sprinkled  on  it  by  water  sprinkling  wagons 
until  it  was  thoroughly  dampened  to  a  depth 
of  6  ins.  On  a  great  deal  of  the  work  hole? 
had  to  be  first  punched  with  the  roller-tamper 
in  order  to  keep  the  water  from  immediately 
running  off  the  dry  powdery  silt.  The  water 
used  throughout  the  work  was  obtained  at 
standpipes  erected  at  various  points  along  the 
streets.  .\s  each  section  was  watered,  it  was 
cultivated  until  the  proper  consistency  was 
obtained  and  made  uniform  throughout  the  6- 
in.  depth.  We  found  by  experiment  that  we 
gained  the  best  results  when  we  had  the 
soil  well  wet  before  putting  on  and  mixing 
the  oil. 

The   oil   used   was   one   containing  about   7.> 
per    cent    asphalt.      It    was    furnished    by    the 
management   outside    of   the   contract   for   the 
work   and   is   not  considered  in   the   cost  data 
herein  given,   except  as   regards     the     mixing 
and  its  effect  on  the  work  of  compacting.  The 
oil  came   on   the   work   at   temperatures  vary- 
ing between  180°  and  300°   F.     It  was  spread 
with    a   Baldwin   gravity   spreader.     Two   ap- 
plications   were    made,    each    being   varied    in 
quantitv    between    %    and    1    gal.    per    square 
yard,   according  to   the  variations   in  the   soil. 
The    oil   was   mixed    into   the    soil    as   quickl\ 
after  each  application   as   it  cooled  sufficiently 
to  permit  the  stock  to  tramp  through  it.     The 
mixing  was  done  with  a  heavy  cultivator,  fol- 
lowed   toward    the    end    of    the    mixing   by    a 
gang   disc   plow,    which   turned   over   the   ma- 
terials  to   the  G-in.   depth.     We   found  it  par- 
ticularly   important    to    get    an    even    uniform 
mixture  of  the  oil  throughout  the  soil  to  the 
depth  of  the  6  ins.,  which  we  had  determined 
to   compact.     We  also   found   it  important   t" 
avoid  an  excess  of  oil,  and  to  avoid  using  an 
oil   too  heavv  to  mix   readily.     I  believe  thai 
many  troubles  of  earth  and  oil  mixture  con 
struetions  begin  at  these  points. 


Before  starting  to  tamp  the  mixture,  mori 
water  was   worked   in,   using  as  much  as  thi 
soil  would  hold  without  becoming  mud.   This 
allowed    the    feet    of    the    tamping    roller    t. 
sink    in    to    their    full    depth    and    compact    a 
solid   bottom.     The   tamping  rollers  were   ini 
mediately  followed  by  a  cultivator  set  shallow 
so   as   to   keep   the   surface   loose.     If   this   is 
not    done    the   tamper    feet   would     soon     b( 
hitting  the  same  holes,  or  compacting  a  mere 
surface  crust  which  would  prevent  them  reach- 
ing the  bottom.     The  water  wagons  were  kept 
steadily    busy    spreading    water    as    needed    to 
keep  tiie   mixture  at  the  effective  consistency. 
Some  sections  required  water  as  frequently  as 
twice    a   day,   while   other,    sections      required 
much    less.     At   least   once   a   day   and   some- 
times twice  a  dav  a  grader  was  run  over  the 
work  to  true  up  the  surface  and  draw  in  any 
excess   of   the    niiNtiirc    that    had    worked   to- 
ward the  gutters. 

After  the  roadway  had  been  tamped  as 
solid  as  possible,  which  is  within  an  inch  oi 
the  top,  the  street  was  well  watered  and  al- 
lowed to  stand  until  the  surface  would  not 
pick  up.  '  Then  a  5-ton  smooth  roller  (horse 
drawn)  was  put  on  and  kept  going  until  the 
surface  was  smooth  and  hard. 

The   street   was   then   left   to   set.     For   this- 
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phrase  actually  describes  what  took  place ; 
the  longer  it  set  the  harder  it  got.  These 
light  silt  soil  streets  thus  mi.xed  and  com- 
pacted set  so  hard  after  standing  a  month 
that  we  found  it  impossible  to  make  a  grader 
blade  cut  into  the  surface  when  we  attempted 
to  smooth  out  a  rough  place  in  one  of  the 
streets.  We  also  observed  that  a  3-ton  auto- 
truck, which  was  passing  back  and  forth  over 
one  of  the  streets  finished  to  this  point  of  the 

TABLE  I.— COST  OF  LABOR  AND  RENT  FOR 
TOOLS  USED  IN  THE  CONSTRUCTION  OF 
PETROLITHIC  PAVEMENT  ON  SAVILLE 
ST.,  CUDAHY  CITY,   CALIF. 

Preparing     roadbed,      including     plowing, 

scraper  work  and  grader  work $  SI. 00 

Mixing  in  oil  and  tamping  roadway: 

2  tampers    for    12    days  =  1    month    of 
elapsed  time  for  1  tamper  at  $35  rental    35.00 

1  cultivator    for    i/4    month 2.50 

1  disc  gang  plow  for  14  month 2.50 

10  head   of  stock   for   12   days,   feed    and 

rent    120.0n 

3  men  for  12  days  at  J2.25  per  day 81.00 

Total    $241.00 

Hauling   and    applying   water    throughout 
work    115.00 

Entire   total    $437.00 

Cost  per  sq.  yd. — 

Preparatory  work    $0.0075+ 

Mixlng  oil  and  tamping 0.0225-f- 

Applying   water    0.0107+ 

Total     $0.0407+ 


construction,  made  no  ruts  whatever,  though 
the  truck  was  fully  loaded  one  way  and  par- 
tially the  other.  The  heavier  soils  set  more 
rapidly  than  the  lighter  more  sandy  ones,  but 
the  sandy  sections  finally  set  harder  than  the 
others. 

It  was  intended  in  the  original  plans  to 
n.ake  a  surface  over  this  base  of  %  to  1  in. 
of  crushed  stone  and  asphaltic  oil,  but  this 
has  been  left  off  at  least  temporarily.  Since 
the  writer  left  the  work,  the  surface  has  been 
finished  off  with  merely  a  coating  of  ',4' 'gal. 
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Fig.    1.      Method   of   Planting   in    Very   Good 
Soil. 


1)1  !lu  per  cent  oil  per  square  yard  and  covered 
with  fine  sand.  The  sand  may  make  a  good 
smooth  finish,  but  cannot  make  a  very  resist- 
ant surface;  also  I  doubt  the  advisability  of 
using  so  heavy  an  oil  in  this  combination  ;  it 
may  fail  of  making  a  proper  bond,  because 
it  has  no  penetrating  power,  and  may  thus 
allow  the  surfacing  to  pick  up  when  tralTic 
passes  over. 

The  soil  wurked  wilh  in  this  instance  had 
two  marked  peculiarities.  First  the  soil  was 
thoroughly  dried  out  liy  over  six  months  of  a 
Southern  Califrirnia  dry  season.  Secondly  the 
larger  mass  of  the  soil  is  a  light  silt  in  its 
main  make-up  that  lets  water  run  right 
through  it.  Consequently  we  had  to  use  an 
muisual  quantity  of  water,  amounting  to  a 
total  of  as  much  as  20  gals,  per  sciuarc  yard 
on  some  of  the  worse  sections.  The  experi- 
ence has  convinced  the  writer  that  most  soils 
can  be  successfully  compacted  to  perfect  re- 
liability for  roadway  carrying  base  by  the  use 
of  similar  methods.  Too  close  attention 
should  not  be  paid  to  rigid  specifications,  how- 
ever. .Vllention  should  be  given  to  the  char- 
acter of  the  soil  to  be  worked,  and  modifica- 
tions should  be  made  as  may  be  needed  for 
any  great  variation  in  the  soil  characteristics. 


COST    DATA. 

The  figures  given  in  Table  I  are  calculated 
entirely  on  a  rental  basis  for  both  implements 
and  live  stock,  and  on  the  actual  amounts  paid 
to  the  men.  No  allowance  is  made  for  teams 
used  on  the  cultivator  and  on  the  plow,  be- 
cause such  teams  were  always  taken  from  a 
roller  tamper  and  the  tamper  laid  ofT  while 
the  teams  were  so  used.  But  rent  is  counted 
for  full  time  on  the  tampers  since  it  went 
on  whether  they  were  in  use  or  not.  The  di- 
mensions of  the  pavement  are  here  repeated 
for  convenience  in  studying  Table  I  of  cost 
data:  Length  of  street  paved,  3,200  ft.;  width 
of  pavement  30  ft.  (15  ft.  on  each  side  of  car 
tracks)  ;  total  amount  of  paving  10.00f).6  + 
sq.  yds.  The  costs  given  do  not  include  the 
cost  of  the  oil  or  cost  of  delivering  it  on  the 
work. 


Street  Tree  Planting  and  Cultivation 
In  California. 

Methods  of  planting  and  caring  for  street 
trees  are  reviewed  in  a  bulletin  recently  pub- 
lished by  the  California  State  Board  of  For- 
estry. Portions  of  this  bulletin  contain  infor- 
mation which  is  of  general  utility  and  some  of 
the  most  specitic  of  this  information  is  ab- 
stracted and  given  below. 

Planting. — It  has  been  found  that  for  best 
success  a  hole  at  least  3   ft.   for  each  of  the 
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Fig.    2.      Preferable    IVlethod    of    Planting. 

three  dimensions  should  be  excavated.  If  the 
nature  of  the  soil  does  not  demand  an  addi- 
tion of  fertilizer,  the  top  soil  is  put  at  the 
bottom  and  the  lower  soil  brought  to  the  top. 
In  most  cases  it  will  pay  best  in  the  end  to 
add  some  fertilizer.  In  some  cities  the  street 
sweepings  are  saved  and  used  for  this  pur- 
pose. These  are  quite  excellent  for  lightening 
the  consistency  of  the  soil,  but  vary  consider- 
ably in  their  value  from  the  food  standpoint. 
.'Kgain,  if  the  soil  is  of  a  very  clayey  nature, 
the  addition  of  lime  is  a  valuable  point  to  re- 
member. Figure  1  represents  the  method  of 
work  in  a  very  good  soil  naturally  approach- 
ing the  ideal.  Figure  2  represents  the  method 
employed  by  a  local  stock  company  of  citizens, 
which  cares  for  their  plantings,  in  Garvanza, 
Cal.  This  method  is  to  be  recommended  over 
the  preceding  in  any  case.  In  cases  of  spe- 
cially clayey  soil  this  company  adopts  the 
method  of  using  lime  to  free  the  soil  particles 
shown  in  Figure  3.  It  has  been  found  that  by 
the  time  the  roots  of  the  tree  reach  the  lower 
level  that  the  lime  has  spent  itself  and  broken 
up  the  colloidal  clay  so  that  the  soil  is  easily 
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Fig.   3.     Method   of   Planting   In   Very   Clayey 
Soil. 

penetrated  by  the  roots.  The  holes  should  be 
prepared  before  the  trees  are  obtained,  so 
that  the  soil  may  have  time  to  settle. 

At  all  plantings,  arrangement  is  made  for 
watering.  Fig.  •!.  Usually  the  top  (i  ins.  of 
soil    is   kept    loose,    so   that    it   can    be   drawn 


back  to  form  a  rim  and  the  hollow  flooded. 
.After  the  water  has  disappeared  this  loose  ma- 
terial is  thrown  back  as  a  mulch.  For  plant- 
ing on  hillsides  the  tree  is  placed  as  shown 
by  Fig.  5.  If,  in  addition  to  the  dry  soil 
mulch,  stable  litter  or  even  dry  grass  can  be 
added,   it  will  be  of  advantage. 

.'\fter  planting,  the  tree  should  be  staked, 
and  for  obvious  reasons  the  stake  should  be 
on  the  side  nearest  the  source  of  the  prevail- 
ing winds.  Usually  one  strong  stake,  8  to  10 
ft.  high,  will  suffice,  and  this  can  usually  be 
removed  after  the  sixth  or  seventh  year. 

The  tree,  as  it  conies  from  the  nursery, 
should  have  a  good  system  of  roots  with  a 
large  proportion  of  fibrous  roots.  The  main 
stem  should  be  unbranched,  so  that  it  will 
keep  unbranched  for  at  least  12  ft.  If  this 
point  is  assured,  there  will  not  be  so  much 
pruning  needed  later  to  keep  the  tree  in  good 
form.  Of  course  there  are  some  species 
which  will  have  to  be  headed  even  higher,  but 
these  cases  can  be  determined  in  local  prac- 
tice. Since  even  with  the  greatest  of  care 
some  of  the  root  system  is  lost  in  transplant- 
ing, a  corresponding  reduction  must  be  made 
in  the  top.  This  fop  pruning  can  be  well  done 
only  by  careful  study  of  the  individual  tree,  so 
that  the  new  growth  starting  from  the  unde- 
veloped buds  will  be  able  to  grow  along  the 
most  desirable  lines. 

Some  species  grow  symmetrically  by  nature 
and  call  for  little  effort  on  the  part  of  the 
nurseryman  to  maintain  a  good  shape.  On 
the  other  hand,  there  are  a  great  many  species 
which  need  considerable  care.  This  is  a  prob- 
lem for  our  nurserymen,  and  we  must  demand 
good  materials  from  him  and  he  willing  to  pay 
for  the  extra  care  that  they  nnist  have. 

Use  only  first-class  nursery  stock  and  ex- 
pect to  pay  for  it.  Examine  your  trees :  see 
that  "they  are  healthy  and  free  from  insect 
pests ;  see  that  they  have  developed  normally, 
and  are  not  trees  which  have  made  the  best 
of  bad  conditions;  see  that  thev  have  grown 
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Fig.  4.     Method  of  Arranging  for  Watering. 


vigorously,  and  have  never  been  stunted  o: 
root-bound.  Then  give  them  a  place  to  grow 
which  gives  then)  every  opportunity  for  an 
optimum  development,  and  then  do  not  sit 
down  and  await  results,  but  give  them  con- 
stant care,  for  one  can  not  expect  reason 
able  development  with  no  care  ;it  all. 

The  time  of  planting  will  vary  somewhai 
according  to  the  locality,  the  species,  and  the 
facilities  for  care  afterwards.  From  general 
practice  it  might  be  said  that  it  is  safe  to 
plant  in  the  spring,  after  the  hardest,  coldest 
rains  are  over,  until  the  early  summer  month^ 
Some  species  are  more  tolerant  and  resistant 
than  otlicrs,  and  can  be  planted  all  through 
the  sununer  months.  Many  more  species  can 
be  planted  all  through  the  simimer,  and  early 
fall  as  well,  if  they  are  specimens  which  have 
been  grown  in  cans  or  tubs,  or  have  been 
transplanted  so  often  that  a  good  mass  of 
roots  is  formed.  The  advantage  of  this 
method  is  that  the  work  is  less  of  a  shock  to 
the  tree,  and  provided  a  sufficient  supplv  of 
water  can  be  given  afterwards,  many  of  the 
less  tolerant  forms  can  be  given  this  treat- 
ment.    In  using  specimens  from  tubs  or  cans 
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care  must   be  exercised  that  no  deformed  or 
root-bound    specimens    slip    into    the    lot. 

The  safest  Kcnerahzation  is.  of  course,  that 
planting  should  be  done  just  as  new  growth  is 
starting,  so  that  the  tree  may  become  estab- 
lished at  once  and  not  have  the  shock  of  los- 
ing foliage  and  roots  which  would  come  if  it 
were  moved  after  growth  had  started,  Never- 


Maiurdlgrdd«  of  hill 


Fig.   5.     Arrangement   for   Watering    In    Side 
Hill    Planting. 

thcless.  if  the  planter  is  \villing  to  meet  the 
dirticulties,  the  question  of  time  can  be  largely 
disregarded. 

Slaking  and  Guarding. — After  planting  has 
been  accomplished,  a  small  matter  of  great  im- 
portance must  not  be  overlooked.  And  that 
matter  is  the  staking  of  the  tree.  In  spite  of 
all  precautions  at  planting  time  the  ground 
often  settles,  or  subsequent  rains  or  winds 
disturb  the  position  of  the  young  tree  so 
that  it  begins  to  careen  at  an  angle,  and  un- 
less promptly  corrected  this  crooked  shape  is 
kept  for  all  time.  The  simplest  method  for 
preventing  this,  and  the  one  which  has  been 
proven  satisfactory  and  sufficient,  is  the  single 
stake.  As  a  general  practice  stakes  from 
10  to  lo  ft.  in  length  should  be  used,  with  3 
ft.  below  ground.  The  portion  below  ground 
should  be  tarred,  so  that  it  will  not  decay.  If 
the  tarred  area  is  carried  up  for  a  foot  above 
ground  level  the  danger  is  lessened  still  more. 
If  these  are  driven  in  about  10  or  12  ins.  from 
the  base  of  the  tree  the  root  will  not  be  dam- 
aged, and  the  tree  wi>ll  be  held  in  place.  The 
usual  practice  is  to  tie  the  tree  to  the  stake 
at  several  points  with  soft  hemp  rope.  If  this 
can  be  run  through  rubber  hose,  so  much 
the  better.  After  eight  or  ten  years  the  trees 
have  usually  outgrown  the  need  of  the  stake 
and  it  can  be  removed,  repointed  and  retarred 
and  used   for  other  smaller  trees. 

In  many  cities  it  has  been  found  that  trees 
are  subject  to  mutilation  by  horses  especially. 
There  are  two  methods  of  combatting  this 
difficulty.     The   way   very   commonly   used   in 


Fig.   6.     Satisfactory  Type   of   Wooden   Tree 
Guard. 

the  East,  and  in  a  desultory  way  by  private  in- 
dividuals in  California,  is  to  provide  a  guard 
of  some  description.  These  guards  vary  from 
a  roll  of  '2-in.  hexagonal  wire  mesh  to  a  wood- 
en frame,  such  as  is  commonly  us^cd  in  Wash- 
ington, D.  C,  (Fig,  6)  or  an  elaborate  iron 
guard.  For  old  trees  the  wire  mesh  guard 
is  entirely  adequate,  and  for  young  trees  a 
wire  mesh  guard,  supplemented  with  stout 
stakes,  will  answer  all  purposes.     The  wooden 


guard  is  a  little  more  eflfective  and  is  reason- 
ably durable.  The  only  advantage  of  the  iron 
guard  is  its  durability,  and,  in  some  cases,  its 
beauty.  Unfortunately,  there  are  many  times 
when  it  is  not  a  thing  of  beauty.  Of  all  these, 
the  iron  guard  is  the  most  durable  and  the 
most  expensive,  the  expense  in  most  cases  be- 
ing prohibitive. 

Instead  of  incurring  this  expense,  some  of 
our  southern  California  towns  have  enacted 
ordinances  which  prevent  hitching  to  or  near 
a  tree,  within  a  certain  distance.  At  first 
there  were  a  vew  violations,  but  now  it  is 
the  accepted  scheme  of  things  and  so  far  as 
was  noted  there  are  no  cases  of  mutilation  of 
bark  or  trunks  of  trees  in  those  towns. 
Whether  this  would  hold  in  a  great  city  or  not 
we  cannot  say.  Certainly  the  intense  civic 
pride  of  these  cities  does  much  to  make  their 
respective  ordinances   effectual. 

When  we  begin  to  have  our  trees  uniformly 
throughout  our  towns,  one  other  feature  will 
rise  to  importance.  That  is  :  the  use  of  grills 
in  the  down-town  district.  K  grill  is  a  cast- 
iron  screen  of  some  kind  which  is  put  over  the 
soil  about  the  base  of  a  tree  to  prevent  its 
lieing  packed  down  by  tramping.  Every  tree 
must  have  a  certain  area  of  unpaved  soil 
about  its  base  or  it  can  not  live  and  thrive. 
And  in  those  parts  of  the  town  where  there  is 
a  great  amount  of  walking  to  and  fro,  the 
ground  becomes  packed  down  so  that  it  is  no 
longer  easily  permeated  by  air  and  water.  In 
this  state  Ihe  tree  can  not  thrive.  It  is  to 
prevent  this  that  the  grill  is  useful.  These 
grills  are  at  best  an  item  of  considerable  ex- 
pense, but  they  are  a  means  to  an  end  which  is 
worth  far  more  than  any  expense  at  first  hand. 
Figure  7  shows  the  appearance  of  a  grill  from 
the  surface  and  in  section. 

Watering. — All  trees,  of  course,  receive  a 
thorough  watering  at  the  time  of  their  plant- 
ing, but  there  must  be  systematic  watering 
after  that.  It  has  been  found  that  it  does  not 
pay  to  leave  watering  to  the  individual  prop- 
erty owners;  it  is  desirable  to  have  the  water- 
ing done  by  the  city.  If  the  city  takes  charge 
the  expense  is  kept  down,  and  a  systematic 
treatment  is  assured.  During  the  first  three 
years  of  the  tree's  life  on  the  streets  it  must 
be  watered  with  the  greatest  care.  After  its 
first  watering  it  is  usually  watered  ever\'  two 
or  three  weeks  during  the  summer  until  the 
winter  rains  begin.  The  second  year  once  a 
month  will  suffice,  and,  in  some  cases,  every 
other  month.  The  third  season  is  usually 
confined  to  helping  along  the  backward  trees, 
with  water  for  the  others  if  necessary.  Back- 
ward trees  and  trees  which  show  irregular 
growth  must  have  more  frequent  and  more 
copious  waterings  than  the  normal  specimens 
or  more  even  growing  species.  Also,  trees 
in  situations  which  are  more  exposed  or  which 
are  in  soil  which  does  not  retain  its  soil 
moisture   freely,  need  special  attention. 

The  amount  of  water  to  be  given  to  each 
tree  varies  according  to  many  factors.  Trees 
aifter  planting  need  more  than  established 
trees ;  trees  with  shallow  roots  need  more 
than  deeply  rooted  trees;  trees  in  very  porous 
soil  need  more  moisture  than  normal  soils, 
and  certain  species  need  more  than  others. 

Ferlilication. — So  far  very  little  has  been 
done  in  the  way  of  fertilizing  and  cultivating 
the  street  trees.  So  far  as  was  noted,  but  one 
case  of  artificial  fertilization  was  seen.  This 
case  was  a  planting  of  acacias  on  a  poor  soil 
which  was  very  rocky.  The  fertilizer  used 
was  barnyard  manure  mixed  with  the  soil 
from  the  4-ft.  hole.  Certainly  these  trees 
gave  no  evidence  of  poverty  of  soil.  Similar 
instances  have  been  found  for  individual  trees 
which  do  not  mature  rapidly.  Chemical  fer- 
tilizers, chiefly  mixtures  of  acid  phosphate  and 
muriate  of  potash,  h.ive  l)een  tried  in  the  Fast 
with  good  results,  but  no  records  are  at  hand 
for  their  use  here.  Occasionally  street  sweep- 
ings are  saved  and  incorporated  with  the  soil, 
but  their  action  is  often  as  much  physical  as 
it  is  chemical. 

Cullifatinn. — As  to  cultivating — it  is  the 
general  practice  to  keep  the  soil  free  from 
weeds  and  grass  about  the  base  of  the  trees. 
In  most  cases  an  effort  is  made,  with  varying 
success,  to  keep  the  soil  stirred  about  the  base 


of  the  trunk.     This  insures  a  dry  mulch,  and 
hence  a  preservation  of  water  and  an  aeration 
of  the  soil,  which  is  greatly  to  the  advantage       ii 
of  the   tree. 

As  has  been  stated  before,  in  the  considera- 
tion   of    the    nursery    stock,    the    training    and 
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Fig.   7.     Grill   to    Protect   Soil    at   Tree    Base. 

pruning'  of  the  tree  must  begin  in  its  earliest 
infancy.  Since  our  street  is  laid  out  on  formal 
geometrical  lines,  and  its  purposes  are  so 
strongly  utilitarian,  some  concession  must  be 
made  to  service  in  the  training  of  a  tree.  The 
chief  work  in  the  nursery  is  to  insure  one 
single  straight  leader.  There  may  be  strong 
lateral  branches,  but  there  must  be  one  still 
more  vigorous  central  leader. 


A   Machine  for  Setting  Wagon   Tires 
By  Hydraulic  Power. 

(ST.\FF    .\RTICLE.) 

Two  different  methods  are  in  successful  use 
for  cold  setting  iron  or  steel  tires  on  vehicle 
wheels.  In  one  method  (full  circle)  the  tire 
is  pressed  onto  the  wheel  perfectly  tight,  short- 
enintr  it  in  every  part  of  its  circumference, 
while  in  the  other  method  (edge  grip)  it  is 
upset  or  stoved,  which  shortens  il  in  one  place 
at  a  time.  Tire  setting  is  merely  shortening 
tires  until  they  fit  wheels  tightly,  and  it  really 
makes  no  difference  how  it  is  done  so  that 
the  tire  is  put  on  absolutely  tight  without  dam- 
age to  the  tire  or  to  the  wheel.  .A  tire  may 
be  put  on  a  wheel  by  either  of  the  two  meth- 
ods   of    cold    setting   or    by    the   ordinary    hot 


Fig.  1.     An  Edge  Grip  Machine  for  Cold  Set- 
ting  Wagon   Tires   by    Hydraulic   Power. 


piocess.   and   if   the  work  is  properly  done,  it 
will   stay   on  as  long  by  one  way  as  another. 
However,    economy    in    time    and    expense    is 
usually   gained   through   the   use  of  machinery 
wdien    the    amount    of    work    warrants    its    in- 
stallation,   and    this    statement    applies    to    thei 
use  of   the  tire  setting  machines.    Contractors! 
having  a  considerable  number  of  dump  wagons,! 
wheeled  scrapers,  grading  machines,  and  otherj 
\ehicles  with  iron  or  steel  tired  wheels,  espe-l 
cially    if   engaged    in    work    in    dry,    dusty   orl 
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sandy  localities  where  tires  loosen  frequently 
and  rapidly,  would  probably  find  the  use  of 
tire  setters  to  be  an  economy. 

The  Scientific  Tire  Setter,  shown  in  Fig.  1, 
is  a  machine  in  which  the  edge  grip  principle 
IS  appUed.  It  is  made  with  two  steel  head 
blocks  with  upward  e.xtendin^  beveled  jaws. 
The  head  blocks  rest  on  a  cast  iron  base,  and 
to  one  of  them  is  attached  an  hydraulic 
cylinder.  Into  this  cylinder  a  plunger  with  a 
crosshead  is  fitted.  Two  adjustable  steel  rods 
arc  placed  through  the  sides  of  the  crosshead 
and  arc  connected  to  side  lugs  nn  the  other 
head  block.  Attached  to  the  cylinder  is  a  pow- 
erful hydraulic  pump,  by  means  of  which  oil 
is  forced  into  the  cylinder  which  pushes  out 
the  plunger  and  its  cross^head,  which  causes 
the  two  steel  head  blocks  to  be  pulled  together 
very  powerfully.  A  wheel  tire  is  clamped  in 
the  two  head  blocks  by  means  of  beveled  tool 
steel  grip  blocks  which  are  placed  between  the 
beveled  jaws  of  the  head  blocks.  When  the 
head  blocks  are  moved  together,  as  just  de- 
scribed, the  tire  is  shortened  according  to  the 
amount  the  head  blocks  are  brought  together. 
This  distance  is  governed  by  the  discretion  of 


the  operator.  Between  the  grip  blocks  and  the 
jaws  of  the  head  blocks  hardened  steel  liners 
are  placed  to  adjust  the  grip  blocks  to  narrow- 
tires.  .'Ml  four  grip  blocks  are  made  quickly 
to  clamp  the  tire  at  one  time  by  the  move- 
ment (if  a  foot  lever,  and  when  a  tire  is  set 
and  the  pressure  released,  the  wheel  is  re- 
leased automatically.  Each  machine  is  fur- 
nished with  a  wheel  disher  for  use  in  regu- 
lating the  dish  which  is  especially  necessary 
when  a  wheel  is  dished  backwards.  The  ma- 
chine requires  the  services  of  only  one  man 
if  the  proper  size  machine  is  used  for  the 
average  size  of  tires  being  set,  and  the  manu- 
facturers state  that  a  l^/2.\%-in.  tire  can  be 
set  every  five  minutes,  and  other  sizes  in  a 
proportionate  amount  of  time.  The  machines 
are  made  in  six  different  sizes  ranging  in 
weight  from  850  lbs.  to  6.000  lbs.,  crated ;  and 
in  price  from  $130  to  $5.50.  The  machines 
can  also  be  used  for  setting  tires  while  hot, 
provided  the  proper  extra  grip  blocks  for  hot 
metal  are  used,  as  heated  metal  will  soon  take 
the  temper  out  of  the  hardened  steel  grip 
blocks  intended  for  cold  metal. 


The  Scientific  Tire  Setters  are  made  by  the 
Lourie  Manufacturing  Co.,  Springfield,  111., 
who  claim  the  following  advantages  for  their 
machines:  (1)  They  are  strong,  substantial 
machines  in  every  part  and  practically  inde- 
structible; (2)  they  work  rapidly;  (3)  they 
are  easily  worked,  take  a  small  amount  of 
power,  and,  if  the  proper  size  machine  is  se- 
lected, only  one  man  is  required  to  operate  it; 
(4)  they  are  provided  with  tool  steel  gripping 
blocks  that  are  adjusted  automatically  to  con- 
form to  the  circle  of  a  wheel  and  grip  the 
tires  without  marring  the  felloes;  (.5)  all  four 
gripping  blocks  can  be  pushed  apart  to  engage 
the  tire  in  perfect  alinement  simultaneously 
by  foot  or  hand;  (G)  they  can  be  operated  by 
hand  or  power;  (7)  they  release  the  grips  in- 
stantly. Grips  can  be  set  from  2  ins.  to  6  ins. 
apart;  (8)  the  tire  can  be  shortened  from 
%  to  %  in.  in  one  gripping,  and  as  many 
grips  as  are-  needed  may  be  made,  one  after 
another  on  any  part  of  the  tire  by  turning  the 
wheel,  working  the  pump  and  opening  the  re- 
lease valve;  and  (9)  the  machines  are  fitted 
with  the  best  hydraulic  pumps  that  are  adapted 
to  the  work. 


IBisnllcalnKiigjs 


The  Problems  of  the  Contractor,  with 
Particular  Reference  to  the  Methods 
Used  by  the   Aberthaw    Con- 
struction  Co.,   Boston, 
Mass. 

II. 

In  rur  issue  of  Jan.  14,  1(113,  we  gave  an  ab- 
stract of  a  part  of  a  paper  describing  the 
problems  of  the  building  contractor.  An.  ab- 
stract of  the  remainder  of  this  paper  by  Mr. 
Leonard  C.  \\'ason,  president  of  the  Aberthaw 
Construction  Co.,  Boston.  Mass..  in  Vol.  LI, 
Xo.  .5,  Journal  of  .\ssociation  of  Engineering 
Societies,   is  herewith  given : 

SELECTION      ..\ND     PURCH.VSE     OF     MATERIALS. 

The  purchasing  department  is  also  busy,  he- 
ginning  before  any  work  is  done  at  the  site  of 
the  building,  and  always  keeping  ahead  of 
construction    requirements. 

As  stated  in  Part  I.  under  the  head  of 
"The  Contract,"  the  contractor  is  very  largelv 
a  broker  bnyin"  materials  to  be  incorporated 
in  a  building.  Some  materials  are  easy  to 
buy  and  some  require  a  detailed  knowledge 
of  the  materials  themselves  and  also  of  the 
estimate  and  the  contract  and  of  the  relation 
of  one  class  of  material  to  another.  There- 
fore, there  is  a  distinction  made,  classifying 
the  simplest  art'cles  and  duplicate  orders  as 
routine  buying  and  others  as  experienced  buy- 
ing. Of  the  routine  buyinp.  some  of  it  can 
best  be  done  locally  from  the  job  and  some 
from  the  main  office  of  the  company.  There 
has  been  ci>mpilcd  a  complete  list  of  all  ma- 
terials wlich  enter  into  a  job.  and  then  it 
is  decided  which  of  the  rtnitiiie  items  can 
most  advantageously  be  tjorght  l)y  the  main 
office  and  which  by  the  job  superintendent, 
and  written  instructions  .  arc  prepared  for 
these  items.  This  list  gives  in  the  first  col- 
umn the  list  of  materials,  in  the  second  the 
usual  time  which  it  takes  to  obtain  these  after 
placing  the  order,  in  the  third  column  some 
explanatory  notes,  giving  necessary  informa- 
tifin.  and  in  the  fourth  the  time  after  the  con- 
tr;ict  is  awarded  at  which  information  should 
he  received  in  or/ler  to  .  deliver  completed 
building  on  time.  This  time  assumes  that 
the  ordinary  four-story  mill  building  will  be 
completed  ready  for  delivery  in  four  months 
from  award  of  contract.  On  this  list  the 
great  majority  of  items  require  information 
within  one  week,  a  few  in  two  weeks,  and 
the  latest  must  not  be  delayed  more  than  a 
nicmth  after  the  award  of  the  contract,  if 
the  probability  of  delay  is  to  be  avoided.  It 
appears  strange  and  engineers  have  been  sur- 


prised when  we  have  asked  for  full-size  win- 
dow details  before  the  footings  are  in  place, 
but  when  it  is  realized  that  from  seven  to  ten 
weeks  are  necessary  if  the  minimum  price 
combined  w'ith  quality  is  to  be  obtained,  it 
will  be  seen  that  this  request  is  not  unreas- 
onable. 

In  the  purchase  of  manufactured  articles, 
such  as  doors  and  windows,  and  in  the  letting 
of  sub-contracts,  hundreds  of  dollars  can  be 
saved  and  better  results  obtained  if  handled 
by  a  person  who  by  long  experience  has  be- 
come familiar  with  all  the  details  of  the  ma- 
terials themselves,  who  knows  the  dealers 
and  manufacturers  in  various  localities,  and 
who  also  is  familiar  with  the   relationship  of 
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Fig.  2.      Part  Key  Plan  to  Beam  and  Column 
Forms. 

all  these  materials  to  one  another,  as  well  as 
with  the  estimate  and  contract. 

Similarly,  all  changes,  either  additions  or 
deductions,  fr<im  the  original  design,  should 
be  handled  by  one  person  in  order  to  sec  that 
no  mistakes  arc  made. 

The  .selection  of  the  aggrrgate  for  a  job  in 
a  new  locality  is  often  an  important  problem 
and  study  is  put  upon  it  by  all  of  those  com- 
petent to  decide  lie  matter.  .\  decision  has 
to  be  made  before  the  final  design  of  the  mix- 
ing plant  and  its  location  can  be  dclcrmined. 
because  team  and  railroad  deliveries  will  be 
at  (lifTcrenl  places.  The  purchasing  depart- 
ment never  buys  an  unknown  sand  until  it 
has  been  thoroughly  investigated  by  a  testing 
laboratory,  althougii  this  may  cause  an  an- 
noying delay. 

The  lumber  and  steel  schedules  are  gener- 
ally the  first  to  demand  attention.  Lumber 
used  in  contact  with  cement  is  almost  always 


ordered  planed  on  four  sides.  .\  correct 
ordering  schedule  for  lumber  cannot  be  made, 
of  course,  until  the  work  of  detailing  the 
forms  is  nearly  completed  in  the  drafting 
room.  It  is  possible,  however,  to  make  an 
approximate  schedule  of  the  same  for  use  in 
canvassing  for  prices.  By  referring  to  stand- 
ards we  generally  are  able  to  tell  in  advance 
what  sizes  are  wanted,  and  in  this  way  are 
ready  to  order  material  forward  immediately 
after  the  centering  details  are  completed.  .As 
the  lumber  arrives,  the  material  of  diflferent 
dimensions,  qualities  and  finishes  is  piled,  ac- 
cording to  a  pre-arranged  plan  worked  out 
in  the  office,  handy  to  the  woodworking  shop, 
and  is  given  a  number  or  letter  obtained  from 
the  key  plan. 

The  steel  is  taken  off  of  the  plans  by  one 
man.  and  is  checked  independently  by  an- 
other. This  schedule  is  then  studied  in  re- 
gard to  reducing  the  variety  of  lengths,  and 
frequently  these  can  be  reduced  to  one-fifth 
of  the  number  shown  on  the  plant.  It  is  usual 
to  order  a  schedule  of  bars  %-in.  and  larger 
in  multiples  of  ll  ins.  and  to  buy  steel  %  in. 
and  under  in  the  longest  lengths  which  can 
be  put  on  a  single  Hat  car,  and  then  cut  il 
up  on  the  job.  The  largest  size  recommended 
for  square  bars  is  H4  in.  and  for  round  bars. 
1%  in.;  while  the  smallest  size  is  %  in.,  all 
sizes  to  be  multiples  of  %  in.  On  one  large 
job  there  were  over  400  diflferent  lengths  of 
bars  shown  on  the  plans,  while  bv  scheduling 
the  large  bars  in  multiples  of  ti  ins.  and  or- 
dering small  bars  in  long  lengths,  as  above 
described,  the  mill  order  was  reduced  to  4<; 
diflferent  lengths.  This  method  increased  the 
weight  of  tlie  order  an  amount  which  cost 
only  $18  in  excess  of  the  ccxst  of  the  exact 
schedule  taken  from  plans.  This  amount  was 
saved  many  times  over  in  the  greater  con- 
venience of  sorting  and  handling  the  steel. 
The  manufacturers  are  required  to  deliver  the 
small  bars  in  bundles  weighing  from  12-5  to 
145  lbs.  This  insures  that  the  men  get  a  load 
of  the  proper  weight,  and  thus  obtain  greater 
efficiency.  The  bars  arc  also  easier  to  handle 
and  it  is  not  necessary  to  pick  up  one  bar 
at  a  time  and  be  troubled  with  the  unraveling 
found   with   small   sizes. 

MANAfiEMENT    OF    CO.VSTRfCTIOX. 

In  the  general  management  of  the  con- 
struction operations  the  writer's  company  has 
made  radical  changes  from  customary  prac- 
tice in  the  erection  of  reinforced  concrete 
buildings.  These  changes  have  been  made, 
not  from  theoretical  considerations  and  mere 
oflficc  studies,  but  for  the  sole  purpose  of  re- 
ducing costs  and  at  the  same  time  improving 
the  quality  of  the  workmanship.  .As  a  result 
of  the  introduction  of  the  methods  described 
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below,  the  labor  cost  of  making,  erecting  and 
removing  forms — which  is  one  of  the  largest 
items  of  expense  in  a  reinforced  concrete 
job — has  been  reduced  during  the  past  four 
years   over  30  per  cent. 

The  general  purpose  of  the  new  methods 
has  been  to  plan  the  construction  details  in 
advance  so  that  each  skilled  '  workman,  as 
well  as  each  laborer,  will  know  just  what  to 
do,  will  work  to  the  best  advantage  without 
the  delays  usually  considered  unavoidable, 
and  will  be  assigned  to  work  of  a  nature 
best  suited  to  his  ability.  In  this  way 
he  is  enabled  to  go  ahead  without 
the  waits  and  the  bother — equally  vexa- 
tious to  the  workman  and  to  the  bosses 
— that  are  inevitable  under  the  ordinary  meth- 
ods of  management,  no  matter  how  well  the 
work  may  be  handled  by  the  superintendent. 

The  task  has  been  no  small  one  and  is  not 
yet  completed.  It  has  involved,  as  essentials, 
a  thorough  study  of  the  plant  layout,  the  es- 
tablishment of  standard  inethods  of  construc- 
tion design  and  operation,  the  making  of  de- 
tail plans  for  forms,  the  routing  of  the  men 
and  materials,  and  the   establishment  of  task 


stripping  of  forms.  This,  combined  with  the 
fact  that  lumber  and  labor  are  continually  ad- 
vancing in  price,  would  indicate  that  a  very 
careful  study  devoted  to  reaching  the  great- 
est simplicity  and  regularity  in  making  up 
panels,  and  of  using  the  lumber  with  the  most 
efficiency,  is  a  vital  factor  in  low-cost  work. 
Forms. — In  what  follows,  by  panel  is  meant 
several  boards  cleated  together  so  as  to  be 
handled  as  one  piece.  It  is  perhaps  needless 
to  state  that  in  order  to  gain  this  efficiency, 
the  study  of  the  forms  should  not  be  left 
to  carpenters,  who  are  paid  to  drive  nails; 
nor  to  the  boss  carpenter,  who  has  his  hands 
full  overseeing  the  men  under  him ;  nor 
should  the  superintendent,  with  the  burden 
of  the  whole  building  to  carry,  be  given  this 
problem;  but  it  should  be  the  sole  work  of 
a  corps  of  men  trained  to  ''think  forms"  all 
the  time,  under  the  direction  of  a  competent 
leader,  whose  experience  in  different  types 
of  buildings  shall  be  considerable  and  whose 
judgment  is  reliable.  The  principles  of  de- 
sign are  standardized  for  beam  tloors,  mush- 
room floors,  columns  and  walls,  and  are  never 
changed  without  a  very  valid   reason. 
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Fig.    3.     Assembly    Drawing    of   Centering    for   Floor   Panel   with    Its   Beams. 


and  bonus  arranged  to  give  the  workmen  an 
appreciable  increase  in  pay  for  speedy  and 
accurate  performance.  It  was  recognized  that 
Mr,  Sanford  E.  Thompson  had  carried 
previous  studies  along  these  lines  further 
than  any  one  else,  and  he  was,  therefore,  en- 
gaged in  the  first  instance  to  co-operate  with 
us  in  furnishing  the  basis  for  the  systematic 
handling  of  the  form  drawings  and  the  es- 
tablishment of  the  routing  and  of  the  task 
and  bonus. 

The  new  methods  have  oaid,  both  from  the 
standpoint  of  the  contractor  and  of  the  own- 
er, permitting  smoother  operation  of  the 
work,  and.  after  making  full  allowance  for 
increased  overhead  charges,  materially  reduc- 
ing unit  costs, 

DRAWINGS      FOR      FORMS,      STEEL      BENDING      AND 
PLANT. 

In  erecting  a  concrete  building,  one  of  the 
earliest  and  very  important  parts  of  the  work 
to  need  attention  is  the  form  work,  \  study 
of  comparative  costs  on  different  buildings 
indicates  that  about  35  per  cent  of  the  money 
spent  is  for  labor,  over  one-third  of  which  is 
consumed    in    the    making    up,    erection    and 


In  order  for  such  a  study  to  reach  its  great- 
est usefulness,  it  is  absolutely  necessary  that 
the  engineer  furnish  plans,  showing  clearly 
beams,  columns,  slabs,  walls,  etc.,  to  the  con- 
tractor before  the  job  is  started.  Having  the 
complete  plans  in  advance,  it  is  possible  to 
lay  out  the  panels  for  columns,  beams  and 
slabs,  not  only  in  regard  to  the  first  use, 
but  also  to  make  provision  for  removing  or 
adding  strips  where  columns  or  beams  arc  re- 
duced or  increased  in  width,  and  for  cutting 
off  or  piecing  out  where  changes  of  length 
occur ;  in  fact,  to  follow  every  panel  f roin 
one  position  to  another  throughout  its  use- 
fulness on  a  job.  Further,  it  is  essential  that 
this  complete  layout  should  be  made  far 
enough  in  advance  of  the  actual  work  to 
enable  schedules  of  the  lumber  to  be  made 
from  it,  and  leave  time  for  a  thorough  can- 
vass for  prices  before  placing  the  order.  Buy- 
ing lumber  by  guess,  which  necessitates  cut- 
ting it  up  without  relation  to  future  use,  is 
decidedly    wasteful. 

A  form  layout  such  as  mentioned  would 
consist  of:  First,  key  plans  showing  the  lo- 
cation of  each  panel  throughout  the  job;  sec- 


ond, assembly  plans  showing  the  use  and  dis- 
tribution of  the  lumber  and  the  way  all  parts 
go  together;  and  third,  the  actual  panel  de- 
tails. Typical  plans  are  shown  in  Figs.  2, 
3  and  4.  Figure  2  shows  a  part  of  the  key 
plan  for  beam  and  column  forms;  Fig.  3 
shows  an  assembly  drawing  of  the  centering 
for  a  floor  panel,  with  its  beams;  and  Fig.  4 
shows  a  typical  column  and  beam  panel. 
Without  complete  plans  of  the  building  it  is 
impossible  to  make  the  key  plans  or  to  lay 
out  the  panels. 

A  standard  method  of  drawing  and  mark- 
ing key  plans  and  assembly  and  panel  details 
is  used,  so  that  the  workmen,  in  changing 
from  one  job  to  another,  may  find  everything 
as  they  have  been  accustomed  to  it.  On  the 
sheets  nothing  should  be  left  to  the  outside 
men  to  add,  but  every  detail,  size  of  boards, 
number,  location  and  size  of  nails,  clear- 
ances, cleanouts,  etc,  should  be  indicated  or 
called  for.  The  kind  and  dimensions  of  lum- 
ber in  one  city  differ  from  those  in  another. 
The  design  must  be  in  accordance  with  the 
market. 

The  question  next  arises,  "What  is  the 
cost  to  the  contractor  of  such  layouts?"  So 
many  variables  enter  into  this  that  it  is  im- 
possible at  the  present  time  to  give  any  actual 
standard.  It  is  obvious  that,  in  a  job  that  is 
simple  and  regular,  several  stories  in  height, 
with  columns  and  beams  that  do  not  vary 
in  size  in  the  different  stories,  there  will  be 
fewer  panels  to  lay  out,  as  each  panel  will 
apply  to  a  large  number  of  places. 

Actually,  on  a  large  regular  job  this  cost  is 
very  low,  almost  insignificant,  while  on  a 
small  job.  especially  if  irregular,  with  small 
panels  and  frequent  changes,  it  may  be  rela- 
tively quite  large.  On  a  mushroom  job  the 
cost  is  usually  less  than  on  a  beam  job,  as 
practically  all  the  panels  are  confined  to  col- 
umns and  wall  beams,  if  corrugated  iron  is 
used   in   forming  the  slabs, 

A  careful  study  of  the  spacing  of  oosts, 
girts  and  joists  of  various  dimensions,  to 
carry  the  varying  dead  loads  of  concrete,  has 
been  inade,  and  tables  prepared  based  on  the 
net  section  of  dressed  lumber,  so  that  de- 
signing is  reduced  to  looking  up  dimensions 
in  tables  and  laying  out  results.  Thus  here- 
after the  drafting  room  cost  can  be  some- 
what   reduced. 

On  a  typical  mill  building  having  the  lower 
floor  of  beam-and-girder  construction,  the 
others  being  mushroom,  there  were  179,000 
sq.  ft.  of  area  in  contact  with  the  forms. 
Forty-two  drawings  were  made,  detailing  326 
different  kinds  of  panels.  The  number  of 
panels  scheduled  to  make  up  was  996.  This 
gave  an  average  of  three  panels  of  a  kind. 
The  maximum  number  of  repetitions  of  a 
single  panel  was  48;  the  minimum  number 
was  1.  The  cost  of  detailing  forms  amount- 
ed to  13  cts.  per  hundred  square  feet  of  con- 
tract area.  If  this  building  had  been  mush- 
room throughout,  instead  of  being  partly 
beam  and  partly  luushroom.  the  number  of 
panels  would  have  been  reduced  and  the  cor- 
responding cost  lower.  The  expenditure  of 
this  money  is  amply  justified  by  the  reduc- 
tion in  the  total  cost  of  form  work. 

So  far,  in  showing  the  importance  of  get- 
ting complete  structural  plans  very  early  in 
the  job,  but  one  portion  of  the  subject  has 
been  touched.  Frequently  the  decision  as 
to  what  type  of  window  is  to  be  used  is  de- 
layed. In  concrete  work  a  different  kind  of 
rebate  is  formed  for  each  varying  form  of 
window.  With  rolled  metal  sash  a  strip  re- 
bate is  left  in  the  column  and  wall  beam 
bottom,  while  for  wooden  frames  a  rebate 
from  1  to  4  ins.  deep,  depending  on  whether 
plank  or  double-hung  box  frames  are  used, 
must  be  left  extending  frorft  near  the  outside 
face  of  the  column  or  beam  to  the  inside  face. 
These  details  must  be  in  the  hands  of  the 
contractor  before  the  erection  of  forms  is 
started,  preferably  with  the  other  details.  .'Ml 
inserts,  anchors,  wall  ties,  etc..  should  be 
shown  in  time  to  enable  them  to  be  ordered 
and  attached  to  the  forms  without  delaying 
the  work.  Piping  and  plumbing  must  be  de- 
signed so  that  sleeve  coring  holes  may  be 
left  for  their  passage.     Electric  wiring  must 
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be  arranged  for,  so  that  conduits  may  be 
laid  on  the  forms  before  concreting.  In  fact, 
plans  on  a  concrete  building  cannot  be  too 
complete,   or   furnished   too   early. 

Frequently,  a  contractor  desires  to  change 
certain  details  on  a  building,  believing  that 
some  other  method  may  give  the  same  results 
more  cheaply.  The  nature  of  these  details 
was  mentioned  under  the  heading  "Analysis 
of   the   Design — Minor  Features." 

Steel  Bending. — .A  sketch  is  made  for  every 
shape  and  size  of  bar  that  is  bent  on  the  job, 
the  number,  size  and  location  of  each  style 
of  bend  are  tabulated,  and  these  data  are  fur- 
nished to  the  steel   foreman. 

Drau'ings  for  Plant. — The  general  arrange- 
ment, amount  and  kind  of  plant  are  deter- 
mined for  any  given  job  by  the  writer,  gen- 
eral superintendent  and  job  superintendent. 
These  data  are  turned  into  the  drafting  room 
and  laid  out  to  scale.  The  drafting  room  has 
standard  plans  giving  the  principal  dimensions 
and  all  necessary  information  concerning  the 
use  of  each  big  tool  such  as  mixers,  elevators, 
engines,  wood-working  machinery,  temporary 
buildings,  and  any  other  information  that  is 
necessary  to  enable  a  draftsman  without  any 
special  knowledge  of  design  to  combine  the 
data  given  him  in  free-hand  sketch  form  into 
working  drawings  for  the  use  of  the  men 
on  the  job. 

THE    PLAXT. 

The   study  of   the  amount  and   location   of 
mechanical  plant  has  to  be  made  immediately 
after  the  contract   is   awarded   if  work    is   to 
be  started  promptly,  as  part  of  it  is  put  into 
operation    with    the    very    beginning   of    con- 
struction. .As  much  depends  upon  the  amount, 
design    and    promptness    of    delivery,    so    far 
as    economical    construction     goes,     the     best 
thought  of  the  whole  organization  is  put  on 
the  subject.     For  instance,  one  of  the  younger 
men  made  a  study   for  a  large  job  on   basis 
of  a  story  a  w-eek.     To  obtain  this  rate  one 
mixer  and   two   stories  of   forms   more   were 
required    than    if    the    progress    was    slowed 
down  to  a  story  in  nine  working  days.     Such 
speed   was   not   demanded.     ."X   conference   of 
all  hands  corrected  the  first  study,  making  an 
estimated  saving  in  job  cost  of  about  $10,000. 
Before    the,   location    of   the   concrete    mix- 
■  ing  plant  can  be  decided  upon,  the  source  of 
supply    for    the    aggregate    and    cement    must 
be  settled,   which   in   turn    settles   the   method 
of    delivery.      If    materials    are    delivered    by 
teams,   the  mixing  plant  will  usually  have  to 
be  on  the  front  of  the  building  for  the  eco- 
nomical   handling    of    the    aggregates;    if   by 
rail,   on   the   rear  of   the  building.     The   size 
of    the    mixing    plant    is    determined    by    the 
amount  of  concrete  to  be  mixed   for  the  en- 
tire job,  the  time  allowed  by  contract  to  com- 
plete the  mixing,  and  the  maximum  quantity 
that  has  to  be  placed  in -a  single  day.    Usually 
this  can   be  done  by  one   mixer   taking  as  a 
charge  a  barrel  of  cement  and  the  aggregates 
in   any   proportion.     A   common   arrangement 
for   the   concrete   mixing   plant    is   to   lay   an 
industrial  railway  track  so  that  the  aggregates 
arc   unloaded   by   shoveling    from    steam    rail- 
roads   into    industrial    cars    which    dump    di- 
rectly into  a  super-hopper,  set  flush  with  the 
ground,   over   the   mixer.     A   pit   is   dug  out- 
side the  building  sufficiently  deep  tn  take  the 
super-hopper,    feeding   the   mixer    by   gravity, 
and  the  mixer  in  turn  dumps  by  gravity  into 
an  elevator  bucket  that  runs  vertically  through 
a  steel   tower  just  outside  the  wall,   so  that 
it  discharges  through  a  chute  into  the  build- 
ing.    This,   as   well   as   all   other  tools,   when 
possible,    is    driven    by    electric    power.      The 
pit     acts     as     a     sump    to    drain    the     sur- 
rounding ground   and   has   In   be  pumped   out. 
The    method    cf    distribution    of    the    con- 
crete through  the  building  requires  some  con- 
sideration.     If    a    building    is    compact,    and 
large  masses  are  placed  within  a  limited  area, 
spouting    is    desirable.      If     the     building    is 
spread  out  and  quite  small  quantities  of  con- 
crete  are    used,   two-wheeled    push    carts   are 
used,   while    if    large    quantities   are    required 
over  quite  an.  area,   industrial   tracks  laid   on 
horses    so    as   to   elevate   them    about    18    ins. 
above  the   forms   are   run   over   the   latter  to 
distribute  concrete   a  batch   at  a  time.     The 


amount  of  track,  the  number  of  curves  and 
SNvitchcs,  the  number  of  cars  and  all  the 
minor  items  down  to  the  last  bolt  must  be 
carefully  determined  at  the  very  outset  in 
order  to  save  delay  in  erection  and  several 
shipments  in   less  than  carload  lots. 

If  it  is  decided  to  set  up  a  wood-working 
mill,  the  kind  and  amount  of  machinery  necs- 
sary  must  be  carefully  determined  according 
to  local  conditions.  If,  in  the  shop,  only 
bench  and  cut-oflf  saws  are  used.  On  the 
standard  sketches  on  file  in  the  drafting  room 
all  the  rest  of  the  information  can  be  found 
to  make  it  a  coinplete  plant.  If,  in  addition, 
a  planer,  boring  machine  and  emery  wheel 
are  wanted,  it  is  only  necessary  to  look  up 
other  standard  drawings  to  get  the  correct 
size  of  shop  and  the  arrangement  of  tools, 
shafting,  motor,  benches,  etc.,  which  previous 
experience  has  indicated  to  be  necessary  for 
best  results.  The  wrong  location  of  mill  and 
the  wrong  machinery  sometimes  cost  more 
than  the  possible  saving  by  the  use  of  power 
tools  over  hand  work,  and  these  questions 
must  be  carefully  considered  and  settled  at 
a  very  early  stage. 

The  question  of  temporary  buildings  often 
is  serious.  The  size  and  location  for  the  tem- 
porary office  is  a  simple  matter,  but  for  cem- 
ent, tools  and  equipment  more  thought  is 
needed.  Sometimes  a  cement  mill  is  so  reg- 
ular in  its  shipments  and  the  railway  service 
so  sure  that  a  small  supply  only  need  be  car- 
ried on  hand  for  emergencies.  On  other  oc- 
casions it  may  be  necessary  to  store  some- 
times 20  carloads.  It  is  not  easy  to  determine 
these  factors,  which  are  beyond  our  control, 
without   the   actual   experience,   but  unless   a 


intcndent  or  by  his  authorized  representative. 
In  this  way  as  much  safety  is  insured  the 
men  as  the  nature  of  the  undertakings  will 
permit.  The  men  work  with  assurance  of 
safety  and  therefore  ultimate  economy  re- 
sults. 

0RG.-\N1Z.\TI0N    OF    JOB    FORCE. 

.After  the  job  superintendent  is  determined 
upon,  he  is  taken  into  consultation  for  every 
other  step  which  follows.  The  selection  of 
all  his  subordinates  is  made  in  co-operation 
with  him — assistant  superintendent,  clerical 
force,  carpenter,  labor,  concrete,  steel  and 
other  bosses:  the  principal  mechanics  and 
even  the  leading  laborers  are  all  selected  in 
advance  from  among  those  working  on  other 
jobs.  The  superintendent,  wdiere  possible,  is 
given  at  least  a  week  to  study  plans  and  speci- 
fications in  co-operation  with  his  principal  as- 
sistants and  the  office  force,  before  anvbodv 
appears  at  the  site  of  the  work  excep't  for 
the  mere  purpose  of  studying  local  conditions. 
By  this  time  a  well-defined  plan  has  been 
worked  out  as  to  the  sequence  of  various  op- 
erations, the  kind  and  amount  of  mechanical 
plant,  and  its' location ;  schedules  of  the  ma- 
terials first  needed  have  been  made  and  orders 
placed,  so  that  by  the  time  actual  operations 
begin  in  the  field  the  plans  are  so  matured 
that  there  are  few  false  moves.  The  peak 
of  the  superintendent's  load  is  the  first  few- 
weeks  during  the  organization  and  starting 
the  work.  During  this  period  he  should  have 
his  full  executive  force,  although  each  subor- 
dinate may  not  at  that  time  be  doing  nearlv 
as  much  as  he  will  be  called  upon  to  do  later. 

PL.\NNIXG,   ROUTING    .\ND   COST   ACCOUNTING. 

During  the  early  stage  of  actual  construc- 
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fairly  close  approximation  to  the  actual  facts 
is  worked  out  there  is  likely  to  be  extra  cost 
from  too  big  a  building  unused,  or  too  small 
a  one  to  receive  the  materials  to  be  cared 
for,   which   increases   the   demurrage  account. 

There  are  standard  lists  of  small  tools  com- 
piled for  quick  use  for  jobs  of  various  sizes 
and  characters,  so  that  it  is  merely  necessary 
to  call  for  schedule  No.  I,  No.  0,  or  whatever 
it  may  be,  to  start  work. 

The  method  and  equipment  for  handling 
excavation  must  be  settled  at  the  earliest 
stage  in  the  discussion  of  plant. 

Staging. — .\  frequent  cause  of  injury  to 
workmen  is  the  breaking  of  stagings  on  \vhich 
they  arc  at  work,  and  the  writer  believes  that 
this  is  due  to  leaving  the  design  and  execiuion 
to  the  workmen  themselves.  Although  there 
may  be  a  large  quantity  of  excellent  material 
at  hand,  it  is  not  uncommon  for  workiucn  to 
pick  out  inferior  stock  for  building  a  stage. 
To  avoid  these  difliculticj.  the  principle  ha« 
been  adopted  of  designing  all  stagings  in  the 
office  for  any  important  work,  as  for  the  out- 
side of  a  building.  The  stage  is  laid  out,  giv- 
ing dimensions  and  spacing  of  lumber,  the 
sizes,  number  and  location  of  nails,  whether 
the  stage  be  built  from  the  ground  up,  wheth- 
er it  be  a  cantilever  from  an  upper  story  witi- 
dow,  or  a  swing  stage  himg  by  ropes  from 
the  roof.  The  plan  states  the  maximum  safe 
load  which  the  stage  is  permitted  to  carry. 
Material  is  selected  for  the  workmen,  and  be- 
fore any  arc  allowed  to  use  the  staging  its 
construction  is  inspected  cither  by  the  super- 


tion,  the  supcrintcmicni  makes  a  careful  studv 
of  the  handling  of  the  work  from  the  begin 
ning  to  the  very  end.  making  a  detaileii 
schedule  of  work  along  the  general  line- 
which  had  been  previously  determined  in  tlu 
office. 

The  job  office  work  is  in  charge  of  a  chief 
clerk,  who  in  addition  to  overseeing  the  work 
of  the  material  clerk  and  time-keeper,  ha- 
also  charge  of  the  cost-keeping.  The  chici 
clerk  figures  from  the  time  sheets  the  cost, 
and  two  records  are  kept  of  these;  one  for 
the  superintendent's  use,  in  card  index  form 
which  covers  every  single  item  on  the  job.  Tlu 
other  considers  only  the  large  items,  such  a^ 
concreting  floors  and  columns,  placing  rein 
forcmg  steel  and  form  work  for  floors. 
columns,  beams,  etc.  The  latter  costs  are  re 
cordeil  on  cross-section  paper.  These  dia 
grams  arc  posted  where  the  man  who  has  ful' 
charge  of  each  item  can  consult  them  when 
convenient    for    him. 

It  has  been  found  that  the  foremen  take  .i 
particular  interest  in  these  diagrams,  as  it  i- 
natural  tn  suppose  they  would.  Figures  which 
mean  a  little  larger  or  smaller  cost  convev 
some  idea  to  them,  of  course,  but  a  line  travel- 
ing upward  or  downward  and  above  or  below 
a  red  line  which  is  recorded  as  the  desired 
cost  line  enables  the  foremen  to  grasp  the 
meaning  very  easily.  Keeping  the  foremen 
keenly  awake  to  the  cost  of  the  work  the\ 
are  doing  has  not  been,  so  far  as  can  be  sceii, 
detrimental  to  their  turning  out  good  work. 
It  should  always  be  accompanied,  however,  by 
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more  rigid  inspection  in  the  first  instant,  and 
explained  so  that  they  may  definitely  under- 
stand that  any  lowering  of  cost  shall  be  con- 
sidered detrimental  to  their  interest,  unless 
the  quality  remains  equal  to  the  standard. 

The  execution  of  a  job  is  divided  into  two 
departments :  the  planning  and  routing,  and 
the  operating  departments,  the  former  being 
in  charge  of  a  man  conversant  enough  with 
our  standard  methods  to  plan  carefully  the 
different  steps  of  the  work  and  say  what  to 
do,  while  the  latter  is  placed  in  charge  of  a 
practical  man  of  experience,  whose  duty  it  is 
to  tell  how  the  work  should  be  performed. 
Work  carried  on  in  this  way  requires  the 
men  to  receive  orders  from  two  foremen. 
There  is,  however,  very  little  trouble  en- 
countered by  reason  of  this,  as  the  routing 
foreman  remains  in  a  field  office  and  gives 
instructions  wholly  on  written  slips,  and  in- 
structs only  as  to  what  shall  be  done.  The 
operating  foreman  has  direct  charge  of  the 
Iiandling  of  the  labor  gangs  to  make  sure  that 
what  is  being  done  is  performed  in  the  proper 
manner,  both  as  regards  safety,  appearance 
and    economy. 

The  moving  boss  and  his  gang  are  a  very 
important  factor  in  the  success  of  routing. 
He  must  be  a  painstaking,  tireless  fellow,  who 
is  always  on  the  move  and  must  have  suffi- 
cient intelligence  to  see  that  the  men  under 
his  charge  have  done  exactly  as  told,  taking 
the  correct  materials,  carrying  them  to  the 
proper  place  and  laying  them  right  end  to 
and  right  side  up,  as  per  the  written  instruc- 
tions from  the  routing  foreman.  The  men 
under  his  direction  must  be  active,  strong  and 
energetic — the  pick  of  the  laborers,  because 
they  do  a  great  deal  of  moving  about,  and 
arc  in  small  groups  or  alone:  therefore  they 
are  not  under  the  close  eye  of  their  foreman. 
They  must  be  men  who  will  work  without 
being  too  closely  watched.  The  moving  boss 
receives  instruction  as  to  how  each  laborer 
shall  do  his  work  from  the  operating  fore- 
man. 

It  is  necessary  for  the  routing  department 
to  be  fully  posted  at  all  times  as  to  just  what 
is  being  done  in  regard  to  the  delivery  of 
material  needed  and  the  completion  of  the 
tasks  specified.  This  is  taken  care  of  by  a 
daily  conference  between  the  job  superintend- 
ent, operating  foremen,  and  routing  foremen. 
In  fact,  the  success  of  this  system  depends 
very  much  on  a  complete  co-operation  between 
the  operating  and  the  routing  foremen. 

The  operating  foreman,  by  mingling  with 
the  workmen  at  all  times,  is  able  to  give  con- 
siderable information  to  the  routing  foreman 
for  his  use  in  future  planning.  He  has  no 
authority  to  give  instructions  regarding  what 
shall  be  done  to  any  of  the  sub-foremen  on 
the  job,  but  makes  all  suggestions  to  the  rout- 
ing  foreman. 

The  form  work,  in  tlie  older  method  of 
management,  was  the  most  difficult  to  organize 
and  systematize  with  any  efficiency,  and  there- 
fore the  first  attention  was  given  it  under  the 
system  of  planning  and  routing.  It  was  found 
that  this  class  of  work  was  very  easy  to  sys- 
tematize and  with  much  eff^ectiveness,  more  so 
than  the  handling  of  concrete  or  of  steel  re- 
inforcement, although  these,  to  a  less  degree, 
have  been  l)rought  into  the  svstem.  The  ap- 
plication of  this  method  to  form  work  is  as 
follows:  From  the  piles  which  are  made 
when  the  lumber  is  first  received  from  the 
dealer,  the  moving  boss  moves  the  lumber 
to  the  sawmill  in  accordance  with  written 
instructions.  The  mill-man  is  told  by  his  in- 
struction slip  just  what  length  to  cut  these 
pieces  and  what  ripping  is  to  be  done  on  each 
board  or  stick,  if  any.  After  this  is  done 
the  moving  boss  moves  same  to  the  different 
making-up,  benches,  still  in  accordance  with 
written  slip  to  that  effect.  The  work  is 
planned  with  considerable  care  quite  a  way 
ahead  so  that  each  making-un  bench  has  at  all 
times  the  proper  amount  and  kind  of  boards, 
cleats,  nails,  etc.,  which  will  be  required  to 
make  up  the  panels  which  each  pair  of  car- 
penters is  told  to  do  by  the  instruction  slip 
and  accompanying  drawines.  .Ns  soon  as  these 
panels  are  made  they  are  marked  by  proper 
panel  numbers,  taken  from  the  key  plan,  and 


the  moving  boss  removes  them  to  a  stock  pile 
where  they  are  stacked  by  a  pre-arranged 
method,  from  wdiich  they  are  taken  as  needed 
during  erection. 

The  foregoing  method  of  making  up  forms 
has  been  followed  for  a  number  of  years  with 
considerable  success  and  improvement  over 
all  other  methods.  Considerable  saving  has 
not  only  been  made  in  the  unit  price  of  mak- 
ing up  forms,  but  a  large  sa\  ing  in  the  use  of 
lumber  has  also  been  effected.  Under  this 
system  the  carpenter  foreman  is  relieved  of 
the  work  of  laying  out  each  change  of  panel, 
as  well  as  laying  out  the  panel  details  them- 
selves, and,  instead  of  spending  a  lot  of  time 
working  on  plans,  while  his  men  do  no  work, 
can  give  his  entire  attention  to  the  method  of 
making  up  the  panels  and  to  their  erection  in 
the  building.  It  is  along  these  lines  that  he 
has  been  particularly  trained  by  experience, 
and  he  is  able  more  fully  to  give  the  car- 
penters the  benefit  of  this  e.xperience  than  he 
could  in  any  other  way.  The  high  price  car- 
penters are  also  given  an  opportunity  to  de- 
vote all  their  time  to  actual  carpenter  work. 
They  do  not  have  to  bother  witli  looking  up 
the  stock  which  they  will  require  for  the 
panels  they  are  making  or  erecting,  the  ma- 
terial being  always  piled  right  behind  them 
ready   for  their  immediate  use. 

The  method  of  task  and  bonus  pay  is  fre- 
quently followed  on  work,  and  by  means  of 
data  previously  obtained  it  is  possible  to 
ascertain  very  accurately  what  the  correct 
best  time  should  be  for  the  making  up  of 
any  particular  panels  by  a  pair  of  good  car- 
penters. For  doing  the  work  in  this  tasked 
time  an  increase  over  their  usual  hourly  wage 
is  paid  of  from  2.5  to  30  per  cent.  On  the 
erection  of  the  forms  a  similar  method  is 
followed.  .\11  material  is  moved  froin  the 
stock  piles  to  the  point  of  erection  by  com- 
mon laborers,  under  the  leadership  of  an 
efficient  moving  foreman.  The  foreman  re- 
ceives all  instructions  on  a  written  slip.  The 
planning  department  is  able  at  all  times  to 
make  sure  by  so  doing  that  the  carpenters 
have  the  material  they  want,  when  they  want 
it,  and  wdiere  it  will  be  most  convenient  for 
their  use.  No  carpenters  are  allowed  to  carry 
lumber,  but  are  restricted  to  doing  real  car- 
penter work. 

On  the  erection  of  the  posts,  girts  and 
joints,  to  support  the  floor  panel  forms,  in- 
stead of  erecting  each  nost  separately  and 
then  putting  the  girts  on  top  of  these,  they 
are  assembled  as  frames  in  a  horizontal  posi- 
tion and  erected  in  large  units,  much  in  the 
same  way  that  a  frame  house  is  erected.  The 
work  is  done  by  one  carpenter  with  the  help 
of   three   good    laborers. 

The  work  which  the  steel  and  concrete 
gangs  do  is  planned  by  the  routing  department, 
Init  not  in  quite  so  much  detail  as  is  the  case 
with  the  form  work.  The  steel  foreman 
bends  the  bars  in  accordance  with  data  copied 
on  a  card  from  the  office  schedule.  These 
data  are  made  out  in  the  office  by  a  clerk,  di- 
rectly from  the  plans,  .•\fter  bending,  the 
foreman  tags  the  bars  properly,  stacks  them 
as  per  the  plan,  and  the  card  is  returned,  with 
the  time  required  to  do  this  work  noted 
thereon.  These  cards  give  data  under  many 
different  conditions,  wdiich  enables  the  super- 
intendent to  figure  time  for  task  and  bonus 
work. 

The  saving  which  is  effected  in  the  con- 
crete work  is  due  to  the  fact  that  this  planning 
of  the  whole  job  gives  in  advance  fairly  ac- 
curate information  as  to  just  what  will  be 
required  of  the  concrete  gang  each  day:  and 
by  canvassing  the  whole  job  for  miscellaneous 
work  wdiich  this  gang  can  do  when  not  con- 
creting, its  efficiency  is  increased  quite  ma- 
terially. 

From  a  study  of  what  precedes,  it  will  be 
seen  that,  if  every  class  of  labor  obeys  orders 
and  there  is  an  ample  supply  of  materials, 
with  no  lack  of  information  as  to  require- 
ments for  future  work,  there  can  be  gotten  a 
smoothly  running,  clocklike  system,  resulting 
in  greater  economy  than  can  lie  obtained  \m- 
dcr  any  other  method.  This  system  requires 
about  one  boss  to  not  over  six  or  eight  men, 
yet  enough  work  can  be  obtained   from  these 


to  more  than  make  up  for  the  unproductive- 
ness of  the  bosses  not  working  with  their 
hands.  A  slip  in  any  action,  or  lack  of  in- 
formation from  the  engineers,  non-receipt  of 
materials,  or  trouble  with  the  labor,  is  dis- 
astrous to  the  successful  operation  of  the 
system.  The  co-operation  of  the  engineer  is, 
therefore,  most  earnestly  desired  to  give  full 
information  long  in  advance  of  its  actual  use, 
in  order  to  prevent  any  break  in  the  smooth 
operation   of   the   system. 

In  spite  of  the  fact  that  the  wages  of  car- 
penters have  nearly  doubled  in  in  years,  while 
the  quality  and  intelligence  of  those  who  do 
the  work  is  less,  because  house  and  finish 
carpenters  will  not  do  this  kind  of  work; 
and  in  spite  also  of  the  great  advance  in  the 
price  of  lumber,  combined  with  a  falling  off 
in  quality,  the  unit  costs  obtained  by  the 
above  system  are  materially  lower  than  when 
the  job  superintendent  was  left  to  himself. 
The  total  gain  in  efficiencv  is  about  four- 
fold. 

WEATHER    CONDITIONS. 

Protection  of  ll'ork  from  Rain. — It  is  un- 
necessary to  protect  form  work  from  the 
rain,  as  usually  it  is  only  possible  to  get 
green  lumber,  its  tendency  being  to  shrink 
out  of  shape  rather  than  swell.  Rough  con- 
crete never  need  be  protected  from  the  rain 
before  setting,  only  from  the  concentrated 
run-off  over  some  portion  of  the  work,  which 
might  wash  the  cement  out  of  a  small  area. 
.A  troweled  finish,  however,  must  be  pro- 
tected against  being  pitted  bv  the  rain  or 
damaged  by  concentrated  streams.  This  is 
usually  done  by  tarpaulin,  wdiich  consists  of 
ri-oz,  cotton  duck,  rendered  waterproof  by 
being  saturated  with  "Preservo"  after  being 
made  into  covers  20  ft.  square.  These  are 
supported  by  a  temporary  frame.  They  are 
somewhat  of  an  inconvenience  to  the  finish- 
ers, and  decrease  the  amount  of  work  which 
they  can  do.  If  rain  is  expected,  it  is  usual 
to  delay  work  until  after  the  stiirm  is  over, 
if  possible:  otherwise,  to  Iniild  a  shelter. 
Sudden  showers  require  quick  decision  as  to 
whether  there  is  time  to  build  a  shelter  and 
also  as  to  its  cost,  as  compared  to  making 
repairs  on  the  suiface  if  left  exposed.  As  a 
rule  the   shelter   is  built. 

Protection  from  Sun. — If  there  is  to  be  an 
unavoidable  delay  in  placing  the  concrete 
after  the  forms  are  erected,  it  is  best  to  pro- 
tect them  from  the  sun  if  possible,  because 
they  shrink  so  as  to  open  up  cracks  which 
permit  the  mortar  to  escape,  leaving  a  bad 
surface  on  the  concrete.  Rough  concrete  does 
not  require  any  protection  from  the  sun, 
with  rare  exceptions.  It  is  usual  to  cover  up 
a  granolithic  finish  for  at  least  five  days.  The 
materials  most  available  and  most  economic- 
ally used  for  this  purpose  are  rough  bags, 
such  as  come  around  bales  of  cotton,  or 
wool,  shavings,  sawdu'st,  and  sand.  The  ob- 
ject of  these  is  to  retain  the  water  which  is 
put  upon  the  surface,  and  to  maintain  it  at  a 
uniformly  lower  temperature  than  this  direct 
sun   action   permits. 

The  writer  considers  it  unwise  to  spray 
bare  concrete  in  the  hot  sun,  and  the  use  of 
roofing  paper  is  but  little  better,  because  it 
retains  moisture  but  a  very  short  time.  The 
water  falling  on  a  surface  heated  directly  by 
the  sun  chills  it  suddenly,  causing  it  to  shrink, 
and  may  cause  the  very  cracks  which  one 
is  trying  to  avoid. 

Protection  from  Frost. — The  aggregates 
must  be  free  from  frost  when  mixed. '  .A 
live  steam  pipe  can  be  shoved  into  the  sand 
pile,  the  escaping  steam  heating  it  and  re- 
moving all  frost.  The  same  may  be  done 
with  the  stone,  but  a  canvas  should  be  thrown 
over  the  top  of  the  pile  to  retain  the  heat, 
wdiich  more  readily  escapes.  Where  a  con- 
siderable amount  of  heating  is  provided  for 
in  advance,  steam  pipes  are  laid  on  the 
ground,  and  stone,  as  received,  is  dumped 
upon  them.  .\  canvas  then  is  thrown  over 
the  pile  to  prevent  storms  from  getting  into 
it,  and  to  retain  the  heat.  The  frost  is  thus 
easily  and  economically  removed. 

Salt  is  frequently  used  in  the  water  to 
lower  its  freezing  point.  It  is  seldom  worth 
while    to    heat    the    water   itself.     Little    care 
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need  be  used  to  prevent  mass  concrete  from 
freezing,  as  the  frost  will  usually  only  strike 
to  a  depth  of  about  1  in.  Buildings  are  in- 
closed with  tarpaulin  tied  to  an  outside  stag- 
ing, and  the  enclosed  space  is  heated  with 
salamanders  burning  coke.  Sometimes  it  is 
possible  to  use  steam. 

Frost  is  removed  from  form  work  by  the 
use  of  salt  and  steam,  and  if  the  concrete 
surface  is  left  rough  it  is  common  to  sprinkle 
the  top  surface  with  salt  to  prevent  freez- 
ing. In  winter  it  is  very  common  to  put  the 
finish  on  as  a  separate  operation,  after  the 
building  is  enclosed,  and  not  as  an  integral 
part  of  the  construction,  on  account  of  the 
danger  of  freezing.  When  it  is  put  on,  in  this 
manner,  it  must  be  kept  from  freezing  for 
the  first  -48  hours. 

The  expense  of  providing  a  protection 
against  the  weather  is  not  very  great,  and 
good  results  so  surely  can  be  guaranteed  that 
it  is  not  usual  for  the  writer  to  discontinue 
work  on  account  of  cold  weather.  Occasion- 
ally it  is  necessary  to  make  some  provision 
for  the  protection  of  the  men.  Shelters  or 
wind-shields  are  built  in  front  of  the  benches 
where  carpenters  are  making  up  forms,  as 
well  as  around  the  men  at  the  concrete  nii.xcr, 
whose  work  does  not  necessarily  keep  them 
warm.  Where  excavation  is  going  on  in  the 
open  it  is  expedient  to  have  a  building  with  a 
good  fire  where  the  men  can  warm  themselves 
when  necessary;  and  on  a  few  jobs  it  has 
proved  to  be  wise  to  furnish  hot  coiTee  free 
in   these  shelters. 


decline  in  the  latter  part  of  1903.  Prices 
changed  only  slightly  until  the  latter  part  of 
1904,  when  they  advanced  somewhat.  Further 
advances  were  made  during  the  former  and 
latter  parts  of  1905.  Market  conditions  were 
compar.itively  stable  for  the  first  half  of 
U'Ot),  after  which  there  was  an  advance  in 
prices  until  the  levels  of  1902  were  practically 
reached.  There  was  little  change  in  1907  and 
in  the  first  half  of  1908,  after  which  prices  re- 
ceded. The  co-operative  movement  of  steel 
manufacturers  checked  the  decline  during  the 
depression  of  1908.  In  the  spring  of  1909  there 
were  some  sharp  declines  as  the  manufac- 
turers,    particularly     of     bars,     insisted     that 


fluctuations  in  prices,  per  ton  at  Pittsburgh, 
during  the  period  1898-1913,  for  steel  beams, 
bars,  rails  and  wire  nails.  It  will  be  noted 
that  the  price  of  steel  rails  has  not  changed 
since   April,    1901. 


Building  Inspection  During  Construc- 
tion. 

Careful  inspection  of  buildings  during  their 
erection  will  do  much  toward  -.nsuring  good 
work,  provided  the  inspector  is  a  man  who 
can  point  out  the  defects  in  such  a  way  as  not 
to  create  antagonism.  To  secure  the  best  re- 
sults an  inspector  must  have  not  only  an  in- 


Fluctuations  in  Price    of    Some    Steel 
Products  for  the  Period  1898-1913. 

It  is  interesting  to  note  the  lluctuations  in 
price  of  some  of  the  steel  products  com- 
monly used  in  engineering  practice.  The 
monthly  prices  given-  in  Table  I,  which  were 
taken  from  the  Iron  Age,  cover  the  period 
1898-1913.  These  prices  are  Pittsburgh  quo- 
tations for  materials  purchased  in  large  quan- 
tities, and  they  will  be  found  of  value  to  en- 
gineers in  making  estimates  of  cost  based  on 
structures  which   Iiave  already  been  built. 

The  period  covered  in  Talile  I  begins  in 
1898,  the  year  in  which  the  depression  follow- 
ing the  panic  of  1893  reached  its  culmination 
in  its  disastrous  effect  upon  steel  prices.  In 
1899  prices  rapidly  advanced  as  there  was  de- 
veloped a  demand  which  the  capacity  of  the 
country  could  not  supply.  It  will  be  noted 
that  prices  rapidly  declined  in  1900,  but  they 
were  steadier  in  1901.  They  increased  slightly 
at  the  beginning  of  1902,  and  maintained  a 
constant    price    until    they    suffered    a    sharp 
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of   Some   Steel    Products   for 


prices  were  being  kept  too  high.  These  cuts 
stimulated  buying,  which  resulted  in  upward 
prices  during  the  latter  half  of  1909.  Prices 
declined  somewhat  in  1910,  and  continued  to 
decline  during  1911.  Early  in  1912  there  was 
a  slight  decline  due  to  active  competition. 
This  was  followed  by  gradually  rising  prices 
until  the  spring  of  1913.  The  high  prices 
paid  for  early  deliveries  marked  the  first 
four  months  of  1913.  Business  fell  off  during 
the  summer,  and  in  the  last  four  months 
there  were  decided  declines  in  prices. 

The  curves  of   Fig.   1,   which   are  based   on 
the  prices  given  in  Table  1,  clearly  show  the 


TABLE    I.— MONTH  lA-     PITTSBURGH  PRICES  OF  SEVERAL,  STEEL  PKOnL'CTS   COVERING 

THE  PERIOD  1898-1913. 

, .  Year. v 

Month—         1898.   1899.  1900.  1901.   1902.  1903.  1904.  1905.  1906.  1907.  1908.  1909.  1910.  1911.  1912.  1913. 

Soft    Steel    Bars  at    Pittsburgh.  In    Cents    per    Pound. 

January    0.99     1.02     2.22     1.25     1.50  l.GO     1.30  1.40  1.50  l.t:o  l.GO  1.40  1.50  1.10  1.15  1.70 

Februarv    0.95     1.12     2.21     1.30     1.51  1.60     1.30  1.40  1.50  l.GO  l.GO  1.35  1.50  1.40  1.12  1.70 

.March    '. 0.93     1.36     2.25     1.40     1.60  l.GO     1.33  1.50  1.50  1.60  1.60  1.20  1.45  1.40  1.10  1.85 

April    0.95     1.56     2.10     1.47     1.60  1.60     1.35  1.50  1.50  1.60  1.60  1.15  1.45  1.40  I.IG  1.84 

.May    0.92     1.67     1.91     1.41     1.60  l.GO     1.35  1.50  1.50  1.60  1.60  1.19  1.45  1.37  1.20  l.'iO 

June    0.90     1.98     1.52     1.40     l.GO  1.00     1,35  1.46  1.50  1.60  1.45  1.20  1.45  1.25  1.20  1.60 

July     0.91     2.02     1.19     1.40     1.60  1.60     1.35  1.50  1.50  1.60  1.40  1.27  1.45  1.23  1.25  1.50 

August         .    ..094     2.14     105     1.44     1.60  l.GO     1.35  1.50  1.50  l.Gff  1.40  1.32  1.40  1.20  1.30  1.40 

September    ...   1.02     2.40     1.12     1.50     l.GO  1.60     1.31  1.50  1.50  1.60  1.40  1.39  1.40  1.19  1.37  1.40 

October   0.97     2.39     1.09     1.53     1.60  1.60     1.30  1.50  1.50  1.60  1.40  1.51  1.40  1.12  1.45  1.39 

November  ....  0.94     2.24     1.18     1.50     l.GO  1.37     1.31  1.50  1.54  1.60  1.40  1.50  1.40  l.OS  1.55  1.29 

December 0.95     2.20     1.25     1.50     1.60  1.30     1.34  1.50  1.60  l.GO  1.40  1.50  1.40  1.12  l.GO  1.21 

Beams  at  Pittsburgh,  In  Cents  per  Pound. 

Januarv    1.15     1.30     2.25     1.50     1.60  l.SO     1.60  1.50  1.70  1.70  1.70  1.60  1.55  1.40  1.15  1.7.i 

Februarv    1.15     1.30     2.25     1.50     1.60  1.60     l.GO  1.50  1.70  1.70  1.70  1.52  1.51  1.40  1.11  1.71 

March     '         ..115     1.40     2.25     1.52     1.70  1.60     1.60  1.60  1.70  1.70  1.70  1.30  l..',0  1.40  1.15  1.70 

April    ...         .   1.15     150     2.25     1.60     1.70  1.60     1.60  1.60  1.70  1.70  1.70  1.27  1.60  1.40  1.21  1.68 

May                        1  15     1  50     2.25     1.60     l.GO  1.60     l.GO  1.60  1.70  1.70  1.70  1.27  1.50  1.39  1.25  1.60 

June    .' 1.15     1.70     2.07     1.60     l.GO  1.60     1.60  1.60  1.70  1.70  1.62  1.25  1.4S  1.35  1.25  1.45 

July     1.15     1.94     1.90     1.60     1.84  1.60     1.60  1.60  1.70  1.70  l.GO  1.33  1.41  1.35  1.30  1.45 

August     ..        .121     2  05     1.74     1.60     2.00  1.60     1.60  1.63  1.70  1.70  1.60  1.40  1.40  1.35  1.35  1.45 

September    ...  1.20     2  25     1.50     1.60     2.00  l.GO     1.44  1.70  1.70  1.70  1.60  1.46  1.40  1.34  1.42  1.41 

October                 120     2  25     1..50     l.GO     2.07  1.60     1.40  1.70  1.70  1.70  l.GO  1.50  1.40  1.21  1.48  1.37 

November            120     2  25     1.50     l.GO     2.05  1.60     1.40  1,70  1.70  1.70  1.60  1.54  1.40  1.13  1.57  1.29 

December 1.20     2.25     1.50     l.GO     2.00  l.GO     1.44  1.7u  1.70  1.70  1.60  1.65  1.40  1.15  1.60  1.25 

Wire  Nails  at  Pittsburgh,  per  Keg  of  100  I'ounds. 

Januarv             .J1.12  SI. 43  $3.20  S2.22  $l.;i9  J1.S9  $1.89  $1.75  J1.S5  $2.00  $2.05  $1.95  $1.85  $1.71  $1.57  $1.75 

Februarv              145     157     3  20     2.30     2.05  1.92     1.90  1.80  1.85  2.00  2.05  1.95  1.85  1.75  1.60  1.75 

March     '        "    '    143     194     3  20     2.30     3.05  2.00     1.91  1.80  1.85  2.00  2.05  1.95  1.85  1.79  1.60  1.70 

April       131     2  05     2  95     2.nii     2.05  2.00     1.90  1.80  1.S5  2.00  2.05  1.87  1.85  1.80  1.60  l.SO 

May   ..                   1  31     2  10     2.20     2..!0     2.05  2.00     1.90  1.80  1.85  2.00  2.05  1.65  1.,S2  l.SO  1.60  l.Su 

June                       1  35     2  30     2.20     2.30     2.05  2.00     1.90  1.74  1.S6  2.00  1.97  1.70  1.80  1.75  1.60  1.80 

July                        131     2  42     2  20     2  30     2.05  2.00     1.S9  1.70  1.84  2.00  1.96  1.72  1.75  1.70  1.62  1.70 

August'    '          "    126     250     3  20     2.30     2.05  2.00     1.71  1.70  1.82  2.00  1.95  1.80  1.70  1.69  1.6C  1.65 

September"     '    132     2!  76     2.20     2.30     2.03  2.0O     l.GO  1.74  l.SG  2.05  1.95  l.SO  1.70  1.65  1.70  1.65 

October           '      1  33     2  87     2.20     2.28     1.89  2.00     1.60  1.80  1.85  2.05  1.95  1.80  1.70  1.64  1.70  1.63 

November  '      '    1  28     2  95     2.20     2.17     1.85  1.97     1.62  1.80  1.88  2.05  1.95  1.80  1.70  1.56  1.70  1.59 

December            127     2  95     2.20     1.99     1.85  1.87     1.73  1.80  2.00  2.05  1.95  1.86  1.70  1.53  1.72  1.55 


timate  knowledge  of  the  work  but  must  also 
possess  tact.  Some  parts  of  the  work  are 
invariably  well  done  while  others  are  often 
slighted,  and  it  requires  considerable  ex- 
perience for  the  inspector  to  learn  where  to 
concentrate  his  efforts.  The  following  in- 
structions governing  the  inspection  of  build- 
ings under  construction  were  taken  from  a 
paper  by  Mr.  Martin  Schreiber,  in  ".•\era," 
and  are  the  result  of  conferences  of  the  en- 
gineers for  the  Public  Service  Railway  Co. 
of  New  Jersey : 

(1)  Carefully  study  all  plans,  elevations  or 
other  drawings;  also  all  specincatlons,  and  see 
that  the  drawings  are  In  conformity  with  each 
other  and   with   the  specifications. 

(2)  Check  all  figures  and  dimensions  on  plans 
and  details;  check  shop  details  as  they  are  re- 
ceived to  see  that  they  do  not  conflict  with  scale 
drawings.  Check  all  erection  diagrams  in  order 
to  recommend  some  other  procedure  In  an  emer- 
gency, should  the  necessity  occur.  Also  see  that 
the   speclflcatlons.   or   special    Intentions,    agree. 

(3)  Keep  on  the  work.  In  an  accessible  loca- 
tion, special  copies  of  all  drawings,  details  and 
speclflcatlons,  and  carefully  note  on  same  any 
changes  from  original  plans,  so  as  to  keep  a 
complete  record  of  the  work  as  constructed. 

(4)  FamlllarUe  yourself  with  all  local  condi- 
tions or  ordinances  afCectlng  the  work  and  see 
that  same  are  rigidly  adhered   to. 

(5)  Make  the  acquaintance  and  keep  In  touch 
with  the  General  Contractor  and  all  sub-con- 
tractors or  other  principals  engaged  on  the 
work. 

(6)  Establish    diplomatic    relations    with    a. I 
Joining   property   owners,    or   residents,   and    see 
thot   all   their   Ights  are   respected   by   the  Con- 
tractors. 

(7)  Acquaint  yourself  with  all  traffic  arrange- 
ments, whether  regular  or  special,  that  may 
Interfere  In  any  way  with  the  progress  of  the 
work. 

(S)  Secure  full  Information  concerning  the 
conditions  of  steelwork  being  fabricated  In  the 
mills  or  shops;  also  of  any  othet  materials  that 
may  be  under  the  course  of  construction,  and 
ascertain  the  names  of  all  contractors,  dates  of 
orders  and  the  probable  date  of  shipment,  and. 


134 


Engineering    and    Contracting 


Vol.  XLI.     No.  4. 


if    necessary,    closely   follow    up    s.nme    in   order 
to  secure  proper  delivery. 

(D)  Should  any  incomplete  work  be  fabricated 
that  will  need  attention  and  correction  at  the 
site,  carefully  look  out  for  and  see  that  all  cor- 
rections are  made  before  same  is  incorporated 
in   the   structure. 

(10)  Keep  a  record  of  the  arrival  of  all  ma- 
terials. The  Contractor's  record  should  be  suffi- 
cient, if  suitable;  but  should  be  carefully 
checked.  Strive  to  anticipate  any  shortage  of 
material  and  use  all  available  facilities  to  hasten 
delivery;  also  arrange  for  the  proper  storage 
of  same  on  the  site. 

(11)  Try  to  anticipate  the  need  of  detail 
drawings  and  notify  the  Engineer  or  Architect 
regarding  same. 

(12)  Study  the  progress  of  the  work  and  try 
to  determine  whether  it  will  be  completed  in 
the  specified  time,  and,  if  in  your  opinion  it  will 
not  be  finished  as  specified,  endeavor  to  secure 
such  additions  to  force  and  equipment  as  to 
secure   completion   within   the   allotted   time. 

(13)  See  that  the  Company's  photographer  is 
informed  as  to  the  progress  of  the  work,  and 
that  "progress  photographs"  are  taken  at  least 
every  ten  days. 

(14)  Keep  a  daily  record  of  the  force  em- 
ployed and  the  distribution  of  labor  in  such  a 
manner  that  will  clearly  show  the  progress  of 
the  work,  and  also  of  all  equipment  in  use,  at 
all  times. 

(15)  When  "unit  prices"  are  called  for,  make 
a  careful  report  of  the  cost  of  all  material  and 
labor  which  are  included  in  same,  separate  from 
each  other. 

(16)  Make  careful  preparations  so  that  the 
erection    may    proceed    rapidly    and    that    the 


period  of  any  disturbance  or  delay  may  be   re- 
duced to  a  minimum. 

(17)  See  that  all  piping  or  sleeves  for  same 
are  built  through  walls  and  that  all  other  piping 
conduits,  etc.,  are  in  place  before  any  floors  are 
laid  or  masonry  built;  also  see  that  all  chases 
or  recesses  are  left  in  walls  to  receive  piping, 
etc. 

(18)  Keep  in  close  touch  with  the  Engineer 
or  Architect  and  consult  with  them  frequently 
as  to  the  interpretation  of  all  drawings  or  speci- 
fications. 

(19)  Exercise  a  constant  supervision  of  any 
sheet  piling,  underpinning,  or  forms  for  con- 
crete, or  any  other  falsework  or  temporary 
structure,  and  see  that  same  is  properly  main- 
tained, and  not  removed  until  all  masonry  is  set. 

(20)  Carefully  observe  surface  and  sub-sur- 
face conditions,  and  see  that  all  e.xcavations 
are  shored  or  sheet-piled  where  necessary.  If 
surfp.ce  drains  are  needed,  see  that  same  are 
installed  in  advance  of  masonry.  Be  sure  that 
all  waterproofing  is  thoroughly  jointed  and 
lapped.  Do  not  allow  back-filling  against  green 
walls,  unless  same  are  braced;  also  see  that  all 
back-fill  is  well  puddled. 

(21)  See  that  all  machinery  and  boiler  foun- 
dations are  built  true  to  detail.  See  that  all 
stone  or  terra  cotta  work  is  perfect  before  same 
is  placed  in  the  work;  also  see  that  all  brick 
or  other  mason  work  is  laid  and  anchored  as 
specified.  Be  careful  and  see  that  all  concrete 
work,  whether  reinforced  or  otherwise,  is  con- 
structed as  specified  in  all  particulars. 

(22)  See  that  all  furring  is  in  place  and  firmly 
secured  before  work  is  started  and  that  suffi- 
cient time  is  given  to  dry  out  between  coats, 
and  that  a  proper  backing  is  prepared  for  all 
tile  and  marble  work. 


(23)  See  that  all  work  is  carefully  aligned 
and  accurately  fitted.  Closely  watch  all  riveting 
and  see  that  same  is  tight;  also  closely  watch 
the  painting  of  all  work. 

(24)  Carefully  examine  all  work  before  same 
is  installed;  see  that  all  framing  is  accurately 
made  and  anchored  and  all  roughing  and  furring 
is  built  in.  All  finished  work  should  be  carefully 
inspected  as  to  design,  fini-sh,  etc.;  if  necessary, 
make  "mill  inspection";  trim  must  not  be  ap- 
plied until  plastering  is  dry.  See  that  all  hard- 
ware is  properly  attached,  including  that  to 
metal-covered  work. 

(25)  See  that  all  flashings  are  carefully  built 
ii;. 

(2G)  See  that  the  grades  of  pipes  are  uniform, 
properly  supported  and  that  all  plumbing  work 
conforms  with  the  requirements  of  the  local 
authorities.  See  that  all  Joints  are  carefully 
made  and  are  water-tight. 

(27)  Keep  careful  account  of  any  extra  work, 
in  order  to  he  able  to  explain  satisfactorily, 
and  check  all  extras.  Keep  a  daily  record  of 
the  progress  of  the  work,  including  force  em- 
ployed, in  a  separate  field  book  for  each  job. 
Note  in  same  if  any  disputes  arise,  their  settle- 
ment; also  variations,  if  any,  from  the  plans 
or  specifications;  at  completion  of  the  work,  cor- 
lect  all  plans  and  specifications  to  agree  with 
work,  as  constructed,  and  make  a  final  report 
showing  costs,   where  required. 

(28)  A  careful  and  complete  record  in  detail 
must  be  kept  of  the  cost  of  all  alteration  or 
repair  work,  wherever  work  of  this  nature 
occurs  in  any  part  of  the  construction.  Also  a 
detail  of  the  cost  to  reproduce  any  and  all  struc- 
tures thai:  may  be  torn  down,  removed  or  other- 
wise destroyed  shall  be  kept;  and  a  report  in 
lull  shall  be  sent  immediately  to  the  Engineer. 


Method  of  Making  a  General  Investiga- 
tion and  Efficiency  Test  of  the  Lo- 
rain,   Ohio,   Water   Works — 
Results  and  Recommended 
Improvements. 

.■\n  investigation  of  the  municipal  water 
works  at  Lorain,  Ohio,  was  recently  made  by 
Mr.  Philip  Burgess,  Consuhing  Engineer,  Co- 
lumbus, O.  The  report  submitted  by  Mr. 
Burgess  contains  a  large  amount  of  data  of 
general  interest  and  a  considerable  portion  of 
it  is  here  published.  This  matter  should  be 
of  special  interest  to  water  works  superin- 
tendents, managers,  and  others  engaged  in  the 
operation  or  supervision  of  city  water  works. 
Reading  between  the  hnes,  the  desirability  of 
making  such  investigations  is  clearly  indicated. 
Tiie  scope  of  the  investigation  is  outlined  in 
the  articles  of  agreement  as  follows: 

SCOPE   OF    INVESTIGATION. 

1.  To  determine  the  actual  present  total 
cost  of  obtaining,  purifying,  and  delivering 
water  to  the  consumers  of  the  city  of  Lorain, 
including  both  the  average  total  monthly  cost 
and  the  average  cost  per  1,000,000  gals,  /le- 
livered. 

2.  To  determine  the  average  proper  cost  of 
obtaining,  purifying,  and  delivering  water, 
which  cost  should  properly  l)e  incurred  were 
tlie  water  works  properties  operated  in  a  man- 
ner such  as  to  give  as  great  an  economy  as  it 
is  reasonable  to  expect. 

3.  To  determine  what  changes  or  modifica- 
tions in  equipment,  apparatus,  materials,  fuel, 
labor,  and  all  other  such  elements  may  be 
made  to  give  greater  economy  or  better  effi- 
ciency of  operation  of  the  water  works  prop- 
erties. 

PESCRIPTION    OF    I.0R.MN     \V,\TER    WORKS. 

The  municipal  water  system  now  in  use  at 
Lorain  comprises  an  intake,  water  purification 
plant,  boiler  and  pumping  station,  distribution 
svstcm.  and  booster  pumping  station.  The 
several  parts,  or  elements,  of  the  water  works 
properties  will  be  taken  up  in  turn  and  will  be 
discussed     principally     along     the     following 


lines:  (1)  Description  of  equipment  provided; 
(2)  operation  of  equipment;  (3)  efficiency  of 
equipment;  (4)  cost  of  operation;  (.5)  changes 
required  to  obtain  higher  efficiencies  or  de- 
creased  operating  costs. 

INTAKE. 

Description. — During  1913  there  w^as  com- 
pleted a  new  48-in.  cast  iron  intake  pipe  ex- 
tending outside  and  to  the  west  of  the  govern- 
ment break-water.  This  new  intake  was  re- 
quired because  the  former  intake  was  so  lo- 
cated that,  during  periods  of  easterly  winds, 
the  polluted  waters  of  the  Black  River  were 
carried  by  the  lake  currents  over  the  iiitake 
pipe  and,  at  such  times,  considerable  difficulty 
was  encountered  in  providing  a  water  of 
proper  sanitary  quality.  Tlie  new  intake  is 
so  located  that  the  present  water  supply  is  not 
affected  materially  by  the  lake  currents.  The 
old  forebay  has  been  abandoned  and  the  new 
intake  pipe  is  connected  directly  to  the  suc- 
tions of  the  low  service  pump's  in  the  hlter 
house. 

Efficiency. — The  new  intake  lias  not  been 
in  use  for  a  length  of  time  sufficient  com- 
pletely to  demonstrate  its  worth  but  the  re- 
cent operation  of  the  plant  proves  that  the 
raw  water  pumps  arc  operating  more  smoothly 
and  efficiently  with  the  new  than  with  the  old 
Intake:  moreover,  there  is  a  marked  improve- 
ment in  the  quality  of  the  raw  water  pumped 
to  the  filter  plant.  Continued  operation  of 
this  plant  will  doubtless  show  a  greater  econ- 
omy of  operation  due  to  the  use  of  less  wash 
water  and  less  chemicals  required  to  treat  the 
water.  Moreover,  in  the  future  im  difficulty 
should  be  incurred  in  discharging  from  the 
filter  plant  continually  a  water  of  good  sani- 
tary quality.  In  general  the  new  intake  has 
iinproved  the  quality  of  the  water  supply  and 
has  decreased  the  operating  cost  of  the  filter 
plant. 

WATER  PURIFICATION  PLANT. 

Description. — The  water  purification  plant 
comprises  two  low  service  centrifugal  pumps 
each  of  6,000,000  gals,  daily  capacity,  driven 
bv  steam  turbines;  two  settling  basins,  the  one 
holding    390,000    gals,    and    the    other    190,ono 


gals. ;  six  rapid  sand  filters  with  a  combined 
area  of  2,664  sq.  ft.  and  a  nominal  capacity  of 
6,000,000  gals,  daily:  one  steam  turbine  driven, 
centrifugal  pump  of  4,000  gals,  per  minute  ca- 
pacity provided  to  wash  the  filters ;  a  clear 
well  of  290.000  gals,  capacity  provided  beneath 
the  filters  and  pipe  gallery;  one  turbine-driven 
centrifugal  pump  provided  to  remove  the 
sludge  and  water  from  the  settling  basins; 
togetlier  with  storage  tanks,  solution  pumps, 
and  controlling  devices  for  applying  the  nec- 
essary chemicals. 

Operation. — During  the  operation  of  the  fil- 
ter plant,  raw  water  into  which  the  chemical 
solution  is  introduced  is  pumped  frorn  the 
lake  into  the  settling  basins  where  it  is  re- 
tained theoretically  for  an  average  period  of 
approximately  4  hours ;  from  the  basins,  the 
treated  water  flows  by  gravity  through  the  fil- 
ters into  the  clear  well  from  which  it  is 
pumped  by  the  high  service  pumps  into  the 
distribution  system. 

Efficiency  of  Water  Purification  Plant. — 
The  filter  plant  is  in  the  immediate  charge  of 
Mr.  Thomas  L.  Tristrum,  city  chemist,  who 
makes  daily  tests  of  the  quality  of  the  raw 
and  filtered  waters.  These  tests  are  reported 
to  the  engineering  department  of  the  state 
board  of  health  on  blanks  prepared  in  accord- 
ance with  the  recommendations  of  this  board. 
The  results  of  the  daily  tests  show  that  during 
the  month  of  November,  1913,  the  average 
number  of  bacteria  in  the  raw  water  was 
1,775  per  c.  c.  and  in  the  filtered  water  was  55 
per  c.  c.  The  water  delivered  from  the  filter 
plant  has  been  continually  clear  and  of  excel- 
lent quality  from  a  sanitary  standpoint.  In 
general  the  results  of  all  tests  indicate  that 
the  filter  plant  is  providing  a  very  satisfactory 
effluent. 

Cost  of  Operation.— During  October,  1913, 
there  were  delivered  to  the  consumers  108,- 
600,000  gals,  of  filtered  water.  The  cost  of 
operation  of  the  filter  plant,  not  including  the 
cost  of  pumping  the  water  and  the  chemical 
solution,  wbicli  will  be  discussed  later,  is 
shown  in  Table  I. 

The  total  cost  of  operating  the  filter  plant 
during  the  month  of  November,  exclusive  of 
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pumping,  was  $759,  or  $7.21  per  1,000,000  gals, 
delivered  to  the  consumers. 

This  figure  is  higher  than  that  generally 
incurred  by  the  operation  of  purification  plants 
similar  to  that  provided  at  Lorain.  A  very 
considerable  part  of  the  cost  of  operation  is 
the  labor  expense.     The  location  of  the  filter 

TABLE  I.— COST  OF  OPERATION  OF  LORAIN 
FILTER  PLANT  DURING  NOVEM- 
BER,  1913. 

(Exclusive  of  Pumping  Expenses.) 

.Superintendent's  salary  $120 

Tliree  filter  operators  at  $70  each 210 

.\lum,  29,600  lbs.  at  0.895  cts 265 

Chief  engineers  salary,  one-half,  at  $100 60 

Supplies  and  repairs  (from  quarterly  report)  114 

Total  cost  of  operation $759 

plant,  apart  from  the  boiler  and  pumping  sta- 
tion, is  such  as  to  require  a  distinct  and  sepa- 
rate labor  organization.  In  other  words,  when 
the  new  filter  plant  was  constructed  in  1906 
no  attempt  was  made  so  to  place  the  filter 
plant  that  its  operating  cost  could  be  reduced 
to  a  minimum,  but  the  filters  were  placed 
upon  the  coagulating  or  settling  basins  pre- 
viously constructed  by  the  city  at  such  an 
elevation  as  to  permit  a  gravity  flow  of  water 
from  the  lake  into  the  basins.  Properly  the 
new  filter  plant  should  have  been  placed  at  a 
higher  elevation. 

Moreover,  an  examination  of  the  walls  of 
the  settling  basins  indicate  that  they  were 
badly  cracked  and  are  leaking,  a  condition 
which  is  aggravated  and  made  more  serious 
by  the  regular  practice  of  emptying  the  basins' 
every  four  to  si.x  weeks  for  cleaning  purposes. 
When  emptied,  of  course,  the  dirt  pressure  on 
the  outside  of  the  basin  walls  is  not  balanced 
by  the  water  pressure  on  the  inside,  so  that 
emptying  the  basins  places  a  sudden  heavy 
load  on  the  already  damaged  walls.  Experi- 
ence shows  that  it  is  necessary  to  empty  and 
clean  the  basins  every  four  to  six  weeks. 

Kci'omnicndations  of  Changes  of  Cons-truc- 
lioii  and  Ofcration. — While  it  is  the  opinion 
of  the  writer  that  the  present  operation  of  the 
plant  is  as  efficient  and  economical  as  it  is 
reasonable  to  expect  under  present  conditions, 
there  arc  several  changes  especially  of  con- 
struction which  are  believed  to  be  very  neces- 
sary and  important. 

Possibly  the  most  important  feature  which 
requires  immediate  attention  is  the  condition 
of  the  walls  of  the  settling  basins.  This  con- 
<iition  can  be  made  of  least  effect  by  provid- 
ing a  sludge  disposal  system  to  remove  the 
precipitated  sludge  from  the  basins  without 
emptying  them.  Such  a  .system  would  com- 
prise lines  of  perforated  soil  pipe  laid  on  the 
bottoms  of  the  basins  and  carried  up  to  a 
point  about  5  ft.  below  high  water  in  the 
■basins.  The  discharge  from  these  pipes  should 
be  controlled  by  quick-opening  valves  which 
would  permit  a  sudden  flushing  out  of  the 
sludge  every  flay  using  a  small  quantity  of 
water.  Such  a  sludge  system  probably  could 
be  provided  at  a  cost  of  about  $800.  It  would 
tend  to  prevent  further  damage  to  the  walls 
of  the  basins  and  would,  moreover,  very  ma- 
terially improve  the  eflficiency  of  the  basins 
because  the  accumulations  of  sludge,  which 
now  at  times  are  carried  over  onto  the  filters, 
would  not  be  possible.  Present  practice  re- 
quires that  the  basins  be  cleaned  about  every 
six  weck>.  but,  with  the  sludge  system  in  use. 
it  would  pniliably  be  necessary  to  empty  the 
Tjasins  at  intervals  of  not  less  than  one  year. 
Moreover,  there  would  result  a  considerable 
saving  of  coal  owing  to  the  elimination  of  the 
fuel  expense  incurred  by  pumping  the  sludge 
anfl  water  from  the  basins  as  is  now  required 
when  ihey  are  cleaned. 

F.xaminations  of  the  filters  indicate  that 
there  has  been  a  considerable  loss  of  sand 
from  the  filters  by  washing.  It  is  recom- 
mended that  this  sand  be  replaced  using  fil- 
tering material  obtained  from  the  lilter  tanks 
in  the  old  house.  A  new  sand  delivered  at 
Lorain  in  the  filters  would  cost  probably  at 
least  $4.-50  per  cubic  yard,  while  the  sand  from 
the  old  filters-  should  be  placed  in  the  new 
house  at  a  cost  not  greater  than  Sl-IO  per 
cubic   vard. 


As  previously  stated,  the  filters  are  washed 
by  a  centrifugal  steam-turbine  driven  pump. 
No  duplicate  apparatus  is  provided  and,  in 
case  of  a  breakdown  to  this  equipment,  the  fil- 
ter plant  would  have  to  be  by-passed  and  raw 
lake  w-ater  furnished  the  city.  It  is,  there- 
fore, recommended  that  a  wash  water  line  be 
constructed  from  the  clear  well  beneath  the 
old  filter  house  to  the  present  wash  water 
line  in  the  new  filter  house.  Such  an  arrange- 
ment would  cost  about  $600  to  install  and 
would  decrease  the  present  cost  of  operation 
of  the  filter  plant  at  least  $350  annually  on 
account  of  the  elimination  of  the  steam  re- 
quired to  drive  the  wash  water  pump.  It  is 
apparent  that  the  new  wash  water  line  would 
soon  pay  for  itself  and  would,  moreover,  pro- 
vide a  duplicate  wash  water  supply  which  is 
desirable  in  case  of  a  breakdown  to  the  pres- 
ent wash  water  pump. 

There  are  two  other  important  features  of 
construction  and  operation  of  the  filter  plant 
which  should  be  noted.  These  are  the  use  of 
a  germicide,  such  as  hypochlorite  of  lime,  to 
treat  the  water,  and  the  use  of  deeper  beds  of 
coarse  gravel  in  the  filters.  It  is  probably 
true  that,  with  the  use  of  10  lbs.  of  hypochlo- 
rite of  lime  per  1,000,000  gals,  of  water  fil- 
tered, the  quantity  af  alum  applied  could  be 
reduced  to  not  more  than  200  lbs.  per  1,000,000 
gals.,  thus  reducing  the  cost  of  chemicals 
from  $2..52  to  $1.90  per  1,000,000  gals.,  and  re- 
ducing the  monthly  cost  of  operation  by  $65. 
The  only  objection  to  the  use  of  the  germi- 
cide is  the  danger  of  possible  occasional  odors 
or  tastes  in  the  filtered  water.  During  the 
past  year,  filter  No.  6  has  been  overhauled 
and  a  deep  layer  of  comparatively  coarse 
gravel  provided  beneath  the  filter  sand.  Ex- 
perience with  this  filter,  and  the  writer's  gen- 
eral experience  at  other  plants,  .shows  that 
such  gravel  layers  permit  more  efficient  oper- 
ation of  the  filters  and  especially  more  eco- 
nomical washing.  It  is  recommended  that,  in 
the  future,  such  gravel  be  provided  whenever 
it  may  be  necessary  to  overhaul  a  filter. 

Since  the  installation  of  the  new  filter  plant 
in  1906,  the  old  filter  plant  has  been  main- 
tained ready  for  operation.  This  requires 
some  expense  to  keep  the  old  tanks  tight  and 
full  of  water.  Moreover,  it  is  difficult  to  see 
how  the  old  tanks  ever  can  be  of  any  service 
to  the  city.  It  is,  therefore,  recommended 
that  the  old  filter  plant  be  disposed  of,  except 
the  clear  well,  which  may  properly  be  used 
for  the  storage  of  filtered  water  required  for 
washing  the  filters  as  recommended  and,  also, 
to  carrj'  over  the  peak  loads  on  the  filter  plant 
during  period  of  unusually  large  consumption, 
which  at  times  occur  especially  in  periods  of 
continued  hot  dry  weather.  The  filter  sand 
also  may  be  removed  as  required  to  the  new 
filters   and   the   rest   stored    for   future  needs. 

BOILER    PLANT. 

Description. — One  of  the  most  important  ele- 
ments of  any  power  plant  is  the  boiler  equip- 
ment, and  it  is  difficult  to  understand  why  the 
boiler  plant  at  the  main  pumping  station  has 
been  so  neglected.  The  plant  comprises  two 
horizontal  return-tubular  boilers  each  (i  ft.  di- 
ameter by  18  ft.  long,  with  a  nominal  capacity 
of  150  H.P.  and  one  two-furnace,  horizontal, 
marine  type  boiler  10  ft.  0  ins.  diameter  by  II 
ft.  long  with  a  nominal  capacity  of  .WO  HP. 
The  first  two  boilers  were  installed  in  1891 
and  are  therefore  19  years  old,  while  boiler 
No.  3  was  inslallcd  in  190"  and  is  C  years  old. 
The  pressure  allowcci  on  boiler  No.  1  is  90  lbs. 
per  square  inch,  on  No.  2  is  81  lbs.  per  square 
inch,  aiui  on  the  marine  boiler  No.  3  is  140  lbs. 
per  square  inch 

The  piping  arrangement  for  discharging 
steam  fmm  the  boilers  is  very  unsatisfactory 
because  the  discharge  from  boilers  No.  1  and 
No.  2  is  directly  into  a  steam  header,  and  it  is 
impossible  to  obtain  steam  from  these  boilers 
except  from  the  header.  The  header  is  built 
of  steel  pipCi  ••'  '""-  diameter,  51  ft.  long,  in- 
stalled in  1895.  The  discharge  from  boiler 
No.  3  is  either  into  the  header  or  dircctlv 
into  the  steam  line  to  the  filter  house.  Un- 
fortunately, the  steam  header  is  so  old  and 
worn  out  that  it  is  no  longer  safe  to  use  it. 
Nevertheless,   the  arrangement  of   steam   pip- 


ing is  such  that  it  has  to  be  used  constantly 
and  cannot  be  put  out  of- service  for  renewals 
or  repairs.  It  is  important  to  note  that,  in 
case  of  a  break  to  the  steam  header,  the  entire 
plant  will  be  put  out  of  service,  yet  in  its 
present  condition,  the  header  may  give  out  at 
any  time.  It  also  leaks  badly  and  wastes  con- 
siderable live  steam.  Boiler  No.  2,  which  can 
carry  but  81  lbs.  per  square  inch,  has  been 
condemned  and  must  be  renewed  during  the 
coming  year. 

Efficiency  of  Boilers  No.  i  and  No.  2. — Ow- 
ing to  the  present  condition  of  boilers  No.  1 
and  No.  2,  which  should  have  been  removed 
some  time  ago  and  must  be  removed  in  the 
immediate  future,  no  attempt  was  made  dur- 
ing this  investigation  to  run  a  detailed  effi- 
ciency test  on  these  boilers.  From  the  past 
records  of  the  plant  data  were  obtained  on 
the  gas  consumption  and  water  pumped  when 
these  boilers  were  in  service.  Gas  burners 
were  placed  under  boilers  No.  1  and  No.  2, 
but  not  under  No.  3,  which  was  reserved  for 
coal  in  case  of  an  inadequate  gas  supply. 

The  average  fuel  cost  of  pumping  with  gas. 
using  boilers  No.  1  and  No.  2.  during  1912 
was  $5.90  per  1,000,000  gals.,  and  during  1913 
has  been  $-5.32  per  1,000,000  gals.  There  is  no 
explanation  at  hand  for  the  considerable  re- 
duction of  fuel  cost  during  1913  except  that, 
as  the  chief  engineer  states,  he  has  endeav- 
ored to  go  over  the  plant  and  to  keep  it  in 
repair  and  especially  to  keep  the  steam  traps 
in  as  good  working  order  as  is  possible  These 
traps  are  of  the  bucket  type  and  frequently 
are  out  of  repair  and  permit  a  considerable 
waste  of  live  steam.  The  increased  economy 
of  the  plant  may  readily  be  attributed  to  the 
repairs  of  the  traps  which  are  worn  out  and 
should  be  replaced  with  efficient  traps  of  bet- 
ter design.  In  general  it  may  be  said,  how- 
ever, that  the  efficiency  of  boilers  Nos.  1  and 
2  is  less  than  should  properly  be  obtained,  be- 
cause the  allowable  steam  pressure  is  less 
than  that  which  should  be  carried  on  the 
boilers  to  give  economical  operation. 

Efficiency  of  Boiler  No.  3. — The  efficiency 
of  boiler  No.  3  has  been  very  carefully  inves- 
tigated by  duty  or  efficiency  tests  of  about 
eight  hours  duration.  The  principal  featuies 
of  the  results  of  the  tests  are  shown  also  in 
Table  IL 


T.\nLF.   IL— RESULTS   OF   EFFICIENCY  TESTS   OF 
BOILER    NO.    3. 

/ — No.  and  date  of  test — < 

1.  2.  3. 

Nov.  13.   Nov.  17.  Nov.  29. 

Horsepower    developed..   46  177  183 

Water  apparently  evap- 
orated per  lb.  of  coal 
imder  actual  condi- 
tions,   lbs 4.51  7.50  7.4S 

Equivalent  water  actu- 
ally evaporated  from 
and  at  212  degrees  F. 
per  lb.  of  coal  us 
fired,    lbs 5.43  ,^  ,>  S.71 

Eitulvalent  evaporation 
from  and  at  212  de- 
Krees  F.  per  lb.  dry 
coal,    lbs 5.58  S.94  9.0S 

Equivalent  evaporation 
from  and  at  212  de- 
grees F.  per  lb.  com- 
bustible,   fbs 6.55  10.41  10.66 

Heat  value  per  lb.  of  dry 
coal.    B.    T.    U 13.700         13,700         13.700 

Elllclency  of  boiler.  In- 
cluding  grate,    pet 39.5  63.3  64.3 


There  arc  a  number  of  interesting  conclu 
.sions  which  may  be  drawn  from  Table  II,  ;'s 
follows : 

(1)  That  9  lbs.  of  water  from  and  at  212" 
F.  arc  evaporated  per  1  lb.  of  dry  coal,  under 
the  usual  operating  conditions.  This  indi- 
cates a  reasonable  economy  of  operation  es- 
peci.Tlly  in  view  of  the  fact  that  no  attempt 
was  made  iluring  tht;  test  to  secure  ideal  con- 
ditions .Somewhat  better  results  could  be  ob- 
tained were  the  two  furnaces  fed  alternately 
instead  of  at  the  same  time  as  was  the  prac- 
tice during  the  tests.  In  other  words,  no  at- 
tempt is  usually  made  to  obtain  the  best  com- 
b\istion  which  is  possible  with  alternate  firing 
of  the  two  furnaces.  -Mthough  alternate  fir- 
ing would  require  more  constant  attention  on 
the  part  of  the  fireman,  it  is  especially  rccom- 
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mendctl    when    the    boiltr    is    working    luuler 
high  loads. 

(•J)  That  hi  boiler  horsepower  is  required 
during  the  day  to  operate  the  filter  house,  in- 
cluding all  losses  from  the  main  steam  line, 
and  the  steam  required  to  operate  the  raw 
water  pump  and  the  chemical  solution  pump. 
The  steam  and  coal  consumption  of  the  filter 
house,  tlierefore,  is  ^o.G  per  cent  of  the  total 
steam  or  coal  required  to  run  tlic  entire  pump- 
ing station. 

(3)  That,  under  the  usual  operating  condi- 
tions which  were  maintained  during  the  tests, 
the  average  boiler  efificicncy  was  63.8  per  cent. 
Although  a  somewhat  higher  efficiency  might 
be  obtained  with  alternate  liring  of  the  fur- 
naces, the  results  are  thought  to  be  as  good 
as  those  generally  obtained  from  boilers  of 
this  type.  During  the  tests,  it  was  apparent 
that  there  was  a  poor  circulation  of  water  in 
the  boiler,  which  was  comparatively  cool  at 
the  bottom.  This  is  characteristic  of  marine 
boilers,  which  are  not  the  best  type  for  gen- 
eral use  but  are  of  advantage  where  space  is 
limited. 

(4)  That,  as  would  lie  expected,  the  effi 
ciency  of  tlic  boiler  in  generating  steam  is 
very  much  less  with  small  than  with  large 
loads.  This  fact,  of  course,  means  that  it  is 
desirable  to  pump  water  at  a  constant  rate, 
which  is  not  possible  at  Lorain  on  accoiint  of 
the  lack  of  a  storage  reservoir  in  the  distrib- 
tion  system.  Under  present  conditions  at  Lo- 
rain, the  water  consumption  at  night  is  about 
75  per  cent  of  the  average  daily  consumption, 
and  the  water  consumption  during  the  day 
averages  about  L2.5  per  cent  of  the  average 
daily  consumption.  This  means  that  the  horse- 
power developed  during  the  tests  was  L2o  per 
cent  of  the  average  horsepower  developed 
daily  by  the  boiler.  The  average  horsepower 
developed  by  the  boiler,  therefore,  is  144,  and 
the  average  daily  efficiency  of  the  boiler  is 
somewhat  less  than  63.8  per  cent  on  account 
of  changes  in  the  rate  of  evaporation. 

(.5)  Tifiat  in  general,  wdiile  the  marine  boiler 
is  not  the  type  best  suited  for  the  needs  at  the 
plant,  the  results  accomplished  by  the  boiler 
are  as  good  as  mav  reasonably  be  e.xpected 
with  the  present  equipment.  Unquestionably 
better  results  w^ould  be  obtained  were  it  pos- 
sible to  operate  the  boiler  at  a  higher  pres- 
sure than  is  now  possil)le  with  the  present 
header  in  use. 

Rccoiiimendatiotis  of  CIkuh/cs  in  Boiler 
Enuip)iiciit. — It  is  recommended  and  is  in  fact 
absolutely  necessary  for  the  continued  opera- 
tion of  the  plant  that  steps  be  taken  immedi- 
ately to  replace  the  steam  header  and  the  two 
return  tubular  boilers.  These  boilers  are  un- 
doubtedly of  the  type  best  suited  for  the  serv- 
ice at  Lorain  and  could  be  replaced  at  a  cost 
of  about  $11  per  horsepower.  Some  difficulty 
will  be  encountered  in  keeping  up  the  service 
during  the  replacement  of  the  steam  header, 
which  will  doubtless  have  to  be  replaced  in 
sections  and  temporary  steam  lines  provided 
to  operate  the  reserve  pumps  during  repairs 
to  the  header.  Renewals  of  steam  piping  will 
probably  cost  about  $500. 

Too  much  importance  cannot  be  placed 
upon  the  necessity  of  making  such  repairs  at 
the  earliest  possible  moment,  because  failure 
of  the  present  header  would  mean  closing 
down  the  water  plant,  and  might  also  cause 
considerable  damage  at  the  plant.  Inciden- 
tally, it  should  be  mentioned  that  the  past 
leakage  of  live  steam  from  the  header  prob- 
ably has  cost  more  than  the  replacement  of 
the  piping  several  times  over. 

PUMPING    EQUIPMENT. 

Jnst  as  it  has  been  shown  that  the  boiler 
equipment  at  the  pumping  station  has  depreci- 
ated through  age  and  use,  and  is  in  need  of 
immediate  repairs  and  renew'als,  so  is  it  true 
that  the  pumping  equipment  is  very  inade- 
quate for  the  needs  of  the  city,  both  at  the 
present  time  and  in  the  immediate  future.  The 
present  high  service  pumping  equipment  com- 
prises one  Gordon  horizontal,  compound,  du- 
plex pump  of  2,000,000  pals,  daily  capacity,  in- 
stalled in  1804;  one  Holly  Gaskill  horizontal, 
duplex,  compound,  crank  and  flywheel,  high 
duty   pumping  engine   of  5.000,000  gals,   daily 


capacity  against  a  head  of  95  lbs.,  installed  in 
1890 ;  and  one  Holly,  horizontal,  duple.x.  com- 
pound, crank  and  flywheel  pumping  engine  of 
5,000,000  gals,  daily  capacity  against  a  head  of 
20  lbs.,  installed  in  1898.  This  pump  was 
provided  for  low  service  and  to  lift  the  water 
from  the  lake  into  the  old  filter  plant.  It  is 
surprising  to  note  that  the  only  high  service 
pumping  unit  which  is  available  for  constant 
service  is  the  big  Holly  Gaskill  engine,  which 
is  used  continuously,  day  after  day,  and  is 
shut  down  for  necessary  repairs  or  adjust- 
ments, perhaps,  24  hours  out  of  a  year's  run. 
It  is  fortunate  for  the  city  that  this  pump  is 
unusually  well  built  and  durable  and  has  been 
able  to  keep  up  the  .service  demanded  of  it. 

The  other  two  units  are  not  worth  consid- 
ering as  emergency  or  duplicate  equiptnent  ex- 
cept at  times  of  extreme  necessity.  The  small 
Holly  is  an  excellent  pump  for  the  service  lor 
which  it  was  built,  namely,  20  lbs.  water  pres- 
sure at  a  piston  speed  of  146  ft.  per  minute. 
The  steam  end  is  too  small  and  the  pump  too 
lightly  built  for  service  under  the  water  pres- 
sure usually  carried  in  the  distribution  sys- 
tem. The  difference  between  the  large  and 
small  Holly  pumps  is  best  indicated  by  the 
fact  that  the  steam  end  of  the  big  Holly  is 
designed  for  180  H.P.  and  that  of  the  small 
Holly  for  40  H.P.  The  small  Holly  pump 
already  has  been  badly  damaged  by  using  it 
on  high  service  at  times  when  the  big  Holly 
engine  was  out  of  service  for  necessary  re- 
pairs. 

The  Gordon  pump  is  of  too  small  capacity 
to  be  of  much  value  as  an  emergency  or  re- 
serve equipment.  Moreover,  it  is  of  obsolete 
design  for  the  service  required  at  Lorain. 
Such  pumps  when  new  give  a  duty  of  not 
more  than  40,000,000  and  the  pump  at  Lorain 
in  its  present  condition,  would  give  a  duty  of 
not  more  than  15,000,000.  This  means  that 
pumping  with  this  engine  requires  several 
times  as  much  coal  as  pumping  the  same  quan- 
tity of  water  with  the  big  Holly  engine.  Any 
further  discussion  of  the  value  of  this  engine 
for  services  required  at  Lorain  would  be 
superfluous. 

Te.ft  of  Holly  Gaskill  Pmupiiig  Engine.^ 
The  efficiency  of  the  Gaskill  pumping  engine 
was  determined  carefully  by  two  duty  tests 
of  the  plant  and  by  indicator  tests  on  the 
steam  and  water  ends  of  the  pump.  The  duty 
tests  and  indicator  cards  were  taken  just  as 
the  pump  was  found  without  any  attempt  to 
obtain  ideal  conditions.  This  pump  was  in- 
stalled in  1896  to  operate  under  the  following 
conditions ;  steam  pressure,  75  lbs. :  average 
water  pressure,  95  lbs.  for  domestic  service 
and  increased  to  135  lbs.  for  fire  protection : 
stroke,  3  ft.;  piston  speed,  100  ft.  per  minute; 
capacity,  5,000,000  gals,  daily,  with  guaranteed 
duty  of  105,000,000  ft.  llis.  per  100  lbs.  coal 
based  on  evaporation  of  10  lbs.  of  water  per 
pound  of  coal  from  a  feed  water  temperature 
of  125°  F. 

It  is  apparent  that  the  steam  end  required 
is  considerably  larger  than  is  usually  provided 
for  pumps  of  such  capacity.  It  is  of  interest 
to  note  that  the  pump  has  been  overhauled  bu'- 
once  in  recent  years,  namely,  in  April,  1911, 
when  new  water  plungers  were  installed.  Nu- 
merous indicator  cards  were  taken  during  pe- 
riods of  both  large  and  small  consumption  of 
water  and  showed   substantial  agreement. 

Before  any  determination  of  the  work  done 
by  tlie  pump  could  be  made,  it  was,  of  course, 
necessary,  first,  to  determine,  as  accurately  as 
possible,  the  capacity  of  the  pump  per  revolu- 
tion, and  the  pressure  against  which  the  pump 
operates. 

Cafacity  of  I'ump  per  Revolution. — No  me- 
ter is  available  on  the  main  discharge  lin? 
from  the  pumping  station  to  measure  the 
quantity  of  water  pumped  into  the  distribu- 
tion system,  and  it  was,  therefore,  necessary 
to  determine  the  pump  capacity  in  some  other 
manner.  The  method  used  was  to  measure 
the  quantity  of  water  passed  through  the  fil- 
ters into  the  clear  well,  whence  it  was  pumped 
into  the  mains  by  the  Holly  Gaskill  engine. 
The  measurements  of  the  quantity  of  water 
filtered  were  taken  on  three  days  of  eleven 
hours  each,  at  one  half  hourly  intervals.    The 


results  obtained  on  the  three  days'  test  gave  a 
substantial  agreement  of  235  gals,  per  revolu- 
tion. The  theoretical  displacement  of  the 
pump  is  235.7  gals,  per  revolution.  It  is  diffi- 
cult to  explain  why  there  was  no  more  appar- 
ent slippage  through  the  pump  but  the  meas- 
urements of  the  quantity  of  water  delivered 
are  believed  to  be  accurate  and  a  displacement 
of  235  gals,  per  revolution  was  used  in  all 
computations. 

It  is  of  interest  to  note  that  this  figure  is 
considerably  larger  than  that  previously  used 
by  the  engineers  in  calculating  the  water  de- 
livered by  the  pump,  namely  216  gals,  per 
revolution. 

Water  Pressure  at  Pump. — In  order  to  de- 
termine the  water  pressure  against  which  the 
engine  operates,  two  accurately  calibrated 
pressure  gages  were  installed,  the  one  at  the 
air  chamber  of  the  pump,  and  the  other  in  the 
boiler  room  connected  to  a  2-in.  water  line 
from  which  there  was  no  draft  during  the 
test.  Readings  of  these  two  gages  were  taken 
for  lO  hours  at  intervals  of  20  minutes;  also 
of  the  old  water  gage  on  the  board  in  the 
pump  room  end  of  the  pressure  recording 
.ga.ge  also  in  the  pump  room.  It  was  learned 
that  the  old  gage  on  the  board  is  correct 
within  1  lb.  pressure  at  60  lbs.,  while  the  re- 
cording gage  is  11.3  lbs.  high  at  70  lbs.  Un- 
fortunately, it  had  previously  been  assumed 
by  the  engineers  at  the  plant  that  the  old  gage 
on  the  board  was  incorrect  and  that  the  re- 
cording gage  was  all  right.  It  has  been  cus- 
tomary to  maintain  70  lbs.  domestic  pressure 
on  the  distribution  system  as  shown  by  the 
recording  gage  so  that,  as  a  matter  of  fact, 
the  pressure  generally  maintained  is  not  70 
lbs.  but  slightly  less  than  59  lbs.  This  fact  is 
of  considerable  importance,  especially  because, 
at  times  of  high  draft,  which  occur  frequently 
in  period  of  continued  hot  weather,  the  pres- 
sure in  several  parts  of  the  distribution  system 
has  proven  inadequate. 

Indicator  Tests  of  Gaskill  Pumping  Engine. 
— The  results  obtained  by  indicating  the  big 
Holly  pumping  engine  are  of  considerable  in- 
terest. In  spite  of  the  fact  that  the  engine 
has  not  been  overhauled  for  2V4  years,  the 
results  show  that  the  valves  in  the  steam  and 
water  end  are  in  unusually  good  condition. 
The  indicated  horsepower  of  the  steam  end 
was  123.35,  while  the  horsepower  delivered  as 
effective  work  by  the  water  end  was  104.7. 
The  mechanical  efficiency  of  the  pump  was. 
therefore,  84.9  per  cent.  This  figure  agrees 
w-ell  with  the  average  efficiency  which  may  be 
expected  of  pumps  of  this  type.  In  general 
the  results  indicate  that  the  valves  in  both  the 
steam  and  water  ends  are  in  fair  adjustment. 
It  is  apparent,  how-ever,  that  the  left  side  of 
the  pump  is  in  a  somewhat  poorer  condition 
than  the  right  side  and  does  less  effective 
work.  This  may  be  accounted  for  in  part  by 
the  arrangement  of  the  discharge  piping, 
which  offers  more  resistance  to  the  discharge 
from  the  left  than  from  the  right  side  of  the 
pump. 

/'i(/y  7"c.f/.f  of  Holly  Gaskill  Pumping  En- 
gine.— .Xs  previously  stated,  no  attempt  was 
made  during  the  duty  tests  to  obtain  idea! 
conditions,  but  the  pump  was  tested  when 
oper:\ted  in  the  usual  manner.  It  should  be 
stated  also  that  the  results  obtained  are  more 
accurate  as  station  duties  than  as  duty  tests 
of  the  pump.  The  measurements  of  steai  i 
delivered  to  the  pump  were  obtained  by  me- 
tering the  water  supplied  to  the  boiler  and 
correcting  the  total  quantity  of  water  evap 
orated  for  the  amount  of  steam  discharged 
from  the  drip  on  the  steam  header  into  the 
feed  water  heater ;  also  for  the  steam  passed 
through  the  engine  driving  the  light  machine 
and  into  the  header;  also  for  the  steam  ^de- 
livered to  the  filter  house,  as  had  previously 
been  determined.  Owing  to  the  numerous 
corrections  necessary,  the  results  obtained, 
while  of  considerable  value  as  indic.itiTig  the 
station  duty  with  the  Holly  Gaskill  engine  in 
service,  are  perhaps  not  as  accurate  as  could 
be  obtained  were  it  possible  to  weigh  the 
condensate  from  the  pumping  engine. 

The   duty   trial    made   on    November    17   in- 
dicates  that   the   pumping   engine   developed   a 
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duty  of  50,300,000  ft.  !bs.  and  the  test  on 
November  "29  that  it  developed  a  duty  of  42,- 
500,CKI0  ft.  lbs.  The  average  duty  developed 
was,  therefore,  4ti,0i"i,000  ft.  lbs.,  a  figure 
which  represents  undoubtedly  very  nearly  the 
average  duty  which  is  usually  developed  by 
the  pumping  engine. 

While  the  dut>-  developed  was  less  than  one- 
half  of  the  guaranteed  duty,  it  should  he 
noted  that  the  average  water  pressure  was  but 
59  lbs.  per  square  inch,  and  not  90  lbs.  for 
which  tlie  pump  was  designed ;  also  that  the 
average  piston  speed  was  72  ft.  per  minute, 
or  28  ft.  less  than  the  nominal  speed.  It  is 
doubtless  true  that  considerably  higher  duty 
would  be  obtained  by  the  pump  were  it  thor- 
cughlv  overhauled  and  were  it  operated  under 
more  nearly  ideal  contract  conditions. 

Duty  Tests  of  Rav:  IVatcr  Pumfs  and  Tur- 
bines.— The  steam  consumed  by  the  raw  water, 
turbine-driven  centrifugal  pumps  was  deter- 
mined by  metering  the  feed  water  and  hence 
the  evaporation  from  boiler  Xo.  3,  which  was 
placed  in  service  to  the  filter  house  exclusive- 
ly ;  by  condensing  and  weighing  the  discharge 
from  the  steam  traps  on  the  main  steam  line. 
and  by  condensing  and  weighing  the  discharge 
from  the  chemical  solution  pumps. 

It  was  learned  that  the  weight  of  water  dis- 
charged from  the  two  traps  was  25  lbs.  per 
hour :  also  that  the  weight  of  steam  consumed 
by  the  chemical  solution  pumps  was  75  lbs. 
per  hour.  The  total  weight  of  steam  con- 
sumed per  month  by  these  two  services  is. 
therefore.  72,000  lbs.'  at  a  fuel  cost  of  $9.]."i 
per  month. 

The  balance  of  the  steam  delivered  to  the 
filter  house  was  used  to  drive  the  raw  water 
pump.  The  results  indicate  that  the  turbine 
and  pump  developed  a  combined  duty  of  11.- 
7(Xt,0Oii  ft.  lbs.,  at  a  steam  pressure  of  71.li  lbs. 
The  turbines  are  designed  for  a  steam  pres- 
sure of  90  lbs.  The  results  obtained  are  very 
satisfactory  in  view  of  the  operating  condi- 
tions. The  steam  consumption  would,  how- 
ever, be  reduced  at  least  one-half,  if  the  tur- 
bines were  operated  condensing  and  under  9i> 
lbs.  steam  pressure  for  which  they  were  de- 
signed. 

COST   OF    0PER\Tt0X    OF   BOILER    PL.\XT    .\Xn    M.\I.\ 
PUStPIXG   ST.\TI0N. 

The  cost  of  operating  the  boiler  plant  and 
pumping  station  is  composed  of  the  following 
items:  Labor,  fuel,  oil  and-  supplies,  repairs 
and  maintenance. 

Labor. — The  station  is  operated  on  three 
shifts  of  eight  hours  each.  The  entire  opera- 
tion is  in  charge  of  a  chief  engineer,  who  has 
on  his  staff  three  assistant  engineers,  three 
regular  firemen,  one  extra  fireman,  a  machinist 
and  two  helpers.  The  total  monthly  labor 
cost,  chargeable  to  the  boiler  and  pumping 
station,  is  as  follows  : 

Chief  engineer   1^2   time) J^O 

3  assistant  engineers  at   $80 240 

3  firemen  at  $6.j IJl-' 

2  machinists  at  $65 130 

2  helpers  at  $60 1-0 

Total  monthly  labor  cost $"35 

The  total  monthly  cost  of  labor  in  the  boiler 
plant  and  pump  station  is,  therefore,  $73.5.  and 
the  average  cost  of  labor  per  1,imk1.000  gals, 
piimpcd  during  1913  has  been  S7. 

PuH  rr.f/  — The  cost  of  fuel,  when  gas  was 
used,  lias  been  accurately  recorded  by  read- 
ings taken  'daily  of  the  gas  meler.  The  prac- 
tice has  been  to  operate  for  15  days  each 
month  using  gas  under  boilers  Nos.  1  arid  2. 
and  for  15  days  ttsing  coal  under  boiler  N'o.  3. 
The  records  indicate  a  considerable  variation 
in  gas  consumed  per  million  gallons  pumped, 
and  a  marked  reduction  in  the  last  months 
shown  for  1913.  There  is  also  a  noticeable 
increase  in  the  cost  cf  gas  during  the  colder 
months  of  the  year.  The  results  indicate  that 
the  average  cost  of  gas  fuel  per  1.0imi.iiim»  gals, 
pumped  in  1913  was  $.5.32. 

Less  accurate  data  are  available  to  indi- 
cate the  cost  of  fuel  when  pumping  with  coal. 
Records  arc  kept  of  the  number  of  wheel- 
barrow loads  of  coal  used,  but  they  are  not 
weighed,  and  the  average  wei.ebt  is  assumed 
to  be  3itO  lbs.  Data  obtained  during  the  evap- 
oration tests  of  the  boilers  indicate  that  dur- 
ing these  tests -2.08  tons  of  coal  were  required 


to  pump  1.000,0(M1  gals,  of  water.  It  is  prob- 
ably reasonable  to  assume  that  the  average 
coal  consumption  is  very  nearly  2.25  tons  per 
1,000,0(10  gals,  pumped,  and  that  the  cost  of 
fuel,  therefore,  averages  $4.95  per  l,(KtO,000 
gals,  pumped. 

It  is  of  interest  to  compare  this  cost  with 
the  past  costs  of  coal  for  the  years  1907,  19<»S 
and  1910  before  gas  was  used  and  when  the 
annual  coal  consumption  was  computed  from 
the  total  amount  purchased.  The  average 
cost  of  coal  per  1.00U,OuO  gals,  pumped  was 
$4.23  during  these  years.  .\s  coal  has  sub- 
sequently increased  in  price,  it  is  apparent 
that  there  is  no  material  change  in  the  quan- 
titv  of  coal  consumed  and  that  the  estimated 
present  cost  of  $4.95  per  1,000,000  gals,  is 
reasonable. 

The  average  monthlv  water  consumption 
during  the  year  1913  has"  been  105,000,000  gals., 
so  that  the  average  present  monthly  cost  of 
fuel  is  estimated  as  follows : 
Monthlv  cost  of  fuel  using  gas — I0.">xS5.32 — $557 
Monthly  cost  of  fuel  using  coal — 105x$4.95— $51S 

In  general,  present  data  show  that  it  is 
cheaper  to  use  gas  for  fuel  in  the  summer 
months  and  coal  in  the  winter  months. 

Oil  and  Miscellaneous  Supf'lies. — The  cost 
of  miscellaneous  supplies,  such  as  oil.  boiler 
compound,  waste  and  rags,  electric  current, 
tools,  etc.,  necessarily  varies  considerably 
from    time    to    time.      The    records    indicate. 


tribution  system  that  they  may  be  operated 
either  in  parallel  or  in  series. 

The  turbines  should  be  of  the  variable 
speed  type,  thus  giving  the  required  range  of 
operating  conditions  which  now  maintain  at 
Lorain.  They  should  also  operate  condens- 
ing, at  90  lbs.  steam  pressure,  under  which 
conditions  a  combined  duty  of  at  least  65,000,- 
nOO  ft.  lbs.  should  be  obtained. 

With  such  equipment  it  will  be  possible  to 
deliver  water  under  8o  lbs.  pressure  into  the 

TABLE    III.— PERIODS    OF    M.\XIMrM    CON- 
SUMPTION   OF    WATER   AT 
LORAIN,  OHIO. 


Daily 
consumption 
Date,  1912 —       of  water,  gals. 

June  30 4.331.000 

Julv    1 3,854,000 

Julv    2 4,129.000 

Julv    3 4,261,000 


Rate  of  m"xim'm 
consumption 
for  4  hrs.  daily. 
6,500.000 
6.000.000 
6..i00.000 
6.500.000 


distribution  system  at  a  cost  for  fuel,  but 
little  if  any  greater  than  that  now  required 
to  deliver  it  under  the  present  pressure  of  59 
lbs.  The  cost  of  installing  such  equipment 
complete  should  be  not  more  than  $5,500. 

The  necessity  for  such  new  pumping  equip- 
ment is  apparent,  not  only  because  the  present 
Holly  Gaskill  pumping  engine  cannot  prop- 
erly be  operated  continuously  without  renew- 
als and  repairs,  but  also  because  at  times   of 


Cosf  of  fuel 

Cost  of  Steam  Cenerot.or 
Cost  of  Steam  Power  Pumpmg 


:Cosf  of  Pumping  at  Lorain  -Ave  lOyrs. 

-Cosf  of  r^ei  or  l^orain  -Ave-  lOurs 


K/tillion  Feet  Gallons  Pumped  per  Year 

Fig.   1.    Cost  of   Pumping  by   Steam    Power   in  35    Wisconsin    Water    Utilities,    Showing    Re- 
lation  to    10-Year   Average   at   Lorain,    O. 


however,  that  the  average  cost  of  such  sup- 
plies per  month  is  about  $38,  or  30  cts.  per 
l.nod.iioO  gals,   pumped. 

Repairs  and  Maintenance. — The  cost  of  re- 
pairs and  maintenance  required  at  the  pump- 
ing station  and  boiler  plant  also  is  a  variable 
quantity.  The  average  cost  of  such  repairs 
is  estimated  from  the  past  records  at  $97  per 
month,  or  92  cts.  per  l.OOO.OOu  gals,  pumped. 

Reconnnendalions  of  Chanijes  in  I'umfinq 
Equipment. — .\s  previously  stated,  the  condi- 
tions at  the  pumping  station  require  imme- 
diate attention  to  betterment,  because  there  is 
no  adequate  pumping  unit  provided  to  main- 
tain service  in  the  event  that  the  Holly  Gaskill 
pumping  engine  is  out  of  service  for  either 
repairs  or  renewals.  \  breakdown  of  this 
unit  would  seriously  cripple  the  pumping  sta- 
tion and  might  cause  an  interruption  or  sus- 
pension of  adequate  service.  The  Holly  pump- 
ing engine  is  giving  very  good  service,  espe- 
ciallv  in  view  of  its  age. 

It' is  recommended  that  additional  putnping 
units  of  adequate  capacity  to  meet  all  de- 
mands that  may  be  put  upon  them  be  installol 
at  the  earliest  possible  date.  The  Gordon 
pumping  engine  should  be  removed  and  dis- 
posed of.  this  will  give  ample  space  in  the 
pre-scnt  building  for  the  new  equipment  which 
should  comprise  two  centrifugal  pumps,  driven 
by  steam  turbines,  the  one  of  four  and  the 
other  of  six  millions  gallons  daily  capacity 
against  a  head  of  80  lbs.  water  pressure.  The 
pumps  should  be  so  connected  up  t"  ilu-  dis- 


continued dry  hot  weather  it  is  impossible  to 
maintain  the  required  supply  with  this  en- 
gine. The  extent  of  such  periods  is  well  in- 
dicated in  Table  III,  which  shows  the  dates, 
daily  consumption  of  water  and  maximum 
load  on  the  Holly  pump  for  periods  of  about 
four  hours  daily.  It  will  be  recalled  that  this 
pump  has  a  nominal  capacity  of  but  5.0l.K),000 
gals,  daily. 

Huring  these  periods  of  maximum  demand, 
ihe  Holly  pump  was  operated  at  the  maxi- 
mum possible  speed,  notwithstanding  which 
fact  there  were  numerous  complaints  from 
several  parts  of  the  distribution  system  on  ac- 
count of  inadequate  pressure.  In  case  of  a 
fire,  at  such  times,  the  city  would  be  without 
adequate  protection.  Such  conditions  have 
arisen  in  the  past  and  will  again  in  the  fu- 
ture unless  the  pumping  equipment  is  in- 
creased. 

BOOSTER    PfMPIXC    ST.\TIO.V. 

Owing  to  the  lack  of  adequate  water  pres- 
sure in  South  Lorain  a  booster  pumping  sta- 
tion was  constructed  in  1910  about  2.(>  miles 
from  the  main  pumping  station.  This  station 
contains  two  S-in.  centrifugal  pumps,  each 
driven  by  a  40  H.P.  tandem  compound  gas 
engine.  It  is  the  present  practice  to  operate 
one  of  these  units  daily,  from  about  5  a.  m. 
to  10  p.  «n. 

N'o  means  arc  available  to  measure  the 
quantity  of  water  pumped  by  this  station.  The 
quantitv    of   gas  consumed   is   indicated   by  a 
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meter  which  is  read  daily.  The  annual  cost 
for  gas  at  the  booster  station  is  shown  to  be 
$o92.2(5.  Numerous  readings  of  the  gages  on 
the  pump  indicate  that  the  pressure  in  the  12- 
in.  main  pipe  line  is  increased  from  about  20 
lbs.  to  5.3  lbs.  per  square  inch. 

The  meter  readings  indicate  that  the  one 
engine  consumes  about  300  ft.  of  gas  daily 
more  than  the  other,  a  fact  which  is  readily 
accounted  for  by  the  present  condition  of 
engine  which  should  be  overhauled  and  re- 
paired. 

Rate  of  Gas  Consumption. — In  order  to 
measure  the  amount  of  work  done  by  the 
engines  one  of  the  units  was  tested  by  means 
of  a  rope  brake.  The  tests  indicate  that  the 
engine  tested  will  develop  40  11. P.  with  diffi- 
culty. The  gas  consumption  per  horsepower 
is  as  follows : 

When  operating  at  a  rate  of  20  H.P.  gas 
consumed  =  14.7  cu.   ft.  per  1 1.  P.  hour. 

When  operating  at  a  rate  of  30  H.P.  gas 
consumed  =  11.6  cu.  ft.  per  H.P.  hour. 

The  engine  tested  was  in  poor  repair  ow- 
ing to  leaks,  but  it  is  apparent  that  the  en- 
gines are  capable  of  doing  very  economical 
work. 

Cost  of  Operating  Booster  Pumping  Station. 
— Following  is  shown  the  annual  operating 
cost  of  the  booster  station : 

Labor,  3  men.  $960  (after  Jan.   1,  1914) $2,880 

Fue),  gas   592 

Miscellaneous  supplies,   repairs,   etc 100 

Total  annual  operating  cost $3,572 

The  total  cost  of  constructing  -the  booster 
station  was  approximately  $0,000,  thus  giving 
an  additional  annual  cost  of  interest  and  de- 
preciation (estimated  at  7  per  cent)  of  $420. 
The  total  annual  cost  of  operating  and  main- 
taining the  booster  station  is,  therefore,  $3,- 
!I02.  or  G  per  cent  of  $06,500. 

Recommendations.— In  considering  the  work 
done  by  and  the  efficiency  of  the  booster 
pumping  station  it  should  be  noted  that  the 
extreme  difference  in  elevation  between  the 
liighest  and  lowest  parts  of  the  city  of  Lorain 
is  not  more  than  85  ft.  While  it  is  true  that, 
under  the  usual  operating  conditions,  there  is 
a  loss  of  about  40  lbs.  pressure  between  the 
main  pumping  station  and  the  booster  pump- 
ing station,  the  difference  in  elevation  be- 
tween the  two  stations  is  but  49  ft.,  equivalent 
to  21  lbs.  pressure.  It  is  apparent,  therefore, 
that  there  is  a  loss  of  about  19  lbs.  pressure 
between  the  two  stations  on  account  of  fric- 
tion losses  in  the  pipe  system.  The  problem 
of  obtaining  an  increased  pressure  at  South 
Ijjrain,  therefore,  properly  requires  a  consid- 
eration of  the  possibility  of  increasing  the 
capacity  of  the  pipe  lines,  with  a  view  of 
obtaining  less  friction  losses.  During  the 
present  investigation  this  matter  was  investi- 
gated thoroughly,  as  will  be  discussed  later. 

DISTHinUTION    SYSTEM. 

In  order  to  determine  the  adequacy  of  the 
distribution  system,  readings  of  the  static  and 
butt  pressures  were  taken  at  several  hydrants 
located  at  representative  points.  A  table  was 
prepared  to  show  the  locations  of  the  hydrants 
tested,  the  elevations  of  the  ground  at  the 
hydrants,  the  static  pressure  and  the  equiva- 
lent height  of  the  free  water  surface  at  the 
hydrants,  the  differences  in  elevations  between 
the  hydrants  and  the  puinp  at  the  main  pump- 
ing station  and,  finally,  the  friction  losses  in 
the  pipe  system  between  the  hydrants  and  the 
pumping  station. 

In  general  the  results  indicate  that  the  dis- 
tribution system  is  unbalancc<l  and  that  much 
the  heaviest  consumption  of  water  is  on  the 
line  locally  railed  the  cast  12-in.  line.  The 
present  friction  losses  in  this  line  arc  high 
and  could  be  very  much  reduced  by  utilizing 
to  better  advantage  the  west  12-in,  pipe  line. 
which  is  practically  parallel  to  the  east  pipe 
line  and  which  at  present  is  but  little  used, 

Recommcndations.^[i\  order  to  obtain  inore 
equal  pressures  in  this  distribution  system  it 
is  recommended  that  the  booster  pumping  sta- 
tion be  abandoned  and  that  additional  pipe 
lines  be  constructed.  All  pipe  required  should 
he  at  least  12  ins.  in  diameter.  The  total 
length  of  12-in.  pipe  line  required  is  approxi- 
mately 7.^00  ft.  and  could  be  installed  at  a 
cost  of  not  more  than  $12,000. 


In  order  to  maintain  as  efficient  service  at 
South  Lorain  as  is  now  maintained  by  the 
booster  station,  in  addition  to  the  construc- 
tion of  the  pipe  lines,  it  will  be  necessary  to 
increase  the  water  pressure  at  the  main  pump- 
ing station  about  20  lbs.  per  square  inch  or 
from  the  present  pressure  of  59  lbs.  to  80  lbs. 
per  square  inch. 

The  oiJcration  of  the  booster  station  entails 
a  present  annual  cost  of  $3,912.  Under  80  lbs. 
pressure  the  Holly  GaskiU  pumping  engine 
would  operate  at  a  higher  duty  so  that,  al- 
though the  pump  would  do  more  work,  the 
fuel  cost  would  not  be  materially  increased ; 
also  there  would  be  no  noticeable  increase  of 
other  operating  expenses  at  the  main  pump- 
ing station.  The  changes  of  operation  and 
the  addition  of  the  new  pipe  lines  would, 
therefore,  save  the  city  of  Lorain  annually  at 
least  $3,000  operating  expenses.  Moreover, 
there  would  result  better  water  service 
throughout  the  entire  city,  including  South 
Lorain,  a  fact  which  would  be  especially  ben- 
eficial during  fires  and  during  periods  of  con- 
tinued   hot    weather. 

Before  concluding  the  discussion  of  the 
booster  station  it  may  be  said  that,  generally, 
the  installation  of  a  booster  pumping  statiiDn 
is  required  or  warranted  only  where  there  ex- 
ists such  considerable  differences  of  elevation 
between  dift'erent  sections  of  a  city  that  it  is 
not  practical  to  operate  the  high  service  pumps 
at  the  pressure  required  to  give  adequate  serv- 
ice to  all  parts  of  the  city ;  or  where  the 
length  of  pipe  lines  is  such  that  it  is  too  ex- 
pensive to  provide  pipes  of  adequate  size 
sufficient  to  reduce  the  friction  losses.  Neither 
of  these  conditions  exists  at  Lorain.  In  fact, 
the  evidence  clearly  shows  that  the  city  could 
properly  aliford  to  spend  over  $60,000  in  pipe 
lines  before  the  construction  of  the  booster 
station  would  be  warranted.  As  a  matter  of 
fact  but  $12,000  is  required  to  construct  pipe 
lines  which  will  give  better  water  service  to 
the  entire  city,  including  South  Lorain,  than 
is  now  furnished  even  with  the  booster  sta- 
tion in  operation.  Consequently  it  is  recom- 
mended that  the  booster  station  be  abandoned, 
that  the  new  pipe  lines  be  constructed  and 
that  the  domestic  pressure  maintained  at  the 
main  pumping  station  be  increased  from  59 
to  80  lbs.  per  square  inch.  It  is  difficult  to 
understand  how  the  booster  station  ever  was 
constructed,  because  it  eliminates  only  a  part 
of  the  trouble  experienced  at  Lorain  on  ac- 
count of  low  water  pressures  and  is  neither 
the  most  satisfactory  nor  the  most  economical 
method  of  increasing  the  water  pressure  at 
South  Lorain. 

During  the  tests  at  the  main  pumping  sta- 
tion it  was  noted  that  occasionally  there  was 
a  very  heavy  draft  from  the  pipe  system, 
causing  the  pump  to  speed  up  rapidly  and  also 
causing  a  temporary  reduction  in  water  pres- 
sure of  10  to  15  lbs.  This  was  said  to  be  due 
to  the  fact  that  in  the  B.  &  O.  R.  R.  yards 
engine  tanks  are  filled  directly  from  the'  inains. 
This  practice  shoidd  not  be  permitted  and  the 
railroad  company  should  be  compelled  to  pro- 
vide a  suitable  elevated  storage  tank  from 
which  the  engine  tanks  may  be  filled. 

CO.MPARISON      OF     OPERATING     COSTS     AT     LORAIN 

WITH     COSTS    AT    OTHER     WATER     WORKS 

PROPERTIES. 

A  thorough  examination  of  the  past  reports 
of  the  water  works  department  at  Lorain  has 
been  made  with  a  view  of  determining  the 
average  past  costs  of  operation.  Unfortu- 
nately such  records  have  not  been  kept,  espe- 
cially in  recent  years,  in  such  complete  form 
as  is  desirable.  For  comparative  purposes, 
costs  of  operation  per  million  gallons  pumped 
and  per  capita  at  other  water  works  proper- 
ties are  shown  in  Table  IV.  The  costs  shown 
include  true  operating  costs  exclusive  of  ex- 
traordinary expenses  such  as  are  incurred  by 
extensions  or  replacements. 

The  cost  of  operation  per  million  gallons 
pumped  at  Lorain  has  increased  in  recent 
years,  and  especially  after  the  installation  of 
the  new  filter  plant  in  1907  and  of  the  booster 
putnping  station  in  1911.  The  average  total 
cost  of  operation  per  1.000,000  gals,  puinped 
during  the  past  10  years  has  been  $23.72  and 
the    average   per   capita   cost   has   been    $1.17. 


During  the  last  four  years  these  costs  have 
increased  to  $29  per  1,000,000  gals,  pumped 
and  to  $1.20  per  capita.  The  increase  in  cost 
may  be  attributed  to  the  increased  cost  of 
fuel ;  to  the  gradual  depreciation  of  the  boiler 
and  pumping  plant,  thus  requiring  increased 
labor  and  repairs  for  maintenance;  to  the  in- 
creased quantity  of  chemicals  required  to 
treat  the  raw  water  which  has  become  more 
polluted  with  the  growth  of  the  city,  and  to 
the  increased  quantity  of  coal  required  to 
operate  the  new  filter  plant  as  compared  with 
the  old  and  to  operate  the  entire  plant  on  ac- 
count of  the  low  steam  pressure  now  carried 
on  the  boilers. 

As  previously  discussed,  the  cost  of  opera- 
tion of  the  water  works  properties  may  be 
materially  reduced  by  installing  new  boilers 
and  thus  increasing  the  steam  pressure  and 
decreasing  the  cost  of  fuel  and  by  eliminating 
the  booster  station. 

A  comparison  of  the  operating  costs  at 
Lorain    with    those    incurred    at    other    water 

TABLE    IV.  —  ANNUAL    OPERATING  C0ST8 
OF   16   WATER  WORKS  PROPERTIES. 

Annual 
operating  cost. 

Total  Per 

popu-  1,000.000     Per 

City —                  Dates.       lation.  gals,  capita. 

.Asliland,     Wis.  .  .1904-09       12,150  $36.23  $1.25 

Manitowoc,    Wis.       1907       13,400  47.76  1.32 

Janesville,    Wis..       1909       13,800  49.96  1.30 

Beloit,  .  Wis 1908       14,100  23.35  1.02 

Chillicothe,    O... 1908-12       14,500  1.00 

Marinette,    Wis.  .1909-10       14,650  26.17  1.09 
Private  water  co. 

in  Arkansas   ..190S-12       15,400  1.57 

Elyria,    0 1910-12       15,500  34. SS  1.47 

Appleton,    Wis...        1909       16.700  36.73  1.29 

Pond  duLac,  Ws.       1907       17,800  20.31  0.77 

Eau   Claire.   Wis.       1907       18,650  IS. 24  0.71 
Private  water  co. 

in  Western   Pa.1905-10       22,570  40.45  1.17 

Green   Bay,   Wis.       1907       24,000  48.56  0.90 

Battle  Cr.,  Mich. 1908-12       25,270  26.20  0.72 

Madison,    Wis.  .  .1908-12       25,460  49.70  1.28 

Sheboygan,    Wis.       1908       25,500  24.74  0.77 

Lorain,    0 1900-10       22,070  23.72  1.17 

Aver,  of  16  cities 

above     18,090  34.51  1.10 

works  properties  indicates  that  the  average 
past  cost  of  operating  at  Lorain  compares 
reasonably  well  with  those  of  other  similar 
plants.  This  is  especially  true  of  the  fuel  and 
pumping  station  expenses,  as  is  shown  in  Fig. 
1,  indicating  the  costs  of  fuel  and  pumping  at 
35  water  works  properties  in  Wisconsin.  As 
shown  in  Fig.  1,  both  the  average  fuel  and 
the  average  pumping  station  expenses  at 
Lorain  during  the  past  10  years  have  been 
less  than  the  averages  at  the  35  plants  w'hich 
have  been  investigated  by  the  Wisconsin  R.  R. 
Commission. 

RATES. 

In  conclusion  it  should  be  said  that  the 
writer  has  examined  the  reports  of  the  water 
works  department  and  also  the  report  recently 
submitted  by  Ernst  and  Erns,  accountants. 
Cleveland,  especially  to  determine  the  sources 
of  revenue  from  sale  of  water  at  Lorain.  From 
these  reports  it  is  apparent  that  the  present 
rates  are  poorly  lialanced.  Before  equitable 
rates  for  water  service  may  properly  be  estab- 
lished it  is  necessary  to  determine  all  capacity 
and  output  expenses,  including  operation  and 
overhead  or  investment  expenses  for  all  class- 
es of  service  rendered,  including  domestic,  in- 
dustrial and  municipal  services.  The  indus- 
trial consumption  of  water  at  Lorain  is  22.2 
per  cent  of  all  the  water  pumped.-  It  is,  of 
course,  a  much  larger  percentage  of  the  water 
actually  sold.  It  is.  therefore,  very  apparent 
that,  before  the  water  works  department  at 
Lorain  can  be  put  upon  a  sound  financial  basis, 
the  rates  to  be  charged  for  all  services,  includ- 
ing municipal  service,  should  be  accurately 
<letermined  and  enforced. 


A  New  Sea  Wall  in  Panama. — The  Pan- 
ama Railroad  is  now  engaged  in  building  a 
concrete  sea  wall  along  the  front  of  the  fill 
between  the  fire  station  at  Cristobal  and  the 
end  of  the  inole  for  the  new  piers  to  be  used 
by  the  buildings  of  the  steamship  companies. 
The  total  length  of  the  wall  will  be  about  350 
ft.  It  is  composed  of  concrete  cubes,  one 
yard  on  a  side,  which  are  laid  in  brick  style 
and  faced  above  the  water  line  with  a  wall 
of  concrete  one   foot  thick. 
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Lawrence  Experiment  Station  Studies 
In  the  Purification  of  Water. 
An  article  giving  the  results  of  certain  water 
purification  studies  made  at  the  Lawrence  ex- 
ptriment  station  of  the  Massachusetts  State 
Board  of  Health  during  1911,  was  published  in 
Engineering  and  Contracting  of  Jan.  8,  1913. 
1  he  present  article  continues  a  report  of  the 
studies  made  during  the  year  1912,  under  the 
direction  of  II.  W.  Clark  and  Stephen  De  M. 
Gage,  and  is  based  upon  information  pub- 
lished in  the  recently  issued  annual  report  of 
the  Board  for  1912.  The  1912  e.xperiments  on 
water  purification  were  made  on  the  slow  sand 
filters  of  the  city  of  Lawrence  and  on  small 
experimental  filters  at  the  station.  Studies 
were  made  of  the  effect  on  sand  filler  effi- 
ciency of  changing  the  rates  of  operation,  of 
the  value  of  clarification  by  upward  filtration 
through  coarse  material  followed  by  sand  fil- 
tration, and  on  rapid  filtration  with  ferric  sul- 
phate as- a  coagulant. 

LAWRENCE    CITY     FILTERS. 

The  source  of  the  water  supply  of  the  citv 
of  Lawrence  is  the  Merrimack  River.  Two 
filters  are  in  use  to  purify  this  water.  The 
older  filter  was  constructed  in  1893,  and  divid- 
ing walls  separating  it  into  three  sections  were 
built  in  1902.  The  average  depth  of  sand  in 
this  filter  is  about  4  ft.,  and  the  net  filtering 
area,  after  deducting  division  walls,  gate- 
chambers  and  lateral  carriers,  is  about  2.2 
acres.  As  originally  constructed,  this  filter 
contained  two  different  grades  of  sand,  the 
portions  of  the  filter  immediately  over  the 
i:nder  drains  being  of  finer  sand  than  the  re- 
mainder of  the  filter.  Through  the  operations 
of  scraping,  washing  and  replacing  sand,  the 
two  grades  of  sand  have  become  quite  thor- 
oughly mixed  in  the  upper  layers  of  the  filter, 
and  at  the  present  time  this  upper  sand  has 
an  effective  size  of  appro.ximately  0.25  mm. 
This  filter  is  not  covered  and  has  an  earth 
t-ottom  through  which  some  ground  water 
finds  its  way  into  the  underdrains  and  bcco.mes 
mixed  with  the  filtered  water.  The  average 
rate  of  operation  during  the  past  few  years 
has  been  about  1,000,000  gals,  per  acre  daily. 

During  lOOG  and  1907  an  additional  filter 
was  constructed  to  supplement  the  supply  of 
filtered  water  from  the  old  filter.  This  filter, 
v.hich  is  three-quarters  of  an  acre  in  area 
and  contains  about  4Vi  ft.  in  depth  of  sand  of 
rn  efl^ective  size  of  0.25  mm.,  is  of  concrete 
construction,  has  a  concrete  bottom  and  is 
covered.  It  was  first  put  into  operation  on 
Nov.  4,  1907,  but  the  filtered  water  was  not 
used  until  Jan.  4,  1908.  The  average  rate  of 
operation   during   1912  has   been  about  3,000.- 

000  gals,  per  acre  daily.  The  effluents  from 
both  of  these  filters  flow  into  the  same  pump- 
well  from  which  they  are  pumped  into  the  dis- 
tributing reservoir. 

During  the  greater  part  of  the  year  it  is 
estimated  that  approximately  half  of  the  en- 
tire volume  of  filtered  water  which  is  pumped 
to  the  reservoir  is  supplied  by  the  covered 
filter.  As  neither  of  the  two  filters  is  equipped 
with  rate-controlling  apparatus  nor  with  loss 
of  head  pages,  it  is  not  possible  to  determine 
the  actual  rate  of  either  filter  at  any  time. 
During  the  winter  months  the  ice  accumulates 
upon  the  uncovered  filter,  and  it  is  not  alwnvs 
possible  to  scrape  the  surface  of  this  filter 
when  it  becomes  clogged  ;  there  is  little  doubt 
that  at  such  times  the  quantity  of  water  passed 
bv  this  filler  is  greatly  reduced  and  that  the 
deficiency  is  supplied  by  forcing  the  covered 
filter.  This  is  shown  by  the  diflerence  in  the 
scraping  record  of  the  two  filters  during  the 
winter.  Between  Jan.  1  and  March  15,  1012. 
the  surface  of  the  covered  filter  was  scraped 
five  times,  or  at  an  average  interval  of  about 
fncc  in  two  weeks.  DuriYig  the  same  time  14 
of  the  25  beds  into  which  the  uncovered  filter 
is  divided  were  scraped  twice,  3  other  beds 
were  scraped  once,  and  8  beds,  or  about  one- 
third  of  the  surface,  received  no  surface  treat- 
ment of  any  kind  whatever. 

The  average  number  of  bactcr'a  in  the  efflu- 
ent from  the  imcovercd  filler  durintr  the  entire 
vear  was  .30  per  c.  c,  and  in  the  effluent  from 

1  be  covered  filter  was  58  per  c.  c.  these  figures 
corresponding  to  removals  of  99.0  and  90.3  per 


cent.,  respectively.  .An  inspection  of  the  daily 
results,  however,  shows  a  considerable  differ- 
ence in  the  bacterial  quality  of  the  effluents 
from  these  two  filters  during  the  winter 
months  when  the  covered  filter  was  being 
forced  to  make  up  the  deficiency  in  the  volume 
of  water  which  could  be  passed  through  the 
older  filter.  Samples  containing  more  than 
100  bacteria  per  c.  c.  were  occasionally  ob- 
tained from  the  uncovered  filter  throughout 
the  year,  but  the  proportion  of  such  samples 
from  this  filter  was  no  greater  during  the 
winter  than  during  the  summer,  and  in  none 
of  these  samples  were  the  numbers  of  bac- 
,  teria  excessively  high.  In  the  case  of  the  un- 
covered filter,  however,  while  samples  contain- 
ing more  than  100  bacteria  per  c.  c.  were 
found  only  occasionally  during  the  summer, 
during  the  period  from  January  1  to  March  15 
the  counts  on  more  than  one-half  of  the  sam- 
ples were  above  this  limit,  while  during  Jan- 
uary only  one  sample  was  obtained  which  con- 
tained less  than  100  bacteria  per  c.  c,  and  the 
average  for  the  month  was  about  200  per  c.  c. 

EXPERIMENTAL   SLOW    SAND   FILTERS. 

Filters  Nos.  8A  and  ^./j.— Filter  No.  S.-K, 
1/200  of  an  acre  in  area  and  first  put  into 
operation  on  Sept.  26,  1893,  contained  about 
2G  ins.  in  depth  of  sand  of  an  effective  size  of 
0.28  mm.  at  the  beginning  of  the  year.  The 
average  rate  of  operation  during  1912  was 
2,915.000  gals,  per  acre  daily.  During  the  year 
this  filter  was  scraped  to  relieve  clo.gging  ten 
times,  the  total  amount  of  sand  removed  by 
scraping  being  about  4.5  ins.,  an  average  re- 
moval of  about  0.45  in.  of  sand  at  each  scrap- 
ing, or  about  %  cu.  yd.  for  each  1.000.000  gals, 
of  water  filtered  during  the  year.  The  average 
volume  of  water  filtered  between  scrapings 
was  about  80,000,000  gals,  per  acre,  the  aver- 
age time  between  scrapings  being  about  29 
days.  The  longest  run  of  the  filter  was  from 
February  28  to  June  15,  when  the  filter  was 
operated  at  the  prescribed  rate  for  75  days 
without  scraping,  about  218,000,000  gals,  of 
water  per  acre  being  filtered  in  this  period. 
The  shortest  run  of  the  filter  immediately  fol- 
lowed the  longest  run,  the  interval  before 
scraping  was  again  necessary,  being  15  days, 
during  which  about  37,000,000  gals,  per  acre 
were  filtered. 

Filter  No.  343.  1/20000  of  an  acre  in  area, 
was  first  put  into  operation  on  March  27,  1908, 
and  contained  about  .33  ins.  in  depth  of  sand  of 
an  effective  size  of  0.35  mm.  at  the  beginning 
of  the  year.  The  average  rate  of  operation 
during  1912  was  5,204,000  gals,  per  acre  daily. 
The  surface  of  this  filter  was  washed  12  times 
during  the  year,  the  avera.ge  interval  between 
washings  being  29  days  and  the  average 
amount  of  water  filtered  between  washings 
being  about  147.000.000  eals.  per  acre.  The 
longest  period  during  which  the  filter  could 
be  operated  at  the  prescribed  rate  was  from 
.\nril  27  to  July  2.  a  period  of  65  days,  during 
which  about  .343,000,000  gals,  of  water  per 
acre  were  passed  by  the  filter.  .As  was  the 
case  with  Filter  No.  SA  the  shortest  run  of 
the  filter  immediately  followed  the  longest 
rrn,  when  durinc  a  working  period  of  nine 
days  about  48,000.000  gals,  ncr  acre  were 
filtered  before  surface  washing  was  again 
ncessary. 

In  point  of  bacterial  efficiency  Filler  No. 
343,  constructed  of  coarser  sand  and  operated 
at  a  higher  rate,  was  superior  to  the  older 
filter.  As  has  been  the  practice  at  the  cxneri- 
ment  station,  the  snnd  removed  from  Filler 
No.  8A  bv  scraping  has  not  been  rcplaceij  bv 
clean  sand  according  to  Ibe  usual  ruslom  with 
large  fillers,  and  the  inferior  baclerial  effi- 
ciency of  this  filler  is  umlonbleillv  due  to  the 
fact  that  the  depth  of  the  filtering  medium  lias 
been  reduced  lielow  the  limit  of  safely.  This 
effect  is  particularly  noiiccabic  as  the  result 
of  scraping  during  the  winter  season,  high 
bacterial  counts  being  iinariablv  obtained  on 
srmplcs  collerled  during  ihc  first  few  days 
after  the  scranings  in  December.  January. 
February  and  March,  althouch  foimd  less  fre- 
quently following  scraping  during  the  warm- 
er months.  The  necessity  of  maintainine  a 
sufficient  depth  of  filtering  material— especially 
during  the  cold  weather  when  the  biological 
activilv.    upon   which    fillers   of   this   type   de- 


pend for  their  efiiciency,  is  at  its  lowest  ebb — 
has  been  emphasized  in  these  reports  many 
t'mes,  and  a  striking  example  of  the  failure 
of  an  inadequate  depth  of  material  is  fur- 
nished by  the  experience  with  this  filter. 

COMPARISON    OF    SAND    FILTERS    OPER.\TED    AT    DIF- 
FERENT   RATES. 

Filters  Nos.  417,  418,  419  and  420.— On  Dec. 
28,  1910,  four  filters  were  put  into  operation 
in  order  to  study  comparatively  the  eflfect  of 
the  rate  of  operation  upon  the  hygienic  effi- 
ciency and  operating  economy  of  water  filters 
of  the  so-called  "slow  sand"'  type.  As  origi- 
nally constructed  each  of  these  niters  con- 
tained 54  ins.  in  depth  of  sand  of  an  effective 
size  of  0.25  mm.  Through  the  operations  of 
surface  washing  and  occasional  scraping  the 
depth  of  sand  in  these  filters  was  somewhat 
reduced,  and  at  the  beginning  of  the  present 
year  the  depth  of  sand  in  Filter  No.  417  was 
51  ins.,  in  Filter  No.  418,  49  ins.,  in  Filter  No. 
419,  46  ins.  and  in  Filter  No.  420.  43  ins. 

In  the  practical  operation  of  water  filters 
the  question  of  the  rate  of  filtration  in  its  re- 
lation to  the  time  and  labor  required  to  main- 
tain the  filter  at  the  prescribed  rate  is  of  the 
utmost  importance.  A  satisfactory  purification 
of  the  water  being  the  paramount  issue,  the 
filter  by  which  that  purification  can  be  accom- 
plished with  the  least  care  and  expense  is  the 
one  which  is  of  the  most  practical  value.  From 
this  view  point  the  records  of  the  operation 
of  these  four  filters  furnish  a  valuable  and 
instructive  lesson.  .As  has  been  the  custom 
with  many  of  the  experimental  filters  operated 
at  the  station  during  the  recent  years,  it  has 
been  the  practice  to  remove  clogging  matters 
from  the  surface  of  these  filters  when  neces- 
sary by  what  is  generally  known  as  the 
"Brooklyn  method";  that  is,  by  washing  the 
surface  of  the  sand  in  place,  the  clogging  ma- 
terials being  removed  by  a  shallow  current  of 
unfiltered  water  flowing  across  the  surface  of 
the  filter  while  the  sand  is  agitated  with  a 
rake  to  a  depth  of  about  1  in.  During  the  year 
Filter  No.  417,  operating  at  a  rate  oir  2.500.00O 
gals,  per  acre,  was  washed  six  times;  Filter 
No.  418,  operating  at  a  rate  of  5.000,000  gals., 
was  washed  nine  times:  Filter  No.  419,  operat- 
ing at  a  10,000,000  gal.  rate,  was  washed  56 
times;  and  Filter  No.  420,  which  it  was  at- 
tempted to  operate  at  a  20.000,000  gal.  rate, 
v.as  washed  108  times. 

Jhe  average  period  during  which  Filter  No. 
417  would  be  operated  without  washing  was 
about  65  days,  and  there  were  two  intervals, 
.April  3  to  June  29,  and  .August  19  to  Novem- 
ber 22,  during  which  the  filter  was  operated 
for  periods  of  8-1  days  without  surface  treat- 
ment being  necessary.  The  average  volume 
of  water  filtered  between  washings  was  about 
159,000,000  gals,  per  acre,  while  during  each 
of  the  two  84-day  intervals  over  200,000,000 
gals,  of  water  per  acre  were  passed  bv  the 
filter.  The  smallest  interval  between  wash- 
ings was  37  days,  from  December  16  to  Jan- 
uary 23,  in  which  about  93.000,000  gals,  per 
acre  were  filtered  by  this  filter.  The'  average 
interval  between  washings  on  Filter  No.  418 
was  37  days,  and  the  average  volume  of  water 
filtered  between  washings  was  about  190,000,- 
000  gals,  per  acre.  The  shortest  run  of  this 
filter  was  seven  days,  from  Februarv  24  to 
March  3,  when  only  about  ,37,000.000  gals,  of 
water  per  acre  were  filtered,  while  the  long- 
est run  of  the  filter,  lasting  from  March  3  to 
June  28.  114  working  days,  in  which  about 
58.5,000,000  gals,  of  water  per  acre  were  filtered, 
followecl  immediately. after  the  shortest  run. 
On  Filler  No.  419  the  average  interval  be- 
tween wa.shings  was  about  five  days,  and  the 
average  volume  of  water  filtered  per  washing 
was  about  57,000.000  gals,  per  acre.  The  long- 
est run  of  this  filter  was  from  .August  .30  to 
October  22.  a  period  of  43  davs.  during  which 
about  397.000.000  gals,  of  water  were  filtered 
per  acre.  There  were  eight  runs  of  this  filter, 
however,  which  lasted  only  about  24  hours, 
and  eight  other  runs  when  it  was  necessary 
to  wash  the  filler  after  an  interval  of  only 
two  days.  In  fact,  during  the  period  froin 
May  15  to  June  26  it  was  necessarv  to 
wash  this  filter  at  an  averaee  interval  of 
about  once  in  36  hours,  and  during  this  period 
the  average  volume  of  water  filtered  per  run 
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was  only  about  12,000,000  gals,  per  acre.  It 
was  necessary  to  wash  the  surface  of  Filter 
No.  -l^O  on  an  average  of  about  once  in  two 
days  throughout  the  year.  On  live  different 
dates  it  was  necessary  to  wash  this  filter  twice 
in  one  day,  and  37  other  runs  of  the  filter 
lasted  only  about  24  hours.  The  longest  run 
of  this  filter  at  any  time  during  the  year  was 
only  eleven  days,  and  on  only  five  runs  dur- 
nig  the  year  was  the  interval  between  wash- 
ings five  days  or  more.  The  average  volume 
of  water  passed  by  this  filter  between  wash- 
ings was  only  about  51,000,000  gals,  per  acre, 
the  ma.ximum  amount  filtered  during  any  sin- 
gle run  being  about  204,000,000  gals,  per  acre. 

Comparing  the  average  volumes  of  water 
passed  by  each  of  these  filters  between  wash- 
mgs,  it  will  be  noted  that  the  volume  passed 
by  Kilter  Xo.  41S,  which  was  operated  at  a 
rate  of  5,000,000  gals,  per  acre  daily,  was  about 
2(1  per  cent  larger  than  that  from  Filter  No. 
417  which  was  operated  at  a  rate  only  one-half 
as  great,  and  almost  four  times  as  great  as  the 
average  aniciuiits  per  run  filtered  by  Nos.  419 
and  4211  which  were  operated  at  rates  two  and 
four  times  as  high,  respectively.  Both  in  the 
time  interval  and  in  volume  of  water  filtered 
between  washings  a  striking  difference  is  to  be 
noted  between  the  two  filters  operated  at  the 
5,000,000  and  10,000,(100  gal.  rates.  It  is  quite 
evident,  therefore,  that  somewhere  betweep 
5.000,(100  and  10,000,000  gals,  per  acre  daily  lies 
the  rate  at  which  it  would  be  most  economical 
to  operate  filters  of  the  type  under  discussion. 
With  frequent  attention  to  the  surface  it  is 
possible  to  operate  such  a  filter,  as  was  shown 
by  Filter  Xo.  410,  at  a  rate  of  lii,(l(IO,()(iO  gals, 
per  acre  daily,  although  at  somewhat  in- 
creased expenditure  for  cleaning.  Even  with 
the  very  frequent  surface  treatment  which  it 
received,  however,  it  was  impossible  to  main- 
tain a  rate  of  20.000,000  gals,  per  acre  daily 
with  Filter  Xo.  42(1,  and  the  average  amount 
of  water  which  could  be  obtained  through  this 
filter  was  less  than  17,000,000  gals,  per  acre 
daily. 

As  was  explained  in  the  last  report,  the 
comparative  bacterial  results  on  these  four 
filters  have  licen  somewhat  disappointing,  ow- 
ing to  tlic  fact  that  secondary  growths  of  bac- 
teria have  occurred  from  time  to  time  within 
the  filters,  resulting  in  high  numbers  of  bac- 
teria in  the  efilluents  which  have  entirely  ob- 
scured the  relative  removal  of  the  usual  water 
bacteria.  For  this  reason  the  average  room 
temperature  counts  on  all  of  these  filters  are 
higher  than  those  usually  found  in  the  efflu- 
ents from  properly  designed  and  operated 
water  filters,  and  the  highest  result  is  to  be 
observed  in  the  effluent  from  the  filter  which 
was  operated  at  the  lowest  rate.  In  the  elim- 
ination of  the  types  of  bacteria  growing  at 
body  temperature,  however,  the  best  result 
was  obtained  with  the  filter  operating  at  the 
lowest  rate  and  the  poorest  result  with  that 
operating  at  the  highest  rate,  although  the 
differences  are  relatively  small.  While  the 
average  body  temperature  counts  are  not 
higher  than  those  frequently  found  in  many 
reasonably  good  water  supplies,  much  higlier 
counts  were  found  at  times,  and  in  this  re- 
spect the  effluent  from  l'"ilters  Xos.  410.  and 
420  was  at  times  far  above  the  limit  which  is 
generally  considered  safe.  In  the  removal  of 
R.  coli.  a  regular  graduation  is  to  be  observed 
in  the  results,  the  relative  occurrence  of  that 
organism  in  the  filtered  water  increasing  with 
the  rates  at  which  the  different  filters  were 
operated.  A  similar  effect  is  to  be  noted  in  the 
chemical  quality  of  the'  effluents  from  these 
filters,  in  general  the  amounts  of  color,  free 
ammonia  and  albuminoid  ammonia  being  high- 
er as  the  rate  of  filtration  increased.  Inci- 
dentally, also,  the  amounts  of  nitrates  in  these 
effluents  also  increase  with  the  rates,  althtnigb 
the  rcver.<e  might  have  been  predicted  from 
the  other  chemical   results. 

nOUBI.E  riLTR.\TION. 

Clarification  by  Ufward  Filtralinii  lhrcuf,h 
Coarse  Material  follmoed  bv  Sand  Filtration. 
Fitters  Nos.  3S9  and  ^W.-^Filter  No.  .^89, 
1/2000  of  an  acre  in  area,  was  first  put  into 
operation  on  ,\pril  14,  1910.  This  filter  is  con- 
structed of  6  ins.  in  depth  of  wood  charcoal 
supported  upon  a  %-in.  mesh  galvanized  wire 


screen  placed  12  ins.  above  the  bottom  of  the 
tank.  Overlying  the  charcoal  and  separated 
from  it  by  a  %-in.  mesh  copper  screen  is  24 
ins.  in  depth  of  broken  stone  pebbles  of  an  ef- 
fective size  of  4.4  mms.  The  canal  water  en- 
ters at  the  bottom,  passes  upward  through  the 
filter  material,  and  overflows  through  an  orifice 
placed  3  ins.  above  the  surface  of  the  stone,  the 
available  loss  of  head  with  the  filter  in  opera- 
tion being  about  10  ins.  From  .April  (i  to  Dec. 
1,  1911,  this  filter  was  not  operated,  but  on 
December  2  it  was  again  put  into  operation  at 
a  rate  of  5,000,000  gals,  per  acre  daily.  On 
January  15  the  rate  was  increased  to  7,500,000 
gals.,  and  on  February  1  the  rate  was  again 
increased  to  10,000.0(J0  gals,  per  acre  daily,  at 
which  rate  the  filter  was  operated  during  the 
remainder  of  the  year.  When  the  filter  be- 
comes clogged  to  such  an  extent  that  the  water 
will  not  pass  through  at  the  prescribed  rate,  it 
has  been  the  practice  to  remove  the  clogging 
matters  by  reversing  the  flow  through  the  filter 
for  a  short  time.  Upon  starting,  the  filter  was 
operated  for  a  period  of  79  days  before  wash- 
ing by  reversed  flow  became  necessary.  Since 
that  time,  however,  it  has  been  necessary  to 
reverse  the  current  about  once  in  six  days,  or 
33  times  during  the  year,  the  maximum  period 
during  which  the  filter  could  be  operated  with- 
out washing  being  about  18  days.  The  aver- 
age volume  of  w-ater  filtered  between  washings 
has  been  about  05,000,000  gals,  per  acre,  and 
the  maximum  quantity  filtered  during  any  sin- 
gle  run   was   about   159.000.000   gals,   per   acre. 

Secondary  Filter  No.  286  was  first  put  into 
operation  on  Jan.  2(1,  19()G.  This  filter  is 
l/2O(J0O  of  an  acre  in  area,  and  in  1912  con- 
tained about  31  ins.  in  depth  of  sand  of  an  ef- 
fective size  of  about  0.21mni.  During  the  past 
few  years  Filter  No.  286  has  been  operated  as 
a  secondard  filter,  receiving  the  effluent  from 
pre-Filter  No.  .331.  Beginning  January  22,  and 
continuing  throughout  the  year,  the  effluent 
from  upward-flow  Filter  No.  389  has  been  ap- 
plied to  Filter  No.  286  at  a  rate  of  5,(X)0.000 
gals,  per  acre  daily.  As  was  the  custom  with 
the  earlier  water  filters  at  the  station,  the  sur- 
face of  this  filter  has  always  been  scraped 
when  necessary  to  relieve  clogging,  but  since 
ihe  filter  has  usually  received  water  which  has 
already  been  filtered,  surface  treatment  has 
been  required  only  at  comparatively  infre- 
quent intervals.  During  the  period  from  De- 
cember 1  to  July  2  the  surface  of  this  filter 
was  scraped  six  times,  or  on  an  average  of 
about  once  in  31  days,  the  average  volume 
of  water  passed  between  scrapings  being  about 
143.000,000  gals,  per  acre.  After  scraping  on 
Jidy  2  no  further  surface  treatment  of  this 
filler  was  needed  during  the  remainder  of  the 
year,  a  period  of  147  working  days,  in  which 
the  filter  passed  over  000,000,000  gals,  of  water 
per  acre. 

The  bacterial  results  obtained  with  Filter 
Xo.  389  after  its  long  rest  were  much  the  same 
as  would  have  been  obtained  with  a  new  filter. 
During  December  and  January,  however,  this 
filter  gradually  came  into  maturity,  and  dur- 
ing the  remainder  of  the  year  the  results  were 
remarkable  when  the  depth  and  character  of 
the  filtering  material  are  taken  into  consider- 
ation. During  the  last  ten  months  of  the  year 
the  average  reduction  in  the  room  tempera- 
ture counts  was  over  92  per  cent,  the  reduction 
in  the  body  temperature  counts  was  about  8.3 
per  cent,  and  about  45  per  cent  of  the  sam- 
ples were  free  from  B.  coli.  as  shown  by  tests 
of  1  c.  c.  In  March,  April  and  June  the  room 
temperature  counts  on  samples  from  this  filter 
were  as  low  as  those  which  have  been  ob- 
tained on  the  effluents  from  many  sand  filters 
operated  at  much  lower  rates,  while  during 
May  B.  coli  were  not  foimd  in  any  of  the 
samples.  The  body  temperature  counts,  how- 
ever, have  never  Iieen  sufficiently  low  to  per- 
nut  the  effluent  from  this  filter  to  be  classed 
with  those  from  good  sand  filters. 

The  effluent  from  Filter  No.  389  has  been 
collected  and  pumped  at  intervals  to  a  supply 
tank,  from  which  it  has  been  applied  to  sec- 
ondary h'ilter  No.  286.  .After  storage  in  these 
tanks  an  increase  has  been  frequently  noted 
in  the  room  temperature  counts,  and  also  at 
times  in  the  body  temperature  counts,  and  in 
the  relative  occurrence  of  B.  coli  in  the  water. 


During  the  last  ten  months  of  the  year  the 
increase  in  the  room  temperature  counts 
ranged  from  75  to  over  4.000  per  cent,  and 
averaged  about  650  per  cent.  During  five  of 
these  ten  months  there  was  a  decrease  vary- 
ing from  7  to  over  60  per  cent  in  the  body 
temperature  counts  on  this  water  after  storage, 
but  during  the  remaining  five  months  there 
was  an  increase  in  these  counts  varying  from 
8  to  about  270  per  cent.  During  July  and 
October  also,  B.  coli  were  found  somewhat 
more  frequently  in  the  stored  water  than  m 
the  effluent  from  the  filter.  The  multiplica- 
tion of  bacteria  capable  of  growing  at  body 
temperature  in  this  storage  tank  is  of  par- 
ticular significance.  It  is  quite  generally  rec- 
ognized that  there  may  be  a  large  increase  in 
the  numbers  of  bacteria  in  water  during  stor- 
age, but  it  has  generally  been  assumed  that 
such  bacteria  were  harmless  saphrophytic 
forms,  and  that  the  types  of  bacteria  which 
grow  at  body  temperature  were  incapable  of 
multiplication  in  water  at  the  usual  tempera- 
tures. This  assumption  has  hitherto  been 
based  upon  the  results  of  qualitative  tests  for 
organisms  of  the  colon  type,  and  has  been  un- 
supported'by  regular  quantitative  counts.  The 
results  obtained  in  this  experiment,  how-ever, 
are  conclusive  evidence  that  the  types  of  bac- 
teria which  are  determined  on  the  body  tem- 
perature plates  can,  and  under  certain  con- 
ditions do,  multiply  in  water  during  storage, 
and,  furthermore,  this  evidence  is  supported 
by  the  results  of  the  qualitative  B.  coli  tests. 
As  to  whether  any  of  the  disease-producing 
types  would  multiply  under  the  same  condi- 
tions cannot  be  determined,  but  it  is  more 
reasonable  to  assume  that  they  might  do  so 
than  to  assume  that  they  are  incapable  of  do- 
ing so.  During  the  four  months  March  to 
June,  inclusive,  the  effluent  from  Filter  No. 
286  contained  low  numbers  of  bacteria  and 
was  generally  of  good  quality.  During  the 
remainder  of  the  year,  however,  the  bacterial 
efficiency  of  the  filter  has  been  low,  and  high 
counts  at  both  temperatures  have  been  the 
rule.  This  may  be  attributed  in  part  to  the 
fact  that  there  was  practically  no  suspended 
matter  in  the  applied  water  to  build  up  a  sur- 
face film  on  the  filter,  and  that  the  applied 
water  contained  relatively  large  numbers  of 
bacteria  which  were  able  to  pass  through  the 
filter  practically  unchecked.  This  period  of 
low  bacterial  efficiency  coincides  with  the  long 
period  previously  mentioned,  when  the  filter 
was  operated  without  surface  treatment  being 
necessary.  The  high  numbers  of  bacteria  in 
the  effluent  from  the  filter  cannot  be  ascribed 
to  growths  within  the  filter  as  in  the  case  of 
Filters  Nos.  117  to  420,  inclusive,  previously 
noted,  for  although  an  increase  in  the  bacterial 
content  of  the  water  during  its  passage  through 
this  filter  was  noted  in  a  few  instances,  the 
specific  types  of  bacteria  always  present  when 
such  growths  have  been  noted  in  other  filters 
were  absent  from  the  plates  made  from  sam- 
ples obtained  from  this  filter. 

S.\Pin    FILTRATION    WITH    FERRIC    SfLPHATE    AS    A 
COAGULANT. 

Filter  No.  j^ri.— Filter  No.  336,  1/40000  of  an 
acre  in  area  and  constructed  of  24  ins.  in  depth 
of  sand  of  an  effective  size  of  0.35  mm.,  was 
first  put  into  ojieration  on  Dec.  3,  1907.  In 
previous  years  the  water  applied  to  this  filter 
has  been  treated  with  sulphate  of  alumina  and 
soda  ash  before  filtration.  In  1909  some  studies 
with  another  lilter  indicated  that  a  successful 
coagulation  of  the  water  could  be  obtained 
with  ferric  sulphate,  and  that  with  this  co- 
agulant the  addition  of  soda  ash  or  other  al- 
kali to  the  water  was  not  necessary.  Through- 
out 1912  ferric  sulphate  has  been  used  as  a 
coagulant  for  the  w^ater  applied  to  Filter  No. 
336,  the  amotmts  ad.ded  being  varied  to  de- 
termine the  effect  of  varying  conditions  in  the 
process. 

From  December  13  to  January  14,  inclusive, 
the  filter  was  operated  at  a  rate  of  100,000,000 
gals,  per  acre  daily,  and  ferric  sulphate  was 
added  to  the  water  in  amounts  varying  from 
1.5  to  2.25  grains  per  gallon.  Operating  at 
this  rate  there  was  a  period  of  about  3%  hours 
for  coagulation  and  sedimentation  before  the 
treated  water  entered  the  filter.  With  the 
smaller  amounts  of  coagulant  the  removal  of 
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bacteria  and  organic  matter  by  the  filter  was 
comparatively  sliglit.  while  with  the  larger 
amounts  the  coagulant  was  only  partly  decom- 
posed and  the  filtered  water  was  badly  dis- 
colored with  iron.  As  it  was  evident  that  the 
time  allowed  for  the  reaction  of  the  coagulant 
with  the  water  was  altogether  too  short,  on 
January  l-")  the  rate  of  the  filter  was  reduced 
to  .")0.0()il,000  gals,  per  acre  daily,  and  the  co- 
agulation period  thereby  increased  to  about 
6V2  hours.  From  January  1-5  to  March  -3 
ferric  sulphate  was  added  to  the  applied  water 
in  the  proportion  of  4..5  grains  per  gallon; 
from  March  4  to  May  23  in  the  proportion  of 
3.5  grains  per  gallon;  and  from  May  24  to 
July  24  in  the  proportion  of  2.5  grains  oer 
gallon.  During  each  of  these  periods  the  filter 
effluent  was  low  in  color,  bright  and  of  good 
appearance,  and  it  was  evident  that  the  re- 
actions between  the  ferric  sulphate  and  the 
water  were  being  completed  in  the  coagulation 
basin.  In  all  three  periods,  also,  the  removal 
of  the  types  of  bacteria  determined  at  body 
temperature  was  entirely  satisfactory,  and  R. 
coli  were  seldom  found  in  the  filtered  water. 
The  reduction  in  the  room  temperature  counts, 
however,  was  not  entirely  satisfactory  during 
the  first  period,  although  during  the  last  two 
periods  when  smaller  atnounts  of  chemical 
were  used  the  total  bacterial  efficiency  of  the 
process  was  over  99  per  cent,  and  the  effluent 
ivas  uniformly  of  good  bacterial  quality.  From 
Julv  24  to  October  1  the  amount  of  coagulant 
added  was  reduced  to  1.5  grains  per  gallon. 
With  the  smaller  amounts  of  chemical  an  in- 


crease occurred  in  the  bacteria  in  both  the 
effluent  from  the  coagulation  basin  and  the 
effluent  from  the  filter,  and  most  of  the  sam- 
ples were  of  poor  quality.  During  this  pe- 
riod, also,  the  effluent  from  the  filter  was 
stained  with  iron,  and  it  was  apparent  that 
the  decomposition  and  removal  of  the  ferric 
sulphate  was  incomplete.  On  October  2  the 
proportion  of  ferric  sulphate  was  increased  to 
2.0  grains  per  gallon,  and  this  was  the  amount 
used  until  the  end  of  the  year.  During  this 
period  the  removal  of  bacteria  by  this  process 
was  less  than  75  per  cent,  and  the  majority  of 
the  samples  of  the  filter  effluent  were  stained 
with  iron. 

These  studies  show  that  ferric  sulphate  may 
be  used  as  a  coagulant  for  waters  such  as  the 
Merrimack  River,  but  that  inasmuch  as  the  re- 
actions between  the  water  and  the  ferric  sul- 
phate require  much  more  time  than  is  the  case 
with  sulphate  of  alumina,  much  larger  coag- 
ulation basins  nnist  be  provided  or  the  filters 
must  be  operated  at  correspondingly  lower 
rates.  The  use  of  ferric  sulphate  as  a  coagu- 
lant in  water  filtration  has  received  little  at- 
tention, and  the  diflferent  factors  which  in- 
fluence its  reactions  with  the  dissolved  mat- 
ters in  waters  are  comparatively  unknown. 
That  these  reactions  may  be  completed  in 
many  cases  without  the  addition  of  alkalies 
to  the  water  is  proved  by  the  excellent  results 
obtained  during  the  summer,  when  the  alkali 
naturally  present  in  the  river  water  was  en- 
tirely destroyed  and  the  effluent  from  the  co- 


agulation basin  was  acid.  During  later  pe- 
riods, however,  the  coagulant  was  not  com- 
pletely decomposed  in  the  water,  although  ap- 
parently there  was  sufficient  alkali  present 
for  the  purpose.  Much  more  study  of  the 
process  under  a  variety  of  conditions  and  a 
thorough  investigation  of  the  chemistry  of 
the  process  are  necessary  before  the  conditions 
luider  which  a  uniformly  satisfactory  coagula- 
tion of  water  by  this  chemical  can  be  deter- 
mined. 

Owing  to  its  unstable  nature,  ferric  sulphate 
is  not  a  commercial  product,  but  its  produc- 
tion frorri  copperas  could  be  accomplished  in 
the  chemical  tanks  common  to  any  rapid  fil- 
tration plant  without  serious  difficulty.  The 
ferric  sulphate  used  in  these  experiments  was 
prepared  in  the  laboratory  by  the  oxidation  of 
commercial  copperas  with  nitric  acid  with  the 
addition  of  the  theoretical  amount  of  com- 
mercial sulphuric  acid.  Prepared  in  this  man- 
ner, the  cost  of  ferric  sulphate  at  Lawrence 
would  be  about  $34  per  ton,  but  with  proper 
facilities  this  cost  might  be  reduced  to  about 
$27  per  ton  by  the  use  of  commercial  sodium 
nitrate  and  sulphuric  acid  instead  of  nitric 
acid.  On  the  basis  of  $34  per  ton  during  the 
periods  when  satisfactorj'  coagulation  was  ob- 
tained, the  cost  for  ferric  sulphate  would  have 
been  about  $G  per  1,000,000  gals.,  or  about  S1.42 
per  1,000,000  pals,  more  than  for  the  amounts 
of  sulphate  of  alumina  and  soda  ash  which 
previous  experience  has  shown  it  would  have 
been  necessary  to  use. 
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Management  of  Irrigation   Systems. 

Contributed  by  Robert  S.  Stoc-kton.  .\r.  Am. 
Soc.  C.  E.,  Superintendent  of  Operation  and 
Maintenance,  Western  Section.  Canadian  Pacific 
P.y.,  Irrigation  Block,   Strathmore,  Alberta. 

It  is  desired  to  express  here  a  few  of  the 
opinions  and  ideas  resulting  from  some  years 
of  observation  and  experience  in  connection 
with  the  construction,  operation  and  mainte- 
nance of  irrigation  systems  with  especial 
reference  to  the  viewpoint  of  the  manage- 
ment. 

Organicatioit. — There  are  two  essential 
requisites  for  the  proper  organization  of  a 
force  sufficient  to  operate  and  maintain  a 
sizeable  irrigation  system.  First,  the  irriga- 
tion mana.ger  or  superintendent  in  charge  of 
the  system  should  be  an  irrigation  engineer 
or  an  engineer  experienced  in  irrigation  work 
who  has  good  executive  ability  and  character 
to  inspire  confidence  among  the  water  users; 
second,  the  watermaster  in  charge  of  the  de- 
livery of  water  and  maintenance  work  and 
the  handling  of  the  ditchriders  in  a  limited 
district  should  be  a  practical  man  with  a 
sound  experience  in  ditch  work  and  irriga- 
tion farming  whom  all  can  respect  and  whose 
authority  will  not  be  questioned.  The  \vater- 
master  is  the  backbone  of  the  organization, 
especially  where  inexperienced  ditchriders 
must  be  used  or  where  the  ditchriders  arc 
hired  for  a  portion  of  the  year  only,  and  con- 
■^'■quently  likely  to  be  changed  each  season, 
1  lie  watermaster"s  district  is  properly  laid 
iiit  when  he  can  drive  to  any  point  in  it  arid 
return  to  his  headquarters  in  a  day,  and  will 
usually  contain  from  lo.OOO  acres  to  30,<H"I 
acres  of  irrigable  land  depending  on  the 
layout  of  the  system,  size  of  farm  units,  lo- 
cation of   roads,  towns,   railway  lines,   etc. 

The  economical  and  safe  delivery  of  water 
depends  on  having  rclialile  and  energetic  ser- 
vice from  the  ditchriders,  who  are  preferably 
young  men.  The  ditchridcr  can  cover  from 
20  to  25  miles  per  dav,  and  generally  has  from 
2,000  acres  to  5,000'  acres  of  irrigable  land 
or  a  length  of  main  canal.  Tlu-  ditchridcr 
should  be  quartered  as  near  the  headgates  of 
his  main  laterals  as  possible 

For  the  position  of  ditchridcr  it  is  desirable 
to  have  me'ii  who  are  capable  and  willing  to 
do  hard  manual  labor,  and  who  can  be  de- 
pended  upon   under  all  conditions  to  get  out 


early  m  the  morniiig  and  late  at  night,  or 
jump  in  the  water,  if  need  be,  to  attend  to 
their  many  duties.  The  ditchridcr  must  be 
willing  to  take  an  intelligent  interest  in  keep- 
ing the  structures,  ditches,  and  right  of  way 
fences  in  repair  at  the  smallest  possible  cost, 
doing  as  much  of  this  work  as  possible  in 
connection  with  his  duties  in  delivering  water. 
The  ditchriders  must  be  able  to  make  clear 
and  accurate  reports,  and  learn  to  put  in 
small  structures  of  timber  and  concrete,  as 
well  as  to  handle  teams  properly  on  grading 
work.  Not  the  least  part  of  the  ditchriders 
duty  is  to  learn  the  best  methods  of  handling 
water  in  irrigating  the  land,  the  duty  of  water 
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work,  and  who  would  then  lie  in  line  for  pro- 
motion to  watermaster.  The  conditions  neces- 
sitate a  large  permanent  force,  since  the  com- 
pany is  responsible  for  individual  delivery  of 
water,  and  there  are  few  experienced  men 
available  and   even   common   labor  is  scarce. 

The  larger  the  organization,  the  more  im- 
portant it  becomes  to  educate  the  force  so  that 
promotion  becomes  feasible.  This  policy  gives 
each  member  something  to  work  for  and  look 
forward  to,  and  cements  the  loyalty  of  the 
organization. 

The  Watermasters  have  also  reporting  to- 
tliem  the  foremen  of  any  grading  or  repair 
crews  required.     Ditchriders  are  used  as  fore- 
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Fig.     1.      Folding     Steel     Weir     for     Use     of     Watermasters    and    Ditchriders. 


on  various  crops,  and  the  best  methods  of 
farming.  On  the  Western  Section  of  the 
Canadian  Pacific  Ry.  Cn.'s  Irrigation  Block, 
provision  is  made  for  four  gr.ides,  as  fol- 
lows: .Assistant  Ditchriders  employed  as  re- 
quired during  the  season;  Ditchriders,  who 
are  employeil  by  the  year  and  have  houses 
furnished  them  and  are  in  charge  of  a  dis- 
trict ;  District  Ditchriders,  who  liave  charge 
of  a  district  and  have  length  of  service  and 
knowledge  of  grading  and  structure  work; 
Foremen  Ditchriders,  who  have  usually  been 
promoted  from  District  Ditchridcr  after 
showing  special   ability   in   linndling  men   and 


men  ;is  much  as  possible  when  the  water  is 
not  nnining,  as  a  matter  of  economy  and  also 
to  develop  experienced  men  who  may  be 
priimoted. 

The  superintendent  or  irrigation  manager 
will  have  such  engineering  assistance  as  cir- 
cumstances require.  (Jn  very  large  projects 
an  assistant  engineer  or  superintendent  will 
be  required  over  each  unit  of  the  work.  To 
illustrate,  it  may  be  stated  that  the  above 
mentioned  project  has  three  secondary  canals, 
each  serving  100,000  acres  more  or  less  of 
irrigable  land  and  each  under  an  engineer 
entitled,    "Canal    Superintendent"    for    secon- 
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dary  A.  B,  or  C  system  respectively.  On 
other  projects  a  reservoir  system  or  pumping 
plant  may  call  for  engineering  direction  and 
management.  Under  the  responsible  engineer- 
ing heads  will  be  such  instrument  men  and 
field  parties  as  are  necessary.  On  large  ir- 
rigation works  there  is  almost  always  a  cer- 
tain amount  of  construction  work  turned 
over  to  the  operation  force  on  completion  of 
the  main  features,  as  it  usually  is  not  economy 
to  complete  all  details  of  the  system  until 
settlement  and  use  has  justified  further  ex- 
penditure. This,  coupled  with  betterment 
work  where  unforseen  conditions  have  devel- 
oped, and  the  renewals  where  wooden  struc- 
tures have  been  installed,  call  for  a  good 
engineering  organization  which  should  link 
witli  the  strictly  operating  force  as  described. 
Large  proiects  can  afford  the  services  of  a 
hydrographer  to  make  current  meter  measure- 
ments, install  gages  and  meters  and  accumu- 
late a  variety  of  data  in  regard  to  evapora- 
tion and  seepage  losses,  duty  of  water,  etc. 
The  hydrographer  should  be  placed  in  charge 
of  the  water  records  and  may  be  employed 
in  the  winter  in  working  up  the  rating  curves 
and  compiling  statistics. 

The  accounting  and  cost  keeping  system 
under  the  charge  of  a  Chief  Clerk  will,  of 
course,  vary  under  different  management 
from  the  elaborate  and  complete  system  of 
the  United  States  Reclamation  Service  down 
to  the  comparatively  simple  set  of  books  kept 
on  some  of  the  smaller  proiects.  In  a  gen- 
eral wav  there  must  be  an  accounting  of  all 
money  spent  and  received;  equipment  must 
be  inventoried  at  intervals,  and  the  cost  of 
work  determined;  Usually  the  money  must 
be  debited  or  credited  to  some  fund  or  ap- 
propriation. .'\nother  matter  is  the  up-to- 
date  record  of  the  land  ownership  and  pay- 
ment of  maintenance  dues  or  assessments. 

It  is  considered  good  policy  to  have  the 
superintendents,  watermasters,  and  ditch- 
riders — in  other  words,  all  persons  in  respon- 
sible charge  of  work  keep  a  daily  diary  cov- 
ering briefly  all  matters  of  importance  in 
connection  with  water  deliveries,  contro- 
versies, breaks,  damages  and  repairs,  new- 
construction,  crops,  weather,  etc.  The  sig- 
nificant dates  and  matters  likely  to  arise  in 
dispute  are  thus  made  a  matter  of  record 
available  for  use  in  the  courts,  if  necessary. 
and  are  of  invaluable  assistance  to  the  man- 
agement in  any  event.  The  ditchriders  in  ad- 
dition record  in  their  diaries  the  gage  read- 
ines.  changes  in  gates  or  stop  planks,  the  ex- 
act time  of  turning  on  or  off  water  to  any 
lateral  or  any  water  user.  This  data  is  copied 
into  the  report  forms  required  to  be  sent 
into  the  office.  An  intelligent  interest  must  be 
taken  in  writing  the  diary,  and  care  should 
be   taken   to   write   legibly  and   concisely. 

Telephone  System. — A  proper  telephone 
service  on  a  big  canal  system  occupies  the 
same  relation  to  running  water  that  it,  or  the 
telegraph,  does  in  the  operation  of  the  train 
service.  It  must  be  conceded  then  that  the 
telephone  service  is  of  the  first  importance. 
The  constructing  engineers  have  recognized 
this  fact,  and  usually  nowadays  the  telephone 
.system  is  built  in  advance  of  the  heavy  con- 
struction work  on  the  canals  and  ditches  so 
as  to  Iienefit  by  its  use  during  the  construction 
period.  It  is  desirable  to  have  a  metallic  cir- 
cuit, and  it  is  economy  to  build  a  first-class 
line  wherever  its  location  can  be  permanently 
useful  to  the  operation  force.  As  ordinarilv 
arranged,  12  to  ].5  instruments  may  be  used 
on  one  line  which  is  built  to  serve  one  imit 
of  the  work  and  connects  with  a  switchboard 
at  headquarters.  The  number  of  lines  de- 
pends on  the  size  and  topography  of  the 
project.  It  is  desirable  to  have  e„ch  water- 
master  and  ditchrider  provided  with  a  tele- 
phone instrument  so  arranged  that  all  may 
be  called  from  the  switchboard,  and,  if  pos- 
sible, so  that  each  watermaster  can  call  his 
ditchrider  direct.  This  is  especially  necessary 
where  a  central  operator  is  not  continuously 
on  duty.  The  desirability  of  a  separate  tele- 
phone system  covering  the  irrigation  system 
depends  on  the  necessity  for  service,  Mth 
day  and  night,  and  with  facilities  for  long 
■^nversations    without    delaying    public    busi- 


ness, and  further,  some  at  least  of  the  canals 
are  likely  to  he  out  of  reach  of  public  tele- 
phone systems.  It  is  very  desirable  to  have 
each  watermaster  connected  with  the  public 
system  that  serves  the  community,  both  as  a 
help  in  receivine  news  of  a  break  in  a  ditch 
from  any  private  person  and  also  as  a  con- 
venience to  the  water  users  in  giving  notice  of 
their  requirements.  In  the  case  of  the  tele- 
phone, true  economy  consists  in  having  the 
best  installation  and  most  complete  service 
that  is  practicable.  A  single  break  in  a  large 
canal  might  cost  thousands  of  dollars  in  some 
cases,  and  the  telephone  is  the  greatest  aid 
in  prevention  and  in  ensuring  prompt  action 
when  a  disaster  has  occurred.  Where  a  tele- 
phone line  crosses  the  irrigation  system  at 
important  points  away  from  the  different  call 
stations  it  is  advisable  to  use  iron  pole  sets 
or  build  small  booths  where  the  ditchrider 
may  call  at  a  certain  hour  by  appointment  or 
call  at  any  time  if  he  desires  to  do  so.  The 
booth  phone  is  placed  imder  a  switch,  which 
is  thrown  out  when  the  phone  is  not  in  use 
.so  as  not  to  weight  the  line.  .(Mmost  any 
number  of  additional  instruments  can  then 
be  used  on  a  line.  Suppose  such  an  arrange- 
ment reduces  the  distance  a  ditchrider  must 
go  to  give  an  alarm  in  case  of  emergency  by 
3  or  4  miles,  the  time  thus  saved  may  save 
the  canal;  and  it  must  be  kept  in  mind  that 
the  cost  of  the  break  or  interruption  to  ser- 
vice, from  whatever  cause,  is  usually  mainly 
in  the  crop  depending  on  water,  rather  than 
on   the  cost  of  repairs  to  the  ditch  itself. 

Delivery  of  Water. — The  delivery  of  water 
by  rotation  should  be  insisted  on  as  the  gov- 
erning principle  in  every  irrigation  project,  as 
it  brings  about  the  best  results  to  the  water 
user,  the  most  economical  use  of  water,  and 
the  smallest  construction  cost.  This  means 
that  the  farmer  has  time  to  cultivate  as  well 
as  irrigate  his  crop,  and  that  there  is  more 
land  under  irrigation  and  less  damage  from 
seepage.  If  a  man  irrigates  2  acres  per  day 
with  1  sec.  ft.  of  water  he  can  probably  irri- 
gate .5  or  6  acres  with  2  sec.  ft.,  and  with 
flood   irrigation    go   over   rougher   ground. 

The  watermasters  and  ditchriders  respon- 
sible for  the  delivery  must  arrange  for  the 
impartial  and  prompt  deliverv  of  water  on 
written  notice  from  qualified  applicants,  in 
sufficiently  large  heads  to  ensure  rapid  irri- 
gation when  needed.  For  field  crops  a  head 
of  2  cu.  ft.  per  second  should  be  sufficient 
for  each  unit  of  80  acres  or  separate  hold- 
ing of  40  to  SO  acres.  Larger  tracts  may  be 
considered  as  multiples  of  80  acres  and 
served  accordingly.  For  best  results  in  most 
districts  in  the  middle  west  each  owner 
should  be  entitled  to  the  use  of  water  for 
half  of  the  time  during  each  week  through 
the  critical  portion  of  the  growing  season, 
lint  good  results  may  be  had  with  less  water. 
The  total  amount  of  water  used  in  the  sea- 
son varies  with  the  soil,  slope,  kind  of  crop, 
thoroughness  of  cultivation,  skill  of  the 
irrieator.  method  of  irrigation,  and  nat- 
ural rainfall.  Since  the  natural  rainfall 
varies  from  season  to  season,  both  in  time 
and  amount,  and  all  the  conditions  differ 
greatly  in  different  districts  or  portions  of  the 
same  district,  the  duty  of  water  is  seen  to 
be  a  variable  amount.  The  fact  that  the  duty 
is  subject  to  so  many  variables  makes  it 
doubly  important  to  determine  for  each  dis- 
trict safe  values  under  average  conditions, 
and  the  minimum  amount  required  under  the 
worst  conditions  for  the  guidance  of  irriga- 
tion engineers,  managers,  and  judges  em- 
powered to  grant  water  right  decrees  or  leg- 
islators concerned  with  laws  affecting  the 
water  rights.  The  water  rights  of  most  ir- 
rigation systems  entitle  the  owners  to  a  cer- 
tain amount  of  water  by  continuous  flow  dur- 
ing the  irrigation  season  from  certain  natural 
sources.  In  order  that  this  be  used  to  the 
best  advantage  it  is  not  only  necessary  to  de- 
liver the  supply  by  rotation  to  the  water  users, 
but  also  to  conserve  by  means  of  storage 
reservoirs  in  order  to  meet  the  concerted  re- 
quirements of  certain  crops  and  the  general 
heavy  irrigation  of  most  crops  in  the  early 
summer.  The  number  and  distribution  of 
the  high  points  in  the  curve  representing  the 


water  used  for  irrigation  varies  with  the 
crop,  district,  season,  etc.,  but  must  be  met  to 
ensure  economical  use  of  water  and  satisfac- 
tory deliveries.  The  reservoirs  may  be  part 
of  some  independent  system  and  the  water 
traded  back  and  forth  as  in  the  Cache  La 
Poudre  District  in  Northern  Colorado  or  be  a 
part  of  such  ditch  system  in  the  drainage 
area  considered,  but  a  reservoir  system  of 
some  kind  is  necessary  on  streams  where 
there  is  land  fully  to  utilize  the  water.  The 
water  user  should  co-operate  with  the  man- 
agement of  the  irrigation  system  from  which 
water  is  received  by  smoothing  and  grading 
the  land  for  irrigation  and  by  building  suit- 
able head-ditches,  field  laterals,  furrows  and 
checks,  so  that  water  may  be  handled  rapidly, 
effectively  and  without  undue  waste.  The 
duty  of  water  can  easily  be  reduced  one- 
half  by  rough  land,  poor  ditches,  and  waste- 
ful careless  methods.  The  water  user  should 
sufficiently  diversify  the  crops  planted  so 
that  not  all  his  land  requires  water  at  once, 
and  he  should  arrange  his  ditches  and  work 
so  that  water  can  be  used  effectively  both  day 
and  night  during  the  period  of  rotation. 

It  is  believed  to  be  usually  best  for  the 
ditch  company  to  build  the  lateral  or  dis- 
tributary ditches  to  deliver  to  the  boundary 
of  each  farm  unit.  This  will  ensure  the  con- 
sistent location  of  the  ditches  and  the  settle- 
ment of  right  of  way  matters ;  it  will  secure 
ditches  of  uniform  construction  and  ample 
size.  This  is  especially  desirable  where  the 
holdings  are  raw  lands  and  perhaps  many  of 
the  landowners  inexperienced  in  ditch  build- 
ing and  the  handling  of  water.  Such  new 
settlers  have  their  hands  very  full  for  the 
first  few  years  in  breaking  up  and  reclaim- 
ing their  land  and  grading,  and  building  the 
small  ditches  required  on  each  tract.  LTnder 
these  circumstances,  and  for  obvious  reasons 
it  is  desirable  that  the  ditch  company  operate 
the  system  and  make  the  water  deliveries  for 
the  first  few  years,  .\fter  habits  have  been 
formed,  the  land  brought  under  irrigation,  the 
property  values  placed  on  a  sound  basis,  and 
tradition  established,  it  is  desirable  to  en- 
courage, and,  if  the  laws  and  conditions  per- 
mit, dictate  the  co-operative  handling  of  at 
least  the  smaller  units  of  the  system.  Many 
of  the  older  private  ditch  companies  have 
drifted  to  co-operative  management  by  the 
shareholders,  who  are  the  land  owners  under 
the  ditch.  The  United  States  Reclamation 
.•\ct  specifically  provides  for  the  co-operative 
management  of  the  system  after  a  majority 
of  the  payments  have  been  made.  In  other 
cases  the  ditch  company  is  a  carrier  of  water 
in  main  canals  and  delivers  to  water  users 
associations  covering  each  main  distributory 
ditch  or  unit  of  the  system. 

Unless  the  ditch  company  is  organized  to 
make  money  out  of  carrying  the  water  it  is 
better  to  provide  in  the  w-ater  contract  for  a 
water  users  association  and  c^-op;rative  hand- 
ing of  the  system.  If  the  company  makes 
its  money  out  of  carrying  the  water  then  it 
should  be  reduced  to  a  wdiolesale  business,  if 
possible,  by  delivering  to  the  main  distribut- 
ing ditches.  It  is  usually  the  best  policy  in 
the  first  place  to  put  all  the  profits  and  costs 
on  to  the  land  itself  and  provide  for  co-op- 
erative management  as  above.  If  this  policy 
is  adopted,  then  while  part  of  the  land  is 
unsold  it  represents  just  so  many  shares  in 
the  Water  Users'  .Association,  which  would 
be  voted  by  the  company  and  the  mainte- 
nance assessments  paid  as  in  the  case  of  any 
common  shareholder.  The  Water  Users'  As 
sociation  is  organized  under  the  law,  and 
may  have  a  President.  Secretary,  Treasurer 
and  three  or  more  Directors  who  are  elected 
bv  the  shareholders  and  are  entrusted  with 
the  management  of  the  system  for  one  year. 
One  or  more  ditchriders  are  selected  and  re- 
pairs made  as  required.  The  finances  are 
handled  by  borrowing  money  at  the  bank,  if 
necessary,  for  the  disbursements  and  collect- 
ing the  assessments  at  a  proper  date,  with  an 
interest  penalty  for  non-payment  large  enough 
to  cover  the  interest  paid  to  the  bank.  The 
by-laws  provide  for  a  lien  against  the  land 
for  the  water  assessments  and  a  right  to  cut 
off   the   deliverv   after   a    certain    date   if   the 
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assessment  is  still  unpaid.  In  this  way  there 
is  no  embarrassment  or  failure  to  make  re- 
pairs promptly  for  lack  of  funds.  The  old 
practice  of  depending  on  the  farmers  to  work 
out  their  assessments  will  not  work  well 
except  on  the  very  smallest  units,  since  there 
are  always  delays  and  trouble.  The  farmer 
may  work  on  the  ditch,  and  is  encouraged  to 
do  so  and  always  given  the  preference,  but 
puts  in  his  time  and  is  paid  regardless  of  his 
being  a  shareholder.  He  can.  of  course,  take 
the  money  earned  on  the  ditch  and  pay  his 
assessment,  but  this  systeiu  leaves  the  man- 
agement perfectly  free  to  do  work  as  required 
and  with  economy.  One  great  advantage  of 
co-operative'  handling  of  the  ditch  system  is 
that  it  satisfies  the  farmers  by  giving  them 
the  means  tlirough  the  annual  election  of  offi- 
cers to  remedy  any  troubles  or  mismanage- 
ment, even  when  through  lack  of  interest  ex- 
travagance has  crept  in.  the  shareholders  are 
conscious  that  it  is  their  own  fault  and  that  a 
remedy  exists.  Another  advantage  is  that  it  pro- 
vides for  the  most  elastic  rotation  of  the  water 
supply  to  secure  the  best  results  to  the  indi- 
vidual. In  some  districts  where  water  is  scarce 
and  valuable  the  people  have  preferred  to  have 
the  strong,  firm,  and  unbiased  hand  of  the 
Government  Reclamation  Service  or  large 
ditch  company  make  the  distribution  on  ac- 
coiyit  of  the  difficulty  of  getting  co-operative 
action  and  an  impartial  management  from 
neighbors,  who  have  been  fighting  about  the 
water  for  years.  Hence  the  policy  must  be 
worked  out  to  meet  existing  conditions.  But 
even  in  these  oases  it  is  thought  that  when 
the  courts  have  adjudicated  the  water  rights 
fair  results  can  be  had  from  co-operative  man- 
agement if  the  by-laws  are  worded  to  secure 
to  the  management  proper  authority  during 
the  term  of  office.  The  following  set  of 
by-laws  are  proposed  as  embodying  the  most 
essential  points  to  be  covered  : 

WATER   USERS'    ASSOCIAT.IOX. 

LATERAL    DISTRICT    NO.    — . 

BY-LAWS. 

(1)  Organization  and  Purpose — Organized 
under  .Vet  of (or  tlie  purpose  of  re- 
ceiving-   water    for    its    shareholders    from    the 

Canals  and  Distributaries  of   the   Project 

in  accordance  with  their  Contract  and  Water 
Agreements  with  the  purchasers  of  land,  and 
further,  for  the  operation  and  maintenance  ot 
the  distributary  ditches  or  laterals,  waste  water 
ditches,  and  structures  included  in  Lateral  Dis- 
trict No.  ..,  and  which  includes  authority  for 
the  purchase  of  supplies,  materials  and  equip- 
ment, the  hiring  of  labor,  and  the  conduct  or 
all  business  in  connection  therewith.  This  in- 
(orpomtion    is   not   for   profit. 

(2)  Name  and  Ownership— The  name  of  the 
corporation  shall  be  the  "Water  Users'  Asso- 
ciation. I-ateral  District  No.  ..."  The  Lateral 
District  No.  ..  covers  a  tract  of  land  as  shown 
on  the  company's  map  attached  to  these  By- 
laws. The  membership  shall  Include  the  own- 
ers of  ail  the  Irrigated  land  and  water  rights 
In  the  Lateral  District  No.  ...  Each  member 
shall  be  represented  by  a  number  of  shares 
equal  to  the  whole  number  of  Irrigated  acres 
included  in  the  land  owned  by  him.  Tlic  com- 
pany  will  hold   the  shares  of  all  unsold  lands. 

(3)  IVIanagement  and  Board  of  Directors — 
The  management  shall  be  vested  in  .a  Board  of 
Dlreciors  elected  from  among  the  members. 
Each  member  will  vote  on  all  questions  In  pro- 
portion to  the  number  of  shares  owned  by  him. 
The  company  will  vote  the  shares  reiiresentlng 
the  unsold  lands  and  may  designate  any  em- 
picye  to  vote  their  stock  or  take  part  in  the 
management  If  elected  to  the  Board.  Shares  of 
stock  may  be  voted  by  letter  or  by  proxy  prop- 
erly  endorsed    or  ccrtlded. 

(4)  Annual  and  Other  Meetings  — An  annual 
general  meeting  of  all  stockholilers  will  take 
place  in  January  for  the  election  of  the  Board 
of  Directors  and  making  the  assessments  to 
provide  funds  for  the  association.  A  notice  of 
this  meeting  shall  be  sent  by  the  Secretary  to 
each  Stockholder  ten  days  before  the  meeting. 
Other  general  meetings  may  be  called  by  the 
Board  of  Directors  or  on  a  petition  representing 
20%  of  the  stock,  but  ten  days  notice  must  be 
given  the  stockholders  as  with  annual  meetings. 


The  Board  of  Directors  will  hold  meetings  as 
often  as  necessary  lor  the  prompt  conduct  of 
the  business  of  the  association,  and  at  least 
once  a   month   during  the   irrigation  season. 

(5)  Officers  and  Elections — Upon  the  organi- 
zation of  the  district  five  directors  shall  be 
elected.  If  the  number  representing  the  year 
is  even  two  directors  shall  be  elected  for  two 
years  and  three  for  one  year.  If  the  number 
representing  the  year  is  odd  three  directors 
shall  be  elected  for  two  years  and  two  for  one 
year.  Thereafter  on  each  odd  year  three  direc- 
tors shall  be  elected  and  on  each  even  year  two 
directors  shall  be  elected  to  serve  two  years. 
.4fter  the  election  is  announced  by  the  president 
or  acting  officer  of  the  old  board  the  new  Board 
of  Directors  shall  elect  one  of  their  number  for 
president,  one  for  secretary,  and  one  for  treas- 
urer for  the  ensuing  year.  Should  a  vacancy 
on- the  board  occur  through  death  or  resigna- 
tion tile  remaining  members  shall  appoint  a 
stockholder  to  fill  the  vacancy.  A  majority  of 
the  board  shall  constitute  a  quorum. 

(6)  Duties  of  Board— It  shall  be  the  duty  of 
the  Board  of  Directors  to  collect  the  assess- 
ments, appoint  a  district  ditchrider  and  assist- 
ants as  may  be  necessary  to  receive  water 
from  th3  company  at  the  district  headgates  and 
distribute  it  to  the  water  users  in  accordance 
with  the  water  agreement  of  each  water  user 
and  regulations  ot  the  company  under  the 
Irrigation  Act.  The  Board  of  Directors  will 
have  control  of  any  property  or  equipment 
owned  by  the  association  and  will  purchase 
such  material,  supplies  and  equipment,  and  hire 
such  labor  as  may  be  necessary  to  keep  the 
distributary  ditches.  laterals,  waste  water 
ditches,  and  structures  ot  the  lateral  district 
in  good  order  and  repair,  and  in  shape  to  de- 
liver water  as  specified  in  the  Water  Agree- 
ment of  the  stockholders  or  water  users.  All 
bills  and  labor  must  be  paid  by  check  issued 
by  the  treasurer  on  presentation  of  a  voucher 
made  out  by  the  secretary  and  countersigned 
by  the  president.  The  secretary  and  treasurer 
shall  keep  a  set  of  books  in  which  is  recorded 
all  financial  transactions  of  the  association,  and 
the  secretary  will  keep  the  minutes  of  each 
meeting  of  the  directors  and  stockholders  of 
the  association.  The  books  of  the  association 
shall  be  audited  at  the  end  of  each  year  by  two 
auditors,  one  appointed  by  the  directors  and 
one  by  the  company. 

The  Board  of  Directors  shall  render  a  report 
to  the  stockholders  at  the  annual  meeting  clos- 
ing their  year  of  service.  The  president  shall 
I>reside  at  ail  meetings  of  the  board  or  stock- 
holders, when  present,  otherwise  the  board  shall 
select  one  of  their  number  to  act  as  chairman 
for   that    meetln.g. 

(7)  Duties  of  District  Ditchrider— The  dis- 
trict ditchrider  duly  appointed  by  the  Board  of 
Directors  is  responsible  to  them  alone.  The 
district  ditchrider  will  request  water  from  the 
company  delivered  at  the  headgates  indicated 
on  the  district  map  in  any  quantity  up  to  the 
maximum  amounts  due  to  the  district  under 
the  prevailing  legal  duty  ot  water.  The  Board 
ot  Directors,  through  the  district  ditchrider 
must  enforce  the  regulations  of  the  company  as 
to  the  liandling  of  water  and  protection  of  the 
company's  property  and  must  see  that  the 
water  Is  not  wasted  by  the  Individual  water 
user  to  whom  delivery  is  made,  .and  wilt  have 
authority  to  rut  off  the  water  supply  ot  any 
water  user  who  persists  in  disregarding  the 
regulations  or  who  wastes  water.  If  the  Board 
of  Directors  through  the  district  ditchrider  fails 
to  enforce  these  regulations  or  stop  the  waste 
ot  water  the  company  may  reduce  or  stop  de- 
livery of  water  to  the  lateral  district  until  com- 
pliance can  be  had. 

The  Board  of  Directors  through  the  district 
ditchrider  shall  have  power  to  rotate  the  water 
supply  among  the  stockholders  In  proportion 
to  their  shares,  so  as  to  give  each  one.  It  re- 
quired, an  Irrignting  head  ot  2  cu.  ft.  per  sec. 
for  each  SO  shares  and  tor  a  lime  limited  by  the 
necessity  ot  ser\'ing  nil  stockholders  wllhin  the 
time  necessary  to  secure  benollclal  result.')  from 
Irrigation  applied  to  the  crop  or  crops  then 
iM>'Mllng    water. 

No  one  but  the  district  ditchrider  or  hlo  au- 
thorized assistants  can  be  allowed  to  changi' 
any   gate   or   Interfere   with    (he   Irrigation   sys- 


tem in  any  manner  except  in  an  extraordinary 
emergency  to  save  life  or  property.  The  penalty 
of  such  interference  is  the  shutting  oft  of  water 
and  the  right  of  action  for  damages. 

(8)  Assessments — At  each  regular  annual 
meeting  the  assessment  for  the  ensuing  year 
shall  be  voted,  and  shall  be  sufficient  for  the 
regular  operation  and  such  repairs,  renewals, 
and  betterments  as  may  be  decided  upon.  If 
emergency  work  requiring  an  unusual  expendi- 
ture is  required  during  the  season,  the  deficit 
can  only  be  made  up  by  voting  a  special  assess- 
ment at  a  stockholders'  meeting,  after  10  days' 
notice  of  the  proposed  special  assessment.  The 
assessments  are  levied  at  a  specified  rate  on 
each  share  in  the  lateral  district.  Money  paid 
to  the  treasurer  to  satisfy  assessments  must 
be  receipted  for  on  a  regular  form  and  paid 
into  a  general  fund  at  a  selected  bank,  subject 
to  check  by  treasurer  on  vouchers  issued  by  the 
secretary  and  countersigned  by  the  president 
of  the  board.  An  arrangement  should  be  made 
with  the  selected  bank  to  supply  money  in 
excess  of  funds  on  hand  at  a  regular  rate  ot 
interest,  and  up  to  a  specified  amount.  .Assess- 
ments for  any  year  shall  be  pa.vable  halt  on  or 
before  March  1st  and  halt  on  or  before  July 
1st,  and  if  not  paid  by  these  dates  shall  bear 
interest  at  a  rate  of  2%  greater  than  the  rate 
secured  from  the  selected  bank  tor  the  associa- 
tion funds  advanced.  It  any  stockholder's  as- 
sessment remains  unpaid  at  the  end  of  the 
year  both  he  and  the  company  will  be  notified. 
The  company  will  then  make  payment  with 
interest  to  the  association  and  the  amount  so 
paid  will  become  a  charge  against  the  land 
as  provided  by  the  company's  contract  and 
water  agreement.  In  such  case  the  company 
will  then  have  the  right  to  vote  the  shares  ' 
of  the  delinquent  stockholder  and  exercise  the 
same  rights  as  he  would  be  entitled  to  if  in 
good  standing.  A  stockholder  in  arrears  as 
above  will  have  no  voice  in  the  management  ot 
the  association  until  his  assessments  and  in- 
terest are  fully  paid  and  the  association  notified 
of  this  fact  liy  the  company. 

(9)  Amendments— These  by-laws  can  only 
be  amended  by  a  two-thirds  vote  of  all  the 
shares  of  stock  in  the  lateral  district  at  any 
regular  meeting  after  10  days'  notice  of  such 
amendment.  Amendments  must  not  conflict  in 
letter  or  spirit  with  the  contract  and  water 
agreement,  of  the  individual  with  the  company, 
or  the  regulations  ot  the  company  under  the 
law. 

Maintenance  ami  Operalion.— The  first  con- 
sideration of  maintenance  should  be  before 
the  construction  of  the  system.  Every  irri- 
gation district  contains  examples  of  poorly 
built  ditches  and  structures.  The  amount 
to  be  spent  on  alinement,  masonry,  structures, 
etc.,  at  first  rnust  of  course  be  governed  by 
the  financial  limitations  of  the  promoters,  as 
well  as  by  ultimate  economy  of  operation. 
There  is,  however,  the  same  reason  for  con- 
sidering economy  of  operation  and  mainte- 
nance versus  first  cost  of  construction  that 
there  is  for  discussing  these  questions  in  the 
case  of  new  railroad  construction.  The 
analogy  between  operating  a  ditch  to  carry 
water  to  specified  points  and  the  operation 
of  a  railroad  to  carry  passengers'  freight  to 
specified  points  is  at  once  seen,  but  it  is  com- 
paratively recently  that  the  same  engineering 
skill  has  been  applied  to  such  work  in  the 
west.  This  was  partly  due  to  the  fact  that 
canal  construction  was  iisuallv  handled  bv 
small  corporations  or  associations  with  limited 
capital  and  of  course  not  provided  with  a 
trained  corps  of  technical  men  and  partly  due 
to  a  general  lack  of  men  trained  or  exper- 
ienced in  irrigation  engineering.  There  is 
now.  however,  due  to  the  United  States 
Reclamation  Service  and  the  large  private 
capital  interested  in  irrigation  works,  a  large 
nnml)cr  of  well  trained  and  expert  engineers 
capable  of  solving  any  problems  presented, 
and  some  motiumental  works  are  being  con 
siructcd.  Fiirthcrmnrc.  the  consensus  ot 
opinion  and  experience  is  gradually  standard 
iziiig  the  suitable  types  of  construction.  The 
maintenance  of  a  canal  system  during  thi- 
first  few  years  after  construction,  and  u[i 
until  the  full  amount  of  water  has  been  car- 
ried,  usually  develops  many   difficulties,    even 
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where  the  best  construction  has  been  em- 
ployed. It  is  ordinarily  during  this  period 
that  the  banks  slide  and  erosion  is  greatest. 
-•\ftcr  the  banks  have  become  compacted  and 
the  slides  and  seeps  have  been  controlled, 
the  maintenance  becomes  more  of  a  routine 
matter.  Fortunately,  the  full  delivery  of 
water  is  seldom  required  at  first,  and  as  the 
difficulties  of  operating  at  maximum  capacity 
increase,  the  difficulties  of  maintenance  will 
be  apt  to  decrease.  Sliding  canal  hanks  are 
most  often  due  to  two  principal  causes,  first, 
the  cutting  during  construction  of  the  toe 
of  the  supporting  slope  on  a  Iiillside,  and. 
second,    the    saturation     of    the    water    bank 


ing  a  great  deal  of  growth.  In  the  distributary 
ditches  a  uniform  flow  deep  enough  to  drown 
certain  plants  is  best.  There  are  cases  in 
mind  where  a  small  flow  only  was  required 
for  a  few  weeks,  giving  the  weeds  a  chance 
to  nearly  close  the  channel.  Later,  when  a 
large  flow  was  wanted,  it  became  necessary 
to  mow  out  the  ditch  first.  Burning  out  the 
weeds  in  tlie  spring  is  an  important  matter,  not 
only  in  order  to  start  with  clean  banks  but 
also  to  kill  as  much  weed  seed  as  possible. 
The  operating  force  do  not  usually  realize 
wdiat  a  good  agent  the  ditch  water  is  for 
the  distribution  of  weed  seeds  until  they  have 
studied   the   matter   from   the    farmer's   stand- 
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and  adjacent  strata,  thus  so  increasing  the 
weight  and  decreasing  the  friction  due  to  dry 
or  damp  material  that  a  slide  takes  place  to 
restore  stable  conditions.  The  remedy  must 
be  proposed  after  studying  the  cause,  and 
generally  consists  in  lightening  the  load  by  re- 
moving any  unnecessary  material,  lining  the 
canal  at  the  critical  point  with  some  im- 
pervious material,  inserting  covered  drains 
of  various  sorts,  and  driving  piling  to  bind 
together  certain  strata  or  take  up  some  of  the 
load.  Slides  are  particularly  bad  when  they 
occur  suddenly,  since  this  is  likelv  to  cause  the 
water  to  break  out  at  a  place  where  the  great- 
est damage  from  cutting  will  result.  Drifting 
sands  are  very  hard  on  the  maintenance  force 
as  they  fill  the  canal  at  certain  places  and  are 
most  difficult  to  stop,  since  they  usually  come 
from  above  the  canal  where  water  cannot 
readily  be  used  to  start  some  kind  of  a 
vegetable  growth  for  a  windbreak.  If  some 
growth  cannot  be  started  resort  can  be  had 
to  protecting  fences  of  boards  or  bnisli  if 
it  can  be  obtained.  Under  some  conditions 
it  might  be  worth  while  trying  ordinary 
chicken  wire  netting  nailed  to  the  outside 
and  inside  of  posts  set  at  a  determined  dis- 
tance from  the  canal,  so  as  to  form  a  double 
fence.  Where  the  canal  banks  are  of  sandy 
material  there  is  a  continual  loss  from  the 
wind  and  rain  wearing  them  away.  The  rem- 
edy is  to  get  enough  soil  on  top  to  enable 
some  kind  of  grass  or  plant  to  grow  and 
protect  the  surface.  An  actual  break  in  a 
canal  or  ditch  may  be  due  to  many  causes,  the 
important  ones  being  the  burrowing  animals, 
sliding  ground,  some  defect  at  a  structure, 
running  more  water  than  the  canal  is  built  for 
or  more  than  the  ordinary  amount,  weeds  or 
other  debris  may  clog  a  structure  and  cause 
the  water  to  break  over  or  around  and,  what 
is  the  most  dangerous  cause  in  some  cases, 
the  sudden  flood  water  from  a  rain 
storm  or  snow  melting  and  breaking 
into  or  across  the  canal.  -Such  flood  water 
washes  out  railroads  and  bridges,  and  un- 
less the  cross  drainage  has  been  very  amplv 
taken  care  of  must  also  break  the  ditch.  A 
canal  may  run  for  months  safely  to  a  cer- 
tain gage  height,  when  an  increase  of  one- 
tenth  in  the  depth  of  the  water  will  enable 
the  water  to  get  into  some  gopher  or  rat  hole 
and  cause  a  break.  Vegetable  growths  may 
cause  a  lot  of  work,  especially  if  the  velocity 
of  the  water  is  a  little  too  slow  for  the  con- 
ditions. In  the  north  an  average;  velocity  of 
2  ft.  to  "2%  ft.  per  second  has  worked  out 
very   well   for  most   soils  and   without  allow- 


point,  then  they  will  readily  agree  that  it  is 
a  most  serious  matter.  Seeding  the  canal 
banks  with  orchard  grass  has  given  good  re- 
sults in  the  north ;  other  grasses  and  plants 
can  be  used,  such  as  Western  Rye  Grass,  or 
Red  Top,  and  Clover  for  a  moister  soil,  but 
when  the  banks  are  very  dry  and  the  soil 
poor  it  is  difficult  to  grow  anything  except 
noxious  weeds,  while  the  cost  has  deterred 
most  managers  from  doing  much  work  of 
this  kind  on  their  canal  system. 

There_  is  a  great  deal  of  money  spent  in 
rip-rapping  around,  structures  and  at  curves 
and  other  points  in  the  canal  bank,  wdiere 
some  material  softer  than  the  average  is 
carried  away.  Rock,  or  cement  blocks,  forms 
the  most  permanent  rip-rap  work,  but  is 
usually  put  in  place  at  a  high  cost.  The  es- 
sential things  in  laying  rock  rip-rap  is  to 
start  the  foundations  below  grade  of  the 
canal  so  that  it  will  not  slide  down.  Small 
brush  is  ctTective  and  often  cheap.  Certain 
weeds,  and  especially  Russian  thistles,  are  the 
cheai)est  and  most  effective  material  under 
many  conditions,  but  if  mature  should  not  be 
used,    on    account    of   the    seeds   being   spread 


by  moving  the  silt  to  the  outside  of  the 
curve  and  grading  the  bottom  low  on  the  in- 
side and  high  on  the  outside — analagous  to  the 
super  elevation  of  the  outer  rail  on  a  sharp 
railroad  curve. 

After  two  or  three  years'  operation  the 
largest  matter  to  be  solved  by  the  manage- 
ment is  frequently  the  damage  or  complete 
loss  of  good  lands  due  to  the  appearance  of 
seepage  water  from  the  canals  and  ditches, 
aided  by  waste  water  from  excessive  irriga- 
tion. This  rise  of  the  ground  water  is 
usually  accompanied  by  alkali,  which  often 
collects  until  the  soil  cannot  even  support  a 
growth  of  native  grass.  The  remedy  is 
drainage,  but  this  sometimes  costs  more  than 
the  land  is  worth.  The  damage  suits  and  ad- 
justment of  values,  or  the  question  of  ob- 
taining money  for  drainage  w-orks  presents 
some  very  knotty  problems.  The  work  of 
the  United  States  Bureau  of  Soils  has  shown 
that  seeped  and  alkali  soils  can  he  reclaimed 
wherever  a  drainage  outlet  can  be  obtained. 
The  important  matter  at  first  is  to  so  far  as 
possible  prevent  these  conditions  by  con- 
structing cut-ot?  drains  to  intercept  the  un- 
derground flow  before,  it  does  damage  and 
by  providing  channels  for  removing  w-aste 
water  from  irrigation,  and  most  important,  to 
insist  on  a  proper  delivery  of  water  by  rota- 
tion under  regulations  which  permit  of  the 
supply  being  cut  off  if  the  user  does  not  irri- 
gate and  take  care  of  his  water  without  waste. 
The  waste  water  from  irrigation  comes  large- 
]■•  from  lack  of  ditches,  poorly  smoothed  and 
graded  fields,  and  the  failure  of  the  water 
user  to  stay  with  the  work.  It  is  easy  to 
turn  the  water  loose  at  night,  or  when  some 
field  is  finished,  instead  of  arranging  for  the 
supply  being  cut  ofif  or  providing  ditches  for 
the  next  field  well  in  advance. 

This  waste  of  water  can  only  be  prevented 
by  a  great  scarcity  of  water  or  a  most  rigor- 
ous and  arbitrary  regulation.  When  it  comes 
to  such  regulation  the  strong  hand  of  the 
government  or  large  company  is  usually  much 
more  effective  than  with  the  co-operative 
management.  Maintenance  work  is  greatly 
facilitated  by  roadways  along  the  main  and 
distributary  canals.  Such  roads  enable  the 
ditchrider  to  use  a  cart,  and  thus  carry  more 
tools  or  equipment  than  if  compelled  to  travel 
on  horseback.  The  Western  Section  ditchrid- 
ers  in  the  Canadian  Pacific  Irri.gation  Block 
are  supplied  with  the  following  equipment: 

Long:  handled  shovel,  pitchfork.  i-iil>ber  hoots, 
claw  hammer,  wire  stretchers,  pliers,  wii'e. 
nails,  etc.,  carpenter's  level,  square,  handsaw, 
brace  and  six  bits,  crowbar,  monkey  wrench, 
hoe,  maul  and  sacks,  notebooks,  and  a  steel 
measuring   weir. 

Not  all  these  tools  and  supplies  are  neces- 
sary at  any  time,  but  in  general  the  more 
tools    the    ditchrider    carries    the    better    work 
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over  the  fields.  Manure  and  straw  are  often 
used  for  rip-rap  work,  and  especially  when 
confined  with  chicken  wire  netting  is  quite 
effective  while  it  lasts.  Sage  brush  makes 
good  rip-rap  material,  and  does  not  trouble 
as   a   weed   on   irrigated   land. 

Canals  on  sharp  curves  have  a  tendency  to 
deposit  silt  on  the  inside  of  a  curve  and  cut 
on  the  outside.     This  can  often  be  remedied 


he  can  do.  rurtlicr.  with  a  good  canal  road 
the  Watcrmaster,  repair  crews  and  others 
follow  the  canal,  and  it  is  thus  subject  to 
more  frequent  inspection,  and  no  time  is 
lost  in  detouring  around  through  the  fields. 
This  operatin.g  road  along  the  ditch  bank  or 
right  of  way  seems  to  have  generally  been 
overlooked  by  the  constructing  engineers,  and 
the  operating  force  can  usually  point  out  many 
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places  where  by  a  slight  increase  in  expense 
in  disposing  of  waste  material  or  making  the 
canal  bank,  taking  right  of  way  or  designing 
structures,  a  suitable  road  could  be  left  at  a 
fraction    of    the    expense    required    later. 

Operation  Regulations. — Considerable  study 
has  been  given  to  the  regulations  which  should 
be  enforced  by  the  management  in  order  to 
ensure  the  successful  operation  of  the  irriga- 
tion system  and  encourage  the  co-operation 
of  the  water  users  and  operating  force  on  a 
large  project.  .-Xfter  devising  several  sets  of 
such  regulations,  the  following  paragraphs  are 
suggested  as  covering  most  of  the  essential 
points  common  to  western  conditions.  Of 
course,  each  manager  will  have  to  modify  and 
add    to    these    regulations    in    order   to   cover 


ber,  lateral,  and  the  head  of  water  he  is  pre- 
pared to  handle,  as  well  as  the  date  when  he 
wishes  water  delivered,  and  approximate  length 
ot  time  it  will  be  required. 

Water  Users'  Associations. — The  Company 
w  ill  provide  every  facility  for  the  formation  and 
recognition  of  "Water  Users'  Associations." 
comprising  consumers  located  on  any  common 
lateral.  Standard  bylaws  and  regulations  will 
be  printed  and  supplied,  and  every  assistance 
given  to  consumers  to  effect  such  organizations 
en   application    to   the    Company's   offlclals. 

Whenever  a  properly  organized  association  so 
desires  it  may.  under  a  special  agreement,  take 
over  the  laterals  for  operation  and  maintenance 
under  the  general  direction  of  the  Company. 
Under  this  scheme  of  organization,  water  would 


other  structure  or  enclosure  or  condition  pro- 
ductive of  oflal  or  any  other  refuse  injurious  to 
health  that  may  befoul  the  water  in  said  canal 
or  ditches. 

(c)  This  regulation  shall  not  apply  to  short 
ditches  terminating  on  the  land  of  the  pur- 
chaser not  less  than  100  feet  from  the  boundary 
line   thereof. 

Xote:  It  is  necessary  for  the  health  of  the 
settlers  and  for  the  proper  operation  of  the  ir- 
rigation system  that  the  canal  water  be  kept 
clean,  and  it  is  expected  that  all  settlers  will 
co-operate  with  the  comi)any  in  this  matter. 
It  will  be  the  duty  of  the  rtitchriders  to  report 
an.v  case  where  this  regulation  is  not  observed, 
so  that  active  measures  may  be  taken. 

Use  of  W'ater. — The  water  user  who  makes 
application    for    water    is    expected    to    put    his 
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the   more   or   less   special   conditions   or   laws 
governing  in  his  case. 

PART  1.  REGULATIONS  FOK  WATER 
USERS. 
Property. — All  works  constructed  or  acquired 
by  the  Company  are  the  property  of  the"  said 
Company  and  must  be  respected.  No  structure 
or  obstruction  shall  be  placed  on  the  property 
of  the  Company  and  no  use  made  of  its  prop- 
erty without  a  written  agreement  with  the 
proper  official   representing    the    Company. 

Right  of  Way. — The  right  of  way  for  the 
various  canals,  ditches,  or  other  works  of  the 
Company  has  been  acquired,  and  the  legal  de- 
scription may  be  had  at  the  recorder's  oflice. 
The  fencing  of  the  right  of  way  will  be  carried 
out  under  the  local  laws  and  regulations  where 
It  is  the  policy  of  the  Company  to  enclose  such 
right  of  way.  The  right  of  way  or  easement 
for  ditches  below  a  certain  size  will  usually 
not  be  fenced.  Fencing  acro.ss  the  canal  or 
ditch  will  be  avoided  except  where  ab.solutely 
necessary,  as  at  highway  crossings.  In  which 
case  easily  working  gates  will  be  Installed  and 
arranged    so   they   can    be    locked. 

Bridges. — Applications  from  landowners  to 
erect  and  maintain  bridges  across  waterways 
will  be  granted,  subject  to  revocation  and  sub- 
ject to  reasonable  restrictions  as  to  design  and 
location   of   the  bridge. 

Co-operation. — It  Is  expected  that  every  land- 
owner or  resident  of  the  district  will  at  all 
limes  be  willing  to  assist  in  an  emergency  to 
sitop  a  break  In  the  canal  or  in  protecting  the 
structures  and  property  of  the  Company.  Ir 
case  of  danger  from  floods  or  other  causes  the 
nearest  operation  official  should  be  promptly 
notined.  The  interests  of  the  Company  and 
water  users  in  such  matters  are  Identical,  as 
a  break  in  the  water  service  at  a  critical  time 
Is  most  expensive  to  all  concerned.  Co-opera- 
tion with  the  Company,  and  an  interest  in  pre- 
venting loss  to  the  Company  will  result  In 
niutual  advantage. 

Requests  for  Water.— (a)  A  written  re<iucst 
for  water,  on  the  regular  card  provided  for  that 
purpose,  must  be  delivered  or  mailed  to  the 
dltchrlder  or  watermaster  In  time  U\  lommunl- 
eate  such  to  the  headquarters  office  at  least 
two  ftill  days  before  the  water  Is  wanteil. 

(b)  Similar  notice  must  be  given  on  the  day 
preceding  that  upon  which  It  la  desired  that 
the  delivery  of   water  shall  be   discontinued. 

(c)  In  making  application  for  water  the  ap- 
plicant should  state  his   name,   farm   unit  num- 


be     delivered     from     the     main    canal    to    each 
■  lateral    headgate     to    a    representative     of    the 
water   users    under   such    lateral. 

Length  of  Irrigating  Season. — Water  will  be 
delivered  to  all  qualilied  applicants  between  cer- 
tain dates  established  by  law  or  by  regulation 
of  the  Company.  The  Company  may  shut  down 
the  system  during  the  irrigation  season  if  a 
break  or  emergenc.v  repairs  make  this  course 
unavoidable,  but  in  all  cases  will  employ  every 
proper  means  to  complete  repairs  and  resume 
deliveries  at  the  earliest  possible  moment. 

Delivery  in  Rotation. — Water  will  be  deliv- 
ered in  rotation  to  the  separate  farm  units  in 
proportion  to  the  irrigable  acreage  of  each  and 
the  total  supply  available.  -As  far  as  possible 
this  rotation  will  be  worked  out  to  meet  the 
individual  wants  and  crop  requirements  of  each 
water  user.  The  rotation  will  be  so  arranged 
that,  when  required,  a  good  head  can  be  se- 
cured for  rapid  and  economical  irrigation.  This 
head  shall  be  two  second  feet  for  each  80  acres 
of  Irrigable  land  or  separate  holding  of  less 
than    that   amount. 

Measurement  of  Water. — The  water  delivered 
to  each  separate  holding  will  be  measured  ove;- 
f,   weir,   or  by   some  other   means. 

Interference  with  Gates. — No  one  but  an  au- 
thorized officer  of  the  Company  or  a  duly  elected 
leprcscntatlve  of  a  water  users'  association 
which  has  undertaken  the  operation  of  any 
common  lateral  shall  operate,  either  to  open 
or  close,  any  gate,  structure,  or  other  Irriga- 
tion device  on  the  project,  nor  otherwise  Inter- 
fere with  the  name  In  any  way,  except  In  emer- 
iiencles    to    save    propert.v   or   life. 

Note:  This  regnlntlon  will  be  rigidly  enforced. 
No  irrigation  project  can  sue<'esHfully  be  admin- 
istered unrler  any  other  condition.  The  control 
of  the  waliT  from  ime  end  of  the  system  to  the 
other  miisl  .it  all  times  be  solely  and  absoliitilv 
In  the  hands  of  the  (^ompany.  IVrsons  violat- 
ing these  regulations  will  be  promptly  prose- 
cuted. Kver.v  water  consumer  is  Interested  In 
assisting  the  Company  In  the  enforcement  of 
this  regulation. 

Pollution  of  Water.— (n1  It  in  forbidden  to 
disturb,  pollute,  or  cause  to  become  Impure  the 
water  In  any  of  the  tlumes.  canals,  or  liiterolK 
of  the  Company,  or  to  ollnw  ony  act  to  he  done 
by  which  the  name  may  become  polluted  or 
Impure. 

(b>  It  Is  forbidden  to  erect  or  cause  to  be 
erected  or  placed  within  ino  feet  of  any  canal 
or  lateral  ditch  of  the  Irrigation  system  of  this 
Company,  any  stable,  stockyard,  hog  house  or 
yard,  poultry  house  or  yard,  butchering  house 
or  yard,   water  closet,  cesspool,  manure  pile  or 


land  in  shape  for  its  proper  use  by  constructing 
a  suitable  head  ditch  and  system  of  field  ditches, 
furrows,  checks,  or  borders,  to  direct  the  water 
to  beneficial  use.  The  wasting  of  water  will  not 
be  permitted.  When  water  is  received  it  must  be 
taken  care  of  day  and  night  until  the  period 
is  completed.  The  landowner  will  be  held  re- 
sponsible for  any  damage  caused  by  a  failure  to 
properly  control  the  water.  The  company  re- 
serves the  right  to  shut  down  the  supply  if  the 
water  is  wasted. 

Xote:  The  right  to  the  water  js  based  on  its 
beneficial  use.  The  wasting  of  water  waterlogs 
the  land,  carries  away  the  fertility,  and  often 
causes  seepage  and  loss  to  lands  some  dis- 
tance away. 

FVirm  Management.- It  is  desired  tc  enlist  the 
hearty  co-operation  of  the  farmers  in  the  dis- 
trict In  compiling  statistics  as  to  the  duty  of 
water  for  different  soils  and  crops,  and  In  col- 
lecting dat;i  on  the  crop  yield,  returns  from 
stock,  most  profitable  crops  and  system  of  rota- 
tion, etc.  Summaries  of  these  returns  and  In- 
formation of  value  to  the  farmers  will  be  pub- 
lished from  time  to  time  as  a  step  towards  mak- 
ing the  district  more  prosperous. 

The  Company  regards  their  irrigation  system 
and  the  farms  under  It  as  a  manufacturing 
plant  from  which  it  Is  desired  to  obtain  the 
highest    returns    possible. 

PART  11.       INSTRUCTIONS  TO  THE  OPERA- 
TION   AND     MAINTENANCE     FORCE. 

Upon  the  complete  organization  of  the  oper;i 
tlon  and  maintenance  force.  It  will  be  the 
Company's  policy  to  Instruct  and  educate  all 
Its  employes  In  their  various  duties.  In  order 
lo  ensure  the  efficiency  of  the  service.  In- 
rompetenoe  or  tactlessness  will  not  be  tolerated, 
but  promotion  to  greater  resp.>nslbillty  ami 
emoluments  will  automatically  follow  satisfac- 
tory* services. 

Every  employe  should  realize  that  he  Is  an 
Important  link  In  the  entire  chain  of  organiza- 
tion. The  utmost  discipline  must  be  enforced, 
nnd  Initructlon  rapidly  carried  out,  or  If  Im- 
possible to'  do  so,  prompt  report  made  to  a 
superior   officer. 

The  Company's  success  largely  depends  upoi 
the  relations  that  exist  between  employes  an<i 
woter  users.  In  their  Intercourse  with  the  lat- 
ter, employes  should  practice  courtesy,  but 
(Irmness.  While  the  Company  realizes  that  It 
is  a  difficult  matter  to  please  everyone,  a  little 
diplomacy  and  tact  will  frequently  smooth  oui 
difficulties  before  they  become  acute.  The  vahi. 
of    employes    to    the    Company    will    be    largely 
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measured  by  their  ability  to  rigidly  enforce 
the  Company's  rules,  and.  at  the  same  time,  re- 
main on  satisfactory  terms  with  the  water 
users  within   their  districts. 

Farm  Statistics. — In  order  to  intelligently  ad- 
minister the  irrigation  system  it  is  desired  to 
obtain  the  acreage  and  yield,  and  water  used 
on  each  crop,  with  other  data  as  to  the  amount 
of  stock  carried.  The  ditchriders  will  accumu- 
late this  information  from  time  to  time  through 
the  season  and  record  the  same  on  forms  sup- 
plied by  the  Company,  from  which  final  reports 
can  be  made  at  the  end  of  each  season. 

Field  Routine. — During  the  Irrigation  season, 
employes  will  be  started  to  work  at  7  a.  m. 
Canal  superintendents,  watermasters  and  ditch- 
riders  will  endeavor  to  keep  In  close  touch  with 


case  of  break  or  damage  beyond  the  control  of 
the  ditchrider  the  watermaster  and  the  head- 
quarters office  must  be  notified  at  once  and  all 
steps  taken  to  ensure  the  prompt  opening  of 
waste  gates  and  control  of  the  water.  Great 
care  must  be  exercised  to  inform  the  superin- 
tendent of  every  case  where  an  outside  party 
has  been  co-operative  in  notifying  employes  of 
incipient  breaks,  or  helping  in  an  emergency, 
as  it  is  desired  to  send  an  official  letter  of 
thanks  in  such  cases. 

(b)  When  not  delivering  water  the  ditchrider 
should  be  employed  in  cleaning  and  making 
small  repairs  on  the  canals  and  ditches.  The 
law  requires  that  noxious  weeds  be  cleared  from 
the  banks.  Weeds  and  other  loose  material 
should  be  removed  from  the  waterway  and  piled 
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all  parts  of  their  respective  districts.  Water- 
masters  will  plan  their  work  and  trips  In  order 
to  know  that  water  deliveries  are  being  properly 
made  in  accordance  with  the  water  agreement 
and  that  the  policies  of  the  Company  are  beln:; 
carried  out  by  the  water  user.  Ditchriders  will 
be  instructed  by  the  watermaster  as  to  deliv- 
eries and  the  best  method  of  handling  the 
water.  The  ditchrider  will  arrange  to  patrol 
all  Import.ant  waterways  each  day.  and  espe- 
cially visit  each  delivery  gate  and  note  that  it 
Is  undisturbed  and  properly  set  to  give  the  re- 
quired head  of  water.  The  ditchrider  is  held 
responsible: 

(a)  For  the  safety  and  proper  operation  and 
maintenance  of  his  division.  The  main  and 
secondary  canals  must  always  be  first  in  mind. 
and  no  effort,  day  or  night,  spared  to  ensur.; 
their  safety.  This  means  long  hours  of  work 
at  critical  times.  The  people  under  the  Com- 
pany's system  must  be  educated  to  Instant  re- 
sponse to  .a  call  for  help  In  an  emergency  and 
to   give   an   alarm   In   case   of  a  break.     In   any 


for  burning.  Weeds  that  h.'ive  not  m.atured 
may  be  used  to  rip-rap  banks  where  cutting  has 
started.  In  burning  rubbish  extraordinary  pre- 
cautions should  always  be  observed  to  prevent 
damage  to  the  property  of  the  Company  or 
private   parties. 

(c)  All  employes,  from  the  highest  to  the  low- 
est will  be  held  strictly  accountable  for  the  or- 
derly neatness  and  cleanliness  of  the  premises 
and  territory  under  their  control.  Equipment 
must  be  taken  care  of  and  kept  in  good  order. 
The  neat  and  orderly  manner  in  which  an  em- 
ploye coriducts  his  work  becomes  a  qualification 
as  to  his  fitness  for  the  position  he  holds.  Care- 
lessness and  negligence  will  not  be  tolerated. 

(d)  Inspect  all  structures,  the  canal  banks, 
.gate  settings,  gages,  and  deliveries  as  frciiuently 
as  possible,  and  report  at  once  anything  out 
of  order  that  cannot  be  fixed  at  the  time.  When- 
ever w,atcr  is  turned  Into  a  ditch  or  wasteway 
or  the  head  increased,  the  water  must  be  fol- 
lowed through  to  its  destination,  and  watched 
until  reasonably  safe  to  carry  at   that  depth. 


(e)  All  rising  weirs  and  gate  stands  should 
be  well  oiled  and  in  condition  to  work  easily. 

(f)  Bridges  have  been  provided  at  convenient 
places,  and  canals  or  drains  must  not  be  crossed 
by  the  public  at  other  places.  Small  ditches 
iirtd  drains  may  be  crossed  by  fording  by  ar- 
rangement with  the  superintendent  of  operation 
and  maintenance.  No  permission  to  establish 
a  ford  will  be  given  except  where  physical  con- 
ditions are  such  that  a  ford  can  be  maintained 
without   danger  to  the  Company's  property. 

(g)  No  bridges,  culverts,  boxes,  fences,  or 
other  structures  may  be  built  across  any  canal, 
lateral,  or  drain  for  which  the  Company  owns 
right  of  way  without  permission  of  the  super- 
intendent of  operation  and  maintenance,  and 
employes  finding  such  work  going  on  will  re- 
quest to  be  shown  the  written  permission, 
without  which  an  order  will  be  given  to  have 
the  work   stopped. 

(h)  Children  and  others  must  be  kept  out 
of  ditches  and  canals.  Bathing  in  the  large 
canals  is  dangerous  and  is  forbidden.  Cattle 
must  not  be  allowed  to  water  in  ditches  or 
drains  except  at  specified  points.  Boats,  rafts, 
etc.,  must  not  be  placed  in  the  canals. 

Repairs. — Windstorms  damage  the  ditches  in 
various  ways.  Waves  wash  the  banks  danger- 
ously in  places.  Brush  and  weeds  are  blown 
into  the  laterals,  and  are  the  cause  of  breaks 
and  washing  of  banks.  In  some  sandy  locali- 
ties banks  are  blown  away  or  the  ditch  filled 
up  to  such  an  extent  as  to  cause  breaks.  Dan- 
gerous places  must  be  given  careful  attention, 
and  prompt  measures  taken  to  prevent  trouble. 

A  break  started  in  the  canal  or  lateral  bank 
must  always  be  stopped,  if  possible,  without 
changing  or  shutting  off  the  water.  The  delay 
and  expense  to  the  farmers  from  a  shutdown 
during  the  irrigation  season  is  so  large  that  the 
water  should  be  changed  or  turned  out  only  as 
a   last  resort. 

When  an  incipient  break  has  been  stopped  by 
shovelling  earth,  or  by  using  hay  manure, 
weeds,  boards,  etc..  backed  by  earth  or  by 
sacks  filled  with  earth,  or  by  any  means  that 
the  emergency  has  required,  there  remains  an 
important  duty  that  must  never  be  neglected, 
i.  e.,  the  hole  through  which  the  water  started 
must  be  dug  back  from  the  temporary  dam  for 
several  feet,  or  a  trench  dug,  and  then  thor- 
oughly puddled  in,  using  some  weeds,  straw,  or 
similar  material  in  the  front  face  to  prevent 
sloughing  off  or  erosion.  Ditchriders  should 
never  be  without  a  shovel  and  a  few  sacks  while 
on  duty.  Whenever  bad  storms  or  other  dan- 
gerous conditions  develop  the  ditchrider  must 
get  out  on  his  division  at  night.  While  this 
may  be  disagreeable,  it  is  the  only  way  to 
make  a  record   for  the   ditch. 

Muskrats,  gophers,  etc.,  are  a  menace  to  the 
ditchbanks,  and  should  be  destroyed  whenever 
possible.  Poisoned  grain  and  traps  will  be  sup- 
plied when  needed.  In  some  places  these 
animals  may  be  discouraged  by  destroying  the 
vegetation  on  which  they  feed.  By  keeping  the 
tules  and  willows  well  below  the  outer  toe  of 
the  bank,  the  muskrats  may  keep  out  of  the 
water  bank,  if  water  for  their  homes  exists 
close  by. 

Canal  superintendents  and  watermasters  will 
make  report  in  all  cases  of  important  repairs 
or  betterment  work.  If  the  work  is  approved, 
arrangements  will  then  be  made  to  provide  the 
necessary  equipment,  material  and  labor,  if 
more  than  the  regular  force  is  required.  Ditch- 
riders having  breaks  or  other  work  they  can- 
not handle  without  assistance  will  at  once 
notify  the  watermaster. 

Heavy  repair  work  will  be  carried  on  before 
and  aft.-'r  the  irrig.ation  season  when  water  can 
be  drained   out  of  the   ditches. 

Care  of  Buildings. — Frequent  inspection  will 
be  made  of  the  various  headquarters  established 
by  the  Company  throughout  the  project,  and  It 
will  be  expected  that  these  will,  at  all  times, 
present  a  neat  and  tidy  appearance.  Inside  as 
well  as  outside.  Buildings  must  be  carefully 
flreguarded  each  year  where  there  is  danger  of 
grass  fires.  Employes  should  realize  that  they 
icpresent  the  Company  in  their  particular  dis- 
trict, and  that  they  will  be  expected  to  set  an 
example  to  the  settlers  In  their  vicinity.  Gar- 
dens must  be  kept  thoroughly  weeded,  grounds 
clean    and    tidy,    and    outbuildings   In    first-class 
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order.  The  above  is  the  Company's  policy,  and 
no  departure  therefrom  will  be  tolerated.  Any 
repairs  riecessary  to  buildings  tliat  employes 
cannot  undertake  themselves  must  forthwith  be 
reported    to   headquarters. 

Care  of  Equipment. — The  greatest  care  must 
be  taken  of  the  Company's  property.  Sheds 
and  outbuildings  are  provided  so  that  equip- 
ment may  be  kept  under  cover  at  all  time.s 
when  not  in  use.  Repairs  to  equipment  must 
be  made  without  delay,  and  all  losses  and 
breakages  promptly  reported  to  headquarters. 
Employes  will  be  held  responsible'  for  the  com- 
pany's property,  and  carelessness  in  the  treat- 
ment of  such  will  be  considered  sufficient  rea- 
son   for    dismissal    from    the    service. 

Note:  Canal  superintendents  and  watermas- 
ters  win  be  charged  with  tlie  e<.|uipment  under 
their  care,  and  will  report  at  the  end  of  the 
vear  the  condition  and  location  of  each  article. 
AH  equipment  must  be  properly  branded  or 
marked.  A  specific  signed  statement  covering 
the  details  of  the  loss,  breakage  and  wearing  out 
of  the  equipment  and  the  death  of  Company 
stock  will  accompany  the  report  and  represent 
the  difference  between  the  amount  charged  and 
the  inventory  at  the  .time  of  the   report.' 

The  property  clerk  shall  issue  no  equipment 
to  the  field  employees  until  the  same  has  been 
branded  or  marked,  as  above. 

All  camp  equipment  entrusted  to  the  care  of 
any  of  the  Company's  employes  must  be  turned 
in  to  headquarters  in  proper  condition  on  the 
closing  down  of  the  works.  All  cooking  outfits 
are  to  be  well  washed  and  cleaned  before  being 
packed  for  storage.  Supplies  of  all  kinds  which 
can  be  made  use  of  are  to  be  properly  boxed 
up  and   returned  to  the  stores. 

When  returning  tents,  roll  same  up  neatly  and 
in  shape  for  shipment.  Have  size  of  tent  and 
flies  marked  plainly  on  each,  stating  from  whose 
camp  returned.  Roll  up  the  tents  and  flies  in 
separate  parcels.  If  any  tents  or  flies  are 
beyond  repair,  mark  this  information  on  the 
futside.  A  complete  inventory  of  such  equip- 
ment must  be  returned  with  the  same. 

Telephone  System. — The  Company's  telephone 
system  must  at  all  times  be  kept  in  the  most 
cfBcient  condition.  The  successful  operation  of 
the  irrigation  system  becomes  impossible  with- 
out a  first-class  telephone  service.  Every  em- 
ploye is  expected  to  render  assistance  in  keep- 
ing the  telephone  lines  in  good  order  at  all 
times. 

(a)  When  riding  along  a  telephone  line  belong- 
ing to  the  Company,  watch  for  trouble.  Broken 
guy  wires  or  braces  should  be  reported,  and  if 
breaks  are  found  in  the  Unes  make  repairs  im- 
mediately. Take  prompt  action  in  the  mat- 
ter when  trouble  is  found.  This  will  shorten 
the  periods  when  the  lines  are  out  of  service. 

(b)  There  are  three  important  causes  of 
trouble  on  telephone  lines.  These  are:  (1) 
Rurning  out  or  breaking  of  wires  in  fuse  blocks. 
(2)  Short  circuit  of  line;  and  (3)  break.ng  of 
wires. 

(c)  In  order  to  protect  the  telephone  instru- 
ment from  lightning  a  set  of  carbons  separated 
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will  be  impossible  to  ring  any  station,  thougl; 
it  is  often  possible  to  hear  a  conversation  going 
on  over  the  line.  When  wires  are  discovered 
touching,  separate  them  and  fix  them  so  that 
tiiey  cannot  touch  again. 

(e)  If  the  generator  works  harder  than  usual 
it  is  a  pretty  safe  indication  that  there  is  a 
short  circuit  on  the  line.  It  is  not  likely  that 
employes  will  be  able  to  call  anyone  in  this 
case,  but  try  to  do  so  nevertheless.  In  case 
you  are  unable  to  obtain  any  other  station  im- 
mediately patrol  yoiir  division  in  search  of  the 
short  circuit. 


steady  motion  with  one  revolution  for  a  short 
ring  and  four  revolutions  tor  a  long  ring.  Count 
"One"    between   rings. 

If  the  above  directions  are  followed  care- 
fully by  each  employe  on  the  line  it  ■will  sel- 
dom happen  that  the  system  will  oe  out  of 
service   for   more   than   an   hour  or  so. 

The  Delivery  of  Water. — (a)  The  company's 
regulations  lay  down  the  notice  required  on  the 
part  of  the  water  users  for  the  delivery  of  wa- 
ter, and  ditchriders  and  watermasters  will  give 
such  requests  their  prompt  attention.  While 
I  he    re^julations    of    the    company    provide    for 
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(f)  When  the  generator  on  the  telephone 
turns  very  easily  it  is  an  evidence  of  a  break 
in  the  line.  When  this  occurs  try  to  call  the 
next  station  above  and  below  you  in  order  to 
find  where  the  break  occurs.  If  you  cannot 
r.aise  the  next  station,  try  others  above  and  be- 
low you.  If  no  one  answers  you  it  is  certain 
that  the  break  is  in  your  own  division.  Start 
out  immediately  and  trace  the  line  above  and 
below  your  station  to  the  next  station  or  until 
the  break  is  found.  If  you  do  not  find  the 
break  on  your  own  division  notify  the  next  man 
and   he   will   patrol   his   division. 

(g)  In  case  of  broken  wire  on  a  circuit  con- 
nect the  two  pieces  of  broken  wire  by  baling 
wire  or  any  other  kind  of  wire  that  can  be 
had.  Scrape  the  ends  of  the  wires  so  as  to 
make  a  good  contact.  Fasten  the  wires  to  the 
poles  so  that  the  wires  do  not  touch  each  other 
or  the  ground.  After  making  this  temporary 
repair   notify   headquarters   immediately. 

(h)     If  you  are  not  called  at  least  once  a  dav 


ample  notice,  if  requests  can  be  conveniently 
filled  with  less  notice  it  will  be  the  duty  of 
employes   to   so   arrange    matters. 

(b)  Water  is  not  to  be  delivered  for  other 
than  domestic  and  irrigation  purposes,  except 
by  special  permission  of   the  superintendent. 

(c)  The  distribution  of  water  is  the  most 
important  of  all  duties  of  the  ditchriders.  and 
each  head  of  water  must  be  followed  to  its 
destination,  and  measured,  and  every  precau- 
tion taken  to  give  uniform  service. 

(d)  A  frequent  source  of  complaint  on  the 
part  of  water  consumers  will  be  that  better 
services  are  given  their  neighbors  than  they  are 
able  to  obtain.  While,  no  doubt,  in  the  majority 
of  cases  such  complaints  may  not  be  well 
founded,  employes  are  warned  against  showing 
favoritism    towards   any   particular   consumer. 

(e)  Ditchriders  only  shall  operate  any  gate 
or  delivery  on  the  project.  Gates  will  be  locked 
to  prevent  any  vmauthorized  person   from   rals- 

:    lowering  them. 
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by  isinglass  are  placed  above  the  Instrument.  In 
case  excessive  noise  Interferes  wlih  talking  re- 
move the  carbons  and  clean  the  isinglass  with 
a  dry  cloth  and  carefully  replace  In  the  same 
position. 

(d)     When    the    two    wires    on     a      iclephone 
touch    this    short-circuits    the    line    so    that    it 


by  the  hendqu.irtera  ofllc<?  call  up  ihnt  mlh-c  to 
jiscerlam  whether  the  telephone  l8  In  good 
working  order.  Never  leave  the  rccclvi-r  off  the 
hook.  If  U  Is  nccciignry  for  you  to  leave  the 
Instrument  hang  up  the  receiver  Instead  of 
laying  It  down. 

(I)     In    turning    Ihp    genernlor    crank    use    a 


(f)  Water  entering  any  farm  luiit  must  be 
cared  for  by  the  owner  throughout  the  period 
of  the  run.  The  head  must  not  be  lowered  at 
night.  Consumers  must  care  for  the  water 
both  day  nnd  night  and  must  have  a  head  ditch 
[iropared  and  ready  to  receive  water  by  the 
date    water   Is   called   for. 
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<g)  Drainage  ditches  must  not  be  used  as 
w.iste  ditches  except  in  cases  of  emergency. 
Waste  water  must,  be  cared  for  on  the  farm, 
and  if  waste  water  in  any  quantity  runs  off  it, 
the  amount  of  water  turned  on  to  the  farm 
should  be  lessened  accordingly  by  the  ditch- 
rider  after  consultation  with  the  water  user. 
Any    damage    done    by    waste     water     entering 


in  the  division,  whether  done  by  the  ditch- 
rider  or  by  others  worlting  under  his  direction, 
(b)  A  list  of  people  to  whom  water  was  deliv- 
ered, showing  location  of  land  by  farm  unit 
numbers,  the  hour  water  was  turned  on  or  shut 
oft  or  changed  in  amount  with  a  statement  of 
the  amount  of  water  as  determined  from  the 
delivery   weir,    or,    in   case   this   is   out   of  order 


(f)  Give  results  of  any  work  done  in  exter- 
minatin.g  muskrats.    gophers,    etc, 

Watermasters  will  forward  gage  cards 
promptly  each  week  through  the  canal  super- 
intendent to  the  office.  At  the  end  of  each 
month  they  will  prepare  a  monthly  report  and 
forward  in  the  same  way,  together  with  the 
ditchriders'    weekly    reports.      The    watermaster 
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drains  must  be  repaired  immediately  by  the 
person  responsible  for  the  same.  Ditchriders 
must  notify  headquarters  of  such  damage,  and 
report  failure  to  repair  damage  of  this  sort. 

(h)  Telephone  reports  must  be  made  by 
citchriders  and  gate  tenders  at  such  hours  as 
may  be  designated  by  the  watermaster.  Gage 
readings  should  be  taken  so  as  to  be  ready  in 
time  for  these  telephone  reports.  If  the  ditch- 
rider  expects  to  be  absent  at  report  time,  pre- 
vious arrangement  should  be  made  with  the 
watermaster.  In  case  of  failure  to  make  the 
daily  report  the  matter  will  be  reported  to 
headquarters. 

(i)  The  measurement  of  water  passing 
through  the  irrigation  canals  of  the  project  is 
an  important  duty  of  the  ditchriders  and  gate 
tenders.  All  gages  should  be  read  as  required, 
and  the  amount  of  water  delivered  to  each  farm 
should  be  accurately  known  in  order  to  deter- 
mine how  much  water  is  being  used.  For  the 
convenience  of  ditchriders  tables  have  been  cal- 
culated in  order  that  the  proper  measurements 
can  be  made  under  the  various  conditions  ex- 
isting, and  will  be  found  at  the  end  of  this 
volume. 

Periodical  Reports. — Each  ditclirider  will  be 
required  to  forward  to  the  watermaster  eacli 
week  a  report  on  forms  supplied  for  the  pur- 
pose. The  basis  for  the  records  is.  first,  gage 
cards,  and  second,  the  pocket  diary  to  be  car- 
ried  by   each   ditchrider.      (I)      The   gage   cards 


by  a  folding  steel  weir  or  by  lloat  measurement. 
The  float  measurement  is  made  by  timing  a 
chip  or  float  through  a  straight  section  of  tlie 
farmer's  head  ditch  and  determining  the  water 
section,  e.  g.,  a  float  took  60  seconds  to  travel 
100  feet  giving  roughly  a  velocity  of  1%  feet 
per  second;  the  channel  averaged  3  feet  wide 
and  6  inches  deep,  whicli  gives  a  section  of 
i^X3=lV4,  square  feet.  The  discharge  is  then 
equal  to  the  product  of  cross-section  times  S/10 
of  the  surface  velocity  or  in  this  case  3/2.5/3 
S/10  =  2  cubic  feet  per  second.  One  cubic  foot 
per  secbnd  running  for  24  hours  gives  approxi- 
mately 2  acre  feet  of  water:  therefore  in  the 
example  above  the  farmer  would  be  receiving 
about  4  acre  feet  per  day.  The  diary  should 
mention  any  other  matter  of  importance  con- 
nected with  the  delivery,  as,  for  instance,  if 
the  watei  user  disagrees  as  to  the  amount  of 
water  delivered  or  makes  any  threats,  or  if  he 
has  been  wasting  water,  note  that  you  warned 
him  this  was  against  the  law  and  also  con- 
trary to  the  policy  of  the  company,  and  if  per- 
sisted in  would  result  in  llie  water  being  shut 
off. 

(c)  A  list  of  new  settlers  who  have  gone  into 
occupation  upon  their  land  since  the  last  re- 
port, giving  the  location  or  farm  unit  numl^er 
of   such   land. 

(d)  Any  facts  of  interest  in  connection  with 
crops,  agricultural  operations  or  general  con- 
ditions   affecting    the    settlers    oi-    settlement. 


will  keep  a  daily  diary  in  a  Ijook  furnished  for 
the  purpose  covering  all  matters  of  importance 
and  serving  as  a  basis  for  the  monthly  report. 
The  monthly  report  should  begin  with  a  brief 
statement  of  general  conditions,  including  com- 
ment or  additional  facts  on  any  matter  in  the 
ditchriders'  weekly  reports  that  may  be  re- 
quired. Next,  should  be  given  a  detailed  state- 
ment of  the  work  accomplished.  For  each 
crew  should  be  given  the  name  of  the  foreman, 
number  of  men  and  teams,  material  used,  eartli 
moved,  and  the  location  of  each  job.  In  the 
case  of  earthwork,  get  the  yardage  moved  from 
the  canal  superintendent,  and  from  the  time 
book  figure  the  cost  of  each  piece  of  work.  A 
separate  set  of  instructions  will  be  issued  cov- 
ering the  use  of  the  time  books.  Finally,  make 
a  statement  covering  any  changes  in  the  reg- 
ular force,  with  the  reasons  for  same.  A  writ- 
ten contract  must  be  signed  when  teams  arc 
hired,  giving  the  rate  of  pay  per  hour  or  per 
day  and  any  other  condition  imposed.  When 
laborers  are  discharged  during  the  month  they 
are  given  a  time  check. 

Canal  superintendents  will  see  that  reports 
of  ditchriders  and  watermasters  are  promptly 
transmitted  to  the  headquarters  ofBce,  and  will 
render  a.  monthly  report  covering  their  particu- 
lar part  of  the  work,  and  with  especial  refer- 
ence to  the  engineering  features.  Canal  super- 
intendents will  keep  a  careful  diary  for  the 
luotection  of  the  company  and  themselves,  cov- 
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simply  show  the  gage  heights  at  all  points  on 
canals  and  laterals  where  the  hydrographic  en- 
gineer has  established  a  gage  rod  and  directed 
measurements  to  be  taken.  (2)  The  pocket 
diary  will  contain  (a)  a  brief  statement  of  the 
operations  each  day  showing  how  the  time  was 
put   In,   material   used,    and   work   accomplished 


(e)  Breaks  In  ditches  or  other  trouble  neces- 
sitating repairs  in  the  system  or  delays  in  the 
delivcr,v  of  water.  Give  the  cause  of  trouble, 
time  water  was  turned  off.  time  water  was 
turned  on  after  repairs,  damages,  if  any,  to  ,ad- 
joinlng  land  due  to  flood  water  or  to  delays  in 
delivery,   work  done  on  repairing  break,   etc. 


cring  ail  Important  matters  as  they  occur  from 
day  to  day.  Canal  superintendents  will  expect 
to  assist  the  watermasters  in  laying  out  the 
water  users'  ditches  for  irrigation  whenever  in- 
strument work  Is  necessary  in  staking  out  Alls, 
etc.  In  some  cases  the  watermaster  will  be 
provided  with  a  level  and  rod.  and  can  do  some 
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staking  cut  where  this  is  desirable.  Durlnjr  the 
irrigation  season  the  farmers  can  only  avail 
themselves  of  the  services  of  the  operating 
force  when  this  would  not  interfere  with  their 
duties  in  connection  with  the  delivery  of  water. 

Note:  The  diaries  of  all  employes  will  be 
kept  in  a  uniform  book  furnished  to  each,  and 
the  books  when  filled  will  be  filed  in  the  head- 
quarters office  as  part  of  the  permanent  rec- 
ords. The  ditchrider's  diary  will  be  in  pocket 
size;   all  others  in  letter  size  bound  books. 

.\fter  trying  several  systems  of  cost  keep- 
ing covering  operation  and  maintenance,  a  sys- 
tem has  been  adopted  wliich  seems  to  com- 
bine   simplicity   and    thoroughness   in   a   satis- 


Fig.   2.      Typical    Watermaster's    House    and 
Barn. 


factory  manner,  .^ny  system  is  dependent  on 
those  entrusted  to  collect  and  tabulate  the 
data ;  therefore  it  is  necessary  to  have  a  good 
man  in  charge  of  the  work.  The  method  un- 
der discussion  is  e.xplained  in  the  following 
outline,  and  is  designed  to  facilitate  the  col- 
lection of  such  data  in  the  time  books  as  will 
enable  the  bookkeepers  in  the  office  to  work 
up  very  detailed  costs  if  required,  or  if  not, 
tlic  charges  can  be  made  to  the  proper  appro- 
priation and  the  time  book  filed  away.  Then, 
if  future  conditions  make  a  detailed  cost 
statement  desirable,  recourse  can  be  had  to 
tlie  original  time  book.  The  idea  is  to  re- 
duce the  work  in  the  field  to  a  simple  state- 
ment of  exactly  what  each  luan  is  doing,  the 
location  of  the  work,  and  the  material  used. 
This  relieves  the  foreman  or  watermaster  on 
work  not  sufficiently  large  to  justify  a  time- 
keeper, of  any  difficulties  in  distribution  of 
the  labor  cost  properly,  and  concentrates  this 
duty  in  one  or  two  skilled  men  at  the  head 
office. 

The  basis  of  the  system  of  cost  keeping 
proposed  will  be  the  time  took  kept  on  the 
work  by  the  watermaster,  foreman,  or  other 
person  authorized.  The  time  book  will  be  the 
fundamental  record  of  all  labor  and  material 
•-■Ming  into  the  work,  and  iriust  be  prepared  in 
.  iiformity  with  these  instructions.  It  should 
lie  the  duty  of  canal  superintendents  to  in- 
spect the  time  books  when  in  the  field,  and 
iiisi'^t  nn  proper  records  being  made. 

The  time  book  is  ruled  and  headings  printed 
to  facilitate  the  work  of  keeping  a  proper 
record.  The  name  of  each  person  performing 
labor  is  entered  at  the  top  of  a  single  page, 
and  his  occupation,  together  with  the  month 
and   the  year,   filled   in. 

I'nder  the  heading  "Description  of  Work 
Performed"  must  he  given  the  name  or  num- 
ber of  the  structure,  ditch,  canal,  building, 
etc.,  with  which  the  work  has  to  do.  or  its 
location  by  quarter  section  or  name  of  land 
owner,  together  with  a  statement  of  the  na- 
ture of  the  work,  i.  e.,  whether  the  man  is 
employed  on  car|)eiiter  work,  concrete  work, 
hand  excavation,  teaming,  scraper  hohling.  or 
whatever.  It  should  he  made  plain  whether 
the  work  is  in  repairing  or  renewing  an  oh' 
structure  or  building  a  new  one.  In  short 
the  time  book  must  show  definitely  the  kind 
"f  work,  the  designation  of  the  structure  or 
jfil),  and  its  location.  For  each  different  kind 
of  work  performed  by  a  man  on  any  p.irticn- 
lar  dav,  the  n\miber  of  hours  is  writteii  in  the 
columii  headed  bv  the  number  indicating  the 
day  of  the  month,  and  opposite  the  descrip- 
tion of  the  work  at  the  left  side  of  the  page. 
Time  should  not  be  divided  into  fractions  of 
less  than   one  hour. 

It  is  absolutely  necessary  to  show  all  the 
time  for  which  payment  is  to  be  made,  and 
designates   on    what   work   it   has  been   spent. 


.\o  time  Will  be  entered  on  the  payroll  for  any 
person  that  does  not  appear  in  a  time  book 
with  a  description  of  the  work  performed. 
The  days  and  hours  are  added  up  at  the  end 
of  each  month,  the  daily  or  monthly  rate  en- 
tered, and  the  amount  due  shown.  In  this 
connection  there  is  a  page  in  front  of  the 
time  book  where  the  names  of  those  having 
time  can  be  listed  under  the  heading  "Detail 
of  Deductions,"  and  the  amounts  to  be  de- 
.  ducted   for  board  or  supplies  shown. 

There  are  also  pages  headed  "Record  of 
Work,"  under  which  will  be  entered  each  day 
a  brief  description  of  the  work  done  and  a 
statement  of  the  number  of  teams  worked, 
the  number  of  teams  idle,  and  the  amount  of 
horse  feed,  lumber,  cement,  steel,  nails,  or 
any  materials  or  supplies  that  have  been  de- 
livered to  the  work  that  day. 

The  time  book  must  be  completed  so  as  to 
reach  the  office  not  later  than  the  last  day  of 
each  month. 

Material  or  supplies  will  be  obtained  through 
the  headquarters  office,  or  purchased  locally 
after  obtaining  instructions  from  the  office. 
-A  written  requisition  will  be  demanded  for 
all  material  and  supplies,  which  will  also  state 
the  use  to'  which  they  are  to  be  put.  The 
office  will  keep  a  record  of  these  requisitions, 
and  all  materials  and  supplies  issued,  charging 
same  against  the  person  to  whom  issued, 
usually  the  watermaster.  The  material  and 
supplies  should  eventually  all  be  accounted  for 
by  the  time  books  and  inventories  of  mate- 
rials and  supplies  on  hand  at  the  dilTcrent 
watermaster's  headquarters  are  turned  in.  .Vny 
excess  or  deficiency  will  be  promptly  investi- 
gated and  proceeded  with  until  some  satisfac- 
tory e.xplanation  is  obtained.  If  any  material, 
equipment,  or  supplies  are  transferred  from 
one  watermaster's  district  to  another  a  trans- 
fer should  be  made  out  and  a  copy  sent  to  the 
office  so  that  one  watermaster  can  be  relieved 
and  the  other  charged  with  whatever  has  been 
transferred.  When  a  man  is  discharged  and 
a  time  check  sent  in  to  the  office,  this  fact 
must  lie  noted  opposite  the  amount  due  in 
the  time  book,  and  care  must  be  taken  that 
all  the  time  shown  on  the  time  check  is  en- 
tered in  the  time  took,  and  the  description 
of  the  work  performed  is  complete.  .(Ml  per- 
sons handling  time  books  will  be  held  per- 
sonally responsible,  and  strictly  accountable 
for  compliance  in  this  matter.  Time  will  not 
be  divided  into  fractions  of  less  than  one 
hour,  and  a  daily  rate  will  he  understood  to 
mean  for  10  hours'  labor.  Especial  pains 
should  be  taken  to  have  the  time  books  neat 
and    legible   as    to    WTiting,    and    clear    as    to 


trouble  in  keeping  track  of  costs  in  their 
general  reports,  and  their  whole  duty  con- 
sists in  seeing  that  every  item  of  labor  or 
material  is  entered  correctly  in  the  time  book 
with  a  clear  and  distinct  description  of  the 
work.  In  the  case  of  earth  work  or  concrete 
work  the  canal  superintendent  will  take  such 
measurements  as  may  be  necessary  in  order 
to  determine  the  yardage  on  each  separate 
piece  of  work.  This  data  will  be  noted  in  the 
time  took,  and  included  in  the  monthly  de- 
scription report.  The  engineer  in  charge  will 
see  that  any  work  that  can  be  reduced  to  a 
unit  basis  has  the  proper  quantities  deter- 
mined and  entered  in  the  time  book. 

The  office  force  at  headquarters  will  check 
the  time  books  and  make  out  the  payroll, 
then  complete  the  time  books  by  making  up 
the  summary  at  the  end  and  entering  up  the 
labor  and  material  costs  on  cards  or  in  a  sep- 
arate ledger  devoted  to  a  record  of  cost  of 
work. 

The  cost  cards  will  be  made  up  first  so  as 
to  show  a  distribution  of  expenditures  accord- 
ing to  the  general  headings  that  must  be  re- 
ported to  the  board  of  directors  or  depart- 
ment. .Any  sub-division  desired  can  easily  be 
made  up.  The  following  list  will  illustrate 
one   system   of   distribution: 

OPERATING    EXPENSES. 
Maintenance — 

1.  Superintendence — salaries   of  engineers  and 

office   force,    etc.,    and   cost   of   repairs   to 
offices. 

2.  Structures — material  and  labor,   repairs  and 

renewals. 

3.  Buildings  and   fixtures — material  and  labor, 
repairs  and  renewals. 

4.  Waterways — material     and     labor,     repairs 

and   renewals. 

5.  Telephone    lines — material    and    labor,    re- 

pairs and  renewals. 
G.  Tools   and   eiiuipment   used   for  repairs   and 
renewals. 

7.  Other  expenses. 
Running  expenses — 

8.  Superintendence  —  salaries,     superintendent 

and   ottice  force,   cost  of  stationery. 

9.  Water    distribution — salaries    of    watermas- 

ters  and    >litchriders. 

10.  Telephone—salaries   of   central   and   cost   of 

batteries. 

11.  Damage   to  property. 

12.  Other    expenses. 
General   expenses — 

13.  Administration  expenses — general  offices. 
H.  Law  e.vpenses. 

l.T.  Insurance. 

16.  Taxes. 

17.  Other  expenses. 

There  will  also  be  a  general  heading  for 
each  appropriation  for  betterment  work  or 
special  purpose  appropriation  which  must  be 
accounted  for  to  the  department  or  board  of 
directors. 


I        Fig.    3.       General     Headquarters    at     Strathmore.      Alberta.      Western      Section,      Canadian 

Pacific    Ry.    Co. 'a    Irrigation     Block. 


description  of  work  pcrfiirnuil.  The  proper 
use  of  the  time  book  will  give  the  exact  cost 
of  each  job,  however  large  or  small,  by  simply 
making  proper  entry  of  labor  and  materials 
each  day  in  the  time  hook.  Circat  care  must 
he  taken  to  enter  iii)  the  materials  each  day, 
as  exactly  as  the  labor.  .Materials  will  be 
charged  out  as  requisitioned,  and  must  event- 
ually all  be  accounted  for  in  some  part  of 
the   work. 

Canal  superintendents  and  watc.'mastcrs  will 
note  that  this  system  relieves   them   from  any 


L'ndcr  each  of  the  above  headings  the 
charges  will  be  distrilnited  under  Main  Ca- 
nal, Secondary  Canal  .-/,  Secondary  Canal  B, 
Secondary  t.anal  C,  and  Secondary  A  Lat- 
eral System,  Secondary  B  Lateral  System, 
and  Secondary  C  Lateral  System. 

Every  piece  of  work  of  sufficient  size  or 
importance  that  its  separate  cost  may  be  re- 
quired will  be  so  marked  in  the  time  book, 
and  will  then  be  entered  upon  the  cost  cards 
under  the  appropriation  heading,  as  above, 
from  month  to  month,  so  as  to  show  on  com- 
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pletion  the  total  labor  and  material  cost  for 
that  job.  Small  repairs  and  maintenance  work 
will  be  grouped  under  general  headings  found 
most  suitable,  but  distributed  under  the  ap- 
propriate canal  or  lateral  system  as  above. 

All  time  books  will  be  numbered  before 
going  into  the  held,  and  the  cost  cards  will 
refer  to  time  book  numbers,  so  that  if  a  com- 
plete cost  analysis  is  required  of  any  par- 
ticular job  all  the  details  can  at  once  be 
found  by  referring  to  the  time  books,  which, 
as  the  original  record,  will  be  found  filed 
away  at  headquarters.  The  loss  on  the  run- 
ning of  camps  will  be  charged  to  R.  E.  12, 
and  then  for  the  total  cost  of  canal  work  will 
be  prorated  at  the  end  of  the  season. 

The  cost  of  moving  camps  will  be  charged 
to  the  new  work  when  this  is  a  sizeable  job. 
otherwise  it  will  be  charged  to  R.  E.  12  and 
prorated  at  the  end  of  the  season  for  the  total 
feature  costs. 

In  so  far  as  possible  equipment  repairs  will 
be  charged  to  the  work  on  which  the  equip- 
ment is  being  used  so  as  to  reduce  the  amount 
of  general  expense  to  be  prorated  to  the  fea- 
ture costs. 

It  is  proposed  to  make  one  of  the  main- 
tenance general  accounts  a  ''bank"  account 
for  material  and  supplies  purchased  and  car- 
ried in  the  storeliouse  or  material  yard.  Such 
material  and  supplies  will  be  charged  to  this 
account  when  invoices  arc  passed,  i)rovided 
they  cannot  be  charged  directly  to  the  proper 
appropriation  or  piece  of  work.  Each  month 
materials  and  supplies  issued  and  used  on  the 
work  will  he  tabulated  from  the  time  book 
charges,  and  the  genera!  ledger  bank  account 
credited  and  relieved  of  so  much  of  the  gen- 
eral charge.  The  equipment,  material,  and 
supplies  on  hand  will  he  checked  up  and  list- 
ed on  December  31  each  year.  Great  care  will 
be  taken  to  have  all  equipment  branded  or 
marked  as  a  precaution  against  loss  by  care- 
lessness or  theft. 

Every  invoice  passed  will  receive  consid- 
eration as  to  its  relation  to  job  cost.  If  pos- 
sible it  will  be  charged  direct.  Invoices  will 
be  divided  into  three  kinds  in  this  way — 
first,  those  for  commissary  supplies,  charged 
direct  to  R.  E.  12  and  offset  by  credits  from 
the  payroll ;  second,  those  for  equipment,  ma- 
terial, and  supplies  charged  to  the  "bank" 
account  and  partially  offset  by  credits  from 
time  book  charges  to  different  appropriations 
and  accounts  under  which  the  equipment  ma- 
terial, or  supplies  have  been  used  ;  and.  third,  ' 
those  invoices  charged  direct  to  jobs. 

Freight  and  other  e.xpenses  will  be  charged 
either  direct  to  jobs  or  to  general  expenses 
and  prorated  against  cost  of  work  according 
to  circumstances. 

.Ml  wages  and  salaries  are  stated  in  full. 
and  board  deductions  made  when  the  employe- 
is  subsisted  at  a  company  mess.  This 
greatly  reduces  the  general  costs  to  be  pro- 
rated to  feature  costs  on  the  completion  of 
a  job  over  the  system  of  paying  so  much 
and  board,  with  consequent  charges  for  sub- 
sistence. .-Xt  the  headquarters  office  there  will 
be  kept  a  general  ledger  with  columns  to  show 
the  number  of  voucher  or  payroll,  with  its 
proper  name,  and  date  of  forwarding,  and 
columns  for  the  amounts  distributed  to  each 
general  appropriation,  and  totals. 

A  second  ledger  will  cover  the  operation  and 
maintenance  fund,  spread  out  to  show  the  di- 
vision to  the  17  account  numbers'  mentioned 
above. 

A  freight  hook  will  be  kept  to  show  the 
way-bill  date  and  number,  car  number,  points 
between  which  freight  is  charged,  material 
carried,  invoice  number,  freight  charges,  dis- 
tribution, and  cost  card  number. 

An  index  of  accounts  will  give  the  name 
of  each  firm,  with  the  numbers  of  the  invoices 
passed.  Full  particulars  of  any  invoice,  the 
number  of  which  is  known,  can  be  found  on 
the  line  corresponding  to  that  number  on  the 
general  ledger.  This  book  will  allow  of  tracing 
all  the  transactions  with  any  firm  whose  name 
is  known. 

The  cost  cards  are  lettered  to  show  to  which 
canal  system  thev  refer,  and  are  numbered 
consecutively  under  each  letter.  The  heading 
on  each  card   shows   under   which   appropria- 


tion it  comes  under  and  the  feature  charged 
to.  The  entries  on  this  card  show  the  date, 
location  of  the  work,  and  time  book  or  in- 
voice number,  and,  conversely,  the  card  num- 
ber is  cross  indexed  onto  the  time  book, 
requisition,  or  invoice  as  these  are  charged 
on  the  cards. 

\V.\TER    RECORDS. 

The  general  policy  followed  in  devising  the 
forms  for  use  in  keeping  a  record  of  the  water 
is  based  on  the  system  of  getting  all  daily 
reports  necessary  by  telephone  and  reducing 
the  written  reports  to  a  weekly  or  monthly 
period.  It  has  been  found  on  large  works 
that  it  often  takes  several  days  for  reports 
to  reach  the  headquarters  office,  and  under 
these  circumstances  a  daily  report  is  no  bet- 
ter than  a  weekly  report,  as  it  is  necessary  to 
get  certain  information  by  telephone  in  any 
event. 

The  ditclirider  carries  a  pocket  size  note- 
book and  gage  cards  in  the  field.  In  the  book 
is  entered  a  diary  nf  his  work,  and  all  infor- 
mation as  to  dates  and  quantities  of  water 
delivered,  and  note  of  gates  clianged.  On  the 
gage  card  are  entered  the  regular  readings 
required  by  the  hydrographer  in  computing 
the  discharges  of  the  various  canals  and  dis- 
tributaries. This  card  is  shown  as  Form  A. 
The  ditchrider  is  supplied  with  a  folding  steel 
weir  as  shown  in  the  plan.  Fig.  1,  and  similar 
to  the  weir  originally  designed  by  Mr.  C.  D. 
Howe,  Assoc.  M.  Am.  Soc.  C.  E.,  of  Huntley, 
Mont.  This  weir  is  readily  carried  in  a  cart  • 
and  serves  to  measure  heads  of  water  up  to 
about  -1  sec.  ft.  This  weir  is  used  where  the 
delivery  is  not  through  a  rated  box  or  over 
a  fixed  weir.  The  ditchrider  is  supplied  with 
cards.  Form  B,  to  be  used  by  the  farmers  in 
making  requests  to  deliver  or  stop  delivering 
water.  At  the  end  of  each  week  the  ditch- 
rider makes  up  from  his  diary  a  weekly  re- 
port on  Form  C,  giving  the  time,  date,  and 
gage  or  amount  of  water  for  each  change  of 
gates  or  delivery,  with  a  summary  of  the 
week's  work.  At  the  end  of  the  season  the 
ditchrider  fills  out  a  report  on  each  farm 
unit,  on  Form  D.  leaving  the  water  record 
to  be  made  up  in  the  office. 

The  hydrographer  establishes  gaging  sta- 
tions and  takes  discharge  measurements,  re- 
cordin'^  all  the  measurements  at  any  one  sta- 
tion, on  Form  E.  and  working  up  the  rating 
curve  for  that  station  from  these  results.  The 
daily  gage  heights  are  recorded  on  Form  F. 
and  the  daily  discharge  in  second  feet  is  then 
figured  from  the  rating  sheet  and  recorded 
and  the  totals  computed.  The  discharge 
measurements  as  made  in  the  field  are  record- 
ed on  Form  G. 

At  the  end  of  each  season  a  1  ydrograph  is 
made  up  for  each  main  canal  showing  the 
water  carried,  the  water  delivered  to  lands, 
and  the  water  spilled  at  different  wasteways, 
with  totals  in  acre  feet.  The  water  records 
are  compiled  by  filling  out  Form  H  for  each 
f.nrm  unit  or  water  user  under  the  system. 
("This  form  should  have  been'  printed  with  a 
more  compact  title,  giving  a  larger  number  of 
lines  for  record.)  The  ditchriders'  weekly 
report  form  could  be  reduced  to  letter  size, 
thus  making  all  the  forms  of  the  sarne  size 
except  the  gage  cards  and  Form  (7  which  are 
intended  to  be  half  letter  size,  and  the  re- 
quest cards  which  are  postcard  size. 

The  system  of  records  as  outlined  has  been 
evolved,  after  several  years'  experience,  and 
arc  satisfactory  in  practice  where  reasonably 
complete  data  are  gathered.  The  system  is 
easily    modified    to    suit    different    conditions. 

An  annual  report  for  the  use  of  the  com- 
pany is  an  important  matter  and  may  also  be 
made  to  be  of  great  benefit  to  the  headquar- 
ters office  on  the  project,  and  of  more  value 
to  the  company  if  prepared  in  a  way  to  con- 
stitute a  history  of  each  year's  operations.  This 
idea  has  been  verv  thoroughly  worked  out  in 
the  northern  division  of  the  United  States 
Reclaiuation  Service  and  the  results  are  of 
such  far  reaching  benefit  that  this  viewpoint 
will  no  doubt  eventually  be  adopted  in  all  the 
Reclamation  Service  reports.  In  making  up 
the  annual  report  an  outline  is  first  prepared 
covering  all  the  subjects  to  be  discussed.  Each 
chapter  or  division  is  then   filled   in  with   the 


data  accumulated.    Some  of  the  essential  mat- 
ters  to   be  covered   are  as  listed : 

1.  General   Description   of   the   Project. 

2.  Construction  Work. 

3.  Operation  and  Maintenance. 

4.  Lands,  Reservations,  and  Right  of  Way. 

5.  Buildings. 

6.  Equipment. 

7.  Telephone   System. 

S.  Water  Supply  and   Deliveries. 

9.  Weather    Records. 

10.  Agricultural  Conditions  and  Crop  Census. 

11.  Organization. 

12.  Financial  Statement  and  Cost  Records. 

It  may  be  a  big  task  to  make  this  report 
so  thorough  that  it  will  supply  the  reader 
with  definite  facts,  and  positive  information 
on  all  important  matters,  but  after  the  first 
report  has  been  carefully  compiled  subsequent 
ones   are  comparatively  easy  to   make  up. 

The  report  when  completed  will  enable  tne 
project  manager  and  the  company  to  answer 
almost  any  question  with  regard  to  the  work 
promptly,  and  saves  much  time  in  corre- 
spondence. Finally,  the  preparation  of  the  re- 
port calls  attention  to  discrepancies  in  land 
records  and  other  matters  and  tends  to  en- 
courage greater  care  in  accumulating  the  data. 
The  padding  of  reports  should  never  be  en- 
couraged and  the  number  of  reports  should 
be  kept  to  the  minimum,  consistent  with  ob- 
taining the  information  desired,  and  for 
which   the  management  is  willing  to   pay. 


New  Steel  and  Iron  Works  Construction 
in  1913. — There  has  been  an  exceptionally 
large  addition  to  the  open-hearth  steel  ca- 
pacity during  1913.  Practically  all  of  the 
open-hearth  furnaces  shown  in  the  following 
table  as  built  in  1913  were  put  in  operation 
during  the  same  year : 

Built  in    li>l.'5— Open  Hearth. 

Annual 
No.  fur-  capacity. 

Operated   bv —  naces.  gross  tons. 

U.  S.  Steel  Corporation...     14  730,000 

Independent  companies...     37  2,190.000 

Total     51  2.920.000 

■Under  Construction — Open  Hearth. 

U.   S.  Steel  Corporation. . .     17  920.000 

Independent  companies...     29  1,610,000 


Total     46  2.530,000 

Tile  average  capacity  of  the  37  furnaces 
l)uilt  by  independent  steel  companies  is  raised 
by  the  two  200-ton  tiltin,g  furnaces  put  in 
operation  by  the  Lackawanna  Steel  Co., 
while  the  average  capacity  of  the  2i)  inde- 
pendent furnaces  now  under  construction  is 
increased  by  the  two  200-ton  tilting  furnaces 
now  being  built  by  the  Pennsylvania  Steel  Co. 
at    its    .Steelton    plant. 

Conditions  are  greatly  different  as  regards 
the  pig  iron  capaciy,  in  fact  at  no  time  in 
many  years  has  there  been  so  little  capacity 
under  construction  or  planned'as  at  present, 
[•"our  coke  blast  furnaces  were  put  in  opera- 
tion in  1013,  with  a  total  capacity  of  495,000 
gross  tons.  The  capacity  of  the  blast  furnaces 
now  under  construction  is  about  430,000  gross 
tons 


Southern  California  Association  of  Mem- 
bers of  the  American  Societ.v  of  Civil  En- 
gineers.— The  lirst  animal  meeting  and  din- 
ner of  this  association  was  held  at  the  Uni- 
versity Club,  Los  Angeles.  January  5,  and 
ofificers  were  elected  as  follows:  J.  B.  Lippin- 
cott,  president;  Charles  T.  Tweeds,  first  vice- 
president  ;  George  S.  Binckley,  second  vice- 
president:  W.  M.  Barnard,  secretary;  Chas. 
H.  Lee,  treasurer.  The  report  of  the  organ- 
ization committee  was  given  by  Mr.  Binckley 
to  the  effect  that  the  constitution  and  by-laws 
of  the  association,  as  adopted  by  the  members 
of  the  local  association  at  its  meeting  on 
December  7,  had  been  approved  by  the  board 
of  directors  of  the  parent  society  at  New 
York.  A  committee  was  appointed  to  consider 
the  matter  of  local  members  of  the  American 
Societ\'  of  Mechanical  Engineers  joining  with 
them  in  their  meetings.  A  paper  on  the 
Thomas  system  of  reinforcing  and  three- 
hinged  arch  bridges,  illustrated  by  lantern 
slides,  was  read  before  the  association  by  Mr. 
W.  M.  Thomas.  The  secretary  of  the  asso- 
ciation has  offices  at  oH  Central  building,  Los 
.\ngeles. 
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)esigning    a    Structural    Steel    Plant. 

It  is  only  necessary  to  note  tlie  large  nuni- 
er  of  manufacturing  plants  which  have  tailed 
ftcr  heire  operated  for  a  short  time  to  ap- 
reciatc  the  necessity  of  making  a  careful 
tudy  of  the  principles  aflTecting  the  organiza- 
lon.  design  and  operation  of  such  plants, 
"here  is  no  more  dismal  sight,  especially  to 
he  unfortunate  investor,  than  that  of  a  com- 
arativcly  new  but  abandoned  manufacturing 
Innt.  In  many  particulars  the  principles  gov- 
rning  the  design  and  operation  of  a  structural 
teel  plant  differ  but  little  from  those  affect- 
ng  other  manufacturing  enterprises.  In  mak- 
ng  a  recent  inspection  of  a  number  of  steel 
nills  and  structural  shops  we  are  led  to  be- 
ievc  that  many  of  these  plants  are  operating 
mdcr  conditions  which  do  not  permit  of  high- 
y  efficient  work.  Possibly,  both  on  account  of 
he  somewhat  rough  character  of  their  pred- 
ict and  the  fact  that  the  rapid  development  of 
he  country  has  offered  work  for  all,  some  of 
hese- plants  have  not  felt  the  necessitv  of  in- 
rreasing  their  efficiency  as  have  other  kinds  of 
•nanufacturing  enterprises.  In  most  cases, 
lowevcr,  the  managers  realize  that  tlicir  plants 
»re  not  capable  of  doing  economical  work,  but 
for  one  reason  or  another  have  made  little 
progress  toward  this  end  since  their  constriic- 
ion.  Xo  doubt  some  owners  have  been  satis- 
fied so  long  as  the  plant  has  continued  to 
mnke  a  small  profit. 

In   designing  a   small    structural    steel   plant 
the  mistake  is  likely  lo  be  made  of  selecting  a 
site  which,  even  though  it  may  cover  enough 
area,   docs    not    possess    sufficient   width.     Tn 
some  cases  it  is  probable  that  it  would   have 
proved    more   economical    to    have   abandoned 
the  site   as   soon   as   it   was  realized   that   the 
changing    character    of    the    work   required    a 
different  lay-out.     Of  course  the  natural  ten- 
dency would  be  to  crowd  new  machines  into 
the  buildings  already  erected  and  to  pdd  new 
buildings   wherever  convenient.     To  illustrate 
this   error     a     well     known     plant,     which   is 
equipped    with    open-hearth    furnaces,    rolling 
mills  and  structural  shops,  has  been  strung  out 
over  a  very  n.nrrow  strip  of  land  bordering  on 
a  river.     Tn  this  plant  it  has  been  practically 
impossible  to  expand  laterally,  and  in  the  pres- 
ent lay-out  the  fabricating  shop  is  located  be- 
tween  the  open-hearth   furnaces  and  the  roll- 
ing  mills,     ft   is   necessary  therefore   to   haul 
the   steel    billets   around   the   fabricating   shop 
to  the  rolls  and  then  to  bring  the  rolled  shapes 
back   to   this   shop.     Those   in   charge   of   the 
plant  of  course  realize  that  the  lay-out  is  not 
an  economical  one,  and.  even  though  they  feel 
the  effect  of  sharp  competition,  they  now  find 
it  practically  impossible  to  improve  conditions. 
The  i>roblinis  affecting  the  location,  design 
and  operation  of  structural  steel  plants  are  so 
numerous  ?.nd  varied  that  it  is  difficult  to  con- 
sider in  detail   all  of  them,  and   some   factor, 
which  later  may  prove  to  be  a  very  impurlant 
one.  is  apt  lo  he  given  little  or  no  attention. 
In  this  issue  there  appears  an  article  which  in 
a  very  concise  and  practical   manner  eninner- 
ates  and  discusses  some  of  the  essential   fac- 
tors   governing    the     location     and     ilesigii    of 
structural  steel  plants.     Many  of  the  principles 
con<i<'ered  arc  applicable  to  other  manufactur- 
ing plants  .Ts  well.     It  Is  pointed  out  that  the 
greatest  chance  for  error  lies  in  the  selection 
of  the  site,  and  too  much  attention  cin  hardly 
he  given  to  such  items  as  market,  railway  fa- 
cilities,   labor    conditions,    power    supply,    dis- 
tance   from    the   source   of   raw    material,   etc 
The  labor  question  is  always  a  vital  one.  ard 
usually   proves  difficult  to  solve.     It  is  neces- 
sary to  obtain  a  nucleus  of  men  who  have  had 
previo\is  shop   experience,  and  this  often   re- 
sults in  placing  the  new  shop  near  an  old  es- 
tablished one.    .\  recent  example  of  this  is  af- 
forded   by   the    proximity   of    the    Dominion 


Bridge  Co.'s  plant  at  Lachine  Locks,  Canada, 
and  that  of  the  St,  Lawrence  Bridge  Co., 
which  was  built  to  fabricate  the  new  Quebec 
Bridge.  It  is  also  desirable  to  locate  the  plant 
near  a  large  labor  market  and  to  place  it  with- 
in easy  reach  of  a  rolling  mill,  as  the  latter 
requirement  obviates  the  necessity  of  carrying 
a  large  stock  of  structural  shapes.  By  means 
of  an  "ideal  design"  the  most  economical  ar- 
rangement of  buildings  and  machines  is  illus- 
trated and  described. 


What  Inducement  Does  Public  Service 

Commissionership  Offer   to 

Engineers? 

The   query   which    we    have     placed      as     a 
caption  to  this  discussion  is  suggested  by  the 
quotations    in    our    last    issue   of    remarks    by 
Mr.    Newcomb    Carlton,    vice-president    West- 
ern Union  Telegraph  Co.,  and  of   Mr.  (ieorge 
Gibbs,   Consulting   Engineer,   New   York   City. 
Mr.   Carlton,   while   expressing   his  conviction 
of  the  value  of  engineering  skill  and  knowl- 
edge  in   directing   the   work   of   regulation   of 
public     utilities,     emphasized     the     fact     that 
technical  knowledge  coupled  with  administra- 
tive   experience    were   a   combination    of    such 
worth    that   there    was   greater   and   more   re- 
munerative demand  for  them  in  other  service. 
Mr.  Gibbs'  statement  may,  for  the  purpose  of 
brief   expression,   be  condensed   in   three  sep- 
arate  statements:     (1)    As   commissioner,   the 
engineer   loses   touch   with    details   of    profes- 
sional   progress    and    must    delegate    technical 
matters   to   subordinates   who   are    specialists ; 
therefore    (2),   in     a    commissioner    previous 
specialized  training  is  of  less  importance  than 
sound    judgment   and   organizing   ability;   and 
(3)   engineers  as  staff  employes  already  have 
an    important   part    in    commission    work    and 
often  have  pay  greater  than  that  of  commis- 
sioners,  and  commissionership  opens   up  only 
a    small    additional    field    of    employment   and 
one   of   not    materially   greater   honor   or    re- 
muneration. 

The  statement  of  Mr.  Carlton  is  of  course 
absolutely     true.      The     engineer     of     sound 
technical  knowledge  coupled   with  exceptional 
administrative  ability  is  in  most  cases  beyond 
the   call    of    public    service    commissionership. 
The  same  assertion  is  also  true  of  the  lawyer 
or    transportation    expert    or    economist    who 
has   similar   qualifications.    The    remuneration 
and  honor  attached  to  public  service  commis- 
sionerships     do    not     perhaps    command     the 
service   of  genius  but    they   do  conimaml   the 
service  of  ability.    The  question  is  not:    Docs 
the  remuneration  and  honor  offered  by  public 
service    commissionership    comrnand    adminis- 
trative   genius?     The   question    is:    How    may 
we  secure  the  best  administrative  talent  which 
the  remuneration  and  honor  of  public  service 
commissionership  command?     .Ml    things   arc 
comparative.     The    salaries    paid    state    public 
service  commissioners  are  not  small,  they  arc 
considerably   greater   than   a   more   than   ordi- 
nary  ability    in   engineering   or   law    regularly 
conimands."    Neither   is   the   office   without   its 
influence  and  honor.    Tcrhaps  the  salaries  are 
not  commensurate  with  the  tasks  imposed  and 
perhaps  more   resiicct   -li..n!i!  ''<•  accredited  to 
the  office  of  public   sc  li.ssioner,  and 

pcrh.nps   both   will   be   r  is   time   rocs 

on.    but   now   they   are   .is    tluy    arc   and    this 
is  by  no  means  a  low  standard  but  is  a  stand- 
ard higher  than  common. 

The  pay  and  position  of  public  service  com- 
missioners  command    the   service   of    men   of 
ability.    Whether   or   not   the   men   appointed 
to    he    public    service  ncrs    may    be 

thought  not  to  be  able  ig  to  do  with 

the  case.    We  believe  v.  .i......    that  the  most 
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able  men  available  have  not  always  been  ap- 
pointed.    .Ability,    in    the    sense    in    which   we 
use   it   in   this   statement,   involves   fitness   for 
the   duties   to   be   performed;   it  involves,  be- 
sides   administrative    capacity    and    experience 
in    organization,    a    sound   general    knowledge 
at    least    of    engineering    and    other    technical 
matters.     .\s    stated    succinctly    in   our   quota- 
lion    last    week    of    Mr.    John   W.   Lieb,   vice- 
president   New  York  Edison  Co.,  most  of  the 
problems   of   public   service   commissions   rest 
upon    the    determination    of    such    matters    as 
physical    value,     functional    depreciation,    iior- 
ma'l  wear  and  tear,  obsolescence,  suppression, 
adequacy  of  equipment,  and  betterments,   and 
this   is   an   engineering   task.     It   is  on   these 
premises  that  the  engineer  lays     just     claim 
to  be  one  of  the  best  fitted  of  men  to  render 
able  service  as  a  public  service  commissioner. 
Mr.  Gibbs  would  set  aside  this  claim  inso- 
far   as    it    involves    any    superior    advantage 
accruing   to   the   engineer   as   a   corrimissioiier 
because   of   his   specialized   engineering   train- 
ing alone.    It  is   difficult  to  see  how  this  can- 
be   allowed.    One   can    readily   grant   that  the 
engineer  commissioner  will  in  time  loose  inti- 
mate   touch    with    advances    in    tlie    technica' 
details  of  his  profession.    It  will  be  admitted 
also  that  an  engineer  of  the   highest   special- 
ized training  in  his  profession,  if  he  is  with- 
out judicial   quahties   or   lacks   the   talent   for 
organization  or  lacks   administrative  capacity, 
mav    be    a    less    useful    commissioner    than 
another   who   can   judge,   organize   and   direct 
wisely   but   is   without   specialized  engineering 
training.     This    last    assumption    is,    however, 
absurd ;    an    engineer    who    cannot     organize, 
ilirect  and  judge  is  only  in  small  part  an  en- 
gineer :    these    faculties   are    those   chiefly   de- 
manded   of    the   engineer   in   his    professional 
work.    If  he   is   at   all   a   successful   engineer, 
he   possesses  the.se   faculties  to  an  extent  be- 
yond   the   ordinary.     The    faithfulness,    sound 
judgment    and   organizing    ability    which    Mr. 
Gibbs    ranks    first    of    the    qualities    which    a 
public   service  commissioner   should   have  are 
at  least  as  likely  to  be  found  in  the  engineer 
as  in  the  lawyer  or  economist.    If  this  is  so. 
his  special  engineering  training  or,  better,  his 
engineering   technical   knowledge,   is  .an  addi- 
tional qualification.     It   may   be  that   his  occu- 
pation with  the  broader  problems  of  directing 
and  organizing  will  get  him  out  of  touch  with 
the    details    of    professional    progress,    but    it 
will  not  take   from  him  his  knowledge  of  the 
principles    on    which    this    progress    is    based, 
lie  will  be  a  better  judge  of  the  work  of  the 
engineers    of    the    commission's    staff    .ind    .i 
belter  dircct<ir  of  the  work  of  these  engineers. 
.As  staff  employes,  Mr.  Gibbs  considers  thai 
engineers  now  have  a  status  of  acknowledged 
rank.    He  points   out  truly   that   the   staff  en- 
gineer is  more  highly  remunerated  often  than 
are  the  commissioners  who  employ  him.    Hav- 
ing the  substance,  why  seek  to  grasp  also  the 
shadow?  seems  to  be  Mr.  Gibbs'  query.    Well, 
why  not?  Commissionership.  being  the  shadow. 
is    well    worth    grasping    for    reasons    already 
staled.     There    are,    however,    other    reasons 
which  are  not  without   force.    Every  step  for- 
ward  which   the  engineer  takes   in  the  direc- 
tion of  public  affairs  is  a  step  forward  in  pub- 
lic appreciation  of  the  engineering  profession. 
Opening    public    service   commissionerships   to 
niginccrs    will    not    at    the    most    give    many 
positions  to  engineers  but  it  will  give  to  en- 
gineers   ihe    opportunity    to    demonstrate    to 
the   people   the   many   positions   in   which    en- 
gineers can   serve   ably,  because  of  their   spe- 
cialized  training.     Setting   aside   any  patriotic 
motive    which    m/iy    have    influence    with    en- 
gineers, as  it  does  with  other  men,  we  think 
it   demonstrated   by   what   we   have   said   that 
public    service    commissionership    has    induce- 
ments to  offer  to  engineers. 
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Methods  of  Constructing  Wood 
Block  Pavements  in  European  Cit- 
ies; and  a  Comparison  of  Wood 
Paving  in  European  Countries 
and  the  United  States. 

In  our  issue  of  Dec.  .31,  1913,  we  described 
and  illustrated  the  failure  of  a  wood  block 
pavement  due  to  the  washing  out  of  the  sand 
used  for  cushion  and  joint  filler.  According 
to  a  paper  presented  to  the  tenth  annual  con- 
vention of  the  American  Wood  Preservers' 
Association  by  S.  R.  Church,  Manager  Re- 
search Department,  Barrett  Mfg.  Co.,  such  a 
failure  could  not  occur  in  London,  Paris  or 
Berlin  where  it  is  the  practice  to  lay  wood 
block  pavements  direct  on  the  concrete  foun- 
dations and  fill  the  joints  with  bituminous  ma- 
terials. The  paper  describes  the  methods  of 
making  and  laying  block  pavements  in  the 
cities  mentioned  and  contains  some  conclusions 
of  the  author  concerning  the  appearance  of 
European  wood  block  pavements,  and  a  com- 
parison of  them  with  similar  pavements  in  the 
United  States.  The  paper,  slightly  condensed, 
follows : 

It  has  been  stated  that  creosoted  wood 
blocks  would  make  the  ideal  pavement  if  the 
following  faults  could  be  eliminated:  (1)  The 
tendency  to  expand,  resulting  in  bulging,  and 
sometimes  upheaval  of  the  pavement ;  disloca- 
tion of  curbs,  etc.  (2)  Slipperiness.  (3)  E.x- 
udation  of  oil,  or  ''bleeding.  Of  all  the  wood 
pavements  that  I  saw  in  London,  Paris.  Ber- 
lin and  other  cities,  none  of  them  exhibited 
any  of  the  foregoing  defects,  with  the  excep- 
tion of  two  or  three  slight  bulges  noticed  in 
London. 

EXTENT    OF    WOOD    PAVING    IN    ENGLAND. 

In  10  of  the  28  boroughs  constituting  the 
City  of  London,  and  comprising  the  most 
thickly  populated  sections  of  the  city,  the 
total  mileage  of  creosoted  wood  block  in  1912 
was  121,  and  of  this  total  40  miles  were  in 
the  City  of  Westminster.  The  streets  of 
Westminster  are  important  thoroughfares. 
The  traffic  is.  however,  very  largely  rubber- 
tired.  In  fact,  the  percentage  of  iron-tired 
traffic,  if  known,  would  probably  be  surpris- 
ingly low.  There  are  a  few  exceptions,  such 
as  the  Strand,  where  there  is  considerable 
tni.xed  traffic;  but  on  the  whole,  the  streets  of 
Westminster  and  those  of  purely  residential 
boroughs,  such  as  St.  Mary  Lebone,  Kensing- 
ton and  Wandsworth,  which  together  contrib- 
ute 90  miles  to  the  total  of  London  wood  pav- 
ing, carry  a  traffic  comprising  a  tremendous 
number  of  vehicles,  but  of  a  very  nonde- 
structive character  to  pavement.  The  City  of 
London  proper  contains  only  8%  miles  of 
wood  paving.  Here  the  traffic  is,  of  course, 
intense  in  all   respects. 

All  of  the  other  English  cities  have  adopted 
wood  paving  for  some  of  their  best  streets. 
Liverpool  has  approximately  150,000  sq.  yds.; 
Birkenhead  95,000;  Birmingham,  Nottingham, 
Bristol,  in  fact,  all  English  cities,  having  over 
50,000  population,  have  wood  block  .streets, 
and  in  the  majority  of  cases  these  are  the 
principal  thoroughfares  of  the  town. 

APPEARANCE    OF    WOOD    PAVING    IN    ENGLAND. 

In  England  two  classes  of  wood  paving 
exist,  soft  and  hard.  The  hardwoods  are 
ordinarily  laid  untreated,  and  will  not  be 
considered  in  this  paper,  'except  to  state  that 
they  are  going  out  of  favor  very  rapidly. 
The  creosoted  softwood  pavements  presented, 
in  general,  a  good  appearance,  but  not  equal 
to  the  appearance  of  our  best  wood  block 
streets.  They  were  not  slippery,  because  the 
wood  is  soft  enough  to  permit  the  pounding 
into  the  fiber  under  traffic  of  the  gravel  or 
coarse  sand  which  is  spread  over  the  pave- 
ment, and  the  pieces  of  grit  become  perma- 
nently embedded  in  the  surface  of  the  wood. 

The  wear  of  the  blocks  is,  in  general,  very 
uniform,  .iikI   hut   few   streets  are   seen  where 


depressions,  pot-holes  or  inequalities  in  the 
.surface  exist,  although  in  the  downtown 
.streets  of  London  proper,  where  traffic  is 
heaviest,  there  are  several  exceptions  to  this 
general  good  condition.  From  a  casual  ob- 
servance of  the  wood  block  surfaces  in  Lon- 
don, one  accustomed  to  the  appearance  of  our 
pavements  marvels  at  the  apparent  absence  of 
replacements.  It  requires  very  close  scrutiny 
of  the  pavement  to  find  the  places  where  serv- 
ice cuts  have  been  made,  and  where  the  pave- 
ment has  been  patched.  The  great  care  with 
which  this  work  is  done  to  produce  such  good 
results  is  in  marked  contrast  v/ith  the  care- 
less manner  in  which  the  blocks  are  in  some- 
times thrown  back  into  place  after  a  service 
cut  in  one  of  our  city  streets. 

MANUFACTURE     OF     WOOD     BLOCKS     IN     ENGLAND. 

At  the  treating  plant  of  one  of  the  most 
important  paving  block  companies,  they  are 
using  almost  exclusively  wood  of  the  class 
known  as  "pinus  sylvestris,"  which  is  sold 
under  various  names,  such  as  "Swedish  pine," 
"Baltic  pine,"  "yellow  deal,"  "red  deal,"  etc. 
This  is  a  most  uniform  appearing  wood,  block 
after  block  could  be  examined  without  any 
noticeable  difference  in  weight,  size  of  rings, 
freedom  from  knots,  shakes,  etc.,  nor  is  there 
as  marked  a  difference  apparent  between  heart 
and  softwood  as  in  our  yellow  pine.  The 
manager  of  this  company  stated  that  he  has 
made  a  study  of  wood  for  many  years,  and 
has  been  all  over  the  world,  and  that  in  his 
opinion  this  Baltic  pine  is  the  ideal  paving 
block  wood,  and  to  it  he  ascribes  the  success 
of  their  pavements.  The  methods  in  the  plant 
appear  to  be  thorough  and  well  regulated,  but 
not  nearly  as  up-to-date  mechanically  as  our 
.American  works.  The  saws  are  small ;  the 
treating  cylinders  are  small,  and  there  is  a 
great  deal  of  hand  labor.  Straight  pressure 
treatment  is  used.  The  average  treatment  is 
about  10  lbs.  per  cubic  foot.  The  City  of 
London  now  requires  12  lbs.  and  the  city  of 
Westminster  10  lbs.  The  oil  is  coal  tar  creo- 
cote  oil,  said  to  be  about  1.06  specific  gravity. 
Specifications  are  very  simple,  and  there  is 
practically  no  inspection  at  the  plant. 

Considering  the  apparently  light  treatment, 
the  penetration  of  the  oil  is  exceedingly  good. 
This  company  lays  most  of  its  own  blocks, 
and  a  large  proportion  of  its  contracts  are  in 
London.  These  blocks  are  delivered  to  the 
street  in  wagons.  The  storage  capacity  for 
untreated  or  treated  material  at  the  plant  is 
small,  so  that  the  wood  is  not  seasoned  very 
long  before  treatment,  nor  do  the  blocks  re- 
main in  storage  after  treatment  for  any  length 
of  time.  In  most  of  the  London  paving,  the 
blocks  are  delivered  just  about  as  fast  as  they 
are  required.  They  are  seldom  piled  along  the 
sides  of  the  streets. 

LAYING    WOOD    PAVING    IN    LONDON. 

I  had  an  opportunity  of  carefully  observing 
the  construction  of  a  wood  pavement  in 
Gracecluirch  St.,  London,  and  was  greatly  im- 
pressed with  the  good  workmanship  displayed. 
The  street  is  in  the  heart  of  the  old  city,  and 
is  34  ft.  wide.  It  was  being  paved  for  a 
distance  of  about  six  blocks.  The  contractors 
were  allowed  to  shut  the  street  off  from  traf- 
fic for  a  definite  period  of  time,  within  which 
the  work  must  be  completed.  The  old  pave- 
ment had  been  entirely  removed,  and  a  new 
cement-concrete  foundation  9  ins.  deep  was 
put  down.  This  concrete  was  put  down  in 
sections  about  25  ft.  long,  and  the  full  width 
of  the  street.  It  was  laid  in  one  course,  with 
a  very  wet  mix,  the  aggregate  being  Thames 
gravel  and  sand.  The  concrete  surface  was 
finished  to  an  absolutely  true  grade  by  means 
of  a  wood  templet,  and  without  the  use  of 
any  mortar  course.  Sometimes  a  mortar 
course  is  used  to  make  the  surface  smooth. 
In  all  cases  the  concrete  is  allowed  to  set  six 
or  seven  days  until  perfectly  hard,  and  the 
blocks  are  then  laid  directly  on  the  hard, 
smooth    concrete,    without    -.ww    rushinn.     This 


is  the  universal  practice,  not  only  in  London, 
but  in  Paris  and  Berlin,  and  all  the  engineers 
with  whom  I  talked  said  that  they  were  op- 
posed to  the  use  of  a  sand  cushion  or  a  soft 
cushion  of  any  kind.  The  blocks  were  5  ins. 
deep  by  3  ins.  wide  by  7  ins.  long.  They  were 
very  uniform  in  length  and  exceedingly  true 
in  depth.  They  were  laid  fairly  close,  but  not 
rammed.  An  expansion  joint  1%  ins.  wide 
was  provided  along  each  curb,  and  two  rows 
of  blocks  laid  parallel  to  the  curb,  with  a 
pitch-filled  joint  between  these  rows.  The  ex- 
pansion joint  along  the  curb  was  filled  with 
clay  to  within  V2  in.  of  the  top.  Before  pav- 
ing up  to  projections,  such  as  manholes,  pipe 
valves,  etc.,  the  blocks  are  fitted  with  great 
care  around  all  these  projections.  Over  the 
finished  surface  after  the  blocks  are  laid,  a 
flush  coat  of  hot  coal  tar  pitch,  of  about  140- 
145°  F.  melting  point,  was  poured  from  hand 
buckets,  and  this  was  immediately  squegeed 
over  the  surface  with  rubber  rollers,  forcing 
it  into  all  the  joints.  This  was  followed  with 
a  thin  wash  coat  of  cement  grout,  and  finally 
a  substantial  layer  of  fine,  brown,  siliceous 
gravel,  free  from  dust  or  loam,  which  was 
allowed  to  remain  on  the  surface  until  pound- 
'ed  into  the  blocks  by  traffic. 

The  foregoing  is  typical  of  modern  Englisti 
practice.  I  have  seen  statements  to  the  effect 
that  spacing  lath  are  commonly  used  in  the 
joints,  but  this  practice  has  been  abandoned, 
except  in  the  case  of  some  hardwood  pave- 
ments. The  spacing  strips  are  never  used  in 
London  or  Paris  with  softwood  blocks.  They 
are,  however,  used  in  Berlin.  The  flush  coat 
of  pitch  over  the  surface  is  the  universal  prac- 
tice in  England,  although  not  used  to  any 
extent  elsewhere.  Longitudinal  expansion 
joints  are  always  provided,  even  on  heavy 
traffic  streets,  but  lateral  expansion  joints  are 
not  used.  In  London  5-in.  blocks  are  used  on 
all  important  thoroughfares,  and  no  blocks 
less  than  4  ins.  deep  are  ever  used. 

EXTENT     .\ND     .\PPEARANCE     OF     CREOSOTED     WOOD 
PAVING    IN    PARIS. 

Creosoted  wood  block  paving  in  Paris  is 
more  noticeable  for  quantity  than  it  is  for 
qualitv.  Up  to  the  end  of  1911,  thev  had 
200,000  sq.  m.,^  equal  to  about  280,000  sq'.  yds.. 
of  wood  paving.  .A.s  in  England,  they  have 
used  both  hard  and  soft  woods.  Hard  Aus- 
tralian woods  were  used  to  quite  a  large  ex- 
tent, but  have  not  given  satisfactory  results. 
The  report  of  the  Chief  Engineer  of  Bridges 
and  Streets  of  Paris,  at  the  London  Road 
Congress,  stated  that  the  average  life  of  the 
hardwood  paving  was  si.x  years.  The  appear- 
ance of  the  creosoted  pine  pavements  in  Paris 
varies  from  good  to  exceedingly  bad.  There 
are  many  streets  where  the  blocks  are  de- 
cayed. There  are  also  many  verv  rough 
streets,  and  on  the  whole,  they  are  distinctly 
inferior  to  the  wood  block  streets  in  any  of 
our   .'\merican  cities. 

MANUFACTURE    OF    CRE0.S0TED    P.WING    KLOCKS    IN 
PARIS. 

I  was  able  to  inspect  the  municipal  wood 
block  plant,  through  the  courtesy  of  M.  dc 
Pidigny.  This  is  a  very  large  and  well  ordered 
plant,  and  the  first  thing  that  attracts  atten- 
tion is  the  very  high  lumber  piles,  which  ap- 
proximate 40  ft.  The  sticks  are  run  up  into 
these  piles  direct  from  the  cars  by  means  of 
an  electric  tiering  machine.  A  large  propor- 
tion of  the  lumber  is  kept  under  glass  roofs. 
There  is  also  a  very  large  storage  yard  for 
treated  blocks.  A  new  electrically-driven 
machine,  which  saws  Ifi  blocks  at  once,  is  a 
feature  of  the  plant.  The  sticks  are  fed  auto- 
matically to  the  saws,  and  the  block.s  are  dis- 
charged automatically  %vith  the  grain  up,  to 
the  inspection  table,  from  whence  they  are 
loaded  by  hand  into  very  small  iron  treating 
cars.  Five  or  six  of  these  cars  full  of  blocks 
are  run  under  the  creosote  oil  tank,  where 
each  car  is  filled  up  by  gravity  with  oil  at  a 
temperature  of  80°  C.   .^fter  remaining  in  this 
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bath  of  oil  for  20  minutes,  the  oil  is  drawn 
off  from  the  bottom  of  the  car,  and  the  blocks 
taken  to  the  storage  yard.  The  average  ab- 
sorption by  this  treatment  is  3  lbs.  per  cubic 
foot.  Naturally,  the  penetration  is  very  slight. 
It  is  not  surprising  that  the  blocks  decay  be- 
ftire  they  are  worn  out,  but  at  first  sight  it  is 
very  surprisin.g  that  they  do  not  bulge  and 
buckle  continually. 

An  interesting  feature  of  the  Paris  plant  is 
the  machines  for  shaving  old  blocks  for  re- 
laying. Blocks  taken  up  from  the  street,  if 
not  too  badly  worn  or  decayed,  are  brought 
to  the  plant  and  the  edges  trimmed  on  these 
machines.  It  is  sometimes  done  with  portable 
machines  on  the  streets.  Many  of  the  blocks 
being  repaired  in  this  manner  for  relaying 
showed  hardly  any  evidence  of  treatment,  and 
some  were  partially  decayed.  The  Paris  en- 
gineers freely  admit  that  their  blocks  have 
been  very  insufficiently  treated,  and  that  the 
results  have  been  unsatisfactory,  and,  in  fact, 
they  are  now  erecting  a  new  plant  for  pres- 
sure treatment  by  means  of  a  process  devel- 
oped by  M.  Labordere.  As  he  has  discussed 
this  process  in  a  recent  paper  before  the  Si.xth 
International  Congress  of  Testing  Materials, 
1  will  not  describe  it.  M.  Labordere  told  me 
that  it  is  their  intention  to  use,  in  connection 
with  this  process,  a  mixture  of  coal  tar  pitch 
and  creosote  oil  of  not  less  than  1.08  specific 
gravity.  They  have  been  using  for  the  dip- 
ping treatment  an  oil  of  about  1.04  specific 
gravity. 

The  woods  used  in  Paris  for  creosoting 
treatment  are  Baltic  pine,  and  pinus  martimas, 
a  native  pine  largely  used  at  present.  This  is 
a  much  wider  grained  wood  than  the  Baltic 
pine,  and  less  uniform  in  character.  They 
make  an  interesting  distinction  between  the 
resinous  or  gummy  wood  from  the  lower  part 
of  the  trunk,  and  the  wood  from  the  upper 
part  of  the  trunk,  using  the  former  for  heavy 
traffic  streets  and  the  latter  for  ordinary  work. 
I  do  not  know  to  what  extent  they  are. able 
to  carry  this  out  in  practice. 

LAVING    WOOD    BLOCK    P.AVEMEN'T   IN    P.^RIS. 

I  saw  two  or  three  wood  block  streets  in 
course  of  construction.  Five-inch  blocks  were 
being  put  down,  and  in  general,  the  method  is 
much  the  same  as  in  London.  The  concrete 
foundation  is  very  similar  in  appearance,  and 
the  aliscnce  of  any  soft  cushion  especially  note- 
worthy. Expansion  joints  iVi  ins.  wide  along 
the  curbs  are  filled  with  sand.  Two  rows  of 
blocks  are  laid  parallel  to  the  curb  with  1-in. 
between  the  rows,  a  peculiar  type  of  sectional 
expansion  joint  being  used,  consisting  of  a 
bituminous  paper  bo.x  about  C  ins.  long,  con- 
taining hollow  paper  cylinders.  This  keeps 
dirt,  etc.,  out  of  the  joint,  and  crushes  readilv 
under  pressure.  Transverse  joints  about  100 
ft.  apart  are  also  fdled  with  these  bituminous 
boxes.  On  another  street  a  collapsible  metal 
expansion  joint  is  used.  Instead  of  pitch  grout- 
ing, it  is  common  practice  in  Paris  to  flush 
the  surface  with  cement  grout,  which  fills  the 
joints  that  are  open.  The  work  did  not  seem 
to  be  as  well  organized  or  as  rapidly  carried 
on,  nor  did  the. surface  of  the  finished  pave- 
ment present  as  uniform  an  appearance  as 
the  Lfmdon  work  already  described. 

In  another  street  I  saw  o-in.  Swedish  pine 
blocks  being  laid.  The  grade  was  at  least  '2M 
per  cent.  In  this  case  the  surface  was  flushed 
with  coal  tar  pitch  poured  by  hand,  and  forced 
into  the  joints  by  the  use  of  hot  smoothing 
irons.  This  was  followed  by  a  heavy  covering 
of  coarse  sand.  I  was  told  that  this  method 
of  filling  joints  was  not  as  common  in  Paris 
as  the  cement  grouting  method. 

WOOD   m.OCK    PAVING    IN    HERLIN. 

There  is  not  much  wood  block  paving  in 
Berlin,  but  a  condition  which  seems  rather 
remarkable  exists,  in  that  on  streets  paved 
with  asphalt,  where  the  grade  becomes  too 
steep  and  the  asphalt  will  prove  unduly  slip- 
pery, wood  block  is  used.  Most  of  the  ap- 
proaches to  bridges  are  paved  with  crcosoted 
wood  block. 

Berlin  has  probably  the  finest  sheet  asphalt 
paving  in  the  world.  The  wood  paving  is 
rough  and  comparatively  noisy.  About  the 
only  thing  of  special  interest  noted  in  Berlin 
was   that   a   new    wood   block   plant   has   been 


erected  where  the  Rueping  process  will  be 
used  for  treating  Swedish  pine  similar  to  that 
used  in  England.  I  was  shown  blocks  treated 
by  this  process,  which  appeared  to  have  very 
good  penetration  with  a  minimum  use  of  oil. 

CONCLUSIONS. 

In  the  beginning  of  this  paper  I  stated  that 
European  wood  pavements  did  not  bleed,  ex- 
pand or  buckle,  and  were  not  slippery.  Let  us 
inquire  briefly  into  the  reasons,  and  see  what 
we  have  to  learn  from  their  methods. 

Conditions  are  so  entirely  different  that  I 
do  not  see  how  any  direct  comparison  can  be 
made.  In  the  first  place,  as  to  slippcriness,  I 
have  already  explained  that  the  nonslipperiness 
of  their  pavements  is  due  to  the  use  of  softer 
wood.  .-\s  to  bleeding,  they  seldom  have  any 
weather  in  London  hot  enough  to  cause  bleed- 
ing. In  Paris  there  is  not  enough  oil  in  the 
blocks  to  cause  bleeding.  The  climate  also  un- 
doubtedly plays  a  very  important  part  in  the 
question  of  expansion  and  contraction.  It  is 
agreed  that  the  sudden  expansion  that  some- 
times takes  place  in  our  wood  pavements  is 
due  to  a  rapid  absorption  of  moisture,  usually 
after  the  pavements  have  been  unduly  dry. 
This  can  hardly  occur  in  England,  where  they 
have  a  little  rain  all  the  time,  very  seldom 
any  torrential  downpours  or  any  long  con- 
tinued dry  spells.  The  average  humidity  is 
high.  It  is  a  question  whether  the  pavements 
ever  get  dried  out  to  anything  like  the  extent 
that  ours  do.  I  should  say  that  generally  the 
blocks  are  in  a  maximum  condition  of  ex- 
pansion. The  same  must  be  true  in  Paris,  or 
the  inadequately  treated  blocks  in  that  city 
would  certainly  bulge.  On  the  other  hand,  it 
is  well  worth  considerin.g  if  the  kind  of  wood 
that  they  use  has  something  to  do  with  the 
lack  of  expansion  troubles.  It  is  manifestly  a 
very  different  wood  from  our  longleaf  yellow 
pine.  .A.S  I  have  already  stated,  it  does  not 
present  as  attractive  an  appearance,  and  it  is 
probably  not  so  durable.  It  may  be,  how- 
ever, that  with  shortlcaf  pine  or  tamarack  or 
Douglas  fir,  we  could  obtain  results  more 
nearly  approaching  the  European  results  by 
following  their  practice  more  closely  with 
regard  to  treatment  and  methods  of  laying. 

I  believe  we  can  afford  to  give  careful  con- 
sideration to  the  question  of  lighter  treatment, 
but  I  do  not  believe  that  because  10  or  12 
lbs.  is  ample  in  London  with  the  wood  they 
are  using  and  the  climate  that  there  exists, 
that  amount  would  be  ample  for  our  woods 
in  our  climate. 

The  points  that  I  would  especially  empha- 
size for  your  consideration  arc:  (l)  The 
great  care  used  in  the  preparation  of  the  con- 
crete foundation  and,  in  fact,  in  the  whole 
workmanship  of  the  pavement:  (2)  the  gen- 
eral use  of  deeper  blocks:  (-I)  the  universal 
practice  (in  England)  of  sealing  the  joints 
of  the  pavement  with  coal  tar  pitch,  so  as  to 
prevent  the  entrance  of   moisture. 

I  would  rdso  emphasize  that  the  pavements 
in  Europe  (this  does  not  apply  onlv  to  woodl, 
are  laid  and  maintained  by  worKmen  who 
have  more  conscience,  or  at  least,  take  greater 
pride  in  their  work  than  we  find  on  the  aver- 
age job  in  our  country.  There  is  less  inspec- 
tion on  the  part  of  the  citv  of  the  operations 
of  making  the  blocks  and  laying  them,  but  I 
got  a  very  strong  impression  that  the  manu- 
facturers are  taking  no  chances  of  having 
their  material  condemned  i.n  account  of  care- 
lessness or  bad  workmanship. 

In  conclusion,  F  want  in  repeat  that  in  my 
judgment,  none  of  the  European  wood  paving 
surpasses  our  best  wood  streets  in  appear- 
ance. 


Cost  of  Surveying  Built-up  Towns  —.\c- 

cording  to  a  p;ipcr  ri'ad  al  tin-  annual  meeting 
of  the  Oklahiima  r.ngiiK'ering  Society,  by  Mr. 
H.  V.  Hinckley,  consulting  engineer  of  Okla- 
homa Citv.  many  towns  of  S.OOO  population 
had  hern  built  up  by  white  trespassers  in 
Indian  Territory  before  Congress  officially  al- 
lowed them  in  that  territory.  Most  of  these 
towns  were  built  up  without  survey.  The  con- 
sequent necessary  survey  and  plaiting  cost  $2 
to  $(1  per  acre,  comparcil  with  a  cost  of  oOc  to 
$1.10  per  acre  for  surveving  a  town  on  a 
prairie,  in  advance  of  settlement. 


Some  Road  Crusts  of  Low  Construc- 
tion   Cost    Suitable    for    Roads    in 

the  Southern  States. 
In  a  paper  presented  at  the  recent  conven- 
tion of  the  American  Association  for  the  Ad- 
vancement of  Science  by  Major  \V.  W. 
Crosby,  Chief  Engineer,  Maryland  Geological 
and  Economical  Survey,  some  types  of  road 
crusts  that  can  often  be  constructed  at 
low  first  cost  and  that  are  suitable  for  roads 
in  the  South,  are  described.  Descriptions  of 
the  materials  used  in  some  of  these  road 
crusts  which  are  not  as  well  known  as  others, 
and  average  costs  per  square  yard  of  such 
surfaces  are  given  in  the  following  excerpts 
from  the  paper : 

Burnt  Clay  Roads. — Burnt  clay  roads  as  de- 
veloped by  the  U.  S.  Office  of  Public  Roads 
are,  of  course,  limited  to  localities  where  con- 
ditions are  favorable  to  their  construction 
and  where  the  traffic  will  permit  their  satis- 
factory maintenance  with  reasonable  econ- 
omy. Their  selection  should  be  always  based 
upon  careful  consideration  along  scientific 
lines  and  of  all  the  circumstances.  Their  de- 
gree of  permanence  is  relatively  small.  Burni 
clay  road  crusts  vary  in  cost,  but  under  ordi- 
nary conditions  where  they  are  possible  it  is 
estimated  their  cost  would  be  about  15  cts. 
per  square  yard. 

Marl  Roads. — Marl,  being  an  earthy  mix- 
ture of  shells,  clay,  sand,  etc.,  very  much  like 
(except  that  the  shells  in  marl  are  usuallv 
much  smaller)  the  dredged  shells  referred 
to  later  under  Shell  Roads,  may  almost  be 
considered  as  included  under  the  remarks  on 
the  latter.  Marl  roads  are  relatively  cheap 
in  first  cost  and  high  in  maintenance  costs, 
but  frequently  are  worth  consideration  under 
peculiar   local   conditions. 

Shell  Roads.— SheW  roads  crusts  will  be 
considered  under  two  heads,  "Shell  Roads" 
and  "Shell  Macadam."  In  many  localities 
through  the  South  a  mixture  of  shells  with 
sand,  silt,  etc.,  is  obtained  by  dredging  in 
the  streams  and  is  frequently  available  at  low- 
cost.  This  mixture,  when  containing  a  suffi- 
cient proportion  of  shells  and  properly  ap- 
plied, furnishes  frequently  a  very  satisfac- 
tory road  crust  for  light  traffic  at  a  first  cost 
of,  say,  30  cts.  per  square  yard.  It  is.  how- 
ever, liable  to  loosening  in  dry  weather  unless 
oiled  and  readily  becomes  "horse  pathed" 
under  periodic  horse-drawn  traffic  in  one  di- 
rection. 

Shell    macadam   is  built,  as   in   the   case   of 
broken    stone    or   gravel    macadam,    from    the 
shells  themselves — obtainable  from  shell  heaps 
at  the  canning  factories  or  elsewhere — spread, 
compacted,  and  then  the  voids  filled  with  sand 
or   similar   material   by   the    aid   of    water   or 
other   liquids.     L'sing   the   shells   in   this  way. 
just    as    if    they    were    broken    stone,    secures 
the   greatest   value    from   them   and   the    shell 
macadam   so   formed   is  light,   strong,   reason- 
ably   resistant,    and    particularly    valuable    for 
moderate   traffic   on    sandy   roads.     The   addi 
tion  of  pitch  by  the  penetration  method  is  als 
successfully  made  to  shell  macadam  and  it   i 
easily    practicable    to  construct   an<l    maintai 
a    piich    (or    bituminous')    carpet    on    the   trr 
of  shell   macadam,  which  will   ad<l  greatly   t 
its  field.     In  the  cases  where  pitch  is  so  use. 
the    finer    mineral    material    to    go    with    the 
pitch    should    pcrferably    be   clean    pea   gravil 
or   stone   chips   rather   than    fine    sand.     Shr 
macadam    has   a   pleasant   resiliency    not    po' 
sessed    by    cither     gravel     or     broken     stone 
macadam.      Its    first   cost    (waterbound)— de- 
pending of  course  on   the  price  of  the  shel' 
— will   vary   between   2.i   cts.   and   -50   cts.    pi 
square   yard. 

.sViK/    Roads. — .Vgain    we    may    separate    thi- 
consideralion    into    "Slag    Roads"    and    "Sl.r. 
Macadam,"     Basic   slag,   direct    from   the  pi 
(ir  dump,  because  of  its  heterogenous  charar 
cr,  usually  gives  imsafisfactory  results  on  tb 
road,    though    it   possesses   the   valuable   qua 
ity   of  setting  up   like  cement   and    forming 
concrete-like    roa<l-crust    capable    of    support 
inn   heavy    loads.      But    no   matter   how    care- 
fully   spread   an<l    rolled,   its    final    compaction 
after  being  subjected  to  traffic  and  weatherini' 
is  generally  very  uneven.     The   fine  portion 
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the  cellular  or  honeycomb-like  fragments,  the 
massive  fragments  and  the  different  size  par- 
ticles all  give  different  results.  Hence  thti 
use  of  slag  direct  from  the  pile  has  been  prac- 
tically abandoned   for  road  crusts. 

If  now  the  slag  can,  as  is  sometimes  the 
case,  be  obtained  broken  to  size  and  screened 
as  is  broken  stone,  it  then  becomes  possible 
to  use  such  slag  for  making  macadam,  fre- 
quently to  great  advantage  because  of  its 
cheapness  and  because  of  its  capacity  for 
strongly  cementing  together  to  form  a  road 
crust  highly  resistant  to  displacement  under 
heavy  loads  and  to  ravelling  in  dry  weather. 
Waterbound  slag  macadam  is  inclined  to  dusti- 
ness, but  this  dust  is  obliterated  by  the  first 
heavy  rain,  as  in  the  case  of  shell  macadam. 
the  dust  re-cementing  when  sufficient  water 
is  added  to  it.  The  first  cost  of  slag  macadam 
may  be  as  low  as  50  cts.  per  square  yard.  The 
use  of  pitch  by  the  penetration  method  with 
slag  macadam  presents  no  unusual  points  for 
consideration    here. 

The  above  remarks  concerning  slag  are  in- 
tended to  cover  only  that  known  as  "basic" 
slag.  "Acid"  slags  are  not  fit  for  road  crusts 
e.Ncept  in  rare  cases  and  when  pitch  is  used 
in  connection  with  them,  as  they  are  vitreous, 
too  lirittle,  and  lack  cementing  qualities.  They 
uiay  rarely  be  used  in  the  first  course  or  foun- 
dation as  a  substitute  for  broken  stone  or 
gravel. 


."j-in.  pipes  about  15  ft.  long,  with  the  ends 
flattened  out  and  bent  over.  The  flat  end  of 
one  of  these  pipes  was  placed  under  the  rear 
wheels  and  between  the  dual  tires.  Another 
scheme  that  was  used  to  improve  traction  on 
the  desert  road  was  the  dragging  of  a  10-ft. 
railroad  rail  behind  a  truck  ever.\'  other  day. 
This  filled  up  ruts  and  kept  the  desert  road 
in    fairly    good    condition. 

In  places  the  grades  were  as  steep  as  32 
per  cent,  and  summits  having  altitudes  as  high 
as  8,500  ft.  above  sea  level  were  features  of 
the  route.  On  the  steepest  grades  it  was  neces- 
sary to  use  air  pressure  on  the  gasoline  tanks 
to  make  the  fuel  flow  to  the  carburetors.  The 
thermometer  often  registered  122°  F.  in  the 
shade.  The  wind  frequently  blew  about  30 
miles  an  hour,  so  that  the  crews  rode  in  a 
hot  blast  and  a  cloud  of  dust  so  thick  they 
could  hardly  see  20  ft.  in  front  of  them  at 
any   time. 

The  great  heat  and  the  soft  roads  made  it 
impossible  for  the  best  Missouri  mules  to 
haul  more  than  1,000  lbs.  to  the  animal  and 
these  animals,  hauling  1,000  lbs.,  travel  only 
about  IVz  miles  in  one  hour  (16  miles  being  a 
day's  work  for  10  mules  hauling  5  tons).  In 
places   remote   from   the   railroad,   alfalfa   hay 


Transporting      Pipe      Line      Material 
Across  a  Desert  by  Motor  Trucks. 

(Staff   .Article.) 

In  constructing  an  oil  pipe  line  between 
the  -Midway  Oil  Fields  and  San  Pedro,  Cali- 
fornia, some  35,000  tons  of  pipe  line  material 
and  material  for  pumping  stations  were  suc- 
cessfully hauled  across  desert  and  over  moun- 
tain trails  by  motor  trucks.  There  were  alto- 
gether 18  trucks  operated  by  the  contractor, 
the  .-Xuto  Delivery  Co.,  of  San  Francisco. 
Cal.  and  these  trucks  made  an  aggregate  of 
TOO.iifiO-ton  miles.  White  trucks  were  used. 
and  the  performance  of  these  trucks  and 
some  of  the  operating  inethods  furnish  infor- 
mation   of   general    interest. 

The  route  crossed  a  desert  for  40  miles. 
The  roads  were  very  sandy  and  soft,  the 
sand  being  in  some  places  so  loose  and  deep 
that  the  front  axles  of  the  trucks  dragged  on 
the  ground.  In  several  places  it  was  neces- 
sary to  haul  material  into  the  mountains 
where  there  were  no  roads.  Sage  brush  was 
gathered  from  the  desert  and  eucalyptus 
branches  were  cut  in  great  quantities  and 
spread  crosswise  of  the  trail  along  an  arroya. 
This  mi.\ture.  and  a  certain  percentage  of 
straw,  was  sprinkled  with  sand,  making  a 
very  good  motor  truck  road  over  which  no 
difficulty  was  experienced.  Furthermore,  it 
was  built  at  a  small  expense.  Bridges  over 
small  streams  and  ravines  had  to  be  built  at 
several   places. 

In  one  spot  where  a  road  had  been  built 
along  the  side  of  a  stream,  the  bank  caved 
in  and  a  truck  landed  upside  down  in  the 
bed  of  the  stream.  After  being  placed  "on 
its  feet"'  the  truck  was  driven  down  the 
stream.  This  experience  demonstrated  that 
the  river-bed  made  a  better  road  than  the  one 
which  had  been  used  and  the  road  was  there- 
fore abondoned.  By  cutting  the  bank  away 
so  that  the  trucks  could  get  down  to  the  bed 
of  the  river,  they  were  enabled  to  travel  nine 
miles  down  the  stream.  The  bottom  was  semi- 
quicksand,  with  water  running  over  it,  and 
it  vvas  kept  comparatively  hard.  The  truck 
drivers  soon  discovered,  however,  that  if  they 
stopped  their  trucks  anywhere  in  those  nine 
miles  the  truck  promptly  settled  in  the  sand. 
On  one  occasion  a  truck  went  down  to  the 
axles  before  the  driver  'could  build  a  levee 
aroiind  it  to  prevent  the  water  from  under- 
mining the  wheels,  ,^s  long  as  they  were 
kept  moving  the  bed  of  the  river  made  a  very 
good    roadbed. 

It  was  not  an  uncommon  thing  for  the 
trucks  to  lose  traction  on  the  desert  roads 
The  wheels  would  spin  in  the  sand  and  dig 
down  until  the  axles  rested  on  the  ground. 
For  such  emergencies  the  trucks  carried  two 


40  miles  was  only  about  8  miles  an  hour. 
Five  of  the  trucks  which  had  each  covered 
over  100,000  miles  before  being  placed  on 
this  job,  made  good  records  by  making  a  trip 
every  day  along  with  the  newer  trucks. 

One  of  the  older  trucks  was  driven  by  an 
Indian  who  lived  on  the  desert.  He  learne;! 
to  drive  shortly  after  work  on  the  contract 
had  commenced,  and  he  drove  60  round  trips 
of  80  to  110  miles  each  without  a  single  mis- 
hap or  loss  'of  a  minute  from  the  schedule 
which  had  been  mapped  out  for  his  truck. 
He  was  paid  50  cts.  per  hour  and  he  drove 
16  hours  a  day  every  day  for  00  days.  No 
other  driver  w'as  able  to  stand  the  heat  or 
fatigue  as   well  as  this   native  Indian. 

Of  the  ten  trucks  hauling  material  out  of 
Lancaster,  the  contractor  planned  to  have  two 
laid  up  all  the  time  for  adjustments,  repairs, 
lubrication,  overhauling,  etc.  Eighty  per  cent 
of  the  equipment  was  on  the  road  all  the 
time  and  20  per  cent  was  in  the  temporary 
garage  which  was  built  at  Lancaster  to  main- 
tain the  trucks  on  this  job.  The  cost  of  op- 
erating the  trucks  was  50  per  cent  more  than 
under  normal  conditions,  but  as  the  roads 
were  generally  soft  the  tire  costs  were  less 
than  average.     One  of  the  facts  brought  out 


Fig.   1.      Motor   Truck    Loaded   With   Oil-Line    Pipe  for  Transportation  Across  a  California 

Desert. 


sells  at  $35  a  ton,  making  tlie  cost  of  feeding 
a  mule  not  less  than  $1  a  day'.  Furthermore, 
the  death  rate  among  the  nudes,  ihu-  \n  licit. 
was  excessive. 

The  principal  material  hauled  was  8-in. 
screw-joint  line  pipe.  As  shown  in  the  view 
of  one  of  the  loaded  trucks,  Fig.  1,  the  pipes 
were  lashed  to  the  sides  of  the  car  so  that 
the  drivers  could  quickly  drop  them  along 
the  roadside.  Considerable  Portland  cement 
and  fiat  steel  plates  for  constructing  oil  tanks 
and  various  kinds  of  material  for  power  house 
construction  were  transported  in  the  usual 
manner  on  the  platform  bodies  of  the  cars. 
Extra  gasoline,  oil  and  water  were  carried  in 
10-gal.  milk  cans.  Blankets  and  enough  food 
and  water  to  last  two  days  formed  a  part  of 
each  load.  This  equipment  was  often  neces- 
sary. Although  the  temperature  ran  as  high 
as  122°  F.  in  the  shade  in  daytime,  it  was 
very  cold  at  night  on  account  of  the  high 
altitudes  which  were  reached  in  the  moun- 
tains on  nearly  all  trips. 

The  roads  were  so  soft  and  the  operating 
conditions  so  difficult  that  lower  gears  were 
installed  in  all  the  trucks.  The  pear  ratio 
between  the  engine  and  the  rear  wheels  was 
about  50  per  cent  lower  than  used  for  normal 
working    conditions.      The    average    time    for 


in  this  work  is  that  tires  which  ordinarily 
wear  out  in  8,000  or  10,000  miles  on  city 
streets,  last  three  times  as  long  on  these  soft 
desert  roads.  Inasmuch  as  the  earnings  of 
the  truck  under  these  conditions  were  more 
than  double  what  they  would  be  under  normal 
conditions,  the  additional  operating  expenses 
being  only  50  per  cent  greater,  the  profit  in 
the  business  was  very  much  greater  than  to 
be   foiuul  in  normal  work. 


Summary  of  Irrigation  Results,  June  30, 
1913 — According  to  a  statement  by  the  U. 
S.  Reclamation  Service,  there  arc  now  com- 
pleted or  under  way  28  Government  irrigation 
projects,  comprising  a  total  of  3,101,048  acres 
of  irrigable  lands,  .^t  the  end  of  1912  a  total 
mimbcr  of  641.397  acres  were  actually  irri- 
gated. .\bout  .38,707  acres  of  public  lands  for 
which  water  is  available  are  unentered,  or 
about  465  irrigable  farms.  This  acreage  is 
scattered  over  10  projects  and  as  a  rule  is  the 
least  desirable  land.  Crops  produced  in  1912 
were  valued  at  $14,479,368,  an  average  of  $25 
per  acre.  The  total  area  which  will  be  re- 
claimed by  present  government  works  is  3,- 
191.048  acres.  The  annual  crop  returns  are 
estimated  at  about  $80,000,000. 
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Methods  and   Cost  of  Constructing  a 
Sand-Gumbo  Road  in  Nebraska. 

Among  the  41  object-lesson  roads  con- 
structed by  the  United  States  Office  of  Public 
Roads  during'  the  fiscal  year  1912-1913  was  the 
sand-gumbo  road  built  near  Columbus,  Kebr. 
In  Bulletin  Xo.  53  issued  by  the  U.  S.  Depart- 
ment of  Agriculture  the  methods  and  costs 
of  constructing  this  road  are  given  as  fol- 
lows : 

On  August  19,  1912,  work  was  resumed  on 
the  construction  of  the  sand-gumbo  road  ex- 
tending northwest  from  the  Platte  River  to- 
ward Columbus,  Neb.  A  section  of  road 
3,002  ft.  long  was  added  to  the  section  con- 
structed during  the  fiscal  year  1912.  The 
roadbed  was  graded  to  a  width  of  32  ft.  in 
cuts  and  24  ft.  on  fills.  A  sand-gumbo  sur- 
face 10  ft.  wide  was  constructed  having  an 
area  of  5,337  sq.  yds.  The  section  was  com- 
pleted on  Sept.  4,  1912. 

Eaithzi.ork. — The  maximum  grade  was  re- 
duced from  13.2  per  cent  to  4.4  per  cent.  The 
adjacent  land  is  level  and  the  soil  is  sandy. 
The  earth  was  loosened  with  plows  and  hauled 
in  drag,  Fresno  and  wheeled  scrapers.  The 
average  haul  was  160  ft.  and  the  maximum 
haul  was  350  ft.  In  the  excavation  760  cu. 
yds.  of  earth  were  moved  and  the  maximum 
cut  was  1.3  ft.  and  the  maximum  fill  2.7  ft. 

The  construction  outfit  consisted  of  4  drag 
scrapers.  2  Fresno  scrapers,  T  wheeled  scraper, 
one  8-horse  road  machine,   1  steel  road  drag, 

1  plow,  1  disk  harrow,  1  spike  harrow  and  the 
necessary  hand  tools.  Labor  cost  $2  and 
teams  $4  per  10-hour  day.  Table  I  gives  the 
cost  of  the  earthwork. 

TABLE     I.— COST      OF     ^EARTHWORK      FOR 
SAND-GUMBO    ROAD  IN  NEBRASKA. 

Unit 

Unit       cost 

cost     sq.  yd. 

per    wearing 

Item —  Amount,  cu.  yd.  surface. 

760  cu.   yds.   excavation. .  .$120.00     $0,158     $0.0225 

Shoulders   and    ditches 46.40        0.008S 

5,337  sq.  yds.  shaping  sub- 

ffrade     28.20        0.0052 

Miscellaneous    1.40        0.0002 

Superintendence    4.20        O.OOOS 

Total   $200.20        ....     $0.0375 

Materials  and  Methods  Used  in  Making 
Wearing  Surface. — The  surfacing  material 
consisted  of  a  good  quality  of  black  gumbo 
and  sharp  clean  sand.  The  gumbo  was  spread 
to  a  depth  of  7%  ins.  and  the  sand  to  a  depth 
of  6  ins.,  both  measured  loose.  The  two  ma- 
terials were  then  mixed  by  means  of  plows 
and  harrows  and  shaped  with  a  steel  drag 
and  a  road  machine.  The  compacted  depth  of 
the  finished  surface  was  8  ins.  and  the  crown 
was  %  in.  per  foot.  In  this  work  1,165  cu. 
yds.  of  gumbo  and  890  cu.  yds.  of  sand  were 
used.     The  gumbo  was  hauled  appro.ximately 

2  miles  in  slat  bottom  dump  wagons  having  a 
capacity  of  1  cu.  yd.  The  sand  was  hauled  a 
distance  of  4,000  ft.  in  the  same  wagons.  The 
cost  of  the  wearing  surface  was  as  given  in 
Table   II. 

TABLE   II.— COST   OF   SAND-GUMBO   WEAR- 
ING SURFACE  FOR  A   ROAD  IN 
NEBRASKA. 

Unit 
Unit        cost 
cost      sq.  yd. 
per    wearing 
Hem —  Amount,  cu.  yd.  aiirface. 

Purili.-i.se  of  gumbo  plt..$      41.3,'.     $0.03.".     $0,008 

Loading     gumbo 180.40       0.155       0.034 

Ilaullni;     gumbo 698.80       0,600       0.131 

Spreading  sumbo 34.00      0.029       0.006 

Lending  sand 93.80       0.105       O.OIS 

Haiiling   sand 299.00       0.336       O.O.'.e 

Spreading  sand 10.60      0.012      0.002 

Mixing  sand  and  gumbo.        37.20      0.018      0.007 

Shaping 4.00        0.0025 

Rolling  l.n.fio        0.001 

Miscellaneous     12.60        0.002 

.Superintendence    37.80        0.007 

Total    $1,462.95        ....     J0.2745 

The  followinK  is  a  summary  of  the  cost: 
'^  '  Unit 

coat  per 
sq.  yd. 
wearing 
Amount,  surfacu. 

Earth    work $    200.20     $0,037:. 

Wearing   surface 1,402.95      0.2745 

Total    $1,663.16     $0.3120 


Highway      Engineering     by      District 
Highway  Engineers  as  Managers. 

Want  of  experienced  and  skillful  direction 
of  road  work  is  one  of  the  commonest  of 
complaints  in  many  western  states.  A  sug- 
gested remedy  for  this  deficiency  is  outlined 
in  a  paper  recently  presented  before  the  Kan- 
sas Engineering  Society  by  State  Engineer 
W.  S.  Gearhart.  The  following  extracts  sum- 
marize Mr.  Gearhart's  ideas: 

In  sparsely  settled  states  like  Kansas,  Okla- 
homa, Nebraska,  the  Dakotas,  and  Minnesota, 
it  is  not  practicable  to  employ  a  County  En- 
gineer in  every  county  for  the  county  unit 
is  too  small.  Except  in  the  big,  wealthy, 
populous  counties  there  is  not  enough  work 
at  the  present  time  to  keep  an  engineer  em- 
ployed throughout  the  year.  If,  however,  two 
or  more  counties  were  combined  to  employ  a 
district  engineer  it  would  be  possible  to  pay 
a  sufficient  salary  to  get  the  services  of  a 
thoroughly  competent  man  and  it  would  pro- 
vide an  economical,  practical  system  and 
would  be  in  strict  harmony  with  the  very 
best  systems  of  road  management  adopted  by 
the  states  ranking  first  in  highway  improve- 
ment. 

If  the  counties  were  combined  into  dis- 
tricts with  due  consideration  of  the  railroad 
facilities  it  would  be  practical  to  include  as 
many  as  six  counties  in  one  district  in  the 
western  part  of  the  state  of  Kansas,  and 
provision  could  be  made  to  reduce  the  size 
of  these  districts  to  meet  future  needs.  I 
have  studied  the  matter  carefully  and  am  con- 
vinced  tliat  45   districts  as   shown   by   Fig.   1, 
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Fig.   1.      Map   of   Kansas   Showing    Highway 
Engineer  or   Manager    Districts. 

would  answer  every  requirement,  now,  and 
probably   for   the  next   six   or   eight  years. 

The  district  highway  engineers  or  man- 
agers should  be  appointed  on  their  merits 
only,  by  the  county  commissioners  for  a  term 
of  not  less  than  four  years,  but  there  should 
be  a  simple,  direct  means  of  removing  them 
from  office,  at  anj  time,  for  cause.  No  per- 
son should  be  eligible  for  appointment  until 
he  had  secured  a  certificate  of  approval  from 
a  state  board  of  examiners  composed  of  en- 
gineers. The  educational  examination  and 
inquiry  into  the  applicant's  experience  and 
reputation  should  be  such  as  the  examining 
board  deems  necessary  to  fit  the  applicant  to 
perform  the  duties  of  the  ofiice.  The  educa- 
tional examination  should  not  be  too  tech- 
nical. It  is  an  honest,  capable,  practical,  ex- 
perienced man,  rather  than  special  technical 
ability  that  is  needed  under  present  condi- 
tions. 

There  arc  101  county  surveyors  in  the  state, 
and  about  10  county  engineers,  who  are  not 
county  surveyors.  This  makes  a  total  of  HI 
officials.  Forty-five  district  highway  engineers 
employed  by  the  year  so  they  could  definitely 
plan  their  work,  can,  each  with  the  assistance 
of  one  man  about  half  of  the  lime,  do  the 
work  these  III  men  are  now  doing,  and  in  ad- 
dition, all  the  other  road  and  bridge  work 
that  will  be  required  until  Kansas  begins  to 
build  the  more  expensive  types  of   roads. 

This  means  that  about  O.'i  cnmpotcnt  men 
could  take  the  place  of  these  111  officers.  It 
also  means  that  all  the  townships  and  coun- 
ties would  have  the  services  of  a  capable  high- 
why  engineer  and  county  surveyor.  Four 
counties  do  not  have  a  county  surveyor  now 
and  only  35  counties  have  county  engineers, 
and  out   of  thi.'-  number  only  about  20  coun- 


ties give  their  county  engineers  a  chance  to 
do  anything. 

The  district  engineer  should  prepare  plans 
and  specifications,  or  check  and  approve  them 
for  the  construction  and  maintenance  of  all 
the  highway  and  bridge  work  in  his  district. 
He  should  make  itemized  estimates,  check  and 
approve  bills,  manage  and  supervise  all  con- 
struction and  maintenance  work,  and  the  road 
dragging  and  all  repairs.  All  contracts  should 
be  let,  and  all  machinery  and  tools  purchased 
on  his  recommendation.  He  should  have 
authority  to  do  work  by  force  account,  and 
to  hire  and  discharge  the  men  directly  un- 
der him.  He  should  appoint  the  township 
overseers  with  the  approval  of  the  township 
board.  .'\nd  he  should  be  in  every  sense,  a:: 
expert  manager  of  highways  and  bridges  and 
have  full  charge  of  the  same  in  his  district. 
All  these  powers,  however,  should  be  exer- 
cised subject  to  the  direction  and  supervision 
of  the  county  commissioners  and  general  reg- 
ulations of  a  state  highway  department. 

To  employ  the  kind  of  men  needed  to 
handle  the  work  in  each  district,  will  re- 
quire that  they  be  paid  a  salary  of  from  $1,- 
200.00  to  $2,000.00  per  year,  or  an  average  of 
about  $1,500.00  and   their   traveling   expenses. 

If  the  positions  of  county  engineer  and 
county  surveyor  were  combined  and  a  dis- 
trict engineer  employed  on  a  yearly  salary, 
all  survey  fees  should  be  turned  over  to  the 
county  road  fund.  It  would,  then,  cost  a 
total  of  about  $100,000  per  year  or  about  2 
per  cent  of  the  state  road  and  bridge  funds 
to  provide  the  services  of  competent  engin- 
eers and  surveyors  for  every  township  and 
countv   in  the   state. 


Methods   and  Cost  of  Constructing  a 
Brick-Cinder  Road  in  Mississippi. 

During  the  fall  of  1912  the  United  States 
Office  of  Public  Roads  constructed  an  object- 
lesson  road  with  a  wearing  surface  composed 
of  brickbats  and  cinders.  The  improvement 
forms  a  section  of  what  is  known  as  the  Mili- 
tary Road,  extending  from  Columbus,  Miss., 
toward  the  Alabama  State  line.  Work  on  the 
road  was  begun  on  Sept.  18,  1912,  and  was 
completed  on  Oct.  9.  1912.  The  following  de- 
scription of  the  work  and  cost  data  were  ob- 
tained from  Bulletin  No.  53  issued  by  the  U. 
S.  Dept.  of  Agriculture: 

Eartlm-ork.—Tht  land  adjacent  to  the  road 
is  hilly  and  the  natural  soil  is  sand  and  clay. 
The  length  of  the  section  improved  is  2,128 
ft.  The  road  was  graded  30  ft.  wide  in  cuts 
and  20  ft.  wide  on  fills,  giving  an  area  of  2,615 
sq.  yds.  of  roadway.  The  maximum  grade  of 
the  road  was  reduced  from  1.5  to  0.4  per  cent. 
The  earth  was  loosened  with  a  plow,  picks 
and  shovels,  hauled  in  wagons  and  slip  scrap- 
ers, and  spread  with  shovels.  .\  total  volume 
of  1,696  cu.  yds.  of  earth  were  moved.  The 
average  haul  was  250  ft.  and  the  maximum 
900  ft.  The  equipment  consisted  of  a  road 
plow,  slip  scrapers,  and  a  small  road  grader. 
I.abor  cost  $1  per  day  and  teams  $3.  The  to- 
tal and  unit  costs  of  the  earthwork  are  given 
in  Table  I. 

TABLE    I.— COST    OP    EARTHWORK    FOR     ' 
BRICK-CINDER  ROAD  IN  MISSISSIPPI 

Un!- 

cost 

Unit        per 

cost      sq.  y. 

per        road 

Item —  Amount,     cu.  yd.       wav 

Clearing  and  grubbing.. $  20.75        $0.0u. 

l.'-,;i6  CM.  yds.  cseavntlon  236.15        $0.14  0.090 

ShniililiMS    niid    ditches..       9.40         0.004 

I.:il>or  on  pipe  culvert. . .       2.76         O.OOl 

aeneral  expenses    2.90        O.OUl 

Total    $271.93  $0.10  : 

Matcriats  and^  Methods  Used  in  Cou- 
structini]  the  Wearing  Surface. — The  brick- 
bats and  cinders  used  for  the  wearing 
surface  were  donated  by  a  local  brick 
manufacturer.  Both  materials  were  loaded 
on  dump-board  wagons  at  the  brickyard, 
hauled  an  average  distance  of  %  mile,  and 
spread  upon  the  prepared  subgrade  with  the 
shovels  and  potato  hooks.  The  brickbats, 
which    were    used    in    the    foundation    course. 
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TABLE  II.— COST  OF  BKICK-CINDER  WE.-^R- 

ING    SURFACE   FOR   A    ROAD 

IN   MISSISSIPPI. 

Unit 
cost 
per 
sq.  yd. 
Unit       wear- 
cost  Ing 
per        sur- 
Ilem —                                Amount,   cu.  yd,,     face. 

Loading   brickbats    $  6.').33       $0,202      J0.030 

Hauling    brickbats    133.^5        0.413        0.060 

Spreading   brickbats    20.45        0.063        0.009 

Loading    cinders    63.70         0.0S7         0.029 

Hauling  cinders  110.65        0.323        0.050 

Spreading    cinders    12.10        0.035        0.006 

General    expenses    4.30        0.002 

Total    J409.80  $0.1S6 

The    following    is    a    summary    giving    total 
costs ; 

Earth   work    J271.95        $0,104 

Wearing  surface   409.80        0.186 

Total   $681.75  $0,290 


were  briiki-ii  with  hammers  at  the  road,  and 
were  spread  to  a  width  of  14  ft.  and  a  depth 
of  4  ins.  after  compacting.  The  cinder  sur- 
face course  was  spread  to  a  width  of  16  ft. 
and  a  depth  of  4  ins.  after  compacting.  The 
road  was  compacted  principally  by  the  action 
of  traffic,  but  a  short  section  was  rolled  with  a 
road  roller.  The  road  was  surfaced  only  on 
part  of  the  section  graded,  a  length  of  1,243 
ft.  being  covered.  The  area  of  the  foundation 
course  was  1,93.3  sq.  vds.,  requiring  322  cu.  yds. 
of  brickbats.  The  area  of  the  cinder  course 
was  2,210  square  yards  as  it  was  made  2  ft. 
wider  than  the  foundation  course,  and  343  cu. 
yds.  of  cinders  were  used.  The  road  is  one 
of  the  most  heavily  traveled  roads  in  the 
county,  but  judging  from  results  obtained 
upon  a  similar  road  in  the  same  locality,  it  is 
expected  that  the  surface  will  wear  well  if  it 
is  given  proper  attention.  The  total  and  unit 
costs  of  constructing  the  wearing  surface  are 
given   in    Table   II.     It   should   be  noted   that 


material   was   donated,   no   rent  was   paid   for 
roller,   and   no   superintendence  is  charged. 


Good  Roads  in  the  Philippines. — Tv/o 
tlirough  highways  are  being  built  across  the 
inland  of  Luzon,  known  as  the  Manjla-North 
and  the  Manila-South  roads.  The  former 
will  be  350  miles  long  and  extends  from  Ma- 
nila to  the  town  of  Banguy  in  the  northern 
part  of  the  island.  The  other  will  be  a  traffic 
line  from  Manila  to  the  southern  extremity  of 
Luzon,  a  distance  of  about  300  miles.  There 
are  something  like  3,000  miles  of  roads  in  the 
islands,  and  they  are  maintained  at  an  average 
cost  of  $700,1X10  per  annum.  New  work  is 
going  on  at  the  rate  of  300  miles  a  year.  The 
total  amount  of  money  expended  for  con- 
struction, maintenance  and  improvement  of 
roads  and  bridges  in  1<H2  was  $2,193,023,  of 
which  $1,003,300  was  insular  government 
funds,  $1,14.3,000  provincial  government  funds, 
and  $47,324  municipal  funds.  This  amount 
does  not  include  the  expensive  Benguet  road. 


The   Design  of  a   Structural  Steel 
Plant. 

It  is  difficult  for  the  designer  to  anticipate 
the  requirements  of  a  modern  structural  steel 
plant.  In  making  a  study  of  existing  plants 
une  is  brought  to  a  realization  of  the  fact  that 
most  of  these  plants  have  started  in  a  small 
way,  and  have  developed  as  business  has  in- 
creased. In  most  cases  no  definite  plan  of 
e.xpansion  has  been  followed,  and  many  plants 
after  several  years  of  operation  find  that 
their  lay-out  is  not  an  economical  one.  The 
following  article,  which  treats  of  the  general 
principles  involved  in  the  design  of  a  struc- 
tural steel  plant,  has  been  abstracted  from  a 
paper  by  ^Ir.  E.  M.  Darling,  in  .\pplied  Sci- 
ence. This  article,  in  a  very  practical  manner, 
treats  of  the  general  principles  of  design,  and 
illustrates  these  principles  by  reference  to  an 
ideal  design.  Conditions  as  they  e.xist  in  Can- 
ada have  been  considered,  but  the  discussion  is 
applicable  to  the  design  of  a  structural  plant 
in  any  part  of  this  country  not  a  structural 
steel  center ;  while  many  of  the  principles  are 
applicable  to  any  kind  of  manufacturing  plant. 

A  plant  for  the  fabrication  of  structural 
-teel  for  most  markets  must  be  equipped  for 
a  wide  range  of  work.  Kven  though  greater 
efficiency  can  usually  be  obtained  by  specializ- 
ing in  one  class  of  work  it  is  not  always  pos- 
sible to  do  so,  as  contracts  of  a  uniform  na- 
ture cannot  always  be  obtained  and  almost 
any  contract  has  a  considerable  variety  of 
work  in  it.  Certain  classes  of  work,  such  as 
building  and  highway  work,  are  usually  not 
required  during  the  winter  months,  while  rail- 
way work  can  be  done  throughout  the  entire 
year.  As  we  shall  assume  the  plant  to  be  a 
new  one  whose  market  is  not  assured,  it 
should  be  laid  out  with  the  idea  of  doing 
general  work  and  developed  later  along  those 
lines  which  prove  to  be  most  profitable,  as  the 
company  finds  its  place  in  the  business  of  the 
country.  To  secure  llexibility  of  capacity  in 
a  plant  having  an  output  of  about  10,000  tons 
per  year,  it  will  be  found  advisable  to  have 
two  main  departments :  First  a  structural  shop 
for  all  kinds  of  light  truss  and  beam  work, 
with  facilities  for  handling  pieces  weighing 
from  five  to  ten  tons ;  and  second  a  girder 
shop  where  50-ton  girders  can  be  handled 
economically.  A  plant  constructed  along  these 
lines,  with  all  the  necessary  subsidiary  depart- 
ments, will  be  able  to  fabricate  any  type  of 
railway  bridge  up  to  300-ft.  span,  and  also  can 
l)e  operated  efficiently  on  ordinary  light  struc- 
tural work. 

CONDITIONS    GOVERNING    THE    LOCATION. 

The  location  of  a  structural  steel  plant  is 
subject  to  the  same  general  principles  which 
govern  that  of  other  manufacturing  enter- 
prises. .'\lthough  there  may  be  many  secon- 
dary considerations  which  will  have  more  or 


less  weight,  the  four  main  ones  are;  (1)  the 
market;  (_2)  the  supply  of  the  right  class 
labor;  (3)  accessibility  to  raw  material;  and 
(4)  the  supply  of  power. 

The  Market. — The  market  for  structural 
steel  depends  on  the  class  of  work  sought. 
Railway  work  is  so  widely  distributed  that 
good  railway  connections  are  of  more  impor- 
tance, within  reasonable  limits,  than  location, 
r-'reight  rates  do  not  necessarily  enter  into  the 
question,  as  the  railways  haul  all  such  mate- 
rial and  erection  equipment,  which  is  for  the 
use  of  their  own  roads,  free  of  charge.  For 
mill  building  work  tlie  greatest  demand  will 
be  in  industrial  centers,  although  much  of  the 
same  class  of  work  is  used  in  large  public 
buildings,  such  as  armories,  churches,  audito- 
riums, rinks,  etc.  For  beam  and  general  build- 
ing work,  such  as  building  contractors  require, 
large  commercial  and  business  centers  afford 
the  best  markets.  As  most  of  such  material 
must  be  transported  by  team  to  the  building 
site,  good  roads  are  necessary  to  handle  this 
business.  Steel  highway  bridges  will  be  re- 
quired to  replace  old  spans  in  the  well-settled 
rural  districts,  and  new  bridges  must  be  built 
in  rapidly  growing  sections. 

In  finding  the  "center  of  gravity"  of  a  mar- 
ket, i.  e.,  the  point  from  which  it  will  be  pos- 
sible to  serve  the  largest  number  of  custom- 
ers, freight  rates  and  cost  of  transportation 
rather  than  distances  should  be  considered. 
For  various  reasons,  due  to  questions  of  com- 
petition and  peculiar  conditions,  it  will  often 
be  found  that  it  costs  more  to  make  a-  ship- 
ment to  a  nearby  place  than  to  one  at  a  greater 
distance.  The  value  of  a  market,  liowever, 
depends  largely  upon  the  amount  of  compe- 
tiion  which  must  be  met;  therefore  in  finding 
the  center  of  gravity  it  will  be  necessary  to 
assign  "weights"  to  various  cities  or  districts 
according  to  how  well  they  are  served  by  ex- 
isting companies. 

Labor  Conditions. — The  cost  of  labor  in  the 
manufacture  of  structural  steel  is  such  a  large 
percentage  of  the  total  cost  that  the  question 
of  obtaining  a  sufficient  supply  of  the  right 
kind  of  laliiir  deserves  careful  consideration. 
In  the  first  place  it  will  be  necessary  to  secure 
experienced  foremen  and  leaders,  and  these 
can  only  be  obtained  from  other  plants.  With 
these  as  a  nucleus  it  will  be  possible  to  train 
up  intelligent  laborers  to  do  a  great  deal  of 
the  work,  but,  owing  to  the  changes  which 
are  constantly  taking  place  in  a  large  organi- 
zation, there  will  always  be  a  need  for  men 
who  have  had  some  experience  in  a  structural 
shop.  Such  workmen  can  more  readily  be 
obtaincfl  at  some  point  near  or  within  easy 
reach  of  other  structural  plants,  while  at  other 
points  it  will  be  necessary  to  have  a  well- 
organized  employment  department  to  look 
after  this.  About  two  hundred  men  will  be 
required  to  operate  the  plant,  who,  with  their 


families,   may   mean   that   about   one   thousand 
persons  will  be  supported  by  it. 

Raw  Material. — .\part  from  a  small  quan- 
tity of  machine  shop  supplies,  such  as  any 
manufacturing  concern  uses,  "raw  material" 
has  only  one  meaning  in  the  structural  steel 
business,  and  that  is  the  rolled  steel  plates, 
beams,  angles,  etc.,  used  in  fabricating.  It  is 
of  great  convenience  to  a  structural  steel  com- 
pany to  be  as  near  as  possible  to  its  source  of  • 
supply.  Not  only  will  it  mean  a  big  saving  in  I 
freight  rates  at  times,  but  what  is  often  of 
more  importance,  it  will  save  delay  in  getting 
material,  and  when  mistakes  are  made  in  ship- 
ments they  are  more  easily  remedied.  The 
farther  removed  a  plant  is  from  its  source  of 
supply  the  more  necessary  it  is  that  a  large 
stock  of  material  be  carried.  This  requires  con- 
siderable capital,  but  as  a  rule  it  will  be  found 
very  profitable  as  well  as  a  great  convenience 
to  carry  such  a  stock. 

Supply  of  Power. — Compared  witli  many 
other  lines  of  manufacture,  a  structural  steel 
plant  does  not  need  as  much  power  in  propor- 
tion to  its  output,  and  for  this  plant  not  more 
tlian  2.50  HP.  will  be  required.  The  most  con- 
venient form  for  it,  as  will  be  shown  later, 
will  be  in  electrical  energy,  and  it  is  usually 
easy  to  obtain  it  in  this  form  in  manufactur- 
ing centers.  But  it  may  hapen  that  an  other- 
wise desirable  location  docs  not  offer  this  ad- 
vantage ;  then  a  power  plant  must  be  installed. 
This  means  the  investment  of  extra  capital 
and  an  increase  in  operating  expenses,  which 
must  be  taken  into  consideration. 

There  are  a  .great  many  secondary  condi- 
tions which  influence  a  choice  of  location,  such 
as  climate,  special  inducements  from  munici- 
palities, personal  preference,  etc.,  all  of  which 
deserve  careful  consideration.  It  must  be  re- 
membered that  a  mistake  made  at  this  stage 
will  handicap  the  industry   for  all  time. 

CllOICK   OF   SITF. 

.•\n  ideal  site  for  a  structural  steel  plant  is 
not  readily  obtainable.  A  large  area  is  essen- 
tial, even  fur  a  comparatively  small  plant,  while 
ample  i)rovision  should  be  made  for  growth. 
Jmlgment  must  be  used  in  this  particular.  Too 
much  land  might  be  a  burden  to  a  new  com- 
pany, or,  on  the  other  hand,  might  prove  to 
he  a  valuable  investment.  The  land  should 
be  level,  and  should  have  a  water  supply  arid 
good  drainage.  It  must  have  at  least  one  rail- 
way connection,  and  more  if  possible.  For 
immediate  ncighliors  it  is  convenient  to  have 
other  iriiu  industries,  for  these  not  only  supply 
the  smaller  items  of  raw  material,  but  tend  to 
create  a  larger  labor  market.  The  site  should 
be  convenient  to  the  homes  of  the  working 
men,  for,  apart  from  the  question  of  wages, 
no  one  thing  has  a  greater  influence  on  the 
problem  of  building  up  a  permanent  and  effi- 
cient organization  than  this  item. 

It  is  unnecessary  to  discuss  all  the  possible 
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variations  which  may  occur  and  still  give  a. 
satisfactory  site,  for  such  items  as  the  shape 
of  the  lot,  the  location  and  number  of  railway 
connections,  position  of  streets,  etc.,  make  each 
site  a  special  study.  The  necessary,  or  at 
least   very    desirable,    features   are : 

(a)  Sufficient  room  to  arrange  switches  and 
buildings  conveniently,  leaving  ample  room  for 
extensions. 

(b)  A  storage  yard  at  one  end  of  the  plant 
where  cars  may  be  unloaded  and  material 
stored. 

(c)  A  corresponding  area  at  the  other  end, 
smaller  in  extent,  to  serve  as  a  storage  yard 
for  finished  work,  with  facilities  for  loading 
it   for  shipment. 

AN    IDEAL  LAYOUT. 

Figure  2  shows  an  ideal  arrangement  for  a 
structural  shop  on  a  lot  600  ft.  wide  and  1000 
ft.  long,  containing  about  14  acres.  A  rail- 
way from  which  switches  can  be  made  is 
assumed  to  run  along  the  west  side,  and  a 
public  street  along  the  north  end.  The  main 
features  of  this  plan  are  as  follows  ; 

The  buildings  are  placed  approximately  near 
the  center  of  the  lot,  leaving  the  ends  clear 
for  stock  and  shipping  yards.  The  office, 
power  house  and  template  shop,  whicli  must  be 
of  a  permanent  type  of  construction,  are 
placed  along  one  side  of  tlie  lot,  where  they 
will  not  inferfere  with  future  extensions  of 
the  plant.  The  storerooms  and  the  smaller 
departments  are  arranged  along  the  perma- 
nent side  of  the  main  building,  for  the  same 
reason.  The  east  side  is  left  clear  for  addi- 
tions. 

The  service  tracks  are  placed  between  the 
buildings  so  that  supplies  and  materials  can 
be  readily  unloaded  where  required.  It  will 
he  of  great  convenience  to  have  two  connec- 
tions with  the  railway,  as  shown  in  Fig.  I. 
.\  double  track  permits  the  ready  passage  of 
cars,  and  also  gives  more  .storage  room  for 
them.  A  cross-over  between  the  tracks  will 
be  of  great  service.  One  track  should  be  run 
into  the  shop  under  the  traveling  crane.*,  so 
that  long  and  heavy  pieces  can  be  loaded  di- 
rectly onto  the  cars.  It  is  very  necessary  to 
have  easy  curves  on  this  track  as  long  girders, 
loaded  on  several  cars,  will  be  brought  out 
over  it.  The  curves  shown  have  a  maximum 
curvature  of  20°.  which  should  be  considered 
tlie  limit.  M  some  future  time  another  track 
may  be  placed  along  the  west  boundary,  where 
cars  of  the  erection  department  may  be  stored 
when  not  in  use. 

Regarding  the  arrangement  of  the  various 
buildings  and  departments,  it  will  be  noted 
fsec  Fig.  I)  that  the  office  is  placed  so  as  to 
be  the  first  building  approached  on  entering 
the  plant.  Space  is  left  for  adding  a  new 
front  when  larger  and  more  elaborate  offices 
are  required.  The  power  house,  boiler  room 
and  template  shop  can  conveniently  be  placed 
in  one  building,  divided  by  fire  walls,  or  they 
can  be  located  in  a  series  of  buildings.  The 
south  end  of  the  template  shop  may  have  a 
temporary  end,  which  will  allow  it  to  be  ex- 
tended, but  the  power  house  and  boiler  room 
should  be  made  of  large  proportions,  as  it  will 
not  be  convenient  to  enlarge  these  buildings. 

The  arrangement  above  described  places  the 
power  bouse  near  one  boundary  line  of  the 
site  so  that  high  voltage  power  lines  may  be 
brought  into  it  in  such  a  way  that  all  danger 
of  accident  from  contact  is  eliminated.  Fur- 
ther, it  is  located  at  a  central  point  from 
which  it  is  convenient  to  distribute  the  power 
to  all  parts  of  plant.  A  small  tower  at  the 
north  end  of  the  power  house  forms  the  trans- 
former room,  and  the  main  switchboard  may 
be  placed  along  the  wall  between  this  tower 
and  the  engine  room. 

As  the  plant  will  probably  be  run  by  electric 
power  purchased  from  a  power  company  and 
will  not  be  generated  at  the  site,  tlic  boiler 
eqi:ipment  will  be  used  largely  for  heating 
purposes.  The  buildings  which  require  heat 
will  be  the  office,  power  house,  template  shop 
and  machine  shop,  and  these  arc  grouped 
around  the  boiler  room  so  as  to  make  the  dis- 
tribution system  very  simple. 

LOCATION    OF    BUILDINGS. 

The   product   of  the   template   shop  is   used 


entirely  at  the  south  end  of  the  main  shop, 
where  the  "markers"  do  the  laying  out.  It  will 
be  desirable,  therefore,  to  have  the  template 
shop  as  convenient  to  the  markers  as  possible, 
as  shown  in  Fig.  I.  It  will  also  be  within 
easy  reach  of  the  drawing  office,  which  is  over 
the  business  office. 

On  the  other  side  of  the  tracks,  convenient 
for  shipping  and  receiving  (and  also  at  the 
permanent  side  of  the  plant),  are  placed  the 
storerooms,  machine  shop,  rivet  and  bolt  shops, 
and  the  blacksmith  shop.  These  departments 
are  relatively  small  compared  with  the  rest 
of  the  plant,  and  the  space  allotted  should  be 
sufficient  for  all  requirements.  Extensions, 
however,  may  be  added  at  either  end,  and  the 
partitions  between  these  departments  may  be 
made  of  temporary  construction  so  as  to  be 
easily  rearranged  should  it  be  found  desirable 
to  make  any  changes  in  the  future. 

The  position  of  the  storeroom,  with  its  plat- 
form along  the  tracks  and  its  road  from  the 
street,  permits  suplies  to  be  readily  handled. 
Its  proximity  to  the  machine  shop,  rivet  shop 
and  blacksmith  shops  will  save  time  in  trans- 
porting materials  to  and  from  these  depart- 
ments. As  far  as  the  main  shop  is  concerned, 
the  largest  items  drawn  from  the  storeroom 
will  be  rivets  and  bolts,  and  these  are  used 
entirely  by  the  assemblers  and  riveters  at  the 
north  end  of  the  building.  Tlie  storeroom  is 
made  of  good  size,  as  by  far  the  larger  part 
of  the  room  will  be  taken  up  by  bulky  equip- 
ment for  the  erection  department. 

The  main  shop  consists  of  two  7-j-ft.  aisles, 
one  for  heavy  girders  and  the  other  for  gen- 
eral structural  work.  As  the  structural  de- 
partment may  require  an  extension  in  the  fu- 
ture the  girder  sliop  is  placed  adjacent  to  the 
storeroom,  and  the  way  is  left  open  for  adding 
two  more  aisles  to  the  structural  shop.  Put- 
ting the  girder  shop  in  this  position  makes  it 
possible  to  bring  the  railroad  track  into  it. 

TYPE    of    CO.VSTRUCTION    FOR    BUILDINGS. 

The  office  building,  power  house  and  tem- 
plate shop  should  be  substantially  constructed 
so  as  to  be  warm,  dry  and  fireproof.  The 
office  will  be  two  stories  high,  the  second  story 
being  occupied  by  the  engineering  staff.  The 
power  house  and  template  shop  will  be  a  one- 
story  brick  building  with  a  monitor.  This 
building  has  a  30-ft.  span  and  a  10-ft.  clear- 
ance, the  roof  trusses  being  of  the  Fink  type. 
The  roof  is  of  2-in.  concrete,  carried  on  steel 
purlins  and  trusses.  The  windows,  which  take 
up  a  large  part  of  the  wall  space,  will  have 
steel  sash.  The  monitor  windows  will  be  on 
hinges  so  that  they  can  be  opened,  and  sec- 
tions of  the  other  windows  will  be  made  to 
open.  The  floor  of  the  power  house  will  be 
concrete.  The  template  shop  floor  will  be 
raised  about  18  ins.  above  the  ground  level 
and  will  be  of  4-in.  mill  construction  with  an 
upper  floor  of  1-in.  white  pine,  which  makes 
a   good   floor   for   laying  out   work. 

The  type  of  construction  to  be  used  in  the 
main  buibliug  is  shown  in  Fig.  2.  \  large 
percentage  of  the  exterior  walls  as  well  as 
the  monitors  will  consist  of  windows  which 
will  insure  good  illumination  throughout.  The 
remainder  of  the  wall  area  will  be  corrugated 
iron,  with  the  exception  of  the  8  ft.  below 
the  first  row  of  windows.  This  will  be  made 
a  !)-in.  brick  wall  on  the  north,  west  and  south 
sides  of  the  building,  with  a  concrete  window 
sill  to  give  it  a  finished  appearance.  This 
brick  wall  will  make  the  building  much  more 
comfnrlablc   bolli    in   winter   ami    in    summer. 

For  the  roofs  of  all  buildings  which  are 
subject  to  considerable  deflection  as  well  as 
vibration  and  shock,  it  is  prefcr.ihle  to  use 
2-in.  matched  wood  sheathing  rather  than  con- 
cretc.  As  the  roof  is  flat  the  covering  may 
be  4-ply  felt  with  tar  and  gravel. 

The  framework  will  be  steel  throughout  and 
will  be  entirely  self-supporting.  Steel  sash 
will  be  used  for  the  windows,  as  it  is  only  by 
its  use  that  the  large  windows  can  be  secured. 

The  main  building  is  200  ft.  wide  and  TiOO 
ft.  long.  It  consists  of  one  .lO-ft.  and  two 
7.5-ft.  aisles  with  a  60-ft.  transverse  aisle  at 
each  end.  .An  economical  length  of  bay  will 
be  20  ft.  The  clearance  between  the  bottom 
chord  of  the  truss  and  the  flour  in  llic  "."-ft. 


aisles  should  be  21  ft.  to  allow  for  air  hoists, 
etc.  In  the  transverse  aisles  and  in  the  girder 
shop  additional  headroom  must  be  provided 
to  allow  for  traveling  cranes.  By  making  the 
roof  at  these  points  as  high  as  the  roof  on  the 
monitors  a  good  appearance  will  be  obtained. 
In  the  machine  shop  aisle,  15  ft.  will  be  suffi- 
cient clearance.  Too  much  height  here  means 
a  more  difficult  building  to  heat,  and  longer 
belts  for  belt-driven  machinery. 

.Ml  trusses  whose  bottom  chords  are  at  the 
l"i-ft.  and  21-ft.  levels  should  be  designed  to 
carry  two  o-ton  trolleys.  A  factor  of  safety 
of  five  should  be  used  for  one  trolley  and  of 
three  for  two  trolleys.  For  the  roof  live  load 
at  least  50  lbs.  per  square  foot  should  be  pro- 
vided for  and,  for  certain  localities  where  the 
snow  fall  is  unusually  heavy,  the  live  load 
should  be  increased.  Where  there  is  any  pos- 
sibility that  a  column  will  have  to  carry  a 
jib  crane,  provision  should  be  made  for  it  in 
the  original  design.  This  refers  to  the  col- 
umns in  the  girder  shop  where  those  along 
the  west  wall  will  have  to  take  radial  ream- 
ers, while  5-ton  traveling  jib  cranes  for  riv- 
eting machines  have  to  be  supported  at  the 
east  side.  Particular  care  should  be  taken 
with  the  design  of  the  bracing  for  the  build- 
ing, and  the  bottom  chord  system  should  be 
especially  heavy  to  tie  the  whole  structure 
together  rigidly. 

To  facilitate  the  transfer  of  material  from 
one  aisle  to  another,  the  interior  columns  in 
the  structural  shop  should  be  so  arranged  that 
the  bottom  chords  of  the  trusses  form  one 
continuous  trolley  runway  from  one  aisle  to 
another.  This  is  done  by  spacing  the  columns 
•10  ft.  on  centers,  placing  them  in  the  middle 
of  a  bay,  and  carrying  the  roof  trusses  on 
longitudinal  trusses  between  these  columns. 
The  east  wall  is  filled  with  temporary  columns 
to  carry  the  girts  and  siding.  These  columns 
can  be  moved  further  east  when  another  aisle 
is  added.  It  will  be  necessary  in  order  to 
attain  economy  in  shop  work  to  floor  the 
main  building.  .MI  things  being  considered, 
it  will  be  found  that  a  wood  floor  will  be 
comfortable  for  the  workmen,  reasonably  dur- 
able, easily  repaired,  and  as  cheap  as  any  in 
first  cost.  On  account  of  the  heavy  loads 
which  the  floor  must  sustain  and  the  rough 
usage  it  will  receive  it  should  be  made  of 
3-in.  pine.  Nailing  piece's  or  stringers  of 
4x4-in.  timbers  should  be  imbedded  in  cin- 
ders, thoroughly  rammed  and  smoothed  flush 
These  pieces  should  be  spaced  from  3  to  4  ft 
apart.  Every  precaution  should  be  taken  to 
keep  the  sub-floor  perfectly  dry,  and  if  there  is 
any  possibility  of  the  wood  getting  damp,  it 
should  be  treated  with  some  kind  of  preserva- 
tive before  laying. 

MACHINKRV     EOUIPMENT. 

The  machinery  equipment  of  the  plant  is 
probably  the  most  important  question  to  be 
considered.  Not  only  doe^  the  output  of  the 
plant  depend  on  it,  but  a  large  proportion  of 
the  capital  of  the  company  may  be  invested 
in  equipment  and.  unless  every  department  is 
nicely  balanced,  more  or  less  of  it  may  be 
unproductive  much  of  the  time. 

The  manufacture  of  structural  steelwork  re- 
quires in  its  operations  the  straightening,  cut- 
ting, shearing,  punching,  assembling,  reaming, 
riveting,  milling  and  general  finishing  of  a 
large  number  of  dilTerent  steel  sections.  It 
would,  therefore,  be  necessary  to  provide  at 
least  machinery  for  these  operations.  But  the 
caoital  invested  in  a  manufacturing  plant  is 
subscribed  to  turn  out  a  certain  amount  of 
work  which  will  net  a  certain  percentage  of 
profit.  It  will  therefore  be  necessary  to  have 
enough  machines  of  each  kind  to  make  the 
capacity  of  the  plant  what  is  desired.  For 
re.Tsons  mentioned  before,  the  proportion  of 
each  class  of  work  varies  widely  with  differ- 
ent contracts.  It  therefore  becomes  a  matter 
of  experience  and  judgement  to  fix  on  the 
amount  of  equipment  to  install,  as  the  most 
careful  figuring  is  at  best  very  approximat<'. 
The  first  item  which  it  is  well  to  fix  is  the 
number  of  riveting  machines  required.  From 
this  the  number  of  punches  may  be  decided 
upon,  and  the  rest  of  the  equipment  propor- 
tioned accordingly. 
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In  purcliasing  machinery  certain  general 
rules  should  be  observed.  It  will  be  found 
advantageous  in  the  long  run  to  buy  ma- 
chines having  a  rated  capacity  well  above  the 
average  required.  Besides  the  fact  that  the 
heavier  machine  will  be  more  durable,  it  will 
in  some  cases  give  the  plant  an  equipment  for 
a  wider  range  of  work  at  comparatively  little 
e.\tra  cost.  At  the  very  least  it  will  provide 
for  an  emergency  which  otherwise  might 
prove  very  expensive. 

If  the  demand  for  a  certain  machine  prod- 
uct varies  widely  it  will  sometimes  be  found 
economical  (when  the  cost  of  operating  a 
large  machine  is  high)  to  have  two  smaller 
machines  instead  of  a  single  large  one,  the 
first  with  sufficient  capacity  for  the  average 
requirements  and  the  second  capable  of  taking 
care  of  the  extraordinary  demands.  .As  the 
plant  spreads  out,  duplicate  machines  may  be 
required  at  different  locations,  it  being  cheaper 
to  operate  two  machines  than  to  transport  the 
material  long  distances. 

While  complicated  machines  are  to  be  avoid- 
ed it  will  save  capital  at  the  start  to  buy 
machines  which  may  be  changed  for  different 
das.ses  of  work,  provided  they  are  not  in  con- 


difficult  and  perplexing  problems  in  connection 
witli  the  design  of  a  structural  steel  plant.  In 
theory  the  material  should  enter  one  end  of 
the  shop  and  pass  through  it  from  one  depart- 
ment to  another,  emerging  at  the  other  end 
as  finished  product,  without  having  once  been 
turned  around  or  carried  back  over  any  part 
of  its  route.  In  practice,  however,  there  is 
such  a  variation  in  the  order  in  which  the 
work  must  be  performed — due  to  details  of 
design  and  special  requirements — that  no  fixed 
route  can  be  maintained.  ."At  best  a  material 
route  can  be  laid  out  only  in  a  general  way, 
observing  the  following  principles  : 

.■\rrange  the  plant  for  that  class  of  work 
which  promises  to  be  the  most  plentiful.  If 
it  is  necessary  that  some  material  be  re- 
handled,  let  it  be  the  shorter  and  lighter 
pieces  rather  than  the  long  heavy  ones. 

Sufficient  space,  65  to  70  ft.  in  the  longi- 
tudinal direction  of  the  shop,  should  be  left 
between  machines  so  that,  under  ordinary  cir- 
cumstances, there  will  be  no  crowding  or  in- 
terference. Material  over  70  ft.  in  length  may 
be  considered  very  unusual  and  when  it  be- 
comes necessary  to  take  care  of  it,  more  or 
less    difficulty    and    interference    may    be    per- 


from  this  rule  are  due  to  physical  limitations, 
or  are  the  result  of  experience. 

HANDLING    MACHINERY   AND  INDUSTRIAL  TRACKS. 

Next  to  the  selection  of  the  machinery 
there  is  no  one  feature  about  a  structural 
steel  plant  which  should  receive  more  careful  , 
consideration  than  the  handling  equipment. 
The  cost  of  handling  is  the  largest  item  in 
the  labor  account,  and  the  capacity  of  the 
plant  depends  a  great  deal  on  the  speed  with 
which  material  is  fed  to  and  taken  away 
from  the  various  machines.  Even  after  every 
unnecessary  motion  is  eliminated,  there  is 
considerable  handling  of  each  piece,  and  the 
weiglit,  length  and  flexibility  of  most  of  them 
require  care  and  special  appliances. 

In  the  ordinary  run  of  work  it  is  seldom 
that  a  piece  of  material  from  the  steel  mills 
will  exceed  three  tons  in  weight.  The  stock 
yard  crane,  however,  should  have  at  least  ten 
tons  capacity,  as  it  is  usually  desirable  to  lift 
several  pieces  at  one  draft.  Only  one  crane, 
with  a  90-ft.  span,  traveling  the  full  width  of 
the  lot,  will  be  needed  at  first.  At  some  future 
time  another  crane  and  runway  may  be  added, 
which  will  not  onlv  increase  the  handling  ca- 


Flg.  1.     Plan  of  Ideal  Lay-Out  for  Structural    Steel  Plant  With  About  10,000  Ton    Capacity. 


stant  use.  For  example,  the  plate  rolls  should 
be  made  a  combination  of  bending  and 
straightening  types.  The  punches  should  be 
made  so  that  either  cross-cutting  or  splitting 
shear  blades  may  be  put  on  to  replace  the 
punch  and  die.  The  light  riveting  machine 
should  have  one  or  more  extra  interchange- 
able stakes  to  be  used  for  column  or  other 
special  work.  In  this  way,  at  the  cost  of  the 
extra  parts  and  the  time  it  takes  to  make  the 
change,  work  can  be  done  which  otherwise 
would  require  two  separate  machines,  one  of 
which  would  probably  be  idle  most  of  the 
time. 

The  matter  of  punches,  shears,  reamers,  riv- 
eting machines  and  other  machines  might  well 
be  taken  up  at  this  stage.  Their  capacities, 
accessories  and  other  features  should  have 
careful  attention,  but  the  discussion  of  these 
items  is  outside  of  the  province  of  this  pre- 
liminary  investigation  of  the  general  lay-out. 

ARRANGEMENTS    OF    MACHINERY   AND   ROUTES    FOR 
MATERIAL. 

The  arrangement  of  the  machinery  and  the 
establishment  of  the  routes  for  the  material 
to  pass  through  the  shop  is  one  of  the  most 


mitted.  To  design  the  whole  plant  for  it 
would  add  very  materially  to  the  cost  of  build- 
ings, while  the  increase  in  the  distances  that 
the  shorter  material  would  have  to  be  trans- 
ferred would  add  to  the  cost  of  operation  of 
the  plant  on  regular  work. 

The  material  will  be  sorted  out  in  the  stock 
yard,  and  any  piece  with  kinks  or  sharp  bends 
in  it  will  be  taken  directly  to  the  straiglucncr 
or  plate  rolls,  as  the  case  may  be.  It  will 
then  be  put  on  the  trucks,  taken  into  the  shop 
and  piled  on  the  markers'  skids.  From  here 
it  will  be  taken  to  the  various  cutting  ma- 
chines, and  then  on  to  the  punches.  As  it  is 
punched  it  will  be  stacked  up  until  required 
for  assembling,  when  the  various  pieces  are 
bolted  tightly  together,  taken  to  the  riveters 
and  riveted  up.  Reamed  work  will,  of  course, 
sometimes  be  required.  The  work  may  now 
lie  finished  up,  cleaned  and  painted ;  and  as 
soon  as  the  paint  is  dry  it  is  ready  to  ship. 

A  study  of  Fig.  1  will  show  that  the  ma- 
chines and  departments  are  arranged  approxi- 
mately in  the  order  mentioned  above,  starting 
at    the    south    end    of    the    plant.     Variations 


pacity,  but  will  double  the  area  of  the  stock 
yard. 

This  yard  crane  will  be  used  to  unload  ma- 
terial from  the  cars  and  to  sort  it.  As  the 
material  is  required  in  the  shop,  it  will  be  put 
on  small  trucks  which  run  on  narrow-gage 
tracks  from  one  end  of  the  shop  to  the  other. 
Inside  the  building  the  hoists  on  the  bottom 
chords  of  the  trusses  afford  a  means  by  which 
the  material  may  be  taken  off  the  trucks  and 
transferred  to  any  point  across  the  shop.  At 
each  end  of  the  building,  however,  on  account 
of  the  amount  of  handling  which  is  required 
at  riiese  points,  it  is  advisable  to  have  travel- 
ing cranes  of  about  60-ft.  span — a  10-ton 
crane  at  the  stock  yard  end  and  a  iri-ton 
crane  at  the  shipping  end.  These  cranes  will 
also  be  found  of  great  service  in  transferring 
material  from  one  aisle  to  another. 

At  the  punches  longitudinal  trolley  beams 
with  trolleys  and  chain  hoists  are  necessary  to 
hold  the  work  as  it  is  fed  through  the  machine. 
These  trolley  beams  must  be  suspended  below 
the  trusses  and  have  openings  through  which 
the  trolleys  on  the  trusses  can  pass.     Special 
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travelers  and  jib  cranes  can  be  arranged  to 
suit  the  need  of  any  particular  machine. 

In  that  part  of  the  girder  shop  where  the 
girders  are  assembled  and  handled,  it  will  be 
necessary  to  have  two  traveling  cranes,  each 
having  a  30-ton  capacity.  Traveling  jib  cranes 
for  carrying  riveting  machines  can  be  arranged 
to  rim  along  the  ea?t  side  beneath  the  over- 
head cranes.  In  the  structural  shop  the  riv- 
eters will  have  three-ton  capacity  traveling 
cranes  with  lo-ft.  span,  and  will  be  carried  on 
runways  suspended  from  the  roof  trusses. 

Three-ton  and  five-ton  air  hosts  will  be  re- 
quired wherever  much  lifting  is  to  be  done, 
provided  the  headroom  is  sufficient  for  the 
hoist.  For  holding  the  work  at  the  machines, 
however,  a  chain  block  is  better,  as  air  hoists 
are  not  ';teady.  Wherever  possible  the  mate- 
rial will  be  laid  on  horses  or  skids,  so  as  to 
decrease  the  raising  and  lowering  of  it.  If 
much  movement  is  required  at  any  point  rapid- 
acting  blocks  should  be  used. 

It  will  be  found  convenient  later  to  have  a 
30-ton  traveling  crane  with  a  75-ft  span  in  the 
yard  at  the  north  end  of  the  plant.  Under  it 
finished  material  may  be  stored  and  loaded 
for  shipment  as  required.  This  crane  can  be 
used  for  assembling  large  trusses  when  it  is 
necessary  to  put  them  together  at  the  works 
before  shipment. 

All  of  the  30-ton  cranes  should  have  five-ton 
auNiliary  hoists,  or  should  be  provided  with 
changeable  gears,  as  some  cranes  are  now 
made.  This  will  save  a  great  deal  of  time 
when    the    crane    is    used    for    handling   light 


added  in  a  year  or  two.  A  set  with  a  capacity 
of  100  kilowatts  direct  current  and  a  syn- 
chronous motor  of  125  k.v.a.  should  give  s.at- 
isfaction. 

The  high  voltage  current  will  be  brought 
down  the  tower  at  the  end  of  the  power 
house  to  the  transformers,  and  from  thence 
the  low  voltage  current  will  be  taken  in  con- 
duits to  the  bus-bars  of  the  switchboards.  A 
separate  switchboard  will  be  needed  for  the 
direct  current  system.  From  the  switchboards 
feeders  in  conduit  will  run  to  the  machines  in 
the  power  house  and  template  shops.  For  the 
main  shop  the  feeders  will  pass  up  the  tower 
and  overhead  to  cross-arms  on  the  trusses  of 
the  building.  A  separate  system,  each  on  its 
own  switch,  should  be  provided  for  the  differ- 
ent departments,  so  that  any  one  department 
can  be  cut  out  without  interrupting  the  other. 
There  should  be  three  sets  of  alternating  cur- 
rent feeders,  one  for  each  aisle  of  the  shop, 
with  space  on  the  cross-arms  for  the  addi- 
tional aisles  to  be  added  later.  There  should 
be  two  pairs  of  direct  current  feeders,  one 
for  the  north  cranes  and  one  for  the  south 
cranes.  If  separate  switches  are  provided  at 
convenient  points  for  cutting  out  each  crane, 
it  will  hardly  be  necessary  to  have  separate 
feeders  for  the  other  direct  current  machines 
in  the  shop.  There  will  only  be  one  or  two 
of  these  machines  in  addition  to  the  reamers. 

.•Ml  wires  above  the  bottom  chord  of  the 
trusses  will  be  carried  on  cross-arms  bolted 
to  the  steelwork,  but  wires  below  this  level 
must  be  put  in   metal  conduits.     The  starting 
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Fig.  2.     Cross-Section  of  Main   Building  of    Structural   Steel    Plant,  Showing  General 
Dimensions  and  Type  of  Cranes  and   Hoists. 
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pieces,  the  slow  motion  or  main  hoist  being 
used  only   for  heavy  loads. 

The  handling  equipment  under  ccrtam  con- 
ditions should  include  a  ten-ton  locomotive 
crane.  Such  a  machine  will  be  found  ol 
great  service  during  construction  for  unload- 
ing and  placing  building  materials,  machinery, 
etc.  It  will  also  be  a  great  convenience,  if 
not  a  necessity,  in  moving  cars,  unless  un- 
usuallv  good  shunting  service  is  available  from 
the  ra'ilwav  company.  It  may  be  used  to  good 
advantage'by  the  erection  department  for  cer- 
tain work.  ,11 

All  parts  of  the  handling  et|Uipnicnt  sliouKJ 
ha\c  a  wide  margin  of  strength.  Chains, 
hooks,  cables,  chain  blocks,  etc..  which  are 
frequently  overloaded,  soon  give  trouble  and 
become  dangerous.  The  most  serious  acci- 
dents in  a  structural  steel  shop  arc  the  result 
of  falling  material. 

POWER   AND   LIGHTING    SYSTEMS. 

'  r.lectric  power  is  usually  delivered  as  two 
or   three-phase   alternating   current   at   a   high 

-  voltage  to  be  transformed  to  suit  the  require- 
ments of  the  purchaser.  For  distribution  about 
the  plant  a  voltage  of  iiO  or  500  volts  is  usu- 
ally used.  The  higher  voltage  requires  less 
copper  in  the  feeders,  but  for  a  structural 
shop  the  lower  voltage  is  preferable.  I  he 
presence  of  so  much  metal  and  the  rniigli 
treatment  which  wires  and  conduits  are  liable 
to  receive  make  it  unwise  to  use  a  vullage 
whicli   might  be  dangerous  to  workmen. 

The  power  equipment  must  include  a  motor- 
generator  .set.  as  direct  current  will  be  re- 
quired, for  a  variable-speed  motors  such  as 
cranes,  reamers,  etc.  The  motor  si<le  of  this 
set  should  be  of  the  synchronnus  type  with 
sufficient  capacity  to  correct  the  power  factor 
of  the  plant.  On  account  of  the  varying  loads 
on  the  motors  the  power  factor  is  sure  to  be 
verv  low.  The  capacity  of  the  generator 
should  casilv  be  able  to  take  care  of  the  needs 
of  the  plant;  including  the  lighting  system  and 
the    extra    travelinif    cranes    which    might    be 


switches  for  each  macliine  should  be  as  near 
the  machine  as  possible.  For  the  portable 
reamers  a  series  of  outlets  mu.st  be  provided 
on  the  columns  about  every  40  ft.  down  the 
shop,  so  that  the  reamers  can  be  connected 
up  by  means  of  a  plug  and  a  flexible  cord 
wherever  needed.  Each  outlet  and  in  fact 
every  branch  circuit  must  have  a  separate 
cut-out.  In  this  and  in  all  other  particulars 
the  rules  of  the  fire  underwriters  must  be 
followed,  and  every  precaution  must  be  taken 
to  prevent  short  circuits  and  injury  to  the 
workmen. 

For  general  illumination  modern  direct  cur- 
rent flaming  arc  110-volt  lights  give  a  suit- 
able and  an  economical  light.  One  light  in 
every  other  bay,  arranged  alternately  on  the 
right  and  left-hand  side  of  the  center  of  each 
aisle,  will  be  sufficient  for  general  illumina- 
tion, while  they  may  be  spaced  closer  over  the 
laying-out  skids  and  the  assemblers.  As  the 
power  circuit  is  220  volts,  it  will  be  necessary 
to  connect  two  lights  in  series,  F,each  pair 
must  have  a  cut-out  and  every  four  lights 
should  he  controlled  by  a  two-pole   switch. 

Sixlccn-candle-powcr  incandescent  lights 
should  be  provided  for  each  machine.  These 
must  be  on  good  lamp  chonl  and  protected 
by  wire  cages  having  wooden  handles.  The 
power  for  these  lights  may  be  obtained  by 
tapping  the  circuit  which  supplies  the  ma- 
chines. 

For  the  template  shop  the  best  illumination 
ran  be  obtained  In  means  of  lOO-wntt  tungsten 
lights  suspended  from  the  roof,  three  in  each 
20-ft.  bay.  Along  the  walls,  over  tables,  or 
near  itiachines.  Ifi-iandlc-power  cai;lxin  lights 
on  drop  cords  will  be  used  to  give  special 
iliuniination   when   needed. 

roMrRKSSF.n  air  systems. 

The  tiansniission  of  power  by  means  of 
compressed  air  is  a  very  expensive  method,  but 
it  is  so  convenient  to  handle,  and  can  be  ad.-ipt- 
ed  to  so  many  uses,  that  it  would  be  impossible 
to  get  along  without  it.    A  pressure  of  90  to 


100  lbs.  per  square  inch  is  generally  used  for 
operating  pneumatic  riveters,  hammers,  ream- 
ers and  hoists.  The  plant  can  easily  be  sup- 
plied by  a  700-cu.  ft,-per-minute,  two-stage 
compressor.  When  the  demand  gets  beyond 
this  it  will  be  advisable  to  add  a  1,400-cu.  ft. 
machine  to  the  equipment,  and  the  piping,  etc., 
should  be  installed  at  the  outset  with  this 
object  in  view.  By  having  two  machines  of 
different  capacity  the  varying  demand  for  air 
can  be  supplied  more  economically  than  by  one 
large  compressor. 

The  compressor  will  be  belt-driven  by  a 
12u-HP.  induction  motor.  It  should  have  an 
automatic  throttling  device  which  will  cut  off 
the  supply  of  free  air  completely  when  the 
pressure  in  the  system  reaches  its  maximum. 
Such  a  governor  can  be  adjusted  to  regulate 
the  pressure  within  3  lbs.  This  small  varia- 
tion need  not  be  considered,  as  the  method  is 
much  more  economical  in  power  than  if  a 
regulator  were  used  which  would  permit  just 
enough  air  in  the  intake  to  maintain  a  con- 
stant pressure.  It  causes  great  fluctuations  in 
the  power  used,  however,  as  the  compressor 
runs  light   when  the  intake  is  cut  off. 

In  order  to  keep  the  pressure  in  the  distri- 
bution system  as  constant  as  possible  and  to 
relieve  it  of  shocks  it  is  necessary  to  have  a 
storage  tank  near  the  compressor.  This  tank 
will  also  act  as  a  cooler,  and  in  it  will  collect 
a  great  deal  of  the  moisture  which  would 
otherwise  pass  into  the  distribution  pipes.  A 
large  second-hand  hre-tube  boiler  can  be  con- 
verted into  a  splendid  storage  tank.  It  should 
be  set  in  a  vertical  position  so  as  to  allow  a 
natural  circulation  of  air  through  the  tubes. 
The  inlet  should  be  near  the  top  and  the 
outlet  should  be  about  18  ins.  from  the  bottom. 
.\  convenient  place  for  this  tank  is  in  a  corner 
of  the  boiler  room.  From  it  the  air  main  can 
be  taken  underground  to  the  center  of  the 
main  shop  and  from  thence  by  three  vertical 
branches  to  the  roof  trusses,  one  branch  for 
each  of  the  air  hoists  in  the  girder  shop  and 
structural  aisles  and  one  branch  with  dron 
pipes  down  every  other  column  of  the  center 
row,  with  outlets  for  the  riveting  machines, 
reamers,  etc. 

All  horizontal  pipes  should  be  given  a  slight 
downward  slope  in  the  direction  of  the  flow 
of  air  so  that  any  moisture  which  is  carried 
past  the  storage  tank  will  not  obstruct  the 
flow.  .At  the  tank  and  at  all  low  points  in  the 
system  blow-off  valves  must  be  provided  to 
the  drains,  and  these  should  be  opened  at 
regular  intervals.  Care  in  this  particular  and 
abundantly  large  pipes  will  do  away  with  all 
trouble  from  frost  in  winter.  It  will  not  be 
economical  to  provide  special  means  to  re-heat 
the  air  before  using,  and  it  is  not  convenient 
to   arrange   a  satisfactory   indirect   method, 

.A  low  pressure  system — about  20  lbs.  per 
square  inch — will  be  required  for  the  oil 
forges.  The  blower,  which  will  be  driven  b\ 
a  small  motor,  can  be  supported  between  tin 
trusses.  The  distribution  system,  which  will 
be  made  of  galvanized  iron  pipes,  will  be  car- 
ried overhead  and  down  the  columns  near 
the  rivet  forges.  Ultimately  a  separate  blower 
will  be  required  for  the  rivet-making  plant 
and  the  blacksmith  shop,  hut  for  the  present 
the  one  machine  will  sufiicc, 

WATER    Sl'PIM.Y    SYSTKM, 

.'\parl  from  the  quantity  of  water  required 
for  drinking,  sanitary  purposes  and  fire  pro- 
tection, it  will  only  be  used  for  the  water- 
Cooler  of  the  compressor  and  in  the  boiler  of 
the  heating  plant.  A  6-in,  pipe  will  supply 
enough  water  for  several  fire  streams  if  tlu 
pressure  is  good.  The  source  of  supply  will 
probably  be  a  public  main  on  the  street  to 
the  north  of  the  property.  The  best  place  to 
bring  in  the  private  main  is  along  the  west 
boundary.  Here  it  will  he  always  accessible 
and  not  likely  to  be  covered  up  with  mate- 
rials, etc..  and  furthermore,  in  case  of  a  break 
it  cannot  do  much  damage  to  tracks  or  foun- 
dations. Where  the  first  branch  in  the  main 
occurs  a  matfliole  should  be  built,  and  a  valve 
should  be  placed  on  botli  lines  leading  away 
from  it.  In  fact  it  will  be  found  of  great 
convenience  to  have  plenty  of  valves  in  the 
system  so  that  any  one  section  can  be  cut  out 
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with  the  least  possible  interference  with  the 
rest  of  the  system.  It  is  most  important 
that  the  supply  for  the  water-cooler  on  the 
air  compressor  be  as  inflependent  as  possible, 
as  the  lack  of  water  here  will  practically 
stop  the  operation  ol  the  plant. 

Hydrants  shonkl  be  placed  at  convenient 
points,  but  not  too  near  the  buildings.  By 
having  them  near  the  tracks  they  may  be 
used  for  supplying  the  locomotive  crane.  An 
automatic  sprinkler  system  should  be  installed 
in  the  template  shop. 

The  ends  of  all  branches  should  be  arranged 
with  plugs  or  caps  to  permit  an  extension  as 
the  plant  grows,  and  tees  should  be  put  in 
at  points  wherever  there  is  the  slightest  pos- 
sibility that  a  branch  might  be  needed  in  the 
future. 

SF.WERS    ANU    DRAINS. 

The  drainage  system  and  its  arrangement 
will  depend  entirely  upon  local  conditions  and 
upon  the  amount  of  fall  obtainable.  With  a 
minimum  grade  of  Vs  in.  in  1  ft.  for  a  12-in. 
glazed  tile  sewer  it  will  require  three  such 
lines  to  properly  drain  the  plant  as  first 
constructed.  Assuming  that  they  empty  into 
a  trunk  sewer  on  the  street  and  that  they  are 
to  be  4  ft.  deep  at  the  manhole  in  the  stock 
yard,  the  trunk  sewer  should  be  at  least  13 
ft.  deep  where  the  drains  enter  into  it.  If  the 
depth  is  a  little  more  than  this,  a  saving  in 
cost  might  be  made  by  running  one  24-in.  sewer 
about  300  ft.  into  the  property  and  connecting 
the  12-in.  sewers  to  it.  The  question  of 
sewers,  however,  depends  so  entirely  on  local 
conditions  that  nothing  in  the  way  of  a  defi- 
nite design  can  be  worked  out  at  this  stage. 
In  general,  however,  it  may  be  said  that  in 
addition  to  providing  for  carrying  off  the 
rain  water  from  the  buildings  and  the  sewage, 
the  surface  water  which  may  collect  on  the 
site  must  be  taken  care  of.  Special  care 
should  be  taken  to  keep  the  sub-grade  of  the 
tracks  well  drained.  .4ll  pits  for  machinery 
and  other  low  spots  should  be  connected  with 
the  sewers  as  well  as  all  drain-offs  and  drips 
from  water  taps,  steam  pipes,  etc.  Sewers 
other  than  tile  drains  should  not  run  near 
foundations  if  it  can  be  avoided.  In  ca§e 
such  arrangement  is  found  necessary  the 
foundations  must  be  carried  down  below  the 
level  of  the  sewer.  Manholes  with  catch  ba- 
sins should  be  built  at  all  junctions  of  the 
large  sewers. 


FUEL   OIL    SYSTEM. 

\Vhere  light  fuel  oil  of  a  uniform  grade  is 
readily  obtainable  at  a  reasonable  price  its 
use  in  rivet-heating  forges  and  other  fur- 
naces is  well  worth  considering.  The  rapidi- 
ty with  which  a  furnace  can  be  heated,  the 
ease  in  obtaining  a  uniform  temperature,  and 
the  absence  of  the  dirt  incidental  to  the  use 
of  coal  and  coke  are  all  points  in  its  favor. 
Satisfactory  results  can  only  be  obtained  from 
a  correctly  designed  system,  and  while  for  a 
small  plant  the  first  installation  will  be  ex- 
pensive it  may  be  easily  extended  in  the  fu- 
ture at  very  little  cost. 

The  great  secret  of  success  with  fuel  oil 
is  clean  oil  of  a  uniform  grade  and  large  dis- 
tribution pipes.  For  storage  purposes  two 
12,000-gaI.  iron  tanks  will  be  required.  These 
are  to  be  buried  in  blue  clay  near  the  tracks 
at  least  30  ft.  from  the  other  buildings,  so 
that  a  tank  car  can  be  imloaded  into  them 
by  gravity.  The  tanks  should  have  one  end 
exposed  in  a  pit  or  concrete  cellar,  roofed  in- 
to protect  it  from  the  weather.  This  pit 
should  be  large  enough  to  contain  a  small 
electric  pump  which  will  be  required  to  main- 
tain a  sufficient  pressure  in  the  distribution 
system.  The  first  tank  serves  as  a  receiving 
and  settling  tank,  and  the  second  one  is  con- 
nected with  the  first  by  a  pipe  so  as  to  draw 
off  the  oil  a  foot  or  two  from  the  bottom  of 
the  first  tank.  It  will  be  necessary  to  drain 
the  sediment  from  the  settling  tank  at  regular 
intervals. 

The  distribution  system  should  not  be  made 
of  less  than  1%-in.  pipe,  and  it  should  form 
a  closed  circuit  or  duplicate  system,  with  a 
return  pipe  or  overflow  back  to  the  second 
tank.  By  this  means  the  oil  is  kept  circulat- 
ing at  all  times,  and  congestion  from  any 
cause  is  prevented.  If  trouble  should  occur 
at  any  point  that  section  may  be  cut  out  by 
means  of  valves,  and  the  rest  of  the  system 
need  not  be  interrupted. 

For  keeping  the  oil  from  congealing  in 
winter  steam  coils  should  be  put  in  the  stor- 
age tanks,  and  the  distribution  pipes  should  be 
laid  in  an  iron  casing  through  which  steam 
may   be  blown. 

HEATING    SYSTEM. 

The  problem  of  heating  structural  steel 
plants  deserves  special  consideration  in  each 
case.     It   is   a   problem   which   is   involved   in 


the  choice  of  a  location.  To  heat  brick  build- 
ings of  ordinary  type  is  not  necessarily  a 
difficult  problem.  The  office  can  be  heated  by 
means  of  steam  coils  in  the  usual  way.  For 
the  template  shop,  compressor  room,  and  ma- 
chine shop  a  hot  air  system  with  fan  will  give 
satisfactory  results  if  properly  designed.  This 
system  is  cheaper  to  install  than  steam  coils 
and  interferes  less  with  the  arrangement  of 
the  benches,  machines,  etc. 

The  heating 'of  the  main  building  is  a  more 
difficult  problem.  The  volume  of  air  to  be 
heated  is  so  great  (uncontrolled  by  parti- 
tions), the  conductivity  of  the  corrugated  iron 
and  glass  which  forms  the  walls  is  so  high, 
and  the  large  doors  have  to  be  opened  so  fre- 
quently that  the  cost  of  a  plant  which  will 
give  satisfactory  results  is  almost  prohibitory, 
to  say  nothing  of  the  cost  of  operating  it. 
Then,  again,  the  capital  invested  in  a  heating 
plant  lies  idle  a  large  part  of  the  year.  A 
heating  plant  is  often  unnecessary,  as  "sala- 
manders" or  open  fires  which  burn  coke  or 
charcoal  can  be  located  at  convenient  points 
The  cost  of  such  fires,  even  considering  the 
time  lost  by  workmen  in  keeping  warm,  will 
not  equal  the  interest  on  a  heating  plant  and 
the  cost  of  operation. 

If  care  is  taken  to  make  a  corrugated  iron 
building  airtight  it  will  be  found  to  be  much 
warmer  than  such  a  building  is  usually  ex- 
pected to  be.  Large  glass  areas,  such  as  are 
becoming  so  common  in  manufacturing  build- 
ings, if  in  a  south  wall  will  produce  the  same 
warming  effect  which  takes  place  in  a  green- 
house. This  will  add  very  materially  to  the 
warmth  of  a  building  on  bright  days,  but  it 
must  be  counteracted  in  summer  time  by  good 
ventilation  and  circulation  of  air.  Ribbed  glass 
should  be  used  to  diffuse  the  light. 

ERECTION    EQUIPMENT. 

The  equipment  required  for  erecting  steel- 
work is  merely  mentioned  here  to  call  atten- 
tion to  it  as  being  an  item  not  to  be  over- 
looked. Such  equipment  depreciates  so  rapidly 
and  the  requirements  vary  so  much  w-ith  every 
contract  that  a  large  part  of  the  cost  of  it 
should  be  charged  to  the  work  on  which  it  is 
first  used.  This  should  be  taken  into  consid- 
eration in  making  up  the  estimate  for  a  piece 
of  work.  Special  equipment,  such  as  travelers, 
derrick  cars,  etc.,  can  safely  be  left  for  con- 
sideration until  the  time  comes  to  take  con- 
tracts  which    require   their   use. 


Some  Features  of  the  Design  and  Con- 
struction   of    the    12,000,000-Gal. 
Mechanical  Water  Filtration 
Plant  at  Evanston,  111. 

The  open  end  of  the  water  supply  intake  of 
Evanston,  111.,  lies  only  1  1/16  miles  from  the 
shore  line  of  Lake  Michigan  and  is  well  within 
the  range  of  drift  for  the  sewage  of  Evanston 
and  VVilniette,  the  greater  portion  of  which 
is  discharged  on  the  lake  front.  In  the  winter 
of  1911-1912  a  severe  threatened  epidemic  of 
typhoid  fever  was  averted  only  by  the  emer- 
gency use  of  chloride  of  lime.  Filtration 
was  agitated  in  1912  and  in  August  of  that 
year  Mr.  Langdon  Pearsc  and  .\Ir.  W.  W. 
Jackson  made  a  study  of  the  conditions  and 
submitted  a  report  recommending  the  con- 
struction of  a  mechanical  filtration  plant.  Fol- 
lowing the  report  a  bond  issue  was  authorized 
by  popular  vote  and  plans  and  specifications 
were  prepared,  by  Messrs.  Geo.  W.  Fuller  and 
Langdon  Pearse,  to  govern  the  construction. 
The  information  here  given  relative  to  the  de- 
sign and  construction  of  the  plant  is  taken 
from  a  discussion  by  Mr.  Pearse  before  the 
Western  Society  of  Engineers. 

DESIGN. 

The  plant  is  designed  for  a  capacity  of  12,- 
000,000  gals,  per  day  to  serve  an  estimated 
population  of  30,000.  The  reason  such  a  large 
capacity    was   provided    for    is    that   the   daily 


average  punipage  in  the  summer  frequently 
runs  12,000,000  gals,  per  day  for  a  continued 
period  of  hot  weather,  with  peak  loads  for 
four  hours  as  high  as  17,000,000  gals. 'per  day 
in  the  afternoon.  The  average  daily  pumpage 
b\-  the  year  has  been  about  (i.OOO.OOO  gals,  per 
day  for  the  last  ten  years,  the  effect  of  in- 
crease of  population  having  been  taken  care 
of  by  inspection  of  services  and  leaks.  This 
large  use  of  water  is  due  principally  to  lawn 
sprinkling,  since  the  punipage  drops  suddenly 
in  suinmcr  time  on  cloudy,  and,  particularly, 
on  rainy  days.  With  the  condition  in  mind  of 
continued  daily  loads,  and  the  possibility  of 
a  healthy  growth  of  population,  12,000,000  gals, 
capacity  seemed  a  nominal  size  for  this  com- 
munity. This  rating  is  based  on  the  usual 
rating  of   12.5,000,00(1  gals,  per  acre  per  day. 

The  filter  plant  is  located  on  Sheridan  Road 
about  one  mile  north  of  the  center  of  the  city 
on  a  site  adjoining  the  Northwestern  Univer- 
sity and  30u  ft.  from  the  existing  city  pump- 
ing station.  A  general  plan  of  the  tanks,  filters 
and  mechanical  equipment  of  the  plant  is 
shown  in  Fig.  1.  A  low-lift  pumping  station 
is  to  be  built  adjoining  the  present  pumping 
station,  which  will  be  equipped  with  three  cen- 
trifugal pumps,  two  of  lu,000,(iOO  and  one  of 
6,000.000  gals,  per  day  capacity.  These  will 
be  geared  to  steam  turbines,  the  entire  outfit 
being  furnished  by  the  DeLaval  Steam  Tur- 
bine Company,  with  a  guaranteed  duty  in  ex- 
cess of  69,000,000  ft.-lbs.  per  I.OOO  lbs.  of  dry 
steam  for  the  larger  units.     A  30-in.  cast  iron 


force  main  will  conduct  the  raw  water  to  the 
entrance  to  the  mi.xing  chamber,  a  Venturi 
meter  being  placed  on  the  line  to  measure  the 
pumpage. 

The  mi.xing  chamber,  shown  in  Fig.  2,  is 
about  96V2  ft.  by  14  ft.  in  size,  with  a  depth  of 
18  ft.,  having  a  total  capacity  of  approxi- 
mately 170,000  gals,  giving  a  nominal  mixing 
period  of  20  miimtes.  The  basin  is  to  be  con- 
structed entirely  of  reinforced  concrete,  divid- 
ed into  bays  by  wooden  baffles  to  maintain 
velocities  of  approximately  1  ft.  per  second. 
The  mixing  chamber  lies  between  and  is  part 
of  two  coagulating  basins,  each  about  39y2  by 
96%  ft.  in  size,  and  1.5  ft.  deep,  having  a  com- 
bined capacity  of  approximately  830,000  gals., 
giving  a  nominal  period  of  sedimentation  of 
1  hour  and  40  minutes.  These  arc  to  be  con- 
structed entirely  of  reinforced  concrete  with 
a  groined  arch  roof,  each  compartment  being 
divided  by  two  concrete  bafilles  into  three  bays 
to  insure  circulation. 

The  coagulated  water  will  flow  in  a  concrete 
channel  across  the  space  left  for  the  extension 
i)f  the  filters  to  six  rapid-filter  units,  each  23% 
by  36  ft.  inside  dimensions,  having  an  aggre- 
gate filter  surface  of  4,42.5  sq.  ft.  The  filters 
will  be  grouped  on  both  sides  of  a  pipe  gal- 
lery, over  which  is  a  platform  with  an  operat- 
ing table  for  each  filter.  All  the  filter  tanks, 
floors  and  roof  will  be  of  reinforced  con- 
crete. Hydraulic  valves  will  be  used  through- 
out, the  controllers  for  the  filters  being  of  a 
modified  Vivian  type.     The  wash-water  drain. 
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filtered-water  conduit  and  raw-water  conduit 
will  be  built  one  over  the  other,  forming  a 
reinforced  concrete  structure  down  the  cen- 
ter of  the  pipe  gallery.  The  house  covering 
the  operating  floor  and  a  part  of  the  filters 
will  be  of  brick  with  a  concrete  roof,  the  in- 
side being  lined  with  a  light  yellow  vitrified 
brick.     The  design  is  so  made  that  the  opcra- 


raising  or  lowering  the  cars  of  concrete  to  the 
appropriate  level  for  placing.  One  inch  yellow 
pine  flooring  has  been  used  for  form  work 
wherever  possible,  with  2  by  4  in.  studs  spaced 
about  16  ins.  on  centers  tied  with  very  heavy 
wire. 

The    inverted    groined-arch    column      bases 
were   formed  up  continuously  in   rows  by  the 


studs  of  the  column  forms.  The  forms  have 
been  stripped  at  a  minimum  time  of  five  to 
seven  days,  ten  days  being  secured  wherever 
possible.  For  the  construction  of  the  30  in. 
wash-water  drain  and  42  in.  filtered-water  con- 
duit, suitable  circular  collapsible  forms  were 
built  of  wood.  At  the  bends  a  built-up  form 
has     been     used,     made     of     laths,    plastered 


Fig.    1.    General    Plan   Showing    Relative    Positions  of  Tanks,  Filter  and    Mechanical    Equipment  of   Evanston's  Filter   Plant. 


tor  can  see  the  entire  filter  bed  at  time  of 
washing. 

Both  filters  and  head  house  are  placed  above 
a  covered  filtered  water  reservoir,  154  by  161 
ft.  in  plan,  12  ft.  deep,  divided  into  two  basins, 
having  a  total  capacity  of  approximately 
2,000,000  gals.  This  basin  has  a  groined  arch 
I  oof,  reinforced  where  necessary  to  carry  the 
weight  of  the  head  house  and  filters.  The 
standard  spacing  for  the  arches  is  12  ft.  6  ins. 
on  centers,  with  a  rise  of  '2  ft.  9  ins.  and  a 
thickness  of  6  ins.  at  the  crown.  The  founda- 
tion is  of  firm  clay  so  that  the  thickness  of 
the  floor  arches  is  only  6  ins.  at  the  thinnest 
point. 

The  two-story  head  house  at  the  head  of  "the 
filter  gallery  has  two  wings,  one  story  each, 
built  of  reinforced  concrete  and  brick  w-ith 
a  tar  and  gravel  roof.  The  dimensions  of 
the  head  house  are  approximately  28  by  91  ft., 
and  of  the  filter  wing  75  by  30  ft.  In  the  head 
house  will  be  placed  the  tanks  ^nd  apparatus 
for  the  proportioning  and  application  of  the 
coagulating  and  sterilizing  chemicals,  the  re- 
cording gauges,  laboratory  office,  and  chem- 
ical storage.  The  second  floor  of  the  head 
house  will  be  served  by  a  hydraulic  elevator. 

The  design  of  the  rapid-filter  units  includes 
an  under-drain  system  with  perforated  brass 
plates,  set  at  the  bottom  of  valleys  in  the 
fashion  of  the  Minneapolis,  Grand  Rapids, 
and  other  plants.  .\  novel  feature,  however, 
will  be  the  omission  of  the  wire  screen,  and 
the  use  of  12  ins.  of  graded  gravel,  on  top  of 
which  the  sand  will  be  placed.  The  wash  is  to 
be  high-rate  water  wash,  supplied  by  a  gravity 
feed  from  a  steel  tower  tank  of  100,000  gals, 
capacity  to  be  erected  behind  the  present  pump- 
ing station  on  the  lake  front  by  the  Chicago 
Bridge  and  Iron  Works.  It  will  be  fed  by  a 
bleeder  from  the  present  high  service  mains 
Fluctuations  in  the  pressure  due  to  the  drop 
of  level  in  the  wash-water  tank  will  be  taken 
care  of  by  a  controller  to  be  placed  in  the  line 
at  the  entrance  to  the  filter  gallery. 

CONSTRUCTION    METHODS. 

The  work  is  being  carried  on  under  a  gen- 
eral contract  with  the  Norwood  Engineering 
Company,  Florence,  Mass.,  the  concrete  work, 
Ticad  house,  and  excavation  being  sub-let  to 
the  Macdonald  Engineering  Company,  Mr. 
James  Macdonald.  President.  Owing  to  the 
situation,  it  was  impossible  to  bring  material 
in  other  than  by  team,  a  haul  of  approximately 
one  mile  being  required  from  the  nearest  rail- 
road switch.  The  contractor,  therefore,  has 
developed  a  plant  for  the  elevating  and  stor- 
age of  the  gravel  and  sand  in  bins  to  minimize 
the  handling  by  hand.  The  teams  dump  into  a 
hopper  from  which  a  belt  conveyor  delivers 
the  material  to  the  sand  or  gravel  bins.  Stor- 
age sheds  for  cement  are  built  alongside  the 
bins.  A  Ransome  concrete  mixer  discharges 
into  two-wheeled   buggies   on   an   elevator   for 


use  of  a  "spider,"  a  metal  frame  consisting  of 
1-in.  angles  making  a  square,  from  each  cor- 
ner of  which  malleable  castings  of  the  shape 
of  the  groin  converged  to  the  base  at  the  cen- 
ter, where  they  were  held  together  by  plates. 
In  use,  the  angle  frame  was  set  on  the  two 
6-in  floor  form  strips  and  held  there  by  pins. 
After  running  a  cut-off  strip  over  each  pair  of 
legs  and  getting  the  base  shaped,  the  form 
was  removed  to  the  adjoining  base  and  the 
corners  smoothed  up. 

The  groined-arch   forms   for  the  roof  have 
been   built    in    a    manner   different    from    that 


smooth  with  ivory  wood-fiber  plaster, 
smoothed  up  with  paraffine  wax  dissolved  in 
kerosene.  The  forms  were  destroyed  before 
removal. 

The  excavation  has  been  made  on  all  the 
mass  work  with  a  Thew  shovel,  loading  two- 
horse  bottom-dump  wagons  w-ith  which  the 
spoil  was  carried  to  adjoining  lots  or  dumped 
on  the  lake  front.  The  earth  was  fairly  stiff, 
so  that  no  sheeting  was  required  except  in 
trenches  left  open  for  days.  The  upper  5  ft. 
of  excavation  was  loam  and  sand  containing 
some  water,  under  which  a  clay  stratum  was 


Fig.    2.     Plan   of    Mixing   Chamber   and   Coagulating      Basins,      Showing      Baffles, 

Filtration    Plant. 


Evanston 


usuallv  employed  on  such  work.  The  form 
units  arc  framed  in  the  carpenter  shop  and 
transported  to  place  on  a  pair  of  wheels.  They 
fill  the  sfjuarcs  between  the  cohimn  corners, 
leaving  a  width  approximately  that  of  the 
column  to  be  filled  on  tlie  job.  with  short 
pieces  of  1  in.  flooring  nailed  in  place  by  car- 
penters. This  method  was  fcasil)lc  because  of 
the  short  span.  The  groined-arch  forms  were 
carried  on  stringers  resting  on  the  verticle  tic 


found,  free  from  water.  Some  of  the  sand 
from  the  excavation  was  suitable  for  use  in  the 
concrete,  but  the  major  portion  of  the  con- 
crete was  made  with  torpedo  sand  and  gravel 
brought  from  pits  along  the  Fox  River.  The 
imported  sand  was  found  somewhat  unsuitable, 
owing  to  the  lack  of  fine  material,  so  that  a 
mixture  was  made  of  one  part  plastering  sand 
and  five  parts  torpedo  sand  for  general  use. 
This  made  a  nicely-working  tight  concrete. 
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The  work  has  progressed  through  the  com- 
pletion of  the  filtered  water  basin.  Two  of 
the  filters  and  the  head  house  are  in  process 
of  erection,  and  the  coagulating  basin  is  well 
under  way.  It  is  hoped  to  have  the  work 
completed  by  the  contract  time,  May  31,  1914. 

A  new  method  for  forming  concrete  was 
described  by  Mr.  James  Macdonald,  following 
the  discussion  by  Mr.  Pearsc,  as  follows:  We 
are  using  a  new  method  for  forming  concrete, 
under  certain  conditions.  The  scheme  is  a 
little  different  from  the  ordinary  construction, 
and  is  what  we  call  a  moving  form.     It  con- 


build  which  admits  of  using  parallel  vertical 
walls.  At  the  present  time  we  propose  to  use 
the  method  in  connection  with  some  thin  walls 
that  are  to  be  built,  instead  of  using  plaster 
and  e.xpanded  metal.  The  panel  walls  are  to 
be  2  ins.  thick  and  12  ft.  high,  and  it  would 
be  difficult  to  plaster  them  in  the  ordinary  way. 
We  propose  to  build  the  walls  with  moving 
forms,  reinforce  them  with  rods  in  the  usual 
way,  placing  the  rods  in  the  walls  as  the  form 
moves  up.  We  shall  build  the  chemical  tanks 
in  the  same  way. 
The  mechanism  used  has  a  pumphandle  ap- 


city  consumption  from  the  upper  to  the  lower 
lake  from  which  the  city  is  directly  supplied. 
In  order  to  maintain  the  water  supply  to 
the  city  during  the  installation  of  the  inner 
pipe  line  it  will  be  necessary  to  interrupt  that 
part  of  the  work  at  certain  regular  intervals. 
In  general  the  Clifton  conduit  will  not  be  out 
of  service  during  a  period  exceeding  48  con- 
secutive hours,  but  in  case  of  emergency  this 
period  may  be  extended  to  not  over  72  hours. 
E.xact  working  period  during  which  the  con- 
duit is  thrown  out  of  service  to  permit  of 
work  being  done  within  it  will  be  followed  by 


CrossSectionof  PipeGoHery  Sed  on  through  F  IterUnderdroin 

Fig.    3.    Cross    Section    of    Reservoir,    Pipe  Gallery  and   Underdrains,  Evanston  Filtration  Plant. 


sists  of  a  wooden  mould  made  to  represent 
the  work  that  is  to  be  built.  The  walls  are 
inclosed  in  a  wooden  frame  structure  with 
which  it  is  spanned,  and  a  suitable  jack  mech- 
anism, having  a  U-shaped  yoke,  is  provided, 
which  spaces  the  faces  of  the  walls  that  are 
filled  with  concrete.  The  jack  is  supported  by 
1%  in.  vertical  rods  from  the  foundation,  and 
these  rods  are  continuous  from  the  top  to 
the  bottom.  The  whole  mechanism  is  carried 
by  the  jacks  so  that  the  concrete  supports 
nothing  but  itself  during  construction.  The 
weight  ^of  the  form,  the  steel  work  which  is 
going  into  the  form,  also  of  the  men  and  ma- 
terial, is  not  carried  on  the  concrete  which  we 
are  moulding.  In  starting,  we  deposit  a  small 
amount  of  concrete  in  the  form,  and  this  is  al- 
lowed to  stand  until  it  is  partly  set.  The  con- 
crete that  is  first  deposited  is  uncovered  inside 
of  three  or  four  hours  by  jacking  the  form  up- 
wards. The  whole  form  is  then  raised  with 
the  jacking  mechanism,  the  men  standing  on 
top  of  it.  The  lifting  movement  amounts  to 
only  about  Vt  in.  at  a  time,  and  the  form  is 
continually  filled  and  kept  in  motion.  The 
work  goes  on  day  and  night,  and  we  build 
from  8  to  10   ft.   in  height  of  the  wall   in   21 


Fig.    1.     Suggeo..tu    oc>,tion    for    Laying    9-ft. 

Steel    Pipe    Within    12-ft.    Brick    Conduit 

at    Baltimore,    Md. 

hours,  depending  upon  the  temperature  of  the 
air.  The  form  is  about  3  ft.  (5  ins.  to  4  ft. 
high. 

This  method  is  employed  mostly  in  the  con- 
struction of  grain  bins  or  similar  containers, 
and    wherever    we    have    a    compartment    to 


paratus  which  grips  the  vertical  rod  concentric- 
ally, so  that  the  load  is  carried  in  the  center 
of  the  rod.  .As  stated,  we  use  1%-in.  rods, 
doweled  together,  and  a  %  in.  dowel.  When 
the  grip  is  passing  that,  it  does  it  very  easily 
and  has  no  distortion,  no  side  motion,  so  that 
the  concrete  holds  the  lower  rod  securely  as  it 
is  setting  up,  and  the  incoming  rod,  of  course, 
passing  through  the  back,  is  free  to  come 
down  and  the  mechanism  clamps  that  way. 


Prescribed  Procedure  for  Laying  9-Ft. 

Steel    or    Concrete  Pipe  in  Existing 
12-Ft.  Brick  Water  Supply  Con- 
duit at  Baltimore — Old  Con- 
duit   Alternately    In    and 
Out  of  Service. 
(Staff  Article.) 

An  interesting  feature  of  the  new  water 
pipe  line  work  at  Baltimore,  in  connection  with 
the  improvement  of  the  Gunpowder  River  sup- 
ply, is  the  proposed  laying  of  new  reinforced 
concrete  pipe  lines  within  the  existing  12  ft. 
brick  conduit  known  locally  as  the  Clifton 
conduit.  This  portion  of  the  work  consists  of 
laying  4,125  ft.  of  9-ft.  and  1,240  ft.  of  7-ft. 
reinforced  concrete  pipe  inside  of  the  Clifton 
conduit.  Alternate  bids  also  were  received  on 
9-  and  7-ft.  steel  pipe,  but  the  contract  was 
awarded  to  the  Lock  Joint  Pipe  Co.  for  the 
furnishing  and  placing  of  the  reinforced  con- 
crete pipe.  Figures  1  and  2  herewith,  re- 
spectively, show  the  cross  sections  upon  which 
bids  v»-ere  received  for  tlie  9-ft.  steel  and  con- 
crete pipe  lines  to  be  placed  within  the  ex- 
isting   brick   conduit. 

The  old  brick  Clifton  Conduit  is  a  gravity 
conduit  and  was  not  built  to  withstand  pres- 
'^nre.  The  new  conduit  will  be  built  to  with- 
"■tand  a  maximum  working  pressure  of  about 
'!o  lbs.  per  square  mch.  It  was  decided  to  lay 
the  reinforced  concrete  pipe  inside  the  old 
brick  conduit  because  it  was  believed  to  be 
cheaper  to  do  this  than  to  lay  an  entirely  new 
conduit.  This  belief  was  borne  out  by  the  bids 
which  were  received.  The  lowest  bid  received 
lor  laying  concrete  pipe  within  the  brick  con- 
duit, as  lureinafler  described,  was  $22..'>0  per 
foot  for  the  9  ft.  pipe  and  $lfl..'iO  for  the  7  ft. 
pipe  respectively.  The  corresponding  lowest 
bids  for  steel  pipe  of  the  same  sizes  to  be  laid 
within  the  brick  conduit  were  $34  and  $30, 
respectively. 

The  Clifton  conduit  connects  Lakes  Monte- 
bcllo  and  Clifton,  two  storage  reservoirs  of  the 
Baltimore   supply   system,   and,    under   normal 
conditions,  is  in  daily  use,  conveying  the  entire 


a  nonworking  period  equal  m  duration  to  the 
working  period  to  permit  of  the  delivery  of 
water  to  the  city.  As  the  contract  includes 
other  work  than  that  here  under  consideration 
it  is  expected  that,  the  contractor  will  arrange 
to  divide  the  time  of  his  construction  forces 
between  the  work  to  be  done  within  the  con- 
duit and  the  work  outside  of  it,  so  that  a  min- 
imum of  lost  time  will  result. 

The  draining  and  filling  of  the  Clifton  con- 
duit will  be  done  by  employes  of  the  water 
department.  It  is  planned  that  toward  the  end 
of  each  working  period  during  which  work  is 
done  on  the  conduit,  the  contractor  will  notify 
the  engineer  at  what  hour  it  will  be  ready  to 
deliver  water,  and  the  contractor  will  see  to 
the  removal  of  all  tools  and  appliances  that 
might  be  moved  by  the  flow  of  water  through 
the  conduit  or  that  offer  any  obstruction  to 
the  flow  other  than  as  specifically  permitted. 
Conversely,  the  engineer  will  notify  the  con- 
tractor in  advance  at  what  hour  the  supply 
gates  will  be  closed  and  the  drain  gates  opened 
for  draining  the  conduit. 

Saiiilary  Regulations. — The  sanitary  regula- 
tions held  necessary  for  the  proper  protection 
of  the  Clifton  conduit  are  of  special  interest 
since  the  water  supply  of  the  city  will,  at  in 


Fig.    2.     Proposed    Section    for    Laying    9-ft. 

Reinforced   Concrete   Pipe    in    12-ft.   Brick 

Conduit,    Baltimore. 

tervals,  traverse  this  conduit  during  the  pro- 
posed construction  operations  here  under  con- 
sideration. 

The  contractor  will  provide  rubber  boots  or 
shoes  for  all  employes  whose  duties  require 
them   to  go   into   the  Clifton   conduit.     These 
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boots  or  shoes  will  not  be  worn  elsewhere 
than  in  the  conduit  and  to  this  end  the  con- 
tractor will  provide  at  all  points  of  entrance 
to  and  exit  from  the  conduit  a  suitable  room 
or  building  in  which  the  employes  will  be 
required  to  put  on  these  boots  immediately 
before  entering  the  conduit,  and  to  take  them 
off  on  leaving,  and  in  which  the  boots  will  be 
kept  while  not  in  use.  Provision  will  be  made 
for  washing  and  disinfection  of  boots  so  that 
no  contaminating  substance  will  be  carried  into 
the  conduit  on  them.  No  expectoration  will  be 
allowed  nor  will  the  committal  of  any  act  of 
whatever  nature  be  tolerated  that  might  tend 
to  contaminate  the  city  water  supply. 

STEEL    PIPE    WORK    IN    CONDUIT. 

Some  of  the  provisions  of  the  plans  and 
specifications  for  steel  pipe  work  within  the 
conduit  are  of  interest  despite  the  fact  that 
only  reinforced  concrete  pipe  will  be  so  cm- 
ployed  in  this  instance. 

The  use  of  pipe  constructed  of  alternate 
inside  and  outside  cylindrical  courses  was  con- 
templated, each  course  to  consist  of  not  more 
than  two  plates  with  a  minimum  width  of  plate 
of  8  ft.  on  straight  pipe.  Circumferential  field 
joints  were  to  have  been  riveted  insofar  as 
practicable,  otherwise  the  use  of  boiler  patch 
bolts  would  have  been  allowed.  A  minimum 
thickness  of  plate  of  7/16  in.  was  specified. 
.Ml  pipe  was  to  have  been  coated  at  the  mill 
inside  and  out  with  one  coat  of  Bitumastic 
Solution,  .■\fter  delivery  of  the  pipe  on  the 
ground  the  interior  of  the  pipe  was  to  have 
been  given  one  additional  coat  of  the  solution 
and  one  coat  of  Bitumastic  Enamel.  All  ex- 
terior surfaces  of  the  pipe  where  not  encased 
in  concrete  were  also  to  have  received  one 
additional  coat  of  the  solution  and  one  coat 
of  the  enamel.  Abrasions  made  in  the  coating 
during  riveting  operations  were  to  have  been 
later  touched  up  with  the  enamel.  .\  thickness 
of  1/32  in.   was  specified  for  the  enamel. 

The  solution  and  enamel  above  mentioned 
are  manufactured  by  the  American  Bitumastic 
F.namels  Co.  of  New  York  City.  These 
preparations  are  applied  only  by  employes  of 
the  manufacturers.  The  quotations  made  for 
the  Baltimore  work  may  be  of  interest  and 
are  given  herewith.  The  price  quoted  for  one 
shop  coat  of  the  solution,  complete,  was  %  ct. 
per  square  foot  of  surface  covered,  and  for 
one  field  coat  of  the  solution  and  one  of  the 
enamel  TVz  cts.  per  square  foot  of  surface 
covered.  These  prices  do  not  include  sand 
blasting,  cleaning  with  gasoline,  or  the  pickling 
and  washing  called  for  in  the  specifications, 
but  do  include  a  wire-brushing  of  the  pipe 
prior  to  the  application  of  the  shop  coat,  what- 
ever cleaning  is  necessary  in  the  field  or  sur- 
faces to  receive  the  field  coats,  and  the  supply- 
ing of  all  labor,  materials  and  tools  required 
for  the  coating  operations. 

A  1  :,3 :6  concrete  was  specified  for  use  under 
the  pipe  within  the  conduit.  The  steel  pipe 
would  have  been  placed  on  cradles  or  blocks 
moulded  in  place  or  outside  the  conduit.  If 
moulded  outside  the  blocks  would  have  been 
set  Ml  a  stiff  bed  of  1  :•'!  mortar,  accurately  to 
line  and  grade.  At  least  one  such  support, 
properly  grooved  for  grouting  and  moulded 
substantially  to  the  curvature  of  the  pipe,  was 
specified  for  each  ring  of  pipe.  While  placing 
concrete  imder  the  steel  pipe  in  the  conduit  it 
was  planned  to  maintain  the  pipe  under  the 
required  water  pressure  or  to  hold  it  by  suit- 
ablv  placed  external  bracing  to  the  form  as- 
sun'icd  under  pressure.  This  pressure  was  to 
have  been  m.iintained  for  24  hours  after  the 
placing  of  the  concrete. 

REINFORCED    CONCRETE    PIPE. 

,>V^  stated,  reinforced  concrete  pipe  \m1i  i" 
placed  in  the  conduit  instead  of  the  steel  pipe 
above  described.  The  thickness  of  concrete 
pipe  shell  will  be  not  less  than  f)  and  8  ins. 
for  the  0-  and  7-ft.  pipe  respectively.  The 
concrete  will  contain  not  less  than  1  cu.  ft.  of 
Portland  cement  to  each  1%  cu.  ft.  of  sand 
and  to  each  2%  cu,  ft.  of  stone  or  gravel. 
Maximum  permissible  dimension  of  stone  is 
%  in  The  reinforcing  steel  will  not  be  stressed 
above  10.000  lbs.  per  square  inch  where  pipes 
are  under  a  hvdro,static  nressure  of  35  lbs.  «-er 
square    inch.     Concrete    will    be   placed    under 


reinforced  concrete  pipe  after  the  pipe  has 
been  set  to  line  and  grades  on  suitable  wooden 
blocks. 

The  concrete  pipe  will  be  manufactured  and 
placed  by  the  Lock  Joint  Pipe  Co.  of  New 
York  City.  Mr.  Ezra  B.  Whitman  is  engineer 
and  it  is  from  his  plans  and  specifications  that 
the  foregoing  article  has  been  prepared. 


The  Occurrence    and    Isolation    of    B. 

Coli  in  Water. 

In  determining  the  sanitary  quality  of  a 
water  analysts  are  not  at  present  able  to  apply 
tests  and  measurements  comparable  to  those 
used  in  solving  engineering  problems,  so  far 
as  the  precision  and  accuracy  of  results  are 
concerned.  In  his  problem  the  water  analyst 
finds  the  factors  very  complex  and  his  deduc- 
tions, therefrom,  resemble  "a  doctor's  diag- 
nosis rather  than  an  engineering  test."  The 
methods  employed  at  present,  and  their  lim- 
itations, were  discussed  by  Prof.  C.  iVt.  Mill- 
iard of  Purdue  University,  in  a  paper  before 
the  recent  annual  meeting  of  the  Engineering 
Society.  The  information  here  given  is  taken 
from  that  paper. 

The  sanitary  analysis  of  water  is  chiefly 
concerned  with  the  detection  of  waters  that 
are  dangerous  to  the  health  of  the  consumer; 
or  better,  in  discriminating  between  safe  and 
unsafe  waters.  The  ideal  bacterio.scopic  test 
would  be  one  that  would  determine  positively 
and  immediately  the  presence  or  absence  of 
disease  germs.  But  we  are  very  far  from  this 
ideal  in  the  present  development  of  the  science 
and  we  have  to  accept  more  or  less  indirect 
evidence  of  the  presence  of  disease  producing 
bacteria   as   a   basis   for   our   verdict. 

Standard  procedures  for  the  bacteriological 
examination  of  waters  have  been  pretty  gen- 
erally reduced  to  methods  of  detecting  specific 
kinds  of  bacteria  of  sewage  origin  :  kinds  as- 
sociated with  disease  bacteria.  Quantitative 
results  frequently  yield  valuable  information 
when  considered  together  with  other  data  but 
as  our  methods  never  reveal  the  total  bac- 
terial content  but  only  the  relative  numbers 
that  will  grow  to  visible  size  in  a  certain 
time  and  under  certain  environmental  condi- 
tions, and  as  we  have  been  unable  to  ap- 
proximate a  numerical  standard  for  different 
types  of  waters,  and  to  account  for  fluctua- 
tions in  numbers  due  to  meterological  and 
seasonal  changes,  these  tests  have  yielded 
in  importance  to  the  qualitative  tests.  While 
not  presuming  to  discard  the  significance  of 
the  quantitative  tests  with  a  few  cursory  re- 
marks since  many,  especially  the  Germans,  at- 
tach great  importance  to  this  aspect  of  the 
problem,  the  subject  of  the  present  article 
excludes  the  advisability  of  a  further  consid- 
eration  of   the   question, 

Tho  remainder  of  the  article  will  be  con- 
fined to  the  question  of  the  importance  and 
the  detection  of  the  Bacillus  coli  in  natural 
waters,  without  reference  to  the  value  of  the 
finding  of  other  associated  sewage  forms  in 
this  source.  The  problem  of  the  significance 
of  coli  in  filtered  or  treated  water  needs 
special  consideration  and  is  not  discussed 
herein.  The  acceptance  of  the  presence  of 
B.  coli  as  indicative  of  the  pollution  of  water 
with  sewage  is  based  upon  cert;'in  well  es- 
tablished facts  here  briefly  reviewed:  la 
the  first  place,  as  the  normal  denizen  of  water 
we  rarely  find  coli  present  in  .iny  consider- 
able nnnibors.  It  is  quite  gencr-illy  found  in 
nature,  in  dust,  soil  .Ttid  upon  cereals.  It  is 
present  in  normal,  iinpcilliilcd  waters  only  in 
verv  iiTiall  numbers.  In  ground  waters  it 
may  occasionally  he  found  in  100-200  cc,  sam- 
ples; r:irely  in  10  c.  c.  In  surface  waters  it 
is  freriucnliy  isolated  from  10  c,  c.  but  is  rare- 
ly found  in  smaller  samples  of  unpolluted 
waters  of  any  kind. 

In  the  second  place,  we  know  beyond  a 
doubt  that  the  colon  bacillus  is  the  normal 
and  constant  inhabitant  of  the  large  intestine 
(if  man  and  warm  blooded  animals.  \Vc  un- 
fortunately li.n\e  no  way  of  distinguishing 
the  particular  source  from  which  an  isolated 
bacillus  may  come.  .      ,  ,. 

Finallv.     we     have     definite     and     delicate 


methods  of  demonstrating  the  presence  or 
absence  of  B.  coli  in  any  given  source  and  ex- 
perimentally and  practically  we  have  shown 
that  this  organism  may  be  constantly  isolated 
from  water  which  has  received  sewage  even 
though  in  enormous  dilution  (1:1,000,000  to 
1:10,000,000). 

If  the  first  two  propositions  are  true,  con- 
cerning the  distribution  of  coli  in  nature, 
then  the  value  of  our  tests  depends  funda- 
mentally upon  the  third  proposition,  or  the 
accuracy  of  our  methods  of  detecting  this  or- 
ganism in  water,  and  upon  the  establishment 
of  a  quantitative  limit,  above  which  or  be- 
low which  a  water  may  be  condemned  or  ap- 
proved. With  regard  to  this  latter  point,  we 
find  water  analysts  very  cautious  and  conserva- 
tive in  their  opinion  as  to  where  the  dividing 
line  should  come  and  we  may  never  hope  for 
an  empirical  and  rigid  rule  as  a  standard  be- 
cause of  the  very  nature  of  the  problem  as 
here  outlined.  The  coli  content  of  a  water  is. 
we  believe,  the  most  valuable  single  fact  that 
we  can  obtain  and  together  with  the  other  evi- 
dence;  chemical  tests,  knowledge  of  the  origin 
of  the  water,  its  sanitary  surroundings,  etc., 
it  forms  the  nucleus  about  which  we  mould 
our  conclusion.  Dr.  Houston,  perhaps  the 
greatest  English  authority  on  the  subject,  has 
reiterated  his  opinion  of  several  years  ago. 
He  believes  that  a  water  showing  no  evidence 
of  coli  in  100  c,  c.  shows  no  evidence  of  ob- 
jectionable contamination;  present  in  100  c.  c. 
but  not  found  in  10  c.  c.  "not  absolutely  free 
from  the  suggestion  of  being  potentially  if  to 
an  almost  negligible  extent,  dangerous  to 
health" ;  present  in  10  c,  c,  but  not  in  1  c,  c 
"contamination  presumably  objectionable  in 
character,  and  therefore  to  be  regarded  with 
some  suspicion" ;  present  in  1  c.  c.  but  absent 
in  0.1  c.  c.  shows  "obvious  indications  of  pol- 
lution" and  is  not  safe  "in  the  absence  of 
cantra-indications  of  a  convincing  kind."  The 
French  bacteriologists  attach  the  same  signi- 
ficance to  B.  coli  as  an  indicator  of  pollution 
and  generally  fix  the  border  line  of  doubt  be- 
tween the  limits  of  coli  in  from  1  c.  c.  to  !•> 
c.  c.  while  its  presence  in  1  c.  c.  and  0.1  c.  c.  is 
recognized  as  dangerous,  Prescott  and  Wins- 
low,  after  a  careful  review  of  all  the  work 
and  upon  the  basis  of  a  broad  experience, 
make  the  following  statements  in  regard  to 
the  significance  of  the  quantitative  aspect  of 
coli  in  water : 

Altogether  the  evidence  Is  quite  conclusive 
that  the  absence  of  B.  coll  demonstrates  the 
harmlessness  of  a  water  as  far  as  bacteriology 
can  prove  tt.  That  when  present,  Its  numbers 
form  a  rensonnbly  close  Index  of  the  amount  of 
pollution  ,  ,  ,  It  may  safely  te  said  that  when 
the  colon  bacillus  is  found  In  such  abundance 
as  to  be  Isolated  In  a  large  proportion  of  cases 
from  1  c,c.  of  water,  It  is  reasonable  proof  of 
the  presence  of  serious  pollution. 

Before  considering  our  methods,  and  the  re- 
liability of  our  methods  of  B.  coli  isolation, 
it  may  be  well  to  indicate  briefly  what  the 
characters  and  properties  of  the  organism  un- 
der discussion  are.  B.  coli  refers  to  a  group, 
rather  than  to  a  single  definite  organism.  In 
order  to  be  admitted  to  the  typical  group,  an 
organism  must  be  a  short,  non-spore-forming, 
Gram  negative,  bacillus,  usually  motile  and 
should  exhibit  the  following  characteristic 
biochemical  characters  when  grown  upon  va- 
rious artificial  culture  media:  Thcv  uniformly 
ferment  dextrose  and  lactose  media  with  acid 
and  gas  production  ;  coagulate  litmus  milk  and 
reduce  the  litmus;  do  not  liquify  gelatin: 
give  a  positive  reaction  in  csculin  media  and 
generally  produce  indol  in  peptone  solution. 
Of  all  the  tests,  none  is  more  specific  than 
the  capacity  to  ferment  sugars  with  gas.  par- 
ticularly the  lactose.  This  is.  par  excellence, 
a  test  for  bacteria  of  intestinal  origin  and  we 
find  that  most  of  our  special  "presumptive 
tests"  hinge  on  this  reaction. 

Isolation,  or  the  obtaining  of  the  desired 
organism  in  pure  culture  may  be  done  direct- 
ly from  the  original  specimen,  or  indirectly 
by  first  inoculating  suitable  and  selective 
liquitl  media  with  various  dilutions  of  the 
water.     The  direct  method  is  the  quickest  but 
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is  generally  applicable  in  the  examination  of 
highly  polluted  waters  because  of  the  limit  to 
the  amount  of  water  that  can  be  plated  and 
more  serious,  because  of  the  danger  of  over- 
growth of  the  sewage  forms  by  other  bac- 
teria. The  principles  involved  in  either  the 
direct  or  indirect  method  are  fundamentally 
the  same :  the  providing  of  a  suitable  and  se- 
lective pabulum  for  the  growth  of  the  desired 
organisms  and  the  presence  of  substances  or 
devices  that  will  give  reasonable  conviction 
of  the  presence  of  sewage  bacteria. 

The  plate  method  of  isolation,  as  stated, 
finds  its  chief  drawback  to  be  that  of  over- 
crowding. The  litmus  lactose  agar  media  is 
the  oldest  and  still  the  most  generally  used  of 
all  the  solid  media  as  a  presumptive  coli  test. 
Coli  on  such  plates  form  delinitely  shaped  col- 
onies fermenting  the  sugar  and  turning  the 
indicator  pink.  The  Endo  medium  ( fuchsin- 
lactose-agar.  the  fuchsin  reduced  by  sodium 
sulphite)  and  the  Drigalski  and  Conradi  me- 
dium (a  specially  prepared  lactose  agar  with 
crystal  violet  added)  inhibit  the  growth  of 
many  saprophytic  bacteria  and  produce  char- 
acteristic colonies  from  the  growth  of  coli. 
I  have  been  working  upon  a  new  medium  in- 
volving the  same  selective  principle.  Church- 
man has  shown  that  the  Gram  positive  or- 
ganisms refuse  to  grow  in  the  presence  of 
the  gentian  violet  dye  and  as  coli  and  its  al- 
lies in  sewage  are  chiefly  Gram  negative  its 
use  in  media  for  water  analysis  is  apparent. 
It  has  been  found  that  in  litmus-lactose-violet- 
agar  we  may  cut  the  total  counts  down  from 
50-80%  and  still  obtain  growth  of  all  the  coli 
present.  So  far  as  our  work  has  gone  the 
presence  of  the  violet  stain  seems  to  have  no 
inhibitive  action  upon  either  coli  or  typhoid 
so  that  it  would  make  possible  the  plating  of 
from  one  to  one  and  a  half  times  as  much 
water  as  on  the  ordinary  lactose  plate  with- 
out jeopardizing  the  test  for  the  specific 
sewage  bacteria. 

The  liquid  media  have  the  advantage  of 
having  no  quantitative  limit  as  to  the  amount 
of  water  that  may  be  examined.  Prelimin- 
ary enrichment  or  growth  in  a  highly  favor- 
able medium  is  sometimes  resorted  to  to  en- 
courage the  revitalization  of  certain  sickly  or 
attenuated  coli,  but  for  practical  purposes  this 
procedure  is  usually  omitted. 

From  all  the  liquid  media  that  have  been 
proposed  and  used  we  find  a  remarkable  uni- 
formity of  opinion  in  favor  of  ox  bile  or  bile 
salt  media  with  the  addition  of  sugars:  dex- 
trose or  lactose.  Bile  salts  act  as  highly  se- 
lective inhibiting  agents  to  the  vast  majority 
of  saprophytic  bacteria  while  coli-  and  many 
other  sewage  bacteria  grow  readily  in  bile  and 
the  coli  ferment  the  sugar  present  with  gas 
production  it  48  hours.  This  test  is  more 
specific  and  more  reliable  than  any  other 
known  test.  It  has  been  shown  by  Jordon 
"that  B.  coli  itself  is  inhibited  in  a  marked 
degree  in  media  containing  bile."  .\ttenuated 
coli  is  severely  restricted  in  bile  but  the  Stand- 
ard Methods  Committee  of  the  American 
Public  Health  Association  advises  that  from 
a  practical  standpoint  "it  is  best  to  discount 
the  presence  of  attenuated  B.  coli." 

Whether  we  should  depend  upon  the  fer- 
mentation of  dextrose  or  lactose  in  the  pres- 
ence of  bile  salts  seems  to  me  to  be  still  a 
mooted  question.  Many  strains  will  ferment 
the  nonsaccharide  that  fail  to  ferment 
the  disaccharide  in  bile  and  higher  results 
would  be  expected  with  the  dextrose.  How- 
ever, some  forms  of  bacteria  other  than  coli 
ferment  dextrose  so  that  the  use  of  the  less 
complex  substance  is  not  quite  so  specific. 
English  opinion  favors  the  use  of  dextrose 
while  Americans  for  the  most  part  seem  to 
recommend  the  use  of  lactose  bile.  We  arc, 
it  seems  to  me,  requiring  a  good  deal  of  the 
bacteria  that  are  weakened  by  long  sojourn 
in  water,  to  expect  them  to  grow  in  the  pres- 
ence of  a  substance  that  is  an  active  inhibit- 
ing agent  even  to  manv  vigorous  coli  and  also 
expect  them  to  split  the  more  complex  sugar. 
VVe  believe  that  re-inoculations  into  lactos 
bile  should  always  be  made  and  in  this  case 
the  original  use  of  dextrose  bile  should  give 
us  somewhat  more  delicate  results. 
To  recapitulate :     We  have  gradually  come 


to  the  opinion  that  the  presence  of  B.  coli  in 
water  in  certain  numbers  is  strong  presump- 
tive evidence  of  pollution  of  sewagic  origin 
to  be  used  in  connection  with  other  data  in 
forming  our  verdict  as  to  the  safety  of  a 
water.  The  isolation  of  coli  from  water  is 
best  made  by  direct  inoculation  of  various  di- 
lutions of  the  original  specimen  into  the 
highly  selective  bile — dextrose  or  lactose — and 
a  subsequent  transfer  into  lactose  bile  and 
preferably,    into   other    confirmatory    media. 


The  Electrolytic  Corrosion  of  Iron  in 

Soils. 

The  term  "electrolytic  corrosion"  is  most 
frequently  used  to  indicate  corrosion  caused 
by  the  discharge  of  an  electric  current  which 
enters  the  metal  from  external  sources.  Dur- 
ing recent  years,  however,  the  theory  has  been 
widely  accepted  that  all  corrosion  in  water 
solutions  is  essentially  electrolytic  in  its  na- 
ture, and  in  consequence  there  have  come  into 
use  a  variety  of  terms,  such  as  "galvanic  ac- 
tion," "stray  current  electrolysis,"  "self-cor- 
rosion,"  etc.,  to  distinguish  between  cases  of 
corrosion  originating  from  different  causes. 
Thus,  corrosion  of  buried  iron  may  be  due 
to  galvanic  action  caused  by  physical  or  chem- 
ical differences  between  adjacent  points  on 
the  surface  of  the  metal,  to  the  presence  of 
foreign  substances  in  the  soil,  such  as  coke 
cinders,  iron  oxides,  etc..  which  set  up  local 
galvanic  action,  or  it  may  be  due  to  the  dis- 
charge of  electric  currents  that  have  entered 
the  structure  at  some  remote  point.  In  the 
present  discussion  the  terms  "electrolysis"  and 
"electrolytic  corrosion"  are  used  to  designate 
corrosion  caused  by  the  discharge  of  electric 
current  which  has  entered  the  metal  from 
some  outside  source,  while  all  other  forms  of 
corrosion  in  which  the  electric  currents  orig- 
inate within  the  corroding  system  itself  from 
whatever  cause  are  referred  to  as  "self-cor- 
rosion." It  should  be  pointed  out  at  the  out- 
set, however,  that  these  two  general  classes  of 
corrosion  are  by  no  means  independent  of 
each  other,  since  the  presence  of  either  kind 
of  corrosion  generally  affects  in  marked  de- 
gree the  nature  and  extent  of  tlie  other  under 
a  given  set  of  conditions.  This  mutual  influ- 
ence is  such  as  to  be  of  considerable  practical 
importance,  and  in  particular  it  often  greatly 
increases  the  difficulty  of  obtaining  trustworthy 
experimental  data  in  regard  to  electrolytic 
corrosion  proper. 

The  U.  S.  Bureau  of  .Standards  has  been 
for  some  time  conducting  a  general  investiga- 
tion of  the  subject  of  electrolysis  and  electro- 
lysis mitigation,  and  a  recent  paper  has  been 
published  dealing  with  the  fundamental  laws 
governing  electrolytic  corrosion  under  prac- 
tical conditions,  and  relating  to  self-corrosion 
only  insofar  as  it  is  necessary  to  distinguish 
between  the  two  classes.  The  paper  was  pre- 
pared by  Burton  McCuUom  and  K.  H.  Logan, 
Physicists  of  the  Bureau  of  Standards,  and 
is  called  Technologic  Paper  No.  2.5.  The 
subject  of  the  prevention  of  electrolytic  dam- 
age is  referred  to  only  incidentally,  when  oc- 
casion requires,  in  order  to  interpret  the  sig- 
nificance of  the  results  obtained.  The  gen- 
eral conclusions  drawn  in  the  paper  mentioned 
are  here  given,  with  only  suf)"icicnt  intro- 
ductory matter  to  make  clear  the  nature  of 
"the  problems  studied.  The  full  paper  contains 
numerous  tables  and  diagrams  to  which  we 
cannot  give   .space  at  his  time. 

In  studying  the  phenomena  of  electrolytic 
corrosion  in  soils  under  practical  conditions 
many  variables  are  encountered  which  tend 
in  greater  or  less  degree  to  affect  the  results. 
.\mong  these  may  be  mentioned  the  current 
density  at  the  surface  of  the  metal,  the 
moisture  content  of  the  soil,  the  presence  of 
oxygen  either  in  the  gaseous  state  or  dissolved 
in  ?oil  waters.  The  latter  not  onlv  affects  the 
rate  of  corrosion  but  also  affects  the  character 
of  the  end  products  of  the  reactions,  and  thus 
to  some  extent  has  a  bearing  on  the  question 
of  diagnosing  the  cause  of  particular  cases 
of  corrosion.  The  temperature  of  the  soil  is 
also  important,  particularly  because  of  its 
effect  on  the  current  flow.  In  the  case  of  iron, 
the  formation   of  oxids  as  a  result  of  the  in- 


itial corrosion  may  complicate  matters  be- 
cause of  their  possible  action  in  stimulating 
galvanic  action.  Other  factors,  such  as  the 
mechanical  and  chemical  properties  of  the 
soil,  the  depth  of  burial  of  the  metal,  the  lim- 
itation of  current  flow  due  to  polarization,  the 
formation  of  high  resistance  films  on  the  sur- 
face of  the  metal,  and  the  pitting  of  the  sur- 
face, due  to  a  variety  of  causes,  may  like- 
wise act  to  increase  or  decrease  the  rate  at 
which  damage  may  progress,  and  therefore 
require  special  investigation.  It  is  these  fac- 
tors that  are  dealt  with  in  the  report,  and 
while  the  investigations  have  in  most  cases  not 
yet  been  completed,  we  believe  that  the  tenta- 
tive conclusions  of  the  investigators,  relative 
to  the  effect  of  the  several  variables  above 
enumerated,    will   be   of    interest. 

GENES.\L   CONCLUSIONS    BASED   ON    EXPERIMENTAL 
DATA. 

The  following  are  the  more  general  con- 
clusions that  have  been  drawn  from  the  ex- 
perimental data  published  in  the  full  paper: 

1.  The  current  density  has  a  marked  effect  on 
efficiency  of  corrosion  of  iron  in  soils,  the  ef- 
ficiency of  corrosion  being,  in  general,  greater 
the  lower  the  current  density.  In  saturated 
soils  the  corrosion  may  vary  between  20  per 
cent  and  about  140  per  cent  for  the  range  of 
current  densities  between  5  milliamperes  and 
0.0.5    milliampere  per    square   centimeter. 

2.  Moisture  content  in  the  soil  also  has  a 
marked  effect  on  efliciency  of  corrosion,  the 
corrosion  efficiency  being  in  general  greater 
with  increasing  moisture  content  up  to  sat- 
uration of  the  soil.  Beyond  this  point  in- 
creased moisture  content  has  comparatively 
little  effect. 

3.  Temperature  changes  within  the  limits 
commonly  met  w-ith  in  practice  have  no  im- 
portant  effect   on   corrosion   efficiency. 

4.  The  depth  of  burial  of  pipes  has  no  di- 
rect effect  on  corrosion  efficiency  provided 
other  conditions  remain  constant.  In  prac- 
tice, however,  the  moisture  content,  current 
carried  by  the  pipes,  and  various  other  factors 
which  affect  corrosion  efficiency  will  vary 
with  depth,  so  that  indirectly  differences  due 
to  depth  may  be  noted. 

5.  The  amount  of  oxygen  present  has  no 
appreciable  effect  on  the  efficiency  of  corro- 
sion in  the  case  of  iron  immersed  in  liquid 
electrolyte. 

6.  Corrosion  efficiency  of  iron  embedded  in 
earth  is  always  greater  in  open  vessels  than 
in   sealed  vessels. 

7.  The  amount  of  oxygen  present  has  a 
marked  effect  on  the  final  products  of  corro- 
sion. If  the  corrosion  is  rapid  and  the  sup- 
ply of  oxygen  small,  there  will  be  a  prepon- 
derance of  magnetic  oxid.  while  if  the  rate  of 
corrosion  is  low  and  the  supply  of  oxygen 
abundant  the  ferric  oxid  will  predominate. 
Owing  to  the  fact  that  the  supply  of  oxygen 
around  pipes  buried  in  earth  is  always  more 
or  less  limited,  the  character  of  the  oxids 
formed  gives  some  indication  as  to  the  rate 
of  corrosion,  and  thus  indirectly  the  cause 
of  the  corrosion,  if  local  conditions  are  prop- 
erly  considered. 

8.  There  is  no  material  dift'erence  in  the 
efficiency  of  corrosion  sliown  by  the  various 
kinds  of  iron  commonly  used  in  the  manu- 
facture of  underground  pipes. 

n.  The  fact  that  a  given  chemical  tends 
strongly  to  inhibit  either  self-corrosion  or 
electrolytic  corrosion  in  liquids  is  no  indica- 
tion that  it  will  materially  retard  electrolysis 
of  iron  embedded  in  soils. 

10.  Pitting  of  iron  embedded  in  soils  is  af- 
fected not  only  by  a  nonliomogeneous  condi- 
tion of  the  iron  or  soil,  but  also  by  the  chem- 
icals  contained   in   the   soil. 

11.  The  efficiency  of  corrosion  was  found 
not  to  be  a  function  of  the  voltage  except  in 
so  far  as  the  current  density  may  be  affected, 
Voltages  as  low  as  0.1  and  0.0  volts  showed 
practically  the  same  efficiency  of  corrosion  as 
!>  to  10  volts  or  higher. 

12.  Corrosion  tests  on  a  large  number  of 
different  kinds  of  soil  from  widely  different 
sources  with  average  moisture  content  and 
moderate  current  density  indicate  tb.Tt  cor- 
rosion   efficiencies    between    •'iO    and    110    perj 
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cent    may    usually    be    expected    under    most 
practical   conditions. 

13.  The  resistance  of  soils  varies  through- 
out a  very  wide  range  with  variations  in 
moisture  content,  the  resistance  of  the  com- 
paratively dry  soil  being  of  the  order  of  sev- 
eral hundred  times  the  resistance  of  the  same 
soil  at  about  saturation.  Above  saturation, 
increase  in  moisture  content  has  but  little  ef- 
fect on  the  resistance  of  the  soil. 

14.  Because  of  the  great  variations  in  re- 
sistance of  earth  with  moisture  content,  volt- 
age surveys  should  not  be  made  at  times  when 
the   earth  is  extremely  dry. 

15.  The  resistance  of  the  soil  varies  greatly 
with  temperature  within  the  ordinary  range 
encountered  in  practice.  In  the  case  of  the 
soil  tested  the  resistance  at  18°  below  zero 
centigrade  was  over  200  times  as  great  as  at 
18°  above  zero  centigrade.  Even  at  about 
freezing  temperature  the  resistance  will  be 
several  times  that  at  summer  temperatures. 
This  not  only  has  an  important  bearing  on  the 
magnitude  of  the  electrolysis  trouble  that  may 
occur  at  different  seasons,  but  it  also  indicates 
that  where  practicable  voltage  surveys  should 
not  be  made  when  extremely  low  tempera- 
tures prevail. 

16.  The  experimental  results  given  in  the 
paper  have  an  important  bearing  on  the  sub- 
ject of  electrolysis  mitigation  through  the 
limitation  of  voltage  drop  in  the  negative  re- 
turn. For  some  years  the  chief  means  of  pre- 
venting trouble  from  electrolysis  in  certain  for- 
eign countries  has  been  the  linu'tation  of  the  per- 
missible voltage  drop  between  any  two  points  on 
the  return  circuit.  In  some  places  the  limit  has 
been  placed  on  the  maximum  voltage  during 
peak  load,  whereas  in  other  cases  the  average 
voltage  for  24  liours  has  been  the  deter- 
mining factor.  It  will  be  evident  that  if  the 
total  amount  of  damage  which  results  is  pro- 
portional to  the  average  current,  then  the 
limitation  of  the  average  voltage  would  be 
more  logical  than  the  limitation  of  the  peak- 
load  voltage,  since  in  the  former  case  the  cost 
of  meeting  the  voltage  limitation  in  any  given 
case  would  be  proportionate  to  the  danger 
involved  irrespective  of  the  station  load  fac- 
tor: whereas  if  the  voltage  at  peak  load  is  the 
determining  factor  the  cost  of  complying  with 
the  requirements  depend  not  only  on  the  dan- 
ger involved,  but  on  the  load  factor  of  the 
system,  and  the  poorer  the  load  factor  the 
greater  its  cost  will  be.  It  appears  from  the 
data  presenterl  in  the  paper  that  the  rate  of 
damage  does  not  increase  as  fast  as  the  volt- 
age increases,  because  of  the  tendency  to- 
ward lower  corrosion  efficiencies  at  higher 
current  densities.  This  indicates  that,  with  a 
a  given  average  all-day  current  the  actual 
amount  nf  electrolysis  that  would  occur  would 
be  less  with  a  bad  load  factor  than  with  a 
good  load  factor,  and  hence  points  to  the 
undcsirability  of  penalizing  a  high  peak  of 
short  duration.  It  would  appear  more  logical, 
therefore,  in  so  far  as  the  damage  itself  is 
concerned,  to  make  the  average  all-day  volt- 
age the  basis  of  the  limitation  rather  than  the 
voltage   at   time   of   peak   load. 
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Notes  on   the   Proper   Use   of   Chlori- 
nated Lime  for  the  Disinfection 
of   Drinking   Water. 

The  use  of  chlorinated   lime   for  the  disin- 
fection of  public  water  supplies  has  been  dis- 
cussed   from  many  points  of   view   in   former 
issues  of  this  journal.    The  advantages  of  this 
•    method    of    disinfection    have,    perhaps,    been 
:    sufficiently  emphasized.     The  method  has  now 
been  in  use  long  enough  so  that  some  of  the 
'    more   common    errors    in    its   application    may 
at  this  time  be  discussed  to  advantage.     There 
is  now   a  better   understandins.   moreover,  of 
'    the  types   of  water   which   are   best   suited   to 
chlorination,  and  overdosing  with  chlorine  has 
received   considerable  attention.     These   latter 
'    considerations    are    discussed    in    the    present 
'    article,  the  matter  given  being  taken   from  an 
article  by   M.   L.   Holm  and   E.   R.   Chambers, 
of    the    Michigan    State    Racteriological    De- 
partment,   published    in    the    Michigan    Public 
Health  Journal. 


METHODS    OF    APPLYING. 

In  the  practical  application  of  hypochlorite, 
the  common  practice  is  to  prepare  a  solution 
of  about  %  per  cent  strength,  that  is,  about 
5  lbs.  of  hypochlorite  to  100  gals,  of  water 
and  feeding  this  solution  in  proper  propor- 
tion into  the  public  supply.  With  an  average 
product  a  dilution  of  a  Vz  per  cent  solution 
at  the  rate  of  1-6,600  will  give  about  0.3  parts 
available  chlorine  per  1,000,000  parts  of  water 
or  approximately  the  amount  required  for 
slightly  contaminated  waters  from  the  Great 
Lakes  system.  In  practical  work,  however, 
the  theoretical  results  are  often  not  obtained. 
Different  lots  of  hypochlorite  vary  in  compo- 
sition and  the  last  portions  from  a  container 
are  generally  weaker  than  that  from  a  freshly 
opened  container.  Several  plants  in  Michigan 
have  from  time  to  time  submitted  samples  of 
powder  for  examination  showing  such  reduc- 
tion. This,  however,  does  not  appear  to  be 
the  most  important  source  of  error.  Imper- 
fect solutions  are  often  obtained  and  they 
in  turn  deteriorate  in  the  storage  tanks.  We 
recently  had  occasion  to  examine  a  hypo  so- 
lution from  one  of  our  Michigan  city  plants 
and  found  that  the  fresh  stock  solution  was 
about  20  per  cent  lower  in  available  chlorine 
than  it  should  theoretically  have  been  from 
the  amount  of  hypo  added.  Another  10  per 
cent  deterioration  was  found  to  have  occurred 
after  two  weeks'  storage  in  the  solution  tank. 
For  accurate  and  reliable  work,  such  un- 
known factors  must  necessarily  be  eliminated 
as  much  as  possible.  It  would  appear  that  it 
is  necessary  to  make  frequent  titrations  of 
the  solutions  in  the  solution  tank  in  order  to 
have  any  very  accurate  idea  of  just  how  much 
available  chlorine  is  being  used.  This  is  a 
rather  simple  procedure  and  with  a  little  prac- 
tice could  be  done  and  should  be  done  by 
sornc  one  at  the  plant.  In  addition. to  this,  bac- 
teriological examinations  should  be  made  reg- 
ularly to  check  the  results. 

TYPES   OF    W.\TKR    SUITED    FOR   CHLORIX.XTIOK. 

Successful  results  with  chlorine  treatment 
may  be  obtained  only  when  the  water  is  no'. 
too  highly  contaminated,  clear  and  of  uniform 
organic  composition.  Turbid  waters  must  be 
filtered  in  order  to  secure  successful  results. 
Where  water  supplies  are  subject  to  inter- 
mittent increase  in  the  amount  of  contamina- 
tion, chlorination  is  generally  a  failure,  be- 
cause the  amount  of  chlorine  necessary  for 
efficient  disinfection  during  high  contamina- 
tion will  be  objectionable  to  the  consiuners 
during  periods  when  contamination  is  low 
or  absent,  and  the  greatest  permissible  amount 
used  when  contamination  is  low  will  be  too 
quickly  neutralized  anri  ineffective  when  con- 
tamination   is   materially   increased. 

We  are  often  asked  concerning  chlorine 
treatment  of  well  waters.  Contaminated  well 
waters  respond  to  the  action  of  chlorine  as 
do  surface  waters  and  if  the  water  is  clear 
and  the  contamination  uniform  the  trcatmenl 
may  be  successful.  However,  the  amount  of 
contamination  present  in  imsafe  wells  is 
usually  subject  to  extreme  variations  .ind  not 
at  all  suited  for  successful  chlorine  disitifcc- 
liiin. 

OVERDOSING    WITH    CIimRINE. 

In  some  instances  it  has  been  found  prac- 
tically impossible  to  f)btain  sufficient  bacterial 
destruction  without  adding  so  large  a  (|uan- 
lity  of  chlorine  that  the  water  becomes  unfit 
for  drinking  purposes.  Where  such  (pianti- 
lics  arc  required  it  is  possible  to  introduce 
further  treatment  that  will  remove  the  ex- 
cess of  chlorine  and  eliminate  the  objection- 
able odor  and   laste. 

The  methods  that  have  been  ailvocated  for 
the  rruiov.il  of  excesses  of  chlorine  are  stor- 
age, aeration  and  the  addition  of  non-toxic 
chemical    reducing  agents. 

It  has  been  pointed  out  that  the  anioimt 
of  chlorine  required  to  rlisinfect  a  given 
wafer  represents  only  a  small  fraction  of  the 
actual  quantity  of  reducing  substances  in  that 
water  and  it  may  he  theoretically  assumed 
that  if  sufficient  time  be  allowed  chlorine  will 
continue  to  be  absorbed  up  to  the  saturation 
point  of  the  reducing  substances  present. 
^[any   water   works   engineers    have   at    times 


noticed  a  marked  taste  of  chlorine  at  the 
pumping  station  when  no  such  taste  was  per- 
ceptible at  various  points  in  the  city  supplied. 

Aeration  materially  hastens  the  disappear- 
ance of  excesses  of  chlorine  probably  by  di- 
rect evaporation  of  the  uncombined  gas.  The 
chemicals  available  for  eliminating  the  ex- 
cess of  chlorine  are  chiefly  sodium  sulphite 
and  sodium  thiosulphate.  Of  these  the  lat- 
ter has  the  advantage  of  being  cheaper  and 
more  stable.  The  actual  increase  in  cost  of 
chemicals  where  sodium  thiosulphate  is  used 
will  vary  with  the  different  waters,  but  the 
cost  of  neutralizing  will  not  exceed  one-half 
of  the  cost  of  the  chlorinated  lime  employed. 

Under  ordinary  conditions  the  action  of 
chlorine  upon  bacteria  takes  place  very  rapid- 
l.y  and  the  maximum  bacterial  destruc- 
tion will  generally  be  reached  within  five 
minutes.  Where  neutralizing  chemicals  are 
employed,  however,  it  is  advisable  to  allow 
longer  exposure  in  order  to  be  assured  that 
the  chlorine  has  been  thoroughly  distributed 
and  that  the  action  is  complete.  It  has 
therefore  been  recommended  that  a  pe- 
riod of  at  least  10  or  15  minutes  should 
interevene  between  the  chlorination  and 
the  subsequent  chemical  neutralizing.  This 
double  chemical  treatment  may  in  some  in- 
stances involve  a  somewhat  difficult  engineer- 
ing problem  in  the  mechanical  construction, 
but  when  installed  will  possess  the  advantage 
that  chlorination  to  the  point  of  satisfactory 
disinfection  may  always  be  carried  out.  The 
quantities  of  sodium  thiosulphate  required  to 
neutralize  even  a  considerable  excess  of 
chlorine  will  leave  no  objectionable  by-prod- 
ucts and  moderate  excesses  of  the  chemical 
itself  will  be  tasteless  and  unobjectionable. 
In  conclusion,  there  can  be  no  doubt  but  that 
we  have  in  chlorine  a  cheap  and  efficient  agent 
for  the  practical  disinfection  of  drinking 
water  when  properly  applied. 

The  germicidal  effect  of  chlorine,  whether 
used  as  anhydrous  chlorine  or  hypochlorite, 
is  essentially  the  same.  Chlorine  acts  rapidly 
upon  most  vegetative  forms  of  bacteria,  but 
is  selective  in  action  and  does  not  destroy 
bacteria  of  the  tubercle  group  or  spore  forms. 

The  use  of  chlorine  cannot  be  considered 
a  substitute  for  filtration.  Where  a  water  is 
low  in  organic  matter,  clear  and  only  slightly 
polluted,  the  use  of  the  chlorine  or  hypo- 
chlorite treatment  alone  may  be  sufficient.  In 
combination  with  filtration,  however,  chlorine 
should  give  excellent  results.  Filtration  alone 
gives  at  best  only  a  fractional  purification  and 
unlike  the  chlorine  treatment  the  bacterial 
efficiency  is  in  no  way  selective.  Ry  combin- 
ing the  use  of  chlorine  and  filtration  there 
may  be  substantial  economy  in  the  first  cost 
of  the  filtration  plant  because  higher  rates 
of  filtration  m.iy  be  used  and  the  required 
filter    area    proportionately    reduced. 

Some  Examples  of  Poor  Design  and 
Improper  Operation  of  Small  Wa- 
ter Purification  Plants. 
The  fact  that  small  water  purification  plants 
are  frequently  abused  in  their  operation  is. 
as  we  have  before  stated,  well  known  to  en- 
gineers. It  is  with  a  view,  therefore,  of  sup- 
pl>iiig  engineers  with  additional  data  on  this 
point,  for  use  as  illustrative  examples  in  their 
efforts  to  impress  upon  city  officials  the  im- 
portance of  competent  operation  o\  such 
plants,  that  wc  are  here  publishing  an  ab- 
stract of  a  paper  recently  presented  by  H.  P. 
I-etton,  Sanitary  Engineer  of  the  United 
Slates  Public  Health  Service,  before  the  N'ew 
England    Water    Works   .Association. 

It  very  frequently  happens  that  when  a 
small  water  purification  plant  is  installed  in 
connection  with  a  water  works  system  which 
has  been  in  operation  for  some  time,  per- 
haps for  several  years,  that  the  man  who  has 
had  charge  of  the  pumping  station  takes  on 
the  operation  of  the  purification  plant  as  an 
additional  duty.  It  is  very  uncommon,  in- 
deed, for  men  of  this  type  to  understand  the 
process  of  water  purification,  even  in  its 
fimdamcntals.  In  connection  with  the  dis- 
charge of  his  duties  Mr.  Letton  has  had  an 
unusually    good    opportunity    to    observe    the 
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■more  common  faults  in  the  design  and  opera- 
tion of  the  type  of  plants  here  under  consid- 
eration and  he  mentions  the  following  ex- 
amples. 

EX.^MPLES  or  POOR  DESIG>f. 

The  worst  example  cited  related  to  a  plant 
of  1.000,000  gals,  daily  capacity.  The  water 
supply,  obtained  from  an  artificial  lake,  was 
■highly  colored,  due  to  passing  through  cedar 
swamps.  The  water  flowed  from  the  lake  to 
the  coagulation  basins  by  gravity.  In  this 
tasin,  which  was  merely  a  wooden  tank,  a 
period  of  less  than  20  minutes  ordinarily  was 
employed  for  coagulation  and  sedimentation 
purposes.  This  period  was  still  shorter  in 
times  of  high  water  consumption.  Moreover, 
the  coagulation  basin  was  set  at  such  a  high 
level  that  in  times  of  low  water  in  the  lake 
it  was  necessary  to  by-pass  raw  water  around 
the  basin  in  order  to  maintain  the  necessary 
supply.  The  filter  plant  consisted  of  four 
rapid  sand,  circular,  wooden  tank  filters,  op- 
erated by  gravity  and  fed  by  a  gravity  flow 
from  the  coagulation  basin.  The  filters  w'ere 
not  equipped  with  cither  loss  of  head  gages 
or  rate  controllers.  The  heds  were  not  agi- 
tated during  washing  because  the  rakes  pro- 
vided for  that  purpose  were  fitted  up  for 
water  motor  drive  and  the  necessary  water 
pressure  for  actuating  tliis  motor  was  lack- 
ing. After  leaving  the  filter  the  water  nassed 
to  a  suction  well  giving  less  than  .'^O  minutes' 
storage.  A  small  solution  pump,  for  pump- 
ing a  solution  of  sulphate  of  alumina  into  the 
raw  water  just  above  the  coagulation  basin, 
was  supDosed  to  be  driven  from  the  main 
shaft  which  drove  the  pumps  of  the  distri- 
bution sv^tems.  It  was  learned,  however,  that 
this  solution  pump  was  normally  out  of  serv- 
ice and  that  for  the  greater  part  of  the  time 
no  coagulatin?  chemical  was  injected  into  the 
raw  water.  Upon  making  an  analysis  of  the 
raw  water  it  was  discovered  that  it  was  slight- 
ly acid,  probably  due  to  hnmic  acid  taken  up 
by  the  water  in  passina"  through  the  cedar 
swamp  previously  mentioned.  Under  these 
circumstances  the  addition  of  the  sulphate  of 
alumina  would  hnve  been  useless.  Analvses 
were  made  of  both  the  raw  and  filtered  water 


and  the  improvement  shown  by  the  filtered 
over  the  raw  water  was  but  slight.  The  color 
of  the  filtered  water  was  at  times  at  200  p. p.m. 

Mr.  Letton  investigated  two  other  plants 
in  which  acid  waters  were  being  treated  with 
sulphate  of  alumina  only.  Among  the  small 
plants  inspected  rate  controllers  and  loss  of 
head  gages  were  seldom  found,  and  the  meth- 
ods employed  in  controlling  the  chemical  feed 
were  in  most  cases  very  crude.  Only  a  few 
calibrated  orifice  boxes  were  found  in  service. 
Two  gravity  rapid  sand  filters,  which  heated 
waters  of  high  organic  content  and  frequently 
turbid,  were  not  operated  in  conjunction  with 
coagulation  basins.  This  led  to  too  frequent 
washing  of  the  filter  sand  and  the  bacterial 
efficiency  of  the  filters  was  correspondingly 
lessened,   and  operation   costs  were  increased. 

One  large  pressure  filter  was  found  treat- 
ing a  turbid  water  without  sufficient  time  for 
coagulation.  The  effluent  from  this  filter  was 
frequently  turbid  and  sometimes  contained 
aluminum  hydrate.  Another  plan,  a  slow  sand 
plant,  had  less  than  1  ft.  of  filtering  sand  and 
the  capacity  of  the  accompanying  clear  water 
well  was  about  a  half  hour's  supply.  The  rate 
of  filtration  consequently  fluctuated  exactly 
as  the  demand  and  almost  no  advantage  re- 
sulted   from   filtration. 

At  one  rapid  plant  raw  water  was  used  for 
filter  washing  because  the  clear  water  basin 
was  so  small.  Still  another  plant  was  not  de- 
signed so  that  it  could  filter  to  waste.  Ac- 
cordingly when  it  was  necessary  to  gain  ac- 
cess to  the  strainer  system  the  dirty  water 
in  the  bed  was  discharged  into  the  clear  well. 

F.X-'kMPLF.S     OF    F.AULTY    OPER.'\TION. 

.\lthough  good  results  in  rapid  sand  plants 
are  so  largely  dependent  upon  the  proper  use 
of  the  coagulant,  Mr.  Letton  observed  great 
ignorance  on  this  point  on  the  part  of  opera- 
tors of  small  plants.  At  several  plants  the 
operator  measured  alum  by  the  pailful  per 
day,  without  knowing  the  weight  used  or  the 
proportion  to  the  water  treated.  A  few  op- 
erators stated  that  increased  the  amount  of 
alum  somewhat  when  the  raw  water  was  tur- 
bid,  but   the   increase   was   governed    onlv   bv 


the  operator's  imperfect  sense  of  proportion 
and  not  by  precise  measurement  of  any  kind. 
In  only  a  few  plants  inspected  was  it  found 
the  practice  to  regulate  the  dosing  by  the  re- 
sults of  making  alkalinity  and  turbidity  tests. 
Only  a  few  of  the  operators  could  accurately  . 
make  the  alkalinity  tests.  Only  two  plants  of 
less  than  20,000,000  gals,  daily  capacity  main- 
tained laboratories,  and  even  in  these  the 
chemical  and  bacteriological  tests  were  made 
under  the  direction  of  non-resident  specialists, 
the  operators  who  made  the  tests  being  unable 
to  interpret  them  or  to  use  them  as  a  guide 
in   operating  the   plant. 

At  one  plant  the  operator  was  too  lazy  to 
wash  the  filters  sufficiently  often  and  they 
clogged  badly.  This  decrease  in  filtered  out- 
put was  made  up  by  by-passing  raw  water 
around  the  plant.  At  another  plant  the  beds 
were  washed  too  often  and  the  bacterial  ef- 
ficiency was  low  and  the  cost  of  operation 
was  high.  At  this  plant  over  10  per  cent  of 
the  water  filtered  was  being  used  for  wash 
water. 


The  International  Engineering  Congress 
of  1915. — Under  the  auspices  of  the  Ameri- 
can Society  of  Civil  Engineers,  the  American 
Institute  of  Mining  Engineers,  the  American 
Society  of  Mechanical  Engineers,  the  Amer- 
ican Institute  of  Electrical  Engineers  and  the 
Society  of  Naval  Architects  and  Marine  En- 
gineers, there  will  be  convened  at  the  Pan- 
ama-Pacific International  Exposition,  in  1915, 
an    International    Engineering   Congress. 

Engineers  in  all  parts  of  the  world  have 
signified  their  intention  of  attending  and  the 
delegation  from  Great  Britain  promises  to  be 
large  in  point  of  numbers  and  great  in  dis- 
tinction. 

The  president  and  secretaries  of  the  five 
organizations  above  named  together  with 
eighteen  other  members  constitute  the  of- 
ficial body  which  will  assemble  and  conduct 
the  congress.  Colonel  George  W.  Goethals, 
chief  engineer  of  the  Isthmian  Canal  Com- 
mittee, has  consented  to  act  as  honorary  pres- 
ident of  the  congress. 
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A    Study    of    Reservoir    Control    as    a 

Means  of  Flood  Prevention  at 

Columbus,  Ohio. 

One  of  the  possible  means  of  preventing 
flood  danger  at  Columbus,  Ohio,  was  con- 
sidered by  the  engineers,  John  W.  Alvord  and 
•Charles  B.  Burdick  of  Chicago  to  be  dam  con- 
struction on  the  Scioto  and  Olentangy  rivers 
above  the  city.  In  their  final  report  these 
engineer's  submit  their  consideration  of  res- 
ervoir flood  prevention  in  a  manner  which  is 
instructive  of  the  value  and  limitations  of 
this  method.  For  this  reason  and  also  be- 
cause it  furnishes  an  example  of  procedure 
in  making  flood  prevention  reservoir  studies 
we  submit  somewhat  condensed,  this  portion 
of  the  report. 

TYPE    OF    RESERVOIR    FOR    FLOOD    CONTROL. 

Reservoirs  for  flood  protection  may  be  di- 
vided into  two  classes.  There  are  controlled 
•reservoirs,  so  constructed  that  they  may  be 
filled  or  emptied  by  means  of  gates,  operated 
by  attendants  and  dependent  for  their  useful- 
ness upon  the  skill  and  discretion  with  ■which 
they  are  operated.  Such  reservoirs  are  large- 
ly used  for  the  purpose  of  improving  the  low 
water  flow  of  the  rivers  immediately  below 
them,  either  for  water  power  or  irrigation 
purposes,  or,  in  some  cases,  for  flood  control 
and  for  domestic  water  supply.  Of  the  latter 
type  is  the  reservoir  constructed  for  the  Co- 
lumbus water  supply,  known  locally  as  the 
Storage  Dam. 

.\  second  type  of  reservoir  used  especially 
for  flood  control  is  so  arranged  that  in  the 
'base  of  the  dam  there  is  an  opening  of  suffi- 


cient size  so  tliat  all  the  ordinary  flow  of  the 
river  passes  freely  through  without  detention 
and  where  occasion  requires  it.  small  floods 
up  to  a  predetermined  amount  can  likewise  be 
passed.  Such  a  detaining  reservoir,  therefore, 
brings  its  storage  into  play  whenever  the 
flood  flow  of  the  river  exceeds  this  prede- 
termined amount,  and  the  excess  of  such  flood 
flow  will  be  impounded  in  the  reservoir  un- 
til it  is  completely  full,  at  which  lime  the 
surplus,  if  any,  can  pass  over  the  spillway  at 
the  top  while  the  opening  in  the  bottom,  being 
all  the  time  in  active  use  is  emptying  the  pre- 
determined amount  of  flow  into  the  ordinary 
channel  below.  A  reservoir  of  such  character 
obviously  should  be  empty  except  in  time  of 
great  flood.  If  sufficient  opportunity  offers 
it  sometimes  can  be  so  arranged  that  it  may 
not  be  filled  except  in  time  of  the  greatest 
flood  known  to  occur  in  its  river  valley.  Un- 
der such  circumstances,  for  many  years  at  a 
time  the  reservoir  will  be  empty,  and  the 
land,  if  cultivated  at  all.  can  be  cultivated 
whenever  its  fertility  is  sufficient  to  make  this 
desirable.  A  reservoir  of  sufficient  capacity 
can  be  made  to  stop  only  that  portion  of  the 
flood  which  would  create  the  maximum  flow 
immediately  below  its  site,  thus  reducing  the 
gage  heights  at  the  critical  period. 

Inasmuch  as  large  floods  coming  out  from 
different  tributaries  have  different  time  com- 
binations in  reaching  maximum  flow  it  is  not 
always  possible  closely  to  predetermine  to 
just  what  extenf  the  maximum  will  be  re- 
duced in  cverv  flood,  but  with  surplus  stor- 
age capacitv,  it  is  safe  to  rely  upon  effective 
crest  reduction  by  a  design  based  upon  careful 
study  of  the  particular  watershed  and  its 
past   flood   history. 


POSSIDrLTTIES    OF    RESERVOIR    CONTROL    .\T    COLUM- 
BUS. 

It  very  early  developed  in  the  study  of  the 
flood  situation  at  Columbus  that  there  existed 
an  opportunity  to  create  storage  reservoirs  at 
a  reasonable  cost.  Both  the  Scioto  and  the 
Olentangy  rivers  for  some  20  to  25  miles 
above  Columbus,  flow  through  rock  gorges 
with  steep  sides  ranging  all  the  way  from  50 
to  100  ft.  in  depth,  and  from  500  to  4000  ft. 
in  bottom  width.  Land  in  the  bottom  of  these 
gorges  is  not  particularly  fertile,  and  subject 
as  it  is  to  overflow,  does  not  have  a  large 
value.  Few  owners  have  had  the  temerity  to 
establish  themselves  in  these  bottoms,  and 
such  few  houses  and  barns  as  exist  there  are 
not  of  great  value. 

In  the  rock  gorge  section  of  these  rivers 
there  are  few  tributaries  so  that  a  maximum 
amount  of  storage  can  be  obtained  with  a 
minimum  of  land  to  be  acquired.  Oppor- 
tunity exists  at  favorable  points  to  construct 
dams  on  solid  rock  foundations  and  also  ex- 
tending on  both  sides  into  the  rock,  without 
having  to  be  built  of  excessive  lengths,  or  in 
any  especially  costiv  manner,  so  that  the 
maximum  of  strength  and  durability  can  be 
obtained. 

The  location  of  some  of  these  reservoirs  is 
such  that  they  will  be  effective  in  reducing 
flood  heights  not  only  at  Columbus,  but  also 
at  Delaware,  and  to  some  extent  as  far  south 
as  Chillicothe.  The  greatest  efficiency,  how- 
ever, of  such  reservoirs  in  reducing  flood 
heights  is  in  the  reach  of  the  river  imme- 
diately below  them.  On  both  rivers  above 
these  rock  gorges  the  aspect  of  the  country 
changes,    it   becomes    more   level    and    rolling. 
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•and  the  rivers  both  resume  the  character  of 
an  ordinary  alluvial  stream  in  a  fairly  level 
country  where  no  such  opportunities  exist 
for  a  large  amount  of  reservoir  storage  with- 
out excessive   expenditure. 

An    opportunity    such    as   this   could    not   be 


nearly  80,000  acre  feet  of  water,  and  requir- 
ing the  acquisition  of  about  5,440  acres  of 
land.  The  crest  of  this  dam  would  be  about 
100  ft.  above  the  low  water  of  the  river,  and 
the  total  length  of  the  masonry  aljout  2400 
ft.  along  the  top.     .An   earth  embankment   on 
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Fig.   1.      Reservoir   Capacities   Required   to      Reduce   Maximum   Flood  Rate  of  1913  to 

Various  Other  Flood  Rates. 


properly  neglected  when  considering  the  flood 
protection  of  Columbus. 

Maps  of  the  United  States  Geological' Sur- 
vey afforded  opportunity  for  a  rapid  and 
fairly  complete  investigation,  and  detailed 
surveys  inade  at  a  few  of  the  best  sites  gave 
■the  data  required  for  the  approximate  cost  of 


SOOOOr 


either  end  of  the  dam  will  confme  the  water 
which  flows  over  the  crest  of  the  spillway. 
■Should  this  dam  ever  be  completely  filled  in 
its  function  as  a  flood  regulator,  the  impound- 
.  ed  water  would  reach  back  nearly  to  Bell 
Point. 

Large  openings  in  the  bottom  of  this  dam 


is  estimated  at  $2,431,200,  or  $30.79  per  acre 
foot  of  storage  secured. 

A  second  site  for  a  reservoir  on  the  Scioto 
is  found  a  little  south  of  the  crossing  of  the 
C.  C.  C.  &  St.  L.  Railroad  near  White  Sul- 
phur Station.  Here  a  masonry  dam  could  be 
built  in  the  rock  gorge,  having  a  height  of  50 
ft.  above  low  water,  and  a  spillwav  length 
of  1000  ft.  This  dam  would  store  44,000 
acre  feet  of  water.  It  would  be  necessary  to 
purchase  about  11,840  acres  of  land  of  a 
much  better  class  than  that  described  for  the 
Dublin  site.  This  reservoir  would  be  more 
expensive  (costing  $56.6!)  per  acre  foot 
stored)  than  the  Dublin  dam,  its  total  cost 
being  $2,494,500. 

Upon  the  Olentangy  a  suitable  site  has  been 
located  at  a  point  in  the  rock  gorge  west  of 
the  village  of  Flint,  where  a  dam  62  ft.  in 
height  could  be  built,  having  a  spillwav  crest 
1.350  ft.  in  length,  and  storing  39,00'0  acre 
feet  of  water,  at  a  cost  of  $1,431,700.  or  $36.69 
per  acre  foot  stored.  This  reservoir,  if  ever 
filled,  would  reach  back  to  a  point  a  little  be- 
low the  power  house  of  the  Columbus,  Dela- 
ware &  Marion  Interurban  line,  about  three 
miles  below   Delaware. 

Above  Delaware  another  site  for  a  dam  was 
located  about  a  mile  north  of  the  Delaware 
water  works.  .At  this  point  the  river  runs  in 
a  deep  narrow  valley.  A  dam  57  ft.  in  height 
above  low  water,  having  a  spillway  of  1.30 
ft.  in  length,  of  concrete  masonry,  would 
J  store  about  50.650  acre  feet  of  water  when 
full,  the  cost  of  the  dam  being  $1,140,200,  or 
$22.63  per  acre  foot  of  storage.  About  6,900 
acres  of  land  would  be  required  for  this  latter 
reservoir. 

The  total  amount  of  storage,  therefore, 
found  to  be  available  in  these  practicable  sites 
is  212,665  acre-feet,  and  the  total  cost  $7,503,- 
700.  or  an  average  per  acre-foot  stored  of 
$35.30. 

In  studying  the  effect  of  such  storage  as  this 
upon  the  flood  heights  of  Columbus,  it  has 
been  found  that  there  is  more  storage  than 
can  be  economically  useful  in  controlling  flood 
heights.     Some   analysis,   therefore,    is   neces- 
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Fig.  2.      Hydrographs  of  Sicoto   River  Below   Dublin    Dam,   Showing    Effect   of   Various 
Dams   and    Spillways    in    Reducing    Flood    of     1913. 


erecting  stable  masonary  dams  of  the  deten- 
tion type,  which  would  act  only  in  case  of 
great  floods.  Four  sites  were  thought  es- 
peciallv  worthv  of  investigation.  Upon  the 
Sciotol  immediatelv  above  Dublin,  there  i.s  a 
location   where  a  dam  cotild  be  built   storing 


would  pass  the  smaller  floods  and  the  reser- 
voir would  only  come  into  use  once  in  a  long 
scries  of  years  when  there  would  come  a 
great  flood  whose  maximum  flow  it  would  be 
dcsir.d)le  to  control. 

The   total  est   of  this  dam   including  land. 


sary   to   determine   the  amount   which   can   be 
profitably  installed. 

STORAGE  APPLIED  TO  SCIOTO  FLOOD. 

First  of  all  it  will  be  useful  to  test  the 
hydrograph  of  the  1913  flood  for  the  pur- 
pose of  ascertaining  how  various  volumes  in 
.storage  would  have  affected  the  maximum 
flood  flow  rate,  and  thus  in  a  general  way  se- 
cure a  guide  to  the  reservoir  capacities  most 
favorable   under   the   local   circumstances. 

For  this  purpose  the  hydrograph  of  the 
Scioto  river  is  selected  as  it  furnishes  the 
most  accurate  data  upon  a  great  flood. 

From  the  hydrograph  of  the  Scioto  river 
table  and  diagram  Fig. '1  have  been  computed' 
They  show  the  volume  of  storage  that  would 
have  been  necessary  to  reduce  the  maximum 
flood  rate  of  80.000  sec- ft.  to  the  smaller 
rales  of  (iO.OOO.  .Vl.noo.  40;00n  and  .30,000  cu  ft 
per  second,  respectively.  The  computatioii  is 
made  upon  the  theory  that  the  excess  flood 
water  would  be  diverted  to  the  storage  reser- 
voir at  such  time  and  in  such  amount  as 
would  most  favorably  affect  the  flood  rate- 
that  is.  in  considering  a  reservoir  to  reduce 
a  flood  to  fiO.OOO  cu.  ft.,  the  reservoir  wouM 
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begin  to  fill  when  the  river  reached  a  flow  of       ings  in  the  dam  can  be  so  proportioned  that      observed  that  this  dam  reduces  the  maximum 
60,000  ft.,  and  would  continue  until  the  river      the    greatest    flood    to   be    e.xpected    will    pass      flow  rate  only   a  small  amount,   namely   from 


had    again    fallen    to    00,000    ft.,    after    which 
the  accumulated  storage  would  be  discharged 
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through  the  openings  provided,  supplemented 
possibly  by  crest  spillways  at  the  head  due  to 
a    full   reservoir. 

.AUTOMATIC   CONTROL  APPLIED   TO  THE   1913   FLOOD. 

In  order  to  test  the  possibilities  of  this 
method  of  control,  the  1913  hydrograph  of 
the  Scioto  river  has  been  applied  to  four 
diflferent  dams  at  the  Dublin  site  immediately 
above  the  water  works  storage  reservoir. 
These  dams  are  essentially  of  the  same  height 
and  at  the  same  location.  They  differ  only 
in  the  width  and  elevations  of  the  free  spill- 
ways and  the  capacities  of  the  openings  pro- 
vided in  the  base  of  the  dams. 

Figure  2  shows  the  hydrograph  of  the  1913 
flood    at    the    Scioto    Storage    Dam,    and    this 
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Fig.  3.     Estimated  Hydrographs  at  Columbus      and  the  Effect  of  Reservoirs,  Flood  of  1913. 


80,000  to  72,000  sec.  ft.  This  is  accounted  for 
principally  by  the  width  of  the  free  spillway 
and  the  storage  volume  at  the  spillway  level. 
The  total  impounded  storage  at  the  crest  level 
is  4.5.000  acre  feet,  and  at  the  apex  of  the 
flood  with  2.8  ft.  head  on  the  free  spillway, 
the  gross  storage  is  50,000  acre  feet. 

Curve  3  represents  the  result  of  increasing 
the  spillway  level  10  ft.,  its  length  remaining 
the  same.  Impounding  68,000  acre  feet  at  the 
free  spillway  crest  and  73.000  acre  feet  at 
the  apex_  of  the  flood,  this  dam  would  be 
effective  in  reducing  the  maximum  flood  flow 
from  80,000  ft.  observed  during  the  flood  to 
58,000  second  feet.  Curve  No.  4  represents 
the  conditions  that  would  be  obtained  at  the 
dam  last  described,  except  that  the  spillway 
is  reduced  to  130  ft.  in  width,  which  neces- 
sitates the  water  rising  at  the  apex  of  the 
flood  to  a  depth  of  7  ft.  above  the  spillway 
crest,  at  which  level  the  gross  storage  is 
86,600  acre  feet.  Under  these  conditions  the 
inflow  of  80,000  second  feet  would  be  re- 
duced to  an  outflow  of  47,000  second  feet. 
The  curve  as  drawn  traces  the  outflow  to  the 
end  of  the  flood. 

Curve  No.  5  represents  the  result  of  apply- 
ing the  1913  flood  to  the  dam  last  described, 
except  that  the  area  of  the  openings  in  the 
base  of  the  dam  is  slightly  increased,  per- 
mitting 22,000  sec.  ft.  to  pass  through,  under 
a  net  head  of  15.5  ft.  This  results  in  an  out- 
flow curve  substantially  the  same  as  No.  4  in 
maximum  rate  of  outflow.  It  differs  from 
No.  4  principally  in  that  the  higher  rates  of 
outflow  are  of  a  little  longer  duration  and 
the  stored  water  will  run  out  more  rapidly 
after  the  apex   of  the  flood. 

TIME    OF    OCCURRENCE. 

The  maximum  flows  of  the  Olentangy  and 
Scioto  Rivers  occurred  at  Columbus  at  very 
nearly  the  same  time,  and  in  the  design  of 
channels  which  must  be  based  on  maximum 
flow,  the  hour  of  its  occurrence  is  not  im- 
portant. In  'the  consideration  of  storage 
reservoirs,  however,  it  becomes  of  importance 
to  fix  the  hour  that  various  flow  rates  arc 
reached  at  Columbus,  for  the  flows  can  only 
be  controlled  at  the  storage  reservoirs  and 
the  effect  at  Columbus  can  be  observed  only 
by  the  addition  of  simultaneous  flow  rates 
that  will  prevail  in  the  Scioto  and  Olentangy 
rivers   at   Columbus. 

As  bearing  upon  this  matter.  Prof.  J.  War- 
ren Smith  at  the  Columbus  Weather  Bureau 
necessarily  observes  these  matters  in  prepar- 
ing his  flood  forecasts.  From  a  study  of  floods 


hydrograph  has  been  used  as  a  curve  of  in- 
flow to  the  proposed  storage  reservoir  near  previous  to  that  of  1913,  he  has  observed 
Dublin.  This  curve  is  marked  No.  1.  The  that  the  flood  apex  at  Mound  St.  usually 
curve  marked  No.  2  represents  the  outflow  occurs  from  four  to  six  hours  after  the  apex 
from  'the  dam  designated  on  the  exhibit,  hav-  at  the  Scioto  Storage  Dam  7.9  miles  upstream. 


in  such  amount  as  would  not  increase  the  flood 
rate  above  the  maximum  fixed.  Obviously, 
such  manipulation  is  not  a  practical  matter, 
but  the  computation  serves  to  indicate  the 
relative  usefulness  of  various  storage  volumes, 
and  it  indicates  that  about  20,000  acrc-fcet  in 
storage  would  have  been  effective  in  reducing 
the  maximum  rate  in  1913  on  the  upper  Scioto 
about  one-fourth.  74,000  acre-feet  would 
have  reduced  the  maximum  flood  flow  about 
one-half,  and  1-30,000  acre-feet  five-eighth.^ 
The  computation  further  serves  to  show  that 
the  greatest  percentage  of  effect  in  reduction 
of  flood  rate  is  secured  by  a  comparatively 
small  reservoir.  The  table  referred  to  also 
shows  the  length  of  time  theoretically  re- 
'Hiired   in   filling  and  emptying. 

AUTOMATIC     STORAGE. 

As  has  been  previously  stated,  where  re- 
tention reesrvoirs  are  so  seldom  used  as  must 
be  the  case  in  protecting  Columbus  against 
the  great  flood,  it  is  very  important  that  as 
little  dependence  be  placed  upon  human 
agency  in  the  manipulation  of  the  flood  reten- 
tion reservoirs  as  possible.  It  is  desirable  that 
so  far  as  possible,  they  be  made  automatic  in 
their  operation.  It  is  belived  that  a  plan  can 
be  worked  out  whereby  ordinary  floods  may 
be  passed  through  the  base  of  the  dam 
through  proper  openings  at  a  comparatively 
small    head,    tlius    utilizing    only    the    bottom 

portion  of  the  retention  reservoir  where  there      ing    water    passage    in    the    base    sufficient    to      Tliis  corresponds  to  a  rate  of  travel   for  the 
is  the  least   volume  per  unit  of  height,   leav-      pass    a   20,000   second    ft.    flow    at   23    ft.    net      flood  wave  of  \Vz  to  2  miles  per  hour, 
ing   the   major   portion   of   the   depth   for   the      hand.     The   free  spillway  is  90   ft.   above  the  The    1913   flood   wave   travel   between   these 

storage   of   greater   floods.     The   outlet   open-      stream  bed  and  2,100  ft.  in  length.     It  will  be      gages    was    not    easily    estimated    because   the 
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levees  between  these  gages  were  overtopped 
befor  the  apex  of  the  flood  at  the  Storage 
Dam,  and  the  highest  reading  at  Mound  St. 
preceded  the  highest  reading  at  the  dam.  Some 
light  on  this  point  can  however  he  obtained 
by  observing  the  rate  of  wave  travel  between 
the  dam  and   the   Sewage  Works'  gage. 

Although  the  water  at  the  dam  reached  its 
maximum  about  2 :30  p.  m..  it  was  nearly  as 
high  at  11  a.  m.,  and  the  latter  hour  marks 
the  end  of  the  very  rapid  rise.  The  Sewage 
Work's  gage  reached  its  maximum  water 
level  at  5  p.  m.  The  difference  in  time  if  six 
hours,  the  distance  11.4  miles,  and  the  rate 
of  travel  1.0  miles  per  hour.  This  corresponds 
quite  closely  to  the  observations  of  Prof. 
Smith  on   former  floods. 

The  mouth  of  the  Olentangy  is  1.5  miles 
above  the  Mound  St.  gage,  but  the  maximum 
should  reach  Mound  St.  not  much  later  than 
the  mouth  of  Olentangy,  because  all  the  bot- 
tom lands  which  tend  to  reduce  the  travel  of 
the  flood  wave  lie  above  the  Olentangj-  mouth. 
It  is  believed  under  these  circumstances,  that 
it  is  fair  to  assume  that  under  the  late  flood 
conditions  the  maximum  at  the  Storage  Dam 
should  be  effective  at  the  mouth  of  the  Olen- 
tang\-   about   four  hours  later. 

W.WE    TR.WEL    ON    OLENTAXGY. 

Prof.  Smith  has  likewise  observed  that 
maximums  at  Delaware  appear  at  Columbus 
from  six  to  twelve  hours  later.  The  distance 
between  these  places  by  river  is  28  miles  and 
the  rate  of  travel  is  2.3  to  4.7  miles  per  hour. 
The  flood  wave  travel  in  the  1013  flood  was 
indeterminate  by  the  direct  observation  of 
river  heights,  as  no  gage  is  maintained  im- 
mediately above  Columbus,  and  in  the  city 
the  gage  heights  are  the  resultant  of  the  sum 
of  the  flows  of  the  two  rivers. 

Some  light  is  thrown  on  the  matter  by  the 
fact  that  the  levees  above  Mound  St.  were 
not  overtopped  until  between  9:00  and  10:00 
a.  m..  up  to  which  time  the  channel  below  the 
mouth  of  01entang>'  was  taking  all  the  water 
brought  down.  This  channel,  as  has  been 
previously  estimated,  was  capable  of  taking 
normally  about  50.000  sec.  ft.,  and  may  have 
taken  under  the  special  flood  conditions  as 
high  as  70,000  sec.  ft.  The  flood  apex  at 
Delaware  occurred  about  11:30  a.  m.,  and  if 
we  set  the  Delaware  hydrograph  about  eight 
hours  forward  and  similarly  set  the  Scioto 
hydrograph  four  hours  forward,  the  sum  of 
the  hydrographs  will  indicate  about  65.000  sec. 
ft.  of  flow  total  at  the  junction  of  the  river.=;, 
and  this  is  very  nearly  in  accordance  with 
ail  the  facts  bearing  upon  the  matter  that  we 
can  determine.  The  upper  curve  on  Fig.  3 
represents  the  combined  hydrograph  of  the 
two  rivers  at  their  mouths  estimated  upon 
this  basis  from  the  observations  at  the  Scioto 
Storage  Dam   and   the  Delaware   bridge. 


EFFECT   OF    .\UT0.M.\TIC    ST0R.\GE. 

Upon  Fig.  3  there  has  also  been  platted  the 
outflow  curve  from  the  Dublin  storage  reser- 
voir corrected  to  apply  to  the  mouth  of  the 
Upper  Scioto.  The  diagram  also  shows  the 
estimated  flow  of  the  Upper  Scioto  without 
storage,  applied  to  the  same  place  and  the 
same  facts  regarding  the  Olentangy  River 
with  and  without  the  Delaware  storage. 

In  order  to  observe  the  effect  of  automatic 
storage  at  Dublin  alone,  the  storage  curve  for 
the  Scioto  has  been  added  to  the  flow  of  the 
Olentangy  without  storage.  This  would  re- 
sult in  a  total  flow  at  the  river  mouths,  as 
shown  by  the  curve  marked  "Lower  Scioto 
with  Storage  at  Dublin."  This  storage  would 
have  the  effect  of  reducing  the  maximum  flow 
rate  at  Columbus  from  139,000  sec.  ft.  to 
92,000    sec.    ft.,    the    maximum    occurring    at 


Fig.  1.     Interlocking  Wood  Sheet  Piling. 

about   9 :00   p.   m.    under   the    1913   flood   con- 
ditions. 

With  storage  reservoirs  at  Dublin  and  at 
Delaware  on  both  rivers,  the  maximum  flow 
at  Columbus  near  the  apex  would  be  as  shown 
by  the  curve  marked  "Lower  Scioto  with 
Storage  at  Dublin  and  Delaware''  and  would 
reach  a  maximum  of  about  77,000  sec.  ft.  at 
about  7 :00  p.  m.  of  the  day  following  the 
flood  apex  without  storage. 

THEORETICAL    ST0R-\GE. 

As  has  been  previously  stated,  it  is  theo- 
retically possible  by  the  manipulation  of  gates 
of  great  capacity  to  so  control  the  flood  that 
the  flow  is  allowed  to  rise  to  a  predetermined 
figure,  at  which  point  the  gates  would  be 
slowly  closed  to  such  per  cent  of  opening  as 
would  maintain  the  flood  at  the  desired 
amount  within  the  limits  of  storage  in  the 
reservoirs.  The  vohime  in  stora,ge  required  is 
the  gross  amount  of  water  passing  during  a 
flood  over  and  _  above  the  predetermined 
amount  to  which  it  is  desired  to  regulate  the 
outflow  from  the  storage  reservoirs.  The 
degree  of  regulation  thus  effected  may  be  re- 
garded as  the  unattainable  toward  which  the 
automatic  storage  should  tend,  and  it  will 
therefore  be  useful  to  ascertain  how  closely 
automatic  storage  approaches  to  the  gate  reg- 
ulated storage  in  its  results. 

Figure  4  shows  the  amount  of  storage   re- 


quired to  reduce  the  flood  ape.x  at  Columbus 
by  various  amounts  during  the  flood  of 
March,  1913.  Upon  Fig.  4  is  also  shown  the 
result  of  introducing  automatic  storage  at 
Dublin,  and  also  by  the  two  reservoirs  at 
Dublin  and  Delaware.  It  is  thus  indicated 
that  from  50  to  60  per  cent  more  storage  is 
needed  with  reservoir  control  by  automatic 
outlets  than  would  be  theoretically  possible  by 
gate  control,  or  stated  in  another  way,  the 
automatic  storage  is  from  75  to  80  per  cent 
as  efficient  in  reducing  flood  rates  as  the  gate 
regulated  storage. 

Practically,  the  efficiency  of  the  automatic 
storage  is  greater  than  the  above  figures 
would  indicate,  even  assuming  that  it  would 
be  practicable  to  install  gates  that  would  oper- 
ate satisfactorily  and  pass  large  flow  volumes 
imder  both  high  and  low-  heads.  Some  con- 
siderable portion  of  the  lower  part  of  the 
reservoir  (the  reservoir  being  in  the  valley  of 
the  main  stream)  would  necessarily  be  occu- 
pied by  the  flood  before  the  gates  are  closed, 
particularly  if,  as  would  probably  be  expedi- 
ent, the  large  flows  pass  through  the  gates  at 
considerable  head. 

In  a  flood  water  storage  project  involving 
a  large  number  of  storage  reservoirs  upon  the 
headwaters  of  a  stream,  the  flow  rates  passing 
the  gates  would  be  comparatively  small,  and 
probably  the  gates  would  be  operated  under 
low  head.  Under  such  circumstances  gate 
regrulated  storage  is  doubtless  quite  practicable 
so  far  as  the  operation  of  the  gates  is  con- 
cerned. In  the  regulation  of  the  tremendous 
flows,  bow-ever,  that  must  prevail  immediately 
above  Columbus,  and  the  high  heads  under 
which  the  gates  must  operate,  the  practica- 
bility of  gate  regulated  storage  is  in  our 
opinion  questionable.  To  a  limited  extent  it 
may  be  utilized  in  improving  the  conditions  of 
the  automatic   storage  in  an  emergency. 


A  New  Interlock  Wood  Sheet  Pile. 
(Staff  Article.) 
.\  new  form  of  wood  sheet  piling  which  is 
being  used  on  work  of  the  Mississippi  River 
Commission  is  shown  by  the  accompanying 
drawing.  The  new  pile  is  so  simple  that  the 
drawing  alone  explains  all  the  essential  struc- 
tural features.  Due  to  the  interlocking  fea- 
ture, this  piling  may  be  driven  on  a  batter  as 
well  as  vertical  and  will  retain  a  tight  joint 
underground.  .As  furnished  the  pieces  prop- 
erly cut  arc  shipped  separately  and  then  are 
spiked  together  to  form  "piles"  as  the  work 
requires.  Long  leaf  pine  lumber  is  employed, 
and  is  cut  to  any  length  and  size  required. 
The  control  of  this  interlocking  piling  is  held 
by  the  .Alexandria  Lumber  Co..  Ltd.,  .Mex- 
andria.  La.  For  recent  levee  w-ork  the  price 
bid  on  material  for  this  piling  on  hoard  barge 
at  Xew  Orleans.  La.,  was  $26  per  M.  ft.  B.  M. 


Some   Suggested    Designs  for  Sewage 

Treatment   Plants   for    Residences 

and  Small  Institutions. 

Five  sewage  treatment  plants  suitable  for 
use  in  connection  with  residences  and  small 
institutions  are  described  in  the  following 
article:  three  of  the  designs  are  illustrated. 
Other  articles  bearing  upon  the  design  of  sew- 
age treatment  plants  for  residences  were  pub- 
lished in  ExGixEF.RrxG  and  Contracting  of 
Feb.  8  and  Oct.  18,  1911.  and  Aug.  7,  1912. 

The  information  given  in  this  article  is  taken 
from  a  paper  bv  ^Ir.  Paul  Hansen.  F.nginccr 
of  the  Illinois  State  Water  Survey,  before  the 
recent  annual  meeting  of  the  .American  So- 
ciety of  .Agricultural  Engineers.  The  article 
gives  data  on  the  cost  of  plumbing  a  house, 
on  the  design  and  operation  of  simple  septic 
tanks,  of  a  modified  Imhoff  tank  adapted  to 
the  use  of  a  household  of  ten  persons,  of  a 
subsoil  irrigation  svstem.  an  intermittent  sand 
filtration  plant  to  handle  the  sewage  from  25 
persons,  and  a  double  contact  filtration  plant. 


t  .).v/  oj  I'luiiibiiig. — .\n  approximate  esti- 
mate of  the  cost  of  plumbing  a  house  is  given 
in  the  following  tabulation,  the  figures  given 
relating  to  a  two-story  house  with  basement: 

Soil  pipe  with  necessary  T  and  T 

connections    Jl.'i.OO  to  J30.00 

Twn-sr-t    tubs   for  laundry 20.00  to  60.00 

Kitchen  aInU  with  drain  board...  7.S0  to  30.00 

Bath     tub 20.00  to  200.00 

Wash  bnsin  for  bath  loom 7.60  to  10.00 

Closet     17.50  to  75.00 

Necessary  plplne  and  faiioots  for 

hot    and    <-old    w.itor.    IncUidlns 

hot  water  boiler 20.00  to  40.00 

Looking  at  the  matter  in  another  way,  com- 
plete house  plumbing  including  bath  tub,  sink 
and  laundry  tubs  of  wood  and  zinc,  wash 
basin  of  enameled  iron,  water  closet  of  por- 
celain may  be  installed  for  $200.  Complete 
house  plumbing  including  closet,  wash  b.-isin 
and  sink  of  porcelain  and  bath  tub  and  laun- 
dry tub  of  enameled  iron  may  be  installed  for 
$300.  The  first  represents  cheap  and  some- 
what flimsy  construction  ;  the  latter  first  class 
and  substantial  construction. 

Simple  Septic  Tank. — The  simplest  form  of 


treatment  device  that  may  be  used  for  a  single 
house    comprises    merely    a    tank,    capable    of 
holding  the  sewage  produced  in  a  period  of  Jl 
hours  or  Innger,    Mr.  Hansen  suggests  a  tan 
of   the   following  dimensions,   to  cost   approx- 
imately $30  with  concrete  roof  and  floor  and 
brick   walls:     Inside   plan,   2x8    ft.;    depth    m" 
tank,  6   ft. :   depth   of  sewage,  3   ft.   10  ins 
simple  wooden  baflle,   1    ft.  6  ins.   from  inlc 
extending   12  ins.   into  sewage:   lower  end   i 
fi-in.  outlet  tile,  a  90°  bend,  submerged  18  ins 
the  tank  bottom  slopes  to  the  center,  and  tb- 
sludge  is  withdrawn  from  a  sump  through  m 
outlet   by   opening   a    shear   valve.    The   cos' 
given  in  this  article  are  relative  figures,  espc 
cially  iipplicahle  to  average  Illinois  condition' 
The  effluent   from  a   tank  of  this  character 
contains  no  coarse  solids,  is  likely  to  be  dark 
in  appearance  and  upon  close  observation  will 
he    found    to    carry    finelv    divided    suspended 
particles.    It  may  be  discharged  into  a  peren 
nial  stream  of  moderate  size  without  produr 
ing  objectionable  conditions,  but  where  no  sue' 
stream   is  available  some   other  method   must 
be   utilized.    In   a   sandy   or  gravelly   soil   th. 
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liquid  may  best  be  disposed  of  by  permitting 
it  to  flow  into  a  system  of  open  jointed  tile 
drains  placed  at  1  ft.  to  18  ins.  below  the  sur- 
face of  the  ground.  The  tile  drain  may  be 
made  up  of  a  4-in.  farm  drain  tile  and  should 
have  a  length  of  about  100  ft.  for  every  mem- 
ber of  the  household.  The  character  of  soil 
may  materially  vary  the  amount  of  tile  neces- 
sary. To  get  the  best  results  the  liquid  should 
be  applied  to  the  tiles  in  the  form  of  a  dose 
discharged  rapidly  from  a  syphon  within  a 
few  minutes  once  every  12  or  24  hours.  This 
can  be  accomplished  by  building  in  conjunc- 
tion with  the  tank  a  small  dosing  chamber 
equipped  with  an  automatic  discharge  syphon. 
Syphons  are  subject  to  derangements  and  may 
be  omitted  in  favor  of  a  more  liberal  use  of 
tile.  An  arrangement  for  a  sub-surface  system 
of  tile  drains  following  passage  through  a 
septic  tank  is  suggested  by  Mr.  Hansen  as 
follows: 

Septic  Tank,  Dosing  Chamber  and  Subsoil 
Irrigation. — The  septic  tank  is  2x6  ft.  in  plan 
and  carries  a  depth  of  sewage  of  4  ft.  Its 
details  are  similar  to  those  described  above. 
The  dosing  chamber  itnniediately  adjoins  the 
septic  tank  and  is  provided  with  an  automatic 
siphon.  After  leaving  the  siphon  the  effluent 
passes  into  a  system  of  drain  tiles  consisting 
of  distribution  and  collector  tiles,  the  former 
being  from  12  to  18  ins.  below  the  surface  and 
the  latter  1  ft.  lower  still  and  5  ft.  to  one 
side  of  the  distributor.  The  collector  pipes 
may  generally  be  omitted.  Where  the  soil  is 
of  a  finely  divided  character  and  capable  of 
absorbing  large  quantities  of  moisture  as  is 
characteristic  of  most  of  the  glacial  drift  the 
same  system  may  be  utilized,  but  can  be  relied 
upon  adequately  to  take  care  of  the  sewage 
only  during  periods  of  small  rainfall.  This, 
however,  often  proves  to  be  all  that  is  needed 
for  in  wet  weather  the  sewage  may  be  dis- 
charged directly  into  a  stream  which  will- then 
have  flow  enough  to  provide  the  dilution 
necessary  for  inoffensive  oxidation.  Suffi- 
cient dilution  may  even  obtain  within  the 
drain  tile  itself.  It  thus  sometimes  happens 
that  the  discharge  of  the  effluent  into  the 
upper  end  of  an  existing  long  tile  drain  ac- 
complishes all  that  is  required,  for  in  dry 
seasons  the  sewage  will  soak  into  the  ground. 
while  in  wet  seasons  it  will  be  carried  to  the 
outlet  of  the  drain  along  with  a  sufficient  quan- 
tity of  water  to  render  the  liquid  inoiifensive. 

In  certain  forms  of  clayey  soil  any  attempt 
to  cause  the  sewage  to  soak  into  the  ground 
will  prove  futile,  but  this  difficulty  may  be 
overcome  by  artificially  placing  beds  of  sandy 
or  gravelly  material  about  the  tile.  When  this 
is  done  it  is  necessary  to  place  sub^drains  for 
carrying  off  the  more  or  less  purified  liquid 
after  it  has  passed  through  sand  or  gravel. 
This  arrangement  constitutes  the  principle  of 
a  well-known  proprietary  device  for  sewage 
treatment  and  can  be  counted  upon  to  pro- 
duce satisfactory  results  as  long  as  a  sufficient 
quantity  of  porous  material  is  used.  For  large 
installations,  however,  it  would  prove  costly 
and  uneconomical. 

It  is  difficult  to  lay  down  any  hard  and  fast 
rules  relative  to   the  design  and   arrangement 


applicable,  however,  it  is  certainly  the  sim- 
plest, least  offensive  and  easiest  to  maintain. 
Modified  Imlwff  Tank  for  Residential  Serv- 
ice.— With  certain  forms  of  secondary  sewage 
treatment  devices,  and  often  where  sewage  is 
to  be  discharged  into  a  watercourse  it  's 
desirable   to   maintain  the   sewage   in   as   fresh 
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Fig.  1.       Suggested    Design  of  Modified    Im- 

hoff  Sewage  Tank  for  Household  of 

Ten    Persons. 

a  condition  as  possible ;  that  is  to  say,  it  is  de- 
sirable to  maintain  the  oxygen  content  of-  the 
sewage.  To  accomplish  this  Mr.  Hansen  sug- 
gests a  modification  of  the  Imhoff  tank  as 
shown  in  Fig.  1  herewith.  As  will  be  noted 
the  tank  utilizes  a  small  compartment  for  sed- 
imentation purposes  and  a  lower  compartment 


chamber  must  be  made  very  much  larger  than 
is  customary  in  connection  with  municipal 
sewage  treatment  works  for  the  reason  that 
the  very  uneven  rate  of  sewage  flow  from  an 
individual  residence  would  subject  the  sedi- 
mentation compartment  to  violent  disturbances. 
For  this  reason  an  average  period  of  5  or  fi 
hours   sedimentation   should   be  provided. 

This  tank  has  an  advantage  in  that  the 
sludge  or  solid  matter  is  thoroughly  digested 
and  may  periodically  be  discharged  into  some 
nearby  depression  without  giving  rise  to  ob- 
jectionable odors.  When  dry  it  has  the  con- 
sistency of  rich  loamy  earth  and  may  advan- 
tageously be  spread  on  lawns  and  gardens 
The  modification  of  the  Imhoff  tank  here 
shown  is  adapted  to  the  use  of  a  household 
of  ten  persons.  The  cost  of  such  a  tank  woulr, 
be  about  $60. 

Intermittent  Sand  Filtration. — On  large 
country  estates  or  for  isolated  institution  such 
as  alms  houses,  asylums,  sanatoria,  etc.,  per- 
haps the  most  economical  and  highly  efficient 
system  is  so-called  intermittent  sand  filtration. 
Figure  2  shows  an  intermittent  sand  filtration 
plant  that  will  adequately  care  for  the  sew- 
age of  about  2-5  persons  (generally  they  should 
not  be  built  for  populations  of  less  than 
2-5).  The  plant  comprises  also  an  Imhoff  tank 
and  a  dosing  chamber.  The  filters  consist  of 
a  bed  of  sand  3  ft.  in  thickness,  resting  upon 
a  carefully  constructed  under  drain  system  of 
drain  tile  and  a  graded  gravel.  The  total  area 
of  the  installation  is  figured  on  the  basis  of 
one  acre  for  every  750  persons  tributary  to 
the  sewers.  For  a  household  of  2-5  person? 
there  would  be  required  0.03.3  acres,  or  about 
1,500  sq.  ft.  The  sewage  is  applied  to  the 
filters  intermittently  and  this  is_  accomplished 
by  a  dosing  chamber  which  is  of  such  capacity 
that  a  single  dose  will  cover  one  filter  bed  tn 
a  depth  of  2  ins.  The  filter  area  should  be 
divided  into  at  least  two  beds,  but  preferably 
three.  The  latter  arrangement  permits  one 
bed  to  be  out  of  service  for  cleaning  or  re- 
pairs or  for  a  protracted  resting  period  with- 
out serious  reduction  in  filter  area  and  without 
interfering  with  the  proper  operation  of  other 
beds.  The  automatic  dosing  apparatus  is  so 
arranged  that  it  will  automatically  discharge 
upon  first  one  bed  and  the  other  and  valve 
arrangements  are  such  that  any  tw-o  beds  may 
he  maintained  in  service. 

Intermittent  sand  filters  will  not  operate 
without  attention,  and  they  should  be  visited 
at  least  once  every  few  days  to  see  that  all 
parts  are  in  proper  working  order  and  to  keep 
the  sand  beds  free'  from  weeds,  .^t  greater 
intervals,  perhaps  once  per  month,  it  becomes 
necessary  to  take  or  scrape  the  sand  lightly 
so  as  to  break  up  the  surface  of  the  mat 
formed  by  the  solid  matter  in  the  sewage,  but 
with  proper  care  this  process  should  result  in 
htit  very  slight  loss  of  sand.  During  the  win- 
ter in  cold  climates  it  is  necessary  to  furrow 
or  mound  sand  beds  in  such  way  as  to  cause 
the  formation  of  a  sheet  of  ice  resting  upon 
the  top  of  the  furrows.  This  will  effectively 
prevent  the  freezing  of  the  sewage  as  it  passes 
alouT  tb''  troughs  of  the  furrows  under- 
neath.     The    automatic    dosing   apparatus    re- 
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Fig.  2.     Sectional   Elevations  of  a  Suggested     Intermittent    Sand     Filtration    Plant,    With      Preliminary    Sedimentation,  for   Treating 

Sewage    From    Household    or    Institution    of25  Persons. 


of  subsurface  sewage  disposal  systems.  The 
proper  length  of  drain  tile,  the  iiecessity  of 
collector  drains  and  the  desirability  of  sur- 
rounding the  drains  with  porous  material  must 
under  many  conditions  be  determined  by  the 
method  of  cut  and  try.    Where  the  system  is 


for  the  digestion  of  the  solid  matters.  The 
solid  matters  which  are  settled  out  in  the 
upper  compartments  gain  access  to  the  lower 
compartments  through  a  narrow  slot  so  trapped 
that  the  liquids  in  the  two  compartments  may 
not    readily    intermingle.     The    sedimentation 


quires  attention  as  already  noted,  but  with 
a  well  settled  sewage  and  siphons  of  reliable 
make   derangements  will  be  infrequent. 

Double  Contact  Beds.— A  somewhat  more 
extensive  method  of  sewage  treatment  and  one 
which   is   especially   adaptable    to    very    large 
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farm  houses,  country  clubs  and  institutions 
and  for  use  in  locations  where  the  production 
of  odors  is  not  permissible  is  treatment  in  so- 
called  contact  beds.  An  installation  compris- 
ing double  contact  beds  is  shown  in  Fig.  3. 
It  is  assumed  that  the  contact  treatment  will 
be  preceded  by  sedimentation.  The  contact 
beds  are  water  tight  basins  filled  with  gravel, 
broken  stone,  hard  burned  cinders,  broken 
brick  or  any  other  material  which  presents  a 
fairly  rough  surface  and  which  is  not  easily 
disintegrated.    The  size  of  the  material  should 


The    Design   and   Operation   of   Small 

Sewage  Pumping  Stations. 

The  design  and  operation  of  sewage  pump- 
ing stations  is  a  subject  upon  which  very 
little  has  been  written,  and  least  of  all  on  the 
design  and  operation  of  small  pumping  sta- 
tions. One  reason,  perhaps,  is  that  the  use 
of  sewage  pumping  stations  is  avoided  as  far 
as  possible  in  the  design  of  sewerage  systems 
for  the  smaller  towns  and  villages,  even  at  the 
risk    of    flattening    grades    to    a    point    where 
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Fig.   3.     Suggested    Design   for   Double    Contact  Sewage   Treatment   Plant  for   Large 
Residences,  Country  Clubs  or  Small     Institutions. 


not  average  less  than  V2  in.  in  diameter  or  be 
greater  than  1 V^  ins.  in  diameter.  Means  are 
provided  for  permitting  the  sewage  to  flow 
into  this  bed  and  lo  till  the  interstices  of 
the  material  which  it  contains  where  it  may 
remain  in  contact  for  a  definite  period  of  time. 
The  bed  is  emptied  and  the  period  of  contact 
is  rogulated  by  means  of  a  time  controlled 
siphon.  In  the  design  as  shown  in  Fig,  3  the 
cfTlucni  from  the  first  contact  bed  passes  into 
another  contact  bed  of  exactly  similar  con- 
struction. Upon  emerging  from  the  second 
contact  bed  the  liciuid  will  be  fairly  clear  in 
appearance  and  will  have  no  ofTonsivc  odor, 
thus  rendering  it  suitable  for  discharge  into  a 
small  watercourse.  For  the  purpose  of  min- 
imizing odors  a  specially  constructed  inlet 
arrangement  to  the  bed  is  provided  which  pre- 
vents the  sewage  from  being  exposed  lo  the 
atmosphere.  The  device  consists  siinply  of 
short  half  tile  14  to  18  ins.  in  diameter  and 
laid  with  large  open  joints.  Within  the  invert 
of  this  half  tile  is  placed  fine  broken  stnne 
or  gravel  and  over  the  top  is  placed  a  readily 
removable  roof.  The  device  also  has  another 
advantage  in  that  it  localizes  all  clogging  in 
the  line  material  within  the  half  tile.  When 
this  becomes  clogged  so  that  it  will  not  read- 
ily permit  the  entrance  of  the  sewage  into  the 
bed  it  may  be  easily  removed  and  replaced 
with  new  material. 


thorough  scouring  may  not  always  occur  at 
low  flows.  However,  on  small  areas  and  fre- 
quently on  larger  areas  where  conditions  are 
imperative,  pumping  stations  arc  built  to  lift 
the  sewage  into  the  outfall  sewers  or  to  works 
for  treatment,  as  required. 

Several  types  of  designs  for  sewage  pump- 
ing stations  were  described  and  illustrated  in 
Engineering  and  Contracting  of  Jan.  20,  1913. 
The  results  of  a  study  made  to  determine  the 
most  economical  inotive  power  for  pumping 
sewage  at  Lynn,  Mass.,  were  given  in  table.'- 
and  diagrams  published  in  this  jotirnal  of 
Ian.  7,  li'll.  An  important  contribution  lo  the 
literature  on  this  general  subject,  with  special 
reference  to  smalt  sewage  pumping  stations, 
was  made  by  Messrs.  .Samuel  .'\.  (Ireelcy  and 
Langdon  Pcarsc  in  their  recent  paper  before 
the  Illinois  Society  of  Engineers  and  Survey- 
ors.   The  paper  follows: 

In  the  design  of  the  small  stations,  there 
are  several  points  to  be  considered  :  C 11  The 
preparatory  treatment  by  screens  required  to 
protect  the  pumps.  This  is  more  important 
on  small  installations,  particidarly  those  where 
attendance  is  intermittent.  Bar  screens  with 
net  openings  of  Vj  to  %  in.  arc  common. 
There  should  be  ample  provision  for  ready 
cleaning  and  accessibility.  (2)  Provision  of 
storage  in  a  suitable  well  or  tank,  in  order 
that    pumps   of   reasonable   size   may   be   used 


with  intermittent  pumping.  Sometimes  pump- 
ing installations  may  serve  to  dose  treatment 
works.  The  design  should  provide  bottom 
slopes  steep  enough  to  keep  the  sludge  moving 
to  the  pumps.  (3)  The  question  of  location 
and  character  of  buildings.  (4)  The  total 
cost  for  operating  and  maintenance  capi- 
talized and  added  to  the  construction  cost  will 
give  the  means  for  comparing  the  relative 
merits  of  different  sources  of  power  avail- 
able. 

For  the  small  sewage  pumping  station, 
where  intermittent  attendance  is  planned,  the 
use  of  electrically  driven  pumps  would  seem 
to  be  ideal,  in  that  they  are  clean,  self-con- 
tained, noiseless,  and  easily  controlled  by  well 
developed  devices  for  automatic  starting  and 
stopping.  Attendance  is  thereby  reduced  to 
a  minimum.  The  equipment  is  usually  com- 
pact and  may  be  installed  in  comparatively 
small  space.  The  cost  of  pumping  depends 
on  the  rate  at  which  power  is  sold  in  the  ter- 
ritory and  is  clouded  only  by  the  necessity  that 
pumping  usually  is  somewhat  intermittent, 
rather  than  continuous.  This  increases  the 
peak  load. 

The  design  of  electrically  driven  pumps, 
direct-connected,  has  been  worked  out  to  a 
point  where  they  operate  efficiently  and  eco- 
nomically. The  recognized  points  of  design 
would  seem  to  be  the  use  of  vertical  motors 
with  a  suitable  oil  bearing  to  support  the 
moving  parts  of  the  motor,  the  support  of  the 
weight  of  the  moving  shaft  and  runner  of 
the  pump  on  a  ball  or  roller  bearing,  placed 
above  high  water  where  it  can  be  readily  in- 
spected, adjusted  and  oiled,  and  a  connection 
with  the  motor  of  the  same  with  a  flexible 
coupling.  Steady  bearings  are  desirable  on 
the  shaft  at  frequent  intervals  with  provision 
for  oiling  and  accessibility.  It  is  highly  de- 
sirable with  any  type  of  pump  installation  for 
sewage  that  the  same  be  set  in  a  dry  well,  sa 
that  none  of  the  moving  parts  requiring  lubri- 
cation will  be  exposed  to  the  sewage,  which 
may  frequently  contain  grit,  w-hich  is  destruc- 
tive to  bearings.  The  necessity  of  keeping 
gritty  water  out  of  water  seals'and  bearings 
has  not  been  always  recognized  by  designers, 
as  operating  men  have  found. 

The  use  of  gas  engines  has  also  been  de- 
veloped, operating  on  natural  gas  or  arti- 
ficial gas  from  the  mains,  but  with  a  very- 
few  exceptions— notably,  a  small  pumping 
station  in  Newton.  Mass.,  handling  sewage  of 
about  760  people,  with  two  3VL'  in.  centrifugal 
pumps— the  developments  have  been  largely 
in  the  larger  stations  of  the  size  of  those  at 
Columbus,  known  as  the  East  Side  pumping 
station,  where  two  (50  HP.  gas  engines  oper- 
ate two  10-inch  centrifugal  pumps,  chain-belt 
driven:  and  at  Hegewisch.  in  Chicago,  where 
the  pimips  are  run  on  gas  from  the  city  mains. 
The  latter  install.ition  is  beh-driven  and 
pumps  the  entire  sewage,  as  well  as  a  large 
proportion  of  the  storm  flow;  whereas,  the 
Columbus  station  simply  pumps  the  dry 
weather  flow  and  a  very  small  proportion  of 
the  stortn  sewage.  The  N'ewton  station  is 
semi-automatic,  being  started  two  or  three 
times  a  day  by  a  fireman  from  the  neighbor- 
ing water  works  pumping  station.  A  stopping 
device  is  installed.  The  use  of  producer  gas 
for  the  purpose  of  sewage  pumping,  as  well  as 
water  works  pumping,  appears  attractive,  but 
has  not  been  installed  to  any  great  extent  for 
small  installations,  since  the  attention  of  the 
promoters  of  producer  gas  has  been  directed 
largely  to  industrial  installations,  and  the 
municipal  field  has  been  left  untouched.  There 
is,  however,  a  station  operating  at  Pennypack 
Creek  in   Philadelphia. 

Gasoline  and  kerosene  for  sewage  pumping 
arc,  of  course,  available,  but  with  the  present 
price  of  gasoline,  the  costs  arc  high.  Kero- 
sene is  less  expensive,  but  seldom  used.  How- 
ever, engines  working  on  distillate,  as  is  com- 
mon in  California,  should  prove  successful  for 
sewage  pumping  as  they  have  done  for  irriga- 
tion purposes,  Madison,  Wisconsin,  pumps  all 
the  dry  weather  flow  with  engines  converted 
lo  run  on  kerosene.  Sewage  installations, 
however,  require  to  be  operated  intermittently] 
.TS  a  rule,  and  therefore  need  automatic  con- 
trol where  attendants  are  lacking.   This  favors 
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ihe  direct-connected,  compact  electrical  units. 
The  gas  engine  and  other  types  of  explosion 
engine  require  somewhat  more  attention  and 
care  in  order  to  secure  successful  operation. 
For  the  small  sewage  pumping  station  in  the 
small  town,  steam  driven  machinery  is  gener- 
ally out  of  the  question,  as  the  efficiency  is 
low  and  the  cost  of  attendance  high  for  such 
small  installations.  It  is  only  when  the  in- 
stallations are  operated  in  connection  with 
other  works  that  steam  appears  to  be  attrac- 
tive for  small  stations,  working  on  low  lifts 
and  handling  amounts  of  sewage  under  l.OOtl,- 
000  gals,  per  day. 

Some  interesting  data  on  the  cost  of  small 
plants,  collected  by  us,  are  given  in  Table   1. 


pumped,    l.iu.ixin   gals,    per   day    against    a   40- 
ft.  lift.     The  equipment  is  as  follows: 

Two  10-in.  by  6-in.  IngersoU-Rand  compres- 
sors. 

Two   7.5-HP.    electric   motors. 
One    gasoline    engine    for    reserve. 
One    4L'-in.    by    S-ft.    air   receiver. 
Two   duplex   displacement   ejectors. 

The  plant  capacity  is  approximately  500 
gals,  per  minute. 

Monroe  Ave.  Pumping  Station.  Present 
average  quantity  pumped  is  approximately  30,- 
1100  gals,  per  day  against  a  40-ft.  lift.  The 
equipment  is  as  follows : 

Two    Blaisdell    air    compressors. 

Two   5-HP.    electric  motors. 

Two    Blaisdell    150-gal.    ejectors. 


to  become  sources  of  power  and  the  carriers 
of  wastes,  and  find  their  chief  value  when 
so  used.  Practically  all  that  can  be  expected 
in  many  instances  is  that  the  sewage  or  wastes 
entering  such  streams  shall  at  all  times  of  the 
year  be  so  purified  before  entrance  or  so 
diluted  by  the  flow  of  water  that  the  stream 
will  not  be  a  nuisance  to  the  community 
through  which  it  flows,  but  rather  a  source 
of  enjoyment  to  such   community. 

From  a  scientific  standpoint  there  are  a 
number  of  questions  to  be  considered  in  this 
study  of  pollution  and  fish  life,  the  most  im- 
portant being  as  follows:  (1)  the  amount  of 
pollution  that  a  stream  may  receive  without 
decreasing  the  dissolved  o.xygen  of  the  water 


TABLE    I.— COST    DATA    AND    STATISTICS    ON    SEWAGE    PUMPING. 


Station—  T.vpe. 

1.  Pennypack  Creek    Producer  gas 

2.  Hegewisch    City  gas 

3.  Alewit'e   Brook    Steam 

4.  Quincy    Steam 

5.  Saratoga   Electric 

6.  Hudson    Electric 

7.  Newton.    Mass Electric 

S.  Plainfield— 

Monroe  Ave Air 

Randolph  Rd Air 


Cost  of 

construction 

,. Cost 

Approximate  W.HP. 

per  W.HP. 

Capacity. 

Output. 

capacity. 

Labor. 

45.0 

H.O 

$    450.00 

$    735.00 

30.5 

21.0 

465.00 

1.890.00 

50.0 

7.7 

S28.00 

70.0 

15.2 

417.00 

31. S 

170.00 

8.0 

450.00 

2.5 

0.14 

1,.S40.00 

775.00 

Cost  of  operation  per  W. 
Fuel.  s 


4.5 


0.25 
1.00 


1.040.00 


210.00 
210.00 
110.00 


1,020.00 


760.00 
586.00 


HP.   output  per  year ^ 

Date 

Repairs, 

of 

upplies,  etc. 

Total. 

data. 
191:; 

$    323.00 

$2,423.00 

1911' 

95.00 

1,133.00 

1912 

48.00 

575.00 

1912 
1907 
1907 

1,105.00 

2.900.00 

1906 

1912 
1912 

NOTE — A  water  horsepower  is  figured  from   the  rated  capacity  or  act  ual   output   of   water   per  day   and    the    total   lift. 


showing  the  cost  calculated  tn  water  horse- 
power, regardless  of  the  efficiency  produced. 
We  have  also  tabuteted  the  costs  of  opera- 
tion as  taken  from  the  various  recorcls  in 
print.  These  costs  of  operation  are  given 
with  the  reservation  that  if  used  they  should 
be  carefully  studied  from  the  standpoint  of 
actual  application  to  a  case  in  hand,  as  there 
is  a  tendency  in  many  municipal  records  as 
given  out  to  make  as  good  a  showing  as  pos- 
sible by  giving  only  the  charges  apparently 
chargeable  to  the  pumping  account  and  carry- 
ing other  incidentals  where  necessar\'  in 
other  ways. 

NOTES    TO    ACC0MP.\XV    TABLE    I. 

(1)  Pennypack  Creek  Sewage  Disposal 
Works,  Philadelphia,  Pa.  Present  average 
quantity  pumped,  1,000,000  gals,  per  24  hours. 
against  a  oO-ft,  head.  Equipment  consists  of 
one  2.000,000-gal.  and  one  ;J,OO0,000-gal.  ver- 
tical submerged  centrifugal  pump  geared  to 
gas  engines;  and  one  150  HP.  gas  producer 
operated  with  anthracite  coal. 

(2)  Hegewisch  Sewage  Pumping  Station, 
Chicago,  111.  Built  in  1909.  Present  average 
quantity  pumped,  1,500,000  gals,  per  24  hours, 
against  a  10-ft.  head.  Equipment,  two  10,- 
000,000-gal.  centrifugal  pumps,  and  two  40 
HP.  gas  engines.  City  illuminating  gas  sup- 
plies the  engines. 

(3)  Alewife  Brook  Pumping  Station,  Met- 
ropolitan Sewerage  Works,  Boston,  Mass. 
Present  average  quantity  puinped,  3,500,000 
gals,  per  24  hours,  against  a  13-ft.  lift.  Equip- 
ment is  two  4,500,000-gal.  vertical  centrifugal 
pumps,  and  one  13,000,000-gal.  horizontal  cen- 
trifugal pump;  ail  operated  by  compound 
steam  engines. 

(4)  {Juincy  Sewage  Piunping  Statirm. 
Metropolitan  Sewerage  Works,  Boston,  Mass. 
Present  average  quantity  pumped,  4.000.1  lOit 
gals,  per  24  hours,  against  a  22-ft.  lift.  The 
equipment  is  one  3,000,000-gal..  one  5,000,000- 
gal.  and  one  10,000,000-gal.  centrifugal  pump, 
operated  by  compound  condensing  engines. 

(5)  Saratoga  Springs,  N.  Y.  Daily  pump- 
age  varies  from  1,500,000  to  3.000,000  gals. 
per  day,  against  a  30-ft.  lift.  The  equipment 
is  three  vertical  submerged  centrifugal  pumps 
with  capacities  of  1,500  gals,  per  minute  each 
and  three  20  HP.  induction  motors. 

(G)  Hudson,  Mass.  The  equipment  con- 
sists of  two  vertical  centrifugal  pumps,  each 
with  a  capacity  of  500  gallons  per  minute 
against  a  total  head  of  35  ft.  Each  pump  is 
operated  by  a  15  HP.  induction  motor. 

(7)  Newton.  Mass.  .Average  quantity 
pumped  1906:  36,565  gals,  per  day  against  a 
30-ft.  lift.  The  equipment  consists  of  two 
3%-in.  vertical  submerged  centrifugal  pumps 
geared  to  5  HP.  vertical  gasoline  engines. 

(8)  Plainfield,  N.  J.  Randolph  Road 
Pumping    Station.     Present    average    quantity 


The  plant  capacity  is  appro.ximately  -300  gals, 
per  minute. 


Results  of  Studies  Made  to  Determine 

Effect  Upon  Fish  Life  of  Sewage 

and  Sewage  Treatment  Plant 

Effluents. 

The  effect  upon  fish  life  of  sewage  and  the 
effluents  from  sewage  filters  has  received  little 
investigation  in  this  country,  although  in  a 
.general  way  it  is  known  that  owing  to  in- 
creased pollution  fish  have  disappeared  from 
many  streams  in  which  they  once  were  abun- 
dant. The  efifect  of  sewage  pollution  upon 
shellfish,  and  the  areas  from  which  shellfish 
are  taken  has  been  investigated  during  the 
past  10  or  15  years  chiefly  because  shellfish 
are  likely  to  be  the  bearers  of  infectious  dis- 
eases. An  important  article  on  shellfish  con- 
servation and  sewage  disposal  was  published 
in   this  journal   for  Oct.  29,  1913. 

Important  studies  were  made  by  H.  W.  Clark 
and  George  O.  Adams,  at  the  Lawrence  ex- 
periment station  of  the  Massachusetts  State 
Board  of  Health  in  1912,  to  determine  the 
efifect  upon  fish  life  of  sewage  and  effluents 
from  sewage  treatment  plants.  Observations 
were  made  of  the  effects  upon  fish  life  of 
crude  sewage,  diluted  sewage,  effluents  from 
sand  contact  and  sprinkling  filters,  both  un- 
diluted and  diluted.  The  cft'ects  of  aerated 
and  non-aerated  effluents  upon  fish  also'  were 
observed.  Observations  also  were  made  upon 
the  amount  of  oxy.gen  consumed  by  fish  life, 
upon  the  solution  and  diffusion  of  oxygen  in 
water,  and  upon  the  lilieration  of  oxygen  by 
green,  growing  water  plants.  The  matter  fol- 
lowing is  taken  from  the  report  of  these 
studies  as  published  in  the  annual  report  of 
the  Board   for  1912: 

From  a  practical  point  of  view  the  question 
of  fish  life  in  streams  and  lakes  in  a  settled 
community  is  one  of  the  value  of  such  life  in 
a  certain  stream  or  lake  compared  with  the 
cost  of  maintaining  such  freedom  from  pollu- 
tion or  such  restrictions  in  the  use  of  streams 
as  will  allow  the  continuance  of  this  life.  It 
goes  without  saying  that  looked  at  in  this 
w-ay  the  cost  of  preserving  a  streatn  in  a  con- 
dition that  allowed  fish  life  might  be  exceed- 
ingly large  as  compared  with  the  value  of  the 
fish  saved.  This  would  be  especially  true  in 
manufacturing  districts,  as  in  such  places  the 
streams  are  chiefly  valuable  for  power  and 
the  carrying  away  of  the  waste  products  of  the 
district  more  or  less  purified.  Treating  these 
wastes  sufficiently  to  jirevent  the  stream  from 
becoming  a  nuisance,  moreover,  mav  not  keep 
it  sufficiently  pure  to  encourage  the  life  of 
fish   within   it.  and   many   streams   seem   fated 


to  such  a  degree  that  fish  can  no  longer  live 
in  the  water:  (2)  the  effect  of  the  various 
constituents  of  sewage  and  trade  wastes  upon 
fish,  and  the  effect  of  these  various  constitu- 
ents upon  fish  even  when  a  plentiful  supply  of 
dissolved  oxygen  remains  in  the  water  after 
receiving  these  wastes;  (3)  the  amount  of 
o.xygen  consumed  by  the  fish  themselves :  and 
(4)  the  rate  of  absorption  of  oxygen  by  pol- 
luted waters. 

There  are  other  questions  involved  regard- 
ing which  a  series  of  investigations  was  car- 
ried on  during  1912  at  the  experiment  station, 
a  portion  of  thein  being  described  here.  The 
experiments  were  made  largely  in  5-gaI.  glass 
aquaria,  and  the  commonest  fish  of  the  region 
— shiners,  suckers,  chub  and  carp — were  used. 
Most  of  the  carp  and  shiners  have  weighed 
from  1  to  2  ounces  each,  while  the  suckers 
have  weighed   from   %   to   %   lb. 

EFFECT  OF   SEW.\CE. 

In  the  first  experiments  the  fish  were  im- 
mersed in  undiluted  Lawrence  sewage,  well 
aerated,  and  containing  at  the  time  of  immer- 
sion from  50  to  100  per  cent  of  saturation  of 
dissolved  oxygen.  Notwithstanding  the  pres- 
ence of  this  dissolved  oxygen,  all  the  fish  in 
these  experiments  apparently  became  crazed 
when  immersed  and  died  almost  immediately ; 
that  is,  within  a  few  minutes  after  immersion. 

EFFECT     OF     EFFLUENTS      FROM      SEWAGE     FILTERS. 

Following  this,  experiments  were  made  with 
the  effluents  from  sand,  contact  and  trickling 
filters  and  with  mixtures  of  sewage  and  water, 
contact  filter  effluents  and  water  and  trickling 
filter  effluents  and  water.  In  this  series  of 
experiments  a  supply  of  dissolved  oxygen  was 
maintained  when  necessary  by  blowing  air 
through  the  liquid  used.  The  results  were 
as  follows : 

(a")  It  was  found  that  wdien  water  and 
sewage  of  the  strength  used  were  mixed  in 
equal  portions,  and  this  mixture  kept  aerated, 
fish  life  could  exist  almost  indefinitely,  but 
with  a  larger  proportion  of  sewage  the  fish 
died  within  a  few  minutes  or,  at  most,  in  an 
hour  or  two  after  their  iminersion.  Even  in 
the  equal  mixtures  of  sewage  and  water,  a 
number  of  fish  died  quickly,  and  only  the 
stronger  individuals  survived,  but  such  as  did 
survive  were  kept  in  this  mixture  alive  and 
well  for  14  days,  and  apparently  could  have 
continued  to  live  for  an  indefinite  period.  The 
sewage  used  was  freed  from  matters  in  sus- 
pension   before    being   mixed    with    the   water. 

(h)  It  was  found  that  aerated  effluents  from 
contact  and  trickling  filters  in  successful 
operation  supported  fish  life  for  14  days  with- 
out any  apparent  discomfort  to  the  fish  im- 
mersed  in  these  effluents. 

Table  I  presents  the  analyses  of  the  mix- 
ture of  sewage  and  water,  and  of  the  effluents 


February  4,  1914. 


Engineering    and    Contracting 


173 


from  contact  and  trickling  tillers  used  in  these 
experiments. 

EFFECT   OF    SEW.^CE    AND    EFFLUENTS    WHEN    NON- 
AERATED. 

Experiments  were  next  made  to  determine 
the  volume  of  water  (tap  water)  necessary 
to  mix  with  sewage  and  the  eflfluents  from 
trickling  filters  in  order  that  ti.sh  life  might 
be  sustained  under  what  might  be  called  stag- 
nant conditions;  that  is,  sustained  without  the 
introduction  of  dissolved  oxygen  by  aeration 
as  in  the  previous  experiments,  .\fter  several 
trials  it  was  found  that  but  10  per  cent  of 
sewage  could  be  mixed  with  90  per  cent  of 
water  and  the  fish  survive  in  good  condition 
for  14  days.  Increasing  the  sewage  above  this 
percentage  invariably  caused  the  exhaustion 
of  the  oxygen  and  the  death  of  the  fish  within 
a  few  hours.    It  was   found  that  only  25  per 


each  of  these  dilutions  was  0.47,  0.28  and  O.l'i 
part  per   100,000,   respectively. 

EFFECT   OF    SAND   FILTER   EFFLUENTS. 

In  six  experiments  in  which  lish  were  im- 
mersed in  well-purified,  highly  nitrified  efflu- 
ents from  sand  filters  receiving  sewage,  the 
three  fish  immersed  in  each  experiment  died 
in  from  three  hours  to  three  days  after  im- 
mersion. All  of  these  effluents  but  one  were 
clear  but  slightly  acid,  this  acidity  being  due 
to  insufficient  base  to  combine  with  the  nitric 
acid  present.  One  effluent  was  alkaline,  but 
contained  considerable  matter  in  suspension, 
this  matter  being  largely  silica  and  alumina. 
\\'hen  this  suspended  matter  was  removed  the 
fish  lived  in  this  effluent  without  any  apparent 
discomfort  for  14  days  or  during  the  length 
of  the  experiment.  Other  acid  effluents  from 
sand   filters   when   neutralized   and   filtered   to 


TABLE    I.— ANALYSIS    OF    FILTER    EFFLUENTS  AND  DILUTE  SEWAGE  USED  IN  EXPERI- 
MENTS. 
(Parts  per  100,000.) 

Equal  mixture 

Contact  filter  effluent.     Trickling  water  effluent.  of  water  and  sewage. 

After                                        After  After 

At  start.          14  days.         At  start.         14  days.  At  start.         14  days. 

Free  ammonia   1.5500              2.8000              1.8000              2.8800  1.9000              2.8000 

.Albuminoid  ammonia — 

Total       0.2700               0.2880               0.2800               0.3480  0.2100               0.2280 

In  solution   0.1540              0.1840              0.1800              0.1220  0.2100              0.1480 

Chlorine     11.3000        '     12.4000             10.7000             12.1000  7.3000               7.0000 

Nitrogen  as — 

Nitrates     0.0300               0.0400               2.0100               2.1200  0.0200               0.0200 

Nitrites    0.0000               0.0000               0.0100               0.0600  0.0024               0.0180 

Oxygen   consumed    1.7S0O              1.8000              1.8200              2.2200  1.2400              1.4600 

SoHds  in  suspension —  

Total       0.0000              2.3000 

Volatile    0.0000              2.2000 


SOLUTION    AND    DIFFUSION    OF   OXYGEN    IN    W.VTER. 

There  are  few  good  data  in  regard  to  the 
rate  of  solution  and  diffusion  of  oxygen  in 
water.  Dr.  Adncy  found  that  ten  days  were 
required  to  saturate  with  oxygen  a  sheet  of 
water  with  a  temperature  of  15°  C,  6  ft.  in 
depth  and   deprived  of  all   atmospheric  gases. 

The  following  experiments  made  by  us  give 
some  idea  of  the  rate  of  aeration  of  a  quiet, 
sh-'llow  sheet  of  water.  In  the  first,  a  small 
lish,  weighing  25  grams,  was  immersed  in  an 
aquarium,  12  ins.  in  diameter,  holding  7  ins. 
in  depth  of  tap  water.  Experiments  had 
sho.wn  that  a  fish  of  this  size  in  this  volume 
of  water  would  reduce  the  dissolved  oxygen 
primarily  present  about  0.26  part  per  100,000 
per  day. 

Table  IV  presents  the  amount  of  dissolved 
oxygen  found  in  the  water  in  aquarium  on  dif- 
ferent days  during  a  period  of  34  days,  to- 
gether with  a  column  showing  the  amount 
of  oxygen  consumed  by  the  fish  during  that 
period.  From  this  table  it  will  be  seen  that 
o.xygen  was  absorbed  by  the  water  at  about 
the  same  rate  that  it  was  consumed  by  the 
ii?h. 


cent  of  water  was  needed  in  75  per  cent  of 
the  best  trickling  filter  effluents  in  order  that 
fish  might  live  under  these  stagnant  condi- 
tions for  14  days,  this  mixture  always  con- 
taining enough  oxj-gen  to  support  life,  and 
the  effluent  present  having  apparently  no  harm- 
ful effect  upon  the  fish.  With  the  contact 
filter  effluents  equal  mixtures  were  necessary, 
that  is,  50  per  cent  of  the  effluent  to  50  per 
cent  of  tap  water. 

LIMIT    OF    DISSOLVED    OXYGEN. 

.At  the  beginning  of  the  last  experiments 
described,  that  is,  at  the  time  of  the  im- 
mersion of  the  fish,  the  dissolved  oxygen  in- 
the  mixtures  was  0.50  part  per  100,000.  During 
the  experiment  it  became  reduced  in  the  water 
and  effluent  mixture  to  as  low  a  point  as  0.11 
part  per  100.000,  and  in  the  mixture  of  sewage 
and  water,  to  0.14  part  per  100,OOV..  but  with- 
out any  apparent  discomfort  to  the  fish  in 
these    mixtures. 

The  greatest  consumption  of  oxygen  by  the 
organic  matter  present  in  such  mixtures  oc- 
curs in  the  first  few  hours,  and  it  was  found 
that  if  the  initial  supply  of  oxygen  was  great 
enough  tn  last  through  this  early  period  the 
oxygen  woultl  then  be  increased  by  absorption 
from  the  air. 

In  a  third  experiment  of  this  nature,  where 


remove  precipitated  CaCOa  and  MgCOa.  etc.. 
supported  fish  life.  The  alkaline  suspended 
matters  at  times  separating  from  such  effluents 
and  from  sewage,  gathering  at  the  outlet  of 
the  fish's  gills  and  at  the  joints  in  their  scales, 
gave  the  appearance  of  a  fungous  growth  upon 
the  fish. 

Table  III  presents  the  results  of  analyses 
of  the  effluents  used  in  these  experiments. 

CONSUMPTION    OF    OXYGEN     BY    FISH     LIFE. 

The  large  amount  of  dissolved  oxygen 
breathed  by  fish  is  little  realized.  In  studying 
this  point,  the  following  experiments  were 
madj;  13  small  fish  weighing  altogether  200 
gram-,  were  placed  in  a  salt-mouth  gallon  bot- 
tle filled  with  water,  and  the  dissolved  oxygen 
determined  at  the  beginning  and  at  the  end 
of  the  experiment. 

In  a  second  experiment  four  fish  weighing 
340  grams  were  used.  In  all,  nine  experiments 
of  this  kind  were  made.  .Averaging  these  ex- 
periments it  was  found,  speaking  .generally, 
that  all  the  oxygen  held  in  solution  in  a  gal- 
lon of  water  at  60°  F. — practically  1  part  per 
lOO.OOO — would  be  consumed  or  breathed  in 
one  hour  by  a  weight  of  fish  equal  to  1  lb. 
This  would  mean  that  1.000  lbs.  of  fish  life 
would  in  about  15  davs  exhaust  the  dissolved 


P'ree. 
5.80 


TABLE    IT.— ANALYSIS    OP    SEWAGE    USED. 
(Parts  per    100.000.) 

-Ammonia .  ,_  ,,  .,    ,. 

, Albuminoid >         , KJeldahl  nitrogen ^ 

Total.  In  solution.  Total.  In  solution. 


0.86 


0.35 


1.3S 


0.79 


Chlorine. 
12.40 


Oxygen 

consumr-d. 

4.40 


;i  mixture  of  equal  portions  of  tap  walei  .ii.  ■ 
trickling  filter  effluent  was  made,  the  dissolved 
oxvgen  at  the  slart  was  0.80  part  per  100,(100 
and  was  not  reduced  below  0.40  part  per  100.- 
0(111  during  the  fourteen  days  of  the  cxperi- 
niiiil. 

hi  further  investigations,  in  regard  to  the 
amnunt  of  dissolved  oxygen  that  would  sus- 
tain fi.sh  life,  the  following  three  cxpermicnts 
were  made:  Sewage  of  the  slrenglli  shown 
in  Table  II  was  so  mixed  with  water_  thai 
three  dilutions  containing,  5,  |0  and  15  per 
cent,  rcspcclivclv.  of  sewage  were  obtamed. 
In  these  dilutions  the  dissolved  oxygen  was 
at  first  0.8S.  1.00  and  0.85  part  per  lOd.^lOn.  In 
each  dilution  fish  were  immersed  and  m  each 
of  the  three  dilutions  they  lived  for  one  week 
without  discomfort:  that  is,  until  the  end  of 
the  experiment.  The  minimum  amount  ot 
dissolved   oxvgen   found  during  this  period   in 


-\ygen  in  a  layer  of  water  1  ft.  deep  and  an 
acre  in  area,  saturated  at  60°  F.,  assuming,  oi 
course,  that  dissolved  oxygen  was  not  added 
by  absorption  from  the  air.   The  oxygen  con- 


TABLE  IV. 


Days— 


-DISSOLVED  OXYGEN  PRESENT 
AND    CONSUMED. 
(Parts   per   100,000.) 


14 
22 
29 
34 


In  aquarium. 

Used  by  flsh. 

.37 

0.26 

.40 

0.52 

.45 

0.78 

.22 

1.04 

.49 

3.18 

.40 

5.48 

.50 

7.08 

.31 

8.58 

In  a  second  experiment  the  dissolved  oxygen 
in  an  aquarium  of  tap  water  was  reduced  to 
(1.11  part  per  100,000  by  the  fish  in  this  aquar- 
ium. The  fish  were  then  removed  and  the 
aquarium  allowed  to  stand  in  the  laboratory 
open  to  the  air,  and  determinations  of  dis- 
solved oxygen  made  from  time  to  time.  The 
results  of  these  determinations  are  shown  in 
Table  V  and  it  will  be  noticed  that  practically 
seven  days  were  required  for  this  water  to 
again  become  saturated  with  oxygen. 


TABLE     V. 


Days — 


1 

6 

7 

10 


-OXYGEN     ABSORPTION 
AIR. 
Temperature  Parts  per 
(degrees  F.)  100,000. 
68  0.38 

65  0.72 

64  0.76 

66  0.80 

67  0.88 

70  0.94 

65  1.00 


FROAl 


Pet.  ot 
saturatloru 
41.3 
74.7 
79.2 
S5.0 
94.5 

104.0       w 
105.0 


During  the  last  part  of  this  experiment, 
"green  growths"  made  their  appearance  in 
this  water. 

l.lliKRATION     OK     OXYGEN     BY     "CREEN     GROWTHS." 

It  is  well  known  that  organisms  containing 
chlorophyll  give  off  free  oxygen  when  grow- 
ing in  the  light.  Water  in  which  organisms 
arc  plentiful  is  fre<|uently  found  to  be  super- 
saturated with  flissolvcd  oxygen,  as  the  organ- 
isms take  the  C  from  the  COj  dissolved  in  the 
water  and  liberate  part  of  the  oxygen.  When 
the  dissolved  CO;  is  all  absorbed  the  bicar- 
bonates  arc  attacked  and  CO,  abstracted,  leav- 
ing carbonates.  This  happened  several  times 
in  experiments  here.  On  testing  for  CO:  with 
phenolphlhalein.  a  pink  color  showed  the 
presence  of  carbonates,  while  in  the  tap  water 
used  in  the  various  experiments  the  alkalinity 


TAIILK  lir.  — EFFLl'ENTS   FROM  .«;ANn  FILTERS  RECEIVING   SEWAGE. 

(Pnrt.s  per  100.000.) 

, Ammonin , 

Total  al- 
buminoid.   Chlorine 


Experiment  Number — 


Freo. 

0.4snn 
0  lICiOll 
0.9G00 
0.0628 


B        1.0400 

6    ;•. 0.2BD5 


.or.4n 

OilBO 
.0960 
.0194 
.0460 
.0290 


9.00 
7.30 
9.40 
9.00 
7.10 
7.00 


Oxygen 

con- 

Alka- 

Nitrates. 

Nitrites. 

sumed. 

linity. 

.-..21 

.0024 

.23 

—0.9 

1.64 

.0032 

.51 

—0.3 

2.17 

.0120 

.64 

1.0 

4.62 

.0002 

.17 

—0.2 

6.13 

.0012 

.45 

—1.6 

1.64 

rtSSO 

.29 

—0.2 

sumcd  in  this  way  remains  in  the  water  ns 
CO.-  and  hence  the  amount  of  CO,  in  surface 
waters  sustaining  fish  life  must  he  influenced 
to  a  considerable  extent  by  the  fish  present. 


was  due  to  bicai  i.  ii.... -.  In  the  experiments 
the  'green  growths"  were  largely  Protococcus. 
Scenedcsmus  and  smaller  numbers  of  Monas. 
In  one  experiment  an  aquarium  was  filled  with 
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tap  water  and  seeded  with  "green  growth.'" 
The  dissolved  o.xygen  and  CO.-  at  the  start 
were  0.18  and  1.6  part  per  100,000,  respect- 
ively. At  the  end  of  seven  days  they  were 
1.14  and  0.0  parts  pere  Iho.immi,  respectively. 

In  another  experiment  a  small  fish  was  put 
into  a  tightly  stoppered  gallon  bottle  full  of 
water  containing  these  "green  growths.''  If 
o.xygen  had  not  been  liberated  by  the  organ- 
isms during  this  experiment  the  o.xygen  pri- 
iii;iril\    fresent  would  have  been  consumed  b.\ 


Fig.  1.     View  Showing   Use  of  Steam-Driven 

Jackhamer    Drill    in   Sewer   Trench    in 

Rock   at    New    Britian,   Conn. 


the  fi'h  in  -i^  hours.  However,  it  lived  eigin 
days,  and  at  its  death  at  the  end  of  this  periorl 
dissolved  oxygen  was  present  in  the  water  in 
greater  volume  than  at  the  beginning  of  the 
experiment.  The  growth  of  organisms  in- 
creased greatly  during  this  period,  and  either 
the  presence  of  these  organisms  or  some  body 
formed  during  their  growth  or  decay  was  in- 
jurious to  the  fish. 

In  a  similar  experiment,  made  during  cloudv 
weather  when  the  o.xygcn-libcrating  power  of 
the  organisms  was  lowered,  the  fish  present 
consumed  the  dissolved  o.xygen  in   four  days. 

In  further  experiments,  not  yet  completed, 
upon  the  effect  of  such  "green  growths"  on 
sewage,  bottles  of  sewage  were  seeded  with 
organisms,  then  aerated  for  24  hours  and 
afterwards  allowed  to  stand  24  hours  without 
aeration.  The  average  of  16  dissolved  oxygen 
determinations  then  made  showed  0.62  part 
per  100,000  of  dissolved  oxygen  present  in 
these  sewages  at  the  end  of  the  period  of  aera- 
tion, and  1.0]  parts  per  100,000  after  the  sew- 
age had  stood  unacrated  during  an  additional 
period  of  24  hours :  in  other  words,  the 
"green  growth"  supplied  not  only  all  the  dis- 
solved oxygen  consumed  by  the  sewage  during 
the  period  of  standing,  but,  furthermore,  in- 
creased the  volume  present  0.30  pan  per 
100,000. 

It  is  probable  that  the  chlorphyll-bearing 
Tganisms  take  a  greater  part  in  overcoming 
cwage  pollution  in  surface  waters  than  is  at 
present    gcnerallv    realized. 


Panama  Canal  Excavation  in  December. — 

The  grand  total  of  Canal  excavation  to  Jan. 
lary  1.  1914.  was  21.5,4o8.2"2  cu.  yds.,  leav- 
ing lt).8P4,728  cu.  yds.  remaining  to  be  exva- 
\ated  under  the  revised  estimate  of  July  1, 
1013..  The  total  excavation  for  the  month  of 
December  was  1,5?1,720  cu.  yds. 


Method    and    Cost    of    Drilling    Blast 

Holes  for  Sewer  in  Rock,   Using  a 

Steam-Operated  Jackhamer  Drill. 

The  use  of  steam  for  operating  hammer 
drills  has  been  comparatively  infrequent,  com- 
pressed air  usually  being  utilized  for  this  pur- 
pose. In  certain  cases  the  use  of  steam  may 
be  more  economical  and  more  convenient,  as 
where  a  steam  plant  is  available  and  the  mag- 
nitude of  the  v/ork  in  hand  does  not  warrant 
the  additional  expenditure  of  installing  an  air 
compressing  plant.  In  such  cases  there  is  no 
good  reason  why  steam  should  not  be  used 'if 
a  drill  adapted  to  its  use  is  available.  An  ap- 
plication of  the  steam-operated  hammer  drill 
was  recently  made  in  sewer  trenching  in  rock 
at  New  Britain.  Conn.  The  method  and  cost 
of  using  a  steam  driven  Jackhamer  drill  on 
this  work  was  described  by  Charles  P.  Phelps 
in  a  recent  issue  of  the  Compressed  Air  Mag- 
azine from  which  the  greater  part  of  the  in- 
formation here  given  is  taken. 

The  sewer  under  consideration  is  a  10-in. 
tile  pipe  sewer  about  700  ft.  long.  The  trench 
was  about  15  ft.  deep  and  42  ins.  wide.  The 
sewer  is  located  at  the  side  of  the  road  and 
parallels  a  storm  sewer  that  is  very  close  to 
tlie  trench,  but  much  nearer  the  surface.  The 
:)roximity  of  the  storm  sewer  made  it  neces- 
sary to  exercise  considerable  care  in  cutting, 
bracing  and  blasting  so  as  not  to  disturb  the 
older  sew'cr.  The  cut  is  principally  in  earth 
for  the  first  5  ft.  and  in  trap  rock  for  the 
lower  10  ft.  The  rock  varies  greatly  in 
hardness,  increasing  the  difficulty  of  drilling. 
Some  of  the  rock  encountered  is  extremely 
iiard.  and  some  is  soft,  oxidized  trap. 

Two  Jackhamers  were  employed,  their 
two  operators  accomplishing  a  much  greater 
amount  of  work  than  the  si.x  drillers  who 
had  formerly  carried  on  this  work  by  hand 
methods.  The  drills  were  operated  by  steam 
at  a  pressure  of  nearly  80  lbs.  per  square 
inch.  Practically  the  only  difference  between 
these  drills  and  Jackhamers  for  air  opera- 
tion is  in  the  piston,  which  is  very  slightly 
smaller  in  diameter  in  the  steam  drill  to  allow 
for  expansion  when  the  machine  heats  up. 
The  drill  handle  being  of  wood,  remains  cool. 
.A  short  pipe  screwed  into  the  drill  outlet  con- 
ducts the  exhaust  steam  away  from  the  oper-  • 
ator,  so  that  it  is  a  very  comfortable  job  to 
operate  one  of  these  drills  even  in  warm 
weather.  One  particularly  important  feature 
of  the  Jackhamer  is  the  automatic  rotating 
device,  by  means  of  which  the  steel  is  rotated 
in  the  drill  chuck,  thus  making  it  unnecessary 
to  oscillate  the  drill  by  hand.  The  great  ad- 
vantage of  this  feature  for  trench  work,  where 
quarters  are  often  cramped,  will  be  at  once 
apparent  from  an  inspection  of  Fig.  1.  When 
operated  by  air.  a  hollow  steel  is  used  with 
the  Jackhamer.  By  means  of  a  special 
form  of  valve,  shown  at  .-V  of  Fig.  2.  the  air 
can  be  sent  down  into  the  hole  through  the 
hollow  steel  at  the  will  of  the  operator,  ef- 
fectively cleaning  it  of  cuttings.  A  steel  re- 
tainer, B,  also  adds  to  the  ease  of  manipulat- 
ing the  machine,  as  the  steel  and  drill  can  be 
churned  up  and  down  in  the  hole  while  blow- 
ing out  the  cuttings,  thus  hastening  the  oper- 
ation, the  bit  being  held  in  place  meanwhile 
by  the  special  device  B.  With  steam  opera- 
tion, however,  the  hole-cleaning  arrangement 
did  not  prove  to  be  very  satisfactory  in  this 
rock,  so  the  hole  was  kept  full  of  water 
poured  in  from  a  pail.  The  cuttings  were 
scooped  by  means  of  a  tree  branch  having  a 
smashed  end.  The  branch  was  driven  into  the 
hole  and  withdrawn  quickly,  this  pump-like 
action  forcing  the  w-ater  and  cuttings  out  of 
the  hole  in  a  satisfactory  manner. 

The  sides  of  the  5  ft.  earth  cut  were  shored 
up  with  planking.  The  first  cut  made  in  the 
rock  was  about  4  ft.  deep  to  get  below  the 
level  of  the  adjoining  sewer.  The  remaining 
6  ft.  was  bored  in  two  cuts  of  3  ft.  each.  The 
spacing  of  the  holes  averaged  about  2V4  ft. 
both   lengthwise  and   crosswise. 

Three  changes  of  steel  were  used  per  cut. 
The  starting  bit  was  2  ins.  in  diameter,  the 
second  1%  ins.  and  the  bottoming  bit  l'/4  ins. 
After  drilling  a  hole  to  bottom,  a  wooden 
plug  was  inserted  in  it  to  keep  out  dirt,  etc. 


A  six-point  bit  was  employed  for  drilling 
the  softer  rock,  but  in  the  harder  rock  a  cross 
bit  was  used. 

Four  sticks  of  60  per  cent  dynamite  were 
used  per  hole.  At  the  beginning'  of  the  work 
40  per  cent  dynamite  was  used,  but  it  proved 
not  to  have  sufficient  strength  for  this  kind 
of   rock. 

The  number  of  laborers  on  this  work  varied 
at  different  stages  of  the  work.  The  fore- 
man had  general  charge  and  looked  after  the 
boiler  as  well.  There  were  two  drill  runners. 
The  force  of  muckers  who  removed  the  spoil  j 
with  pick  and  shovel  and  replaced  it  consisted 
at  various  times  of  from  1.5  to  40  men. 

There  was  one  nine-hour  shift  per  day,  e.x-  • 
cepting  on  Saturdays,  when  the  shift  was  of  i 
five  hours'  duration.  The  rates  of  wages  ' 
were  as  follows : 

Drill  runners    $2.50  per  day 

Jjaborers     2.00  per  day 

Blacksmith    2.25  per  day 

The  speed  of  drilling  varied  greatly  owing 
to  the  varying  hardness  of  the  rock.  Some- 
times the  performance  of  the  two  drills  was 
as  high  as  80  ft.  per  0-hour  shift,  and  some- 
times it  was  as  low  as  50  ft.,  but  the  aver- 
age drilling  performance  was  60  ft.  of  hole 
per  day,  or  more,  which  is  equivalent  to  about 
7  ft.  of  hole  per  hour  in  trap  rock  of  average 
hardness.  The  very  poorest  record  for  a  sin- 
gle day's  work  with  one  drill  was  10  ft.  of 
hole.  Taking  the  average  figure  of  30  ft.  per  I 
day  per  drill,  the  labor  cost  of  drilling  would 
be  8%  cts.  per  foot  of  hole. 

The  blacksmith  and  his  helper  devoted  about  ] 
seven  hours  of  the  nine  sharpening  the  steels. 
For  both  drills  not  more  than  8  ins.  of  steel 
broke    off    and    caused    trouble    during    three  ] 
months  of  work. 

The  power  plant  for  this  job  consisted  of  a 
portable  Ames  steam  boiler  carrying  about  80 
lbs.  pressure.     The  water  w'as  fed  to  it  by  an 


Fig.  2.     View  of  Power  End  of  Jackhamer 
Drill. 

injector,  the  consumption  averaging  about  192 
gals,  per  day.  During  the  first  eleven  weeks 
of  constant  operation  about.  4Vi  tons  of  soft 
coal  were  consumed. 

Leading    from   the   boiler   was   a    1-in.   iron 
pipe    which    crossed    the   road   and    connected 


Februarv  4,   VJl-i. 


Engineering   and    Contracting 


175 


Aith  several  lengths  of  pipe  of  the  same  diam-  connecting  the  drill  feeds.  When  it  became  pipe  were  unscrewed  and  connected  to  the 
iter,  laid  along  the  ground  beside  the  trench.  necessary,  with  the  advance  of  the  work,  to  front.  The  drill  feeds  were  \  in,  rubber 
I  his  pipe  had  tees  at  convenient  distances  for       move   the   boiler   along,    the   back   lengths   of       steam  hose 


Methods  of  Constructing  a  Short  Rock 

Tunnel    on   the    New    Low   Grade 

Line  Between  Milwaukee  and 

Sparta,    Wis.,    Chicago    & 

Northwestern   Ry. 

Contributed  by  L.   J.  Putnam,    Principal  Assist- 
ant  Engineer,    Chicago,    111. 

CENER.AL    DESCRIPTION, 

During  the  construction  of  the  Chicago  & 
S'orthwestern  Ry.  Co.'s  new  low-grade  line 
icross  Wisconsin  from  Milwaukee  to  Sparta, 
I  short  tunnel  was  driven  through  the  range 
)f  hills,  which  forms  the  divide  between  the 
vaters  of  the  Wisconsin  River  and  those  of 
he  Mississippi  River  throughout  this  dis- 
rict.  This  tunnel,  while  short  and  present- 
ng  no  very  unusual  features  is  nevertheless, 
bought  to  be  of  more  than  passing  interest 
IS  an  example  of  practical  tunneling  in  a 
miall-sized  tunnel,  which  would  not  warrant 
he  installation  of  elaborate  and  expensive 
Tiachincry  and  methods. 

The  tunnel  is  located  just  west  of  the  village 
)f  Tunnel  City,  Wis.,  which  owes  its  name 
md  origin  to  the  little  settlement  which  was 
itarted  at  that  point  during  the  construction 
ij  the  Chicago,  Milwaukee  &  St.  Paul  Ry. 
ro.'s  first  tunnel  through  the  same  range  of 
lills  early  in  the  sixties.  This  first  tunnel 
)f  the  C.  M.  &  St.  P.  Ry.  was  of  small  bore 
ind  only  timber  lined  and  was  abandoned  in 
1873.  when  their  second  single  track  tunnel, 
vhich  is  still  in  use,  was  driven  alongside, 
rhe  C.  &  N.  W.  Rv.  tunnel  is  north  of,  but 
lot  parallel  to.  the  C.  M.  &  St.  P.  Ry.  tunnel 
md  distant  about  200  ft.  at  the  west  portal 
md  400  ft.  at  the  east  portal.  The  C.  .M.  & 
5t.  P.  Ry,  tunnel  is  1,330  ft,  long,  single  track, 
irick  lined,  while  the  new  C,  &  N.  W.  Ry. 
unnel  is  l.iO.j  ft.  long,  double  track  section 
>nd   lined   with  concrete. 

It  was  first  intended  to  make  the  tunnel 
i^bout  2.7(X)  ft.  long,  or  from  Station  814  to 
station  841.  at  which  points  the  cutting  would 
lavc  been  approximately  .50  ft.,  as  shown  on 
he  accompanying  profile.  Fig,  1,  .\fter  sound- 
ngs  to  rock  were  completed,  and  further 
itudy  given  the  matter,  it  was  decided  to 
ihorten  it  to  the  length  of  1,29.5  ft.,  although 
)y  so  doing,  the  actual  cost  per  lineal  foot 
was  somewhat  increased  in  the  open  excava- 
ion  as  comi)arcd  with  tunnel.  The  improvc- 
tient   in   light   and   ventilation   on   the  shorter 
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amounts    to    considerable    at    times,    is    taken 
care  of  in  its  natural  course  without  any  di- 
version. 
The  material  encountered     throughout     the 


this  particular  region.  When  blasted,  this 
rock  breaks  up  into  its  orginial  sand  grains, 
only  occasional  strata  being  hard  enough  to 
retain  any  resemblance  to  rock  after  blasting. 
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Fig.   2.     Section    of   Chicago    &    Northwestern   Ry.    Tunnel. 
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length  of  the  tunnel  and  practically  the  en- 
tire east  portal  cut  was  the  soft  Potsdam  or 
basal  sandstone.  The  west  portal  cut  was 
largely  loose  sand,  the  debris  from  the 
original  sandstone  ledge.  This  Potsdam 
sandstone  is  a  very  soft  rock,  standing  fairly 
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Fig.     1.      Progress     Profile     of     Tunnel     for 
Line    Between    IVIIIwa 

Mnncl  was  considered  worth  the  small  addi- 
:ional  first  cost.  As  thus  shortened,  the  east 
)ortal  is  located  just  east  of  the  gully  near 
Station  82-5,  so  that  the  cross-drainage  which 
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well  in  nearly  vertical  faces,  but  where  cliflfs 
are  exposed  in  nature,  they  become  wind  worn 
into  fantastic  shapes  and  have  formed  many 
interesting    and    beautiful    buttcs,    throughout 


The   blasted    rock    is   therefore   only   a   pure 
white  sand  handled  with  the  greatest  ease. 

ENCI.NEERING    WORK. 

The  tunnel  is  entirely  tangent  and  has  a 
continuous  0.5  per  cent  grade  through  its  en- 
tire length.  The  engineering  problems  as  to 
line  and  grade  were  therefore  of  the  simplest 
possible.  Three  permanent  monuments  were 
established  on  the  center  line  before  work 
was  started.  These  were  made  of  2-in.  gas 
pipe  plugged  with  brass  and  having  a  remov- 
able cap.  The  pipes  were  set  in  concrete 
monuments  carried  down  below  frost  and 
about  1(1  ins.  square.  These  concrete  shafts 
were  cast  in  place,  simply  filling  holes  dug  in 
the  earth.  One  monument  was  on  the  apex 
of  the  hill  and  the  others  about  3.000  ft.  dis- 
tant in  cither  direction,  being  on  the  sub- 
tangents  to  the  curves  cast  and  west, 
,\iter  the  portal  cuts  were  completed,  tem- 
porary monuments  were  established  back 
from  each  portal  far  enough  to  be  convenient 
and  providing  an  unobstructed  line  of  sight 
to  the  monument  on  the  hill-top.  This  line 
was  easily  and  accurately  projected  into  the 
tunnel  from  cither  end.  Each  IG-ft,  length 
of  wall  place  (longitudinal  timber  at  spring 
line)  was  accurately  placed  for  line  and  grade 
and  no  niher  instrument  work  was  required 
during  the  excavation.  The  wall  plate  was 
fixed  for  alignment  by  ofT-setting  a  line  on 
ihc  "bench"  and  projecting  it  into  the  drifts. 
Levels  were  carried  along  readily  in  the  drifts, 
care  being  taken  to  check  back  frequently  to 
•icnch  marks  at  the  portals  which  were  pre- 
viously accurately  established  from  series  of 
lex  els  run  over  the  hill  and  also  from  levels 
run  through  the  C,  M..  &  St.  P.  tunnel.  The 
closing  error  in  levels  was  only  0.02  ft.  and 
alignment  was  practically  perfect.  .An  ordi- 
nary set  of  railroail  instruments  was  used 
and  points  in  the  tunnel  were  clearly  seen 
by  till-  aid  of  candles  or  banjo  tcrrhis 

TUNNEL  SECTION. 

The  >citii'n  of  this  double  track  himiilI  is 
shown  by  Fig.  2.  It  is  20  ft.  wide  in  the  clear 
at  a  point  3  ft.  above  the  top  of  rail  with  a 
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slight  batter  on  the  side  walls.  The  vertical 
height  is  25  ft.  from  top  of  rail  to  top  of 
arch,  providing  22  ft.  clearance  on  both  tracks 
at  a  distance  of  4  ft.  from  the  center  line  of 
the  tracks.  The  roof  is  a  three-centered 
arch.  Lining  is  of  concrete  which  is  2  ft. 
or  over  in  thickness  between  the  12xl2-in. 
timber  sets  and  1  ft.  or  more  over  all  timbers. 
The  section  in  Fig.  2  indicates  the  concrete 
lining  thicker  over  the  crown  of  the  arch. 
This  was  so  designed  in  order  that  there 
would  be  one  foot  of  concrete  over  the  tim- 


gulch,  to  the  north  of  the  cut.  The  maximum 
cut  at  the  upper  slope  was  140  ft.  and  the 
handling  of  the  material  down  from  this 
height  would  have  been  very  difficult  except 
for  the  high  level  waste  ground.  At  the  west 
cut  the  grade  of  the  ground  surface  was  not 
excessive  and  material  was  handled  to  the 
fdl  from  the  start  without  unusual  difficulty. 
Previous  to  grading  work  soundings  were 
taken  near  each  slope  line  at  every  station 
or  oftener  so  as  to  locate  the  rock  elevation. 
This  work  was  done  by  means  of  a  common 


rapid.     Two  to   four   drills  were   required   to 
keep  ahead  of  a  steam  shovel. 

TUNNEL     EXC.'WATION     AND     TIMBERING. 

The  method  and  sequence  of  tunnel  driving 
is  indicated  in  Figs.  4  and  5  and  the  progress 
of  the  work  is  shown  on  the  profile,  Fig.  1; 
progress  being  indicated  separately  for  the 
side  drifts,  the  top  heading  and  the  bench.  On 
account  of  the  yardage  in  the  west  open  cut 
being  less  than  in  tlie  east,  the  portal  face 
down  to  the  level  of  the  side  drifts  was  ex- 


Fig.   3.     Portal    of   Chicago    &    Northwestern 
Ry.   Tunnel. 

hers  after  the  settlement  of  timbering  had 
taken  place.  Later  development  proved  this 
precaution  to  be  well  taken  as  in  some  ex- 
treme cases  the  timbering  settled  to  such  an 
extent  as  to  reduce  the  thickness  of  concrete 
lining  slightly  and  in  a  few  special  cases  it 
was  necessary  to  remove  part  of  the  timber 
segments  as  referred  to  later. 

Refuges  8  ft.  wide  and  7  ft.  deep — large 
enough  for  hand  cars — were  constructed  at 
intervals  of  300  ft.  alternating  between  sides. 

The  portals  of  the  tunnel  are  of  concrete 
with  simple  design  as  shown  in  Fig.  3,  a 
photograph  of  the  east  portal  after  comple- 
tion. Drain  holes  were  provided  through 
the  side  walls  just  above  the  base  of  rail  at 
16  ft.  intervals.  It  is  doubtful,  however, 
whether  these  will  serve  any  useful  purpose  as 
the  tunnel  is  dry  throughout  except  for  about 
100   ft.  in   length  near  the  cast  portal. 

APPROACH    CUTS. 

The  excavation  of  the  approach  cuts  was 
started  in  September,  IfMO,  at  Ixith  ends,  one 
steam  shovel  working  in  each  cut.  Narrow 
gauge  track  and  dump  cars  were  used  in  each 
case  and  trains  were  handled  by  dinkey  en- 
gines. The  material  from  the  west  cut  was 
hauled  a  maximum  distance  of  five  miles  but 
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Fig.  4.     Section   Showing   Sequence  of   Excavation   Chicago    &    Northwestern     Ry.    Tunnel. 


well  drill  outfit.  Holes  4  ins.  in  diameter 
were  put  down  into  firm  rock.  Casing  was 
required,  through  sand  but  it  was  readily  re- 
covered and  holes  allowed  to  fill  after  meas- 
urements were  obtained.  From  these  test 
holes,  sections  were  accurately  plotted  and 
slope  stakes  set.  Slopes  1%  to  1  were  used  in 
earth  and  %  to  1  in  solid  ledge,  but  leaving  a 
horizontal  berm  of  10  ft.  width  on  the  sur- 
face of  the  ledge.  These  plotted  sections  in- 
dicated to  contractors,  just  where  to  expect 
the  ledge  and  shovel  cuts  were  arranged  ac- 
cordingly. .'\fter  the  rock  was  stripped  in 
any  cut  of  the  shovel,  drills  were  started  and 
in   the   following  rut,   shooting   was   done   im- 


posed at  that  end  first  oermitting  the  west 
drifts  to  start  there  in  March  of  1911,  while 
at  the  east  portal,  the  drifts  could  not  be 
started  until  July  of  the  same  year.  This  re- 
sulted in  about  two-thirds  of  the  tunnel  be- 
ing driven  from  the  west  end.  In  Fig.  4,  the 
location  and  comparative  size  of  drifts,  head- 
ing and  bench  are  shown.  The  drifts  desig- 
nated A,  were  about  7  ft.  wide  at  the  bottom 
which  was  on  a  level  with  the  under  side  of 
the  wall  plates,  but  narrowing  at  the  top  in 
the  form  of  a  Gothic  arch.  Ordinarily  three 
drill  holes  were  used  in  positions  as  indicated 
and  inclined  slightly  outward  from  the  cen- 
ter.    These   were   2-in.    holes   about   4    ft.    in 
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Fig.     5.     Plant     Layout     Plan,     Chicago     &     Northwestern  Ry.  Tunnel. 


the  haul  from  the  east  cut  was  never  more 
than  one  mile.  The  yardage  handled  from 
the  east  portal  cut  was  320,000  cu.  yds.  ex- 
clusive of  12,000  cu.  yds.  from  the  tunnel 
bore.  The  larger  part  of  this  being  waste,  the 
upper  levels  were  first  wasted  in  a  high  level 


mediately  in  advance  of  the  shovel.  Drill 
holes  were  ordinarily  2%  ins.  in  diameter  and 
spaced  10  ft.  apart  in  each  direction  but  stag- 
gered. Steam  drills  mounted  on  tripods,  tak- 
ing steam  from  portable  horizontal  boilers 
were  used   and   the   progress  of   drilling   was 


depth.  Light  charges  of  dynamite  were  used 
so  as  not  to  shatter  the  soft  rock  outside  of 
the  tunnel  section.  Muck  from  the  drifts  was 
wheeled  back  in  wheel-barrows  and  dumped 
over  the  end  of  the  bench  where  it  was 
loaded  on  dump  cars  along  with  other  muck 
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Drifts  were  usually  about  100  ft.  in  advance 
of  ihe  heading,  giving  a  wheelbarrow  haul  of 
about  loO  ft.  The  wall  plates  were  laid  in 
the  drifts  in  16-ft.  sections  as  the  drifts 
progressed  and  were  accurately  lined  and 
surfaced,  resting  on  the  rock  or  on  blocks. 
Special  pains  were  taken  to  have  solid  rock 
outside  of  the  wall  plates  to  take  the  hori- 
zontal thrust  of  the  arch.  If  the  rock  was 
accidentally  shattered,  back  of  the  plates,  sub- 
stantial blocking  was  placed  opposite  each 
future  timber  rib.  Joints  in  wall  plates  were 
made  with  a  half-splice  Id  ins.  long  bolted  to- 


Fig.   6.      View   Showing    Side    Drifts   at    East 

Portal,  Chicago  &  Northwestern 

Ry.   Tunnel. 

gether  and  midway  between  ribs.  In  some 
cases  the  roof  of  the  drifts  caved  badly  even 
thiiugh  special  precautions  were  constantly 
taken  and  in  one  e.xtreme  case  progressive 
sloughing  off  from  the  roof  continued  for 
"JO  ft.  above  the  proper  top  of  the  drift  be- 
fore it  could  be  arrested.  This  opening  was 
subsequently  packed  with  cordwood  as  shown 
in  Fig.  4.  Where  there  was  difficulty  of  this 
kinii  the  two  lower  segments  of  the  rib  with 
the  accompanying  lagging  were  placed  in  the 
drift,  the  joints  being  supported  in  proper  po- 
sition with  temporary  stulls  until  the  balance 
r.f  the  ribs  were  in  place.  Ordinarily,  this 
was  not  necessary  and  the  entire  rib  "was 
raised  after  the  full  heading,  B,  was  opened 
up. 

Section  B  was  removed  as  the  second  step 
and  was  usually  about  100  ft.  in  the  rear  of 
the  drifts.  Drill  holes  were  located  about  as 
shown  and  were  approximately  4  ft.  deep,  so 
that  after  each  blast  the  roof  could  be 
trimmed  and  a  4-ft.  section  of  timbering 
placed,  the  ribs  being  4  ft.  center  to  center 
as  shown.  Section  B  was  kept  about  G  ft. 
^ligh,  so  that  men  could  stand  conveniently  to 
Irill  the  face  and  to  trim  the  roof  and  erect 
ihe  timber.  The  rib  segments  were  carefully 
framed  to  patterns  and  when  placed,  the 
proper  position  of  each  joint  was  readily  ob- 
lained  by  bringing  it  to  a  fit.  Ends  of  seg- 
ments were  doweled  together  excepting  the 
op  segment,  which  was  placed  last  and  toe 
lailed.  .After  the  rib  was  set  up  and  lagging 
n  place,  blocks  or  wedges  were  used  at  the 
oints  to  bring  them  to  a  firm  be.iring  against 
he  rock.  Openings  of  any  considerable  size 
ibiivc  the  lagging  were  packed  with  plank  or 
:ordwood.  but  in  most  cases  the  roof  could 
)c  trimmed  so  accurately  that  it  made  a  suffi- 
:iently  close  fit.  The  roof  usually  stood  sc- 
:urcly  for  the  length  of  time  necessary  to 
!ct  the  rib  and  lagging  in  place.  If  indica- 
ions  were  that  it  would  not,  only  one  hole 
vas  shot  at  a  time  and  temporary  struts  he- 
wccn  ribs  were  placed  until  the  rib  could  be 
)laccd.  I-'or  a  short  distance  in  the  worst 
•laic,  no  drilling  or  blasting  in  the  heading 
vas  done,  all  rock  being  picked  out  by  hand 
ind  the  roof  iumicdiately  shored.  Muck 
roni  the  heading  was  wheeled  back  as  in 
he  case  of  the  drifts  and  dumped  over  to  the 
hf)vclcrs  below. 

Section  C  was  removed  about  30  ft.  in  the 
car  of  the  heading,  the  muck  removed  was 
argcly  shot  down  over  the  end  ot  the  bench, 
without  shoveling.  No  difTJculty  was  encoun- 
cred   on   this   section. 

.\fter    .Section    ("   was    rcmovefl    il^  r,     w.t* 
ufficicnt  head  room  so  that  louk' 
ould   he   used   with    rather   liea\  \  f 

xplosive.  The  center  hole  in  /'  w.n  ilircc  to 
our  feet  in  advance  of  the  other  liolcs  so  as 
o  keep  the  end  of  the  bcncb  in  crescent 
hape   to   facilitate   removal   of   Sections   E. 


Sections  E  were  removed  in  4  ft.  advances. 
Men  stood  on  the  rock  slope  of  the  bench  and 
picked  the  material  down  or  used  light 
charges  of  explosive  in  drill  holes  as  neces- 
sary. The  wall  was  thus  trimmed  out  in  4-ft. 
advances  so  as  to  clear  the  space  for  the 
next  plumb  post  and  still  leaving  solid  rock 
to  support  the  wall  plate  just  in  advance  of 
the  post.  In  this  way  the  wall  plate  was 
never  unsupported  under  more  than  one  rib  at 
a  time.  With  Section  £  removed  for  4  ft., 
the  new  plumb  post  was  set  on  its  4-ft.  sill 
and  wedged  up  tightly.  Plumb  posts  were  al- 
ways directly  underneath  the  foot  of  the  arch 
ribs.  No  lagging  was  required  below  the 
wall  plates  in  any  cases. 

A  narrow  gage  track  was  laid  on  or  near 
the  center  line  of  the  tunnel.  .\  short  siding 
was  provided  to  hold  one  train  of  cars  near 
the  working  face.  Empty  cars  were  pushed 
out  from  this  siding  to  the  face,  loaded  and 
dropped  back  to  clear  the  next  car.  Six  to 
eight  of  these  1-yd.  cars  were  thus  assembled 
into  a  train  which  was  hauled  out  by  team. 
Twelve  to  fourteen  men  loaded  the  cars  antl 
shunted  them  about  as  indicated.  Shoveling 
being  so  very  easy,  only  a  few  minutes  were 
required  to  load  a  ca'r  and  from  l.jO  to  20ii 
cars  per  24-hour  day  could  be  readily  handled 
at  one  heading.  The  location  of  this  narrow- 
gage  track,  spoil  banks,  etc.,  are  shown  in 
Fig.  5. 

In  starting  at  the  portals.  Section  B  could 
not  be  driven  from  the  open  face  on  account 
of  the  great  danger  of  breaking  down  of  the 
overhanging  rock.  To  avoid  this  danger  a 
cross  drift  about  6  ft.  wide  was  carried  across 
between  the  side  drifts  and  alwut  82  ft.  in 
from  the  portal.  In  this  drift  two  ribs  with 
the  lagging  were  placed.  Work  on  the  head- 
ing then  progressed  outward  to  the  portal. 
This  afforded  protection  at  all  times  to  the 
men  and  by  placing  the  ribs  at  2  ft.  centers 
near  the  portal,  very  little  of  the  roof  was 
left  unsupported  and  no  trouble  ensued.  This 
of  course  made  the  start  slow  as  all  muck 
had  to  be  removed  through  the  side  drifts. 
This  slow  period,  however,  was  passed  while 
the  last  cuts  of  the  steam  shovel  were  being 
made  in  the  open  cuts  so  that  when  the  shovel 
was  through,  everything  was  readv  for  full 
tunnel  driving.  A  view  of  the  side  drifts  at 
the  cast   portal   is  shown   in   Fig.  C. 


the  ventilation  became  rather  poor,  due  partly 
to  the  fact  that  this  was  on  an  ascending  grade. 
To  improve  conditions  the  west  drifts  were 
crowded  ahead  and  brought  to  a  meeting 
with  the  east  portal  drifts  even  though  the 
muck  had  to  be  wheeled  for  a  considerable 
distance.  When  the  drifts  met  a  very  strong 
natural  air  current  was  set  up  providing 
ample  ventilation.  In  fact,  curtains  had  to  be 
placed  so  as  to  check  the  current  partially  in 
order   to  keep  lights  burning. 
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Fig.  7.     Timbering  of  the  Chicago  &  North- 
western  Ry.  Tunnel. 


Candles  were  used  principally  for  the  il- 
lumination at  the  working  face  and  banjo 
torches  were  used  to  light  the  teamwav.  The 
large  section  of  the  tunnel  and  the  white  color 
of  the  rock,  assisted  greativ  in  the  distribu- 
tion of  the  light  so  that  for  300  ft.,  or  more 
at  each  end,  very  little  artificial  light  was  re- 
quired by  the  day  shift. 

A  variety  of  drills  was  used.  In  the  softer 
strata  twist  drills  were  used  to  very  good 
advantage.  These  were  simply  carpenters' 
augers  with  the  lips  remodeled.  In  many 
places  these  could  he  bored  into  the  rock  as 
fast  as  a  carpenter  would  bore  into  wood.  In 
harder  rock  the  common  rock  drills  driven 
with  sledges,  or  churn  drills  in  the  case  of 
the  bench  holes,  were  used.  No  water  was 
required. 

The  progress  after  the  work  was  organized 
a\eraged  4    ft.  per  21  hours  at  each  heading. 
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Fig.   8.     Section    Showing    Method    of    Placing  Concrete     Lining,    Chicago    &    Northwestern 

Ry.    Tunnel. 
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on  the  ribs  at  various  points.  If  this  had  been 
fully  anticipated  before  work  was  started, 
it  is  quite  probable  that  the  design  of  the 
arch  section  would  have  been  somewhat 
changed.  When  tliis  became  apparent,  it  was 
too  late  to  make  any  changes.  The  joint  at 
the  upper  end  of  the  third  segment  gave  the 
most  trouble,  partly  because  for  quite  a  dis- 
tance there  was  a  fault  in  the  rock  at  this  lo- 
cation. The  settlement  of  this  joint  became 
so  pronounced  in  some  cases  that  long  shores 
of  cedar  piles  were  placed  to  support  it. 
These  shores  were  generally  left  in  place 
until  after  the  concrete  linin"'  was  in  'and 
set  up.  In  such  cases  boxes  were  placed 
around  the  tons  of  the  piles.  These  boxes 
were  shaped  like  a  truncated  pyramid,  big 
end  i:p,  and  after  the  piling  was  removed  the 
boxing  was  taken  out  ard  the  hole  concreted. 

In  five  or  six  instances,  the  timber  seg- 
ments settled  so  as  to  leave  only  a  few  inches 
between  them  and  the  line  of  the  finished 
concrete  lining.  In  these  cases  T-rails  were 
bent  to  fit  the  location  and  one  placed  on 
either  side  of  the  rib.  After  the  concrete  in 
the  arch  had  been  brought  up  well  onto  the 
rail  ends  and  set  up,  the  timbers  were  removed 
and  the  lagging  supported  by  the  rails  giving 
practically  the  same  section  of  concrete. 

At  one  point  near  the  east  portal,  three  ribs 
with  the  lagging  fell  to  the  floor  of  the  tunnel. 
bringing  with  them  10()  cu.  yds.  or  more  of 
rock  from  the  roof.  The  portion  which  fell 
was  back  of  the  working  face  and  gave  suffi- 
cient warning  so  no  one  was  caught.  In  this 
particular  case  sufficient  care  had  not  been 
taken  to  see  that  all  joints  were  properly 
wedged  up,  resulting  in  a  deformation  of  the 
rib  under  heavy  concentrated  load.  The  oc- 
currance  proved  a  valuable  lesson  not  there- 
after forgotten.  The  opening  was  very  dif- 
ficult to  fill  and  the  replacing  of  the  ribs 
and  lagiring  and  packing  of  the  space  occupied 
about  four  days'  time.  This  accident  was  the 
only  one  during  the  progress  of  the  work  and 
the  tunnel  was  completed  without  the  loss  of 
any  life  or  the  serious  injury  to  any  work- 
man. Figure  7  is  a  view  showing  the  timber 
lining  and  something  of  the  method  of  ex- 
cavation. 

C0^'CRF,TE    LINING. 

On  account  of  interference  between  the 
driving  and  the  lining  forces,  the  concrete 
lining  was  not  started  until  the  driving  of 
the  tunnel  was  about  two-thirds  complete. 
One  mixer  was  placed  at  each  portal  and 
about  level  with  the  top  of  the  tunnel  so  that 
mixed  material  was  dumped  by  gravity  direct 
ly  into  small  cars  on  the  runways.  Figure  S 
shows  this  runway  platform  just  above  the 
spring  line  of  the  arch.  All  material  bein.u 
chuted  down  to  elevations  below  while  for 
the  portion  above  the  mixed  concrete  was 
dumped  on  the  platform  and  shoveled  into  the 
forms. 

Figure  5  also  shows  the  general  arrange- 
ment of  the  contractor's  plant  and  the  method 
of  operation.  It  will  be  noted  that  at  the 
west  portal  stone  and  sand  were  unloaded  by 
a  clamshell  operated  from  a  guy  derrick.  The 
same  clamshell  reloaded  the  material  from 
the  stock  pile  into  dump  cars  which  were 
then  hauled  by  team  up  to  a  chute  at  the 
portal  above  the  mixer.  Very  little  hand 
shoveling  was  thus  required  at  the  west  end. 
Since  more  than  three-fourths  of  the  concrete 
was  placed  by  the  west  plant,  it  was  thought 
that  the  small  amount  handled  at  the  east 
portal  would  not  justify  the  expense  of  in- 
stalling machinery.  Consequently  at  the  east 
workings,  concrete  material  was  unloaded 
from  cars  and  reloaded  into  wagons  by  hand. 
The  wagons  were  hauled  by  team  on  a  lung 
detour  to  above  the  portal  and  dumped 
throrgh  a  bridge  into  the  chute  above  the 
mixer   as   shown; 

At  both  ends  the  standard  gauge  track  had 
been  laid  up  as  closely  as  possible  to  the 
portals  before  the  concreting  was  started  so 
all  material  was  switched  to  the  indoading 
points  by  the  railway  company  on  its  own 
track. 

A  very  good  quality  of  bank  run  gravel  was 


supplied  by  the  railway  company  from  its 
gravel  pit,  from  which  ballast  was  being  ob- 
tained. This  material  was  loaded  at  the  pit 
by  the  steam  shovel  at  small  expense.  The 
bank  run  material  screened  out  about  50 
per  cent  sand  and  sufficient  stone  was  added 
to  make  the  final  mix  a  1 :2 :4  concrete. 

The  portals  were  completed  first  and  the 
lining  carried  inward  from  the  ends  joining 
about  one-fourth  of  the  distance  from  the 
east  portal  as  stated.  Footing  concrete  was 
placed  well  ahead  so  as  not  to  interfere  with 
the  form  work.  Side  forms  were  of  the  usual 
construction  of  vertical  studs  and  horizontal 
matched  sheathing.  The  studs  were  capped 
with  a  plate  on  which  the  arch  centers  rested. 
The  side  wall  studs  were  placed  opposite  the 
plumb  posts  and  wired  through  to  them  in 
the  usual  manner.  Bulkheads  were  built  at 
16  ft.  intervals  and  one  IG-ft.  length  con- 
creted every  working  day.  After  a  section 
of  side  wall  was  poured  and  set,  centers  were 
erected  and  a  16-ft.  length  of  arch  was  also 
completed  daily,  but  of  course  the  side  walls 
were  always  about  two  days  in  advance  of 
the  arch. 

The  method  of  concreting  the  arch  above 
the  level  of  the  working  platforms  was  to 
dump  the  concrete  mixture  on  the  platform 
and  shovel  from  there  into  the  forms.  Strips 
of  lagging  were  placed  as  fast  as  the  filling 
of  the  forms  progressed.  Care  was  of  course 
taken  to  see  that  no  voids  were  left  around 
the  timbers  but  with  the  medium  wet  mixture 
used  very  little  spading  or  tamping  was  re- 
quired. When  the  lagging  had  been^  carried 
up  both  sides  so  that  only  about  4  ft.  in  width 
of  space  remained,  the  balance  of  the  concrete 
was  placed  from  the  end  and  rammed. 
For  this  key  section,  lagging  was  cut  to  4-ft. 
lengths  reaching  onlv  from  one  center  to  the 
next.  Concrete,  thus  had  to  be  handled  in 
end  only  4  ft.  permitting  proper  packing  and 
tamping. 

The  usual  procedure  was  to  fill  16  ft.  of 
the  side  wall  forms  and  the  portion  of  the 
arch  section  below  the  platform  during  the 
day  shift  and  to  complete  the  arch  section 
during  the  night  shift.  This  arrangement  per- 
mitted running  the  heavy  yardage  during  the 
day  and  doing  the  slow  work  and  light  vard- 
age  at  night.  Only  a  small  night  shift  was 
thus  required  and  the  hauling  of  material  by 
team  at  night  was  wholly   avoided. 

The  side  wall  forms  were  stripped  and  the 
same  material  re-used  ahead  as  far  as  pos- 
sible. Since  there  was  no  load  on  the  arch, 
the  centers  could  also  be  struck  after  48 
hours  and  these  also  were  re-used  over  and 
over.  To  facilitate  the  striking  and  moving 
of  the  centers  wedges  were  placed  between 
the  ends  of  each  ply  of  plank  composing  the 
center  at  a  joint  near  the  crown,  and  the  cen- 
ters were  only  bolted  together  at  the  laps  ad- 
jacent. Bolts  first  being  removed,  the  wedges 
were  knocked  out,  permitting  ready  removal 
of   the   center   in   two   sections. 

The  concrete  lining  was  placed  largely  in 
November  and  December  and  an  unusually 
cold  period  during  these  months  made  it  nec- 
essary to  take  precautions  to  insure  the  best 
quality  of  concrete.  Sand  and  stone  were 
heated  by  steam  boxes  at  the  unloading  points 
and  also  in  the  slides  when  necessary.  '\\'ater 
was  heated  in  the  supply  tank  on  the  lop  of 
.the  hill  and  both  ends  of  the  tunnel  were 
closed  with  canvas  curtains.  With  the  cur- 
tains down  and  the  large  number  of  torches 
and  lights  in  use  inside,  it  was  unnecessary  to 
provide   any   other   interior  heat. 

The'  concrete  lining  was  completed  and 
forms  and  machinery  out  of  the  way  of  track 
laying  on  Jan.  3,  1912.  Track  wa^  laid  through 
the  tunnel  and  rock  ballast  placed  so  that 
the  line  was  opened  for  traffic  on  Jan.  10,  lOl'J, 

Mr.  E.  C.  Carter  was  Chief  Engineer,  Mr. 
W.  H.  P'inley  was  Assistant  Chief  Engineer, 
and  the  writer  was  Resident  Engineer  for 
the  railway  company.  Winston  Bros.  Co.  of 
Minneapolis  were  the  general  contractors,  and 
Rates  &  Rogers  Construction  Co.,  Chicago, 
were   sub-contractors   for   the  concrete  lining. 


The  Meaning  of  Government  Regula- 
tion of  Railroads. 

Sirs  :  It  is  suggested  for  discussion  :  Does 
not  government  regulation  mean  as  a  matter 
of  fact  government  ownership  in  whole  or 
in  part — that  the  logical  end  of  government 
regulation  is  government  ownership,  absolute 
and   complete? 

Left  to  themselves,  the  railroads  earn  what 
can. 

Now  comes  the  court  and  limits  them  to 
fair  return  on  the  value  of  the  property  in 
service.  "Fair"  is  an  indeterminate  word, 
but  nevertheless  it  is  proposed  to  set  a  limit 
or  limits.  To  limit  returns,  rates  are  lim- 
ited. If  a  property  would  earn  8  per  cent 
under  competitive  conditions,  and  the  govern- 
ment cuts  it  down  to  6  per  cent,  then  the 
value  of  the  property  which  would  have  ac- 
crued from  the  2  per  cent  is  taken  away  from 
the  owners  and  distributed  among  the  public. 
The  owners  have  the  remaining  value.  The 
ownership  of  the  value  as  it  originally  ex- 
isted has  been  divided  and  distributed  part 
to  the  public  and  part  to  the  original  owners. 

The  essential  features  of  ownership  may  be 
considered  as  profits,  losses  and  responsi- 
bility. Any  actual  limitation  of  profits  amounts 
to  the  destruction  or  taking  away  of  value.  In 
this  case  it  is  not  destroyed,  but  taken  away 
and  given  to  the  public.  Evidently  the  proc- 
ess of  lowering  rates  cannot  continue  without 
a  wholesale  destruction  and  driving  away  of 
capital,  unless  losses  are  correspondingly  lim- 
ited. Of  course  the  capital  invested  will  not 
be  really  destroyed.  There  is  simply  a  trans- 
fer of  an  essential  feature  of  ownership  from 
the  stockholders  to  the  people  at  large. 

If  losses  are  correspondingly  limited  and 
a  minimum  return  assured,  we  then  have  two 
limits  as  to  profits — a  high  limit  and  a  low 
limit.  The  value  to  the  owners  in  such  case 
may  remain  unchanged.  To  preserve  this 
value,  however,  the  low  limit  must  be  raised, 
just  as  the  high  limit  is  cut  down  ;  until  finally 
with  the  increase  of  regulation.  •  both  as  to 
rates  and  operation,  we  shall  arrive  at  a  point 
where  the  government  and  public  own  the 
railroads,  and  the  stockholders  own  a  govern- 
ment bond. 

-Any  regulation  of   rates  short  of  this  limit 
will  constitute  partial  ownership  by  the  pub- 
lic ;    an    effective    transfer    of    values    where 
profits   are   limited,   or    an   approach   to_  com- 
plete government  ownership  where  profits  are 
both    limited    and    guaranteed. 
■Very  truly  yours, 
C.  P.  How.\Rn,  M.  .Am.  Soc.  C.  E. 
Chicago,   111.,   January   17,   1914. 
(Some    of    the    essentials    of    "ownership" 
used  in  its  popular  sense   (with   the  meaning 
of  the  man  who  asked,  "Shall  I  not  do  as  I 
please  with  mine  own?")  have  been  for  some 
time  passing  from  railway  stockholders  to  the 
commonwealth  through  the  powers  vested  by 
the  public   in   the   Interstate  Commerce  Com- 
mission. 

If  regulation  is  pushed  to  the  point  of  ac- 
tually discouraging  present  owners  by  large 
risks  and  small  returns  government  opera- 
tion may  at  any  time  become  necessary  and 
thus  make  public  ownership  virtually  com- 
plete. 

It  is  conceivable  that  government  repre- 
sentatives or  officials  may  some  day  be  ca- 
pable of  handling  economically  the  enormous 
inisiness  of  the  railways;  but  it  is  to  be  hoped 
that  this  revolution  (supposing  it  to  be  in- 
evitable) will  he  gradually  and  quietly  brought 
about  and  that,  meantime,  the  interested  co- 
operation of  those  who  now  own  and  manage 
our  transportation  systems  may  be  held  by 
fair  treatment  and  payment  proportionate  to 
performance. — Editors.) 


The  main  line  of  the  Grand  Trunk  Pacific 
Railway  has  now  been  completed  to  a  point 
liO.'i  miles  east  of  Prince  Rupert,  B.  C.,  and 
trains  are  in  operation  as  far  as  Mile  301, 
Rose  Lake.  Steel  has  been  laid  to  Mile  1240 
west  of  Winnipeg  or  14.5  miles  west  of  Tetc 
Juane. 
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Volume  and   Cost  of  Water  Required 
for  Concrete  Road  Construction. 

Till-  contractor  lor  building  and  general 
concrete  work  seldom  has  need  to  concern 
himself  much  about  the  source  and  cost  of 
his  water  supply.  Mi.\ing  water  onlv  is  re- 
quired, say  50  gals,  per  cubic  yard.  There  is 
a  water  cost  of  course  but  it  is  substantially 
cost  at  tap  for  most  city  work,  and.  elsewhere, 
cost  of  pumping  or  carrying  only  a  short 
distance.  Conditions  are  greatly  different 
when  a  concrete  road  is  the  task  in  hand. 
Here,  securing  and  delivering  water  become 
problems  in  the  most  favorable  locations  and 
they  become  real  difficulties  when  the  work 
IS  in  dry  country.  In  arid  regions,  water  for 
concrete  road  construction  is  veritably  i 
precious  thing.  A  hint  of  these  facts  'will 
be  found  in  this  issue  in  two  of  the  articles 
on  concrete  road  construction  but  the  facts 
deserve   further  emphasis. 

Concrete  contractors  who  undertake  con- 
crete road  work  for  the  first  time  will  dis- 
cover that  the  volume  of  water  required  is  ui'- 
suspectedly  great.  No  more  mi.xing  water  is 
required  for  concrete  for  road  than  for  con- 
crete for  other  work  but  in  road  construction 
there  are  two  other  demands  for  water  and 
each  is  greater  than  is  the  demand  for  mix- 
ing water.  Water  is  employed  in  the  con- 
struction of  the  earth  sub-base  for  the  Con- 
crete slab  and  water  is  emploved  to  cure  the 
concrete  slab  after  it  is  laid.  The  supply  and 
delivery  of  water  for  sprinkling  sub-grade 
and  curing  pavement  are  as  nuich  a  demand 
as  are  the  supply  and  deliverv  of  water  for 
mi.xing  the  concrete:  the  only  difference  is 
that  the  volumes  of  water  required  for 
sprinkling  and  curing  are  not  so  nearlv  con 
stant  as  is  the  volume  required  for  mi.xing. 

Probably  a  fair  average  of  the  volume  of 
water  required  for  mixing  concrete  for  road 
work  is  ')(>  gals,  per  cubic  yard.  This  volume 
will  seldom  be  decreased  but  at  times  it  may 
be  increased  though  for  road  work  the  in- 
crease is  not  likelv  to  be  large.  Praclicallv. 
the  volume  of  water  required  for  mixing  in 
any  case  remains  constant  regardless  of  nat- 
ural conditions.  On  the  contrary  the  nature 
of  the  soil,  the  season,  the  climate  and  the 
weather  all  influence  the  volume  of  water 
that  will  be  required  for  sprinkling  sub-grade 
and  for  curing  the  pavement.  .Specific  figures 
arc  scarce.  In  the  article  in  this  issue  on 
Calilorni.i  .State  Road  work  the  author  gives 
no  quantities  Inn  assumes  in  distributing  his 
water  costs  that  ccpial  voltmies  were  em- 
ployed for  mixing,  for  wetting  sub-grade, 
anci  for  curing  pavement.  .Assuming  "(0  gal.i. 
for  inixing,  the  total  volume  of  water  con- 
sumed for  all  three  purposes  was  I'lO  gals, 
per  cubic  yard  of  concrete  pavement  laid. 
This  tigure  is.  we  imagine,  not  far  from  a 
mean  value.  On  concrete  road  work  in  Cali- 
fornia known  to  the  editors  maximum  figures 
gave  per  cubic  yard  i>f  concrete  HiO  i^als.  for 
welling  sub-grade,  ."lO  gals,  for  mixing  con- 
crete and  HO  gals,  for  curing  pa\einenl,  .i 
tol;il  ,if  J.'io  gals,  or  say  one  ton  of  w.ilei  per 
cubic  yard  of  concrete  pavement.  .Minimum 
figures  reduce  the  total  volinne  some  7."i  per 
cent. 

Not  including  water  for  steam,  camp  use. 
etc.,  concrete  road  construction  requires  from 
Iflt  gals,  to  2o0  gals,  of  water  per  cubic  yanl 
of  concrete  in  place.  These  (piantitics  aloni 
arc  quite  sufficient  to  denionstrate  the  im- 
portance of  the  cost  item  for  water  supplv. 
On  the  California  -Stale  Road  work  already 
mentioned  water  supplv  and  delivery  cost 
about  $18  per  day  per  !'>•'  '•n.  yds.  of  concrete 


pavement  laid  or  virtually  18  cts.  per  cubic 
\ard.  In  this  work  the  water  was  pumped 
and  piped  along  the  work,  and  in  all  cases 
but  one.  pumping  was  possible  from  natural 
streams.  The  one  exception,  however  is 
worth  noting  because  in  much  semi-arid  and 
arid  country  the  construction  of  wells  for 
water  supply  will  be  the  rule  and  not  the  ex- 
ception. 

The  necessity  of  installing  virtuallv  a  wa- 
ter supply  .system  for  concrete  road  Work  is 
likely  to  come  as  a  surprise  to  the  contractor 
whose  concrete  construction  has  been  in 
cities  and  where  water  is  directiv  available 
and  also  where  about  the  only  water  required 
is  that  used  in  mixing.  It  is  a  necessitv.  how- 
ever, and  one  that  is  not  confined  to  dry 
country  In  the  article  in  this  issue  on  the 
La  Salle.  111.,  concrete  road,  the  author  states 
that  it  is  the  custom  in  such  work  of  the  Illi- 
nois Highway  Commission  to  "construct  a 
complete  system  of  pipe  lines  to  which  water 
may  be  furnished  by  city  pressure  or  by  a 
pressure  pump  operated  by  a  gasoline  engine."' 
While  a  pumping  and  pipe  line  system  may 
seem  a  rather  expensive  item  one  has  onlv 
to  figure  for  a  hit,  tank  wagon  hauling  costs 
to  .see  that  the  pumping  system  may  often  be 
an  investment  well  warranted.  A  hauling 
cost  of  25  cts.  per  ton  mile  is  not  a  high  cost 
on  many  works  of  construction  and  240  eals. 
of  water  weigh  a  ton.  The  editors  have 
knowledge  of  pieces  of  concrete  road  work 
in  dry  country  where  the  cost  of  haul-ng  wa- 
ter amounted  to  25  cts.  per  mile  hauled  per 
cubic  yard  of  concrete  in  pavement. 

In  closing  the  need  may  well  be  noted  for 
the  publication  of  more  precise  figures  on  the 
volume  of  water  required  for  concrete  road 
construction.  .Mso  there  may  lie  noted  the 
importance  of  studies  to  determine  the  meth- 
od of  curin.g  concrete  pavement  that  is  most 
economical  in  water  consumption.  The  arti- 
cles in  this  issue  and  already  referred  to  offer 
items  of  interest   in   this  determination. 


Stresses  in  Concrete  Roads  and  Re- 
quired Thickness  of  Slabs. 
The  rc(|uired  ihicknos  ni  concrete  ro,i(l> 
and  concrete  foundations  for  various  types 
of  pavements  has  not  been  given  a  great 
amount  of  real  stuily.  In  most  cases  engi- 
neers have  decided  upon  a  certain  thickness 
after  noting  what  others  have  been  using- 
ihe  "others"  |)robably  had  no  better  data  lo 
guide  them.  Hy  reviewing  specificatii>ns  for 
work  ilone  in  various  localities  one  must  con 
elude  that  the  .soil  and  traffic  conilitions  have 
b.id  little  to  do  vyilh  the  determination  of  the 
thickness  of  the  slab.  I'rom  the  nature  of 
the  problem  it  is  impossible  to  get  a  clelinite 
solution  for  any  particular  case  without  mak- 
ing some  assumptions,  but  careful  invcsliga- 
liiins  and  tests  should  lend  to  reduce  the 
number  of  assimiplions  required.  In  this  i-- 
sue  there  is  an  article  on  the  approximate 
stresses  in  and  retpiired  thickness  of  a  con 
linurius  slab  sup|>irted  on  a  yielding  fminda- 
tioii  and  stibjecleil  lo  a  concentrated  load. 
.Assumptions  are  made  m  this  investigation 
as  to  the  distribuiion  of  the  load  over  the 
foundation  material.  This  paper  is  offered 
as  a  means  of  stimulating  discussion  and  in- 
vestigation rather  th.in  as  furnishing  working 
formulas  Some  of  us  are  loo  much  inclined, 
either  to  accept  the  conclusions  of  investiga- 
tions without  following  out  the  analyses,  or  to 
dismiss  any  mathematical  investigation  with- 
out giving  it  due  consideratioti.  The  great  call 
for  empirical  formulas  which  can  be  applicrl 
without  much  effort  on  the  part  of  the  engi- 
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neer  is  an  evidence  of  this  tendency.  .\  rigid 
mathematical  investigation  which'  is  based 
upon  the  same  assumptions  as  one  which  onlv 
considers  the  results  of  observation  is  cer- 
tainly of  greater  value.  Of  course  both  are 
useless  if  the  conclusions  are  entirely  erron- 
eous. It  is  essential  that  we  develop  better 
methods  of  determining  the  required  thick- 
ness of  concrete  roads.  We  will  all  agree 
that  the  use  of  a  slab  which  is  too  thin  to 
give  efficient  service  is  poor  practice,  but  is 
not  the  error  just  as  serious  if  we  make  the 
slab  thicker  than  is  required  to  meet  soil  and 
traffic  conditions?  In  the  first  case  the  pave- 
ment will  have  a  short  life,  but  in  the  latter 
case  many  of  us  will  not  have  a  pavement  at 
all.  in  constructing  roads  and  pavements  the 
question  of  safety  is  not  one  which  demands 
great  attention ;   that  of  cost  is  paramount 


The     Latest     Concrete    Dam     Failure 

and   Its   Lesson. 

In  an  editorial  published  in  this  journal 
of  Dec.  11,  1912,  we  commented  upon  the 
failure  of  the  concrete  dam  at  .\ustin.  Pa., 
and  stated  that  the  failure  of  this  structure, 
in  connection  with  all  the  attendant  circum- 
stances, constituted  a  forceful  argument  in 
support  of  the  desirability  of  the  state  con- 
trol of  the  design,  construction  and  operation 
of  dams.  The  latest  concrete  dam  failure, 
that  of  the  Stony  River  dam.  near  Dobbin, 
W.  Va.,  which  occurred  on  January  15  of  thi^ 
year,  is  an  additional  indication  of  the  need 
of  state  censorship  of  dam  construction.  The 
two  failures  mentioneil  present  such  strong: 
contrasts,  in  many  important  particulars,  that 
considered  together  ihey  go  far  toward  mak 
ing  a  complete  exposition  of  the  reasons  wh\ 
state  control  of  the  engineering  and  operation 
of  dams  is  so  desirable.  With  this  fact  ii. 
mind,  we  are  here  reviewing  very  briefly  whai 
we  previously  pointed  out  relative  to  the  Aus 
tin  dam  failure  before  taking  up  the  discus- 
sion of  the  recent  failure  of  the  Stony  Rive; 
dam. 

The  ilesigncr  of  the  .\ustin  dam  hail  two  limi 
tations  placed  upon  him  by  the  owner,  namely, 
minimum  cost  an(l  maximum  height.  .As  re- 
vealed hy  the  failure  of  the  dam  the  de- 
signer's mistake  in  building  this  dam  was  in 
trusting  to  the  rock  foundation  as  being  im- 
pervious. The  cause  of  the  failure  was  the 
sliding  of  one  stratum  of  the  underlying  sand- 
stone upon  another,  after  the  intermediate 
layer  of  shale  and  gravel  had  been  softened 
by  the  water  which  seepetl  through  it.  The 
most  striking  fact  in  connection  with  the  .Aus 
tin  dam  disaster  was  that  the  structure  failed, 
in  an  engineering  sense,  on  Jan.  2.'i  1910.  and 
was  demolished  on  Sc(>l.  30.  lf>ll,  over  If 
months  later.  .After  the  failure,  when  the 
dam  dropped  down  some  fi  ins  at  the  toe. 
near  the  center  of  the  spillway,  and  slid  out 
at  the  spillway  about  18  ins.',  the  striiclure 
was  not  really  a  dam,  but  was  a  vertical  con 
Crete  wall  broken  in  i\vi:  or  six  distinct  and 
*ci>arate  sections.  Water  was  impounded  by 
this  broken  concrete  wall  between  the  dates 
inentioncd.  During  this  period  water  con- 
tinued to  leak  through  the  underlying  strata 
and  this  leakage  going  on  at  great  prcs.sure, 
that  due  to  a  head  ranging  from  25  to  .52  ft., 
washed  much  of  the  shale  and  gravel  away, 
thereby  leaving  llie  heavy  concrete  walls  with 
a  foundation  which  gradually  weakened  un- 
til   the    final   collapse   came. 

The  failure  of  the  Stony  River  dam  was 
only  partial  in  that  but  5  of  60  15-ft.  bays 
of   an   .Amburscn   type  of  reinforced  concrete 
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dam  collapsed :  tlJ%  dam  was  1,065  ft.  in  total 
length,  including  the  earth  embankments  at 
the  ends  of  the  concrete  section,  and  51  ft. 
high  at  its  deepest  section.  This  failure 
caused  very  little  propertj*  damage,  aside  from 
the  damage  to  the  dam  itself,  and  no  lives 
were  lost.  The  dam  as  built  was  chosen  in 
preference  to  three  alternative  designs  for 
hollow  reinforced  concrete  dams.  Faulty 
foundations  caused  the  failure.  Throughout 
the  greater  portion  of  the  dam  the  cut-off  wall 
was  carried  down  to  bed  rock.  Where  the 
failure  occurred,  however,  the  cut-off  wall 
was  carried  down  only  to  hard-pan  which  was 
10  ft.  above  the  surface  of  the  bed  rock.  A 
narrow  band  of  sand  existed  only  a  few 
inches  below  the  cut-off  wall  in  this  section, 
and  through  this  layer  of  sand,  which  was 
intermixed  with  clay  and  some  coal,  the  im- 
pounded water  seeped  out  and  gradually  gain- 
ing in  velocit>'  of  flow  and  transporting  power 
undermined  enough  of  the  dam  to  induce  fail- 
ure by  flexure. 

The  usual  exploratory  pits,  in  this  case  6 
to  S  ft.  square,  were  sunk  to  test  the  nature 
of  the  natural  foundation  for  the  dam,  but 
these  pits,  in  the  section  where  the  cut-off 
wall  was  not  carried  down  to  bed  rock,  were 
only  three  in  number.  These  pits  ranged  in 
depth  from  18  to  22  ft.,  it  is  reported,  and 
from  the  bottoms  of  these  test  pits  coal-auger 
borings  were  made  to  an  additional  depth  of 
14  ft.  Two  of  these  three  auger  borings 
reached  bed-rock':  the  third,  the  one  closest 
to  the  end  of  the  dam.  did  not.  The  test  pit 
closest  to  the  section  which  ultimatelv  failed 
was  200  ft.  from  it.  All  test  pits  were  sunk 
along  the  crest  line  of  the  dam.  which  is 
seveml  feet  from  the  cut-off  wall.  In  the 
full  length  of  the  dam,  1.06-5  ft.,  only  20 
of  these  exploratory  test  pits  were  put  down. 

In  comparing  these  two  dam  failures  there 
are  two  points  of  strong  similarity,  namely, 
each  failure  resulted  from  defective  founda- 
tions, and  in  both  cases  the  construction 
proper   was  well   executed. 

There  are  several  points  of  marked  dis- 
similaritj-  of  which  the  following  are  men- 
tioned :  The  .Austin  designer  was  instructed 
to  keep  the  cost  down  to  a  minimum  and  in 
designing  he  made  three  separate  designs, 
reducing  each  cross  section  a  little  until  he 
got  the  least  which  he  believed  to  be  safe. 
The  owners  of  the   Stony  River  dam  wanted 


a  first  class  dam  above  all,  and  did  not  im- 
pose the  minimum  cost  limitation  upon  the 
designer.  The  collapse  of  the  former  dam 
did  not  occur  until  18  months  after  its  fail- 
ure, while  the  wrecked  bays  of  the  latter  dam 
collapsed  within  24  hours  after  the  first  leak- 
age under  the  cut-off  wall  was  observed. 
While  both  failures  resulted  from  defective 
foundations  the  fault  in  one  case  was  in 
not  understanding  the  tendency  of  one  rock 
stratum  to  slide  upon  another,  and  in  the 
other  case  the  fault  was  in  failing  to  carry 
the  cut-off  wall  to  rock. 

Briefly,  the  lesson  which  we  would  have 
engineers  draw  from  the  failure  of  the  Stony 
River  dam  is  the  same  as  that  indicated  in 
our  editorial  of  Dec.  11,  1912,  to  which  we 
have  referred.  The  state  control  of  the  de- 
sign, construction  and  operation  of  dams  is 
desirable  when  viewed  from  the  standpoint  of 
the  engineer,  the  owner  and  the  public.  The 
designer  of  the  Austin  dam  said  its  failure 
was  not  the  result  of  poor  workmanship,  but 
of  poor  judgment  upon  his  part  in  determin- 
ing upon  its  foundation.  He  stated  that  he 
should  have  sought  the  advice  of  a  man  more 
skilled  than  himself  in  determining  founda- 
tions for  dams.  He  stated  that  had  there 
been  a  state  censor  of  dam  engineering  it 
might  have  resulted  in  saving  this  dam.  We 
believe  that  such  an  officer  would  very  likely 
have  suggested  a  proper  method  of  safeguard- 
ing the  design  of  this  dam  and  would  have 
done  so  independently  of  the  owner's  insist- 
ance  that  construction  costs  be  kept  down. 
The  Austin  dam  affords  a  striking  illustration 
of  the  need  of  state  supervision  of  dam  oper- 
ation since  the  broken  concrete  wall  was  al- 
lowed to  serve  as  a  dam  for  a  year  and  a 
half  before  it  collapsed.  It  would  have  been 
a  poor  state  officer  indeed  who  would  have 
tolerated    such    a    practice. 

Similarly  we  believe  that  a  state  censor  of 
dams  would  have  insisted  that  the  cut-off 
wall  of  the  Stony  River  dam  be  carried  down 
another  10  ft.  to  bed  rock  to  make  a  proper 
water  seal  below  the  dam.  Such  action  would 
probably  have  saved  this  partial  failure  and 
would  have  made  impossible  the  exaggerated 
newspaper  accounts  of  the  failure  which  un- 
questionably has  tended  to  still  further 
weaken  popular  confidence  in  the  stability  of 
all  dams.  That  the  failure  was  not  unthought 
of  is  indicated  by  the  fact,  as  we  Iiave  it  on 


good  authority,  that  the  contractors  who  too'.: 
over  the  work   from  the  original  contractors 
after   one-fourth   of   the   dam   had   been   con- 
structed pointed  out  in  writing,  before  start- 
ing work,  the  possibiht3-  of  a   failure  at  jv. 
the    point    where    the    failure    occurred.     W 
consider    it    extremely    probable    that    a    st./ 
censor  of  dams  would  have  heeded  this  advic 
and  would  have  insisted  upon  proper  cut-olt 
wall    construction. 


Professional  Standing  and  Pay  of  En- 
gineers. 

That  engineers  and  engineering  societies 
are  giving  increased  attention  to  those  mat- 
ters which  affect  their  professional  standing 
and  material  welfare  is  evident.  It  is  un- 
doubtedly true  that  engineers  can  and  should 
e.xert  a  wider  influence  in  public  affairs  than 
they  now  do.  Members  of  the  engineering 
profession  are  revising  their  ideas  as  to  what 
constitutes  engineering  practice  and  are 
broadening  their  fields  of  endeavor.  In  prac- 
tically all  discussions  which  arise  the  terra 
"professional  dignity"  is  an  important  factor. 
If  it  is  true  that  engineers  are  poorly  paid, 
when  the  service  rendered  by  them  is  taken 
into  consideration,  then  we  do  not  believe 
that  their  professional  dignity  will  suffer 
from  legitimate  endeavors  to  increase  their 
stipend.  The  recent  address  by  the  president 
of  the  Illinois  Society  of  Engineers  and  Sur- 
veyors on  "The  Functions  of  the  Engineer- 
ing Society,"  which  appears  in  this  issue,  em- 
phasizes the  fact  that  this  society,  at  least,  is 
actively  engaged  in  an  attempt  to  promote  the 
material  welfare  of  its  members  and  of  engi- 
neers in  general.  In  this  address  the  writer 
points  out  some  things  which  have  been  ac- 
complished, and  contends  that  a  proper  func- 
tion of  the  engineering  society  consists  of 
actively  promoting  the  material  status  of  the 
engineering  profession  and  of  its  individual 
members.  Other  organizations  are  engaged 
in  similar  work,  more  or  less  actively,  and  the 
whole  question  is  one  that  requires  a  solu- 
tion. If  the  present  professional  standing 
and  pay  of  the  members  of  the  engineering 
profession  are  satisfactory,  then  the  problem 
will  naturally  work  itself  out:  but  the  in- 
creasing agitation  of  the  question  rather  im- 
plies that  satisfactory  conditions  do  not  ex- 
ist and  that  concerted  action  on  the  part  of 
ciigineeri:    and    engineering   bodies    is   needed. 
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Method  and  Cost  of  Constructing  Con- 
crete   Road     With     Bituminous 
Wearing  Surface  in 
California. 

Conirioijted  by  C.  !>.  Rakestraw.  Resident  Engi- 
neer, California  Highway  Commission. 

Tl'.is  article  is  compiled  from  data  accumu- 
lated in  constructinc  14  miles  of  state  high- 
way (Contract  No.  16)  (Fig.  1)  from 
Healdsburg  to  Santa  Rosa,  California. 

SUBVEVINC. 

The  salient  feature  of  the  survey  methods 
was  the  combination  into  one  operation  of  the 
preliminary  surveys  and  the  location.  This 
procedure  reduced  the  number  of  men  re- 
quired for  surveys  and  made  it  unnecessary 
to  go  over  the  same  ground  twice.  It  also 
eliminated  an  office  force  to  study  and  work 
up  the  location.     The  construction  survey  was 

VI'        '■ .    first   because    of    the 

I'  ^ion  to  m.iintain  a  high 

st.i.    .  ...,■,.  and  second  because  ex- 

ceptiunal  .'iccuracy  was  demanded  by  the 
pmhnblc  increase  in  land  values  which  would 
result  from  the  improvement.  The  angles  in 
all  transit  points,  or  I.  T.'s,  were  read  as 
azimuth  angles  and  doubled.  At  each 
angle  point  a  suitable  even-radius  curve 
(minimum  radius  300  ft)  was  run  on  the 
ground,  and  the  stationing  of  the  survey  car- 
ried   cntiniiously     around    the    curve.      The 

/ 


angle  points  were  always  referenced  out 
either  by  the  ''cross-reference"  or  the  "three- 
way"  tie  method  to  telephone  poles,  power 
poles,  or  trees.  The  following  procedure. was 
followed  unless  the  country  was  so  rough 
that  scout  levels  and  preliminary  angle  lines 
were  necessary- : 

The  chief  of  party  went  ahead  and  decided 
upon  the  location  of  the  center  line,  consider- 
ing right-of-way,  grades  and  alinement.     The 


sa-o  - 


station,"  and  at  right  angles  to  the  center 
line.  These  stakes  were  set  far  enough  to 
the  side  of  the  center  line  to  prevent  their 
disturbance  by  the  construction  force.  The 
stakes  were  marked,  proceeding  with  the  sur- 
vey from  zero  station,  as  follows :  The  stake 
on  right-hand  side  opposite  each  point  was 
marked  on  the  side,  facing  Station  0  with 
its  station  number,  and  on  the  opposite  side 
with    its    distance   out    from   the   center   line: 


AsphoitfC  C  il  We^^  ' 


— 4*- i 

-?"  J  Profile  erode 


C!:lls. 
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4  Concrete  Foundation    e  i'c 
Fig.    1.    Cross   Section    of   California   State    Highway   from    Healdsburg  to  Santa    Rosa. 


transit  men  followed,  laying  out  the  line.  .Xt 
every  "station,"  "half  station''  (+.jO)  and 
curve  point  the  line  was  marked  by  driving 
a  3x%-in.  track  spike  through  four  thick- 
nesses of  red  bunting.  These  points  were 
temporary,  and  were  used  in  taking  topog- 
raphy of  fences,  poles,  houses,  culverts,  etc. 
After  the  center  line  was  run,  the  party  would 
place  "construction  stakes,"  one  on  each  side 
of  the  center  line  at  each  "station"  and  "half 


the  stake  on  the  left-hand  side  opposite  each 
point  was  marked  on  the  side  toward  Station    < 
0  with  its  distance  out   from  the  center  line, 
and  on  the  opposite  side  with  its  station  num- 
ber. 

Cross    sections    were    next    taken    in    suffi- 
cient detail  to  show  all  data  necessary  to  cal-    ■ 
culate   yardages :   special    refinement   was   em- 
ployed    in     determining     cross     sections     a 
streams  and  other  places,  where  a  new  struc- 
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ture    was    required    or    revetting    was    needed       ing,    based    an    actual    work,    is    the    cost    of      fore   about   4.7   cts.     Compared   with   this,   an 
.\ccurate    notes    were    taken    on    all    existing      hard  rooting,  using  teams :  18-ton    Kelly    Springfield    road    roller    would. 


Fig.   2.   Rooting   Old    Roadway    with    Twelve    Head    of    Horses, 
California   State    Highway. 


Fig.   4.      Placing    Side    Forms    for    Concrete    Base.    California 
State    Highway. 


structures:  these  were  in  enough  detail  to 
piTmit  recalculation  of  the  structure  to  de- 
tirminc  its  adequacy  under  the  adopted  lo-ton 
li)ad  of  the  Commission.  When  taking  cross- 
sections  the  ground  elevation  at  each  con- 
struction stake  was  taken,  reading  to  the 
nearest  tenth  of  a  foot,  and  the  elevation  of 
the  top  of  each  stake  was  taken,  reading  to 
the  nearest  one  hundredth  foot.  These  read- 
ings were  used  later  as  described  under  the 
head  of  rough  grading.  By  this  method  about 
K',000  ft.  of  line  per  day  was  cross-sectioned 
by  a  5-man  party.  Sections  were  taken  at 
every  station,  and  half-station,  and  as  close 
as  every  10  ft.  at  water  courses. 

The  complete  survey  usually  required  one 
week  to  complete  three  miles,  and  the  co>t 
was  $31.5,  or  about  $105  per  mile.  This  cos: 
includes  salaries,  board  and  lodging  for  five 
men,  keep  of  a  team  of  horses  and  care  of  ;i 
line  wagon.  The  axe  man  drove  the  team. 
This  cost  also  included  the  running  of  a 
check  traverse  which  had  to  close  1  in  -5.000, 
;ind  a  set  of  check  levels  over  the  benches, 
which  were  set  every  1.000  ft.  along  the  line. 

rRF.AKI.VG    UP   OLD   RO.\DS. 

Most  of  the  construction  was  over  old 
roads,  and  the  breaking  up  of  the  old  road 
surface  was  necessary.  These  old  sur 
faces  were  often  quite  hard,  due  to  year- 
rii  compactirig  by  traffic.  When  old  mac- 
adam is  0  to  10  ins.  thick  and  has  been  com- 
p.icted  from  three  to  five  years,  it  is  prac- 
ti-ally  impossible  to  break  up  the  crust  by 
teams  and  plows.  First,  the  line  of  teams 
(  li;  to  JO  horses)  will  be  so  long  that  three 
f'T  four  drivers  arc  necessary,  and  it  is  much 
trouble  to  turn  the  line  around.  Second,  the 
[lower   from  this  line  of  teams  will  be  so  un- 


Cost 
Item—  per  day. 

20  head,  rent  with  harness,  at  50  cts $10.00 

20  head,  feed  and  lodging,  at  50  cts 10.00 

4    teamsters,   at  $3.25 13.00 

4  plow  men.  at  $2.75 11.00 

Depreciation  on  equipment 0.32 


Fig.    5.      Preliminary    Preparation    of    Sub- 
grade,   California   State    Highway. 

Sharpening  10  plow  points,  at  10  eta......     1.00 

Supervision,  supt.  $1  and  foreman  oO  cts..     l.so 


upervlslon 
Totiil 


.<4R.«2 


with  the  same  rooter  and  points,  but  with 
only  three  plow  men,  root  1,500  ft.  per  day 
at  the  following  cost : 

Cost 
Item —  per  day. 

Roller,    Including  depreciation. . .  $10.00 

Engineer    ■».50 

Fuel,  oil.  grease 2.35 

Depreciation,  plow  and  points 0.32 

Sharpenins  13  plow   points,  at  10  cts 1.30 

Supervision,  supt..  $1,  and  foreman,  50  cts.  1.50 
3  plow  men  at  $3.75 8.25 

Total    .$27.72 

Total  per  lineal  foot 1.S5  cts. 

Comparison  of  the  two  statements  shows  in 
favor  of  road  roller  rooting  a  saving  of 
2.8-3  cts.  per  lineal  foot,  or  $l4i>.42  per  tiiile 
of  road.  These  figures  are  for  hard  rooting. 
When  a  roadway  has  only  about  2  ins.  of 
m,icadam  on  the  surface  it  can  easily  be 
rooted  with  twelve  head  of  horses  (Fig.  2) 
and  a  road  plow  or  rooter  at  a  very  reason- 
able cost,  as  shown  by  the  following  state- 
ment: 

Cost 

It.  II,    -  per  day. 

1  at  50  cts $  6.00 

1  .it  SO  cts 6.00 

6.50 

"  8.25 

i  points,   etc 0.32 

s; -   .     ,    ..      .it  10  cts 1.50 

Supervisiun.  supl.,  $1,  and  foreman.  .'.0  cts.     1.50 

Total    ».30.07 

Total  per  lineal  foot I.IJ"  cts. 

This  o'.itfit  will  plow  1,800  ft  per  day.  and 
the  unit  cost  jiiven  above  is  based  on 
this  output  '.f  wnrk  pnr  thin  macadam. 
rooting  b\  '■  and 

it  has  the  travel 

of  the  horsci  ^rciiks  up  ihc  cl'-'l:^  irom  the 
plow.     When    ,■>.    rooter    is    used    for    rooting 


Fig.    3      Rough    Grade    Before    Stakinn    for   Side    Formg.   Cali- 
fornia    State     Highway. 


Fig. 


c  .ecking    Subgrade  Before   Material  i«  Distributed 
for    Mixer,   California    State    Highway. 


teadv  that  it  is  very  hard  for  the   four  plow  This  outfit   would   root   about    1.0.K)   ft    per      it   is   generally   the  practice  to  run  a  'i-horse 

men  to  guide  the  rooter  or  plow.    The  follow-      day.  and   the  cost  per  lineal   foot   was  there-      plow    back    and    forth    through    the    material 
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until    all    the    larger    lumps    are    broken,    and 
it    is    in    shape    for    the    road    graders    and 


into  account   the   thickness   of   the   pavement ; 
for   example,    in    the    Healdsburg-Santa   Rosa 


construction  to  check  his  rough  grade  eleva- 
tion as  frequently  as  he  desires,  and  it  makes 


Fig.     7.       Finished      Subgrade   Showing    Superelevation    on    a 
300-ft.    Radius   Curve,  California    State    Highway. 


Fig.  8.  Distribution  of  Material    for     Mixer     Gang,     California 
State    Highway. 


fresnoes  to  handle  readily.  The  difference- 
in  hardness  of  the  macadam  will  not  affect 
the  output  of  the  steam  roller,  because  the 
roller  has  a  fixed  rate  of  speed,  and  can 
accomplish  only  the  fixed  amount  of  root- 
ing, whether  in  a  soft  or  hard  material. 

KOUGH    GR.XniNG. 

.'Vfter  breaking  up  the  old  road  surface,  it 
was  rough-graded  (I-'ig.  3)  to  within  0.1  ft. 
of  the  required  grade  when  rolled  for  the 
whole  width  of  the  road,  including  the  shoul- 
ders. If  the  shoulders  are  graded  at  this 
time  the  material  is  handled  with  fewer  teams 
than  if  the  grading  is  done  after  the  con- 
crete is  laid.  Also  the  constant  compacting 
of  the  shouldcr.s  by  work  teams  during  the 
concreting  puts  them  in  better  shape,  and  en- 
sures a  more  uniform  appearance.  At  this 
point  the  use  of  the  construction  stakes  de- 
scribed under   Surveying  came  in. 

The  construction  stakes  at  the  time  of  the 
location  were  placed  opposite  each  station 
and  each  half  station  and  far  enough  to  one 
side  not  to  be  liable  to  be  disturbed.  Dur- 
ing cross-sectioning  the  elevation  to  the  near- 
est one-hundredth  foot  of  each  stake  top 
was  determined.  As  the  adopted  prolile  of 
the  road  was  shown  on  the  plans,  to  deter- 
mine the  cut  or  fill  on  center  line  it  was 
only  necessary  to  make  a  simple  computation, 
using  the  profile  grade  elevation  and  the 
elevation  of  the  top  of  the  stake.  This  cut 
or  fill  was  then  marked  on  the  side  of  the 
stake  which  faced  the  center  line;  one  of  the 
assistant  resident  engineers  did  this  marking, 
and  he  could  mark  as  many  as  three  miles  of 
stakes  in  a  day.  With  the  stakes  marked. 
the  construction  foreman  could,  with  a  level 
rod   and   hand   level,   determine   the   elevation 


road  the  concrete  pavement  w-as  4  ins.  (0.33 
ft.)  thick,  with  a  crown  of  2%  ins.  (0.21  ft.), 
and    the    rough    grade    line    was    0.33-|-0.21^ 


Fig.  10.     Curing  Concrete  with   Soaked   Lay- 
er  of    Earth,   California   State    Highway. 

0.54  ft.  below  profile  elevation,  and  this  cor- 
rected elevation  was  the  elevation  indicated 
by   the    figures    on    the    stake.        In    summary, 


unnecessary   the    frequent   presence   of   an   en- 
gineer to  give  grades. 

STAKING    .\ND    PLACING    SIDE    FORMS. 

After  the  rough  grade  had  been  brought 
to  within  0.1  ft.  of  exact  elevation,  the  grade 
and  line  stakes  were  set.  The  road  being 
particularly  described  had  a  15-ft.  pavement 
with  a  4%-ft.  shoulder  on  each  side.  The 
section  Fig.  1  gives  other  dimensions.  The  con- 
crete base  has  a  crown  of  2%  ins.,  the  arc 
of  the  crowning  being  a  parabola.  From  the 
edges  of  the  concrete  slab  the  shoulders 
slope  straight,  dropping  4  ins.  in  4Vz   ft. 

The  location  of  the  side  forms  (Fig.  4) 
was  7V_>  ft.  from  the  crown,  and  with  their 
top  edges  2%  ins.,  or  0.21  ft.,  lower  than  the 
crown  elevation  shown  in  the  profile.  Two 
lines  of  grade  stakes  were  employed,  a  line 
9%  ft.  each  side  of  the  center  line  and  2  ft. 
out  on  each  side  from  the  side  forms  for 
the  concrete  roadway.  These  2-ft.  intervals 
gave  ample  room  to  set  and  peg  the  side 
forms  without  disturbing  the  grade  stakes; 
also  the  carpenters  in  setting  the  side  forms 
with  a  30-in.  spirit  level  could  notch  the 
level  2  ft.  from  the  end,  and  with  it  alone 
adjust  the  form  board  both  to  distance  and 
grade,  working  from  the  grade  stakes.  The 
carpenter  setting  side  forms  required  only  a 
spirit  level  and  a  hammer. 

The  side  forms  were  handled  usually  by 
two  men  at  $2.7.5  per  day  and  two  men  at 
$2.")0  per  day.     These  could  place,  line  up  and 


Fig.     9.       Concreting     Roadway,     California 
State   Highway. 


Fig.    11.     Levee   and    Basin    Method   of   Curing    Concrete,    California    State    Highway. 


of  rough  grade  at  center  line.  It  should  be 
noted  here  perhaps  that  the  assistant  resident 
engineer    in    marking    the    stakes    must    take 


this  system  of  staking  does  aw'ay  with  all 
need  of  disturbing  the  stakes  during  con- 
struction ;    it    enables    the    superintendent    of 


fasten  about  800  ft.  on  each  side,  or  1,600  ft. 
of  side  forms  per  day  at  the  following 
costs : 
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Cost 
Item—  per  day. 

2  carpenters  at   S2.75 $  5.50 

2  helpers  at  $2.50 6.00 

•1.600    ft.    2x4-in.    plank   at   $26    per    M    ft. 

B.  M 9.27 

Nails,   etc 0.23 

200  stakes  at.  1  ct 2.00 

Interest   and   depreciation 0.15 

Superintendent.  $1:  foreman.  50  cts 1.50 

Total  for  SCO  ft.  of  road $23.65 

Per   lineal   foot   of   road 2.96  cts. 

•Boards  u.seil  three  times,  so  one-third  of 
total  cost  is  charged. 

All  curves  were  superelevated  so  a  vehicle 
travelin.c:  at  legal  speed  of  "20  miles  per  hoiii' 
•would  ride  easily.  For  staking  curves  Table 
I  of  superelevations  for  a  15-ft.  roadway  was 
computed  by  the  author  and  employed  'with 
satisfactory  results.  To  use  this  table  one 
must  remember  to  tnaintain  the  inside  form 
board  at  grade  .and  to  superelevatc  the  out- 
side form  only.  In  some  cases  on  short 
curves  it  was  found  that  superelevation  if 
started    at   zero   on   the    P.    C.   and    increased 


points  over  small  pipes  and  culverts  and  near 
the  back  fills  of  structures. 

The  proper  amount  of  water  to  add  to  vari- 
ous soils  requires  good  judgment,  and  if  mis- 
judged often  causes  delay  to  the  concrete  lay- 
ing because  of  unreadiness  of  the  subgrade. 
A  soil  with  much  sand  and  gravel  and  good 
drainage  can  stand  a  good  wetting  and  be 
rolled  soon  afterward,  but  clay  and  adobe 
present  more   difficult  problems. 

With  clay  it  was  found,  after  numerous 
trials  with  and  without  wetting,  best  to  leave 
it  as  found  in  the  ground  (unless  wet  and 
boggy,  when  it  should  be  removed;,  and  add 
to  it  a  damp,  coarse  sand  or  a  gravel.  The 
damp  gravel  adds  all  the  moisture  needed  to 
make  the  clay-gravel  mixture  work  easily, 
and  also  prevents  the  mixture  frnm  clinging 
to  the  roller. 

With  adobe  the  conditions  are  entirely  dif- 
ferent, as  shown  by  repeated  experiments  by 
the  writer  on  the  work  being  described.  If 
wetted  the  water  simply  "glazed"  the  surface 


adobe  is  finished  off  to  a  level  about  1  in. 
below  grade,  and  a  1-in.  layer  of  sand  is 
spread  over  it.  On  this  sand  cushion  the 
cement  slab  is  built.  This  sand  cushion  ap- 
pears to  act  as  a  sort  of  expansion  joint, 
which  takes  care  of  the  swelling  and  shrink- 
ing of  the  adobe,  due  to  wetting  and  drying 
and  prevents  dangerous  movement  of  the  side- 
walk slab.  This  method  requires  a  large 
amount  of  sand,  and  unless  sand  is  very 
cheap  the  rolling  method  first  described  is 
much  cheaper  and  practically  as  satisfactory 
When  the  first  rolling  of  the  subgrade  had 
been  completed  the  resident  engineer  or  his 
inspector  checked  its  surface  by  means  of  th< 
templet  shown  by  Fig.  6.  If  the  templei 
showed  variations  of  consequence  from  tru< 
grade,  the  surface  was  harrowed  and  mate 
rial  added  or  removed  in  such  amounts  a; 
would  give  the  true  surface  and  grade  whei 
rerolled.  If  lack  of  compactness,  such  as  fol- 
lowed oil  dripping  from  the  roller,  was  ex 
hibited  in  spots,  these  spots  were  dug  up  am 
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Hour 

TO   STATION 

or 
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Superintendent 
Timekeepers                   * 

Watchmen 
Water  boys 

Foremen 

Blacksmiths 

Helpers 
Carpenters 

Helpers 
Powdermen 
Drillers 

••       Helpers 
2H.  Plow  &  Driver 
4H.     

• 

Plowholders 
3H.  Snatch  &  Driver 
2H.  Wheeler  &  Driver 
Wheeler  Loaders 
Dumpers 

2H.  Fresnos  &  Drivers 

4H.       

Fresno  Loaders 

Dumpers 

IH.  Carts  &  Drivers 
2H.  Wagons  &  Drivers 
4H.  Frt.  Wagons  &  " 

4H.  Water     

4H.  Oil           

Motor  Truck  &  Driver 
Traction  Engine  &  " 
Steam  Roller        "  " 
Road  Grader        "  " 

Operator 
Concrete  Mixer 

Stone  Crusher 

Scarifier 

FORWARD 

- 

BROUGHT  FORWARD 


Asphalt  Plant 
Asph.  Oil  Pump 
Water  Pump 
Oil  Spreader 
Macadam  Spreaders 
Sand  Spreaders 
Screenings  Spreaders 

I,  ,•-  rcrs 


Powder 
Dynamite 
Caps  &  Fuses 
Broken  Stone 
Screenings 
Sand 

Filler  (Bit.  M't'l.) 
Gravel 
Cement 
Lumber  &  Nails 

Corr.  Iron  Pipe 

Mastic 
Asphaltic  Oil 
Benzine 
Water  (for  road) 

"        (for  boilers) 
Fuel 

Rent  of  Equipment 
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lu  iiui.Miiuiin  at  curve  cenicr  «.i-.  unsightly. 
In  such  cases  the  superelevation  was  begun 
one-half  the  actual  curv<?  length  before  I'. 
C,  anrl  ended  the  same  distance  beyond  P. 
T. ;  the  superelevation  was  then  one-half  at 
P.  C,  maximum  at  curve  center  and  one-half 
at  P.  T. 

SUIKiRAUK     CONSTRUCTIIlN. 

The  side  forms  being  placed  and  checked 
for  accuracy,  material  was  filled  between 
them  and  spread  over  the  rough  graile  in 
proper  depths  to  give  the  correct  cross-sec- 
tional profile.  (Fig.  5).  This  filling  was 
dampened  to  the  proper  cunsistencv  to  roll 
solidlv.  Rolling  was  continne<l  lUitil  the  soil 
failed  to  yield,  i.  c.,  to  creep,  roll  or  crack, 
under  the  roller,  .md  was  so  hard  that  it  could 
not  be  dented  with  the  heel  of  ones  shoe.  This 
rolling  and  wetting  was  the  most  difficult 
task  of  the  work,  and  it  was  found  that  too 
much    care    cann<it    be    taken,    especially    at 


and  made  it  slippery.  If  no  water  was  adilcd 
the  adobe  would  slide  away  from  the  roller 
and  "roll  up"  in  front  of  it.  If  sand  or 
gravel  were  added  it  would  be  pushed  down 
into  the  adobe  and  stay  there  with  no  effort 
whatever.  The  following  method  was  finally 
worked  out  as  the  best:  Excavate  to  sev- 
eral inches  below  grade  between  the  side 
forms,  flampcn  the  surface  and  sprinkle  on 
about  1  in.  of  dry  adobe  and  then  roll.  .After 
this  layer  was  compacted,  ilampen  its  sur- 
face and  sprinkle  on  another  layer  of  dry 
adobe  and  roll  it.  Keneat  these  operations 
until  the  fill  was  lirouRlit  to  grade  and  pro- 
file. By  this  method  the  adobe  keeps  proper 
consistency  and  will  not  roll  up  ahead  of  the 
roller  or  shift  or  slide. 

.Another  method  of  handling  adobe  sub- 
grade  for  concrete  road  where  sand  is  plen- 
tiful and  cheap  is  to  follow  the  practice  in  ce- 
ment  walk   construction   on  adobe.     Here   the 


new  material  was  adiled  and  hand  tampi 
until  hard.  Attention  is  called  to  the  handU 
on  the  templet  as  shown  in  Fig.  6 :  tlu 
were  found  very  convenient,  and  they  eii 
abK;d  four  men  to  reshape  a  large  ainour 
of  subgrade  in  a  short  time. 

The  cost  of  reshaping  subgrade  (Fig.  7 
varies  so  much  with  the  material  that  it 
tabulation  by  items  is  impossible.  It  runs 
however,  about  %  ct.  per  square  foot  for 
15-ft.  pavement:  this  cost  is  exclusive  o 
grading,  excavation-  and  fill.  Excavatior 
where  it  consists  of  shaving  off  a  thin  laye 
of  crust  here  and  there,  costs  about  8(i  ct; 
to  !M)  cts.  per  cubic  yard. 

MIXING    AND   LAVING   CONCRETE. 

The  specifications  called  for  a  1 :2 :4  broke 
stone  concrete  and  stated  the  sizes  of  ston 
and  sand.  With  the  undertaking  of  work  i 
was  found  that  a  natural  gravel  pit  existed  a 
Ilealdsburg    and    that   the   company   operatin; 
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this  pit  had  facilities  for  furnishing  promptly 
this  gravel  in  any  quantity  demanded  by  the 
work.  The  gravel  was  exceptionally  clean 
washed  gravel,  well  graded  and  dense.  Gravel 
was,  therefore,  substituted  for  broken  stone. 
It  cost  delivered  to  any  railway  siding  along 
the  work  72  cts.  per  cubic  yard.  The  average 
haul  from  railway  to  the  work  was  1%  miles, 
and  the  cost  of  hauling  was  63  cts.  per  cubic 
yard,  or  41  cts.  per  yard  mile.  This  cost  of 
haul  seems  high,  but  it  is  accounted  for  by  the 
weight  of  the  gravel,  3,300  lbs.  per  cubic 
yard,  and  by  the  fact  that  crooked  roads 
prevented  haulage  in  wagon  train  by  trac- 
tion engines  and  made  team  hauling  neces- 
sary. 

Using  this  gravel  and  a  1 :6  mixture,  it  was 
determined  that  96  sacks  of  cement  would 
make  100  ft.  of  15  ft.  by  4  in.  pavement. 
The  plan  adopted  was  to  pile  the  gravel  con- 


The  concrete  was  distributed  by  the  chute 
(Fig.  9),  and  also  shoveled  against  the  side 
forms,  special  care  being  taken  to  well  spade 
and  dump  the  concrete  against  the  forms,  so 
as  to  ensure  an  exceptionally  dense  and 
strong  concrete  next  the  shoulders,  where 
severest  wear  comes. 

At  this  point  note  may  be  made  with  refer- 
ence to  expansion  joints.  Though  many  en- 
gineers and  paving  contractors  insist  that 
concrete  pavement  must  have  expansion 
joints,  none  were  used  in  this  work.  The 
writer  believes  them  to  be  unnecessary  in  con- 
crete pavement,  for  the  reasons  to  be  given, 
and  tlie  results  with  the  work  being  de- 
scribed confirm  his  belief.  Expansion  joints 
require  placing  cross-forms  and  stopping  the 
mixer  gang  every  16  to  20  ft.  until  the  felt 
or  fiber  joint  filling  is  in  position.  There  is 
of    course    the    other    method    of    cutting    the 


plication  of  the  wearing  surface,  specially 
clean  these  cracks  and  pour  hot  or  heavy 
asphaltic  road  oil  into  them ;  this  will  form 
a  perfect  expansion  joint. 

The  cost  of  the  concrete  base  laid  as  out- 
lined above  was  as  follows : 

Cost 

Item —                                                               per  day 
I  foreman  at  $4 $  4.00 

1  engineman  at  $3 3.00 

10  shovelers  at  $2.75 27.50 

i  cement   man  at  $2.75 2.75 

2  finishers  at  $3 6.00 

Depreciation  of  plant  and  tools 9.00 

Cost   of  water 6.13 

Total     $57.38 

The  average  daily  run  of  concrete  pave- 
ment was  5.50  lin.  ft,  or  101.85  cu.  yds.  The 
above  statement  of  costs  is  a  statement  of 
costs  with  concrete  materials — cement  and 
gravel — delivered    onto    the    subgrade    ready 
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Excavation  &  Emb. 
Grubbing 
Earth 
Loose  Rock 
Solid  Rock 
Finishing 

Culverts,  etc 
Corr.  Iron  Pipe 

Concrete  Box 
End  Walls 
Drop  Inlets 

'. 

Macadam 
Lower  Course 
Upper  Course 
Binder 

Concrete  Base 

Bituminous  Surf 

Guard  Rail 

Monuments 
Concrete 
Hauling  and  Placing 

• 

Extra  Work 
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Broken  Stone 

Asphaltic  Oil 
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Extra  Work 
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tinuously  along  the  middle  of  the  subgrade 
and  place  the  cement  in  four-sack  piles  spaced 
4  ft.  apart  (Fig.  8).  A  cleat  was  riveted  to 
the  inside  of  the  mi.xcr  charging  hopper  to 
indicate  a  two-sack  batch  of  1  :(ii  mix.  Six 
men  using  square-pointed  shovels  charged 
the  gravel  and  one  man  charged  the  cement. 
Golden  Gate  cement  in  cloth  bags  was  used  ; 
paper  sacks  broke  easily  and  carried  water, 
and  also  the  fog  loosened  the  paste,  letting 
the  sacks  open  and  admit  dampness. 

The  mixer  traveled  on  3  ft.  x  3  in.  red- 
wood sills,  which  could  be  shifted  easily 
and  often  enough  to  guide  the  mixer  well. 
This  runway  was  located  midway  between 
side  forms,  which  shifted  the  discharge  chute 
slightly  off  center,  but  not  enough  to  incon- 
venience the  concreters.  As  the  mixer  was 
operated  some  IV2  days  behind  the  subgrade 
finishing  crew,  the  subgrade  surface  had  op- 
portunity to  dry  out,  and  consequently  it  was 
wetted  down  ahead  of  the  concrete  laying,  so 
that  moisture  would  not  be  sucked  by  the 
soil  from  the  concrete. 


joint  in  the  soft  concrete  with  a  steel  edge 
and  then  inserting  the  joint  filling,  but 
this  is  a  sloppy  method  and  usually  mars  the 
pavement  surface.  Now,  what  is  the  use  of 
placing  expansion  joints  at  slated  intervals.' 
Why  go  to  the  expense  and  labor  for  this 
operation  wlien  nature  will  perform  it  better 
than  any  human  means?  Suppose  we  lay  a 
strip  of  concrete  pavement  15  ft.  wide,  4  ins. 
thick  and  100  ft.  long  without  expansion 
joints;  we  all  know  that  this  pavement  will 
not  remain  in  one  strip,  but  will  crack  at 
points  about  25  ft.  apart,  and,  furthermore, 
these  cracks  will  be  at  the  weakest  points  in 
the  slab.  If  we  were  placing  expansion  joints 
in  this  stripe  of  pavement  we  would  probably 
have  five  joints,  and  these  joints  probably 
(almost  positively)  not  at  the  weakest  places 
in  the  pavement.  Therefore  by  leaving  out 
the  expansion  joints  and  letting  the  expan- 
sion of  the  pavement  itself  break  the  pave- 
ment, we  have  the  maximum  of  this  pave- 
ment in  the  largest  possible  slabs.  Now, 
after   cleaning   the   concrete   slab   for   the   ap- 


for    use,    and    they    give    the    following    unit 
costs : 

Per  lin.   ft.,   15-ft.   roadway 10.4  cts. 

Per  cu.  yd.  of  concrete 56.3  cts. 

MKIIIOD    .\ND    COST    OF    SECURING    WATER. 

.Ml  water  used  on  this  work  had  to  be 
pumped.  A  line  of  2-in.  boiler  pipe  in  8-ft 
lengths  was  laid  along  the  work  and  pro-  ■ 
vidcd  with  1-in.  taps  at  50-ft.  intervals.  This 
pipe  line  was  torn  up  and  laid  ahead  as  pump- 
ing stations  were  moved  and  as  the  work 
progressed;  two  men  at  a  daily  cost  of  $5 
were  employed  continuously  at  this  work. 
.Ml  pumping  stations  but  one  were  located 
at  adjacent  streams,  and  the  water  supply 
cost  nothing  except  for  pumps  and  pumping. 
In- one  case  an  180-ft.  well  was  bored  at  a  cost 
of  .$^80;  this  well  supplied  100,000  gals,  per 
day  during  the  driest  part  of  the  year  for 
about  five  miles  of  the  road.  The  cost  per 
day  of  supplying  water  was  as  follows : 

Cost 

Item—  per  day. 

1  gas  engine  pump  man  at  $2.75 i  2.75 

2  gas  engine  pump  men  at  $2.50 5.00 
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2  pipe  layers  at  $2.50 5.00 

Int.  and  dep.  on  17,000  ft.  oi  pipe  and  en- 
gine      2.00 

Fuel  and  oil  on  gasoline  pump 2.15 

Superintendent,  $1;  foreman,  50  cts 1.50 

Total    $18.40 

Water  was  used  in  about  equal  quantities 
for  (1)  mi.xing  concrete;  (2)  curing  con- 
crete and  (3)  wetting  subgrade ;  of  the  above 
total  cost,  therefore,  one-third  or  $6.1.3,  was 
charged   to  each   service. 

FINISHING     .\ND     CURING. 

Several  methods  of  finishing  and  curing 
the  concrete  slab  were  investigated.  The 
first  plan  was:  Six  hours  after  placing  to 
broom  with  a  steel  broom  the  surface  and 
so  roughen  it  that  the  bituminous  covering 
would    cling.     After   twelve   hours    sprinkling 


earth  and  building  dams,  be  quick  in  applica- 
tion, eliminate  attention  during  the  day  and 
offer  several  other  advantages.  The  plan 
did  reduce  labor  but  the  paper  was  torn  oti' 
in  places  by  the  wind  and  did  not  protect 
the  pavement  from  drying  out  in  spots.  It 
was   no   better  than   the   first  plan. 

A  fourth  plan  (Fig.  11)  was  finally  devised 
which  eliminated  most  of  the  faults  of  pre- 
ceding plans.  First,  levees  were  built  along 
the  edges  and  over  the  side  forms  in  such  po- 
sition that  about  one-third  the  width  of  the 
embankment  fell  inside  the  form  board  and 
over  the  concrete.  These  side  levees  were 
built  high  enough  to  hold  a  depth  of  water 
of  2  ins.  over  the  crown  of  the  slaib.  At  suit- 
able intervals  depending  upon  the  grade,  cross 
levees   connectine   the   side   levees   were   built. 


od:  (1>  It  required  less  labor  to  construct 
cross  levees  than  to  cover  the  slab  all  over 
with  2  ins.  of  earth;  (2)  the  wetted  black 
earth  covering  suffers  greater  loss  by  evap- 
oration than  does  the  heat  reflecting  water 
surface ;  (3)  all  the  pavement  is  water  cov- 
ered while  an  earth  covering  may  dry  out 
in  spots  and  absorb  water  from  the  concrete: 
(4)  all  work  is  done  at  night  when  water  is 
needed  for  no  other  purpose,  while  an  earth 
covering  has  to  be  sprinkled  continuously; 
(.5)  one  filling  of  the  basins  suffices  for  the 
total  curing  while  an  earth  covering  has  to 
be  wetted  frequently;  (6)  the  levees  suflSce 
as  barriers  notifying  drivers  not  to  cross  the 
work,  while  with  earth  covering  separate 
harriers  are  necessary:  (7)  the  filling  of  the 
basins,  however,  must  be  more  carefully  done 
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Grubbing  and  Clearing . . 

Excavation  Earth 

Excavation  Loose  Rock . 
Excavation  Solid  Rock.  . 
Excavation  Borrow 


...  .in.  Corrugated  Iron  Pipe. . . , 

...  .in.  Corrugated  Iron  Pipe. . . . 

. . .  .in.  Corrugated  Iron  Pipe. . . . 

. , .  .in.  Corrugated  Iron  Pipe. . . . 

Portland  Cement  Concrete,  Class. 
Portland  Cement  Concrete.  Class , 
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Broken  Stone . 

Asphaltic  Oil  . 
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Total 


Contract 
Prices 


Amount  at 

Contract 

Prices 


Division  Engineer 


Audited; 


Chief  Accounting  Officer 


Total  Value  of  Work  Done  to  Date 
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Fig.    14.     Monthly   Cost    Report,   California    State    Highway. 
(Sheet    11x11    ins. J 


began  and  the  concrete  was  kept  moist.  While 
this  idan  might  have  been  satisfactory  in 
wiiiur  i>r  wet  weather  it  did  not  give  good 
results  in  the  summer  which  was  the  time 
of  .\car  the  work  was  flone.  The  cimcrete 
could  not  be  kept  evenly  moist  and  also 
much  water  ran  off  and"  was  wasted.  The 
second  plan  (Fig.  10)  was  to  broom  the  con- 
crete as  in  the  first  plan,  then  build  earth 
dam>  along  the  pavement  edges,  then  wet 
down  the  concrete,  then  cover  it  with  2  ins. 
of  enrth  and  water  the  covering  until  satur- 
ated ,ind  the  water  showed  in  pools.  I'-y  this 
plan  ilu-  moisture  was  better  ilistribiiled,  it 
was  miirc  i)bvious  to  conuiion  laborers  when 
mure  wetting  was  needed,  and  there  was  less 
loss  r>i  water  by  cvaporati<in  and  run  oflf. 
A  third  plan  tried  ayid  abandoned  was:  after 
broominy  the  concrete,  to  sprinkle  it  and 
cover  it  with  heavy  building  paper  held  down 
by  di-ids  and  stones.  The  idea  was  to  rc- 
inove  the  paper,  resprinkle  and  replace  the 
paper  every  night  for  seven  iiight.s.  the 
standard  curing  period.  It  was  anticipated 
that  the  paper  would  prevent  evaporation, 
i    reduce   labor   as   compared   with   shoveling   in 


These  levees  divided  the  pavement  into  a 
series  of  basins  which  could  be  filled  with 
water  as  indicated  by  Fig.  II.  On  super- 
elevated  curves  in  addition  to  cross  levees 
a  number  of  parallel  longitudinal  levees  were 
built. 

Referring  to  some  of  the  details  noted 
.ibove :  The  purpose  of  building  the  side 
levees  two-thirds  outside  the  side  forms  is 
two-fold:  First,  about  one-third  the  width 
(if  the  levee  becomes  saturated  and  this  third 
is  over  the  concrete  slab  wliicli  rc(|uires  wel- 
ting. Second,  the  form  boanls  can  be  lifted 
out  for  reuse  leaving  two-thirds  of  the  levee 
intact  to  maintain  the  reservoir.  Besiiles 
being  required  for  hydraulic  reasons  the  di- 
vision by  cross  levees  into  small  basins  serves 
the  purpose  of  confining  loss  of  water  by  a 
levee  break  to  a  small  area  of  pavement ; 
restoration  is  also  thus  facilitated.  Also 
in  construction  the  workman  can  let  one 
basin  be  filling  while  he  is  building  the  suc- 
ceeding  levees. 

This  method  of  watering  concrete  pavement 
had  the  following  advantages  over  the  sec- 
ond dcscrilied  and  ne.xt  most  successful  meth- 


so   as   not    to   wash    the   concrete   than    when 
earth    covering    is   used ;    the   best    method    is 


TABLE     I.    —   SUPER    -    ELJ3VATIONS 
CURVES   ON   CONCRETE   ROAD 
I.\    CALIFORNIA. 


FOR 


( Rti.'idway  1 

5  ft.   wide.) 
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eleva- 
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curve. 

tion. 
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tion. 
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05 

1,250   ... 

19 

.S.SOO 

05 

1.300   ... 
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0.000 

04 

1,350   ... 
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f.,500   
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to  let  tlie  hose  stream  run  on  a  sack  laid  on 
the    pavement. 

The  cost  of  ciirins;  concrete  pavement  by 
the  methods  described  arc  given  by  Table  II : 
m  this  table  method  three  being  considered 
not  practical  is  omitted,  also  its  cost  is  about 
the  same  as  that  for  method  one.  It  is  seen 
from  Table  II,  that  method  four  is  far  the 
cheapest. 

TABLE    II.— COST     OF    CURING    CONCRETE 
PAVEMENT. 

Method   Method  Method 
No.  1.       No.  2.     No.  3. 

I  man  at  52.75  per  day $  2.7.'i       $  2.7:". 

Men  at  $2.50  per  day $12.50        17.50        10.00 

Depreciation,   shovels,   etc.     0.40  0.80  O.O.'i 

Cost  of  water 6.13  6.13  B.l.S 

Supervision,  supt.  &  fore- 
foreman    1.50  1.50  1.50 

Total  cost  1st  day $20.03  $28.68  $20.53 

Uneal  feet   covered 30O  550  o5n 

Cost  per  lin.  ft.,  ist  day.. $0,067  $0,052  $0,037 
Cost   of    each    consecutive 

day   0.067  0.052  0.005 

Total     cost     of     curing     7 

days,  per  lin.  ft.  pavem't  0.469  0.364  0.067 

The  side  form  boards  were  removed  seven 
days  after  placing  the  concrete ;  this  work 
cost  about  1  ct.  per  lineal  foot  of  pavement 
The  earth  levees  were  left  in  place  about  a 
week  longer  and  were  then  removed,  usually 
with  a  four-horse  road  scraper  and  at  a  cost 
of  about  0.3  ct.  per  lineal  foot  of  pavement. 
With  the  same  scraper  the  shoulders  were 
brought  as  near  as  practicable  to  grade  and 
then  they  were  finished  by  hand.  Construct- 
ing shoulders  cannot  easily  be  figured  in 
cubic  yard  units  but  if  they  are  brought  to 
shape  with  the  rough  grading  as  previously 
described  the  work  will  cost  exclusive  of 
rolling,  about  .'J  cts.  per  lineal  foot  of  pave- 
ment and  including  rolling  about  (i  cts.  per 
lineal    foot    of    pavement. 

SUMMARY    OF    COST. 

Summarizing  the  costs  previously  given, 
the    following    tabulation    is    obtained  : 

Per  ft. 
road. 

Tearing   up  old  roadway  with   rooter  and 
plows    $0.0283 

Placing   form-boards    (after   exc.    and    emh. 
have  been  done) 0.0296 

Handling   and    preparing   sub   grade   with 
rolling    0.0375 

Cost   of   pouring  and   finishing  4-in.    con- 
crete base    0.1043 

Cost    of     curing    and    finishing     (Method 
No.   4    0.0670 

Cost  of  removing  form-boards 0.0100 

Cost  of  cleaning  earth  off  pavement 0.0030 

Cost  of  preparing  shoulders 0.O600 

Actual  cost  per  lineal  foot $0.3397 

Actual  cost  per  mile $1,793.62 

10  pet.  for  contingencies 179.36 

Total  cost  per  mile $1,972.98 

These  costs  are  exclusive  of  costs  of  ma- 
terials  and   of   excavation   and   fill. 

CO.ST-KEEPINO    SYSTEM. 

In  the  handling  of  this  work  the  resident 
engineer  usually  had  three  assistant  resident 
engineers  who  kept  the  data  and  furnished 
the  contractor  with  all  necessary  stakes  and 
elevations  for  bridges,  culverts,  and  align- 
ments, etc.  This  force  cost  the  state  about 
from  .")  per  cent  to  8  per  cent  for  the  engi- 
neering work  on  the  coii(tract  under  the 
writer  and  this  was  considered  a  fair  aver- 
age. 

.At  the  end  of  each  day  a  ''Daily  Report" 
Fig.  12.  was  made  out  and  the  respective 
ciuantities  were  filled  in  by  the  several  men 
who  were  on  the  work.  -Xt  the  end  of  each 
week  a  "Weekly  Report"  Fig.  13,  was  com- 
piled and  sent  to  the  Division  Headquarters 
in  duplicate.  One  of  the  copies  was  kept 
at  the  Division  office  and  the  other  was  sen; 
to  Headquarters  nr  to  the  Highway  Engineer. 
These  reports,  though  concise,  gave  a  very 
fair  recapitulation  of  what  had  been  done 
during  the  week  past  and  one  could  sec 
whether  or  not  the  contractor  was  making  or 
losing    money    and    just    how    much. 

On  the  Saturday  nearest  the  loth  of  the 
month  the  resident  engineer  was  required 
to  make  out  an  estimate  of  the  work  done 
on  the  contract  at  the  contract  prices  and  seg- 


regated under  tlic  jiropcr  heads.  .'\  few  pe- 
culiarities entered  into  these  estimates  due 
to  the  fact  that  the  materials  were  furnished 
by  the  state  and  any  waste  by  the  contractor 
was  charged  to  him  and  deducted  from  the 
amount  due  at  that  time.  The  usual  amount 
of  lb  per  cent  was  held  back  on  the  con- 
tractor at  all  times  as  is  the  regular  prac- 
tice. This  report.  Fig.  14,  was  then  for- 
warded to  the  proper  authorities  and  after 
being  audited  the  amount  was  paid  to  the 
contractor. 


3P 


whence  p 
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Approximate  Stresses  Produced  by  a 

Concentrated  Load  on  a  Continuous 

Slab  Supported  on  Earth  or  Other 

Yielding  Foundation. 

Contributed  by  J.  W.  Pearl,  Chicago.  111. 

The  following  investigation  was  made  to  de- 
termine the  stresses  in  and  thickness  of 
a  continuous  slab  supported  on  a  yield- 
ing' foundation,  due  to  a  concentrated 
load.  Owing  to  the  necessity  of  making 
assumptions  the  stresses  obtained  by  the 
formulas  developed  are  approximate,  but 
are  sufficiently  accurate  for  practical  pur- 
poses. The  discussion  is  directly  applicable  to 
concrete  pavement  design  and  is  also  applic- 
able to  the  design  of  flat  slabs  supported  on 
columns   having  small   diameters. 

The  pressure  developed  in  the  foundation  will 
be  very  nearly  proportional  to  the  deflection  of 
the  slab,  which  is  indicated  by  the  curved  dot- 
ted line  in  Fig.  1  (a).  For  all  practical  pur- 
poses the  straight  line  distribution  of  pressure 
shown  is  sufficiently  accurate.  The  intensity 
of  pressure  upon  the  underside  of  the  slab 
may  be  very  closely  represented  by  a  cone 
with  the  maximum  intensity  f>  under  the  load 
P.  In  the  final  equations  both  />  and  r  are 
eliminated  so  they  may  have  any  reasonable 
values  between  limits  which  would  not  give 
excessive  deflections  or  would  not  cause  the 
earth  to  flow  laterally.  In  other  words,  the 
solution  is  based  upon  deflection  without  rup- 
ture and  compression  without  lateral  flow. 


—   X  -^    r-x- 


(a)5Pcl-ion 


(b)  Plan 

Fig.   1.    Section   and    Plan — Conical    Distribu- 
tion   of     Pressure    Assumed — Yielding 
Foundation. 


.*\s  the  load  is  applied  a  positive  moment. 
A/c,  develops  at  the  center  and  a  negative  mo- 
ment, designated  by  M-.  at  a  distance  r  from 
the  center ;  these  moments  may  be  assumed  to 
be  nearly,  equal.  If  the  load  is  increased  to 
the  point  of  runturc.  failure  must  occur  at 
both  (■  and  c.  on  lines  somewhat  as  renre- 
sented  by  the  irregular  lines  in  Fig.  1  (b)  ; 
therefore  we  will  assume  in  our  solution  that 
A/o  and  .V/.  arc  equal,  although  any  other  rel- 
ative value  could  be  used  if  desired. 

F"rom  the  volume  of  a  cone  we  have 
P  =  Vivr'p,  and    for   a  sector   whose  arc  or 

pr  P 

chord  =  A  =^  1,  the  load  will  be  —  =  ; 

6         2irr 


For  some  radius  between  .1/c  and  .!/«  there 
will  be  a  point  of  contraflexure  distant  x  from 
the    center,    where   the    intensity    of    pressure 

p{r—x) 
will  be  and  the  length  of  arc  at  this 


radius  will  be  — . 
r 
The    summation    of    pressures    on    a    sector 
from  the  edge  at  e  to  the  point   b  will  be 
p{r—x)      X      (r—x) 

r        ■  r  '       2 

p{r—x)  /         x\     (r—x) 

pir—xYx        p(r—x)' 
= + (1> 

and  the  summation  of  pressures  from  b  to  the 

center  will  be 

p{r—x)         XX  I         p(r—x)  \        x 

.     _  .  _  +  1/3  I    /, )      .      _ 

r  r       2  \  r  /  r 

X         p(r—x)x'        px' 
.-  = -  + C^) 

2  2r'  6r' 

Equation  (1)  also  gives  the  shear  at  b;  there- 
fore the  moments  will  be 

/  pir-xVx        P(r-x)'\ 

^f.  ={ H )x 

p(r—x)x'  px'      X 

H %.r  + .  — 

2r'  dr'       2 

p 
=    ( 6r-V  —  12rx'  +  6x'  +  2r'x  —  Gr'x' 

+  6rx'  —  2x'  +  irx'  —  ix'  +  x') 

P 
=  ix'  —  2rx''  +  2r'x) (3 ) 

12r' 
and 

/   Pir-xYx        p(r-xy\ 
M,={    -f- ){r-x) 

\           2r'                    %r'        / 
pir—xYx                               p(r—x)'   (r—x> 
.  %  .  (r—x) .  

2r'  er'  2 

=  (ti^x  —  18r'.r=  +  18r.r'  —  6.r*  -|-  2r' 

12r= 

—St^x  +  Vii^x'  —  8r.r'  -f  2x'      • 

—  4r';r  -j-  12^^.1^  —  12rx'  +  4x'  —  r' 
+  ir'x  —  6r^x'  +  irx'  —  x') 

p 

=   ■ (r'  —  ir'x  +  ^rx'  —  x') (4> 

12r' 
By  adding  equations  (3)  and   (4),  we  have 

Mc  -I-  M.  =  (b) 

12 
When   the   moments   at   the   center   and    edge 

_         _   P^ 

are  equal,  A/c  —  A/e (c) 

24 
Engineers  will  difTer  regarding  the  relative 
value  of  M-  and  At-,  but  neither  can  lie  as 
small  as  zero  or  greater  than  0.083/>r,  and  one 
or  the  other  will  always  be  equal  to  or  greater 
than  0.0417  pr. 

Substituting   the   value   of   p    from   equation 
(a)   in  equation   (c),  we  have 
3P 
.1/0  =  A/- =  0.0417  _  =  0.0398r. 

TT 

Therefore  the  minimum  value  of  M<-  or  M' 
may  be  approximately  0.(14/'.  and  the  maxi- 
mum value  of  A/c  or  A/e  may  be  approximately 
0.08P. 

As  these  values  of  A/«  are  independent  of 
p  and  r  they  may  truly  represent  the  stress 
at  a  fracture  at  any  irregular  distance  from 
the  point  of  application  of  a  concentrated 
load,  or  upon  a  regular  or  irregular  radial 
line. 

By  expressing  .r  as  a  ratio  of  r  in  equations 
(3)  and  (4^  and  reducing  the  equations,  the 
coefficients   for  all  possible  values  of  A/»  and 
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A/»  are  obtained  for  practical  and  rapid  com- 
putation. These  coefficients  are  given  in 
Table  I. 

Similar  values  for  a  case  in  which  the  pres- 
sure upon  the  under  side  of  the  slab  is  uni- 
form, as  represented  in  Fig.  2,  have  been 
computed,  but  will  not  be  given.  .Ml  possible 
values  of  the  moments  per  unit  width  of  slab 
are  found  independently  of  the  functions  p 
and  r,  and  are  platted  as  curves  in  Fig.  3. 


Equating  equations    (5)    and    (R),   there   re- 
sults 
Pr         yrrft'  3P 

-  = -.ft' 


.V/.  =  —  (rx — x'  -h  r — rx)  (r — x) 


4ir 


or  /  = 


4 


(approx.) (7) 


It    will   be   noted   that    in    equation    (7)    the 


TABLE  I.— COEFFICIENTS  FOR  USE  IN  DETERMINING    Mc    AND    Me. 

DISTRIBUTION    OF    PRESSURE. 
Mc   from   Equation    (3). 


ASSUMING    CONICAL 


('--x) 


2r 


(r=-r:r) 


Values  of  —   9.0 

r 

pr» 

Mc  = multiplied   by. 0.0 

12 
Me  =P   multiplied    by... 0.0 


0.1 


0.2 


0.3 


0.4 


0.5 


0.6 


0.7 


0.8 


0.9 


1.0 


0.1981  0.3856  0.5541  0.6976  0.8125  0.8976 
0.0158  0.0307  0.0441  0.0555  0.0646  0.0714 


0.9541  0.985G  0.9981  1.00 
0.0759  0.0784  0.0794  0.0796 


2rx  +  2x'—r'  +  rx) 


rx)  =—  (•ir'—Sr'x  +  x'). 
(>r  6r 

Adding 
.\U  +  M. 

f  pr' 

=   —  (3r'x—x'  +  2r'Sr'x  +  x')  =  — 
fir  3 

When    the    moments   at   the   center   and   edge 
are  equal 


Me  : 


Me 


pr" 

"IT 
:  P  multiplied  by... 0.0796   0.0638   0.0489     0.0355   0.0241   0.0149   0.0081   0.0037  O.OOll   0.0002 


Me   from    Equation    (4). 
multiplied  by. 1.00        0.8019    0.6144    0.4459    0.3024   0.1875    0.1024    0.0459    0.0144    0.0019 


A/c 


M.  = 


In  determining  the  coefficients  from  Fig.  3 
for  different  values  of  x -i- r,  any  two  points 
on  the  same  horizontal  line,  at  its  intersection 
with  the  curves  representing  Me  and  M',  will 
give  the  values  for  the  coefficients,  for  either 
a  uniformly  varying  pressure  or  for  a  uni- 
form pressure.  The  values  of  these  coefficients 
are  shown  at  the  top  of  Fig.  3.  The  moment 
is  then  found  by  multiplying  the  coefficient  by 
P,  the  result  being  in  inch-pounds  per  inch  of 
diameter  or  periphery  or  in  foot-pounds  per 
foot  of   diameter  or  periphery.     Intermediate 


(a)  Sectron 


(hi    Ploo 

Fig.   2.     Section    and    Plan — Uniform    (Cylin- 
drical)     Distribution     of     Pressure     As- 
sumed— Yielding    Foundation. 

values  may   be  determined   with   sufficient  ac- 
curacy by  interpolation. 

The  point  of  contraflexure  (zero  moment) 
for  the  case  assumed  is  given  by  the  value  of 
x-^r  al  the  left  end  of  the  horizontal  line 
used. 

For  the  case  of  a  column  footing  and  a 
non-continuous  slab,  Mc  =  0  and  x  =  r,  and 
for  a  conical  distribution-  of  pressure  M  = 
(1.0796  P. 

For  any  given  radius  and  for  a  conical  dis- 
tribution of  pressure,  the  summation  of  ^f•■ 
will  be 

p2rr 

2  A/.   =--   (r'  —  2r*x  +  '2rx'~x*), 

12r" 
and  when  .Vfc  ^=  M» 
/)"■>•' 

2  M.  ---■ . 


But 


pirr' 


12 

-■  P 


2  Af .  =-  — 


.(5-) 


3                                         i 
Writing    the    moment    of    resistarice    for    a 
plain  concrete  slab  for  a  corresponding  radius 
r,  fiber  stress  /  and  thickness  I,  we  have 
Af,  =  %  /27rr/'  =  %  Tr//' (6) 


functions  /»  and  r  are  eliminated,  and  that  the 
thickness  of  the  slab  is  a  function  of  the  total 
load  and  fiber  stress  only. 

Simple  equations,  similar  to  the  above,  may 
be  written  for  variations  of  Mr  and  M-  and 
for  materials  other  than  plain  concrete. 

For  a  wheel  load  of  12,000  lbs.  on  a  pave, 
ment  foundation,  using  /  =  100  lbs.,  equation 
(7)   gives  t  =  5.48  ins. 

For  a  wheel  load  of  20,000  lbs.  and  for  the 
same  fiber  stress   (100  lbs.),  t  —  7.07  ins. 

Jf  an  earth  foundation  is  saturated  and  is 
very  soft,  or  if  for  any  other  reason  the 
pressure  should  be  reduced  to  the  minimum, 
or  should  be  made  as  nearly  uniform  as  pos- 
sible, a  cylindrical — instead  of  a  conical  pres- 
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Substituting    the 
above,  we  have 

A'/c  =  .V/.  = 


6 
value 


ol    P    ^    Tr' p    given 


6;r 


0.0,531  P, 


which  is  the  minimum  value  that  either  A/c 
or  .lA  mav  have:  the  maximum  value  of  A/c 
or  .1/e  is  0.1002  P. 

F"or  the  case  of  a  column  footing  and  a 
non-continuous  slab  A/r  =  0,  x  =  r,  and  for  a 
uniform  distribution  of  pressure  M  =  0.106/'. 

Intermediate  values  may  be  obtained  in  a 
manner  similar  to  tliat  shown  for  a  conical 
distribution  of  stress;  the  values  of  these  co- 
efficients are  represented  by  the  full  lines  in 
Fig.  3. 

.Assuming  a  case  in  which  A/c  =  A/«,  and 
placing  their  value  equal  to  A/r  for  the  same 
radius,  we  have 
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Fig.    3.      Diagram    for    Determining    Moment   Coefficients     for     Concrete     Pavement     Slabs 
for    Both    Uniform    and   Varying    (Assumed)   Pressures. 


sure — may   be   assumed     and     the     following 
equations   then   will   apply : 

P^  Jrr' />.  and    for   a   sector   whose    arc    is 
pr  P 

unity,  the  load  will  be  —  ^  . 

•2  2Tr 

The  summation  of  pressures  on  a  sector 
from  the  edge  c  to  the  point  b  (sec  Fig.  2) 
will  be 

X    r — X  r — X 

p.-. +p.  I  . 

r         '2  2 

f  P 

-  .  rx—x'  +  —  {i^—rx), 

2r  3r 

and  the  summation   for  point  6  to  the  center 
will  he 


pr' 
^  M.  =  .  2)rr  =  %  wrfl'.-.pr'  =  ft'. 


But 

pr' 


'r=P, 

/'  =  rfi'  and   ( 


=VJ 


F"or  good  concrete  reinforced  with  0.7.')  per 
cent  of  steel  the  resistance  to  bending  is  the 
same  as  an  imaginary  plain  concrete  beam  in 
which  the  safe  fiber  stress  in  tension  is  60" 
lbs.  Hence  for  concrete  properly  reinforced, 
distributing  the  pressure  uniformly,  when 
M<  =  M' 


P  ■ 


Px' 
2r  ' 


=  \^ =  0.023  VP, 

^  Riin» 


r      2 
Then 

P  P 

A/c    =   —  (rx—x'  +  r'  —  rx)x +  — .  x*  .%x 
2r  2r 

P  P 

-=   —(r^—x'  +  %x')x  =  —(3r'x—x'). 
2r  6r 

.■\nd 


'  fi(»0>r 

or  when  cither  Mc  or  A/«  =  0 
.  =  0.0-1  (>  V  P. 

When  the  conditions  arc  inverted  and  the 
pressure  is  uniform,  /'  may  represent  the  load 
carried  by  one  of  a  group  of  columns  support- 
ing a  uniformly  loaded  floor. 

If  the  floor  is  a  concrete  slab  properly  re- 
inforced, its  weight  per  square  foot  ^ 
12.5^  4-  12i.  in  which  /  =  effective  depth  of 
the  slab  in  inches,  and  i  =  thickness,  in  inch- 
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es,  of  concrete  outside  of  tlic  center  of  gravity 
of  the  tensile  steel. 

J 1   Z,  ^  load  per     square      fnot     plus     \'2i, 
then 

P  =   (L  +  I2.5t)  Tr\ 
in  which  '^r  represents  the  area  in  square  feet, 
supported  by  each  column. 

When  jUc  =  M>. 


-^ 


(L  +  12.5/)Tr' 


600t 
which  reduces  to 


4 


600 


t  =  (6.25r  +    V  (600  L  ^  39r) (8) 

600 

For    the    case    whicli    many    engineers    may 

prefer  to  use.  that  is  for  Mc  ^2.1/c, 

,,  =  0.001923  [6.25r  +  r  \l  (600L  +  39r")  1.(0) 

and 

/.  =  0.00136  [6.25r  +  r  V  (600L+39r)  ] . .  (10) 

Equation  (9)  will  give  the  effective  thick- 
ness required  over  the  column,  and  equation 
(10)  will  give  the  effective  thickness  at  the 
center  of  the  span  for  the  conditions  assumed. 


Method   and   Cost   of    Constructing    a 

Concrete  Road  with  Concrete  Line 

Poles  and  Concrete  Fence, 

La  Salle,  111. 

.\  very  nearly  inclusive  construction  of  con- 
crete is  represented  by  a  stretch  of  road  built 
last  year  near  La  Salle,  III.  The  road  is  con- 
crete and  the  bordering  fence  and  transmission 
line  poles  are  of  reinforced  concrete.  The 
following  methods  and  costs  of  this  road  con- 
struction are  as  given  by  Mr.  A.  H.  Hunter, 
Division  Engineer,  Illinois  Highway  Commis- 
sion, in  a  paper  before  the  Illinois  Society  of 
Engineers  and  Surveyors : 

The  improvement  of  the  Bottom  road  in 
La  Salle  township,  La  Salle  county,  Illinois, 
is  of  interest  chiefly  because  of  the  complete- 
ness of  design.  Perhaps  no  road  in  central 
Illinois  presents  so  many  separate  and  distinct 
features  which  must  be  recognized  when  its 
permanent  improvement  is  considered.  It  is 
subjected  to  the  ravages  of  the  Illinois  River 
in  flood  time  for  three-fourths  of  its  length; 
the  rcfiiaining  one-fourth  is  on  the  bluff  ap- 
proach to  La  Salle  from  the  south  and  runs 
under  the  Burlington  railroad  viaduct  up  a 
6   per   cent   grade   over   the    Illinois-Michigan 


with  shale  and  cinder  surface  was  restricted 
in  width  by  the  Burlington  viaduct,  and  on 
the  6  per  cent  grade  was  only  18  ft.  wide  on 
top.  Even  then  the  toe  of  the  side  slope  ex- 
tended into  the  door-yards  of  adjacent  prop- 
erty. 

Traffic  consisted  of  a  large  amount  of  heavy 
trucks,  a  fair  number  of  pleasure  vehicles  and 
numerous  foot  passengers. 

The  improvement  of  the  road  was  made 
possible  through  the  efforts  of  the  La  Salle 
Commercial  Association.  Their  original  plan 
was  to  construct  a  concrete  roadway  with  a 
concrete  sidewalk  on  the  east  side,  also  guard 
fences  and  lamp  posts  of  reinforced  concrete. 
A  request  for  engineering  services  was  made 
to  the  Illinois  Highway  Commission  and  a 
preliminary  sketch  showing  an  outline  of  the 
road  was  furnished.  Later  a  survey  was 
made  and  plans  drawn  up  for  a  20  ft.  concrete 
roadway  having  a  tliickness  of  6  ins.  ^t  the 
side  and  7  ins.  in  the  middle,  shaped  to  a 
crown  of  3%  ins.  The  construction  of  side- 
walk, fences  and  lamp  posts  was  not  con- 
sidered at  that  time  for  reasons  which  will  be 
explained  later. 

The  road  was  built  by  day  labor,  except 
hauling,  which  was  contracted,  and  under  the 
direct  supervision  of  the  Illinois  Highway 
Commission  with  the  writer  as  Resident  En- 
gineer in  charge.  In  addition,  the  Commission 
furnished  a  10-ton  road  roller,  a  concrete 
mixer,  and  an  operator  for  each,  free  to  the 
local   authorities. 

The  concrete  roadway  was  built  upon  the 
existing  waterbound  macadam  surface.  The 
old  surface  was  loosened  with  a  scarilier  drawn 
by  a  10-ton  roller,  the  loose  stone  was  then 
shaped  to  the  crown  of  the  subgrade  and 
thoroughly  rolled.  An  abundance  of  stone 
dust  remained  on  top  so  a  thorough  wetting 
with  water  from  the  pipe  line  and  an  occasion- 
al trip  of  the  roller  prepared  a  sub-base 
which  was  little  short  of  a  finished  water- 
bound  macadam.  This  gave  an  excellent  foun- 
dation for  the  concrete,  and  at  the  same  time 
furnished  a  smooth  surface  for  the  shoveling 
of  the  gravel. 

Drainage  for  the  foundation  was  provided 
by  longitudinal  ditches  8  ins.  wide  and  6  ins. 
deep  under  the  outer  edge  of  the  concrete.  At 
the  end  of  the  expansion  joints  a  lateral  drain, 
consisting  of  a  trench  filled  with  gravel,  led 
to  the  rip  rap  wall. 


Fig.    1.     Concrete    Road    and    Fence    at    La    Salle,   III. 


Canal  and  up  another  grade  of  5.5  per  cent 
to  the  bridge  over  the  Rock  Island  railway 
tracks. 

The  section  of  the  river  bottom  consisted 
of  an  old  waterbound  macadam  surface  not 
more  than  22  ft.  wide  on  top  with  steep  slopes 
on  either  side  extending  to  the  bottom  land 
some    10    to    12    ft.    below.      The    other    part 


The  aggregate  consisted  of  clean  washed 
gravel  screened  to  sizes  ranging  from  %  in. 
to  1%  ins.  and  of  pure  sand.  The  gravel  con- 
sisted of  granite  pebbles  in  well  graded  sizes. 
No  loam,  clay  or  disintegrated  material  of  any 
kind  was  present.  The  sand  was  sharp  and 
clean  but  inclined  to  be  rather  fine.  For  the 
use   of   such   excellent   material   acknowledge- 


ments are  due  Mr.  P.  i\I.  Lewis,  President  of 
the  American  Sand  &  (iravel  Co. 

(jn  the  rolled  subgrade,  the  loads  of  gravel 
and  sand  were  dumped  in  rows.  The  quantity 
of  sand  and  gravel  per  lineal  foot  of  road 
was  cc^mputed  and  the  wagons  measured  and 
the  loads  spaced  accordingly.  An  effort  was 
made  to  have  all  loads  the  same  size  as  this 


Fig.  2.  Top  of  Reinforced  Concrete  Line  Pole 

Showing   Lamp   Fixture,  Concrete   Road, 

at  La  Salle,   III, 

simplified  matters  for  the  man  who  dumped, 
and  also  relieved  the  engineer  in  charge  of  in- 
cessant checking  up  of  quantities.  Ten  per 
cent  excess  of  material  was  provided  to  allow 
for  waste  and  variation  in  thickness.  This 
amount  proved  sufficient  as  there  was  not  an 
excess  or  deficiency  of  more  than  10  cu.  yds. 
of  sand  and  gravel  on  the  whole  road. 

Cement  for  the  south  half  of  the  road  was 
furnished  by  the  Marquette  Cement  Manufac- 
turing Co.  from  their  mills  in  Oglesby.  The 
remaining  portion  of  the  road  was  constructed 
with  cement  furnished  by  the  Chicago  A-A 
Portland  Cement  Co.  The  quality  of  the  ce- 
ment was  determined  by  tests  of  samples  sent 
to  tlie  Testing  Laboratory  of  the  Illinois 
Highway  Commission.  .'Ml  cement  used  com- 
prising some  3,200  bbls.  was  donated  by  the 
above  companies  free  of  charge  on  the  road. 

On  concrete  road  work  a  large  amount  of 
water  is  required,  both  for  the  mixing  and 
for  the  proper  curing  of  the  finished  road.  It 
is  the  practice  of  the  Illinois  Highway  Com- 
mission in  work  of  this  character  to  construct 
a  complete  system  of  pipe  lines  to  which  water 
may  be  furnished  by  city  pressure  or  by  a 
pressure  pump  operated  by  a  gasoline  engine. 
.\t  La  Salle,  connection  was  made  to  the  city 
system  and  a  1%  in.  pipe  line  with  T's  every 
:iOO  ft.  was  laid  along  the  road.  With  150  ft. 
'>f  hose 'connection  attached  to  the  mixer,  it 
was  possible  to  secure  water  at  all  points.  This 
|ilan  worked  well  althougli  at  the  extreme  end 
nf  the  line  the  pressure  was  not  sufficient  to 
sprinkle  the  finished  road  work  while  the 
mixer  was  running. 

A  self-moving  batch  mixer  was  used  on  this 
work.  It  had  a  low  hopper  in  front  into  which 
sand  and  gravel  were  shoveled  direct  from 
the  road  bed.  Two  sacks  of  cement  were- 
used  for  the  batch.  The  mixed  material  was 
deposited  on  the  sub-grade  by  means  of  a 
20  ft.  rotating  boom  on  which  operated  a 
movable  bucket.  This  equipment  made  it  pos- 
sible to  deposit  the  concrete  on  any  spot  of 
the  wide  base.  The  number  of  square  yards 
laid  per  day  of  eight  hours  averaged  450  for 
the  entire  job.  The  soft  concrete  was  struck 
off  to  crown  and  grade  with  a  steel  shod 
template  cut  to  the  crown  of  the  roadway. 

Expansion  was  taken  care  of  by  means  of 
%  in.  asphalt  joints  placed  50  ft.  apart  at  an 
angle  of  60°  with  the  center  line  of  the  road. 
The  edges  of  these  joints  were  protected' 
by  standard  Baker  plates  cut  to  the  crown  of 
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the  road,  with  their  edges  flush  with  the  sur- 
face. 

The  edge  of  the  concrete  was  retained  by 
wood  forms  consisting  of  2  x  «  ins.  x 
16  ft.  pine  pieces  resting:  on  edge,  held  to 
alignment  by  %  in.  iron  pins  18  ins.  long.  It 
was  found  difficult  to  butt  the  boards  to- 
gether perfectly  so  the  more  imperfect  form 
pieces  were  cut  in  2  ft.  lengths  and  used  for 
splicing.  These  splices  were  nailed  to  the  out- 
side of  the  forms  with  small  nails.  This  gave 
good  results  especially  on  curves  where  it  was 
possible  to  align  arcs  of  circles  almost  per- 
fectly 

The  mixture  used  was  1 :2 :3V4,  or  by  volume, 
1  cement,  2  of  sand  and  3y2  of  stone.  A  box 
containing  0.95  cu.  ft.  was  constructed  and  for 
each  sack  of  cement  placed  in  the  hopper  of 
the  batch  mixer,  2  boxfuls  of  sand  and  SVz 
boxfuls  of  stone  were  added.  The  shovels 
of  sand  and  stone  necessary  to  secure  the 
respective  amounts  of  material  were  counted 
and  this  number  used  for  each  batch. 

When  new  shovelers  were  placed  on  the 
gang,  the  box  was  used  to  check  the  amount. 
The  stone  determined  in  this  manner  varied 
but  slightly  but  the  sand  had  to  be  changed 
frequently.  On  a  dry  day  the  amount  of  sand 
on  a  shovel  would  be  smaller  than  usual, 
while'  on  a  damp,  rainy  day,  the  amount  would 
be  considerably  greater.  The  actual  amount 
of  cement  in  the  mix  was  checked  every  50 
ft.  of  road  by  counting  the  bags  and  comput- 
ing the  number  of  barrels  necessary  for  the 
length  of  road. 

A  concrete  road  surface  to  give  good  and 
lasting  results  must  be  properly  cured  so  that 
the  surface  coat  will  be  tough  and  resist  the 
impact  of  traffic.  This  end  is  usually  attained, 
first,  by  a  covering  of  canvas  while  the  cement 

iis  setting;  and  second,  by  covering  with  earth 
to  the  depth  of  1  in.  to  iy2  ins.,  both  of  which 
are  kept  moist  by  sprinkling.  No  earth  was 
attainable  as  the  lower  edge  of  the  fill  was 
swampy  so  a  straw  covering  was  used.  This 
proved  very  efficient  in  retining  moisture.    The 


sprinkling  was  continued  for  a  period  of  ten 
days   after  the  placing  of   the  concrete. 

The  actual  cost  of  the  work  was  obtained  by 
adding  the  daily  expenditures,  the  cost  of 
hauling  and  the  market  price  valuation  of  the 
donated  materials  inclusive  of  freight  and  all 
incidental  items.  To  this  was  added  the  sal- 
aries of  the  Resident  Engineer  and  the  two 
roller  operators.  In  all  10,663  sq.  yds.  of 
surface  had  been  improved  at  a  cost  of 
$13,632.16.     The  itemized  cost  was  as  follows: 

Item—  sq.  yd. 

Superintendence    $0,023 

Excavation,  shaping  road  bed  and  trim- 
ming side  roads 0.15S 

Hauling  sand  and  stone 0.169 

Mixing  and  placing  concrete,  setting  forms 
and   filling  joints 0.133 

Watchman  and  miscellaneous  labor O.llG 

Sand  and  stone  f.  o.  b.  siding,  including 
demurrage    0.314 

Cement,  f.  o.  b.  siding,  including  demur- 
rage      0.310 

Expansion  Joints,  t.  o.  b.  siding,  including 
demurrage   0.028 

Coal  and  oil  for  mixer  and  miscellaneous 
supplies  0.021 

Forms  and  other  lumber O.OOS 

Total    $1,280 

The  common  labor  used  was  foreign  and 
received  35  cts.  per  hour  and  teams  received 
02%  cts.  per  hour. 

The  original  plan  included  a  3  ft.  concrete 
walk  on  the  east  side  of  the  fill.  When  the 
road  was  finally  located,  it  was  found  that 
part  of  the  walk  would  come  upon  a  new  fill 
which  was  undesirable.  It  was  decided  to 
postpone  this  construction  until  the  fill  had 
become  securely  compacted.  The  money  for 
this  walk  has  been   subscribed. 

The  plan  of  the  lighting  system  was  changed 
slightly  from  the  first  idea  that  was  pre- 
sented' A  local  utility  company  which  secured 
the  privilege  of  running  a  transmission  line 
along  the  edge  of  the  fill  offered  to  construct 
their  poles  with  a  special  attached  arm  from 
which  a  light  fixture  could  be  suspended.  This 
scheme  was  adopted  as  is  shown  in  the  ac- 
companying cut,  Fig.  2.  Conduits  were  placed 


under  the  concrete  every  120  ft.  to  provide 
connections  for  additional  lights  which  will 
be  provided  on  completion  of  the  sidewalk. 

The  down  stream  side  of  the  fill  was  pro- 
tected from  wash  by  a  heavy  rip  rap  wall 
for  in  times  of  high  water  the  concrete  road 
is  partly  submerged.  The  current  is  very 
slight  in  most  places  but  the  lapping  action 
of  the  waves  eats  away  the  unprotected  edges. 
The  flood  of  March,  1913,  seriously  damaged 
the  upstream  face.  To  prevent  a  possible  re- 
currence of  this,  it  is  planned  to  rip  rap  the 
unprotected    portion    that    remains. 

It  had  been  planned  to  construct  the  guard 
fence  of  reinforced  concrete  posts  and  two 
lines  of  2  in.  pipe  rail.  Later  a  series  of 
experiments  on  the  design  of  concrete  fences 
were  conducted  by  the  Marquette  Cement  Man- 
ufacturing Co.  and  one  of  these  designs  was 
accepted.  This  design  consisted  of  a  0  in. 
square  concrete  post  extending  above  the 
ground  about  3  ft.  6  ins.,  reinforced  by  a  % 
in.  rod  placed  near  each  corner.  Provisions 
for  panels  were  made  by  leaving  slots  through 
the  center  of  the  posts.  The  panels,  two  in 
number,  were  2x6^  ins.  concrete,  reinforced 
by  two  small  rods  near  their  edges,  also  a  1 
in.  X  1  in.  X  %  in.  angle  was  placed  in  the 
center   to    prevent    lateral    bending. 

In  erecting  the  fence,  the  posts  were  placed 
7  ft.  center  to  center  and  the  concrete  rails 
slipped  into  the  slots.  This  method  of  erec- 
tion was  quite  simple  as  no  cement,  mortar  or 
grout  of  any  kind  was  necessary.  Considerable 
care  had  to  be  used  in  aligning  and  setting 
the  posts  to  grade  or  the  appearance  was  un- 
sightly. This  fence  is  now  in  place  on  the 
west  side  of  the  fill,  also  a  short  portion  on 
the  curve  approaching  the  shipping-port  bridge, 
has  been  protected  on  the  east  side. 

The  construction  features  employed  in  this 
road  are  in  no  way  different  from  those  of 
many  other  roads,  but  the  range  of  improve- 
ment shows  a  possibility  for  future  develop- 
ment. Local  conditions,  together  with  char- 
acter, amount  of  traffic  and  the  type  of  surface 
required  influenced  the  improvement  selected. 
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The  Proposed  Rock  Run  Storage  Dam 

for  the  Additional  Water  Supply  of 

Coatesville,  Pa. 

The  present  water  supply  of  the  Borough  of 
Coatesville,  Pa.,  is  derived  from  a  stream 
called  Sucker  Kim.  This  supply  has  been  in- 
adequate for  a  number  of  years,  and  it  is  now 
proposed  to  construct  works  for  an  additional 
water  supply  to  "be  drawn  from  Rock  Run 
at  a  point  about  2%  miles  west  of  the  city. 
The  pmposed  works  comprise  the  Rock  Run 
storage  reservoir  and  dam.  a  slow  sand  water 
filtration  plant  and  an  bS  in,  pressure  cnncluit 


lions  and  other  in  i^  rinatii  in  furnished  us  by 
Mr.  Potter  thaftlu-  iiir-nit  article  on  the  Rock 
Run  dam  has  been  cuinpiled. 

The  dam  is  shown  in  elevation  in  Fig.  1.  It 
is  to  be  built  of  reinforced  concrete.  The  cen- 
tral portion  forms  a  spillway  87  ft.  long  and 
has  its  crest  placed  at  elevation  485.  The  con- 
crete end  sections  are  eacli  153  ft.  long,  an 
earth  embankment  is  carried  from  the  concrete 
end  section  at  either  end  until  it  strikes  the 
natural  surface  of  the  ground. 

CHARACTER  OF   DAM    SITE. 

The  rock  surface  was  determined  by  sink- 
ing a  number  of  open  test  pits  down  to  solid 
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dam  site,  Mr.  Fuller  reported  to  the  Borough 
as  follows : 

Character  of  Reservoir  Site:  The  rock  under- 
lying the  basin  consists  mainly  of  various  forms 
of  gneiss  and  similar  cry&talllne  formations 
These  weather  into  a  sandy  soil.  The  proposed 
reservoir  will  cover  62.8  acres  with  a  35-ft.  dam 
with  crest  at  an  elevation  of  485.0.  The  bottom 
of  the  reservoir  Is  relatively  flat  and  is  bordered 
by  fairly  steep  slopes.  The  water  will,  therefore, 
be  of  considerable  depth  throughout  almost  the 
entire  area  of  the  reservoir,  being  shallow  onl.v 
along  a  very  small  area  at  the  extreme  upper 
end. 

Character   of   Proposed   Dam   Site:      The   dam 
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Fig.    1.     Downstream    Elevation    of    Proposed    Rock    Run   Storage    Dam   for    the    Additional    Water  Supply  of  Coatesville.   Pa. 


from  the  dam  to  Coatesville.  Bids  for  the 
construction  of  these  works  were  received  on 
January  15,  1914,  and  it  is  expected  that  con- 
struction operations  will  soon  be  under  way. 
These  improvements  were  designed  by  Mr 
Alexander  Potter,  consulting  engineer.  New 
York  city,  and  it  is  from  the  plans,  specifica- 


rock.  Ill  -Xugust,  1913,  Myron  L.  Fuller,  a 
consulting  geologist  and  expert  on  under- 
ground waters,  of  Boston,  Mass ,  formerly  in 
charge  of  underground  water  investigations 
of  the  U.  .S.  Cici 'logical  Survey,  was  engaged 
to  report  upon  the  proposed  additional  water 
supply.    Of  the  character  of  the  reservoir  and 


site  selected  Is  entirely  satisfactory  In  character. 
The  underlying  rock  Is  a  firm,  hard  gneiss,  af- 
fording ample  stability  for  any  structure  erected 
upon  It.  It  Is  Insoluble,  and  no  leakage  can 
occur  except  through  the  bedding  planes.  Since 
these  will  run  nearly  parallel  with  the  course 
of  the  dam.  there  Is  practically  no  opportunity 
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for  loss  of  water  through  t)iem.  The  fact  that 
the  surface  of  the  rock  within  the  reservoir  is 
covered  by  from  8  to  10  or  more  feet  of  soil  will 
still  further  reduce  the  tendency  to  leakage  Df 
water.  The  amount  escaping  in  this  manner 
will,  in  fact,  be  merely  seepage  which  may  be 
disregarded. 


%  in.  square  bars.  The  wall  will  be  held  in 
place  at  the  bottom  by  the  rock  footing  and 
at  the   top   b}'   the   deck   slab. 

Apron. — The  apron  on  the  down-stream  side 
is  laid  out  in  a  reverse  curve.  The  upper  por- 
tion of  this  curve  is  based  on  the  experimental 
data   obtained  by  Bazin  for  a  crest  discharge 
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The  rock  at  the  dara  site  may  be  regarded  as 
one  of  the  most  favorable  of  any  occurring  in 
the   State. 

SPILLWAY. 

The  spillway  is  of  ample  size  to  discharge 
the  greatest  flood  likely  to  occur  during  the 
life  of  the  structure.  At  a  depth  of  2  ft.  the 
spillway  can  discharge  over  the  crest  an  actual 
runoff  of  at  least  2(10  cu.  ft.  per  second  per 
square  mile  from  the  tributary  watershed. 
This,  together  with  the  storage  in  the  reser- 
voir, is  sufficient  to  take  care  of  the  maximum 
floods.  The  construction  of  the  spillway  sec- 
tion of  the  dam  is  shown  in  detail  in  Fig.  2. 

DET.MLS  OF  DESIGN. 

Both  the  spillway  and  the  concrete  end  sec- 
tions are  designed  to  resist  the  full  hydro- 
static pressure  from  the  maximum  flood  level, 
which  has  been  assumed  to  be  elevation  487.0 
down  to  bed  rock. 

The  deck  is  to  be  made  of  reinforced  con- 
crete mixed  in  the  proportion  of  one  part  of 
cement,  two  parts  of  sand  and  four  parts  of 
broken  stone.  It  is  designed  to  carry  in  addi- 
tion to  its  own  load  the  hydrostatic  pressure 
developed  by  the  flood  level  at  elevation  487.0 

The  buttresses  are  spaced  1.5  ft.  centers  and 
are  corbeled  out  22V4  ins.  on  either  side.  The 
effective  span  length  of  the  deck  slab  has 
been  assumed  to  be  the  clear  distance  between 
the  corbels  plus  the  full  depth  of  the  slab. 

Expansion  joints  are  provided  in  the  deck 
slab  over  each  buttress  to  take  care  of  shrink- 
age, temperature  changes  and  settlement,  with- 
out  stressing  the   structure. 

To  prevent  the  corbels  of  the  buttresses 
from  splitting,  due  to  the  sliding  of  the  deck 
slab  on  the  corbel,  the  corbel  is  reinforced 
with  %  in.  square  bars  hooked  around  %  in. 
square  bars  at  either  end  of  the  corbel.  These 
bars  also  serve  the  additional  purpose  of  tak- 
ing care  of  the  tension  stresses  in  the  corbel 
due  to  cantilever   action. 

The  cutoff  wall  is  designed  to  resist  the  full 
hydrostatic  pressure  on  the  up-stream  side  ir- 
respective of  the  earth  backing  on  cither  side 
of  it.  The  cutoff  wall  is  to  be  built  of  1  :2%  :.") 
concrete  and  is  to  be  reinforced  vertically  with 


Through  Spillway,  Sec.  A-A,  Showing  Amounts 
mum    Forces  Which   Will  Act   Upon   It. 

of  2  ft.  The  apron  is  not  carried  down  the 
entire  depth  as  this  is  considered  unnecessary. 

At  the  point  where  the  spillway  section  is 
located  the  rock  is  at  least  12  ft.  below  the 
surface.  After  a  portion  of  the  overlying  earth 
is  scoured  out  and  a  depth  of  about  30  per 
cent  of  the  free  fall  of  tlie  water  is  obtained 
in  the  water  cushion,  no  further  scouring  will 
take  place. 

Buttresses. — Che  concrete  buttresses  are  rig- 
idly braced  longitudinally  by  reinforced  con- 
crete braces. 

A  passageway  is  constructed  tlirough  the  en- 
tire length  of  the  reinforced  concrete  section 
and  a  walk  with  railing  provided  so  that  the 
interior  of  the  dam  can  be  inspected  at  all 
times. 

The  field  joints  in  the  buttresses  are  to  be 


on  the  down-stream  side.  The  up-stream  slope 
is  to  be  paved  with  rip  rap  pavement. 

The  core  wall  extends  the  entire  length  of 
the  embankment  and  is  carried  up  from  a 
secure  footing  on  the  bed  rock  to  elevatioa 
489.0,  4  ft.  above  the  crest  level.  The  exposed 
portion  of  the  core  wall  is  to  be  provided 
with  a  reverse  curve  so  as  to  prevent  any 
water  from  splashing  onto  the  earth  embank- 
ment. The  core  wall  is  to  be  constructed  of 
reinforced  concrete  mixed  in  the  proportion  of 
one  part  of  cement,  two  and  one-half  parts  of 
sand  and  live  parts  of  broken  stone.  It  is  to 
be  reinforced  both  longitudinally  and  vertical- 
ly to  prevent  the  formation  of  cracks  such  as 
might  result  from  shrinkage  and  temperature 
changes  or  unequal  settlement.  The  core  wall 
is  rigidly  tied  into  the  end  buttress.  The  core 
wall  is  reinforced  horizontally  with  %  in. 
square  bars  spaced  12  ins.  on  centers  above 
and  18  ins.  on  centers  below  the  natural  ground 
surface,  respectively.  The  horizontal  rods  are 
in  pairs,  set  close  to  each  face  of  the  wall. 
Just  outside  the  horizontal  bars  %  in.  square 
vertical  bars  are  placed  24  ins.  on  centers. 

The  end  of  the  earth  embankment  facing 
the  concrete  section  is  held  in  place  by  a  re- 
inforced concrete  wall  about  18  ft.  long  and 
12   ins.   thick. 

Intake  and  Sluices. — There  are  three  in- 
takes provided.  The  uppermost  of  these  is 
18  ins.  in  size  and  is  placed  at  elevation  473.0. 
The  middle  one  is  18  ins.  in  size  and  is  placed 
at  elevation  4tl3.0.  The  lowest,  an  emergency 
intake,  is  24  ins.  in  size  and  is  placed  at  eleva- 
tion 52.7.5.  The  lower  or  emergency  intake 
serves  primarily  as  a  sluiceway  for  the  dam. 
The  outlet  of  this  sluice  pipe  is  supported  by 
four  wooden  piles  properly  braced. 

All  the  operating  mechanism  is  placed  inside 
the  dam  in  the  panel  immediately  to  the  north- 
west of  the  spillway  section. 

ARCHITECTUR.\L   TREATMENT. 

Special  attention  has  been  given  to  the  archi- 
tectural treatment  of  the  dam.  The  buttresses 
are  to  be  widened  out  3  ft.  at  the  back,  with 
a  batter  of  %  in.  per  foot  and  between  them 
at  the  top  is  to  be  placed  a  reinforced  con- 
crete arch.  Between  the  backs  of  the  but- 
tresses and  the  concrete  arch  there  is  to  be 
placed  a  sunken  panel  to  be  constructed  of 
plaster  placed  on  by-rib  or  similar  material 
and  supported  on  reinforced  concrete  beams, 
somewhat  similar  to  the  construction  used  by 
Mr.  Potter  in  constructing  the  Agency  Hill 
Reservoir  for  the  city  of  Muskogee,  Okla.  de- 
scribed in  Engineering  and  Contracting  for 
July  16,  1913. 

UNIT     WORKING     STRESSES     ASSUMED. 

In  designing  the  dam  the  following  unit 
stresses  were  assumed : 

Direct  compression,  1:3:6  concrete,  200  lbs.  per 
square    inch. 
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Fig.    3.     Cross    Section    of    Core    Wall    and    Earthen    Embankment     of     Rock     Run     Dam, 

Section   CC. 


dovetailed  so  as  to  prevent  all  possibility  of 
sliding. 

Concrete  End  Sections. — The  concrete  end 
sections  arc  similar  in  construction  to  the 
spillway,  except  that  the  inclined  section  is 
carried  up  to  elevation  488.75  or  3  ft.  9  ins. 
above  the  crest. 

Earth  Embankments. — The  construction  of 
the  end  embankments,  together  with  the  core 
walls,  is  shown  in  Fig.  3.  The  earthen  em- 
bankment is  18  ft.  wide  on  the  top  with  slopes 
of  1  on  2  on  the  up-stream  side  and  1  on  2% 


Compression  in  bending,  1:2:4  concrete,  650  lbs.  | 
per  square  Inch. 

Tension  in  bending.  1:2:4  concrete,  0.0. 

Shear,  1:2:4  concrete,  60  lbs.  per  square  Inch. 

Steel  tension  In  bending,  14,000  lbs.  per  square  ] 
Inch. 

Ratio  of  modulus  of  elasticity  of  steel  to  that 
of  concrete,  12. 

Bond  stress  between  steil  and  concrete,  85  lbs, 
per  square  Inch. 

Bearing   power   of   rock   for   buttress    footings, 
not  to  exceed  15  tons  per  square  foot. 
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STRESS   WAGR.SM. 

.\  section  of  the  dam  on  which  are  shown 
all  of  the  forces  which  act  npon  it,  together 
with  tlie  resultant  stresses  which  are  set  up 
in  the  buttreses  of  tlic  structure  is  shown  in 
Fig.  J.  Fur  the  purpose  of  this  anal.vsis  the 
dam  has  been  divided  into  four  sections 
marked  A-A,  B-B,  C-C  and  D-D  in  that  figure. 
The  forces  which  act  on  the  structure  are 
indicated  by  sohd  black  arrows.  The  forces 
marked  Fi  to  R,  represent  the  total  water  pres- 
sure which  acts  on  the  structure  above  the 
plane  in  question.  The  forces  Wi  to  VV.  rep- 
resent the  total  weight  of  the  concrete  masonry 
above  the  section,  the  heaviness  of  the  con- 
crete being  taken  at  150  lbs.  per  cubic  fool. 
The  location  of  the  forces  F  and  VV  are  ac- 
curately shown. 

In  dotted  black  arrows  arc  indicated  the 
maximum  compressive  unit  stresses  set  up  in 
the  buttress.  These  compressive  stresses  vary 
from  a  minimum  of  (jl  lbs.  per  square  inch  to 
a  maximum  of  18U  lbs.  per  square  inch. 

The  forces  of  the  type  R  (R,  to  R.)  show 
the  direction,  location  and  amount  of  the  re- 
sultant pressures  at  the  respective  sections. 

The  dashed  black  line  is  the  locus  of  the 
center  of  pressures  and  is  so  marked.  This 
pressure  curve  follows  very  closely  tlie  center 
line  of  the  buttress.  Attention  is  called  to  the 
fact  that  in  the  design  the  full  hydrostatic 
pressure  has  been  assumed  to  act  on  the  dam 
from  the  rock  surface  up  to  the  maximum 
flood  level,  no  account  whatever  being  taken 
of  the  additional  stability  offered  by  the  earth 
backing  in  front  of  and  to  the  rear  of  the 
cutoff  wall.  It  is  due  primarily  to  the  incli- 
nation of  the  deck  wdiich  has  been  taken  50° 
to  the  vertical  instead  of  43°  as  is  customary, 
that  the  pressure  curve  follows  so  closely  the 
center  line  of  the  sections.  The  center  line 
of  the  sections  is  shown  in  the  figure  by,  a 
dashed  and  dotted  line.  The  third  points  of 
the  buttress  sections  are  also  indicated. 

.-Ml  of  the  forces  shown  are  for  a  portion  of 
the  dam  15  ft.  long  whicli  is  carried  or  sup- 
ported by  one  buttress. 

The  maximum  vertical  load  on  each  buttress, 
including  both  the  water  and  concrete,  is 
1.571,950  lbs.,  and  the  horizontal  or  sliding 
forces  due  to  the  full  hydrostatic  pressure 
from  the  rock  surface  to  the  maximum  Hood 
level  in  accordance  with  the  above  assump- 
tions is  T1-1,M75  lbs.  This  requires  the  develop- 
ment of  a  coefficient  of  friction  of  0.454. 

COMP.\KISO.\     OF    CO.VTFSVILLF.    AND    STONY     RIVKR 
UAMS. 

The  partial  failure  of  the  50  ft.  high  Am- 
bursen  dam  of  the  West  Virginia  Pulp  and 
Paper  Co.,  located  on  the  Stony  River  at  Dob- 
bin, W.  Va..  which  occurred  on  January  15  of 
this  year,  suggests  the  desirability  of  here 
calling  attention  to  the  distinctive  points  of 
difference  between  the  Stony  River  and  the 
Coatesville  dams.  From  presciU  information 
relative  to  the  design,  construction  and  partial 
failure  of  the  Stony  River  dam  and  from  a 
study  of  the  design  under  consideration  in  this 
article  the  following  are  the  jhief  points  of 
dissimilarity  between  the  two  designs: 

(1)  The  Coatesville  dam  is  designed  to 
resist  the  full  hydrostatic  pressure  from  the 
maximum  flood  level  down  to  bed  rock,  where- 
as the  Stony  River  dam  was  designed  to  re- 
sist only  the  hydrostatic  pressure  from  the 
flood  level  down  to  the  natural  surface  nf  the 
earth. 

(2)  The  buttresses  of  the  Coatesville  dam 
will  he  carried  down  to  and  into  bed  rock, 
whereas  the  buttresses  of  the  Stony  River  dam 
rest  on  a  concrete  footing  which  in  turn  rests 

•  on  clay. 

(3)  The  cut-off  wall  of  the  Coatesville  dam 
'  will  lie  carried  down  to  and  into  solid  rock, 
'  and  is  designed  to  resist  the  full  bvdrostatic 
■  pressure.    In  the  .Stony  River  dam  the  cul-off 

wall  was  only  carried  down  to  rock  for  the 
crntral  portion  of  the  dam,  a  distance  of  ap- 
•  ■ximatcly  500  ft.  For  the  remainder  of  the 
111  the  cut-off  wall  was  carried  down  ap- 
ir..ximatelv  fi  ft.  below  the  surface  and  not  to 
fck  which  was  several  feet  below  the  bottom 


of  the  cut-off  wall.  The  Stony  River  cul-off 
wall,  moreover,  was  built  of  plain  concrete  and 
therefore  possessed  little  Hexur.il  resistance 
against   the   hydrostatic   pressure. 


Data  en  Water  Purification  in  Illinois 
— Process  and  Plant  Details. 

All  surface  water  in  Illinois  is  subject  to 
liollution  and,  at  the  same  time,  many  sur- 
face streams  serve  as  sources  of  water  sup- 
ply for  cities.  The  purification  of  water  for 
domestic  use  therefore  becomes  necessary. 
Many  Illinois  cities  obtain  their  water  sup- 
plies from  wells  and  such  supplies  are,  in 
most  cases,  suitable  for  direct  domestic  con- 
sumption. Some  of  the  largest  cities  in  the 
state,  excepting  Chicago,  which  derives  its 
supply  from  Lake  Michigan,  are  supplied  by 
well  water.  .\  large  number  of  cities  are. 
however,  forced  to  use  surface  supplies, 
either  because  a  sufficient  ground  water  sup- 
ply is  not  available  or  because  the  ground 
water  is  not  of  acceptable  quality.  In  a  re- 
cent paper  before  the  Western  Society  of 
Engineers.  Messrs.  Edward  Bartow  and  Paul 
Hansen,  Director  and  Engineer,  respectively, 
(pf  the  Illinois  State  Water  Survey,  presented 
valuable  data  on  water  purification  in  Illinois 
with  special  reference  to  the  developments  ift 
the  application  of  the  art  within  the  State, 
to  the  processes  employed  and  to  the  plants 
constructed  for  water  purification  purposes. 
Illinois  supplies  are  .so  varied  in  character 
that  the  paper,  in  its  application,  is  of  far 
more  than  local  interest.  A  large  portion  of 
the  text  of  the  paper  is  here  given  as  pub- 
lished in  the  journal  of  the  societv  for  De- 
cember, 1913. 

The  situation  as  to  Illinois  water  supplies 
can  be  most  readily  understood  by  consider- 
ing available  sources  of  water  supply  through- 
out the  State.  F\ir  this  purpose  the  State  may 
be  regarded  as  divided  into  three  zones  of 
w'ater  supply,  northern,  central  and  southern. 
The.se  zones  arc  of  unequal  area.  In  the 
northern  zone  is  included  the  territory  north 
of  a  line  drawn  from  Quincy  to  the  point 
where  the  Illinois-Indiana  line  reaches  Lake 
Michigan.  In  this  zone,  there  is  generally 
available  an  abundant  quantity  of  excellent 
water  from  deep  rock  wells  varving  in  deptli 
from  about  GOO  ft.  to  2,400  ft. 

In  the  central  zone,  which  lies  between  the 
line  above  described,  and  a  second  line  ex- 
tending from  Danville  to  East  St.  Louis, 
many  water  sup|)lies  are  obtained  from  deep 
drift    wells. 

The  third  zfme.  which  inclu<les  the  re- 
mainder of  the  State,  contains  very  few  wells 
yielding  sufficient  water  for  public  water  sup- 
plies. The  glacial  drift,  where  it  exists  at  all, 
is  too  thin  to  produce  wells  with  sufficient 
yield  ami  the  waters  from  rock  wells  arc 
itiphlv  impregnated  with  mineral  matter.  The 
few  exceptions  to  the  rule  are  fleep  wells  in 
the  limestone  on  the  southern  slope  of  the 
Ozark  uplift  and  a  few  deep  wells  in  the  al- 
luvial deposits  of  the  Ohio  and  Mississippi 
River  bottoms  which  form  the  southern  tip 
of   the   State. 

Communities  in  the  southern  part  (<i  the 
Stale  must,  therefore,  as  a  rule  use  surface 
water.  Along  the  Mississippi  River,  even 
norlh  of  Quincy,  it  is  difticull  to  secure 
groiuui  water  sufficiently  free  from  mineral 
matter  to  render  it  acceptable  fi>r  luiblic  wa- 
ter supplies.  The  Mississippi  River  cities, 
therefore,  nnist  use  surface  supplies,  usiiallv 
the  Mississippi  River  itself.  The  cities  along 
the  shore  of  Lake  Michigan  use  the  lake  wa- 
ter because  it  is  most  convenient  and  most 
economical. 

N'unieriiiis  analyses  have  slmwii  that 
the  surface  water  supplies  of  Illinois,  in- 
i-luding  Lake  Michigan  near  shore,  are  un- 
safe, as  sources  of  public  water  supply.  The 
opportunities  for  communities  to  own  and 
control  entire  watersheds  arc  very  few  and 
moreover,  even  if  water  supplies  could  he 
proleclcd  in  this  manner,  purification  would 
still  he  desirable  owing  to  the  presence  of 
large  quantities  of  suspended   matter  in  near- 


ly all  of  the  streams  of  Illinois.  There  are 
within  the  State  of  Illinois  ()8  surface  water 
supplies,  of  which  33,  including  all  the  larger 
supplies,  are  now  being  subjected  to  some 
form  of  purification. 

The  first  water  purification  plant  in  Illinois 
was  installed  at  Belleville  in  1880.  It  con- 
sisted of  two  Hyatt  pressure  filters  having  a 
capacity  of  300,(l0()  gals,  per  day.  This  plant 
has  since  been  abandoned.  The  first  plant  of 
this  type  in  the  United  States  w-as  installed 
in  1874.  .-V  plant  having  a  capacity  of  1.3.50,- 
000  gals,  per  day,  consisting  of  si.x  10-ft. 
.•\merican  filters,  was  installed  at  Elgin  in 
I8,'<8. 

Two  8-ft.  American  pressure  filters,  hav- 
ing a  capacity  of  288,000  gals,  per  day,  were 
installed  at  Streator  in  ISS'X  In  the  same 
year  two  7-ft.  .-Xraerican  pressure  filters,  with 
a  capacity  of  220,0MO  gals,  per  day,  were  in- 
stalled at  Rogers  Park.  In  the  same  year 
one  li»-ft.  -American  pressure  filter,  having  a 
capacity  of  22(;,000  gals,  per  day.  w-as  installed 
at   Cairo. 

The  first  gravitv  filter  plant  was  installed 
at  Quincy  in  1892;  It  consisted  of  14  12-ft. 
Jewell  filters,  having  a  total  capacitv  of  4,000,- 
000  gals,  daily. 

In  1903  the  first  concrete  gravity  filter 
plants  were  installed  at  Danville,  with  a  ca- 
pacity of  3,000,000  gals,  per  day.  and  at  Mo- 
line,  with  a  capacity  of  4.O0O.(Xiii  gals,  per  day. 
To  1890  seven  plants  had  been  installed;  to 
1905  there  were  12:  to  1910,  17;  and  since 
that  time  the  increase  has  been  rapid. 

It  is  safe  to  predict  that  the  growing  recog- 
nition of  the  importance  of  having  pure  water 
supplies  and  the  increasing  demand  for  waters 
of  good  physical  characteristics  will  result  iu 
the  treatment  of  practically  all  surface  waters 
within  a  few  years. 

I'RF.SK.XT     mSTRIBVTIOX     OF     WATER     PIRIFUATION 
WORKS. 

At  the  end  of  1914  there  will  be  within  the 
stale  3()  plants,  see  Table  I,  for  the  treat- 
ment of  water  and  these  will  serve  a  popula- 
tion of  about  4!IO,000.  This  figure  includes  Rog- 
ers Park,  but  does  not  include  a  part  of  Chi- 
cago supplied  with  water  sterilized  by  cal- 
cium  hypochlorite. 

Of  the  'Ml  plants,  two.  namely.  Winnetka 
and  Waukegan,  are  for  sterilization  with  hy- 
pochlorite only,  and  will  not  be  further  con- 
sidered :  14.  including  Rogers  Park,  arc  mu- 
nicipally owned  and  have  a  combined  ca- 
pacitv of  4.3.42o,OOo  gals,  per  day  and  serve  a 
population  of  l()7,40O.  Eighteen  owned  by 
companies  have  a  combined  capacity  of  59.- 
0.50,000  gals,  per  dav  and  serve  a  population 
of  29.3.700.  Three  owned  by  the  United 
States  Government  have  a  combined  capacitv 
of  2,800,000  gals,  per  day. 

Considering  purilication  plains  with  refer- 
ence to  type,  there  is  one  slow  .sand  filter 
plant  having  a  capacity  of  3O0.(tO0  gals,  per 
24  hours  and  .serving  a  population  of  about 
l,.500.  There  are  two  plants  utilizing  sedi- 
mentation and  coagulation  only,  which  have 
a  combined  capacity  of  3,70ii.0O(l  gals,  per  day 
:ind  serve  a  population  of  17.200.  There  arc 
live  plants  with  iiressurc  filters  having  a  com- 
bined capacitv  of  ().2-50.oOo  gals,  anri  serving  a 
population  of  about  18,300.  .\  sixth  plant,  at 
Elgin,  now  practically  abamloned,  owing  to 
the  availability  of  water  from  deep  rock 
wells,  may  be  added  to  this  number.  This 
plant  would  raise  the  cotnbincd  capacity  to 
5,500(1110  gals,  per  24  hours  and  increase  the 
population  served  to  45.;ioo.  There  are  two 
phinls  eipiipped  with  the  nrcssure  tync  of  lilter. 
but  «o  innlalled  that  they  act  virtually  as 
gravity  filter.s.  TIt^c  plants  have  a  com- 
liined  capacitv  of  19.000 oiio  j;als  per  dav  and 
•.erve  a  pomilation  of  80.000.  The  most  gen- 
eral tvne  of  filler  is  the  ooen  gravity,  mechan- 
ical filter,  and  this  ty|)c  is  iise<l.  or  about  to 
be  used,  at  22  plants  having  a  combined  ca- 
pacity of  fi8.480.00n  gals,  per  day  and  serving 
a  population  of  291.100.  Two  iron-removal 
plants  desiened  for  the  removal  of  iron  from 
ground  wntcrs  have  a  combined  capacity  of 
fi.noo.OOO  cals.  ncr  dav  and  serve  a  population 
of  about  40.000. 


192 


Engineering    and    Contracting 


Vol.  XLI.     No.  6. 


PURIFICATION      BY      SLOW      S.\ND     FILTRATION. 

The  first  effort  to  purify  water  in  Illinois 
Ijy  slow  sand  filtration  was  made  at  Rock 
Island  in  1898.  The  process  soon  proved  to- 
tallv  unsuited  for  the  highly  turbid  and  often 
colored  water  of  the  Mississippi  River  at  this 
point.  In  1911  this  plant  was  replaced  by  a 
modern  mechanical  gravity  filter  plant.  The 
onlv  slow  sand  filter  plant  now  in  operation 
is  at  the  United  States  Naval  Training  Sta- 
tion on  the  shore  of  Lake  Michigan.  The 
source  of  water  supply  is  Lake  Michigan, 
1,200  ft.  from  shore.  The  plant  is  of  ap- 
proved design  and  utilizes  sand  having  an 
effective  size  of  0.32  mm.  and  having  a  uni- 
formitv  coefficient  of  2.60.  The  ordinary  rate 
of  filtration  is  4,600,000  gals,  per  day.  Dur- 
ing the  first  few  years  of  operation,  the  Lake 
Michigan  water  was  pumped  directly  to  the 
surface  of  the  filters,  but  the  frequent  high 
turbidity  placed  such  a  burden  on  the  filters 
that  during  the  past  year  a  sedimentation 
tank,  having  a  12-hour  period  of  retention, 
was  installed.  The  preliminary  treatment 
thus  obtained  failed  to  materially  improve 
conditions  and  it  is  now  proposed  to  assist 
sedimentation  by  means  of  the  addition  of  a 
chemical    coagulant. 

PURIFICATION     BY     SEDIMENTATION     ASSISTED     BY 
COAGULATION. 

The  two  plants  for  treating  water  by  co- 
agulation and  sedimentation  only,  are  located 
at  Brcesc  and  Granite  City,  respectively.  The 
plant  at  Breese  has  a  nominal  capacity  of 
about  200,000  gals,  per  24  hours  and  a  sedi- 
mentation period  of  about  40  hours.  Lime 
and  iron  are  used  as  coagulants.     This  plant 


The  waller  as  it  comes  from  tlie  filters  is 
generally  turbid  and  the  bacterial  removal  is 
very  low.  The  plant  could  be  improved  by 
modifications  in  the  coagulant  preparation 
and  feed  devices,  but  it  is  not  probable  that 
it  will  give  entire  success. 

There  has  been  greater  success  at  Kenil- 
worth,  where  there  are  pressure  filters  hav- 
ing a  nominal  capacity  greatly  in  e.xcess  of 
the  consumption.  At  Lake  Forest  a  safe 
water  is  obtained  with  pressure  filters  assisted 
by  sterilization  with  hypochlorite,  but  at  times 
the  water  in  the  mains  has  been  turbid.  The 
good  results  at  Lake  Forest  must  be  in  large 
part  ascribed  to  the  maintenance  of  sys- 
tematic analytical  control. 

The  new  plant  at  Fort  Sheridan  has  a  ca- 
pacity of  1,500,000  gals.,  but  it  is  rarely  called 
upon  to  supply  more  than  -500.000  gals.  It 
has  not  been  under  observation  long  enough 
to  determine  its  success  or  non-success.  In 
the  absence  of  coagulating  basins,  much  dif- 
ficulty has  been  encountered  in  securing  good 
coagulation  of  the  water,  especially  in  cold 
weather,  and  it  is  probable  that  some  of  the 
alum  passes  through  into  the  filtered  water. 
The  bacterial  results  may  be  maintained 
reasonably  low  by  the  use  of  calcium  hypo- 
chlorite, for  which  the  plant  is  equipped.  With 
the  present  small  consumption,  the  plant,  if 
properly  operated,  should  be  capable  of  de- 
livering a  reasonably  clear  and  safe  water  to 
the  consumers. 

Modified  Pressure  Filters. — Filters  of  the 
pressure  type.  l)Ut  operated  as  gravity  filters, 
are  used  at  East  St.  Louis  and  Streator.  They 
are   enclosed   in   steel   shells   just    as  arc   ordi- 
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Fig.  1.  Simple   Device   in   Use  at   Mt.  Carmel,    III.,  Water  Filtration  Plant  for  Feeding  Chem- 
ical    Solution     at    a    Rate    Proportional    to    Rate      of      Raw     Water     Flow     from      Low 

Lift    Pump. 


has  been  in  operation  something  less  than  a 
year,  and  up  to  date  has  proved  very  inef- 
ficient. Part  of  the  inefficiency  may  be  ex- 
plained by  certain  defects  in  design,  but  even 
with  these  defects  corrected  and  with  intelli- 
gent and  painstaking  operation,  there  will 
still  be  difficulty  in  securing  as  good  results 
as  have  been  obtained  at  the  St.  Louis  water 
purification  plant,  after  which  this  plant  was 
modeled. 

The  other  installation  is  at  Granite  City, 
where  a  most  interesting  treatment  is  adapt- 
ed to  the  peculiarities  of  local  conditions. 
The  water  supply  is  drawn  partly  from  the 
Mississippi  River,  partly  from  a  slough  formed 
in  an  old  channel  of  the  Mississippi,  and  part- 
ly from  tubular  wells  yielding  water  contain- 
ing large  quantities  of  iron.  The  Mississippi 
River  ax  the  slough  water  is  mixed  with  the 
ground  water  in  proportions  foimd  by  experi- 
ence to  be  suitable,  and  to  the  mixture  is  add- 
ed a  quantity  of  lime.  The  lime  causes  a 
rapid  precipitation  of  ferric  hydrate  and  also 
partially  softens  the  water.  The  total  sedi- 
mentation period  is  55  hours.  The  plant  will 
soon  be  abandoned  and  Granite  City  will  re- 
ceive its  water  from  the  East  St.  Louis  water 
works. 

MECHANICAL  FILTRATION. 

PiWcr  Plants  of  the  Pressure  Type.— The 
results  obtained  by  means  of  pressure  filters 
are  more  or  less  tmsatisfactory.  At  Mc- 
Lcansboro.  population  1,800.  there  is  a  small 
pressure  filter  with  a  nominal  capacity  of 
240.000  jjals.  per  day,  provided  with  neither 
coagulating    basins    nor    clear-wafer    storage. 


nary  pressure  filters,  but  otherwise  they  op- 
erate in  the  manner  of  gravity  filters;  that 
is  to  say,  the  water  flows  into  them  under 
a  head  of  a  few  feet  from  the  coagulation 
and  sedimentation  basins  and  tlie  cffiiucnt 
passes  intn  a  clear-water  reservoir.  Thus  the 
filters  are  not  at  all  subject  to  the  influence 
of  the  pumps.  When  such  fillers  arc.  properly 
designed  and  properly  controlled,  they  give 
good  results,  but  they  have  the  serious  dis- 
advantage of  relative  inaccessibility.  Both  of 
these  plants  are  under  careful  management, 
and  available  data  indicate  that  they  produce- 
regularly    acceptalile    results. 

Mechnuical  Gra''ily  Fillers. — The  open  grav- 
ity type  of  filter  has  come  to  be  recognized 
as  the  standard  installation,  and,  as  will  be 
observed  in  Table  I.  the  great  majority  of 
plants  are  of  this  type.  Within  the  State 
of  Illinois  may  be  found  plants  representative 
of  almost  every  stage  in  the  development  of 
gravity  filters.  The  old  plants  at  Quincy  and 
Decatur,  both  now  being  replaced  by  new 
and  larger  plants  of  most  modern  construc- 
tion, are  examples  of  early  practice.  .^t 
Quincy  in  the  nineties  a  series  of  important 
experiments  were  conducted  which  greatly 
increased  our  knowledge  with  reference  to 
the  use  of  lime  and  iron  as  coagulants.  From 
these  we  pass  through  later  dcvel<ipmcnls  at 
Cairo,  Pontiac.  Alton,  Danville.  Moline,  an<l 
finally  reach  the  most  up-to-date  installations 
now  in  use  at  Rock  Island  and  under  con- 
struction   at    Quincy,    Decatur   and    Evanston 

A  .group  of  the  older  plants,  including  the 
Cairo  plant  and  the  old  plants  at  Quincy  and 


Decatur,  give  poor  results,  primarily  because 
they  are  now  worked  beyond  their  normal 
capacity,  .^.t  the  pre.'^ent  time,  however,  these 
old  plants  are  generally  producing  a  safe 
water  as  a  result  of  the  addition  of  calcium 
hypochlorite  as  a   sterilizing   agent. 

There  are  plants  at  Pontiac,  Warsaw,  and 
Lawrenceville  of  old  design,  but  of  compara- 
tively recent  installation.  The  Pontiac  and 
Lawrenceville  plants  are  faulty  in  design  and 
operation,  but  hypochlorite  is  now  maintain- 
ing the  water  safe  in  each  instance. 

COMPONENT       PARTS       OF        MECHANICAL       FILTF.R 
PLANTS. 

Mechanical  filtration  in  Illinois  can  be  most 
advantageously  discussed  in  a  brief  space  by 
discussing  the  several  component  parts  in  the 
light  of  Illinois  practice  rather  than  by  de- 
scribing plant  by  plant. 

Coagulant  Preparation  and  Feed  Devices. — 
The  chemical  preparation  and  feed  devices 
constitute  a  most  important  pa-rt  of  a  me- 
chanical filtration  plant,  though  perhaps  the 
least  costly  part.  It  is  essential  that  the  chem- 
icals be  added  in  the  proper  quantities  and 
uniformly.  But  little  real  advance  has  been 
made  in  the  design  of  the  chemical  prepara- 
tion and  feed  devices.  An  early  type,  as  ex- 
emplified in  the  Egyptian  water  wheel  ar- 
rangement at  Decatur,  still  gives  very  satis- 
factory results  as  compared  with  the  more 
rnodern  designs.  This  device  consists  of  a 
dipper  wheel  made  of  bent  piping,  revolving 
partially  submerged  in  a  tank  full  of  solu- 
tion, the  surface  of  which  is  maintained  at  a 
constant  level.  The  wheel  is  actuated  by  a 
propeller  placed  in  the  raw  water  inlet  pipe, 
so  that  it  revolves  and  dips  up  solution  at  a 
rate  approximately  proportional  to  the  vol- 
ume of  water  entering  the  plant.  The  solu- 
tion, which  is  made  of  a  suitable  strength  to 
secure  the  requisite  application  to  the  raw 
water,  flows  out  through  the  hollow  hub  of 
the  dipper  wheel  and  is  conveyed  by  suitable 
piping  to  the  desired  point  of  application. 

.'\  very  common  and  generally  satisfactory 
device  for  maintaining  a  uniform  flow  of  co- 
agulant is  the  so-called  constant  head  orifice 
box.  In  this  device  a  constant  head  of  solu- 
tion is  maintained  over  a  free  discharging 
orifice  of  sufficient  size  to  deliver  the  requisite 
quantity  of  solution.  In  the  more  modern 
types,  the  orifice  is  made  adjustable  so  that 
the  application  of  chemical  may  be  varied 
witliout  changing  tlie  strength  of  sokition.  A 
somewhat  ingenious  modification  of  the  prin- 
ciple involved  in  this  device  is  found  at  .Mton. 
This  apparatus  is  more  compact  than  the  ordi- 
nary constant  head  orifice  box  and  is  ar- 
ranged for  ready  flushing  out  with  clear  wa- 
ter when  desirable. 

.\t  Mt.  Carmel  is  a  simple  form  of  appara- 
tus. Fig.  1,  which  applies  the  chemical  at  a 
rate  directly  proportional  to  the  volume  oi 
water  entering  the  plant.  It  performs  the 
same  finiction  as  does  the  Egyptian  water 
wheel  above  described,  but  somewhat  more 
accurately.  The  water  entering  the  plant  is 
received  in  a  small  chamber  with  an  orifice 
in  the  bottom.  Within  the  chamber  is  a  float 
connected  to  Rne  end  of  a  lever  arm,  the 
other  end  of  which  is  connected  to  an  orifice 
attached  to  the  end  of  a  flexible  pipe  placed 
within  a  constant  level  solution  tank.  The 
apparatus  is  so  adjusted  that  the  head  of 
water  over  the  orifice  in  the  inlet  chamber 
to  the  plant  is  a  fixed  multiple  of  the  head 
of  solution  over  the  orifice  in  the  solution 
box. 

At  some  of  the  plants  in  the  Stale,  notably 
at  Cairo  and  at  the  new  Evanston  plant,  .so- 
lution pumps  will  be  used  to  discharge  the 
chemical  into  the  raw  water  at  the  proper 
rate.  The  chemical  pumps  at  Ft.  Sherid.-ir 
and  W'aukegan  are  actuated  by  the  pulsations 
of  the  service  pumps  by  means  of  water  con- 
nections. Their  rate  of  operation  is,  there- 
fore, proportional  to  the  rate  of  operation 
of   the   service  pumps. 

Plain  Sedimentation  Bo.?ih.— Plain  sedimen- 
tation is  an  unusual  preliminary  to  chemical 
coagulation  and  sedimentation  and  filtration, 
but  appears  to  have  considerable  value  in  the 
treatment  of  water  carrying  heavy  turbidities 
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in  that  it  economizes  on  coagulant  and  pro- 
duces a  more  uniform  water  to  handle.  Pre- 
liminary sedimentation  is  systematically  used 
at  East  St.  Louis,  where  the  retention  period 
is  approximately  ten  hours.  At  Rock  Island 
it  is  also  used,  the  retention  period  being 
about  twelve  hours ;  the  arrangement  is  such, 
however,  that  coagulant  may  be  added  at  the 
entrance  of  this  basin  when  desired.  At  Mt. 
Vernon  and  Pana  a  prolonged  period  of 
sedimentation  is  had  in  impounding  reservoirs, 
but  these  cannot  be  regarded  as  parts  of  the 
filtration  plant. 

Reaction  Chambers. — Within  the  last  few- 
years  the  reaction  chamber  has  come  to  be 
recognized  as  an  important  part  of  a  me- 
chanical filter  plant.  Its  function  is  to  main- 
tain the  water  in  gentle  agitation  after  the 
coagulant  is  added  until  the  reaction  is  com- 
plete. Five  plants  in  Illinois  include  this  fea- 
ture, namely,  those  at  Evanston.  Decatur  (new 
plant).  Quincy  (new  plant),  Charleston,  and 
at  Mt.  Vernon.  .\\\  these  plants  are  now  un- 
der construction  or  were  completed  during 
191.3.  Practice  varies  with  respect  to  the  re- 
tention period  from  8  minutes  at  Charleston 
to    19    minutes    at    Evanston.      The    reaction 


tration  a  final  though  very  important  finish- 
ing process,  yet  some  of  the  latest  designs  in- 
clude no  coagulation  and  sedimentation ;  for 
instance,  those  at  Pana,  Ft.  Sheridan,  and 
McLeansboro.  Aside  from  these  exceptions, 
coagulating  basins  are  used,  and  the  periods 
of  retention  vary  from  1%  hours  at  Danville 
to  18  hours  at  East  St.  Louis.  The  new  plant 
at  Evanston  will  have  basins  with  a  reten- 
tion period  of  1.7  hours.  Here  the  turbidity 
will  be  only  occasionally  heavy  and  never  dif- 
ficult to  handle.  The  new  plant  at  Decatur 
will  have  basins  of  four  hours'  retention  to 
handle  the  moderately  troublesome  water  of 
the  Sangamon.  .Xt  Quincy  4.G  hours  will  be 
used,  combined  with  much  elasticity  in  oper- 
ating arrangements,  to  meet  the  requirements 
of  the  very  troublesome  water  of  the  Missis- 
sippi River. 

Coagulation  and  sedimentation  basins  are 
generally  provided  in  duplicate,  and  some- 
times these  basins  are  of  different  sizes  to 
give  greater  range  in  the  retention  periods 
available.  This  latter  arrangement  obtains  in 
the  new  plant  at  Quincy.  In  the  larger  and 
more  modern  plants,  the  basins  are  arranged 
so  they  can  be  operated  in  series  or  in  parallel. 


at  the  bottom,  for  filtering  to  waste,  for  ad- 
mitting clear  wash  water  at  the  bottom  and 
drawing  off  soiled  wash  water  at  the  top.  .\li 
operate  with  a  range  of  filtering  head  up  to 
10  ft.  The  greatest  differences  lie  in  the 
method  of  agitating  the  sand.  The  older 
types  have  the  cumbersome  revolving  rakes 
for  agitating  the  sand  bed,  while  the  later 
designs  are  agitated  by  air  blown  in  at  the 
bottom,  or  rely  entirely  on  the  wash  water 
when  applied  at  a  rapid  rate.  The  old-fash- 
ioned rakes  are  not,  however,  regarded  as 
obsolete  and  only  during  the  past  year  a 
small  plant  at  Warsaw  was  equipped  with 
this    agitating   device. 

The  old  Warren  plant  at  Decatur  repre- 
sents a  variation  from  the  general  type,  in 
that  the  filters  have  double  bottoms  instead 
of  grids  for  conduits,  and  there  is  a  continu- 
ous perforated  sheet  of  brass  over  the  whole 
bottom  of  each  filter  instead  of  the  small 
perforated  strainer  heads  or  plates.  There 
is  also  a  very  thin  bed  of  very  coarse  sand  or 
crushed  quartz  not  over  22  ins.  thick,  and, 
to  offset  the  slight  frictional  resistance  there- 
of, the  filters  are  not  permitted  to  operate 
under  a  head  greater  than  2  ft.    There  is  also 


T.VBLK  1.— LIST  OF  W.\TFR  PURIFICATIOX  PLANTS  IN  ILLINOIS,  19ia. 


Popula 

Cit.v.  tion. 

Rock    Island    Arsenal 1.000 

Kenilworth     l,O00 

Naval    School    1.200 

Ft.    .^heiidan    1,500 

Hamilton    1.700 

McLeansboro     l.SOO 

Breest   2.200 


Warsaw    

Wlniu'tka    ... 
Carllnville    ... 
Lako    Forest 
Lawrencevllle 


2,200 
3,500 
.•i,700 
■1,000 
■1.000 


Charleston     6,000 

Macomb    fi.OOO 

Pana    «..iOO 

Pontiac   7,000 

Mt.    Carmel    S.OOO 

Murphysboro    S.OOO 

Mt.    Vernon    S.OOO 

R.icera   Park    10.000 

Kankakee    H.OOO 

Cairo    15.000 

Granite    City    15,000 


Streator    15,000 

Alton    IS.OOO 

Frceport     1.S.000 

WauUegan   IS.OOO 

I'rbana  and  Champaign. ..     22,000 

Eva  nston    26,000 

Rock  Island    26.000 

Kluln    27.000 

Mr,llnc-     27.000 

Danville    30.000 

Di-ratnr    .t.'i.OOO 

Oulnc.v    37.000 

E.ist   St.    Louis 65.000 


Li-C"-nd:      .\ — .Mum. 


-Lime.      1 


Owner 

Source  of  Supply.  ship. 

Mississippi    river U.S. 

Lake     Michigan P 

Lake     Michigan tl.  S. 

Lake    Michigan U.S. 

Mississippi    river M 

Reservoir     M 

Kaskaskia    river    M 

Mississippi    river M 

Lake     Michigan M 

Macoupin  creek    P 

Lake     Michigan P 

Knibarrass   river    P 

Embarrass  river   M 

Crooked    creek    M 

Reservoir    M 

Vermilion  * P 

Wabash    P 

Big    Muddy    river P 

Iteservoir     P 

Lake     Michigan M 

Kankakee  river   P 

Ohio    river    P 

Wells,   slough  and   Mlssissip 

pi   river    P 

Vermilion    river     P 

Mississippi    river P 

Wells     P 

Lake    Michigan ". . .  M 

Wells     P 

Lake    Michigan M 

Mls.<»lsslppl    river M 

Wells   and    Fox    river M 

Mississippi    river M 

Vermilion    river    P 

Sang.'tmon    river    M 

Mississippi    river P 

Mississippi    river P 

-Iron.     H— Hypo.     M — Municipal. 


Reaction 

Coag. 

Chambers. 

Basins 

Filters. 

Clear 

well. 

Hours 

Minutes. 

Hours. 

M.  G.  P.  D. 

4.5 

1.0 

1.5 

12.6 

.3 
1.5 

20.0 

.:! 

3.0 

1.5 

.24 

2.5 

40.0 

200,000 

Pumpage 

24.0 

4.0 

.18 

2.0 

h'.h 

.5 
1.0 

5.0 

3.0 

.65 

5.0 

S.O 

2.S 

1.0 

3.0 

4.2 

1.0 

3.6 

1.0 

1.3 

1.2 

1.5 

1.8 

2.7 

1.5 

.75 

g.4 

2.0 

4.0 

13.0 

4.0 

L5 
3.0 

1.2 

5.0 

4.0 

2.0 

3.8 

3.0 

.0 

55.0 

:!.5  M.  G.  D. 
Pumpage 

... 

K.6 

2.5 
5.4 

.3  0 

1.4 

2.0 

2.3 

3!6 

■y.i) 

9!ii 

19.0 

1.7 

12.0 

4.0 

12.0 

6.0 
2.3 

24.0 

2.5 

6.0 

3.0 

1.5 

1.5 

2.4 

IS.O 

l.fl 

n.o 

4.0 

16.5 

1.6 

6.0 

.  1 

IS." 

16.5 

a. 4 

P- Private. 

U.  S.- 

U.  S.  Government. 

Type  of  plant.  Chemicals 

used. 

Rapid  sand A-H 

I'ressure   filters A 

Slow   sand .-X-II 

Pressure    filters A-H 

Rapid  sand .\ 

Pressure    filters .\ 

Coagulation   and   set- 
tling      L-I 

Rapid     sand .\-H 

Sterilization    11 

Rapid     sand .\ 

Pressure     filters .\-H 

Rapid    sajid K-H 

Rapid    -sand .\-H 

Rapid    sand -■V 

Rapid    sand A-H 

R.apid    sand L-I-H 

Rapid    sand .\-H 

Rapid    sand L-I 

Rapid    sand .\-H 

Pressure  filters A 

Rapid    sand A-H 

Rapid    sand L-.\-H 

Coagulation    settling 

and    softening l.-ll 

Rapid    sand \-H 

Rapid    sand L-i-M 

.Seilimentatlon   and    fil- 
lers— Iron    removal..      I. 

Sterilization    H 

.\eration    and    rapid 
.sand — Iron    removal.  .... 

Rapid    sand .\-H 

Rapid    s.and \-Il 

Pressure  filters \ 

Rapid    sand \-M 

Rapid    sand L-I-H 

Rapid    sand \-H 

Rapid    sand ..V- L-I-H 

Rapid    sand :.      A-I..-1-H 


Cost 
of  plant 

per 
M.G.D. 


S  0,700 


Slil.MlO 


»!.•..  !Oli 
Jtl.lO" 


chaml>cr  is  generally  a  conveniently  shaped 
compartment  adjacent  to  the  coagulation 
basins  and  highly  baffled  to  produce  a  velocity 
of  between  '/4  ft.  and  1V4  ft.  per  second. 
The  baffles  are  generally  of  wood  and  so  ar- 
ranged that  they  may  be  moved  from  time  to 
lime  to  meet  the  requirements  of  varying 
<|ii.inlitics  of  water  treated  by  the  plant. 

('iiat/ulalinn  and  Sedimentation  Basins  — 
The  general  tendency  in  filtration  practice  in 
recent  years  in  this  .State,  as  well  as  in  others, 
has  been  to  increase  the  retention  period  in 
the  coagulation  and  sedimentation  basins. 
These  basins  must,  of  course,  be  designed  with 
special  reference  to  the  water  to  be  handled 
ind  may  vary  within  wide  limits  because  of 
this  coiisidcration.  On  the  other  hand,  the 
advent  of  the  reaction  chamber  has  probably 
chcckcfl  greater  increase  in  size  because  ihis 
adjunct  now  performs  more  efficiently  and  in 
less  space  what  sedimentalion  basins  were 
formerlv   counted   upon   to  do. 

Xotwithstanding  the  fact  that  coagulatinR 
and  sedimentation  basins  have  been  regarded 
as  more  and  more  of  a  necessity,  and  arc 
counted  upon  to  do  more  and  more  of  the 
work  of  purification,   thereby  constituting  fil- 


with  or  without  the  reaction  chamlicr.  and 
sometimes  still  other  combinations  are  pro- 
vided. In  the  smaller  plants,  however,  the 
tendency  in  the  design  of  sedimentation  and 
coagulation  basins  is  toward  simplicity.  With 
the  advent  of  the  reaction  chamber  even  the 
duplicate  basin  is  omitted,  as  this  will  afford 
all  necessary  preliminary  treatment  during 
clear-water  periods. 

FiV^fr.f.— The  filters  proper  vary  greatlv  in 
appearance,  ranging  from  the  old  Jewell  high 
wooden  tanks  12  ft.  in  diaiueler  and  12  ft. 
high  inslalled  in  1891  at  Quincy,  to  the  3fi-ft. 
by  2.3V4-ft.  concrete  units  of  the  new  Evans- 
ton plant.  With  the  exception  of  the  old 
Warren  filters  at  Decatur  installed  in  1893, 
there  is  very  little  essential  ilifTrrrncc  in  the 
interior  arrangements  between  the  old  and 
the  new  filters.  The  difference  lies  almost 
wholly  in  progressive  improvements  in  details 
of  design.  .'\II  have  in  their  bniinins  a  grid 
or  system  of  conduits  with  perforated  brass 
plates  or  strainer  heads  for  collerting  filtered 
water  and  distributing  wash  water.  .Ml  have 
a  sand  hed  of  2'4  to  .1  ft.  in  thickness.  .Ml 
have  the  usual  connections  for  admitting  raw 
water  at  the  fop,  for  drawing  off  filtered  water 


a  difl^erence  in  the  relation  of  the  several  fil- 
ters to  each  other,  more  particularly  in  the 
mode  of  control  and  washing.  But  as  tlii'^ 
type  of  filter  is  practically  discarded  and  only 
of  interest  from  an  historical  standpoint, 
further   description  will  be  omitted. 

CHIEF   niKFESENCES   IN    DESIGN-    nETWEEN   OLD   .WP 
NEW    TYPES    OF    FII-TERS. 

The  most  pronounced  diflTerences  in  design, 
asiile  from  those  already  mentioned,  between 
the  old  and  new  types  of  filters  arc: 

First — The  change  from  the  circular  to  the 
rectangular  form  which  adds  nothing  U>  the 
efficiency,  but  greatly  improves  the  general 
layout  and  is  economical  of  space  and  lua- 
tcrial. 

Second — The  increase  in  sire  of  units  which 
likewise  adds  nothing  to  efficiency,  but  make.i 
for  economy  of  construction  and  facilitates 
operation. 

Third — The  introduction  of  a  central  gut- 
ter, an  outgrowth  of  the  increase  in  size  of 
units  which  virtually  divides  a  filter  into  two 
imits.  though  still  retaining  a  single  set  of 
inlet  and  outlet  connections      This  r'''''^  Mr.ili- 
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ing  to  the  efficiency  and  is  a  mere  convenience 
of  arrangement. 

Fourth — The  introduction  of  concrete  col- 
lection and  distrihution  systems,  which  cheap- 
ens cost  of  construction  and  permits  of  read- 
ily using  larger  conduits,  thus  reducing  fric- 
tional  resistance. 

Fifth — The  more  careful  design  of  trouglis 
for  carrying  off  soiled  wash  water  so  that  the 
same  may  be  carried  otT  evenly  and  rapidly 
from  all  parts  of  the  filter.  This  improve- 
ment was  partly  imposed  by  increased  size  of 
units,  but  also  adds  to  the  effectiveness  of 
washing. 

Filter  Control. — In  the  older  plants,  the  fil- 
ters are  always  controlled  by  hand-operated 
valves  which  renders  the  washing  of  filters 
a  time-consuming  and  awkward  operation.  In 
the  larger  modern  plants  hydraulically-operat- 
ed  valves  are  the  rule.  This  greatly  simplifies 
the  labor  of  cleaning  a  filter,  permits  of  a 
simpler  and  better  arrangement  of  the  pipe 
gallery  in  front  of  the  filters,  and  makes  pos- 
sible a  neat-appearing  operating  floor.  The 
main  objection  to  hydraulically-operated 
valves  is  the  annoyance  of  "sticking."  This 
can,  however,  be  largely  overcome  by  using 
parallel-seated  self-adjusting  disk  valves  and 
by  systematically  cleaning  the  hydraulic  cyl- 
inders at  proper  intervals. 

The  necessity  for  controlling  the  rate  of  fil- 
tration automatically  is  becoming  more  and 
more  recognized.  Even  early  filters  had 
means  of  control,  but  until  recently  many  fil- 
ter operators  held  that  an  occasional  partial 
turn  of  the  effl'uent  valve  gave  sufficiently 
close  control.  This  is  in  large  measure  true, 
but  this  method  places  too  great  reliance,  on 
the  watchfulness  and  reliability  of  the  filter 
attendant.  Most  of  the  plants  in  the  State  are 
without  automatic  rate-controllers.  There  are 
three  general  types  of  filter  rate-controllers  in 
use,  namely,  the  float  type,  the  disk  type,  and 
the  meter  type.  The  float  type  in  principle  is 
simply  a  device  for  automatically  maintaining 
a  fixed  head  over  an  orifice  of  definite  size 
or  over  a  weir,  generally  the  former.  This 
type  of  controller  is  exemplified  by  those  at 
Cairo,  Pana,  Moline,  and  Danville.  The  disk 
type  maintains  a  constant  rate  of  flow  by 
producing  a  constant  head  on  a  submerged 
orifice  by  means  of  properly  weighted  disk 
and  balanced  valve  fastened  to  the  same  shaft. 
The  dropping  of  the  disk  causes  the  valve  to 
open  wider  and  the  raising  thereof  causes  it 
to  close.  These  controllers  have  a  tendency 
to  stick,  but  when  carefully  made  and  provid- 
ed with  properly  designed  valve  ports,  they 
give  good  results.  Controllers  of  this  type 
are  installed  at  Rock  Island,  Macomb,  .Mton, 
Mt.  Vernon  and  Charleston.  The  meter  type 
of  controller  depends  for  its  operation  on 
maintaining  a  constant  difference  of  head  be- 
tween the  throat  and  entrance  to  a  Venturi 
tiibe.  Any  variation  is  transmitted  to  a 
diaphragm  which  actuates  a  pilot  valve  and 
which  in  turn  operates  a  gate  valve.  The 
variations  in  head  may  also  be  transmitted 
by  electrical  means  to  the  gate  valve.  Con- 
trollers of  this  type  are  in  use  at  Ft.  Sheri- 
dan and  are  about  to  be  used  in  connection 
with  the  two  new  plants  at  Quincy  and  De- 
catur. 

Loss  of  head  gages  are  devices  for  observ- 
ing the  loss  of  head  suffered  by  the  water  in 
passing  through  a  filter.  Therefore,  they  in- 
dicate the  condition  of  the  filter  sand  beds 
and  give  the  attendant  a  means  whereby  he 
can  ascertain  when  a  filter  requires  w^ashing 
The  loss  of  head  gages  are  of  two  types, 
namely,  the  indicating  and  the  recording.  The 
indicating  are  suitable  for  ordinary  purposes, 
but  there  is  a  great  advantage  in  having  a 
record  of  the  filter  runs.  Loss  of  head  gages 
are  not  in  as  general  use  as  they  should  be 
and  in  some  plants  they  arc  pcrniitted  to  be- 
come dismantled.  Those  plants  having  loss 
of  head  gages  of  the  indicating  type  in  use  are 
Moline,  Kankakee,  Mt.  Vernon,  Macomb, 
Charleston.  Warsaw,  Hamilton  and  Ft.  Sheri- 
dan, and  Rock  Island  Arsenal.  Rock  Island 
has  recording  loss  of  head  gages. 

Clear  Water  Storage. — The  provision  made 
for  clear-water  storage  varies  greatly.  In 
some   plants   it   is   scarcely  more  than  a   suc- 


tion i;ii.  while  in  others  the  .storage  is  as 
much  as  24  hours.  The  size  of  clear-water 
basins  will  depend  largely  on  the  storage 
available  in  distribution  and  equalizing  reser- 
voirs connected  with  the  distribution  system. 
For  e.xample,  at  Quincy  the  retention  period 
is  only  0.7  hour  in  the  clear-water  basin,  but 
there  is  a  reservoir  holding  about  14  days' 
supply  on  the  distribution  system,  .^t  Rock 
Island  the  clear-water  basin,  together  with 
the  filter  plant,  is  at  a  higli  elevation  and  is 
directly  connected  with  the  distribution  sys- 
tem.    The   storage   period   is  '.M  hours. 

Generally  speaking,  there  is  a  tendency  to 
make  the  clear-water  basin  too  small,  when 
it  is  considered  that  the  filters  must  operate 
at  a  uniform  rate  no  matter  what  the  daily 
and   hourly    rate   of    consumption   may   be. 

Acce.'ssories. — Filter  plants  have  a  number 
of  important  accessories,  the  design  and  ar- 
rangement of  which  vary  considerably  in 
practice.  As  a  rule,  water  from  the,  source 
of  supply  must  be  raised  to  the  filter  plant 
ordinarily  through  a  low  lift.  For  this  pur- 
pose electrically  or  steam-turbine  driven  cen- 
trifugal pumps  are  nearly  always  used  because 
of  their  special  adaptability  to  such  service. 
The  quantity  of  water  luimped  and  the  head 
pumped  against  are  constant  or  nearly  so  and. 
the  total  lift  is  not  great.  The  water  often 
contains  grit  and  is  often  hard  on  piston  and 
plunger   pumps. 

Wash  water  is  supplied  to  filters  in  several 
ways,  namely,  (1)  by  drawing  from  the  dis- 
tribution system,  (2)  by  installing  low-lift 
centrifugal  pumps  taking  suction  from  the 
clear  well,  each  with  a  capacity  sufficient  to 
furnish  vv'ash  water  for  one  filter,  and  (3)  by 
having  an  elevated  storage  tank  supplied  by 
small  pumps  starting  and  stopping  automatic- 
ally or  by  having  a  connection  with  the  dis- 
tribution system.  In  modern  practice  the 
storage  tank  is  considered  the  most  econom- 
ical and  desirable  and  is  the  method  adopted 
for  all  of  the  new  and  larger  plants  now  un- 
der construction.  In  all  these  cases  small 
automatically-controlled  pumps  will  be  used, 
but  there  will  be  in  the  case  of  the  Quincy 
plant  an  emergency  connection  to  the  distri- 
bution  system. 

In  all  of  the  plants  in  this  State  where 
air  agitation  obtains,  blowers  are  used,  but 
in  modern  practice  elsewhere  compressors  and 
air  storage  tanks   arc  in   favor. 

Storage  of  chemicals  is  an  important  fac- 
tor and  often  adequate  provision  is  not  made 
therefor.  The  storage  space  desirable  will 
vary  with  local  conditions,  character  of  water 
to  be  treated,  shipping  facilities,  etc.,  but  even 
in  small  plants  there  should  be  sufficient  stor- 
age available  to  permit  of  buying  in  carload 
lots.  In  the  larger  plants,  large  storage  may 
be  advisable  in  order  to  take  advantage  of 
market  conditions. 

Every  filter  plant  should  have  sonic  provision 
for  office  space,  laboratory,  and  toilet  and 
locker  rooms.  Too  often  these  matters  are 
neglected  in  the  smaller  plants  and  where 
proper  conveniences  are  lackfng  the  opera- 
tion of  the  plant  is  almost  certain  to  suffer. 

A  word  may  be  said  with  reference  to  the 
appearance  of  superstructures.  Progress  in 
this  connection  is  being  made,  for  it  is  un- 
usual nowadays  to  sec  wooden  or  cheap  brick 
barn-like  structures  built  over  large  and  im- 
portant plants.  Rut  the  superstructures  for 
the  smaller  plants  arc  still  very  crude  in  de- 
sign. The  additional  expense  for  rendering 
these  structures  attractive  is  small  compared 
with  the  cost  of  the  whole  plant,  and  it  is  emi- 
nently fitting  that  water  works  buildings  in 
general  and  filter  buildings  in  narticular  should 
present  a  neat,  clean  and  inviting  appearance. 

GENER.\L     ARRANREMENT    OF     FtLTER     PLANTS. 

The  arrangement  of  mechanical  filter  plants 
varies  greatly,  depending  on  size  of  plant,  lo- 
cal topography,  and  other  local  requirements 
and  depending  on  the  ideas  of  the  designing 
engineer.  A  plan  that  meets  with  general 
favor  is  what  may  be  called  the  head  house 
plan  in  which  the  several  parts  of  the  plant 
are  grouped  about  a  more  or  less  centrally 
located  head  house.  The  raw  water  is  re- 
ceived at  the  head  house,  treated  with  chem- 
icals,  diverted   to   the   reaction   chambers   and 


coagulating  basins,  then  returned  to  the  head 
house  and  diverted  to  the  filters.  The  head- 
house  superstructure  also  houses  chemical 
preparation  and  feed  devices,  machinery,  lab- 
oratories, toilet  rooms,  locker  rooms  and  offi- 
ces. In  some  cases  the  head  house  is  large 
enough   for  storage  of  chemicals  also. 

Frequently  filter  plants  are  not  designed 
with  a  proper  consideration  for  future  ex- 
tension and  this  in  one  or  two  instances  has 
caused  much  awkwardness  in  making  addi- 
tions. 

Laboratory  Control. — Laboratory  control  is 
feasible  and  necessary  in  even  the  smallest 
plants  to  secure  best  results.  Under  actually 
existing  conditions,  laboratory  control  is  es- 
pecially necessary  in  the  small  plant  because 
such  plants  are  as  a  rule  less  perfect  in  de- 
sign and  construction  than  the  larger  ones. 
The  tests  required  are  very  simply  carried  out 
and  can,  if  necessary,  be  entrusted  to  a  man 
of  ordinary  intelligence  and  industry,  even 
though  he  has  no  scientific  training.  The  de- 
terminations that  should  be  made  are  turbid- 
ity, color,  alkalinity,  the  number  of  bacteria 
and  gas  formers  in  the  raw  and  filtered  water. 
Solutions  should  also  ,  be  tested,  especially 
hypochlorite  solutions.  Should  there  be  a  mu- 
nicipal or  industrial  laboratory  near  by,  it 
may  perhaps  be  better  in  the  case  of  small 
plants  to  have  the  bacterial  work  done  there, 
but  there  is  no  reason  why  the  simple  physical 
and  chemical  tests  above  enumerated  should 
not  he  made  in  even  the  smallest  plants. 

In  conclusion,  it  is  interesting  to  note  that 
wherever  reliable  records  can  be  obtained  they 
show  a  marked  reduction  in  typhoid  fever 
even  where  the  efficiency  of  the  plant  is  not 
as  great  as  it  should  be.  At  Decatur  there 
have  been  no  accurately  kept  typhoid  fever 
records,  but  the  city  has  a  reputation  of  being 
quite  free  from  the  disease.  Much  of  this 
must  be  attributed  to  the  old  Warren  filter 
plant,  though  its  average  efficiency,  based  on 
bacterial  removal  during  late  years,  was  only 
no  per  cent,  .^t  Moline  and  Rock  Island  the 
typhoid  death  rate  has  been  low  since  the  in- 
stallation of  filters.  Shortly  before  placing 
the  new  plant  at  Rock  Island  in  regular  op- 
eration, there  was  a  serious  epidemic  of  ty- 
phoid, showing  the  great  danger  that  lurksj 
in  the  use  of  the  imlrcated  river  water. 

Tt  is  unfortunate  that  there  is  not  in  Illi-I 
nois  a  better  system  for  the  registration  ofj 
vital  statistics,  since  these  form  the  best] 
means  whereby  we  may  judge  the  efficiency] 
of  water  purification  works  as  well  as  esti- 
mate the  need  of  such  works. 

Notwithstanding  this  lack  of  good  vitall 
statistics,  the  many  advantages  of  having  al 
clear,  colorless  water  make  it  safe  to  pre- 1 
diet  that  within  a  few  years  we  will  see  the| 
purification  of  all  muddy  and  colored  sur- 
face water  supplies. 


Chicago    Cement    Show. — There    will    be! 

held  in  Chicago  during  the  Cement  Show,! 
Feb.  12-21.  conventions  of  five  organizations:! 
viz.:  .'\mcrican  Concrete  Institute:  National] 
Ruilders'  Supply  .'\ssociation :  Interstate  Ce- 
ment Tile  Manufacturers'  .Association:  Illi-] 
nois  Lumber  and  Builders'  Supply  Dealers' 
.Association,  and  the  Illinois  .Association  of  I 
Municipal  Contractors.  The  National  Con-l 
ferencc  on  Concrete  Road  Building  will  also! 
be  held  during  this  period  in  conjunction  withj 
the  show. 


Scenic    Road    to    Mount    Revelstoke. — .\\ 

scenic  road  is  being  l)uilt  from  Revelstoke.' 
R.  C,  up  Mount  Revelstoke  to  Victoria  Park 
on  its  summit.  Commencing  on  the  western 
boundary  of  the  city,  at  an  altitude  of  1.4.50 
ft.,  with  the  aid  of  five  switchbacks,  the  road 
reaches  the  summit,  12.8  miles  distant,  at  an 
altitude  of  fi,150  ft.  LTpon  completion  of  the 
road  the  Canadian  Pacific  Railway  contem- 
plates the  establishment  of  an  atitomobilc 
service  connecting  its  hotel  at  Revelstoke 
with  the  chalet  at  the  summit,  which  is  to  be 
constructed  by  the  coiripany.  The  average 
grade  of  the  road  is  H.fi  per  cent  and  the  max- 
imum grade  7.0  per  cent.  The  park  on  the 
summit  consists  of  a  plateau  of  some  70,000 
acres. 
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Design  and  Construction  of  the  Bush 
and     Gunpowder     River     Bridges 
Consisting  of  a  Series  of  Rein- 
forced   Concrete    Slab    Spans. 

(Staff   Article.) 

Owing  to  the  extremely  soft  character  of 
the  sub-soil  and  to  the  depth  of  a  stable  foun- 
dation material,  an  unusual  design  was 
adopted  for  the  bridges  over  the  Bush 
and  Gunpowder  Rivers,  which  recently  have 
been  completed.  These  bridges  are  located 
on  the  Philadelphia,  Baltimore  and  Washing- 
ton division  of  the  Pennsylvania  Railroad 
between  Baltimore  and  Washington.  They  are 
double-track  structures,  and  replace  wooden 
trestles  which  have  become  too  light  for  the 
existing  traffic  and  which  have  required  heavy 
maintenance  charges.  The  bridge  over  Bush 
River  has  a  total  length  of  2,7.51  ft.  10  ins.,  and 
that  over  the  Gunpowder  River  a  total  length 
of  4,961  ft.  6  ins.  The  total  width  of  each 
of  these  bridges  is  30  ft.  8  ins.  The  type  of 
construction  adopted  for  each  span  is  the 
same — short-span  reinforced  concrete  slabs 
supported  on  concrete  piers.  Each  bridge  has 
a  bascule  span,  with  a  clear  opening  of  35  ft. 
The  construction  of  these  bridges  required 
about  65,200  cu.  yds.  of  concrete,  13,000  piles, 
and  about  4,200  tons  of  reinforcing  steel.  The 
contract  price  of  both  structures  was  about 
$1,250,000. 

IflCATION      OF     BRIDGES     ANP     CHAR.XCTER     OF 
SUB-SOIL. 

The  Bush  and  Gunpowder  Rivers,  which 
are  spanned  by  these  bridges,  are  inlets  of 
the  Chesapeake  Bay.  These  rivers  are  sepa- 
rated by  a  long  irregular-shaped  body  of 
land  known  as  Gunpowder  Neck.  The  rail- 
road line  crosses  each  riVer  about  seven  miles 
above  its  mouth.  The  maximum  depth  of 
water  at  low  tide,  at  the  location  of  the  Gun- 
powder River  bridge,  is  about  5  ft.,  while 
that  at  the  Bush  River  is  about  10  ft.  The 
range  of  tide  is  about  1%  ft.,  and  there  is 
very  little  current  in  the  rivers.  At  times 
during  a  very  high  wind  from  the  north  much 
of  the  water  is  driven  into  the  bay,  and  parts 
of  the  river  bottoms  are  exposed.  The  align- 
ment of  both  bridges  is  tangent,  and  the  tracks 
are  level. 

As  the  character  of  the  sub-soil  and  the 
type  of  construction  adopted  for  both  bridges 
are  the  same,  most  of  the  following  descrip- 
tion will  apply  directly  to  the  Gunpowder 
River  bridge,  .^t  the  site  of  this  bridge  21 
borings  were  taken  to  determine  the  character 
of  the  sub-soil.  Some  of  these  borings  were 
taken  on  the  center  line  of  the  new  bridge, 
some  a  short  distance  north  of  it,  and  some 
were  taken  a  short  distance  south  of  the  old 
trestle.  .At  the  west  end  the  distance  between 
the  center  lines  of  the  old  and  new  struc- 
tures is  about  60  ft.,  and  at  the  cast  end  it 
is  about  102  ft.  .Mthough  a  maximum  depth 
of  over  100  ft.  was  reached  by  these  borings 
no  stable  foundation  material  was  found.  The 
soil  directly  below  the  wirface  of  the  water 
consists  of  soft  mud,  this  Ix^ing  underlaid  with 
strata  of  clay,  sand  and  gravel. 

Figure  1  shows  the  results  of  borings 
taken  at  three  different  locations  along  the 
bridge.  The  vertical  scale  for  the  drawings 
is  ten  times  the  horizontal  .scale.  The  piers, 
which  are  located  '.'li  ft.  apart  except  at  the 
lift  span,  are  numbered  from  the  west  end 
consecutively  to  the  cast  end.  Figure  I  (a') 
shows  a  plan  and  elevation  of  boring.s  taken 
at  the  west  end  of  the  Gunpowder  River 
bridge;  Fig.  1  (b)  shows  a  boring  taken  about 
115  ft.  south  of  the  center  line  of  the  new 
bridge  and  opposite  the  lift  span  (between 
piers  Nos.  Ml  and  145)  ;  and  Fig.  1(c)  shows 
several  borings  taken  near  the  east  end  of 
the  bridge.  The  remainder  of  the  21  bormgs 
were  taken  between  those  shown  in  Fig.  1. 
The    depth    of    the    water    at    several    points 


along  the  bridge  can  be  noted  by  referring  to 
the  drawing. 

F.\CTORS    GOVERNIN'G    THE    DESIGN. 

Although  there  is  no  dredged  channel  in 
either  river  and  the  depth  of  water  will  per- 
mit only  the  passage  of  small  boats,  the  gov- 
ernment required  a  movable  span  of  35  ft.  in 
the  clear  for  each  bridge.  The  position  of  the 
bascule  span  for  the  Gunpowder  River  bridge 
is  shown  in  Fig.  1  (b).  This  was  the  only 
requirement  other  than  the  desirability  of  se- 
curing a  permanent  and  economical  bridge. 
A  study  of  the  results  of  the  borings  showed 
that  a  bridge  with  long  spans  was  unprac- 
ticable  on  account  of  the  excessive  depth  of 
a  good  foundation  material.  It  was  therefore 
decided  to  design  a  structure  with  relatively 
short    spans,   which   would   solve  the   problem 


dation  to  be  designed  whose  width  would  not 
greatly  exceed  that  required  for  the  road- 
way construction.  Although  some  of  the 
piles  were  only  about  30  ft.  long,  almost  70 
per  cent  of  them  had  a  length  of  between  60 
and  70  ft.  They  were  figured  to  carry  a  load 
of   about   14  tons  each. 

The  slabs  are  not  made  continuous  over 
the  supports,  but  are  designed  to  act  as 
simple  spans,  to  avoid  any  danger  due  to  un- 
equal .settlement  of  the  piers.  The  span 
length  of  26  ft.,  center  to  center  of  piers,  is 
used  for  all  spans  except  at  and  adjacent  to 
the  bascule  span.  At  this  span  the  piers  are 
spaced  42  ft.  6  ins.  apart  to  provide  a  clear 
channel  of  35  ft.  .Adjacent  to  the  bascule  span 
there  is  a  30-ft.  plate  girder  span  to  provide 
a  support   for  the  counterweight  and  operat- 
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Fig.   1.    RcBults  of  Borings  at  Several   Locatirns   Along   the   Gunpowder   River   Bridge. 


of    distributing   the   load   over   the   supporting 
soil. 

As  the  bridge  was  to  bo  of  permanent  con- 
struction it  was  decided  at  the  start  to  use  a 
solid  floor.  Three  types  of  bridge  were 
considered:  (a)  A  series  of  short-span  con- 
crete .Trches;  (b)  a  scries  of  deck  plate 
girders;  and  (c)  reinforced  concrete  slabs 
on  concrete  piers.  The  arch  type  was  rlisrc- 
gardcd,  both  on  account  of  high  first  cost  and 
probability  of  considerable  selllcmcnt  of  the 
piers.  After  making  an  estimate  of  cost  of 
the  remaining  two  types  and  capitalir.ing  the 
extra  cost  of  the  plate  girder  type  (taking 
into  account  maintenance  costs),  it  was  de- 
cided that  the  reinforced  concrete  slab  type 
offered  the  best  sohition  for  these  bridges. 
•As  the  bridge  was  a  double-track  structure  it 
was  necessary  to  use  comparatively  short 
spans  to  avoid  large,  spread  foundations.  By 
using  a  pile  foundation  it  was  determined  that 
a  span  length  of  26  ft.  would  permit  a  foun- 


mg  machinery,  while  next  to  the  lift  and 
girder  spans  the  piers  are  spaced  26  ft.  8  ins. 
apart.  In  the  Gunpowder  River  bridge  there 
arc  186  typical  26- ft.  spans,  and  in  the  Bush 
River  bridge  there  are  101  typical  26-ft. 
spans,  in  addition  to  the  four  spans  for  each 
bridge  above  mentioned. 

RKINfTORCEII     CONrsETK      FTXtOR      SLABS. 

Loads  and  Stresses. — The  reinforced  con- 
crete simple  spans  have  n  1-in.  space  between 
them  to  insure  their  acting  independently. 
The  live  load  used  is  that  given  in  the  1012 
specification  of  the  Pennsylvania  Railroad. 
The  total  weight  of  engine  and  tender  is  241 
tons,  with  axle  loadings  of  35  tons.  The  im- 
pact allowance  for  the  26-ft.  spans  is  48  per 
cent  of  the  live  load.  The  track  construction 
consists  of  100-lb.  rails,  7xl0-in.  x  8-ft.  6-in. 
ties,  and  broken  stone  ballast,  the  distance 
from  base  of  rail  to  top  of  slab  being  14  ins. 
The  tracks  are  spaced   13  ft.  on  centers,  and 
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it  was  assumed  that  each  track  distributed  its 
load  over  a  width  of  13  ft.  Under  the  above 
assumption  the  dead,  live  and  impact  loads 
gave  a  maximum  moment  of  1,656,000  in.-lbs. 
per  foot  of  width  and  a  maximum  shear  of 
24,850  lbs.  per  foot  of  width. 

The  allowable  tensile  stress  in  the  rein- 
forcing steel  was  12,000  lbs.  per  square  inch, 
and  the  allowable  compressive  stress  in  the 
concrete  was  600  lbs.  per   square  inch. 

Principles  of  Design.— In  designing  the 
floor  slabs  the  ratio  of  the  modulus  of  steel 
to  that  of  concrete  was  taken  as  15,  and  the 
straight  line  formula  was  used  for  the  dis- 
tribution of  stress.  From  a  study  of  various 
reinforced  concrete  slabs  designed  by  the 
Pennsylvania  Railroad   it   was   found   that   an 


take  any  stress,  being  used  merely  to  secure 
a  uniform  spacing  of  the  rods  and  to  hold 
them  in  placing  during  the  pouring  of  the 
concrete.  The  main  tension  rods  were  bent 
up  at  the  ends  in  the  form  of  parabolas.  The 
concrete  used  for  the  slabs  was  mixed  in  the 
proportions  1 :2  ;4,  using  washed  gravel  .%-in. 
and  under.  The  actual  shear  at  the  ends  of 
the  slabs  was  only  about  60  lbs.  per  square 
inch. 

Figure  2  shows  a  part  plan  and  sections  of 
the  reinforced  concrete  slabs.  This  drawing 
shows  the  dimensions,  the  arrangement  of  the 
reinforcement,  and  the  curves  to  which  the 
tension  rods  were  accurately  bent.  All  of  the 
main  reinforcing  rods  are  1%-in.  square 
twisted   steel.     The  compression  bars  are  all 


with  short  rods,  bent  as  shown  in  Section  B-B 
and  in  the  detail. 

Each  slab  is  drained  by  means  of  four 
rectangular  holes  through  the  slab,  placed  as 
shown  in  Fig.  2.  The  slab  is  sloped  from 
the  edges  and  center  toward  these  holes,  the 
difference  in  elevation  being  1  in. 
take  any  stress,  being  used  merely  to  secure 

The  slabs  are  provided  with  fascias,  which 
project  upward  and  outward  14  ins.  from  the 
main  slab  and  serve  to  hold  the  ballast  in 
place.  Vertical  l^-in.  diameter  pipes  ar© 
placed  in  these  fascias  to  furnish  connections 
for  the  railing,  and  diagonal  1-in.  diameter 
pipes  are  inserted  to  provide  connections  for 
the  conduits,  which  are  suspended  from  the 
curb. 
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Fig.  2.    Part  Plan  and  Sections  of  the  Reiaforced    Concrete  Slabs  Showing  Type  of  Construction,  Dimensions  and  Arrangement  of 

Reinforcement — Bush  and  Gunpowder  River  Bridges. 


economical  design  was  obtained  by  placing  25 
per  cent  of  the  reinforcing  steel  in  the  com- 
pression flange  and  75  per  cent  in  the  tension 
flange:  and  this  distribution  of  steel  was  used 
for  the  design  of  these  slabs.  Square  twisted 
rods  were  used  for  reinforcement,  and  it  was 
specified  that  one  complete  turn  was  to  be 
made  in  a  length  of  15  diameters.  It  was 
further  specified  that  the  rods  be  securely 
wired  together  at  intersections.  Stirrups 
were  used,  but  they  were  not  proportioned  to 


straight,  the  top  layer  being  located  4  ins. 
below  the  top  of  the  slab ;  the  tension  rods 
are  bent  as  shown  in  Section  R-B,  so  as  best 
to  resist  actual  stresses.  The  rods  were  quite 
easily  bent  to  the  desired  curves  by  fixing 
them  at  the  point  of  tangcncy  and  bending 
them  around  several  pins,  the  resulting  curve 
being  almost  exactly  that  of  a  parabola.  The 
vertical  stirrups  are  made  of  %-in.  square 
rods,  bent  as  shown  in  Fig.  2.  The  bottom 
parts  of  the  ends  of  the  slabs  are  reinforced 


Construction. — Each  slab  was  cast  in  place  oiv 
the  piers  in  a  single  piede,  and  is  held  in  posi- 
tion by  dowels  set  into  the  piers,  except  at 
expansion  joints.  The  1-in.  space  between 
the  slabs  was  filled  with  tarred  paper.  In  the 
foreground  of  Fig.  3  there  is  shown  some  of 
the  contractor's  equipment  for  handling  ma- 
terials and  for  spouting  the  concrete  for  the 
slabs.  The  forms  for  several  slabs  and  the 
steel  truss  supports  for  them  are  shown  in 
place.    In  the  background  can  be  seen  derricks 
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and  a  hoisting  and  spouting  tower,  which  are 
being  used  to  construct  the  piers. 

B.\SCL'LE    SPAN. 

Figure  4  shows  an  elevation  of  the  bascule 
span   and   adjacent  spans,  the  type  of  structure 


sists  of  built-up  floorbeams  and  stringers 
supporting  the  ties.  The  fixed  span,  which 
carries  the  operating  machinery,  has  a  trough 
floor,  except  along  the  center  of  the  span 
where  there  is  a  2-in.  board  walk,  2  ft.  10  ins. 


Fig.  3.    View  Showing  Gunpowder   River  Brid 
Shown   in   Place   in   Foreground;    Pie 

used  for  the  bascule  span,  and  the  molhod  of 
operation  being  indicated  by  the  drawing.  The 
clear  opening  of  this  span  is  35  ft.,  as  the 
girder  swings  into  a  vertical  position.  It  is 
operated  by  hand  through  a  rack  and  chain  of 
gears.  Mechanism  is  provided  for  raising 
the  ends  of  the  lift  span  and  for  freeing  it 
from  the  operating  machinery  when  the  span 
is  closed. 

The  counterweight  consists  of  a  steel  box 
inca.-ed  in  concrete.  This  box  is  filled  with  a 
composition  consisting  of  concrete  and  steel. 
The  weight  of  this  counterweight  is  ^42  lbs. 
per  cubic  foot,  being  made  up  of  the  following 
proportions :  30  per  cent  steel  at  480  lbs.  ^ 
144  lbs.  per  cubic  foot ;  and  70  per  cent  con- 
crete at   140  lbs.  =  98  lbs.  per  cubic  foot. 

The  floor  construction  for  the  lift  span  con- 
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rs   Being   Constructed    in    Background. 


wide.  The  trough  floor  is  filled  with  con- 
crete, upon  which  is  placed  five  layers  of 
Hydrox    felt. 

THE   PIERS. 

The  Design. — In  the  Gunpowder  River 
bridge  there  are  186  duplicate  piers,  two  rest 
piers  for  the  movable  span,  one  center  pier 
for  the  movable  span  and  two  abutments. 
These  piers  are  constructed  of  reinforced 
concrete  with  pile  foundations.  Figure  5 
shows  a  plan,  elevation  and  section  of  the 
typical  piers.  The  drawing  shows  the  shape 
and  dimensions  of  the  piers,  together  with 
the  size  and  position  of  the  reinforcing  rods. 
It  also  shows  the  position  of  the  dowels, 
which  were  placed  in  the  tops  of  the  piers. 
It  will  be  noted  that  some  of  the  piles  are 
placed  at  an  inclination  to  resist  the  longi- 
tudinal and  lateral  thrust.  Two  arched  open- 
ings were  left  in  the  pier  shafts  to  reduce  the 
amount  of  concrete  required.  The  footings 
of  the  piers,  which  are  10x25  ft.  in  plan  and 
6  ft.  high,  were  built  of  1:2  ;4  concrete,  to 
which  was  added  20  per  cent  of  cement  to 
compensate  for  loss  caused  by  depositing  the 
concrete  under  water.  The  pedestals  and  pier 
shafts  were  constructed  of  1 :2%  :5  concrete. 

Piers  Nos.  143  and  145,  which  are  ad- 
jacent to  the  center  pier  of  the  lift  span,  are 
in  form  similar  to  the  typical  piers  shown  in 
Fig.  5.  In  these  piers,  however,  the  diagonal 
reinforcement  near  the  openings  is  omitted, 
and  the  general  dimensions  are  increased. 
The  dimensions  of  the  footings  are  13  ft.  5 
ins.  x  42  ft.  10  ins.  x  6  ft.  high,  and  the  total 
height  of  the  piers  is  26  ft.  The  overall  di- 
mensions of  the  top  of  the  piers  are  4x36  ft. 
or,  allowing  for  the  4-in.  wash,  are  3  ft.  4  ins. 


Fig.  4.     Elevation   of   Lift  and   Adjacent   Fixed   Spans    Showing  Type  of  Construction  and 
Method  of    Operation — Gunpowder    River    Bridge. 
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Fig.  5.    Plan,   Elevation  and   Section  of  Typical   Pler»       Showing  Type  of  Construction- 
Gunpowder   River  Bridge. 


X  35  ft.  4  ins.  The  pier  shafts  have  a  batter 
on  all  four  sides  of  %  in.  in  1  ft.  The  size 
and  distance  between  the  openings  in  the  piers 
are  the  same  as  shown  in  Fig.  5. 

The  center  pier  (No.  144").  which  carries 
the  bascule  span,  is  similar  to  the  adjacent 
piers  Nos.  143  and  145,  except  as  to  size.  The 
dimensions  of  the  footing,  which  is  supported 
on  113  piles,  are  16  ft.  6  ins.  x  50  ft.  x  6  ft. 
high.  The  total  height  of  the  pier  is  25  ft. 
6  ins.  The  overall  dimensions  of  the  top  of 
the  center  pier  are  7  ft.  6  ins.  x  41  ft.,  with  a 
4-in.  wash. 

Figure  6  shows  a  plan,  elevation  and  section 
of  the  abutments.  It  will  he  noted  that  these 
abutments  have  solid  shafts  and  contain  no 
vertical  reinforcement. 

Conslructioii. — In  building  the  piers  coffer- 
dams were  constructed  as  shown  in  Fig.  7. 
The  soil  was  excavated  to  the  depth  required 
for  the  footing,  and  by  means  of  bottom- 
dump  buckets  concrete  was  deposited  under 
water  around  the  tops  of  the  piles.  The 
horizontal  reinforcement  for  the  top  of  the 
footing  wns  then  placed  under  water,  and  the 
concreting  continued  until  the  top  of  the 
looting  was  reached.  The  concrete  was  al- 
lowed to  set,  after  which  the  water  was 
pumped  from  the  caisson,  and  the  pedestal 
and  pier  were  then  constructed  in  the  dry. 
To  insure  a  good  bond  between  the  footing 
and  the  pedestal,  the  top  of  the  footing  was 
left  in  a  rough  condition.  Figure  7  also  shows 
the  pipe  line  used  for  pumping  out  the 
caissons  and  some  of  the  construction  equip- 
ment. 
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Figure  8  shows  a  view  of  an  abutment  and  to  assist  in  developing  the  state's  greatest 
several  of  the  span.s,  after  the  concrete  work  asset.  "Other  commonwealths,"  he  said,  "have 
was  completed.  state  engineers.    Our  state  has  none." 
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Fig.  6.    Plan,  Elevation  and  Section  of  Abutments  Showing  Type  of  Construction — 
Gunpowder  River  Bridge. 


These  bridges  were  designed  by  the  en- 
gineering department  of  the  Pennsylvania 
Railroad:  Mr.  A.  C.  Shand,  chief  engineer; 
Mr.  H.  R.  Leonard,  engineer  of  bridges  and 
buildings,  and  Mr.  C.  W.  Thorn,  assistant 
engineer  in  charge  of  construction.  The 
contractors  were  the  Brann  &  Stuart  Co..  and 
Henry   Steers,  Inc. 


Specification   for   Unit   Stress   in   End 

Posts  of  Railroad  Bridges. 

There  is  httle  doubt  that  the  tendency  to  ac- 
cept some  of  our  so-called  standard  specifica- 
tions as  law,  without  making  each  set  of  speci- 
fications apply  directly  to  a  particular  piece  of 
work,  has  resulted  in  the  repetition  of  certain 
clauses  in  practically  all  specifications.  In 
some  cases  these  clauses  have  little  meaning 
when  applied  to  the  particular  piece  of  work, 
while  in  other  cases  they  do  not  insure  a  struc- 
ture of  uniform  strength  in  all  its  parts.  The 
following  comments  on  a  commonly  accepted 
clause  which  is  found  in  practically  all  rail- 
road bridge  specifications  were  made  by  Mr. 
Albert  Smith  in  a  paper  presented  before  the 
recent  annual  meeting  of  the  Indiana  Engi- 
neering Society : 

"The  American  Railway  Engineering  Asso- 
ciation's specification  for  bridge  members  sub- 
jected to  wind  stresses  in  addition  to  live  and 
dead  load  stresses  is  that  "the  unit  stress  may 
be  increased  25  per  cent  over  those  given 
above;  but  the  section  shall  not  be  less  than 
required  fo  live  and  dead  loads  and  centrifu- 
gal force."  The  specification  of  the  Amer- 
ican Bridge  Co.  is  similar,  and  as  this  is  a 
standard  specification,  the  writer  wishes  to 
point  out  the  inequality  thus  produced  between 
the  strength  of  the  end  posts  and  that  of  the 
top  chords. 

In  the  top  chords  the  wind  stress  which  is 
to  be  combined  with  the  dead  and  live  load 
stresses  is  generally  very  small.  Even  for 
very  long  spans  the  chord  stresses  in  the  top 
lateral  truss  due  to  a  wind  load  of  2()0  lbs. 
per  lineal  foot  are  not  very  large.  For  ex- 
ample, in  a  span  consisting  of  eight  2o-ft. 
panels,  with  trusses  spaced  18  ft.  on  centers, 
the  wind  load  stress  in  the  chord  would  be 
.31,250  lbs.    If  to  this  we  add  the  overturning 


Irrigation  for  Oklahoma. — Mr.  Howard  V. 

Hinckley  in  a  recent  pajior  read  at  the  annual 
convention  of  the  Oklahoma  Engineering  .So- 
ciety staled  tbat  the  problem  of  irrigation  for 
Oklahoma  would  not  be  solved  by  government 
projects  but  (in  general)  by  individual  pump- 
ing plants  which  could  be  put  in  at  an  ex- 
pense of  $10  to  $30  an  acre  and  would  furnish 
water  at  50c  to  $2  an  acre-foot.  Onions,  po- 
tatoes or  alfalfa  would  pay  the  whole  cost  of 
the  plant  the  first  year  and  a  dividend  besides. 
.\  wide  awake  state  engineer  could  do  much 


Fig.  7.    View  Taken  During  Construction  of  Footings    and    Piers  Showing    Pipe    Line  and 
Construction    Equipment — Gunpowder    River   Bridge. 


Fig.  8.    View   Showing   Portion   of  Gunpowder   River   Bridge — Concrete  Work   Is  Completed. 


effect  of  5U0  lbs.  per  lineal  foot,  acting  12  ft- 
above  the  rail,  and  assume  that  the  lieight  of 
the  truss  is  35  ft.  we  find  a  top  chord  stress 
of  47,020  +  31,250  =  78.870  lbs.  In  such  a  truss, 
with  an  E-50  loading,  this  stress  would  be  less 
than  10  per  cent  of  the  combined  dead,  live 
and  impact  stresses  in  the  top  chord. 

The  end  post  receives  a  direct  stress  due  to 
the  wind,  which  is  as  large  or  nearly  as  large 
as  that  in  the  upper  chord,  and  in  addition  re- 
ceives a  very  large  unit  stress  from  the  bend- 
ing due  to  the  wind.  The  resulting  unit 
stresses  are  likely  to  exceed  25  per  cent  of 
the  dead  and  live  load  stresses  in  bridges 
whose  portal  braces  are  not  deep. 

If  the  unit  stress  due  to  wind  is  just  equal 
to  25  per  cent  of  the  dead  and  live  load 
stresses  no  increase  will  be  made  in  the  sec- 
tion. Under  the  most  unfavorable  combina- 
tion of  stresses,  calling  the  unit  stress  in  the 
end  post  125  and  that  in  the  top  chords  110 
and  calling  the  ultimate  strength  of  each  mem- 
ber V.  the  relative  strength  of  the  two  nicm- 
liers  would  be  in  the  ratio  of  t//125  to  f//110. 
The  end  post  is  therefore  f<B  per  cent  as.  strong 
as  the  top  chord. 


Fel)ruarv  11,  1''14. 
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Where  the  unit  stresses  in  the  end  post  due 
to  wind  exceed  25  per  cent  the  addition  of  a 
few  square  inches  of  steel  somewhat  improves 
this   ratio. 

The  actual  condition  is  worse  than  that 
shown  above  when  we  consider  the  shape  of 
these  members.  Both  have  bo.\  sections,  with 
the  liottonis  latticed.  The  top  chord  receives 
very  little  bending,  while  the  end  post  receives 


Design     Features    of    the     Reinforced 

Concrete  Viaduct  on  Hopple  St., 

Cincinnati,  Ohio. 

(  Stall  .\rticle. ) 
The  city  of  Cincinnati  is  making  an  exten- 
sive   viaduct    improvement     to     eliminate    the 
grade    crossings    on    the    line    of    Hopple    St. 


and  the  Chicago,  Hamilton  iS;  l);iyion  Ry. 
tracks.  .Ml  of  the  piers,  with  the  exception  of 
two  piers  in  the  channel  of  Mill  Creek  and 
four  piers  near  the  west  end  of  the  viaduct, 
have  concrete  pile  foundations;  those  not  hav- 
ing concrete  pile  foundations  rest  on  shale. 
The  material  at  the  surface  of  the  ground 
generally  consists  of  yellow  clay,  followed  by 
strata   of    sandy   clay    and   gravel,    blue   clay. 
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Fig.    1.     Plan    of    Retaining    Walls    for    East    Approach  of  Hopple  St.  Viaduct,  Cincinnati,  O. 


a  very  considerable  bending,  often  sufificient  to 
cause  15  per  cent  of  the  total  stress  from 
other  causes.  In  resisting  this  bending  the 
section  commonly  used  for  end  posts  is  ex- 
tremely inefficient.  The  value  [/  in  the  above 
ratio  represents  a  lower  value  in  the  first  term 
than  in  the  second. 

The  common  answer  to  objections  of  this 
kind  is  that  the  wind  force  will  never  be  as 
great  as  that  assumed.  If  we  can  be  certain 
of  this  it  is  obvious  that  we  ought  to  reduce 
the  amount  of  the  assumed  wind  loads;  if  not, 
let  us  be  as  consistent  as  possible  in  applying 
them. 

It  is  always  difficult  for  the  writer  of  speci- 
Itcations  to  decide  as  to  the  proper  factor  of 
safety  to  provide  for  very  remote  contin- 
gencies. For  example,  while  it  may  be  neces- 
sary to  design  the  top  lateral  bracing  for  a 
tornado,  if  we  also  design  the  truss  members 
»o  resist  a  tornado  while  the  heaviest  live  load 
s  passing  over  the  bridge  at  the  rate  of  speed 
.it  which  the  impact  is  a  maximum,  we  are 
providing  for  a  very  remote  ci^ntingency.  On 
the  other  hand,  of'  all  the  bridges  hit  by  a 
'ornado,  the  one  which  carries  a  full  live  load 
^  the  one  which  we  most  desire  to  make  safe. 

The  possibility  that  a  ("fty-mile-per-hour 
wind  will  find  the  bridge  with  a  full  liv<>  load 
IS  not  so  remote,  and  it  seems  to  the  writer 
that  if  the  wind  loads  arc  reduced  one-half  in 
Icsigninn  truss  members,  and  the  re(|uircd 
iction  is  fiillv  supplied,  a  fairer  compromise 
will  be  reached. 

The  Water  Supply  of  Hamburg,  Germany. 

-The   average    total    quantity    of    water   used 
I'cr  day  in    Hamburg  for  all  purposes  in   1I'12 


I'cr  (lav  in    Hamburg   .    .    _ 
Aas    177.!i|l,'^   cu.   yds.,   all   of   which    was-Mip 
i'lied   from   the  public   water  system.     Of   the 
ibove  total  amount  fl".:?  per  cent  was  meter 
rhc  population  of  Hamburg  in  tlie  year  statet 
was  m\.HU\.  but  in  1013  it  was   l,on(i,71S.     O 
ihc  total  ixipul.ition,  00  per  cent  was  sup|)licd 
with   water.     The    foregoing   facts   have   been 
supplied   by   the   director   of   the   public   water 
works. 
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This  street  runs  in  an  east-and-west  direction, 
and  crosses  the  railroad  tracks  at  such  an 
angle  as  to  require  skewed  abutments.  This 
viaduct  consists  of  a  125- ft.  earth  approach 
between  reinforced  concrete  retaining  walls  at 
the  cast  end;  a  series  of  25  open  skew  spans 
and  1  closefl  span,  with  a  total  length  of  1,800 


soapstone  and  shale.  The  viaduct  spans  have 
varying  lengths  of  (!5,  70,  75  and  8i)  ft.,  each 
span  consisting  of  two  equal  or  unequal  arched 
cantilevers.  Starting  at  the  east  end  of  the 
viaduct  the  first  005  ft.  arc  on  a  2.70  per  cent 
up  grade;  the  next  515  ft.  are  on  a  O.Stj  up 
grade,  and  the  west  (>35  ft.  are  mi  a  2,70  down 
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Fig.   2.     Elevation,   Vertical    Section   and    Horizontal    Section    of    Part    of     Nortli     Retaining 
Wall    for    East    Approach    of    Hopple    St.    Viaduct. 


ft.,  each  span  consisting  of  two  arched  rein- 
forced concrete  cantilever  arni<.  except  the 
dosed  span  which  consists  of  .i  single  canti- 
lever; and  a  lO-ft.  earth  approach  hctwccn  re- 
inforced concrete  retaining  walls  at  the  west 
end.  The  structure  when  completed  will  jiass 
over  Spring  Grove  .'\ve.,  the  Baltimore  & 
Ohio  Southwestern  R.  R.  tracks.  Mill  Creek, 


grade.  The  structure  has  an  extreme  width 
of  GO  ft.,  consisting  of  a  IC-ft.  roadway  and 
two  7-ft.  sidewalks.  The  roadway  construc- 
tion consists  of  reinforced  concrete  slabs  on 
longitudinal  girders  an<l  cross  licams.  support- 
ing a  wood  block  pavement.  In  designing  the 
structure  provision  has  hcen  made  for  future 
street  car  lines.     The  sidewalks  extend  4   ft. 
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beyond  the  outside  longitudinal  girders.  A  re- 
inforced concrete  stairway  connects  the  via- 
duct witli  Spring  Grove  Ave.,  over  which  it 
passes.  The  outside  longitudinal  girders  are 
paneled,  and  the  viaduct  is  provided  with  orna- 
mental concrete  railings.  The  contract  price 
of  the  structure  is  ?413,T6j.    The  principal  de- 


the  wall.  The  thickness  of  the  wall  at  the  top 
is  9  ins.,  and  at  the  bottom  it  varies  from  lU 
to  12  ins.  By  referring  to  Fig.  2  it  will  be 
seen  that  a  small  footing  is  provided  at  the 
toe  of  each  buttress,  this  footing  projecting 
0  ins.  beyond  the  buttress  and  1  ft.  d  ins.  below 
the   retaining   wall   footing,   thus  affording  an 
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Fig.  3.    Elevation,   Vertical 


Sectio.'i    and    Plan    of    Part    of    West 
Approach    of    Hopple    St.    Viaduct. 
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sign  features  of  the  east  and  west  approaches 
w'ill  be  considered  in  this  issue.  The  design 
of  the  superstructure  and  substructure  of  the 
viaduct  spans  will  be  treated  in  subsequent 
issues. 

I. 

EAST   APPRO.\CH. 

The  east  approach  consists  of  an  earth  till 
confined  between  reinforced  concrete  retaining 
walls.  Figure  1  shows  a  plan  of  the  end  and 
side  retaining  walls.  The  side  walls  are  of 
unequal  length,  the  north  wall  being  129  ft. 
11%  ins.  long  and  the  south  wall  90  ft.  2% 
ins.  ;  these  retaining  walls  are  spaced  GO  ft. 
apart,  out  to  out.  The  height  of  the  north 
wall  at  its  west  end  is  23.89  ft.,  from  the  bot- 
tom of  the  spread  footing  at  elevation  65.70 
ft.  to  the  top  of  the  retaining  wall  at  elevation 
89.59  ft.  The  height  of  this  wall  at  its  east 
end  is  1.3.08  ft.,  from  the  bottom  of  the  footing 
at  elevation  73.i)ii  ft.  to  the  top  of  the  wall  at 
elevation  86.08  ft.  By  noting  the  elevations 
given  for  the  top  and  bottom  of  the  wall  at 
each  end.  it  will  be  seen  that  both  the  top 
and  bottfini  of  the  wall  are  on  a  slope.  The 
heights  given  do  not  include  the  concrete  rail- 
ing. The  width  of  the  footing  for  the  north 
retaining  wall  at  its  west  end  is  13  ft.  9  ins., 
and  at  its  east  end  the  width  is  6  ft.  0  ins.; 
the  corresponding  dimensions  for  the  south  re- 
taining wall  are  13  ft.  0  ins.  and  7  ft.  6  ins. 
The  buttresses   for  the  side  walls  are  spaced 

11  ft.  on  centers,  except  for  the  two  panels 
at  the  east  end  which  have  a  9-ft.  spacing, 
and  the  end  panels  near  the  west  end  where 
the  panel  length  is  slightly  increased  due  to  the 
greater  thickness  of  the  buttresses.  The  spac- 
ing of  the  buttresses  for  the  west  retaining 
wall  is  11  ft.  6  ins.  on  centers.  The  thickness 
of  the  reinforced  concrete  buttresses  for  the 
west  wall  and  for  the  west  panels  of  the  side 
walls  is  15  ins.  The  remaining  buttresses  for 
the  side   retaining  walls   have  a  thickness   of 

12  ins. 

Figure  2  (a)  shows  an  elevation  of  a  por- 
tion of  the  north  retaining  wall  near  a  but- 
tress; Fig.  2  (b)  shows  a  vertical  section  of 
this  wall;  and  Fig.  2  (c)  shows  a  horizontal 
section  through  the  wall  and  buttress.  These 
detail  drawings  show  the  type  of  construction, 
arrangement  and  size  of  the  reinforcement, 
and  the  dimensions.  It  will  be  noted  that  the 
coping  for  this  wall  is  12  ins.  wide,  12  ins. 
deep  and   extends  3  ins.  beyond   the   face  of 


increased  resistance  against  sliding.  To  pre- 
vent hydrostatic  pressure  against  the  retain- 
ing walls  weep  holes  are  provided  at  each 
liuttress,  one  hole  being  placed  at  the  top  of 
the  footing  and  another  at  the  elevation  of 
the  top  of  the  outside  embankment.  The  side 
walls  have  an  ornamental  reinforced  concrete 


through  the  end  retaining  wall;  and  Fig.  3  (c) 
shows  a  part  plan  at  a  buttress.  These  draw- 
ing show  the  type  of  construction,  dimensions, 
and  size  and  arrangement  of  the  reinforce- 
ment. It  will  be  noted  that  the  end  wall  dif- 
fers from  the  side  wall  in  that  the  footing  ex- 
tends on  both  side  of  the  retaining  wall  (see 
Figs.  2,  b  and  3,  b).  All  horizontal  reinforc- 
ing bars  in  the  end  w-all  extend  around  the  • 
side  walls  for  a  distance  of  30  ins.  The  thick- 
ness of  the  w-all  at  the  top  is  8  ins.,  and  at 
the  bottom  the  thickness  is  12  ins. ;  its  height 
at  the  center  of  the  wall  is  about  23  ft.  Weep 
holes  are  provided  in  the  end  wall  near  each 
buttress,  at  the  top  of  the  footing  and  at  the 
elevation  of  the  outside  ground  line. 

WEST   APPROACH. 

The  west  approach,  which  has  a  length  of 
40  ft.,  has  its  end  wall  on  a  skew  of  30°  40' 
(see  Fig.  4,  a).  The  type  of  construction  used 
for  the  end  wall  is  similar  to  that  used  for  the 
end  wall  of  the  east  approach.  Its  height  at 
the  center  of  the  roadway,  from  base  of  foot- 
ing to  top  of  wall,  is  about  24.4  ft.  The  side 
retaining  walls,  which  have  a  length  of  about 
37  ft.  5  ins.,  have  no  buttresses  and  are  built 
in  two  parts,  separated  by  a  tar  paper  joint, 
the  division  being  in  a  liorizontal  plane  at 
the  elevation  of  the  spring  line  of  the  adjacent 
arched  cantilever  span.  Figure  4  (a)  shows 
a  plan  of  the  portion  of  the  side  wall  below 
the  horizontal  joint.  The  portion  above  the 
joint  is  paneled  and  carries  an  ornamental  con- 
crete railing.  By  referring  to  Figs.  4  (a)  and  I 
4  (b)  it  will  be  noted  that  a  14-ft.  section  of  i 
this  wall  adjacent  to  the  pier,  has  no  footing. 
The  west  23  ft.  5  ins.  of  the  wall  have  a  foot- 
ing which  projects  1  ft.  9  ins.  inside  and  2  ft. 
9  ins.  outside  of  the  wall,  as  shown  in  Fig.  4 
(c).  Weep  holes  are  provided  at  each  buttress 
in  the  end  wall ;  but  they  are  not  required  in 
the  side  walls,  as  the  buttresses  and  parts  of 
the  footings  are  omitted. 


A  new  system  of  road  designation   for  the 
convenience   of   tourists   has   been   adopted   in 
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Fig.   4. 


Plan   and   Vertical   Sections   of   Retaining    Walls  for   West   Approach   of   Hopple   St. 

Viaduct. 


railing.  The  south  retaining  wall  is  similar  in 
design  to  the  north  one,  except  as  to  height 
and  length. 

Figure  3  (a)  shows  an  elevation  of  a  por- 
tion of  the  west,  or  end,  retaining  wall  which 
marks  the  beginning  of  the  arched  cantilever 
spans;    Fig.    3    (b)    shows    a   vertical    section 


France.  I'.very  road  in  the  country  will  be 
given  a  name  and  a  number,  and  these  desig- 
nations will  be  painted  upon  direction  posts  at 
tlie  road  crossings  and  the  one-hundrcd-meter 
posts  along  the  roads.  The  tourist  starting  on 
a  journey  will  need  only  a  strip  of  figures, 
and  he  will  be  able  to  find  his  way  anywhere. 
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Methods    and    Cost    of     Constructing 

Large  Brick  and  Concrete  Sewers 

in  Chicago,  with  Notes  on  the 

Cost    Keeping    System 

Employed. 

The  old-time  scwcr  contract(jr  is  said  to 
have  prepared  his  bid  on  special  assessment 
work,  by  first  finding  out  the  anioimt  of  the 
assessment,  and  then  spreading  this  ligure 
over  the  work,  to  bring  the  bid  up  to  the  as- 
sessment  or   somewhat   under. 

-Mthougli  the  assessment  is  based  on  an 
estimate  made  by  the  engineer,  yet  the  con- 
tractor, by  this  method,  is  accepting  the  figure 
of  another  on  cost  of  work,  work  about  which 
he  should  have  a  definite  and  precise  knowl- 
edge. The  average  sewer  contractor  appar- 
ently spends  little  time  on  cost  analysis.  He 
can  tell  you  the  total  cost  of  a  piece  of  work 
after  it  is  completed,  but  the  distribution  of 
that  cost  among  the  different  items  is  not 
made  as  the  work  progresses.  It  is  rather 
difficult  to  build  up  an  estimate,  knowing  only 
the  total  cost  of  other  pieces  of  work.  Unit 
costs  are  needed,  and  unit  costs  cannot  be  ob- 
tained except  by  a  system  of  daily  reports 
showing   distribution    of   laboi'. 

The  construction  methods  employed  in 
building  large  concrete  and  brick  sewers  in 
Chicago,  the  corresponding  unit  construction 
costs,  and  the  cost  keeping  system  employed, 
were  described  and  stated  in  a  recent  very 
valuable  paper  by  Mr.  H.  R.  -Abbott,  of  the 
engineering  department  of  the  Sanitary  Dis- 
trict of  Chicago,  before  the  Illinois  Society 
of  Engineers  and  Surveyors.  fhe  paper, 
practically   in    full,    follows : 

Before  detailing  the  particular  sewer  work. 
I  would  point  out  that  with  the  exception  of 
very  small  stretches,  all  of  the  work  described 
in  this  paper  is  built  in  good  stiff  blue  clay. 
in  the  Sanitary  District  of  Chicago. 
WKST  39th   street  conduit. 

This  conduit  was  built  in  W.  .'iOtli  St.,  from 
Western  Ave.  to  Robey  St. ;  thence  south  to 
the  west  arm  of  the  s  )uth  fork  of  the  Chi- 
cago River.  The  total  length  was  •2,34t)  ft., 
of  which  1,868  ft.,  was  plain  concrete,  a  sec- 
tion of  which  is  here  shown  as  Fig.  1,  and 
478    ft.    reinforced     concrete,     the     reinforced 
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Fig.  1.    Cross  Section  of  Plain  Concrete  Por- 
tion of  tlie   New   West  39th   St.  Conduit, 
Chicago,   III. 

tion    being    under    railroad   property.      1 1    is 

M'l    ft.   in    size,   of   elliptical   section,     i  on- 

tion    was    made    at    Western    .'\ve.    uitii    a 

nduit    of    similar    section,    extcndiiiK    ii"rlh 

n   Western  .'\ve.  to  the  main  channel  "i   the 

Sanitary   District.     This   section   was   built   by 

'"■   Citv   of    Chicago.     The   conduit    was   de- 

ncd   to   discharge    from    100   to  20(1  cu.    ft. 

1    second.     The  invert  at  the  intake  at  the 

St  arm  is  placed  at  elevation— 1 1.77  Chicago 

v   datum,   and   the   conduit  has   a   grade  of 


1    ft.   in   10,000    ft.     The   flow   line   is  about  3 
ft.   below   crown. 

Excavation. — Excavation  was  started  at  the 
Western  .\\e.  end  in  open  cut.  \  Bucyrus 
TO-ton  steam  shovel  was  used  with  a  1%  cu. 
yd.  dipper.  The  shovel  was  mounted  on  five 
l(ixl8-in.   timbers.   30   ft.   long,   with   two  I'-in. 


material  being  cast  ahead  where  the  shovel 
could  reach  it.  .An  iron  frame  or  template 
built  to  the  dimensions  of  the  outside  lines 
of  the  masonry  was  set  up  every  \i  ft.  as  a 
guide  in  trimming  the  sides.  The  excavated 
material  was  loaded  direct  from  the  shovel  on 
to   -l-cu.   yd.   dump  cars   operating   on   a   3- ft. 


Fig.   2.     View   of    Excavating   and    Backfilling    Plants  at  Work  on  the  South  52d  Ave.  Sewer, 

Chicago,   III. 


truss  rods  to  each  timber.  The  top  4  ft.  of 
trench  was  excavated  about  3  ft.  wider  than 
the  outside  lines  of  the  masonry,  since  no 
bracing  was  put  in  near  the  top  of  the  trench. 
Below  this  the  trench  excavation  was  made 
1(1  the  exact  width  of  the  masonry,  plus  an 
allowance  of  1  ins.  for  sheeting.  .Mthougli  a 
variation  in  and  out  was  unavoidable,  it  did 
not  exceed  2  ins.  in  either  direction.  The 
trench  width  was  I.'i  ft.  8  ins.;  average  cut 
was  23  ft.  ft  ins.,  making  an  excavation  of  13.7 
cu.  yds.  per  running  font.  On  accniml  i>f  the 
deep  cut,  the  shovel  was  equipped  with  a  3(1- 
ft.  boom  and  a  "il-ft.  dipper  handle.  .\s  there 
was  liabiltv  of  slides  and  cave-ins,  the  excava- 
tion was  handled  in  two  lifts.  On  the  first 
run  the  shovel  excavated  the  top  10  ft.,  using 
!)-ft.  sheeting  with  one  set  of  bracing  placed 
about  a  ft.  below  the  ground  surface.  The 
shovel  dug  ahead  of  the  finished  cut  from 
IT)  to  100  ft.,  then  backed  up  and  excavated 
the  lower  13V4  ft.  The  lower  lift  was  taken 
■  •lit  between  steel  beams,  each  built  up  of  two 
lO-in.  I-beams  with  cover  plates,  ."lO  ft.  long, 
held  in  place  by  screw  braces  set  7  ft.  back 
from  each  end.  This  replace.'*  the  ordinary 
wooden  bracing  and  allows  a  free  movement 
•  >f  the  dipper  in  the  trench  for  three  moves 
or  36  ft.  When  a  section  is  finished,  the 
beams  are  carricrl  ahead  by  the  dipper,  the 
wooden  br.icrs  are  replaced  on  the  top  sheet- 
ing, and  another  set  of  0-ft.  sheeting  is  placerl 
with  two  sets  of  braces  for  the  lower 
portion  of  the  trench,  the  lower  end 
of  the  sheeting  being  at  a  point  whrre 
the  invert  curve  meets  the  side  wall. 
The  lower  sheeting  back  of  the  concrete  was 
left  in  permanently.  The  botlon)  was  trimmcfl 
and   shaped  by   four  or  five  bottom  men,  the 


gage  track.  Ordinarily,  the  upper  lift  made 
the  backfill,  and  the  lower  lift  was  run  to  a 
spoil  area  in  .McKinley  Tark,  a  haul  of  about 
^  mile.  The  sheeting  was  2x10  in.  hemlock, 
the  braces  8x8  in.  and  tixti  in.,  with  stringers 
lixS  in.  of  yellow  pine. 

Colli  rclc. — The  concrete  mixer  was  mount- 
ed  on  timbers  to  span   the  trench.     .\    No.  2 

T.VBLE  I.— UNIT  COST  OF  CONSTRUCTING 
THK  I'l-.MN  CONPRICTE  SKCTION  OF  THK 
WEST  :f9TII  ST.  (■(•NDUIT— SIZE.  12xH  ET 
—  AV(J.    CUT,   i?,   FT.   «   INS. 

-Cost- 


Per 

11. •Ill-  Iln.  ft. 

Excnvntlon.  liihor  $  2.ii3 

lOxniviitliin,  plant   0.6'< 

IliielUIII     0.8B 

Wasli'  dlxpoRiil 0.89 

.MIsi'i'llancoUH    O.TB 

I'ual     1.21 

l.uiiil>i-r    0.99 

Ciuuri-le   initMonry   10.43 

l.nbur    

i^einent    1.05B 

.Sand    0.576 

(■Jravcl    1.103 

PInnt    0.084 


Per 

i-u.  yd. 

jn.lRS 

0.046 

11.143 

0.120 


l.Siri 


$4,133 
Tolnl   ro«t   p«r   llneiil.  foot,   $18.29. 
Co»t  perccntnccii:     For  mnterlnl  and  plant.  B4 
por  cent;   for  Inhor.    16   per  cent. 


Chicago  mixer,  holding  25  cu.  ft.  of  dry  ma- 
terial, was  used.  .Adjustable  spouts  were 
iiseil  for  pouring  the  concrete,  the  spout-man 
standing  on  braces  in  the  trench  and  deflect- 
ing the  concrete  to  any  point  required.  The 
pouring  was  made  in  three  runs,  each  usually 
being  about  16  ft.  long.  The  first  or  dish  ex- 
tended   to   2    ft.    above    the     bottom     of    the 
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trencli  ;  the  second,  or  sides,  extended  2  ft. 
above  tlic  springing  line;  the  third  or  arch 
completing  the  section.  The  invert  was 
shaped  up  with  a  wooden  template  or  bulk- 
head, conforming  to  the  inside  and  outside 
lines  of  the  masonry,  on  which  the  forms  were 
placed  after  the  concrete  was  set.  The  forms 
were  built  up  of  Jxti-in.  lagging,  laid  on  6-in. 
channels,   bent   to    shape.      At    the     springing 


Crown  Plank 


£'10  Plank- 
Wedges  -iM 


Fig.  3.    Detail  of  Timbering  in   Place  to  Sup- 
port Roof  in  Tunnel  Section  of  So.  52nd 
Ave.  Sewer. 

line,  a  Oxi1-in.  timber  rested  on  angles  bolted 
to  the  channel,  being  held  in  place  by  a  %-in. 
pin  running  through  both  timber  and  angle. 
.After  the  sides  were  poured  and  set,  the 
braces  were  removed  and  the  lagging  placed 
for  the  crown.  The  channels  for  the  arcli 
were   reinforced   with   two  plates. 

Xo  manholes  were  built  and  no  lateral  con- 
nections were  made,  but  24-in.  tile  were  set 
in  the  arch  at  intervals  for  future  connections. 
The  contract  specified  a  concrete  composed 
of  1  part  Portland  cement,  3  parts  sand,  and 
•5  parts  crushed  stone  or  gravel ;  the  engineer, 
under  the  specifications,  having  the  right  to 
vary  the  proportions  of  fine  and  coarse  ag- 
gregate, but  maintaining  the  proportion  of  1 
part  cement  and  8  parts  aggregate.  Gravel 
proved  very  satisfactory.  The  mix  was  fairly 
wet,  except  on  the  crown  of  the  arch,  where 
a  dry  mix  was  necessary  to  prevent  the  con- 
crete running. 

The  average  progress  per  day  of  0  hours 
was  30  ft.  for  both  shovel  and  mixer,  for  the 
plain  section.  This  means  420  cu.  yds.  of  ex- 
cavation, with  disposal  in  backfill  or  spoil 
bank.  The  actual  cost  of  excavation,  backfill, 
and  spoiling  can  be  seen  by  reference  to  Table 
1.    The  concrete  averages  2%  cu.  yds.  per  ft. 

£*  10  Planks..,   ,  ,  ,.    ..^Eyfension Screw 
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Fig.     4.      Tunnel    Section    of    So.    52nd    Ave. 

Sewer  Showing   Invert   Built,    Timbering 

Removed  and  Centers  Set  for  Arch. 

A  daily  average  of  7-")  cu.  yds.  was  placed. 
The  average  progress  per  day  on  the  rein- 
forced section  was  24  ft.  per  day,  the  .slowing 
up  being  due  to  the  time  used  in  placing  the 
reinforcing   steel. 


On  the  same  platform  with  the  mixer  was 
mounted  a  small  lioom  derrick  and  hoisting 
engine.  This  facilitated  the  renioval  ot 
stringers  and  braces,  and  pulled  the  mixer 
platform  back  and  forth.  The  material  for 
concrete  was  delivered  to  a  platform  laid  on 
the  ground  alongside  of  the  mixer,  being 
hauled  in  4-cu.  yd.  dump  cars  by  dinky  en- 
gines  an    average   distance    of    %    mile. 

Reinforced  Section. — This  section  is  of  the 
same  dimensions  as  the  plain,  but  was  rein- 
forced to  strengthen  the  conduit  where  it 
passed  under  railroad  property.  The  same 
methods  of  construction  were  used  as  on  the 
plain  section.  The  reinforcing  steel  averaged 
44  lbs.  to  the  cubic  yard  of  concrete. 

Backfill. — Backfill  was  made  by  the  4-yd. 
dump  cars,  track  being  swung  in  over  the  con- 
duit as  the  filling  progresed.  Centers  were 
left  in  until  the  sides  were  thoroughly  com- 
pacted and  at  least  1  ft.  of  filling  had  been 
placed  over  the  top  of  the  arch.  Unit  costs 
on  the  reinforced  concrete  portion  of  this 
sewer  are  given  in  Table  III. 

SOUTH    52nd   AVE.    SEWER    (CICERO    SECTION). 

This  is  a  three-ring  brick  sewer  in  South 
•V2nd  Ave.,  Cicero,  extending  from  Ogden 
ditch  to  22nd  St.,  a  total  length  of  10,000  ft., 
of  which  7,300  ft.  was  7^/2  ft.  and  2,700  ft. 
was  7  ft.  in  diameter;  1,050  ft.  of  the  7%-ft. 
section  was  in  tunnel. 

With  the  exception  of  the  tunnel  the  entire 
sewer  was  built  on  the  line  of  an  old  4x5-ft. 
wooden  box  sewer.  The  sewage  flow  was 
usually  held  back  for  periods  of  8  to  10  hours, 
depending  on  rainfall,  by  a  temporary  gate, 
consisting  of  an  enclosed  box  3x3x12  ft.,  hav- 
ing a  sliding  door  working  vertically  about  4 

TABLE  II.— CONSTRUCTION,  FORCE  AND 
RATES  OF  PAYMENT  ON  W.  39TH  ST. 
CONDUIT.   TO   ACCOMPANY  COSTS   IN 

TABLE    I. 

Wage 
per 
Employee —  day. 

1  superintendent  $S.OO 

1  shovel   engineer    7.0fi 

3  dinkey  engineers,  each 3.6» 

1  cranesman     4.50 

1  fireman     3.00 

3  switchmen,    each    2.25 

2  flagmen,   each    l.p 

1  coal  passer 2.50 

3  foremen,   each   • 4.50 

1  hoisting   engineer    5.60 

4  bottom    men,    each 3.85 

50   to   60   laborers,   each 2.5i.' 

1  team  5.0C 

1  carpenter   4.80 

i  machinist  3.50 

1  machinist's  helper  2.50 

1  office  boy  2.W 

t  material  man  2.5(i 

1  watchman    2.50 

3  water  boys,   each 100 

It.  from  the  upstream  end.  The  old  wooden 
box  sewer  was  first  uncovered  at  a  point  600 
to  1,000  ft.  ahead  of  the  steam  shovel.  .After 
the  top  was  removed,  the  gate  was  lowered 
into  the  old  box  and  packed  in  place  with 
sand  bags.  The  gate  was  operated  by  a  lever 
at  the  ground  level,  by  a  night  watchman, 
who  generally  closed  the  gate  at  6  a.  m.  and 
opened  it  at  7  or  8  p.  m.  A  45-ton  Bucyrus 
steam  shovel,  equipped  with  a  lV4-cu.  yd. 
dipper,  excavated  the  trench,  placing  the  ex- 
cavated material  alongside.  The  average  cut 
was  21  ft.  made  in  a  single  cut.  The  existing 
box  sewer  was  ripped  out  by  the  shovel  as  the 
trench   advanced. 

Sheeting  2x10  ins.  by  IG  ft.  long  was  used 
with  three  set  of  stringers  and  braces.  On 
about  70  per  cent  of  the  work  the  sheeting 
and  one  set  of  braces  and  stringers  were  left 
in. 

During  the  progress  of  the  work,  several 
severe  rainstorms  occurred,  causing  consider- 
able delav  and  some  dairiage.  In  a  portion  of 
the  work  where  sheeting  had  been  pulled,  a 
severe  rain  caused  the  bank  to  slide,  which, 
together  with  the  added  weight  of  the  spoil 
bank,  caused  a  collapse  of  130  ft.  of  com- 
pleted sewer.  The  U.  S.  Weathcj-_  Bureau 
record  show-ed  a  precipitation  of  1.57  ins  for 
two  hours.  The  cost  of  repairs  for  this  130 
ft.  was  $11.4fi  per  ft.,  or  04  per  cent  of  the 
first  cost.  On  account  of  storms  and  the 
softening  of  the  bank  by  storm  and  ground 
water   shorter   lengths   collapsed.     Because   of 


the  nearness  to  building  foundations,  there- 
after, sheeting  and  one  set  of  braces  was  left 
in  place  at  an  additional  cost  of  90  cts.  per 
running  ft.  of  sewer. 

On  the  unpaved  portion  of  the  street  the 
excess  excavation  was  spoiled  over  the  street. 
On  the  balance  of  the  work  it  was  loaded  di- 
rectly into  wagons  by  the  shovel,  although  a 
small  portion  of  the  excess  was  handled  by  a 

5    •  ^  Rods  BCfrs  under 
R  R  only. 


.S4  Inlets  J^M  H 


u  ^^5°—l.'-''~h'f: :..-f- - 

For  Detail  of  A  see  Fig  6    -In  firm  Sround  cut  of  f 
Corners  to  this  line 

Fig.  5.    Cross  Section  of  12x16  ft.  Horseshoe 

Section  of  So.  52nd  Ave.  Sewer,  Sanitary 

District  Section,  Showing  Division 

Wall. 


small    Thew    revolving    steam    shovel,    loading 
wagons   from  the  spoil  bank. 

Utica  ceiuent  was  used,  proving  satisfactory 
in  standing  up  under  the  night  flow  of  water 
over  new  work.  A  small  amount  of  pointing- 
up    proved   necessary   in    a   number   of    cases 

TABLE  III.— UNIT  COST  OF  CONSTRUCTING 
THE  REINFORCED  CONCRETE  SECTION 
OF  THE  W.  39TH  ST.  CONDUIT— SIZE.  13x 
14  FT.      AVG.    CUT,   22  FT. 

, Cost , 

Per  Per 

Item —  lin.  ft.  cu.  yd. 

Excavation,  labor   $  2.43  $0,194 

Excavation,    plant    0.64  0.04") 

Backfill     1.24  0.249 

Waste  disposal    0.31  0.041 

Miscellaneous   2.26  

Coal     1.21  

Lumber   0.99  

Concrete    masonry 14.85  

Labor    1.97.". 

Cement    1.05.". 

Sand    0.57C 

Gravel    1.103 

Reinforcing  steel    1.103 

Plant 0.084 


$5.89G 
Total  cost  per  lineal  foot,  $23.93. 
Cost  percentages:     For  material  and  plant,  53 
per  cent;   for  labor,   47  per  cent. 

where  water  was  passed  over  the  brick  work 
as  soon  as  laid,  and  in  a  special  case,  when 
tlie  breaking  of  the  gate   had   flooded  out  the 
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Fig.   6.     Detail    of   Division    Wall     Shown     ir 
Fig,   5. 

bricklayers  before  tlie  invert  could  be  lai' 
complete.  All  material  was  teamed  to  th< 
work,  the  average  haul  being  %  mile.  Con 
nections  were  made  with  all  lateral  sewer 
and  existing  house  connections. 


February  11,  1914. 
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The  average  progress  per  day  on  the  7- ft. 
section  was  45  ft.,  equivalent  to  :330  cu.  yds. 
of  e-xcavation,  while  on  the  IM-h.  section  the 
average  progress  was  70  ft.  per  day,  with  20 
ft.  cut,  or  500  cu.  yds.  of  excavation  per  day. 
The  difference  in  the  progress  between  these 
two  sections   was  partly  due  to  the   fact  that 


was  done  with  a  Monaghan  revolving  derrick, 
equipped  with  a  Page  orange  peel  bucket,  ca- 
pacity 1  cu.  yd.  This  is  a  very  efficient  ma- 
chine for  backfilling,  but  the  operator  should 
avoid  dropping  the  load  from  any  distance, 
as  it  is  liable  to  crack  the  masonry,  especially 
when  working  during  wet  weather,  when  the 


Fig.  7.     View  of   Invert   Forms   and    Reinforcement   of    12x16   ft.    Horseshoe    Section    Shown 

in   Fig.  5. 

the  7%-fl.   sewer   was   built   in   a   street  8(1   ft.  backfilling   is    saturated   with    water.      A    view 

wide,   with  open  prairie  on  one  side  and  un-  of    the   e.xcavating   and   backfilling    plants    is 

illimitcd  room   for  work,  and  the  7- ft.   section  shown   in   Fig.   2. 

was  built   in   a   Wi-ft.   street  w^ith    scant   open  Some  special  items  may  be  worthy  of  men- 
pace  adjacent  to  the  street.     Tables   IV  and  tion.  such  as  the  cost  of  hand  excavation  in 
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TABLE  IV.— UNIT  COSTS  OF  CONSTltUCT- 
ING  THE  CICERO  SECTION  OF  THE  SO. 
.^2ND  AVE.  7-FT.  BRICK  SEWER— AVG. 
OUT,   21    FT. 

, Cost- 

Per 
Item—  lin.  ft. 

Kxcavation,  labor   %  2.22 

Excavation,  plant  0.28 

Backfill,    labor 0.81 

Backfill,    plant 0.14 

Waste   disposal    1.00 

Bumping   O.IS 

Miscellaneous    0.62 

Coal     0.35 

T^umber    1.12 

Brick  masonry  7.60 

Ijibor     $2.63 

Teaming  sand  and  cement 0.49 

Brick    4. OS 

Cement    C.'iT 

Sand   0.29 

JS.06 
Total   cost   per  linoal   foot,  $14.33. 
<V»st  percentjiKes;     Foi-  material  and  plant,  49 
per  cent.     For  labor,  ul  per  cent. 

TABLE  v.— UNIT  COSTS  OF  CONSTRUCTING 
THE  CICERO  SECTION  OF  THE  SOUTH 
.-.L'Nf)  AVE.  7-FT.  fl-lX.  BRICK  SEWER- 
AVERAGE  CUT.  J"  FT. 


Hem 

lOxra  vat  loll,    labor $1.63 

lOxinvatlon.   plant  0.28 

Hack  (111.    labor    0.43 

Backllll,    plant    0.14 

Wantf   (II.Hposal    0.41 

I'limplnn    O.IR 

MImillanoous    0.81 

Coal     0.3.'; 

Lumber    0.47 

Brlik  masonr.v  7. BO 

I^ibor   

Te.amln;;  .M;ind  and  coment.. 


Cost- 
rer  lln.  ft.     Per  cu.  yd. 


$0,226 
0.040 
0.119 
0.038 
0.417 


tz.io 

0.30 


Hrick    i"" 

0..'i7 

0.2!) 


Ci-nient 
.Sand 


ig.  8.    Specimen  Daily  Report  Form  for  Re- 
porting   Labor    Data     for     Sewer    Work, 
Sanitary    District   of    Chicago. 

give    the    unit    costs    on    the    7- ft.    and    the 
ft.  (i-in.   sections   respectively. 
The  average  number  of  brick  laid   per  day 
T  bricklaver   was   4,000  in   the   7- ft.   section 
id  .5,0(10  'in   the  I'^k-iX.    section.     Backfilling 


}7.:il 
Total  "'oh^i   iMi'   inifiii   tuiti.   41J.I7, 

Co.tt  pen  entHCe.";    For  malerlalK  and  plant.  53 
per  cent.     Fi>r  labor,  47  per  cent. 

a  sewer  trench  of  this  size,  moving  plant,  etc. 
.'\t  the  Illinois  (rntral  R.  R.,  where  the 
sewer  passed  uinler  the  tracks,  the  excavation 
was  made  by  hand,  loaded  into  wheelbarrows 
and  wheeled  to  the  rilge  of  the  right-of-way. 


at  which  point  it  was  handled  by  the  orange- 
peel  derrick. 

The  piling  and  timbering  of  the  tracks  was 
done  by  the  railroad  company  at  their  own 
expense.  This  hand  excavation  cost  $1.25  per 
cu.  yd. 

In  another  case  the  steam  shovel  could  not 
take  out  the  bottom  on  account  of  the  prox- 
imity of  a  viaduct.  This  earth  was  scaffolded 
out  at  a  cost  of  $1.06  per  cu.  yd.,  being  han- 
dled four  times  before  it  reached  the  spoil 
bank. 

The  moving  of  the  steam  shovel  a  distance 
of  1,050  ft.  across  a  railroad  yard  and  over 
the  tunnel  section  was  $560.  or  53  cts.  per 
foot.  This  includes  the  partial  dismantling  of 
the  shovel  to  pass  under  obstructions.  At  the 
start  the  shovel  was  taken  off  the  railroad 
spur,  moved  %  mile  and  placed  on  timbers  to 
span  the  trench,  at  a  cost  of  $750. 

.A.  special  section  was  designed  near  the 
outlet  at  Ogden  ditch,  where  the  ground  sur- 
face was  low  and  the  bottom  very  soft,  on 
the  assumption  of  no  cut  and  no  cover,  with 
the  sewer  flowing  full.  .\  foundation  of  a 
double  layer  of  2-in.  plank  was  laid  before 
the   brick   work   was  started. 

TUNNEL     SECTION. 

The  tunnel  section,  1,050  ft.  long,  extends 
under  the  Morton  Park  yard  of  the  Chicago, 
Burlington  &  Quincy  Railway,  and  passes  di- 
rectly under  five  piers  of  the  viaduct  carrying 
South  52nd  .Ave.  over  the  railroad  yard.  In 
places  there  was  only  12  ft.  of  covering  over 
the  roof  of  the  tunnel.  The  ground  was  stiff 
blue  clay,  containing  but  one  sand  pocket, 
which  caused  some  earth  settlement,  visible 
at  the  ground  surface.  There  were  no  settle- 
ments whatever  at  the  piers.  The  unit  costs 
for  the  tunnel  work  are  given  in  Table  VII, 
and  the  gang  organizations  in  Table   \TII. 

The  work  was  carried  on  by  two  night 
shifts  of  miners  and  muckers  and  one  day 
shift    of    bricklayers,    working   8   hours   each, 
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Fig.  9.    Specimen  Daily   Report  Form  for  Re- 
porting Use  of  Cement  and  Concrete  on 
Sewer   Work.  Sanitary   Distr(ct  of      . 
Chicago. 

or  a  total  of  24  hours  per  day.  One  shaft 
was  sunk,  from  which  two  headings  were 
run.  In  Fig.  3  is  shown  the  method  of  tim- 
bering in  good  stiff  clay.  In  poor  ground, 
the  crutches  would  be  made  longer,  with  the 
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lower  end  set  below  the  spring  line,  and  tlie 
2xlU-in.  plank  at  the  roof  would  be  placed 
closer  together.  The  excavated  material  was 
dumped  from  the  shaft  into  railroad  cars  and 
hauled  3   miles   to  Western   Ave. 

The  method  of  setting  up  the  centers  for 
the  arch  after  the  mvert  is  built  and  timber- 
ing removed  is  shown  in  Fig.  4.  Tlie  loose 
brick  seen  inside  of  the  invert  support  the 
centers,  spaced  4  ft.  apart ;  2x4-in.  lagging  is 
then  placed.  The  earth  at  the  roof  is  sup- 
ported by  2x4-in.  props  resting  on  the  lagging, 
reinforced  by  a  2'/4-in.  iron  prop  extending 
from  the  floor  of  the  invert  to  the  crown 
plank  at   roof. 

The  average  progress  for  24  hours  was 
12*/!'  ft.  in  each  heading,  or  25  ft.  per  day  for 
both  headings.  The  average  number  of  brick 
laid  per  8  hours  per  bricklayer  was  3,000. 

SOUTH      o2s\)      AVE.      SEWER      OUTLET — SANITARY 
DISTRICT    SECTION. 

This  work  is  now  under  contract.  The  main 
section,  as  shown  in  Fig.  5,  consists  of  a  r2x 
16- ft.  horseshoe  shaped  sewer,  the  outfall  be- 
ing at  the  main  channel  of  the  Sanitary  Dis- 
trict at  South  -52nd  .^ve.  This  section  ex- 
tends north  1.8110  ft.  from  the  canal  to  a  point 
where  it  will  divide  into  a  lO-ft.  6-in,  and  a 
9-ft.  sewer.  The  10-ft.  6-in.  sewer  extends 
westward   to  56th  Ave.,  where  it  will  connect 


llow  on  one  side  of  tlie  wall.  .\l  the  upper 
end  of  the  10-ft.  sewer,  stop  planks  are  ar- 
ranged to  divert  the  flow  to  either  side  of  the 
dividing  wall. 

The    contractor    liegan    work   at    llie   outfall 

TABLE  VII.— UNIT  COSTS  OF  CONSTRUCT- 
ING THE  CICERO  SECTION  OF  THE 
SOUTH  52ND  AVENUE  7-FT.  C-IN.  BRICK 
SEWEU  IN  TUNNEL. 

, Cost s 

Item.  Per  lin.  ft.  Per  cu.  yd. 

I'^xcavation   $6.49  ?2.43 

Waste  disposal 2.05  0.77 

Lumber    O.40  .... 

Electric  power   O.IG  .... 

Miscellaneous    1.26  

Brick  masonry  9.35  .... 

Labor    : $4.40 

Brick 4.09 

Cement   0..^)T 

Sand    0.29 

$9.35* 

Total  cost  per  lineal  foot,   $19.70. 

Cost  percentages:  For  materials  and  plant,  27 
per  cent.     For  labor,   73  per  cent. 

*Note — Masonry  i-iins  1  cu.  yd.  per  lineal  foot 
of  sewer. 

and  has  now  completed  a  portion  of  the  IC-ft. 
section.  It  was  necessary  to  excavate  through 
the  spoil-bank  of  the  Main  Drainage  Channel 
lieforc  the  sewer  trench  could  be  started.  The 
equipment  comprises  a  45-ton  Bucyrus  shovel. 


forcing  steel,  etc.  These  units  assembled  on 
the  different  sizes  of  sewer  with  approximate 
quantities,  make  a  contract  price  per  lineal 
foot  about  as  follows : 

16-ft.  section  in  17-ft.  cut $40.03 

lOVo-tt.  section  in  12-tt.  cut 16.48 

9-ft.  section  in  14-ft.  cut 12.83 

COSTS    AND    COST    KEEPING    METHODS. 

Cost  data,  to  be  of  any  value,  must  be 
founded  on  a  correct  daily  report  on  labor,  a 
weekly  or  a  monthly  report  on  material. 
About  half  an  hour  spent  on  this  work  each 
day  should  prove  ample  on  sewer  work  to 
obtain   the  needed   information. 

The  contract  prices  for  material  can  usually 
be  obtained  from  the  contractor,  and  one 
sheet  only  made  out  for  this,  applying  the  unit 
prices   to   the   monthly  statement. 

For  the  use  of  the  Sanitary  Division  of  the 
District,  a  daily  report  was  devised  for  labor 
and  progress  of  the  work,  designed  to  fit 
eitlier  a  brick  or  concrete  job.  Figure  8 
shows  such  a  form  as  filled  in  for  one  day. 
The  distribution  of  liours  is  made  at  the  time 
the  form  is  filled  in.  The  rate  per  hour  need 
not  be  filled  in  daily,  since  this  can  be  covered 
on  one  sheet  showing  the  rates  for  the  entire 
job.  From  these  reports,  a  monthly  tabula- 
tion can  be  made,  the  rate  per  hour  applied, 
and    extensions    made    reducing   the    whole    t^ 


Fig.    10.     Diagram   Showing   the   Cost   per    Lineal   root  of  Large  Concrete  and   Prick  Sewers    with     Proportional       Distribution      of 

Costs. 


Field 


(1) — 12x14  ft.  plain  concrete  section  of  \V.  39tli  St.  conduit,  avg.  cut,  2:1  ft.  0  ins.  (2) — 12x14  ft.  reinforced  concrete  section  of  AA'.  39th  St.  con- 
duit, avg.  cut.  22  ft.  0  ins.  (3) — 7  ft.  brick,  Cicero  section  of  .So.  52nd  Ave.  sewer,  avg.  cut,  21  ft.  (4) — 7-ft.  G-in.  brick,  Cicero  section,  of  So.  52n<l 
Ave.  sewer,  avg.  cut,  20  ft.     (5) — 7-ft.  6-in.   tunnel,   Cicero  section,  of  So.   52nd  Ave.  sewer. 

Legend: — A  =  Concrete  masonry:  B  r^  Brick  masonry;  C  :=  Excavation;  D  =  Backfill;  E  =  Waste  disposal;  F  =  Miscellaneous;  G  =  Coal; 
H  =  Lumber;  J  —  Pumping;  K  =  Power. 


with  the  8-ft.  6-in.  Oak  Park  sewer  and  the 
Berwyn  5- ft.  sewer,  both  of  which  now  dis- 
charge into  Ogden  ditch.  The  9-ft.  sewer 
will  extend  north,  across  the  Ogden  ditch. 
and  connect  with  the  7-ft.  6-in.  Cicero  sewer 

TABLE  VI.  —  CONSTRUCTION  FORCE  AND 
KATES  OF  PAYMENT  ON  CICERO  SECTION 
OF  THE  SOUTH  52ND  AVICNUE  7-FT.  AX]  i 
7-FT.  6-IN.  BRICK  SEWERS.  TO  ACCOM- 
PANY COSTS  IN  TABLES  IV  AND  V. 

Employes.                                       Wage  pei-  day. 
$>..00 


1  superintendent   

2  foremen,    each 

1  shovel   engineer 

1   hoisting    engineer 

1   cranesman    

1  shovel    foieman 

1  derrick    foreman 

2  pump  foremen,  each 

watchman    

bricklayer  

bricklayers,    each 

tender."!,    each 

cement   mixers,   each 

cement  carriers,  each 

to  S  bottom  men,  each 

bracer.«.    each 

center  men,  each 

black.smith     

blarksmilh    helper 

3  scaflold  men,  each 

3  brick    tossers,   each 

4  brick  wheelers,  each 

6  roller  men,  each 

1   material   man 

1  timekeeper    

2  wa  terboys,   each 

10  to  20  common  laborers,  each, 

1  to  3  teams,   each 


.1.00 
S.OO 

.s-eo 

4.70 
3.25 
2.75 
3.00 
3.00 
12.00 
10.00 
3.7K 
3.00 
3.25 
3.75 
4.40 
.3.75 
3.50 
3.00 
2.75 
2.25 
3.00 
2.80 
3.00 
3.00 
1.00 
2.00 
6.00 


above  described.  This  section  has  a  grade  of 
1  ft.  in  5,000  ft.,  the  grade  being  largely  fixed 
by  the  elevation  of  the  outlets  of  existing 
sewers.  The  dividing  wall,  a  detail  of  whicli 
is  shown  in  Fig.  6,  was  designed  to  keep  high 
velocities  in  dry  weather  and  avoid  deposits, 
the   inUntipn   being   to   keep   the   dry   weather 


with  P/4-CU.  yd.  dipper,  mounted  on  30- ft. 
timbers  to  span  the  trench.  The  average  cut 
is  now  17  ft.,  with  a  width  of  trench  of  21  ft. 
10  ins.  Excavated  material  is  loaded  from 
the  shovel  into  4-cu.  yd.  dump  cars  and  de- 
posited in  backfill,  and  the  excess  is  hauled 
about  %  mile  to  the  spoil  area  provided  by 
the   Sanitary    District. 

The  entire  work  is  to  be  built  of  concrete. 
of  a  mixture  approximately  1 :2M!  :5,  except 
for  the  dividing  wall,  which  is  approximately 
1 :2 :4.  Stone  is  used  for  the  coarsQ  aggre- 
gate. Pouring  of  the  concrete  consists  of 
three  operations ;  the  invert,  sides,  and  arch. 
Forms  for  the  invert  can  be  seen  very  plainly 
in  Fig.  7.  The  invert  and  dividing  wall  in 
the  16-ft.  section  are  reinforced  with  steel 
throughout,  and  the  arch  for  about  100  ft. 
where  the  sewer  passes  under  the  Chicago 
&  Northwestern  Railway  The  reinforcing  is 
placed  in  invert  to  take  care  of  any  unequal 
settlement  due  to  soft  ground. 

Below  the  springing  line  the  side  forms  are 
built  of  1-in.  flooring,  nailed  to  6x0-in.  up- 
rights, 4  ft.  on  centers,  braced  by  a  6x6-in, 
cross  timber  at  the  springing  line,  supported 
by  a  6x(i-in.  post  near  the  center  of  the  sewer, 
with  diagonals  extending  to  the  vertical  posts. 
.\bove  the  springing  line,  6-in.  8-lb.  channels 
are  used,  curved  to  the  proper  radius,  ami 
reinforced  with  a  Ix4-in.  angle,  8  ft.  long  at 
the  quarters.  On  these  ribs  spaced  4  ft.  on 
centers,  2x6-in.  lagging  is  placed  about  6  ins. 
apart,  on  which  sheets  of  No.  18  gage  sheet 
steel  is  laid,  lapping  about  6  ins.  For  the  di- 
viding wall  the  form  is  built  up  of  wooden 
sheets  8  ft.  long,  suitably  braced  against  the 
side  walls,  with  steel  separators  between  to 
maintain  the  proper  spacing. 

The  contract  prices  for  the  work  are  on 
unit   quantities   of   excavation,   concrete,   rein- 


a  money  basis.     At  the  end   of   the  job.   the 
monthly   statements  can  be   compiled,   making 

T.\BLE    \TiII.— -CONSTRUCTION    FORCE    ANH 
RATES      OF     PAYMENT      ON     7-FT.      6-l.X 
BRICK    SEWER   IN    TUNNEL,    TO    ACCOM 
PANY  COSTS  IN  TABLE  VII. 
Note. — The   rates   are    for   8-hour    shifts,    aii'l 
each  force  is  for  two  headings,  one-half  the  force _ 
working  per  shift  being  in  each  heading. 

(a)  I'^irst  Shift— S  a.  m.  to  4  p.   m. --Bricklaying. 

Employee.  Wage  per  day| 

1  superintendent    $10.00 

4  bricklayers,    each 10.00 

6  tenders,    each 3.75 

2  assistant  tenders,  each 3.25 

2  cement   mixers,   each 3.25 

2  c.-vr  pushers,   each 2.50 

2  sh;i  ft  tenders,  each 2.50 

1  hoisting  engineer 5.00 

(b)  Second  Shift — I   p.   m.   to  12  midnight— Min- 

ing. 
Employee. 

1  foreman    

6  miners,  each   

4  muckers,    each 

2  car  pushers,   each 

1  shaft    tender 

4  laborers,    each 

1  hoisting  engineer   .■ 

1   timekeeper   

(c)  Third  Shift— 12  midnight  to  s  a.  m 

I'^mployee.  Wage  per  d; 

1  superintendent   $10.00 

.s  miners,  each ,. . .  3.75 

6  muckers,    each.... 3.00 

2  cur   pushers,    each 2.50 

1   shaft  tender   2.75 

■1  laborers,    each 2.50 

1   iK.isting  engineer    5.60 

1  timekeeper   3.00 

(d)  Mlscelbaneous. 

Employee.  Wage  per  da 

1  dump    foreman $2.50 

6  to  12  laborer.s,  each 2.00 

1  blacktmlth    3.50 

1  electrician    4.00 

1  carpenter   4.50 

1  carpenter's    helper    3.00 

The  average  progress  per  day  was  12'/4  ft    per 
beading  or  a  total  of  25  ft.  per  day. 


Wage  per  dayJ 
...       $6.00 

3.75 

3.00 

2.50 

2.75 

2.50 

5.60 

3.00 
-Mlnlr 
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one  tabulation  for  the  entire  job,  and  the 
weekly  reports  for  material  can  be  handled 
in  the  same  way. 

A  daily  report  for  material  was  also  de- 
vised, showing  the  amount  of  cement  in  the 
warehouse,  the  amount  used  in  the  work,  and 
the  cubic  yards  of  concrete  placed.  Figure  !) 
shows  such  a  form  as  filled  in  for  one  dav. 
The  tally  on  cement  can  be  kept  by  the  in- 
spector at  the  mixer  as  the  bags  are  deliv- 
ered. The  inspector  can  also  fill  in  the  station 
numbers  show-ing  progress.  The  cubic  yards 
placed  can  be  entered  by  the  engineer  in 
charge.  A  small  table  showing  the  cubic 
yards  per  running  foot  of  invert,  sides  and 
arch,  is  a  very  handy  thing  to  have  so  that 
quantities  can  be  entered  without  any  extend- 
ed computation. 

The  tables  on  cost  data  here  shown 
are  intended  to  cover  all  field  operations,  in- 
cluding superintendence,  labor,  material  and 
plant.  Overhead  charges  of  the  contractor  are 
not  included,  such  as  office  expenses,  bonding, 
liability,  insurance,  and  discount  on  municipal 
bonds  on  special  assessment  work. 

The  item  of  plant  charge  is  a  difficult  one. 
For  instance,  taike  the  item  of  steam  shovels. 
There  are  steam  shovels  in  service  today  that 
are  2.5  years  old.  whereas  others  are  worth 
only  scrap  value  at  the  end  of  three  or  four 
years.     Many   contractors  charge   off  the  en- 


tire plant  to  the  job.  So  far  as  I  see,  for 
machinery  such  as  steam  shovels,  dinkies, 
etc.,  it  is  fair  to  spread  the  plant  cost  over  a 
period  of  ten  years,  allowing  interest  at  t> 
per  cent  on  first  cost,  thus  making  a  depre- 
ciation charge  of  16  per  cent  per  year.  Alter- 
ations, fitting  up,  freight,  small  tools,  etc.,  are 
directly  chargeable  against  the  job,  and  should 
be  added  to  the  above  16  per  cent  on  cost 
of  machinery  and  similar  equipment  for  total 
plant  charges  against  any  piece  of  work. 

In  considering  the  overhead  charge  to  be 
made,  some  figure  must  be  taken  in  making 
up  an  estimate.  This  is  more  apt  to  be  too 
small  than  too  large.  In  Illinois,  liability  insur- 
ance will  cost  from  7%  to  11  per  cent  of  the 
payroll,  and  on  work  described  in  this  paper, 
the  labor  item  is  about  .50  per  cent  of  the  total 
field  cost  for  open  cut  work,  and  about  70  per 
cent  for  tunnel  work.  This  makes  a  charge  of 
3%  to  8  per  cent  of  total  for  insurance,  to 
begin  with.  Office  rent,  telephone,  cost  of 
getting  work,  and  other  items  may  increase 
this  to  10  or  15  per  cent.  .'Vdding  I'o  per  cent 
for  profit,  we  thus  have  25  to  .30  per  cent  to 
add  to  the  field  cost.  Figure  10  shows  the 
cost  per  lineal  foot  on  the  various  jobs  on 
which  cost  data  are  here  given  in  the  tables 
and  also  shows  the  field  cost  percentages  for 
the  component  parts  of  the  various  jobs.  With 
the  aid  of  the  data  contained  in  the  tables,  re- 
inforced by  current  market  quotations  on  ma- 


terial, the  author  has  made  estimates  for  simi- 
lar kinds  of  sewer  work,  in  the  aggregate 
about  one-half  million  dollars.  Such  esti- 
mates agree  with  the  low  bid  within  4%  to 
7  per  cent.  In  applying  any  data,  a  word  of 
caution  is  necessary,  since  two  jobs  are  seldom 
alike.  In  transferring  the  unit  costs  for  work 
already  performed  to  new  estimates,  due  con- 
sideration must  be  made  for  differences  in  the 
local  conditions,  character  of  the  soil,  in- 
creased cost  of  labor,  and  the  availability  of 
standard  types  of  machine  to  handle  the 
work. 

The  contractors  on  the  various  jobs  men- 
tioned herein  were  as  follows  :  On  the  West  39th 
St.  conduit.  John  W.  Farley  &  Co.  built  both  the 
Sanitary  District  and  city  sections.  On  the 
52nd  .\vc.  job  in  Cicero,  James  Healy  was  the 
contractor.  On  the  52nd  Ave.  job  now  under 
construction  for  the  Sanitary  District,  the  H. 
J.  McXichols  Co.  are  the  contractors.  To 
them  is  due  acknowledgment  for  courtesies  of 
information  during  the  progress  of  the  work. 

The  construction  work  described  herein  was 
carried  on  and  the  data  were  compiled  by  the 
writer  as  resident  engineer  for  the  Sanitary 
District  of  Chicago,  under  the  direction  of 
Mr.  Langdon  Pcarse,  Division  Engineer,  and 
Mr.  George  M.  Wisncr,  Chief  Engineer.  Mr. 
S.  .\.  Greeley,  .\ssistant  Engineer,  has  been 
in  charge  of  the  design  on  the  South  52nd  Ave. 
sewer. 


The  Functions  of  the  Engineering 
Society. 

The  recent  address  by  Mr.  L.  K.  Sherman, 
president  of  the  Illinois  Society  of  Engi- 
neers and  Surveyors,  at  the  annual  meeting 
of  the  society,  calls  attention  to  the  fact  that 
engineers  and  engineering  bodies  are  giving 
increased  attention  to  matters  affecting  their 
welfare.  This  address  in  full  is  herewith 
given  : 

The  constitution  of  almost  all  engineering 
societies  state  that  "the  objects  of  the  organ- 
ization are  the  exchange  of  Icchnic.il  knowl- 
edge and  experience  and  the  advancement  of 
the  engineering  profession."  The  benefits  de- 
rived from  the  presentation  of  papers  and  the 
exchange  of  professional  experience  are  of 
themselves  ample  reason  for  membership  in 
the  society,  and  incidentally  they  are  large 
factors  toward  the  professional  advancement 
of  engineering. 

In  my  opinion,  however,  the  time  is  now 
ripe  when  the  engineerinc  societies  should 
enlarge  their  field  of  endeavor  from  the 
purely  technical  and  literary  functions  to  en- 
gage directly  in  efforts  promoting  the  ma- 
terial status  of  the  engineering  profession 
and  the  individual  mcnil)crs  thereof. 

1  am  not  advocating  this  effort  to  promote 
the  material  status  of  engineers  because  of 
any  alarming  conditions.  Engineering  has 
advanced  frfnii  a  trade  to  a  profession.  Fig- 
ures gathered  by  engineering  societies,  rec- 
onls  of  the  graduates  of  technical  schools 
and  pay  rolls  of  corporations  show  that  the 
average  annual  income  of  the  civil  cni:inecr 
today  compares  moderately  well  with  similar 
statistics  of   the  lawyer  and   doctor. 

The  field  of  the  engineer  has  broadened, 
especially  in  lines  of  sanitation,  highway  con- 
struction and  reclamation  of  l.inds.  His  posi- 
tion before  the  public  is  better  recognized. 
Engineers  arc  being  placed  as  town  man- 
agers, on  public  commissions,  as  investigators 
for  financial  corporations,  and  as  construct- 
ors,  instead  of   letting  the  work   by   conlr.tct. 

It  is,  however,  not  our  place  merely  to 
accept  what  the  conditions  of  the  limes 
offer;  it  is  our  duty  to  take  advanlagi-  of 
and  to  push  those  conditions  which  result  in 
our  rightful  material  welfare.  This  can  be 
accomplished  only  throuch  organization.  This 
is  the  day  of  organiza(  on — individual  cfTort 
fails.  In  business,  con.  olidations  alone  sur- 
vive. If  engineers  are  to  progress  and  to 
retain  their  rightful  sphere  they  must  do_  so 
through  organization.     The  legal  and  medical 


professions  are  strongly  organized  to  guard 
and  advance  their  interests  in  legislation  and 
in  public  relations.  The  architects  of  this 
state  have  an  able  organization,  which  legis- 
lated a  certain  kind  of  structural  work  out 
of  our  hands  into  th-irs.  .Mmost  all  lines 
of  business  have  their  lobbies.  However 
much  we  may  disagree  with  the  methods  of 
the  building  trades  union  we  have  to  admire 
the  efficiency  of  such  organization.  Some 
factors  that  have  contributed  toward  the  de- 
linquency of  engineers  furthering  their  ma- 
terial welfare  arc  their  modesty,  the  fact  that 
they  are  migratory  animals,  their  false  sense 
of  dignity  and  too  much  conservatism.  One 
of  the  unavoidable  handicaps  of  the  civil  en- 
gineer arises  from  the  very  nature  of  his 
work.  His  work  ends  when  the  particular 
structure  which  he  may  be  engaged  on  is  com- 
pleted. He  then  must  seek  other  and  often 
remote  fields  where  new  construction  is  to 
be  started.  These  intervals  between  jobs  are 
often  of  frequent  occurrence.  Thus  the  en- 
gineer is  a  migratory  animal.  I  do  not  mean 
to  underrate  the  desirability  of  maintaining 
the  dignity  of  engineering  as  a  profession,  but 
dignity  should  not  interfere  with  business 
progress  with  us  any  more  than  it  does  with 
law  or  medicine. 

I  once  heard  of  a  secretary  of  an  engineer- 
ing society  who  was  so  conservative  that  he 
did  not  believe  in  any  co-operation  with  the 
societies  and  in  fact  scarcely  believed  in  a 
meeting  of  his  own  society. 

The  Illinois  Society  of  Engineers  and  Sur- 
\cyors  has  been  one  of  the  few  engineering 
.issociatinns  tn  enlcr  the  field  of  iiromniint; 
material  professional  welfare.  Thi.s  society 
originated  a  movement  lii  ileniand  justice  for 
a  member  engaged  on  a  gmernmcnt  bureau 
at  WashiiiKlon.  Our  action  anil  his  vinilica- 
tion  were  highly  commended  by  the  technical 
press,  but  the  conservative  conslilulinns  of 
many  engineering  sorinif"  i>riT!i!i|c  (his  sort 
of     work.    During  tb'  ition 

was    submitted    at     S;  the 

Slate   •":     '  I  I   iif 

the  St.v  tight 

to   our    ..'  .  ..  I    i;  I    by 

ihc  trustees  and  was 

decided   that    th'  I    be 

detrimental  to  the  erticicncv  ot  the  licological 
Survey,  and  communications  were  sent  to  a 
number  of  legislators  at  Springfield  to  that 
effect.  The  ch.nntrr  was  not  made  and  the 
.Survey   main'  separate   existence. 

.After    th(  .i    the    law    creating   a 

-State    Public    ..  m....  ^    Commission,    this    so- 


ciety presented  a  petition  to  the  Governor 
urging  the  appointment  of  an  engineer  upon 
said  commission.  Our  membership  is  now 
honored  with  a  member  of  the  State  Public 
L'tilities  Commission.  In  a  number  of  in- 
stances the  society  has  had  special  commit- 
tees working  in  the  interests  of  legislation 
affecting  surveys  and  matters  pertaining  to 
land   drainage   and   special   assessment   work. 

The  technical  press  of  the  country  during 
the  past  year  contains  more  communications 
than  in  :iny  previous  period  on:  "The  Status 
of  the  Engmeer";  "Compensation  of  En- 
gineers": "Engineers'  License  Laws";  Code 
of  Professional  Ethics";  and  "The  Consolida- 
tion of  the  Engineer's  Work  in  Lame  I'ngi- 
necring  Corporations,"  etc.  An  a^sooiation 
of  consulting  engineers  in  New  York  has 
been  actually  formed  to  handle  these  mat- 
ters. The  li^rmalion  in  Chicagu  nf  a  Tech- 
nical League,  a  uiiicm  of  engineers,  associated 
with  the  .Xmerican  l-"cderation  of  Labor,  is  a 
recent  and  most  radical  development.  .\ll  of 
this  is  an  indication  that  the  engineering 
society  is  not  entirely  meeting  the  problems 
of   material   professional   welfare. 

.Vmiiiii;  the  plans,  projects  and  suuccstions 
presented  for  advancing  the  >ialii>  "i  en- 
gineers arc:  The  licensing  of  engnucrs  and 
-surveyors;  civil  service  laws:  legal  compen- 
sation for  citv  engineers,  etc.;  trad.  itiii.Tis; 
code    of    professinu.il    ethics;   siaii'  n 

of    fees;    and    employment    bureau  ■  d 

by  the  societies. 

I  cannot  attempt  here  to  consider  the 
various  arguments  for  and  against  these 
plans.  What  I  am  advocating  line  is  that  it 
Is  the  •  ■  •  -  !Mty  and  fimction  .i|  tlic  cn- 
v-ineei  lo  consider   such   plans,   and 

I"   'i  '  ni/ation   which    '•■■ s  the 

n  nr    machinei  'ipon 

ih  which   arc  of  :i.|   to 

circumviiit  limsc  which  arc  dctrunental  to 
the  engineer  and  his  allied  works. 

I  recommend  that  the  trustees  and  •itVicers 
'>f  this  society  be  authorized  to  act  as  an 
executive    committee    in     •'  •,(    the 

•.oriciy  in  all  inattors  of  b  iid  public 

relationship,  and   to  rccciw.   ,.^r  and  act 

upiiTi.  or  report  upon,  any  complaint  or  sug- 
Kcsliiiu  presented  by  any  member  of  the 
society  I  also  advocate  the  appointment  of 
a  committee  on  legislation  who.se  duties  it 
is  to  follow  and  to  report  to  the  executive 
committee  any  proposed  state  or  municipal 
Icgislalii>n    which    might   be   of    interest. 

The  local  or  slate  engineering  society  is  the 
logical   organization  to  initiate   such  measures 
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as  are  conducive  to  the  material  betterment 
of  engineers.  The  efforts  initiated  by  the 
local  society  should  in  turn  be  supported  by 
the  action  of  the  interstate  or  national  engi- 
neering societies. 

The  ability  to  accomplish  practical  results 
will  to  a  large  extent  depend  upon  the  nu- 
merical strength  of  the  society.  The  voice 
of  the  society  should  be  the  representative 
voice  of  all  engineers  in  the  state.  I  believi- 
that  if  the  slate  society  would  acquire  the 
reputation  for  action  in  measures  affecting 
the  status  of  the  engineering  profession  and 
especially  of  its  individual  members  there 
would  he  an  immediate  and  large  addition  to 
its    membersliip    list. 

In  closing,  to  those  who  may  think  that  all 
these  eflforts  are  impracticable  of  accomplish- 
ment, I  would  say : 

"Heaven   is   not    reached 

At    a    single    bound. 
We  must  mount  the  ladder 
By  which    we   rise 
Round  by  round." 


Water  Under  a  Dam — the  Stony  River 
Failure. 

Sirs:  The  failure  of  the  dam  at  Stony  Rive', 
in  West  Virginia  demonstrates  again  what  has 
been  demonstrated  scores  of  times,  nanielv. 
that  it  is  inviting  disaster  to  design  a  dam 
without  considering  the  effect  of  water  imder 
it. 

This  failure  will  no  doubt  be  set  down  by 
the  investigators  in  the  standard  way — poor 
foundation,  mistake  in  judgment,  unforeseen 
contingencies. 

Here  is  something  for  the  investigators  to 
ponder,  and  for  all  engineers  to  consider : 
No  dam  ever  failed  that  was  heavy  enough 
and  wide  enough  at  the  base  to  be  stable  im- 
der the  /^ressiiie  of  water  on  the  wetted  side 
and  underneath  it.  regardless  of  ivliat  it  7vas 
founded  on. 

I  have  shown  a  number  of  times,  and  any- 
one may  work  it  out  graphically  in  a  very 
simple  manner,  that  the  resultant  of  the  pres- 
sure on  the  wetted  side,  the  pressure  of  the 
water  beneath  the  dam,  and  the  weight  of  a 
honey-comb  dam  passes  nowhere  near  the 
middle  third,  in  fact  may  be  outside  of  the 
base  entirely — may  even  be  upward.  This  one 
has  a  very  large  unward  ancle.  What  sta- 
bility can  there  possibly  be  under  these  condi- 
tions? 

That  there  was  water  beneath  the  horizon- 
tal slab  of  this  dam  is  absolutely  proven.  It 
was  comip"  out  of  the  weep  holes  before  the 
failure.  That  this  water  was  expected  to  bo 
there  is  shown  by  the  very  fact  that  weep 
holes  were  provided.  The  presence  of  thi' 
weep  holes  is  also  evidence  that  the  dam  was 
not  built  to  withstand  the  upward  pressure 
of  the  water  under  the  slab,  or  provision 
would  not  have  been  made  for  it  to  run  away 
and    waste. 

To  go  by  easy  stages,  what  does  water  do 
in  winter?  It  freezes,  of  course.  What  is 
to  prevent  the  water  gently  oozing  out  of 
these  weep  holes  to  freeze  in  the  hole  or  in 
the  ground  immediately  surrounding  then; 
and  form  plugs  ?  Would  not  the  ground  on 
the  lower  side  of  the  dam  also  freeze?  Now, 
what  condition  have  we?  Water  beneath  the 
dam  attaining  its  full  pressure  because  it  has 
no  means  of  escape:  a  dam  that  is  far  from 
stable  against  this  pressure ;  an  unresisted 
tendency  for  the  dam  to  rise  from  its  foun- 
dation and  break  up  or  be  pushed  down 
stream.  .^  small  rising  of  the  dam  would 
admit  an  influx  of  water  which  would  wash 
out  the  ice  plugs.  The  mud  and  water  below 
the  bottom  flab  of  the  dam  would  then  begin 
to  flow  out  through  the  weep  holes.  More 
water  would  enter  through  the  cracked  cut- 
oflf  wall.  In  a  short  time  enough  mud  would 
be  washed  tlirougb  to  admit  a  stream  of  wa- 
ter. This  would  continuously  increase  in  vol- 
ume until  the  dam  was  sufficiently  under- 
washed   to   cause   its   partial   collapse. 

The  failure  of  this  dam  is  just  as  logical 
and  f't'iral  as  anything  could  possibly  be. 
and  i"  is  due  to  the  dcsien  .is  ilcrirlv  as 
anything  could   be. 


This  is  not  the  first  time  a  hollow  dam 
like  this  one  has  been  imderwashed  and  hai 
failed.  Other  lightweight  dams  have  also 
failed  when  the  under  pressure  lifted  the 
structure  and  opened  a  way  for  water  to 
How   out   and    scour   a    way    for   more   water. 

One  dam  constructed  like  this  one,  with  its 
bottom  slal)  and  its  weep  boles  and  two  cut- 
off walls,  was  undcrwashed  to  such  an  extent 
that  there  was  room  for  wagons  to  drive 
under  it.  The  dam  liappened  to  hold  to- 
gether showing  how  very  light  it  was.  The 
dam  referred  to  was  at  I'ittsfield,  Mass..  and 
the  failure  occurred  in  midwinter,  namely, 
Jan.  7,  1!)()0.  The  experts  reported  that  the 
cause  of  the  accident  was  "entirely  with  the 
foundation."  Mother  Earth  blamed  again; 
the  same  old  primitive  idea  of  the  three  ele- 
ments causing  all  of  man's  troid)le.  In  this 
case  water  and  earth  combined  to  do  the 
damage.  Man,  of  course,  had  nothing  to  d^ 
with  it.  He  just  built  a  dam  the  cheapest 
way  pos.siblc :  otherwise  he  would  not  be 
called  an  engineer.  Anyone  can  spend  a  cli- 
ent's money.  It  takes  an  engineer  to  .save  \\ 
.•\nyone  can  see  that  water  under  a  dam  will 
exert  a  pressure  to  lift  it.  It  takes  an  engi- 
neer to  construct  specious  arguments  that  this 
water  is  simply  present  by  capillarity  and  is 
totally  immune  to  any  other  laws  of  nature 
while  lying  beneath  a  dam. 

Let  us  look  at  this  foundation  failure  Inisi- 
uess.     Did    these    foundations    fail    because   of 


the  fillet  of  mud  near  the  base  must  be  pro- 
vided for.  This  pressure  was  not  provided  foi 
in  the  Stony  Rii'er  Dam.  Weep  holes  and 
drainage  are  absurd  in  a  climate  where  water 
freezes. 

It  is  a  crime  to  design  a  dam  li'ithout  con 
sidering  upward  pressure. 

Very  truly  yours, 

Edward    Godfrev. 

Monongahela    Rank    Rldg.,    Pittsburgh^    Pa 
I"eb.    5,    li)U. 


Some    Notes    on     Costs    of    Loading 

Motor  Trucks  From   Ground 

Storage  Piles. 

Contributed    bv    H.    D.    Pratt,    Engineer,    Linlv- 
Belt  Co.,  Philadelphi.a,   Pa, 

The  ability  of  the  motor  truck  to  carry  bull, 
material  lon.g  distances  in  quantities  and  at 
a  hi.gb  rate  of  speed  makes  it  possible  m.i 
terially  to  reduce  the  cost  of  transporting 
crushed  stone,  coal,  sand,  gravel,  etc.  Tin 
speed  of  travel  is  high  as  compared  with  the 
horse-drawn  vehicle.  The  unloading  is  auto 
uiatic,  the  truck  body  being  dumped  by  lever 
by  the  operator.  In  many  cases  the  truck  is 
loaded  from  an  overhead  chute,  but  more  often 
the  material  to  be  moved  lies  on  the  ground 
in  storage  piles,  not  only  in  regular  storage 
yards,  Init  in  streets,  roads  or  wherever  most 
convenient.    The  high   cost   of   loading  motor 


Fig.  1,      Loading  Crushed  Stone   Into   Motor    Truck  With   Portable  Truck   Loader. 


too  great  a  ]ircssurc  from  tlie  overlying  struc- 
ture? If  .so,  why  did  the  structure  hold  to- 
gether and  let  the  foundation  run  away  from 
under  it?  Why  did  one  structure  hang  in  the 
air    after    the    failure,    if    it    was    so   heavy? 

If  the  foundation  did  not  fail  from  great 
pressure,  what  was  the  nature  of  the  failure 
of  the  foundation?  Earth  dams  exist  without 
any  masonry — dams  made  merely  of  mud. 
Imagine  a  dam  of  this  sort  to  be  transformed 
by  converting  the  crest  triangle  into  a  hollow 
shell  with  very  little  weight.  Water  gets  un- 
der this  shell  and  lifts  it  enough  to  make 
a  horizontal  fissure  through  which  a  stream 
quickly  starts,  carrying  mud  with  it.  Mud 
is  scoured  away  under  this  shell  until  the 
whole  is  underwashed  and  either  remains  sus- 
pended or  breaks  up  and  falls  in  clnmks  into 
the  hole.  Is  this  a  failure  of  the  foundation? 
If  so,  why  was  the  foundation  good  in  the 
case  of  the  earth  dam  and  not  in  case  of  the 
dam  with  the  hollow  shell  at  the  crest?  In 
the  latter  case  the  foundation  was  subject 
to  very  nnich  less  pressure.  This  is  exactly 
the  case  of  a  honey-comb  dam  or  any  light- 
weight masonry  dam.  All  of  the  scores  of 
foimdations  which  have  failed  have  been  too 
light  in  weight  to  stick  in  the  mud  against 
the    uplifting    pressure. 

Of  course  the  foundation  will  lie  disturbed, 
millions  or  billions  of  gallons  of  water  wash- 
ing through  a  foundation  would  naturally 
leave  some  trace.  A  charge  of  dynamite,  set 
off  under  a  structure,  would  disturb  the  foun- 
dation, but  no  one  would  say  that  the  damage 
was  due  in  this  case  to  the  insufficiency  of 
the    foundation. 

Provision  should  be  made  for  the  pressure 
under  a  dam  for  exactly  the  same  reason 
that  the  pressure  on  the  up-stream  side  under 


trucks  with  material  in  ground  storage  is  one 
of  the  factors  which  have  retarded  the  sale 
of   trucks   for  this  work. 

The  truck  must  necessarily  be  high  to  hold 
the  load.  Loading  by  shoveling  means  that 
the  truck  spends  more  than  half  its  time 
waiting  at  the  storage  pile  to  be  loaded,  and 
lictween  trucks  the  shoveling  gang  is  idle.  .A 
good  average  day's  work  for  a  shoveler  is  2li 
tons  of  gravel,  less  of  stone,  and  slightly  more 
of  sand.  Not  only  is  the  truck  standing  idle 
while  being  loaded,  but  the  loading  by  hand 
costs  8  to  12  cts,  a  ton. 

The  portable  truck  loader  shown  by  Fig.   1 
will  materially  reduce  the.se  loading  costs.  As- 
shown     a     bucket     elevator     is     mounted     on 
wheels ;    with    power   supplied   by   a   motor  or 
gasoline  engine,   this   elevator  will   load   sand, 
gravel  or  coal  at  the  rate  of  one  ton  per  min- 
ute.   The  truck  driver  trims  the  truck  with  a 
shovel,  and  one,  two  or  three  men,  depending 
on  the  nature  of  the  inaterial  to  be  handled.    ! 
trim  and  feed  to  the  loader.    This  combination    i 
will  load  the  truck  at  a  cost  of  2%  cts.  to  5   i 
cts.    per    ton,    the    higher    cost    being    that   of    ] 
handling  crushed   stone,   with   coal  at   the   low    ■ 
end,  and  sand  and  gravel  between.    The  saving 
over  hand  loading  is  thus  about  G  cts,  per  ton 

There  is  also  a  growing  demand  for  a 
further  combination  of  truck  and  loader, 
n.imely,  a  truck  with  loader  elevator  mounted 
(III  the  rear  end  of  the  body,  arranged  to  lower 
into  a  storage  pile  when  the  truck  is  backed 
up  to  it,  and  also  to  raise  clear  of  the  ground 
when  not  in  use.  The  elevator  is  supported 
independently  of  tlie  dumping  body,  and  is 
<lriven  through  a  cl  itch  by  a  connection  to 
the   truck   transmissi'in. 

The  loaders  desc  ibed  above  are  made  by 
the   Link-Belt   Co..    , 'biladelphia  and   Chicago. 
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Efficiency  at  the   Source   of   Manage- 
ment. 


Efficiency"  and  "scientific  management" 
are  terms  which  occupy  a  very  important 
place  in  the  vocabulary  of  engineers  and 
managers.  We  have  been  told,  especially  in 
factory  management,  how  production  can  be 
enlarged  by  increasing  the  efficiency  of  the 
workmen  by  lessening  the  number  of  mo- 
tions required  to  perform  a  given  task,  and 
by  eliminating  waste,  thus  making  it  possi- 
ble for  a  man.  In-  working  with  machine-like 
precision,  greatly  to  increase  his  output.  The 
prominence  of  the  term  '"efficiency"  and  the 
wonderful  claims  of  "scientific  management" 
have  made  them  tools  fashioned  in  such  a 
shape  as  best  to  fit  the  hands  of  those  at  the 
top  of  organizations.  Attention  has  been  cen- 
tered on  the  fact  that  workmen  are  capable  of 
greater  production.  In  many  cases  these  work- 
men have  been  given  actual  money  for  in- 
creased efficiency ;  while  in  some  cases  they 
have  not  profited  as  much  as  have  those  for 
whom  they  worked.  .Ml  of  this  increased 
efficiency  has  one  practical  effect — it  places 
more  money  in  the  hands  of  men  at  the  head 
of  organizations.  Those  who  have  invested 
funds  in  these  companies  certainly  have  the 
right  to  expect  just  as  great  efficiency  on  the 
part  of  the  officials  who  represent  them. 

Possibly  the  above  terms  will  not  be  used 
with  such  frequency  by  those  at  the  top  if 
there  prevails  the  somewhat  radical  ideas  of 
men  like  Roger  W.  Babson,  who,  in  address- 
ing a  conference  of  the  National  Efficiency 
Society,  stated  that  the  investigators  and  en- 
gineers employed  to  improve  business  meth- 
ods would,  if  honest  and  courageous,  general- 
ly advise  "the  firing  of  the  president,  the 
treasurer,  and  most  of  the  directors."  As  ex- 
pressed by  Mr.  Babson,  the  greatest  inefficien- 
cy is  often  at  the  fop,  for  many  directors  at- 
tend meetings  only  for  fees :  they  know  little 
"r  nothing,  and  care  less,  about  the  business. 
Other  directors  and  high  officials  hold  their 
positions  because  of  pull  or  inherited  pn^per- 
ty  or  family  connections,  and  have  no  fitness 
for  their  work.  Finally,  he  said,  the  employes 
largely  base  their  own  objections  to  ratings 
and  markings  under  the  "scientific"  scheme 
on  the  fact  that  many  of  their  superiors  are 
incompetent,  indifferent  and  overpaid.  Many 
men— especially  those  at  the  top — will  con- 
sider the  above  statements  extremelv  radical, 
but  when  they  arc  considered  seriously  is 
•  here  not  much  truth  in  them?  We  must 
form  our  conceptions  of  efficiency  by  com- 
parison, and  we  usually  look  toward  the  top 
of  the  pay  roll — not  at  the  bottom — for  our 
<<landard  of  comparison.  Of  course  there  is 
•■otTic  danger  in  taking  this  viewpoint  too 
••eriously,  because  the  man  below  is  apt  to 
iind  too  much  consolation  in  the  thought,  and 
possibly  may  underrate  the  ability  and  effi- 
ciency of  his  "boss"  on  account  of  a  misun- 
dcrstanding  of  the  conditions  under  which 
I  he  latter  works.  The  thought  suggested  by 
•Mr.  Uabson  is  not  entirely  new,  as  the  ability 
of  those  in  direct  charge  of  organizations  is 
often  (|uestioncd  in  the  minds  of  workmen, 
even  if  it  does  not  Iind  expression.  It  can 
not  be  doubted  that  more  efficient  methods  will 
lireatly  improve  the  cflFecliveness  of  labor, 
but  tlif  [losscssion,  or  lack,  of  efficiency  at  the 
top  of  the  organization  certainly  has  a  great 
effect  upon  the  return  to  the  investor. 

In  the  effort  put  forth  by  those  eng.iKi'l  in 
scientific  management  .Tnd  appraisal  wcrk  at- 
tention may  well  be  centered  first  upon  the 
heads  of  organizations  instead  of  starting  at 
the  bottom  and  workmg  upward,  often  stop- 
ping at  the  half-way  point.  The  same  thought 
applied  to  municipal  affairs,  to  railroad  cor- 
porations   and    to    engineering     firms     should 


produce  beneficial  results.  If  this  policy  is 
adopted  much  non-essential  discussion  and 
cant  will  be  arrested  at  the  source.  We  re- 
alize that  one  fact  many  serve  to  hinder  prog- 
ress, namely,  that  those  who  vote  funds  for 
efficiency  investigations  are  usually  at  the 
top.  However,  this  need  not  deter  those  en- 
gaged in  work  authorized  and  conducted  by 
the   government. 


The  Consulting  Engineer. 

An  article  of  exceptionally  wide  appeal  to 
the  interest  of  the  engineer  readers  of  this 
journal  is  published  in  this  issue  since  it  is  prob- 
ably an  early  aim  of  nearly  every  engineer,  and 
one  which  is  renounced  only  with  some  regret 
as  years  go  by,  to  become  a  consulting  engin- 
eer. The  article  to  which  we  refer  is  entitled: 
The  Consulting  Engineer  in  Water  Works 
Practice.  The  title  given  the  article  is  some- 
what restrictive  since  the  application  of  the 
general  st.itements  made  relative  to  the  train- 
ing, experience  and  qualifications  necessary  to 
artistic  and  financial  success  as  a  consulting 
engmeer,  arc  later  applied  to  the  special  case 
of  the  consultant  in  the  water  works  field. 

This  article  is  the  first  of  a  series  of  special 
contributions  to  the  Water  Works  .Section  of 
this  journal  which  will  be  published  during  the 
present  year.  The  contributors  of  these  arti- 
cles are  Messrs.  J.  N.  Chester,  George  W.  Ful- 
ler, John  H.  Gregory,  Dow  R.  Gwinn,  Allen 
Hazen,  James  Nisbet  Hazlehurst.  George  A. 
Johnson,  Wynkoop  Kiersted.  Einil  Kuichling. 
Dabney  H.  Maury,  Leonard  Metcalf  and  R.  O. 
Wynne-Roberts. 

To  return  to  the  article  mentioned,  it  is  not 
our  purpose  here  to  present  its  salient  features, 
points  and  conclusions.  We  believe  that  all 
of  our  engineer  readers  will  find  this  article 
of  great  interest  in  its  general  discussion  of 
the  life  and  work  of  the  consulting  engineer. 
In  its  special  application  to  water  supplv  en- 
gineering the  article  can  be  read  with  profit  by 
all  those  to  whom  is  entrusted  the  manage- 
ment of  local  water  supply  systems.  There 
are  several  ways  in  which  the  consultant  can 
l>e  of  special  service  to  the  local  management 
and  these  ways  are  enumerated  and  discussed. 

Additional  Comment  on  the  Descrip- 
tion of  Their  Failures  by  Designers, 
Under  the  caption,  "My  Greatest  .Mistake," 
'I'lii-  Contract  R'rcord  of  Toronto  recently  com- 
mented efliturially  upon  our  editorial  ofrecent 
<late  eiuitled:  .Should  i:nginecrs  Describe  Their 
Failures  as  Well  as  Their  Successes?  Our 
contemporary  appears  to  consider  our  sugges- 
tion not  only  impractical  but  somewhat  amus- 
ing. Ill  writing  the  editorial  to  which  we  have 
referred  we  considered  it  a  certainty  that  some 
readers  would  take  the  view  of  the  matter  held 
by  our  Contemporary. 

It  will  b<-  recalled  that  our  editorial  slated 
that  Iwn  prominent  consulting  engineers 
agreed,  in  a  rccriit  conversation,  that  a  series 
of  letters  published  under  the  general  caption, 
"My  Greatest  Mistake  in  Engineering  Pr.ic- 
ticc,"  would  be  of  great  value  to  the  prolessimi. 
We  doubled  the  practirability  of  securing  ftir 
piiblicatinn  sn.-h  a  series  of  letters  hut  coin- 
inendcd  i'  '  ii  the  modified  basis  that  it 
is   incuiii  II   a  dr-'iigner  who  has  pub- 

lished a  11  of  one  of  hi»  designs  to 

make  pii  the  nature  of  any  o^iisid- 

erahle    s'  ,,,,.  >t..,l    ;.,     ti.  ,.      i- .jgn 

after  it  !  :be 

point  we  not 

think  our  ronti-mpor.iry  adhered  to  the  text 
very  closely  in  its  good  natured  comment  here 
quoted : 

To  our  mind  tliln  pro%'IcIpii  a  rleh  an<l  raro 
cxcmplinentlon   of   whnt   I*   nil   rlnht    In   tlicor>- 
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but  poor  in  practice.  Imagine  the  reminiscences; 
of  a  score  of  our  leading  Canadian  municipal 
engineers  published  in  boolt  form  under  such 
a  heading  as  that  suggested;  In  the  first  arti- 
cle City  Knglneer  Brown  would  tell  how  he 
made  a  mess  of  the  water  supply  al  Hogtown. 
and  in  the  second  City  Engineer  Jones  would 
narrate  how  he  wasted  thousands  of  dollars 
in  under-estimating  the  requirements  of  the 
city's  sewerage  department.  Records  of  failure 
written  In  a  general  way  are  well  enough 
handed  down  from  the  last  generation,  but  we 
live  in  an  age  when  nothing  counts  like  suc- 
cess. However  much  we  might  profit  by  the 
mistakes  of  others,  to  advertise  our  shortcom- 
ings as  designers  and  constructors  would  be 
inviting  the  fate  of  the  dog  who  after  being 
given  a  bad  name  came  to  the  ignominious  enU 
of  hanging.  There  may  be  one  or  two  out- 
standing geniuses  in  the  engineering  field  whose 
records  would  survive  any  publicity  given  to 
their  greatest  mist;ikes,  but  it  would  spell 
finis  to  the  professional  career  of  the  rank  anil 
file   in   the   engineering   community. 

While  the  comment  above  quoted  appears  to 
be  directed  rather  to  the  broad  suggestion  of 
the  engineers  we  mentioned  in  introducing  the 
subject  than  to  our  rather  narrowly  limited  and 
much  more  conservative  suggestion  we  quote  it 
as  an  interesting  statement  of  the  other  ex- 
treme view  on  the  general  subject.  In  our 
previous  editorial  wc  made  no  effort  to  ex- 
haust the  subject  nor  shall  we  do  so  at  this 
time,  but  perhaps  it  would  be  well  to  state 
some  of  the  points  wc  previously  took  for 
granted. 

To  illustrate  the  character  of  failure  which 
we  had  in  mind  let  us  assume  that  an  engineer 
designs  a  concrete  dam  along  well  recognizeil 
lines  for  the  greater  part  but  differing  some- 
what from  other  dams  in  some  important  de- 
tail, for  example,  in  the  design  of  the  flood 
gates.  Let  us  suppose,  also,  that  the  design 
of  the  gate  adopted  seems  to  give  promise  of 
doing  good  service  and  of  possessing  certain 
advantages  over  older  types,  .\gaiii,  iuppose 
that  the  designer  describes  his  design  in  an 
article  contributed  to  some  technical  journal 
and  calls  particular  attention  to  the  flood  gate 
by  illustrations  and  descriptive  matter.  Now 
our  point  was  that  should  the  gate  prove  defi- 
cient when  put  to  the  test  the  designer  should 
give  the  same  publicity  to  that  fact  that  he 
gave  to  the  first  statement  of  what  he  believed 
his  design  would  accomplish.  We  cannot  think 
that  our  suggestion  is  impracticable  or  that  its 
adoption  would  injure  thv  reputation  of  the 
designer  among  thinking  men  who  realize  that 
mistakes  of  this  nature  are  l)cing  made  fre- 
quently and  by  everybody  who  docs  mucli 
work, 

Our  contemporary  uses  in  an  illustr.itiin  of 
its  view  of  the  broader  aspect  of  the  descrip- 
tion of  engineering  failures  a  reference  to 
making  a  "mess"  of  llie  engineering  for  a 
city's  water  supply,  A  failure  whicli  can  be 
characterized  as  a  "mess"  is  usually  described 

by  others  and  unless  tb     ' -   '  -pe- 

cially  to  state  his  side  ■  :tli- 

left  for  him  to  say.    M  ,  en- 

gineering work  need  no  longer  be  m.ide  by 
those  who  will  take  the  trouble  to  become  well 
grounded  in  such  fundamentals  as  the  text- 
books set  forth.  If  an  engineer  makes  a  fail- 
ure of  a  sysleni  of  pipe  sewers  it  can  have  but 
slight  interest  to  the  profession  as  a  whole,  for 
thousands  of  engineers  are  now  entirely  com- 
petent to  carry  such  works  to  successful  com- 
pletion. But  if  an  engineer  tries  out  .1  new 
type  of  sewage  lank  and  it  fails  his  reputation 
will  not  suffer  from  a  recital  of  his  apparently 
sound  reason  for  adopting  the  design  and  a 
statement  of  the  tank's  failure  to  accomplish 
the  results  desired. 
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Cost  of  Constructing  a  Concrete  Pave- 
ment  Surfaced   With    Asphaltic    Oil 
and  Stone  Screenings  for  Hunting- 
ton Drive,  Alhambra,  California. 

Contributed    by    Earnest    F.    Ayres.    Corvallis, 
Oregon. 

The  question  of  whether  a  surface  pad  of 
asphaltic  oil  and  stone  screenings  will  stick 
to  a  concrete  pavement  ba.se  or  peel  off  in 
hot    weather   is   of   paramount    imporiance   in 


The  concrete  mixing  was  done  by  hand  in 
%-cu.  yd.  batches.  A  crew  of  15  men  was 
used.  During  the  first  two  weeks  the  effi- 
ciency of  the  gang  increased  from  one  batch 
in  4.2  minutes  to  one  batch  in  2.9  minutes, 
an  improvement  of  31  per  cent.  However, 
this  increased  efficiency  was  not  maintained 
throughout  the  work.  The  best  run  was  not 
made  until  Tan,  20  and  21,  on  each  of  which 
days  the  batches  were  mixed  in  2.2  mins. 
AUer  the  21st  the  work  slowed  up  again.  The 
avcra.ae  time  per  batch  for  the  whole  •")2  days 
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Fig,  1,    Cross-Section  of  Concrete   Pavement    Surfaced     With     Asphaltic     Oil     and     Stone 
Screenings,    Huntington    Drive,    Alhambra,    California, 


California  since  the  Slate  Highway  Com- 
mission and  many  of  the  counties  adopted 
the  concrete  road  as  a  standard  for  all  con- 
struction under  the  bonding  acts.  No  one 
doubts  the  permanence  of  the  Portland  ce- 
ment concrete,  but  its  lack  of  resiliency,  it'; 
liability  to  crack  under  temperature  and  at- 
mospheric changes,  and  the  difficulty  of  re- 
pairing it  cheaply  and  satisfactorily  makes 
it  necessary  to  provide  some  form  of  surfac- 
ing. If  a  thick  asphaltic  concrete  is  speci- 
fied the  cost  of  the  improvement  is  exces- 
sive; if  a  thin  surfacing  is  used  the  cost  is 
small,  but^will  it  stick? 

Frank  H.  Joyner,  chief  engineer  of  the 
Los  Angeles  Highway  Commission,  thinks  it 
will,  and  specified  this  type  of  pavement  for 
the  Huntington  Drive,  This  road  consists  ot 
a  ■5-in.  Portland  cement  concrete'  base,  sur 
faced  with  %-gal,  of  asphaltic  oil  and  0,006:i 
tons  stone  screenings  to  the  square  yard.  Fig  ■ 
ure  1  shows  the  cross-section  of  the  pave- 
ment. The  base  of  the  pavement  is  shaped 
parallel  to  the  finished  surface,  the  concrete 
being  the  same  thickness  through  the  cross- 
section.  The  shoulders  were  formed  of  the 
material  found  in  the  roadway,  and  the  ditches 
are  patterned  after  the  Massachusetts  stand- 
ard, 6  ins.  deep,  and  of  a  width  which  can  be 
called  anything  up  to  one-half  the  widtli  of 
the  finished  road.  The  oil  was  applied  at  a 
temperature  of  180°  to  250°  F.  by  a  1,000-gal. 
cylindrical  tank  mounted  on  a  5-ton  Peerless 
motor  truck.  The  distributing  tank  is  shown 
by  Fig.  2.  The  screenings  were  spread  while 
the  oil  was  still  hot  as  shown  by  Fig.  3.  The 
earth  base  was  plowed  with  a  Petrolithic  gan^^ 
rooter  preparatory  to  tamping  which  was 
done  with  a  Petrolithic  rolling  tainper.  A 
view  of  the  gang  rooter  at  work  is  shown 
by  Fig.  4  and  Fig.  5  shows  a  3-wheel  road 
roller  finishing  a  section  of  sub-grade  ready 
for   concrete  laying. 

The  following  tabulation  shows  the  amount 
of  the  different  mixtures  used  in  the  concrete 
base    for    the   pavement : 

Mixture—  ^3-„^?^- 
■i-n.A  19,096.4 

ii'iA-'i ■'5««-9 

1:2427      «2*-* 

r-2tS       ■■■■.:                                        1,S2'1'! 

l--a6                               ..                      711.1 

r.oUfi-                           .                          644.4 

Total     ,28,209,1 

The  quantities  of  the  various  materials  re- 
quired per  square  yard  for  the  construction 
of  the  improvement  were  as   follows : 

Cement,    bbls, 0-210' 

Screened  gravel,  cu.   yds 'llill 

Sand,   cu.    yds ~n' 

Water,    gals lo-c. 

Oil.  Kals «-2-;>«: 

-vvff nintr.<^.  Ions    0.006.1 


was  3.1  mins.  As  the  average  working  day 
was  7  hrs.  and  40  mins.,  an  average  of  4. !•  I 
cu.  yds.  per  day  per  man  was  maintained. 
On  Jan.  20  and  21,  each  man  mixed  6.97  cu^ 


Fig.  2.     1,000-Gallon      Tank     Mounted    on    a 
Motor    Truck    for    Distributing    Hot    As- 
phaltic   Road    Oil. 

yds.  This  2  cu.  yds.,  the  difference  between 
what  the  gang  could  do  at  its  best  and  what 
it  actually  accomplished,  would  liave  made 
quite  a  difference  in  the  contractor's  profits. 
Nor  would  the  men  have  been  rushed,   for  2.2 


was  changed   frequently   until  Dec.   13.     .\fter 

this  date  the  straight  1:2:4  mixture  was  used 

until  the  completion   of  the  contract. 

The  cost  to  the  contractor  of   constructing 

the  pavement,  not  including  overhead  charges, 

is   as    follows : 

Per 

Item—  SCI-  yd. 

Materials: 

Lumber,   26,000  ft.   B.  M $0.0211 

Screened  gravel,   3,723   cu,   yds 0,0658 

Sand,    1,758    cu,    yds S-9i?? 

Screenings,    ISO    tons 0.0054 

Water,   7  gals,   per  sq.  yd 0.0005 

Total    materials    $0.1121 

Labor: 

Excavation.   2,997   cu.   yds $0.0507 

Shaping  12,645  lin.   ft.  roadbed  20  ft.  wide  O.0ol5 

Hauling  26,000  ft.    B.   M.   lumber O.OOSo 

Hauling   3,723   cu.   yds.   screened   gravel   6 

miles    0.1126 

Hauling  1,758   cu.   yds.   sand   6  miles 0.0314 

Hauling   5,951    bbls.    cement    IVi    miles 0.0204 

Hauling,    miscellaneous    "-'*?29 

Mixing  and  placing  concrete "-^I?? 

Hauling  and  spreading  172.36  bbls.  oil 0.0018 

Unloading,  hauling  and  spreading  screen- 

ings     O.vOio 

Total  labor   ll'^.lli 

Total  cost  materials  and  labor $u.4b93 

The  pavement  is  2.39  miles  long,  20  ft.  wide, 
and  has  an  area  of  28,280  sq.  yds.  The  con- 
crete  is  5  ins.   thick. 

Table  I  gives  the  cost  to  the  county  of  the 
pavement  and  of  the  entire  improvement. 
The^  figures  indicate  that  little  money  has 
been  wasted  if  the  wearing  coat  does  n^  a 
give  satisfaction,  while  a  great  saving  has 
been  effected  if  it  wears  well.  The  total  cost 
of  surfacing  is  very  small— 0.84  cts.  for  oil, 
0.18  cts.  for  hauling  and  spreading,  and  0.89 
cts.  for  the  screenings  in  place  complete,  a 
total  of  1.91  cts.  per  square  yard.  The  iu-m 
of  heating  does  not  appear  in  the  tabulation, 
but  this  is  probably  included  in  the  cost  of 
spreading.  If  not,  the  total  cost  would  not 
exceed  3  cts. 

The  cost  of  the  finished  road  is  much  less 
than  that  usually  paid  for  a  first  class  hard 
surface  pavement,  but  it  is  doubtful  if  the 
figures  could  be  duplicated  on  another  con- 
tract. The  cement  which  was  furnished  by 
the  county  was  secured  at  a  very  low  price. 
The  work  was  located  near  the  cement  mills, 
and  as  the  manufacturers  were  conducting  a 
campaign  for  concrete  roads,  they  made  a 
special  price  for  this  contract.  The  haul  was 
short  and  over  a  good  road,  making  the 
total  cost  per  barrel  $1,647  delivered  on  the 
work. 


Fig.  3.   Method  of  Spreading  Stone  Screenings 

Angeles    C 


mins.  to  the  '^-yd.  batch  is  only  fair  work. 

.Samples  of  the  sand  and  screened  gravel 
were  tested  daily  to  determine  the  proper 
mixture.  Only  on  One  day.  Dec.  7,  was  the 
amount    of    sand    increased,    but    the    gravel 


on  Hot  Asphaltic  Oil.  Huntington   Drive.  Los 
ounty,    Calif. 

The  contractor  was- fortunate  if  he  came 
ottt  even.  The  figures  show  a  profit  of  $3,- 
289.76  on  the  pavement  proper,  but  the  tabu- 
lation fails  to  include  his  overhead  charges, 
depreciation  of  plaint,  interest  on  investment 
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and  incidentals.  As  the  overhead  charges  of 
the  county  amounted  to  $1,300,  the  contractor, 
whose  charges  must  have  been  much  greater, 
probably  lost   money. 

For  excavation,  overhaul  and  shaping  he 
received  $2,732.01  and  it  cost  him  $2,891.01,  a 
loss  of  $159.00.  His  hauling  cost  was  high, 
amounting  to  37.5  per  cent  of  the  total.  There 
is  a  big  difference  shown  in  the  cost  of  haul- 
ing sand  and  screened  gravel,  the  former 
costing  50.5  cts.  per  cubic  yard,  and  the  latter 


Some  Service  Records  of  Bituminous 

Wearing  Surfaces  on  Concrete 

Pavement. 

Service  records  of  bituminous  wearing  sur- 
faces on  concrete  pavement  are  scarce  and  en- 
gineers will  read  with  interest  the  following 
notes  of  conditions  found  by  an  examination 
of  the  bituminous  surfaced  concrete  pave- 
ments of  Grand  Haven,  Mich.  These  notes  are 


Fig.    4.   P\ov/\ng    Earth    Base    with    a    Gang    Rooter,   Preparatory   to   Tamping,   Huntington 

Drive,     Near    Alhambra,    Calif. 


85.5  cts.     Some  difference  would  be  expected, 
but  an  increase  of  70  per  cent  is  unusual. 

If  this  road  wears  well,  and  if  the  surfac- 
ing sticks,  many  more  miles  of  this  type  of 
pavement  will  be  constructed,  not  only  in  Los 
Angeles  County,  but  throughout  the  state. 
One  thing  is  certain,  however,  the  contractors 
will  not  again  bid  so  low. 


TABLE     I.-  POST     TO     COrNTY     FOR     CO.V- 
STRl'CTION     OF     CONCRETE     PAVEMENT 
WITH    BITUMINOUS    WEARING    SURFACE. 
HUNTINGTON  DRIVE,  DIVISION  37,  SEC.  1. 
Paid    to   Contractor. 

Unit  Per 

Item  -  price.     Amount,  sq.  yd- 

Excavafn.  2.3S7   cu.  yds.. $0.50     %  1,498.50  $0.0."ia9 

Overhaul,   9,546  sta.   yds..   0.01  95.46     0.0034 

Shaping'     roadbed.     12,643 
lln.    ft 0.09         1,138.05     0.0402 

Concrete  pavement,  28,280 
«q.   yds 0.iS9     13.828.92     0.4S90 

Total  paid  to  contractor 

for     pavem*^nt     proper $16,560.93  $0.5855 

Mnteiials   Furnished    hy  County. 

Unit  Per 

Item—                                  price.  Amount,  sq.  yd. 

Cement.    5,9.-.t    l,t)l.>' $1.55  $  9,224.05  $0.. 12112 

on.    172.86    bbls 1.382  238.98    0.0084 

fost    of    materials    fur- 
nished bv  county $  9.463.03  $0.3346 

Other  County   E3:pense.s. 

Unit  Per 

Item                                      price.     Amount,  sq.  yd. 

In»pertloii                               $  l.ftSfi.TS  $0.n;!S4 

EnKlnt- .ThiK     203.53  0.0093 

County's   overhead    chges 

(approx.)     1,300.00  0.0480 

$  2,650.20  $0.0937 

Orates  for  cntchbuslns.  «.$«.00   ,  36.00     

Paid  to  Contra<-tor  for  Culverts. 

I^nlt  Per 

Item   -  .price.     Amount,  sq.  yd. 

Concrete,     class    A,    32.SS 

cu.  vrts $9.00     $      295.92     . 

.Steel,  ■l,:ilO    lbs 0.04  62.40 

I2-ln.  relnf.  eonc.  pipe,  221 
lln.   ft ■ 0.75  16r>.75    

Total  paid  to  contractor 

for    culvrils    $      514.0, 

Cost  ti)  County   for   Pavement   Proper. 

l't*r 
Item—  Amount,  sq.  yd. 

Paid  to  contractor  for  pavement  .    ,  ,. 

proper    $16,560.93  $0.5sr.., 

Cost  of  material  fiirnlsheH   by  „„., 

county     ; 9.483.03     n  n:HC 

Other   county   expenses,    except  .„ 

catchbasln   sratcs    2.650.20    0.m93i 

I     Total  coHt  to  county  for  pave- 

ment  proper $28.674  22  »1  oI.Il! 

Cost   t..  CoiMitv   fill    EtiHre  Improvemr'nl. 

Per 
Aniounl.  sq.  vd. 

iPavemeiit    »2S,674.22  $1.013S 

Total     paid     lo     contractor     for        ,..,.     „ -..„ 

culverts    Bt''-27     O.OW 

Orates  for  entchlmsinv 86.00    0.001- 

!     Grand    total    ..  ..  .$'29^24.29  $1,033;! 


extracted  from  a  report  by  the  W.  J.  Sherman 
Co.,  consulting  engineers  of  Toledo,  O. 

Sheldon  Road. — This  is  a  two-course  con- 
crete pavement  laid  in  1911,  with  a  1 :2  mix 
for  1%  ins.  on  top,  and  1 :2:5  mix  for  the  rest, 
6%  ins.  total  thickness.  The  top  coating  was 
applied  in  June,  1912.  On  the  last  block  south 
from  Grant  St.  there  was  first  applied  a 
coating  of  ordinary  tar  with  a  sand  top  dress- 
ing. This  was  found  not  lo  dry,  and  was  so 
soft  and  sticky  that  it  tracked  all  over.  It 
was  removed  and  a  coating  of  "Pioneer"  as- 
phalt was  applied  to  this  block,  with  a  sand 
top  dressing.  This  treatment  was  also  ap- 
plied to  the  rest  of  the  street.  The  block 
where  the  tar  was  first  applied  is  in  much  the 
best  condition,  and  there  are  only  a  few  spots 
where  the  top  dressing  has  entirely  disap- 
paered.  while  on  the  other  blocks  from  How- 
ard   St.   to   Grant    St.,   the  coatin?    has    now 


as  Sheldon  Road,  and  was  laid  at  about  the 
same  time.  The  top  coating  is  "Pioneer,"  the 
same  as  Sheldon  Road.  There  is  very  little 
traffic  on  this  street,  and  the  coating  is  intact 
for  the  most  part,  there  being  some  places  in 
the  center  where  it  has  disappeared  with  one 
quite  large  place  near  Sheldon  Road.  The  dif- 
ierence  between  the  conditions  of  this  street 
and  Sheldon  Road  is  largely  due  to  the  diffep- 
ence  in  traffic. 

.\fter  these  two  streets  had  been  used  for 
traffic  they  were  cleaned  to  receive  the  top 
coating  simply  by  sweeping,  and  it  is  prob- 
able better  results  would  have  been  obtained 
had  they  been  washed  with  a  lire  hose  and 
allowed  to  dry,  as  it  is  impossible  to  remove 
a  certain  amount  of  fine  dust  by  sweeping 
alone. 

Lafayette  Street,  Fourth  Street  to  Seventh 
Street. — This  is  a  oge-course  concrete  pave- 
ment, constructed  in  the  late  summer  and 
early  fall  of  1912.  Gravel  concrete  1  to  5  mix 
was  laid,  making  a  pavement  6  ins.  thick.  The 
top  coating  was  applied  in  .August,  1913,  when 
weather  was  fair  and  warm.  On  the  block 
from  Fourth  St.  to  Fifth  St.  there  was 
first  applied  a  thin  coat  of  common  tar,  which 
was  put  on  ver\'  hot,  and  made  as  thin  as  pos- 
sible with  a  squegee.  The  pavement  had  been 
washed  clean  with  a  fire  hose  and  allowed  to 
dry  so  that  there  was  no  sign  of  moisture  on 
the  surface.  The  tar  coating  was  apphed  one 
day  and  the  top  coating  of  "Pioneer"'  asplialt 
was  applied  the  next  day,  the  sand  coating 
of  about  1  yd.  to  150  square  yards  of  pave- 
ment being  applied  as  soon  as  possible  after 
the  asphalt ;  after  this  was  applied  there  was 
placed  about  V*  in.  to  M  in.  of  fine  sand  on 
top.  This  was  put  on  to  prevent  the  racking 
of  the  asphalt  liy  its  sticking  to  people's  shoes 
while  soft.  The  coating  from  Fifth  St.  to 
Seventh  St.  was  applied  in  the  same  way 
except  that  tar  was  put  on  about  100  lin.  ft. 
and  then  the  asphalt  was  put  on  as  soon  as 
possible,  then  two  coatings  of  sand,  as  in  the 
other  block.  There  was  between  '-i  and  % 
gal.  of  "Pioneer"  applied  to  the  square  yard 
of  pavement,  and  this  is  about  all  that  can  be 
applied,  and  not  have  the  material  run. 

The  block  between  Fourth  St.  and  Fifth 
St.  has  had  some  quite  heavy  traffic,  as 
jiravel  and  dirt  were  hauled  over  it  for  the 
paving  on  Fourth  St.  It  is  in  very  good 
condition,  and  there  seems  to  be  no  peeling, 
and    the   coating   has    considerable    elasticity. 


Fig.  5.      Rolling   Earth  Base   Preparatory  to      Laying    Concrete,    Huntington    Drive,    Alham- 
bra,  Calif. 


largely  gone  from  the  central  pan  nt  the 
pavement  where  the  most  of  the  traflic  is, 
while  on  the  sides  the  coating  is  in  pretty 
good  comlition.  When  there  is  a  hole  through 
to  the  concrete  the  coating  becomes  in  some 
places  Inoscncil  and  may  be  kicked  loose  or 
peeled  tip  in  small  sections,  but  it  is  probable 
that  a  large  part  of  the  loss  of  the  mating  was 
due  to  the  wear  of  traflic  The  pieces  which 
had  been  removed  were,  however,  brittle. 
Stavtoii  Street.— This  pavement  is  the  same 


There  was  no  indication  of  the  coating  work- 
ing up  through  the  top  coating  of  fine  sand  on 
this   block. 

That  part  of  ihc  street  between  Fifth  St. 
and  Seventh  St.  is  in  poor  condition.  .Mmost 
at  oner    '  ig  of  fine  white  sand  be- 

gan tr.  ned  by  the  coating'  com- 

ing up  iiiiM.vM  .  ..M.l  it  was  soon  very  black. 
It  would  seem  as  though  the  tar  in  this  part 
of  the  street  had  cither  worked  up  through 
the  asphalt  OT  mixed   with  it  so  as  to  make 


210 


Engineering    and    Contracti 


it  soft.  The  coating  on  this  block  seems  to 
have  almost  no  elasticity,  and  is  crumbly.  It 
can  be  easily  loosened  from  the  concrete.  The 
condition  of  this  part  of  the  street  has  some- 
what improved,  however,  with  age,  and  under 
the  traffic  which  has  not  been  very  heavy.  The 
block  from  Fourtli  St.  to  Fifth  St.  was 
the  only  one  which  had  the  heavy  traffic  re- 
ferred to  above.  Surplus  sand  was  removed 
from  both  blocks  the  llrst  week  in  September. 
Secntid  Street. —  Six  inches  1  to  5  gravel  con- 
crete was  laid  in  the  fall  of  1912  for  this  pave- 
ment. The  top  dressing  of  asphalt  was  ap- 
plied during  the  first  part  of  August,  IPIS. 
This  asphalt  was  a  special  preparation  made 
by  the  Barber  Asphalt  Paving  Co.,  of  Chi- 
cago, to  comply  with  the  specifications,  and 
on  the  advice  of  the  Barber  Co.,  no  tar  coat- 
ing wa?  llrst  applied.  There  was  about  %  gal 
applied  to  the  st|uare  yard  of  pavement  The 
pavement  was  washed  with  a  fire  hose  and 
allowed  to  dry.  Coating  was  applied  with  a 
sqnegee  and  gone  over  twice,  as  only  one  coat- 
ing was  too  thin.  Onjy  one  top  dressing  of 
sand  (about  1  yd.  to  150  square  yards  of  pave- 
ment) was  put  on.  The  weather  was  hot  and 
clear.  While  all  of  the  coating  was  applied 
under  the  same  conditions  of  temperature  of 
coating,  etc.,  there  seems  to  be  great  differ- 
ences of  conditions  of  the  coating,  which  dif- 
ferences cannot  be  accounted  for,  as  there  did 
not  seem  to  be  any  difference  in  the  material 
or  method  of  application.  The  intersection 
of  Franklin  St.  and  Second  St.  is  in  1)ad 
shape,  there  being  a  great  many  places  where 
the  coating  is  loose  and  crumbly  without  much 
of  any  elasticity.  -About  three-quarters  of  the 
block  from  Franklin  St.  to  Clinton  St.  is  in 
good  shape,  but  there  are  many  places  where 
the  coating  is  loose  and  crumbly.  From  Clin- 
ton St.  to  the  top  of  the  Iiill  where  the  gr.Tde 
is  steep  the  coating  is  in  bad  shape.  The  calks 
on  the  horses'  shoes  seem  to  cut  through,  and 
tear  the  coating  loose.  On  the  last  block  the 
coating  is  in  good  condition  and  shows  prac- 
tically no  signs  of  soft  spots  except  a  few 
small  places  which  arc  mostly  on  the  last  in- 
tersection. This  last  block  is  almost  on  the 
level. 

Washir.gton  Street.  Fifth  Street  to  Eighth 
Street. — Seven  inches  of  1  to  •")  concrete  were 
laid  in  May  and  June,  101.3.  The  coating  wa« 
the  same  as  on  Second  St.  It  was  applied  in 
the  early  part  of  .August,  in  the  same  manner 
as  on  Second  St.  This  is  in  pretty  good  con- 
dition, though  there  are  some  soft  and  crumbly 
places  The  block  from  Seventh  St.  to 
Eighth  St.  has  a  slight  grade.  It  does  not 
show  any  of  these  defects,  but  the  intersection 
of  Fifth  St.  and  some  parts  of  the  hill  be- 
tween Sixth  St.  and  Seventh  St.,  have  some  ■ 
rather   bad   places. 

Seventh  Street,  Fulton  to  li'ashiiigloii  Street. 
— Seven  inches  of  1  to  .")  concrete  were  laid  in 
May.  1013.  The  top  coating  was  applied  in 
the  same  manner  and  of  the  same  material 
as  Washington  St.  and  Second  St.  This 
is  mostly  in  good  condition,  though  the  street 
is  laid  with  very  flat  grades.  At  the  corner 
of  Columbus  St.  the  kettle  boiled  over  and 
quite  a  good  deal  of  extra  coating  had  to  be 
removed  with  shovels  as  soon  as  it  became  a 
little  hardened  (in  about  2  days).  This  is  the 
poorest  place  on  the  street. 

Grant  Street.  Sheldon  Road  to  Center  Street. 
— Six  inclies  of  1  to  .5  concrete  were  laid  in  the 
last  of  May  and  early  June.  101.3.  The  top 
coating  is  the  same  as  Second  St.  and  ap- 
plied in  the  same  manner.  This  street  has 
almost  no  traffic  niul  quite  a  steep  grade.  Some 
rains  have  washed  off  quite  a  good  deal  of  the 
sand  coating,  as  there  had  not  been  enough 
traffic  to  drive  the  sand  well  into  the  asphalt. 
The  asphalt  here  does  not  appear  to  have 
much  elasticity  and  is  being  cut  up  somewhat 
by  the  horses'  calks. 

Fifth  Street,  IVa.^hingtnn  .'Street  lo  Hnjcard 
Street. —  Six  inches  of  1  to  .">  concrete  were  laid 
in  June  and  the  first  week  of  July.  101.3.  The 
top  coating  of  "Tarvia  .\"  mide  by  the  Bar- 
rett Mij;.  Co.  was  applied  the  last  of  .\ug- 
ust  and  the  1st  of  .September.  The  street  was 
washed  with  a  fire  hose.  The  coating  was  ap- 
plied with  a  squegec.  The  first  application 
was  thin  and  the  second  was  made  thicker  by 


dragging  a  squegee  back  and  forth  over  it. 
The  temperature  of  the  Tarvia  was  as  nearly 
as  possible  about  300°  F.  .About  Vs  gal.  per 
square  yard  was  applied  and  it  was  found 
that  where  applied  a  little  extra  thick  the  ma- 
terial ran  a  little  shown  by  cracks  in  the  sand 
top  dressing.  Sand  was  spread  at  about  one 
yard  to  150  square  yards  of  pavement.  When 
examined  Sept.  13th  this  dressing  was  in  fine 
condition,  very  tough  and  elastic  with  no  soft 
or  crumbly  places. 

Howard  Street  and  Fourth  Street. — Six 
inches  of  concrete  1  to  5  mix  were  laid  .Aug- 
ust. 1013.  "Tarvia  .A,"  about  Vi  gal.  to  the 
square  yard  was  applied  in  the  same  manner 
as  on  Fifth  St.  "The  concrete  on  the  block 
from  Washington  St.  to  just  south  of  Franklin 
St.  had  only  been  laid  for  a  week  to  two  weeks 
before  the  top  coating  was  applied,  the  inter- 
section of  Franklin  St.  being  just  one  week 
old.  This  last  block  and  a  little  over  was 
never  thrown  open  to  traffic  before  the  coat- 
ing was  applied,  and  was  consequently  rougher 
on  top.  "This  was  not  washed  with  hose,  but 
was  swept  very  clean.  The  weather  had  been 
hot,  and  the  top  of  the  concrete  seemed  quite 
dry.  -As  the  top  dressing  was  applied  it  seemed 
to  stick  to  concrete  much  better  than  where 
the  surface  had  been  worn  smooth  by  traffic. 
This  street  was  all  in  fine  condition  similar  to 
Fifth    St.    when    examined    Sept.    13. 

Washington  Street,  Fourth  to  Fifth  Street. 
The  concrete  1  to  5  mi.x  was  laid  7  ins.  thick. 
Part  of  this  street  is  52  ft.  wide,  but  most  of 
it  ha?  two  18  ft.  roadways  witli  parking  in  the 
center.  The  north  half  of  the  street  was  laid 
in  July,  the  south  half  was  laid  in  the  latter 
part  of  .August,  being  from  10  days  to  2V4 
weeks  old  when  the  top  dressing  was  applied. 
The  north  half  of  the  street  had  been  opened 
to  traffic  and  was  washed  by  a  fire  hose.  The 
south  half  was  not  opened  to  traffic  and  was 
rough  like  part  of  Fourth  St.  It  was,  how- 
ever, washed  with  a  fire  hose.  "Tarvia  A" 
was  applied  the  same  as  on  Fourth  St.  and 
Howard  St.  This  was  all  in  fine  condition 
when  examined  in  September. 


Concrete  Road  Construction' — A  Sym- 
posium from  Committee  Reports  to 
the  National  Conference  on  Con- 
crete Road  Building. 

F;iirly  representative  engineering  opinion 
on  preferable  methods  and  practice  in  the 
design  and  construction  of  concrete  roads  is 
given  bv  the  reports  of  committees  to  the  Na- 
tional Conference  on  Concrete  Road  Build- 
ing, which  was  held  in  Chicago  on  Feb.  12, 
13  and  14.  There  were  15  committees  ap- 
pointed to  report  and  of  these  14  presented 
reports.  Such  of  these  reports  as  are  available 
and  of  most  general  interest  are  summarized 
as    follows : 

METHODS    .\ND    COSTS    OK    REP.MRI.N'G    -\N[I    M.MN- 
TAINING   CONCRETE  RO.\DS. 

Two  kinds  of  repair  work  are  performed 
on  the  concrete  roads  of  Wayne  County. 
Michigan :  one  is  repairing  cracks  and  pits 
and  one  is  resurfacing  the  whole  pavement 
top.  For  repairing  of  the  first  kind  a  crew 
consisting  of  seven  men  and  a  team,  provided 
with  a  tar  kettle,  is  utilized.  The  foreman  is 
paid  $5  a  day.  the  team  and  driver  $5  a  day, 
the  "tar  man''  $3  a  day,  two  laborers  at  $2.50 
each  and  two  laborers  at  $2.25  each.  The  tools 
used  consist  of  two  wire  bristle  brooms,  a 
wheelbarrow,  a  couple  of  shovels  and  a  tar 
bucket  with  a  round  spout.  Tarvia  X  is  now 
used  exclusively.  .A  lighter  grade  was  first 
tried  but  did  not  give  such  permanent  re- 
sults as  the  heavier  grade.  "Two  men  are 
utilized  to  sweep  all  cracks  clean  with  the 
wire  brooms,  after  which  the  man  with  the 
lar  kettle  fills  the  cracks  with  the  tar  which  is 
heated  to  about  225°  F.  .An  excess  of  tar  is 
poured  in  so  that  it  extends  an  inch  or  so 
l)eyond  the  edge  of  the  crack.  It  is  then  al- 
lowed to  stand  in  the  crack  for  a  few  minutes 
to  prevent  it  from  "bulibling"  out  in  case  the 
sand  is  wet.  The  sand,  which  should  be  dry 
and  coarse,  is  spread  with  a  shovel  over  the 
crack  and  into  the  tar,  and   the  whole  is  left 
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for  traffic  to  iron  out.  The  excess  tar  and  ^ 
sand  are  worn  away  rapidly,  leaving  a  smooth, 
even  surface,  over  which  no  jolt  is  apparent 
in  passing  either  with  a  horse  drawn  or  motor 
driven  vehicle.  This  method  of  repair  pre- 
vents the  edges  of  the  concrete  from  spalling 
and  chipping,  and  no  water  can  get  through 
to  the  subgrade  to  freeze  and  heave  in  cold 
weather.  The  work  is  preferably  done  on 
hot,  dry  days.  It  has  been  suggested  that 
the  better  time  to  handle  this  work  would  he 
in  the  late  fall  when  the  cracks  would  be  open 
the  widest  due  to  contraction,  but  the  results 
we  have  secured  in  the  summer  months  have 
been  so  satisfactory  that  we  have  not  tried 
out  the  latter  plan.  The  small  pit  holes  which 
are  due  simply  to  some  foreign  substance 
getting  into  the  concrete  like  clay,  wood  or 
some  fragment  of  inferior  rock  which  might 
chance  to  be  a  part  of  the  aggregate,  are 
treated  in  the  same  manner.  The  cost  of  this 
kind  of  repair  work  for  the  vear  ending  Sept. 
30.  1013,  was  as   follows; 

Item.  Cost 

71  bbls.  tar  at  $C $    426. iii. 

S2H  days  iabor  (gang  of  seven)  at  J22.50      731.2'. 
66  cu.  yds.  sand  at  $2 132.nH 

Total    $1,289  -T. 

To  this  total  there  was  added  to  cover  en- 
gineering, inspection,  depreciation  of  plant, 
overhead  charges,  etc.,  a  sum  of  approximately 
$1,450.  These  costs  cover  the  repairs  to  51 
miles  of  road. 

The  second  kind  of  repair  work,  that  i^ 
treating  the  entire  surface  of  the  road  where 
the  concrete  for  any  cause  has  not  withstood 
wear  has  not  been  so  successful  as  the  first 
One-half  mile  of  concrete  on  Fort  Road, 
about  800  ft.  on  Grand  River  Road,  and  1^4 
mile  on  Gratiot  Road,  out  of  the  80  odd  mile- 
of  concrete  road  in  Wayne  County,  are  not 
up  to  the  standard  of  the  balance  of  the  con- 
struction, and  they  have  been  surfaced  with 
Dolarway,  a  special  grade  of  Tarvia  and 
Tarvia  X.  The  surfaces  of  Fort  and  Gratiot 
Roads  were  both  rough,  having  been  built  in 
cold  weather,  and  opened  for  traffic  before 
the  concrete  had  thoroughly  hardened.  Fort 
Road  was  surfaced  by  the  contractor  before 
the  Board  would  accept  the  road  and  make 
the  final  payment.  It  carries  a  fairly  heavy 
mixed  traffic,  not  as  great,  however,  as  either 
Grand  River  or  Gratiot  Roads.  .A  special 
grade  of  Tarvia  was  used.  The  road  was  first 
swept  by  a  street  sweeper  which  was  followed 
by  men  with  wire  brooms.  About  %-ga1.  of 
bitumen  to  the  square  yard  was  used,  and  the 
whole  covered  with  coarse  sand  and  rolled 
w'itli  a  10-ton  roller.  This  repair  was  made 
early  in  the  summer  and  was  not  touched  in 
any  manner  for  a  period  of  two  years.  B> 
this  time  it  had  scaled  off  in  spots  quite  badl> 
and  was  gone  over  again  in  the  summer  of 
1013,  using  Tarvia  X  and  a  washed  roofing 
gravel  about  %  in.  in  size.  We  have  no  record 
of  what  the  first  cost  was  to  the  contractor. 
as  we  paid  nothing  for  it. 

Gratiot  Road  was  surfaced  at  cost  to  us  by 
the  Dolarway  people  in  the  spring  of  1012.  Bv 
the  summer  of  1013  about  half  of  the  origin.il 
coating  had  scaled  off.  at  which  time  wr 
patched  it  up.  using  a  special  arade  of  Tarvia 
and  Tarvia  X.  The  Tarvia  X  has  given  the 
better  result  to  date.  Washed  roofing  gravel 
was  used  with  the  bitumen.  This  work  was 
also  rolled  with  a  10-ton  roller.  Gratiot  Road 
carries  an  average  traftic  of  over  1.000  vehicles 
a  day.  (On  the  last  count  made  one  week  in 
.August  and  one  week  in  .September  the  aver- 
age traffic  per  day  was  1.210.  of  which  3f!  per 
cent  was  motor  traffic  and  CA  per  cent  horse- 
drawn  vehicles.)  The  surface  of  the  road  is 
wavy,  and  we  have>  found  it  necessary  to  go 
over  the  work  two  or  three  times  during  the 
summer,  touching  up  small  spots  here  and 
there  where  it  had  scaled  off.  The  cost  of 
the  work  done  by  our  Board  is  in  the  neigh- 
borhood of  0  cts.  a  square  yard. 

The  committee  making  the  report  from 
which  the  above  extract  is  taken  consisted  of 
E.  N.  Mines,  chairman.  Board  of  County  Road 
Commissiiiners.  Wayne  Coimty,  Michigan :  J. 
S.  McCullough,  City  Engineer.  Fond  du  Lac. 
Wis.,  and  F.  P.  Wilson.  Citv  Engineer.  Mason 
Citv,  la. 
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PREPARATION    OF    SUBGRADE   FOR    CONCRETE   ROADS. 

The  I'undaniental  requirement  of  the  sub- 
.grade  is  that  it  shall  at  all  times  be  of  uni- 
form density,  so  that  it  will  not  settle  imevenly 
and  cause  cracks  in  the  concrete  surface. 
Some  engineers  apparently  believe  that  it  is 
not  necessary  to  take  as  much  care  in  prepar- 
ing the  subgrade  or  foundation  of  a  concrete 
pavement  as  of  other  forms  of  roads  having 
an  artificial  surface,  because  the  concrete  slab 
will  act  as  a  bridge  over  any  soft  streak  or 
low  spot  in  the  foundation  ;  but  the  committee 
is  of  the  opinion  that  this  is  a  mistake.  The 
strength  of  a  plain  concrete  slab  in  acting  as 
a  beam  to  carry  the  load  over  a  low  spot  or 
soft  place  in  the  foundation  is  very  slight; 
and  it  is  so  easy  to  remove  the  low  place  or 
soft  spot  as  not  to  justify  the  dependence 
upon  the  beam  action  of  the  concrete.  Any 
uneven  settlement  of  the  foundation  of  a 
•concrete  pavement  is  nearly  certain  to  cause 
a  crack.  With  most  forms  of  pavements  a 
crack  in  the  surface  will  heal  under  traffic; 
but  a  crack  in  a  concrete  pavement  not  only 
can  not  heal  under  traffic,  but  will  continually 
enlarge.  There  is  no  part  of  the  work  of  the 
construction  of  a  concrete  pavement  that  is 
more  worthy  of  intelligent  care  and  painstak- 
ing labor  than  the  preparation  of  the  sub- 
grade  ;  and  the  slight  additional  cost  neces- 
sary to  insure  ,cood  results  is  abundantly  justi- 
■fiable. 

If  the  concrete  pavement  is  to  be  con- 
structed upon  an  old  roadbed  of  any  kind, 
either  an  earth  or  a  broken  stone  or  gravel 
road,  great  care  must  be  taken  in  preparing 
the  subgrade.  The  old  roadbed  is  likely  to  be 
■more  compact  in  the  center  than  at  the  sides ; 
and  consequently  there  is  danger  that  the  con- 
crete pavement  will  settle  more  at  the  sides 
than  at  the  center,  and  therefore  will  crack 
longitudinally.  Further,  it  is  likely  that  the 
traveled  way  of  the  old  road  will  not  at  all 
places  be  central  under  the  new  concrete  pave- 
ment, and  consequently  the  latter  will  settle 
unevenly  and  crack. 

When  the  subgrade  is  an  old  roadway,  it  is 
not  sufficient  to  roll  the  subgrade  longitudin- 
ally, since  the  roller  is  likely  to  balance  upon 
the  more  compact  central  core,  and  therefore 
not  consolidate  the  soil  at  the  side  of  the  old 
roadway.  It  is  not  necessary  to  attempt  a  de- 
tailed description  of  the  method  of  overcom- 
ing this  difficulty  :  but  the  engineer  should  be 
alert  to  determine  whether  this  condition  ob- 
tains, and  when  it  does  occur  he  should  take 
the  necessary  precautions  to  secure  a  thor- 
ough consolidation  of  all  parts  of  the  new 
roadbed.  It  may  be  necessary  to  add  material 
at  the  side  of  the  more  compact  central  core 
of  the  old  roadway,  or  it  may  be  wise  to  roll 
the  roadway  diagonally  or  perhaps  trans- 
versely. In  extreme  cases  it  may  be  necessary 
to  loosen  the  old  roadbed  by  spiking  or  scari- 
fying, and  then  harrow  it,  and  finally  con- 
solidate the  entire  new  roadbed  with  the 
roller.  The  Committee  desires  to  emphatically 
assert  that  the  need  of  care  in  this  matter  is 
not  imaginary,  and  that  such  conditions  do 
really  occur  in  actual  practice. 

The  drainage  of  the  roadbed  of  a  concrete 
pavement  is  of  vital  importance.  If  the  sub- 
grade  is  not  well  draitic'd,  there  is  danger  that 
after  the  concrete  is  laid,  the  drying  of  the 
soil  imder  the  edges  of  the  concrete  may 
permit  the  pavement  to  settle  and  thus  cause 
longitudinal  cracks  on  the  surface.  Further, 
if  the  subgrade  is  not  well  drained,  there  is 
a  possibility  that  the  frost  may  lift  the  edges 
of  the  concrete  roadway  and  'miisc  a  longi- 
tudinal crack,  at  least  on  the  l.wcr  side  and 
possibly  also  upon  the  upper  .*iirfacc  of  the 
concrete. 

If  the  soil  is  sandy,  there  is  a  possibility 
fh.1t  the  natural  tmder-drainagc  is  sufficient 
for  the  purpose. 

If  the  soil  is  only  moderateh  retentive,  it 
will  probably  be  siiflicicnt  to  l.iy  a  line  of 
ordinary  farm  tile  along  each  sid<'  of  the  con- 
crete pavement.  The  tile  shoidd  be  at  least 
■i  or  .j  ins.  ill  diameter,  should  In-  laid  OMs  to 
3  ft.  Ill-low  the  surface,  and  sh-rld  have  siifli- 
cient  fall  to  free  itself  promptly  and  fully.  It 
is  better  to  lay  the  tile  outside  of  the  edge  of 
the  cfincrete  slab  than  luirlcr  it.     If  the  .soil  is 


a  little  retentive,  some  engineers  put  a  layer 
of  coarse  gravel  or  broken  stone  immediately 
above  the  tile  to  facilitate  the  entrance  of  the 
water  into  the  tile. 

If  the  soil  is  quite  retentive,  it  is  wise  to 
make  more  elaborate  provisions  than  above 
for  the  drainage  of  the  subgrade.  For  this 
case,  it  is  recommended  that  a  shallow  longi- 
tundinal  ditch  be  constructed  just  outside  of 
the  edge  of  the  concrete  slab.  This  ditch 
should  e.xtend  about  8  or  10  ins.  below  the 
surface  of  the  roadbed;  that  is.  below  the 
bottom  of  the  concrete  slab;  and  should  be 
(illed  with  coarse  gravel  or  broken  stone. 
From  this  longitudinal  ditch  short  transverse 
ditches  should  be  dug  across  the  shoulder 
to  the  ditch  at  the  side  of  the  roadway. 
These  transverse  trenches  should  have  a 
grade  sufficient  to  permit  them  to  carry  the 
water  promptly  and  fully  to  the  side  ditch. 
In  particularly  retentive  soil,  these  transverse 
trenches  should  not  be  placed  more  than  50 
ft.  apart.  On  level  stretches,  these  trans- 
verse ditches  should  be  practically  at  right 
angles  to  the  direction  of  the  road;  but  if 
the  road  is  on  a  grade,  these  trenches  should 
make  an  acute  angle  with  the  roadway,  the 
amount  of  this  angle  depending  upon  the 
grade  of  the  road.  The  sloping  of  these  lat- 
eral trenches  down  hill  makes  it  unnecessary 
to  have  the  ditches  at  the  sides  of  the  road- 
way so  deep  as  would  otherwise  be  required. 
These  lateral  ditches  should  be  filled  level 
full  with  broken  stone  or  coarse  gravel  to  a 
point  at  least  a  little  beyond  the  outer  edges 
of  the  shoulders  and  preferably  nearly  to  the 
bank  of  the  ditch  at  the  side  of  the  road- 
way. 

The  committee  from  whose  report  the 
above  extract  is  taken  consisted  of  Ira  O. 
Baker,  Professor.  Civil  Engineering,  Univer- 
sity of  Illinois;  .'\.  R.  Hirst.  State  Highway 
Fngincer,  Wisconsin,  and  A.  N.  Johnson,  State 
Highway    Engineer.    Illinois. 

CONCRETE    AGGREGATES    FOR    CONCRETE    ROADS. 

The  essentials  of  aggregates  for  concrete 
for  roads  are : 

(1)  For  fine  aggregate,  use  only  sand  or 
other  fine  aggregate  that  has  been  actually 
tested  for  mechanical  analysis  and  tensile 
strength  of  mortar,  and  is  free  from  I'ine 
particles. 

(2)  Use  coarse-grained  sands  or  hard 
stone  screenings  with   dust   removed. 

(3)  Use  sand  or  other  fine  aggregate  that 
is   absolutely    clean. 

(•1)  For  coarse  aggregate,  use  hard  stone, 
such  as  granite,  trap,  gravel,  or  hard  lime- 
stone. 

(5)  If  bank  gravel  or  crushed  stone  is 
used,  always  separate  the  sand  or  screen- 
ings and  re-mix  in  the  proper  proportions. 

//  local  conditions  prevent  following  any 
one  of  these  rules,  ado/'l  some  oilier  material 
than   concrete  for  your  pavement. 

(1)  .^ctuaI  laboratory  tests  are  necessary 
for  fine  aggregates,  because  it  is  impossible 
for  the  most  expert  builder  always  to  <lis- 
tinguish  by  appearance  between  good  and 
poor  sands.  Saml  may  be  coarse,  of  good 
color,  well  graded,  and  apparently  perfectly 
clean,  and  yet  because  of  a  minute  (luautitv 
of  vegetable  matter  may  show  practically  nf( 
strength  when  made  into  mortar  or  concrete. 
Case  after  case  has  been  found  where  good 
looking  sand  had  to  he  rejected  on  labora- 
tory test  or,  if  iiseil.  produced  defective  con- 
crete. 

(2)  Coarse  sand  is  necessary  not  only  for 
strength  and  density,  but  to  prevent  ihc  for- 
mation, on  or  near  the  surface,  of  a  layer 
of  fine  material,  consisting  of  a  mixture  of 
dust  and  cement  which  has  no  durability. 
Mortar  made  with  fine  sand  or  sand  having 
a  large  propi>rtion  of  fine  (trains  of  sill,  hard- 
ens slowly  and  is  especially  objectionable  in 
cold  weather  This  prevents  it  attaining 
proper  slrengili  before  the  road  is  thrown 
open  to  iraflie  .\  sand  having  a  consider- 
able proportion  of  fine  particles  may  possibly 

show   hiv''    ' '"•'    tests,   and   yet   the  mortar 

not  havi  fiance  to  attrition  or  wear. 

(.1)      ■-  t    be   ab.soliitelv    free    from 

vegetable  or  organic  matter,  or  it  is  liable  to 
barilcn  not  at  all  or  too  slowly  to  be  service- 


able, b'requently,  sand  may  be  entirely  satis- 
factory in  appearance,  and  yet  be  worthless 
for  concrete.  Defective  sand  of  this  type  is 
apt  to  be  taken  from  too  near  the  surface  of 
the  ground,  so  that  it  contains  a  very  small 
percentage  of  vegetable  loam.  At  least  2  ft. 
of  top  soil  and  loam  should  be  removed  be- 
fore using  the  sand,  and  in  many  cases  it  is 
necessary  to  take  oflf  as  much  as  4  or  5  ft. 
while  occasionally  no  acceptable  sand  can 
be  found  in  the  entire  bank  because  of  the 
penetration  to  a  great  depth  of  the  deleterious 
vegetable  material. 

(4)  .\  coarse  aggregate  of  hard  quality  is 
necessary  to  resist  the  wear  and  abrasion  of 
hoofs  and  wheels.  Failures  of  concrete  roads 
have  been  caused  simply  by  the  softness  of 
the  coarse  aggregate.  In  one  instance,  for 
example,  shells  were  used  for  the  aggregate, 
and  the  road  went  to  pieces  as  soon  as  it  was 
subjected  to  wear.  .Ml  stone,  like  shale,  slate, 
shells,  and  soft  limestone,  must  be  rejected : 
while  trap,  granite,  and  conglomerate,  arc 
especially  suitable  materials.  A  hard  lime- 
stone, such  as  that  occurring  in  certain  lo- 
calities along  the  Hudson  River,  which  is 
sold  in  New  York  as  trap  rock,  is  satisfac- 
tory for  concrete  roads.  A  hard  limestone 
cannot  be  cut  with  a  knife  and  the  specific 
gravity  is  high,  say,  over  2.70. 

Gravel  does  not  bond  quite  so  strongly 
with  cement  as  does  broken  stone.  When 
properly  screened  and  free  from  dirt,  how- 
ever, and  remixed  with  sand  in  the  proper 
proportions,  a  good  surface  can  be  made  for 
a   one-course   pavement. 

(.5)  Many  roads  that  are  now  being  built 
will  prove  worthless  because  of  the  use  of 
sand  taken  directly  from  the  bank  without 
screening.  If  the  gravel  contains  as  much 
as  40  per  cent  of  stones  and  very  rich  pro- 
portions are  used,  say  one  part  cement  to 
3V6  parts  bank  gravel,  a  fair  concrete  can 
sometimes  be  produced,  but  it  is  always  cheap- 
er in  such  cases  to  screen  the  gravel  and  re- 
mi.x  the  sand  and  stone  in  proper  proportions. 
There  will  be,  for  example,  a  saving  of  ^ 
barrel,  or  1  bag,  of  cement  per  cubic  yard  of 
concrete  by  using  proportions  1  part  cement 
to  2  parts  sand  to  3  parts  screened  gravel, 
instead  of  using  the  unscreened  bank  gravel 
in  proportions  1 :3%.  This  difference  will 
more  than  pay  for  the  additional  cost  of 
screening  the  sand  and  rejecting  part  of  it. 
.At  the  same  time,  the  result  will  be  more  uni- 
form and  the  surface  more  durable  because 
of  the  stones  which  take  the  wear.  When  an 
excess  of  sand  is  used  in  the  mixture,  as  is 
the  case  with  run-of-the-hank  gravel,  the 
mortar  rises  to  the  top  when  the  .concrete  is 
placed  and  the  wearing  surface  is  less  resist- 
ant than  a  mix  that  is  uniform  throughout 
The  committee  from  whose  report  the 
above  extracts  are  made  consisted  of  San- 
ford  E.  Thompson,  Consulting  Engineer. 
N'cwton  Highlands.  Mass.;  A.  X.  Talbot. 
President  .American  Society  for  Testing  Ma- 
terials, and  W.  M.  Kinney.  Assistant  Engi- 
neer,  I'nivcrsal    Portland   Cement   Co. 

ECONOMIC    METHODS  OF    IIANDMNG   AND    HAULIXC. 
__       MATERIALS   FOR  CONCRETE  ROADS. 

The  materials  to  be  handled  in  the  con- 
struction of  a  concrete  road  are:  (.1 )  Water: 
(2)  cement;  (3)  sandstone:  and  (4)  gravel 
or  stone. 

Water  — TUc  first-mentioned  material,  wa- 
ter, is  quite  apt  to  be  given  scant  considera- 
tion by  Ihc  road  builder  whose  experience  has 
been  Timited  to  work  within  cities  or  villages. 
Likewise  the  engineer  or  contractor  who  has 
never  before  attempted  road  construction  is 
prone  to  nnderesliniatc  the  cost  of  securing 
and  delivering  water,  whether  for  concrete  or 
macadam  roads  in  country  districts.  In  arid 
regions  a  mistake  of  this  sort  may  readily 
result   in   serious  financial   loss. 

The  chairman  of  your  committee  has  been 
fin.'inciallv  interested  in  the  building  of  con- 
i  ri '  '       luler  conditions  that  have  served 

lo  the    importance   of    considering 

lite  ■■■-,  .  >\aler  and  of  ways  and  means  to 
reiliice   that  cost. 

Water,  it  should  be  remembered,  is  used  for 
at  least  three  purposes  in  building  concrete 
roads-      (I)    To    wet    the   sub-grade;    ('2)    to 


212 


Engineerinjg    and    Contractincr 


Vol.  XLI.     No.  7. 


mix  the  concrete;  and  (3)  to  keep  the  con- 
crete moist  for  several  days  after  it  is  laid. 
On  a  sandy  sub-grade  that  must  be  wet  and 
rolled  before  laying  the  concrete,  as  much  as 
100  gals,  of  water  per  cubic  yard  of  concrete 
may  be  used  merely  to  wet  the  sub-grade. 
Then  an  additional  50  gals,  or  more  per  cubic 
yard  will  be  required  to  mix  the  concrete  wet 
enough  to  flow  readily.  Finally,  as  much  as 
80  gals,  per  cubic  yard  of  concrete  will  be 
needed  to  keep  the  concrete  wet  for  a 
week  after  it  is  laid  if  the  air  is 
very  dry  and  if  there  is  much  wind.  A  total 
of  230  gals,  of  water,  weighing  1,900  lbs.,  has 
been  required  for  each  cubic  yard  of  con- 
crete, in  one  case  known  to  your  chairman. 
More  than  that  would  have  been  used  had  the 
concrete  not  been  kept  covered  with  a  layer 
of  earth  an  inch  or  more  thick.  The  earth, 
of  course,  retarded  evaporation  of  the  water. 
The  water  in  this  case  was  hauled  in  tank 
wagons,  so  there  was  no  guessing  as  to  the 
total  amount  used,  although  its  distribution 
among  its  three  different  uses  was  not  ac- 
curately determined. 

A  ton  of  water  per  cubic  yard  of  concrete 
may  probably  be  regarded  as  the  maximum 
that  need  ever  be  required.  A  quarter  of  a 
ton  of  water  per  cubic  yard  is  probably  the 
minimum,  if  there  is  to  be  any  sprinkling  of 
the  sub-grade  and  of  the  concrete.  .A  two- 
mile  haul  at  25  cts.  per  ton-mile  results  in  a 
cost  of  50  cts.  per  cubic  yard  of  concrete  for 
hauling  the  water  where  the  maximum 
amount  is  needed.  This  is  astonishing  indeed 
to  the  contractor  who  has  been  accustomed 
to  mix  and  place  concrete  for  50  cts.  a  cubic 
yard   under   certain   conditions. 

When  large  quantities  of  water  are  to  be 
moved  considerable  distances  pipe  lines 
should  usually  be  laid  along  the  road  and  the 
water  should  be  pumped.  Quite  a  common 
mistake,  when  this  is  done,  is  to  use  pipe  of 
such  small  diameter  that  the  friction  head 
makes  it  impossible  to  deliver  the  quantity 
of  water  needed.  Thus  a  1-in.  pipe  is  often 
laid  where  a  2-in.  pipe  is  needed.  Any  engi- 
neer, however,  is  competent  to  estimate  the 
size  of  pipe  required  under  given  conditions. 
It  should  be  remembered  that  the  head  against 
which  the  pump  is  acting  is  the  sum  of  the 
static  head  and  the  friction  head,  and  that 
the  cylinder  of  a  pump  may  be  cracked  under 
an  excessive  pressure  thus  developed.  Within 
the  confines  of  a  report  of  this  character  it  is 
impracticable  to  discuss  at  further  length  the 
problem  of  water  supply  for  concrete  road 
work. 

Cement.— In  the  handling  of  cement  there 
are  two  vejy  common  economic  errors  in  evi- 
dence:  (1)  Failure  to  provide  a  large  stock 
of  cement,  and  (2)  an  attempt  to  locate  the 
cement  nearer  the  concrete  mixer  than  is 
necessary.  The  concrete  road  builder  is  so 
often  forced  to  wait  for  the  delivery  of  cem- 
ment  by  rail  tliat  he  eventually  learns  that 
it  pays  to  tie  up  more  capital  in  a  stock  of 
cement  than  to  foot  the  bills  incident  to  de- 
lays in  securing  it  by  rail.  .Mthough  cement 
dealers  are  usually  prompt  in  making  ship- 
ments, the  railways  are  not  always  to  be  re- 
lied upon.  For  this  reason,  cement  should  be 
accumulated  in  stock-houses  or  stock-tents. 
Tents,  with  wooden  floors  made  in  sections. 
can  be  placed  at  short  intervals  along  the  road. 
From  them  the  cement  can  be  delivered  in 
small  gasoline  motor  cars  of  the  kind  that 
cost  about  $500  each.  Such  a  car  will  carry 
10  or  12  bags  of  cement,  and  can  be  run  into 
the  tent  to  be  loaded  by  the  driver  of  the  car. 
The  car  will  travel  15  to  20  miles  an  hour 
loaded  and  18  to  25  miles  an  hour  empty,  at 
a  total  cost  of  about  4  cts.  per  car-mile  one 
way  or  8  cts.  per  car-mile  of  effective  haul- 
ing work.  The  resulting  cost  of  hauling 
cement  short  distances  can  not  be  equaled  in 
any  other  way  known  to  your  committee. 

Sand.- — After  the  sub-grade  has  been 
sprinkled  and  compacted  by  rolling,  it  is  cus- 
tomary to  dump  sand  and  gravel  on  it  in 
piles.  Then  these  materials  are  loaded  into 
barrows  and  wheeled  to  the  concrete  mixer 
which  travels  along  the  sub-grade,  leaving 
the  layer  of  "green"'  concrete  behind.  This, 
we  think,  is  at  present  the  most  common  way 


of  placing  concrete.  But  it  is  not  the  only 
way,  and  there  are  some  contractors  who 
maintain  thai  it  is  not  the  cheapest  way.  An- 
other method  is  to  place  both  the  mixer  and 
the  stock  piles  on  one  side  of  the  road.  The 
materials  are  then  usually  shoveled  directly 
into  the  mixer,  or  into  a  bucket  or  skip  that 
delivers  into  the  mixer.  In  the  West  it  is 
not  unusual  to  see  Fresno  scrapers  used  to 
drag  the  sand  and  gravel  from  the  stock 
piles  to  the  mixer.  In  some  cases  the  scrapers 
deliver  the  materials  upon  a  platform  whence 
they  are  fed  by  gravity  into  a  skip  that  de- 
livers into  the  mixer.  In  these  cases  the 
mixer  is  not  moved  until  about  600  to  1.000 
ft.  of  road  have  been  built  in  both  directions 
from  the  mixer,  the  concrete  being  hauled  in 
one-horse  concrete  carts  or  in  one-man  con- 
crete  bug.gies. 

The  diiTerences  in  cost  between  these  two 
methods  seem  ordinarily  not  to  be  very  great ; 
but  there  may  be  conditions  that  justify  a 
choice  of  one  method  in  one  place  and  of  an- 
other method  in  another  place.  Thus,  if  la- 
borers are  scarce  and  mules  or  horses  plenty, 
the  latter  method  may  be  preferable. 

As  above  stated,  a  small  $500  motor  car 
can  be  economically  used  to  haul  cement  short 
distances.  To  do  this  the  bodv  of  a  pleasure 
car  is  removed  and  a  platform  placed  on  the 
rear  part  of  the  chassis.  This  method  of 
hauling  cement  was  first  devised  by  one  of 
your  committee,  it  is  believed ;  and  he  now 
suggests  that  the  same  method  mieht  be  ad- 
vantageously applied  in  hauling  concrete  from 
a  mixer  to  the  road.  To  do  this  a  concrete 
bucket  would  be  mounted  on  the  chassis,  and 
the  concrete  would  be  discharged  from  the 
bucket  through  a  trough.  It  might  be  desira- 
ble, in  using  such  a  method,  to  provide  a  pair 
of  trussed  planks  that  would  span  the  road, 
and  be  used  as  a  runaway  for  the  automobile. 
So  much  has  been  written  about  the  unload- 
ing of  cars  of  sand,  etc.,  with  drag  scrapers, 
clam-shell  buckets,  and  the  like,  that  we  shall 
not  here  go  into  these  labor-saving  methods. 
-\n  ingenious  modification  of  old  methods  was 
recently  described.  It  consists  in  dumping 
sand  or  gravel  from  a  hopper-bottom  car  into 
a  pit  dug  beneath  the  track.  The  materials 
are  thence  dragged  with  a  power-scraper  up 
an  incline  and  dumped  into  a  bin.  This 
method  has  much  to  commend  it  where  hop- 
per-bottom cars  are  available. 

Gravel  and  Stone. — .Although  cement  and  even 
sand  may  be  rehandled  without  adding  great- 
ly to  the  cost  of  a  concrete  road,  an  atternpt 
should  always  be  made  to  avoid  rchandling 
the  gravel  or  broken  stone.  Broken  stone  is 
particularly  hard  to  shovel  up  when  dumped 
on  the  ground ;  and,  besides,  it  constitutes 
such  a  verv  large  part  of  all  the  materials  to 
be  handled.  Stock  piles  of  sand  may  often 
be  needed  to  avoid  delays  in  freight  ship- 
ments: and,  in  such  cases,  they  may  be  placed 
at  relatively  short  intervals  along  the  .side  of 
the  road.  If  broken  stone  or  gravel  is  also 
received  by  rail,  it  is  generally  wise  to  build 
the  stock  pile  at  the  place  where  the  cars  are 
unloaded.  Then  a  clam-shell  bucket  can  be 
used  both  to  unload  the  cars  into  the  pile  and 
to  load  the  wagons  from  the  pile. 

If  large  stock  piles  of  stone  or  sand  are  to 
be  made  along  the  road,  care  should  be  taken 
to  scrape  a  smooth  place  upon  which  to  build 
the  pile.  With  a  road  machine  and  a  roller 
a  place  can  be  so  graded  and  compacted  that 
very  little  of  the  material  in  the  stockpile 
will  be  lost.  Care  should  be  taken  to  locate 
such  stockpiles  where  heavy  rains  will  not 
wash  the  materials  away. 

In  the  handling  of  broken  stone  from 
portable  rock  crushers,  two  economic  errors 
are  common:  (1)  Bins  arc  too  small,  and 
(2)  their  bottoms  are  not  steep  enough.  Small 
bins  make  it  necessary  to  stop  the  crusher 
if  there  is  not  perfect  co-ordination  in  haul- 
ing and  using  the  materials.  Bottoms  that 
are  flatter  than  1  to  1  prevent  the  stone  from 
running  rapidly,  and  thus  delay  the  loading 
This  last  is  important  enough  with  team- 
hauling,  but  it  is  much  more  important  where 
motor  trucks  or  traction  engines  are  used. 

Hauling  hy  Power. — Although  the  horse 
and   the  mule  will   long  continue   to  be   used 


on  road  work,  their  "day"  for  hauling  road 
materials  is  fast  passing.  We  have  already 
given  some  details  relative  to  the  use  of  small 
motor  cars  for  hauling  cement  short  dis- 
tances. Motor  trucks  of  3-ton  to  5-ton  ca- 
pacity are  becoming  popular  for  hauling  wher- 
ever the  roads  are  sufficiently  good  to  admit 
their  use.  Recently  the  use  of  "trailers"  has 
added  much  to  the  popularity  of  motor  trucks. 
While  a  ''trailer"  decreases  the  speed  of 
transportation  it  greatly  increases  the  ton- 
nage hauled  each  trip. 

Traction  engines  hauling  trains  of  wagons 
have  been  in  successful  use  for  so  many  years 
that  we   need   say   little   about   them. 

.As  to  the  relative  economic  merits  of  motor 
trucks  and  traction  engines,  no  data  yet  avail- 
able point  either  to  the  one  or  the  other  as 
being  clearly  preferable.  In  making  compari- 
sons, several  things  other  than  the  ton-rnile 
costs  while  hauling  during  the  road  building 
season  should  be  kept  in  mind:  (1)  Whether 
the  hauling  plant  can  be  used  for  other  pur- 
poses than  road  building;  (2)  v/hcther  it  can 
be  used  in  the  winter;  (3)  whether  it  de- 
stroys existing  roads  and  sub-grades  suffi- 
ciently to  be  objectionable;  (4)  whether  there 
is  room  to  maneuvre — turn  around,  etc. 

Not  a  few  men  are  making  it  their  sole 
business  to  contract  for  hauling.  Such  men 
often  work  their  hauling  plant  two  shifts 
daily,  running  about  18  hours  out  of  the  24. 
This  greatly  reduces  the  interest  cost  per 
ton-mile.  A  not  uncommon  price  is  15  cts. 
per  ton-mile  over  rough  roads  and  under 
severe   conditions. 

Conclusion. — Your  committee  has  made  no 
attempt  to  discuss  concrete  mixing  arid 
placing,  for  there  are  fully  a  dozen  books  in 
which  this  matter  is  given  much  space.  Nor 
has  it  seemed  wise  to  repeat  much  that  also 
exists  in  book  form  on  the  general  subject 
of  shoveling  and  hauling.  A  few  suggestions 
as  to  recent  developments  in  concrete  road 
work  have  been  indicated  in  the  hope  that 
other  road  builders  will  add  their  quota. 

The  cotiimittee  from  whose  report  the 
above  extracts  are  made  consisted  of  Halbert 
P.  Gillette,  Editor-in-Chief,  Engineering  ,«iNP 
Contr.\cting;  Donald  D.  Price,  State  Engi- 
neer, Nebraska,  and  Percy  H.  Wilson.  Secre- 
tary, .'\ssociation  of  .Xmerican  Portland  Cem- 
ent  Manufacturers. 

MIXING     .\ND     PLACING     CONCRETE     FOR    CONCRETE 
RO.\DS. 

Mi.ying  Concrete. — The  concrete  mixer 
should  be  of  the  batch  type,  provided  with  an 
automatic  water  tank,  traction  drive  and 
power  loader.  It  is  recominended  that  all 
specifications  contain  a  clause  to  the  effect 
that  all  the  materials  in  any  one  batch,  in- 
clu<ting  llic  water,  should  remain  in  the  drum 
of  the  mixer  at  least  45  seconds  before  any 
of  the  concrete  is  discharged. 

Placing  Concrete— '^us.t  before  placing  con- 
crete, the  sub-grade  should  be  well  sprinkled 
so  that  it  will  not  absorb  moisture  from  the 
concrete.  Probably  the  most  satisfactory 
inethod  of  depositing  the  mixed  concrete  in 
position  on  the  sub-grade  is  by  means  of  a 
bottom  dump  bucket  running  on  a  swinging 
boom  free  from  the  mixer.  The  boom  can 
be  swung  over  any  position  on  the  sub-grade, 
and  the  bucket  can  be  run  out  and  dumped  at 
any  point  along  the  boom.  Such  equipment 
does  not  depend  for  economic  operation  upon 
consistency  and  the  concrete  can  be  easily 
handled  and  deposited  at  any  place  on  the 
sub-grade,  necessitating  but  little  handling 
with  shovels.  Between  each  change  in  posi-. 
tion  of  the  mixer  a  section  the  lull  width 
of  the  pavement  (up  to  iVi  times  the  length 
of  the  booin,  and  as  long  as  the  boom'),  may 
be  concreted. 

When  concrete  is  placed  by  means  of  the 
open  trough  care  must  be  exercised  to  see 
that  it  is  not  mixed  too  wet,  as  this  method 
of  distribution  depends  for  economic  onera- 
tion  very  much  upon  the  consistency  of  the 
concrete.  An  open  trough  is  necessarily  much 
shorter  than  a  boom  and  is  more  limited  in 
action,  which  requires  that  the  mixer  be 
moved  ahead  more  often,  also  that  more  of 
the  concrete'  after  being  deposited  on  the 
sub-grade  be   handled   with    shovels. 
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When  a  batch  mixer,  not  having  a  boom 
and  bucket  or  open  trough,  is  used,  th'  con- 
crete should  be  handled  in  wheelbarrows  or 
hand  carts  wheeled  'on  suitable  runways. 
Placing  concrete  by  means  of  horse  carts 
should  not  be  permitted,  as  they  cut  up  the 
sub-grade  badly  and  to  get  the  concrete  into 
final  position  requires  a  maximum  amount  of 
shoveling. 

Whatever  the  method  of  conveying  and 
placing,  the  concrete  should  be  deposited  upon 
the  sub-grade  to  the  required  depth  and  for 
the  entire  width  of  pavement  in  as  nearly  one 
operation  as  practical  so  as  to  reduce  handl- 
ing to  a  minimum.  If  it  is  necessary  to 
handle  a  large  amount  of  material  with  the 
strike-board  it  will  ride  the  concrete  and  thus 
I  produce  a  wavy,  uneven  surface.  Attention  to 
this  matter  will  materially  lessen  the  difficulty 
and  labor  in  striking  off  the  surface  and  will 
result  in  a  very  much  better  finish. 

The  excess  of  coarse  material  that  accumu- 
lates in  front  of  the  strike-board  should  be 
i  uniformly  distributed  over  the  surface  of  the 
pavement  and  not  left  in  narrow  strips  across 
the  section,  or  placed  along  transverse  expan- 
sion joints.  An  ordinary  garden  rake  will  be 
found  useful  in  distributing  the  material  that 
accumulates  in  front  of  the  strike-board. 
When  the  strike-board  is  within  2  ft.  of  an 
expansion  joint  the  excess  material  that  has 
accumulated  in  front  of  it  should  be  removed 
with  a  shovel  and  deposited  on  the  sub-grade 
in  the  next  section.  Special  care  should  be 
taken  to  place  good  dense  concrete  along  ex- 
pansion joints,  and  all  inequalities  at  the 
joints,  including  any  small  holes  left  after 
the  removal  of  the  installing  device,  should  be 
filled  with  a  mortar  composed  of  1  part  cem- 
ent and  not  more  than  2  parts  fine  aggregate. 

The  man  handling  the  strike-board  should 
follow  closely  behind  those  placing  the  con- 
crete, for  keeping  up  with  the  strike-board 
will  materially  assist  those  placing  concrete 
in  depositing  the  required  amount  of  ma- 
terial. 

The  placing  of  concrete  should  be  a  con- 
tinuous operation,  and  stops  should  be  made 
only  at  expansion  joints.  In  case  the  mixer 
breaks  down  concrete  should  be  mixed  by 
hand  to  complete  the  section,  or  an  expansion 
joint  should  be  placed  at  the  point  of  stopping 
work.  .'\ny  concrete  in  excess  of  that  needed 
to  complete  the  section,  when  work  is  dis- 
continued, should  be  spread  out  in  a  thin 
layer,  not  exceeding  2  ins.  in  thickness,  over 
the  sub-grade  in  the  next  section  and  not 
piled  up  along  the  expansion  joint. 

The  strike-board  should  be  cut  to  conform 
to  the  crown  of  the  finished  surface  of  the 
pavement  ami  should  be  of  sufficient  strength 
and  stiffness  to  show  no  deflection  at  the  cc..- 
ter  when  supported  at  the  ends,  nor  a  ma- 
terial bowing  out  of  alignment  when  in  use. 
it  should  be  about  2  ft.  longer  than  the  width 
of  the  road,  protected  on  the  bottom  edge 
with  a  metal  facing  and  provided  at  each 
end   with    suitable   handles. 

For  roads  up  to  12  ft.  in  width  two  2x6- 
in.  planks,  dressed  on  one  side  and  both  edges, 
spiked  together,  make  a  good  strike-board, 
and  for  roads  12  ft.  to  20  ft.  in  width  two 
3x8-in.  or  a  2xl0-in.  and  "a  3xl0-in.,  spiked 
together,  will  he  found  satisfactory.  Two 
plank-;,  well  spiked  together,  make  a  better 
strike-board  and  one  less  likely  to  w;irp  out 
of  shai)e  than  a  single  piece.  The  strike-board 
shoulil  not  be  so  heavy  that  it  cannot  he 
easily  handled  by  two  men,  and  to  reduce 
weight  and  increase  stiffness,  it  is  advisable 
to  work  over  20  ft.  in  width  to  use  a  strike- 
board  composed  of  boards  2  ins.  or  3  ins. 
thick,  stiffened  bv  trussing,  rather  than  ob- 
tain the  required  stiffness  by  the  use  of  heav- 
ier timbers. 

In  striking  off  a  pavement  If!  ft.  or  less 
in  width,  where  the  concrete  li.is  been  prop- 
erly placed,  two  men  should  be  able  to  handle 
the  strike-board,  but  for  wider  pavements 
the  services  of  a  third  man  will  be  required 
to  assist  in  pullinc  the  hoard  forward  bv 
means  of  a  drag  line  fastened  at  its  center. 
The  strike-board  should  alw.iys  be  worked 
forward   about   perpendicular    to   the   axis   of 


the  roadway  and  as  it  is  moved  ahead  should 
ht  sawed  back  and  forth  across  the  road.  To 
produce  the  desired  effect  will  require  that 
the  strike-board  be  passed  over  the  surface 
of   the  concrete  two  or  more  times. 

Though  it  will  be  necessary  for  the  work- 
men to  get  into  the  concrete  some  after  it 
is  deposited  on  the  sub-base,  it  is  desirable 
that  all  unnecessary  walking  in  and  wading 
through  the  concrete  be  avoided,  and  under 
no  circumstances  should  any  workmen  step 
upon  the  concrete  after  it  is  first  struck  off. 

The  committee  from  whose  report  the  above 
extracts  are  taken  consist  of  Paul  D.  Sar- 
gent, Chief  Engineer,  State  Highway  Com- 
missioner of  Maine;  A.  H.  Blanchard,  Pro- 
fessor, Highway  Engineering,  Colurnbia  Uni- 
versity, and  E.  W^  Boynton,  Inspecting  Engi- 
neer, Universal   Portland   Cement   Co. 

COST    OF    COSTRUCTING    CONCRETE    ROADS. 

The  average  cost  reported  in  several  differ- 
ent states,  comprising  the  data  to  one-course 
construction,  is  as  follows : 

Cost  per  Cost  per 

State.                  sq.  yd.  State.                  sq.  yd. 

Arizona   J1.20       Montana    J1.83 

Arkansas     90       Nebi;aska    I.-IO 

California    1.17       New    Jersey 1.12 

Colorado    1.25       New    York 

Connecticut    1.32       North    Dakota 1.26 

Delaware    1.61       Ohio     122 

Idaho    1.09       Oklahoma   l.OS 

Illinois    1.01       Oregon     1.39 

Indiana    1.23       Pennsylvania    1.16 

Iowa    1.11       Tennessee    1.20 

Kansas    1.08       Washington     l.-"! 

Maine    1.4S       West   Virginia 1.32 

Maryland    1.21       Wisconsin    1.06 

Massachusetts    . . .   1.29  

Michigan     1.27  Average   total.  ..$1.24 

Minnesota    1.05  

Missouri    1.17  Weighted  tot.  av.. $1.19 

The  committee  from  whose  report  the 
above  data  was  taken  consisted  of  A.  N. 
Johnson.  State  Highway  Engineer,  Illinois: 
Joseph  H.  Pratt,  State  Engineer,  North  Caro- 
lina, and  Albert  Reithmann.  Past  President, 
Western   Society  of  Engineers. 

THICKNESS,    CROWN    AND    GRADES    FOR    CONCRETE 
ROADS. 

Thickness.— The  thickness  of  the  concrete 
pavement  is  controlled  by  condition  and  char- 
acter of  the  sub-grade,  drainage,  traffic,  cli- 
matic conditions,  width  of  pavement,  etc. 
Three  distinct  types  of  cross-sections  are  in 
general   use : 

(A)  Uniform  thickness  of  concrete  for  all 
widths  of  roadway,  and  consequently  with 
the  same  amount  of  crown  in  the  foundation 
as  in  the  surface. 

(B)  Roadways  in  which  the  concrete  is 
thicker  at  the  center  than  at  tlio  edge  but  in 
which  some  crown  is  given  to  the  foundation. 

(C)  Roadways  in  which  the  concrete  is 
thicker  at  the  middle  than  at  the  edge,  but 
which  are  built  upon  a  flat  sub-grade.  This 
type  seems  to  be  fast  gaining  in   favor. 

(1)  Where  the  width  of  roadway  is  not 
greater  than  16  ft.,  with  a  porous  sub-soil, 
sub-grade  in  good  condition  and  well  packed 
and  with  loads  not  exceeding  six  tons,  in- 
cluding the  vehicle,  a  thickness  of  •'i  ins.  at 
the  edge  of  the  slab  and  7  ins.  at  the  center 
is  sufficient  without  reinforcement,  using 
slabs  not  greater  than   16   ft.  square. 

(2)  On  clay,  soil  and  the  above  general 
conditions  artificial  drainage  should  be  pro- 
vided and  reinforcement  usc<l  (%  to  %  lb. 
per  square  foot),  placed  P4  to  2  ins.  from  ton 
surface:  and  slabs  made  not  larger  than  al)ove 
and  not  less  than  6  ins.  thick  at  edge  of  slab 
anri  8  ins.  at  the  center. 

(3)  Where  the  roadway  is  in  excess  16  ft. 
with  loads  of  6  to  10  tons,  but  with  the  other 
general  conditions  as  described  in  (I),  the 
crown  of  the  (lavcment  should  have  a  thick- 
ness of  8  ins.  and  the  edge  6  ins.  Under  such 
circumstances  reinforcement  will  usually  be 
considered    necessary   and   economical. 

Crown. — The  small  crown  that  m.ay  be 
properly  used  on  concrete  pavements  is  justly 
considered  an  important  merit  of  this  tvpc 
of  pavement.  Data  have  been  collected  which 
seem  to  show  that  in  the  case  of  unifoimly 
thick  concrete  p.ivemcnts  the  amount  of  cen- 
tral longitudin.Tl  failures  has  varied  directly 
with  the  amount  of  crown.  To  a  lesser  ex- 
tent this  would  be  expected  of  the  other  types. 


thus  furnishing  an  additional  reason  for  the 
adoption  of  a  minimum  crown. 

From  data  of  practice  in  about  30  cities 
it  appears  that  the  minimum  crown  used  on 
streets  is  1/160  of  the  width  of  the  road  and 
the  maximum  1/48.  With  few  exceptions, 
the  crown  varies  between  1/70  and  1/100  of 
the  width.  When  the  climatic  conditions  will 
allow,  it  is  our  opinion  that  a  crown  of  1/100 
of  the  pavement  width  represents  present  best 
practice.  The  use  of  the  high  crowns  has  in 
large  part  resulted  from  past  experience  with 
other  types  of  pavements  where  high  cro\vns 
were  really  required.  We  are  of  the  opinion 
that  in  future  construction,  as  methods  of 
handling  materials  are  improved  and  con- 
tractors become  more  experienced,  engineers 
should  not  hesitate  to  specify  as  low  a  crown 
as  1/150  part  of  the  width.  Indeed,  this  has 
already  been  done  to  some  extent. 

The  present  common  practice  of  specifying 
an  arbitrary  crown  ratio  for  streets  varying 
in  width  by  75  per  cent  or  more,  and  this, 
too,  quite  independent  of  the  street  grade, 
does  not  appear  to  be  founded  on  any  reason- 
able basis.  Unless  local  conditions  forbid,  a 
smaller  crown  should  be  designed  for  a  heavy 
than  for  a  light  grade  street.  Tables  have 
been  published  which  give  the  allowable 
crowns  as  a  function  of  the  grades.  This 
whole  matter  would  seem  to  deserve  much 
more    attention    than    it    commonly    receives. 

Grades. — From  such  observations  as  we 
have  been  able  to  make,  we  see  no  reasons 
why  a  concrete  pavement,  properly  finished, 
may  not  be  used  on  grades  as  steep  as  any 
other  hard  surfaced  pavement,  and  on  steeper 
grades  than  either  wood  or  asphalt.  On 
steeper  grades  than  3  or  4  per  cent  shallow 
corrugations  in  the  surface  will  be  found  of 
much  assistance — in  fact,  with  grades  of  5 
per  cent  and  over,  a  real  necessity. 

The  committee  from  whose  report  these 
abstracts  are  taken  consisted  of  L.  C.  Smith, 
University  of  Wisconsin :  E.  R.  Whitman, 
City  Engineer,  Port  Huron,  Mich.,  and  T.  R. 
.-\gg,  Iowa  State  College. 

PROPORTIONS      AND      CONSISTENCY      OF      CONCRETE 
FOR  CONCRETE  ROADS. 

Any  specifications  for  proportion  and  con- 
sistency of  concrete  for  roads  can  only  be 
general  and  suggestive. 

Base. — For  sound  hard  limestone  or  gravel 
having  40  per  cent  voids,  screened  washed 
bank  sand  having  30  per  cent  voids  and  Port- 
land cement,  passing  the  standard  specifica- 
tions of  the  American  Society  for  Testing 
Materials,  the  proportions  should  be  1  sack 
of  cement,  2'/^  cu.  ft.  of  sand  and  5  cu.  ft. 
of  crushed  stone  or  gravel,  the  aggregate  hav- 
ing been  so  proportioned  as  to  eliminate  the 
voids  as  far  as  practicable. 

The  amount  of  water  should  be  such  as  to 
make  the  concrete  plastic  and  still  retain  its 
shape,  such  as  is  commonly  called  a  quaking 
mixture.  Methods  and  distance  of  transpor- 
tation before  depositing  will  be  factors  in 
determining  the  amount  of  water  used :  con- 
crete deposited  from  buckets,  traveling  along 
a  boom,  may  have  more  water  added  than 
when  wheeled  for  a  considerable  distance  in 
barrows  or  carts.  In  the  latter  case  the  un- 
avoidable shaking  brings  the  lighter  materials 
to  the  surface  and  causes  a  segregation  of 
the  materials,  which  results  in  an  improper 
mixture    when   deposited. 

Wearing  Course.— The  fine  aggregate  for 
wearing  course  shall  be  mixed  with  Port- 
land cement  in  the  proportion  of  I  sack  of 
cement  to  2  cu.  ft.  of  the  graded  mineral  ag- 
gregate. While  this  furnishes  a  considerable 
excess  of  cement  we  get  greater  imper- 
meability. 

Sufficient  water  shall  be  used  with  the  fine 
.iggrcgate  to  form  a  mortar  that  will  work 
easily  under  the  template  and  at  the  same 
time  retain  its  shape  when, deposited. 

The  committee  consisted  of  C.  U.  Boley. 
City  Engineer,  Sheboygan,  Wi'. :  C.  C.  Wid- 
ener.  City  Engineer,  Boreman.  Wis.,  and  Geo. 
F.  Dingman,  Wayne  County,  Mich..  Road 
Engineer. 
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Construction    Features    of    the    Intake 
Dam  of  the  Tallulah  Falls  Develop- 
ment,   for    the    Georgia    Railway 
and    Power    Co.    in    Georgia. 

Contributed   by  Charles   Adsit,   Engineer  North- 
ern    Contracting     Co.,     and     Eugene 
Lauchli,  Hydraulic  Engineer. 

This  structure,  of  gravity  section,  is  one  of 
the  three  dams  forming  part  of  the  100,000- 
H.P.  hydro-electric  development  now  prac- 
tically completed  for  the  Georgia  Railway 
&  Power  Co.,  at  Tallulah  Falls,  Ga.,  which  has 
been    put    in   service   during  the   past   summer 


1.  '1  and  3.  The  dam  carries  a  highway  bridge 
with  12-ft.  roadway,  made  up  of  plate  girders, 
embedded  in  concrete,  designed  to  carry,  in 
.uldilion  to  the  dead  load,  a  live  load  of  100 
ll)S.  per  square  foot,  and  the  reinforced  con- 
crete t1(X)r  .system  is  designed  to  resist  the 
stresses  caused  by  a  concentrated  wheel  load 
of  8  tons. 

The  spillway  and  the  two  .j-ft.  sluiceways 
have  a  total  discharge  capacity  of  'JO.OOO  sec. 
ft.  The  crest  is  equipped  with  si.x  automatic 
dashboards  28  ft.  long  and  G  ft.  high,  hinged 
at  the  dam  crest.  Each  flashboard  is  pro- 
vided with  a  heavy  cylindrical  reinforced 
concrete  counterweight  located  above  water, 
and    rolling   on   a   curved   track   at   the   bridge 


lircly  in  all  calculations  of  stability.  Xo  pro- 
vision is  made  for  upward  hydrostatic  pres- 
sure, but,  to  offset  this  possibility,  the  weight 
of  the  bridge,  piers,  fiashboards  and  flash- 
board  counterweights,  are  not  taken  into  ac- 
count, in  the  consideration  of  the  stability  of 
the  structure  against  overturning,  sliding  or 
shearing.  With  the  reservoir  at  maximum 
elevation,  there  is  no  tension  in  the  upstream 
side  of  the  dam,  and  the  maximum  comores- 
sion  at  the  toe  does  not  exceed  12  tons  per 
square   foot. 

The  curvature  of  the  dam  was  made  such- 
as  to  avoid  the  use  of  curved  concrete  forms 
during  construction,  and  offsets  of  6  ins.  were 
provided  every   10   ft.  at  the  upstream  side  to 


Fig.     1.     General     Plan     of    Concrete     Intake   Dam,     Tallulah     Falls     Hydro-Electric     Development. 


months,  and,  on  account  of  its  location  and 
duty  is  known  as  intake  or  diverting  dam. 
The  dam  serves  the  double  duty  of  adding 
100  ft.  to  the  natural  head  of  500  ft.  on  the 
plant  and  of  raising  the  water  to  the  r2xl4-ft. 
diverting  tunnel  which  has  been  driven 
through  the  solid  rock,  6,C65  ft.  to  a  forebay 
or  surge  reservoir,  at  the  head  of  the  pen- 
stocks. It  also  forms  a  storage  basin  1V4 
miles  long,  the  capacity  of  which  is  106.000,- 
000  cu.  ft.,  60,000,000  cu.  ft.  being  available 
for  the  immediate  demand  of  the  water 
wheels. 

The  drainage  area  above  the  dam  is  102 
square  miles,  most  of  which  is  well  timbered, 
and  with  steep  slopes,  and  the  annual  rain 
fall  varies  from  TO  to  80  ins.  During  con- 
struction, the  river  flow  has  varied  from  200 
to  15,000  .sec.  ft.,  the  average  flow  being  about 
450  sec.  ft.  During  floods  of  8,000  sec.  ft. 
or  more,  which  seldom  last  more  than  18 
hour.s,  the  river  carries  considerable  heavy 
timber   and   other   debris. 

Before  making  any  decision  as  to  the  type 
of  structure  best  suitable  to  dam  the  river, 
due  consideration  was  given  (1)  to  a  concrete 
dam  of  the  arch  type;  (2)  a  reinforced  con- 
crete buttressed  dam ;  (3)  a  gravity  masonry 
dam. 

On  account  of  the  uncertainty  as  to  the 
behavior  of  the  strata  at  the  upper  part  of 
the  dam,  when  subjected  to  horizontal  thrust, 
the  first  project  was  eliminated,  and  owing  to 
the  unusually  favorable  location  of  the  quarry, 
eliminating  costly  transportation  and  handling 
charges,  together  with  good  foundations  avail- 
able for  a  gravity  dam,  the  cost  of  a  rein- 
forced concrete  buttressed  dam,  even  without 
downstream  apron,  showed  that  a  structure 
of  the  gravity  type  would  undoubtedly  be 
more  economical. 

The  design   selected    is   illustr.Ttcd  by   Figs. 


piers.  These  fiashboards  are  designed  to  be- 
gin to  drop  when  the  pond  level  rises  3  ins. 
above  normal  elevation,  and  continue  the 
movement  when  the  river  flow  increases  until 
they  lie  flat  on  the  dam's  crest.  They  will 
return  to  normal  position  as  the  flood  sub- 
sides,  always    maintaining   the   water   level   at 


provide  a  seat  for  the  forms,  whicli  were 
4  ft.  wide,  12  ft.  long,  and  made  up  of  4x6- 
in.  studs  and  2xl0-in.  lagging.  They  were 
held  in  place  by  %-in.  round  rods  hooked  up 
in  holes  drilled  in  the  "plums."  The  specifi- 
cations call  for  "plums"  or  stones  as  large  as 
could  be  handled  bv  derricks,  to  be  embedded 
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Fig.     2. 


Front     Elevation     and     Foundation     Profile     of     Concrete     Intake     Dam.     Tallulah 

Falls  Development. 


nearly  the  same  elevation  throughout  their 
capacity.  There  are  in  addition  to  these  four 
fixed  flashlxjards  of  the  same  dimensions,  de- 
signed to  give  way  when  the  reservoir  is  1 
ft.  above  their  top. 

The  dam  is  designed  as  a  gravity  structure, 
its  curvature  of  900  ft.  being  disregarded  en- 


in  1:3:.")  concrete,  the  "plum>  l'  '--x  >|iaccd 
not  less  than  6  ins.  apart,  and  be  kept  12  ins. 
from  any  face  of  the  structure.  The  per- 
centage of  plums  is  to  be  at  least  30  per  cent 
of  the  mass.  During  construction,  estimates 
showed  that  in  the  lower  part  of  the  dam 
this  percentage  was  about  36,  and  the  average 
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of  tho  entire  structure  3-t  per  cent. 
Before  being  laid  the  plums  were  thor- 
oughly cleaned  of  earth  and  loose  materials 
and  washed ;  they  were  then  laid  over  a  bed 
■of  about  12  ins.  of  very  wet  concrete.  Con- 
<:rete  was  then  poured  and  well  spaded  around 
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used,  screened  so  as  to  reject  all  particles  over 
V*  in.  in  diameter.  Royal  Portland  cement 
was  sold  the  sub-contractor  by  the  general 
contractor,  at  the  railroad  siding  for  the  price 
of  $1.80,  less  10  cts.  for  sacks,  and  he  was 
also  furnished  free  of  cost  1,000  cu.  ft.  of 
air  per  minute  at  100  lbs.  pressure,  as  well  as 


per  cubic  yard.  The  contract  price,  for  Cy- 
clopean masonry,  concrete  in  the  bridge  piers, 
and  abutments,  was  $4.80  per  cubic  yard.  The 
setting  of  gates  and  steel  girders,  and  the  re- 
inforced concrete  was  paid  for  separately 
as  extra  work. 

The  construction  plant  was  laid  out  as  shown 
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Fig.  3.     Typical   Section  of  Concrete   Intake  Fig.   5.     Plan   of   Construction    Plant   Layout  Concrete    Intake    Dam,    Tallulah    Falls    Devel- 
Dam.  Tallulah  Falls  Development.  opment. 

and    between    the   plums,   and    brought   up   to  electric   current    for    lighting    purposes.     The       by    Fig.    4,    and    consisted    of    the    following 

within    1    ft.   of   their   tops,    so  as  to   provide  general  contractor  laid  a  standard  gage  track      equipment: 

adequate    keying    for   the   next   layer   of    m.a-  from    the    Tallulah    Falls    railway    main    line  j  200-HP.  Hardle  Tynes  corlisa  engine. 

sonry.     Before  laying  new  concrete,  the  con-  to  the  dam  site,  a  distance  of  1,800  ft.  1  150-HP.'  and  2  SO-HP.  boilers. 
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Fig.  4.     Sections  Showing  Progress  of  Concreting    Intake  Dam,  Tallulah  Falls  Development. 
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Crete   l;iul   previously   was  picked  and   washed 
uniliT  a  water  jet. 

A  quarrying  site  wa-  available  200  ft.  down- 
stream from  ihc  dam.  thus  necessitating  no 
transportation  except  handling  with  derricks. 
No  sand  being  availal>Ie,  crusher  product  was 


The  lollowiiiK  quaiilities  oi  inalcrials  were 
involved  in  the  construction  of  ihc  dam:  Kx- 
cavation,  Ki.iiOO  cu.  yds.;  Cyclopean  masonry. 
:!!),20n  cu.  yds.  The  contract  price  for  ex- 
cavation, including  stripping,  earth  excava- 
tion, rock   excavation  wet  or  dry,  was  $1.-Vi 


•  ,  tory  crusher, 
lory  crusher. 


r.  ;\ni.r,.;oi  ii'ivi  ,v  i  ■.•!  rii'k  Co.  dcrHcks, 
ll.'i-ft.  mn»t.  ino-fi.  t)onm.  )5-ton  capac- 
ity.  SO-HP.   steam   online. 

1  wooden  derrick,  Cl-ft.  mast,  70-ft.  boom, 
IS-HP.  ensrine. 
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IS  Tx2xy-it.   steel   skips. 

3  2',i-cu.  yd.  concrete  buckets. 

1  2-cu.  yd.   Austin  cube-mixer. 

1  Duplex  steam  pump. 

Excavation  at  the  bottom  of  the  east  half 
of  the  dam  was  started  in  .-Kugust.  1911,  cof- 
ferdam No.  1  having  been  previously  built 
for  the  purpose  of  diverting  the  river  to 
the  west  half  of  the  channel.  The  excavation 
in   the  east  half  averaged  5  ft.  in  depth,  the 


be  I'llled  in  with  ccncrcte  without  annoyance" 
from  leakage  of  the  bulkhead.  A  pocket  left 
above  the  opening  enabled  the  voids  left  at 
the  top  of  the  tunnel  to  be  grouted  under 
100  lbs.  pressure.  Pending  completion  of  the 
dam,  water  was  then  diverted  through  two 
!ixlO-ft.  openings,  40  ft.  above  the  first  open- 
ing. These  proved  very  serviceable,  when  in 
March.  1913,  a  flood  of  15,000  sec.  ft.  (largest 


Fig.  6.     View  of  Intake  Dam  Under  Construction,    Tallulah   Falls  Development. 

(Downstream  side  of  dam  showing  lower  and  upper  temporary  waterways.    Also  standard  con- 
creting forms.     On  the  left  hand  side,  the  cement  house,  crusher  plant,  concrete  mixer  and  quarry.) 


maximum  being  10  ft.  below  the  original 
river  bed.  Solid  rock  of  extremely  hard 
character  was  encountered  throughout,  thus 
involving  little  trouble  in  securing  adequate 
and  very  secure  foundations.  The  first  con- 
crete was  laid  during  October,  1911,  and  the 
east  half  of  the  dam  was  carried  up  about 
40  ft.  above  the  foundations.  CotTerdam  Xo. 
2  was  then  thrown  across  the  west  half  of 
the  channel,  one  end  being  supported  by  the 
finished  section,  the  other  by  the  side  of  the 
gorge,  the  river  being  then  diverted  through 
an  opening  or  tunnel  9x10  ft.,  provided  in 
the  east  half  of  the  then  completed  part  of 
the  dam.  A  deflecting  cofferdam  was  built 
downstream  below  the  dam  parallel  to  the 
channel,  to  prevent  water  from  filling  the  ex- 
cavation at  the  west  side,  the  foundation  ex- 
cavation being  carried  some  20  ft.  below  the 
river  bell.  Concrete  was  laid  on  this  side  of 
the  structure,  beginning  February.  1912.  In 
March,  a  flood  of  1-2,000  sec.  ft.'  took  place, 
and,  the  opening  in  the  east  half  of  th ;  dam 
being  made  inadequate  to  handle  the  river, 
water  rose,  passing  over  coflferdam  No.  2, 
then  about  30  ft.  high,  taking  away  some  of 
the  forms  at  the  toe  of  the  west  half  and 
about  2o(i  cu.  yds.  of  new  masonry.  Little 
damage  was  done  otherwise,  and  work  pro- 
ceeded without  anv  serious  accident  or  de- 
lay. 

From  elevation  l,4"o  to  the  crest,  the  struc- 
ture was  carried  up  throughout  at  the  same 
level.  In  order  to  prevent  cracks  from  de- 
veloping at  the  crest,  12  lines  of  steel  rails 
were  laid  longitudinally.  6  ins.  from  the  face 
and  4  ft.  on  centers  over  ,ind  along  the  crest 
and  down  20  ft.  on  the  i:p  and  downstream. 
sides  of  the  structure. 

The  lower  opening  was  closed  by  dropping 
a  heavy  timber  bulkhead  in  front  of  the  open- 
ing, and  a  4-in.  drain  pipe  was  provided  at 
the  bottom  of  the  tunnel,  thi;--  enabling  it  to 


flood  recorded)  caused  the  pond  level  to  rise 
to  elevation,  1,459,  i.  e.,  to  within  2  ft.  froin 
the  sill  of  the  intake  gates,  at  a  time  when 
both  intake  and  tunnel  were  still  under  con- 
struction. These  openings  were  closed  in  a 
manner  similar  to  that  used  in  closing  the 
lower  opening.  On  Aug.  11  the  two  5- ft. 
sluice  gates  were  closed  and  water  reached 
the  darn  crest  on  the  next  da".  During  con- 
struction, the  force  at  the  quarry,  consisted 
of  50  men  and  2  foremen.  There  was  1  fore- 
man and  10  men  at  the  mixer.  Placing  of 
Cyclopean  masonry  necessitated  1  foreman,  3 
derrick  men  and  6  concrete  men.  .A.fter  the 
standard  wooden  forms  had  been  made  so 
as  to  be  used  over  and  over  again,  placing 
and  removing  of  forms  during  construction 
required  a  force  of  9  carpenter's.  Ten  hours 
were  worked  each  day,  except  Sunday.  Four 
men  worked  in  the  blacksmith  and  machine 
shops,  and  there  was  one  timekeeper  and  one 
superintendent.  The  engineering  force  of  the 
Northern  Contracting  Co.,  the  general  con- 
tractor, did  all  inspection  and  instrument 
work,  and  tested  the  cement.  The  following 
wages  prevailed : 


Foremen    

Derrlckmen  . . . 
Carpenters  . . . . 
Concrete  men  . 
Common  labor 


.$4.50  to  $.i.00 
4.00 
3.50 
1.75 
1.50 


Two  derricks  handled  the  rock  from  the 
quarry  to  the  crusher,  and  two  derricks  placed 
the  Cyclopean  masonry,  and  handled  the  forms 
The  two  derricks  were  used  also  to  handle 
the  bridge  girders,  flashboards,  sluice  valves, 
etc.  The  rock  was  quarried  at  a  cost  of  about 
$1  per  cubic  yard.  Figure  5  shows  the  week- 
ly progress  of  laying  cyclopean  masonry,  the 
average  progress  being  about  1,000  cu.  vds. 

During  construction,  the  temperature  at  the 
dam  site  varied  from  10°  F.  to  120°  F. :  yet 
only  one  temperature  crack  developed  in  the 


third  bay  at  the  east  end  of  the  dam,  ex- 
tending about  20  ft.  down  from  the  crest. 
Some  leakage  was  noticable  in  the  lower  3 
ft.  of  the  crack,  but  a  few  shovels  full  of 
ashes  and  cinders  dropped  on  the  upstream 
side  of  the  dam  stopped  the  leak  in  a  fe. 
hours.  Immediately  after  water  had  reachi- 
the  crest,  i.  e.,  at  a  time  when  the  masonry 
had  not  yet  taken  the  temperature  of  the 
water  (average  T0°  F.)  the  horizontal  down- 
stream displacement  of  the  arch  crown  due 
to  the  thrust,  at  the  crest,  was  measured  and 
found  to  be  %-in.  Measurements  taken  two 
months  later,  when  the  structure  had  cooled. 
showed  a  deflection  of  %  in. 

The  Tallulah  Falls  hydro-electric  develop 
n'.ent,  including  storage  dams,  power  plant, 
transmission  lines  and  sub-stations,  is  being 
built  by  the  Northern  Contracting  Co.  Mr. 
H.  M.  Atkinson,  president  and  chairman;  Mr. 
G.  W.  Brine,  vice-president  and  general  man- 
ager, tor  the  Georgia  Railway  &  Power  Co  . 
Mr.  P.  S.  Arkvvright,  president;  Chas.  ' 
I.enz,  chief  engineer. 

The  Hardaway  Contracting  Co.  of  Co- 
lumbus, Ga.,  was  the  sub-contractor  for  this 
dam,  their  work  at  Tallulah  Falls  being  done 
under  the  immediate  supervision  of  Mr.  R. 
L.  Pearson,  their  superintendent. 


Extension  of  Transmission  System  of 
Nevada-California  Power  Co. — The  Nevada- 
California  Power  Co.  expects  to  begin  con- 
struction work  within  the  next  60  days  on  an 
extension  of  its  transmission  system  from  San 
P.ernardino,  the  terminus  of  its  229-mile  trans- 
mission system,  to  the  Imperial  Valley,  a 
distance  of  154  miles.  TJie  company  will 
transmit  at  55,000  volts,  3-phase.  60  cycle,  and 
the  total  capacity  of  the  line  will  be 
appro.ximately  4,000  KW.  The  line  w-ill  be  of 
cedar  poles  and  aluminum  conductor,  the  spac- 
ing to  be  6  ft.  triangle.  There  w'ill  be  three 
substations  on  the  way,  including  the  terminal 
substation  at  El  Centro.  At  this  place  will  be 
installed  a  2,000  KVA.  synchronous  condenser 
for  controlling  the  voltage  and  power  factor 
of  the  line. 

The  line  will  be  used  to  furnish  power  i^ 
the  Holton  Power  Co.,  and  the  Coachella 
Valley  Ice  &  Electric  Co.  for  general  lighting 
and  industrial  purposes,  including  the  oper- 
■ition  of  ice  plants,  cotton  gins,  oil  mills,  etc.. 


El  1500. 


Fig.   7.     Details   of   Flashboard    Design.   Tal- 
lulah    Falls     Development. 

with  a  probability  of  a  large  consumption   "f 
power    for   irrigating   and    pumping  purposi  ~ 
.Ml  of  the  stations  will  be  of  the  outdoor  tyiy 
nothing  being   covered    excepting   the   swit  i 
board  and  synchronous  condenser  set.     C    ' 
Poole,   Riverside.   Cal.,   is   chief   engineer. 
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itructural  Features  of  an  Interesting 

Small  Hydro-Electric  Power  Plant 

on   the   Sandusky   River   at 

Ballville,  Ohio. 

ontrlbuted  by  J.iines  C.   Mills,   Saginaw,   Mich. 

The  power  devclupmcnt  shown  by  the  ac- 
jmpanying  plans  and  described  in  the  article 
hich    follows    is    chiefly    interesting    because 

is  of  a  size  and  character  which  fit  many 
pportunties  for  water  power  development 
tid  because  it  teaches  the  necessity  in  devel- 
pins  even  small  water  power  structures  of 
iking  full  account  of  flood  dangers.  The 
andiisky  River  was  one  of  the  rivers  of  Ohio 
hich  caused  disaster  in  the  spring  floods  of 


the  electrical  energy  was  being  developed,  and 
practically  all  the  "day  load"  was  disposed 
of  to  60  manufacturing  concerns  in  Fremont. 
Afterward  the  entire  power  was  contracted 
for  by  the  Lake  Shore  Electric,  a  traction  line 
operating  between  Cleveland,  Sandusky.  Nor- 
walk  and  Toledo. 

The  power  development  as  first  planned 
comprised  a  dam  and  head  gates,  a  steel  pen- 
stock, a  regulating  reservoir  and  power  house. 
The  work  as  finally  completed  consisted  of 
the  same  units,  but  there  were  material  modi- 
fications of  the  impounding  unit  due  to  par- 
tial destruction  of  the  original  structure  by 
the  floods  of  1913.  The  finally  completed 
plant  is  shown  in  general  plan  by  Fig.  1;  this 
plan  helps  to  explain  the  original  works  which 
w'ill   now   be   briefly   described: 


line,  to  convey  the  impounded  water  to  the 
power  house.  This  penstock  was  3,000  ft. 
long,  14  ft.  in  diameter,  and  was  made  of 
%-in.  steel  plates  riveted  together  and  pro- 
vided with  an  angle  stiflFener  ring  at  each 
joint.  The  pipe  w^as  supported  throughout 
its  entire  length  on  cement-concrete  piers, 
placed  6  ft.  between  centers,  and  laid  true  to 
grade  with  the  top  not  less  than  24  ins.  above 
ground.  Five  expansion  joints  were  put  into 
the  line  to  take  care  of  temperature  stress; 
and  three  man  holes  and  two  washout  valves 
were   placed  at  proper  locations. 

The  lower  section  of  the  pipe  line  termi- 
nated in  a  concrete  reservoir  having  a  ca- 
pacity of  about  1,000,000  gals,  and  adjoining 
the  power  house  on  the  north.  The  walls  of 
the  reservoir  were  39  ft.  high  and  were  heav- 


Fig.  1.     General  Plan  of  Hydro-Electric  Power  Plant    at    Ballville,   Ohis. 


U3.  The  river  has  its  source  in  Northern 
hio  and  flows  for  about  115  miles  through 
ricli  agricultural  country,  emptying  into  San- 
nsky  Bay.  It  drains  approximately  1,581 
juare  miles  above  the  power  development  at 
remont,  O.,  an  area  containing  only  a  few 
nail  lakes,  consequently  the  precipitation  and 
:sulting  run-off  collects  more  or  less  rapidly 
1  the  tributaries.  Much  of  the  land  is  of  a 
ch  loamy  quality  underlaid  with  lime-rock 
nd  shale.  As  a  result  of  these  conditions, 
f  good  farm  drainage,  and  of  the  general 
at  character  of  the  entire  water-shed,  much 
f  the  annual  rainfall  of  about  35  ins.  finds 
s  way  to  the  main  stream. 
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Ig.   2.      Section    of     Dam,     Ballville     Hydro- 
Electric    Plant. 

Tlic  work  of  developing  this  water  power 
as  begun  early  in  1909,  when  the  Fremont 
T'—.or  &  Light  Co.  was  incorporated  with  a 
il  of  $l,000,0in».  In  the  preliminary  stage 
;i  study  and  investigation  was  given  to 
evations,  dimensions,  volume  of  discharge 
nder  variable  conditions,  and  floods,  and 
)nsidcrable  outlay  was  incurred  in  securing 
le  power  and  water  rights.  About  115  acres 
f  river  land  with  the  flowage  rights  were 
jrchascd,  including  the  sites  of  three  mills 
id  two  tanneries.  One  of  these  known  as 
le  "Old  Stone  Mill,"  h.nd  ground  away  for 
ore  than  50  years,  taking  its  power  from 
le  old  mill  race.    Meanwhile  the  market  for 


ORIGIN.AL    PL.\NT. 

As  originally  planned  and  as  constructed 
the  dam  was  285  ft.  long,  extending  from  the 
south  bank  to  a  point  which  is  now  about  the 
middle  of  the  river.  From  this  point  an  earth 
backed  concrete  wall  or  dike  extended  up- 
stream at  an  angle  of  about  45°,  and  met  the 
north  bank  in  a  high  hill.  From  the  south 
end  the  spillway  extended  226  ft.  and  termi- 
nated at  the  head  works  A,  which  were  59 
ft.  long  over  all.  The  dam  had  a  base  37  ft. 
wide,  up  and  down  stream,  and  was  embedded 
in  solid  rock  5  ft.  below  the  bed  of  the  river. 
The   top   of  the  spillway   was   25   ft.   and   the 
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ily  buttressed  on  the  outside  to  withstand 
great  pressure  from  within.  On  the  south 
side  of  the  reservoir  and  built  into  its  walls 
were  four  wheel  pits,  within  three  of  which 
w^ere  installed  turbines  of  2,000  HP.  each, 
and  within  the  fourth  a  small  turbine  of  200 
H.  P.  The  dividing  wall  between  the  reser- 
voir and  wheel  pits  was  pierced  with  suit- 
able openings  into  each  pit,  and  provided  with 
steel  gates  which  were  operated  from  the 
top  of  the  wall  by  mechanism  geare"d  to  one 
man  power.  In  the  bottom 'of  the  pits  were 
discharge  openings  with  traps  for  the  piir- 
pose  of  cleanine  and  washing  out.     The   dis- 
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Fig.   3.     Head    Works    with    Penstock    Connection,    Ballville    Hydro-Electric    Plant. 


top  of  the  head  works  35  ft  above  the  bed. 
The  wasteways  B  were  provided  with  three 
flood  gates  of  white  oak  construction  with 
ballbearing  stands  and  hoists,  nnd  the  fore- 
bay  with  a  head  gate  17  ft.  square  made 
of  steel  and  equipped  with  the  necessary 
apparatus  for  hoisting  and  lowering  it  with 
one-man  power.  Trash  racks  made  of  %x2'/6- 
in.  flat  steel  bars  were  placed  in  front  of  the 
forcbay  and  supported  by  steel  I-beams. 
.\round  the  entire  top  of  the  head  works  a 
2-in.  gas  pipe  railing  was  erected  for  the  pro- 
tection of  the  operator. 

Into  the  head  works  on  the  downstream  side 
was  built  the  upper  end  of  the  pressure  pipe 


charge  ends  of  the  wheel  pits  formed  the 
wall  of  the  power  house,  which  was  very 
heavy    and    thoroughly    waterproofed. 

The  work  of  repairing  the  damage  and 
strengthening  the  pipe  line  by  inserting  strong 
radial  bars  was  well  under  way,  when  late 
in  March,  1913,  the  great  floods  which  devas- 
tated Ohio  spent  a  part  of  their  force  on  the 
Sandusky  River.  The  concrete  wall  (before 
referred  to)  which  connected  tlie  head  works 
of  the  dam  with  the  north  bank  consisted  of 
an  earth  fill  with  a  protection  wall  on  the 
water  side.  This  concrete  wall  was  intended, 
and  was  designed  and  constructed  only  as  a 
protection  to  the  earth  fill  in  the  rear.    When 
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the  flood  reached  the  dam  the  spillway,  flood 
gates,  and  open  forebay  were  insufficient  to 
pass  the  torrent,  and  the  water  gradually  rose 
until  it  overflowed  the  concrete  protection 
wall.  The  earth  filling  behind  it  was  soon 
washed  away,  and  the  thin  facing  wall  stood 
alone  to  hold  back  a  torrent  which  flowed  \M 
ft.   over  its  crest,  and   13   ft.  over  the  spill- 
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Fig.    4.     Section    of    Bank    Protection    Wall, 
Baltvllle   Hydro-Electric   Plant. 

way.  It  was  not  constructed  to  withstand 
such  pressure  and  on  March  25  collapsed,  at 
a  time  when  the  total  discharge  of  the  river, 
it  is  estimated,  was  4.3.000  cu.  ft.  per  second. 
Of  this  volume  about  4,500  cu.  ft.  were  flow- 
ing  over   the    facing   wall. 

When  the  retaining  wall  failed  the  released 
wall  of  water  tore  the  reconstructed  portion 
of  the  pipe  line  from  its  foundation  piers, 
and  carried  it  down  the  river.  At  the  covered 
wagon  bridge  a  quarter  of  a  mile  below  a 
section  was  carried  against  a  masonry  pier 
with  such  force  as  to  be  wound  completely 
around  it.  The  flood  damage  to  the  power 
project  was  considerable,  and  resulted  in 
numerous  changes  in  the  original  construction 
plans. 

RECONSIRLCTED    PLANT. 

Figure  1  shows  the  reconstructed  works 
plan  ;  the  changes  made  were  confined  wholly 
to  the  dam  structures  and  the  upper  end  of 
the  steel  pipe  line.  The  earth  embankment 
with  concrete  facing  wall  was  abandoned  and 
the  dam  proper  was  extended  ITiO  ft.  north 
and  into  the  new  bank.  Referring  to  Fig.  1 
the  original  dam  structure  ended  at  the  head 
works  structure  A. 

Immediately  adjoining  the  old  head  works 
a  new  wasteway  C,  32  ft  long  and  with  the 
same  elevation  as  the  other,  was  built  pro- 
viding for  three  additional  gates  6.x9  ft.  The 
old  head  works  were  converted  into  a  waste- 
way,  and  the  old  14-ft.  opening  intended  for 
the  pipe  connection  was  transformed  into  a 
gate  having  a  capacity  of  three  6x9-ft.  gates. 
The  total  wasteway  capacity  of  the  entire 
work  was  thus  increased  to  nine  6x9-ft.  gates, 
and  the  total  area  from  the  162  sq.  ft.  of  the 
original  plans  to  486  sq.  ft.  From  the  new 
wasteway  another  spillway,  103  ft.  long,  hav- 
ing a  crest  25  ft.  above  the  bed  of  the  river, 
was    constructed    toward    the    north.     .\t    the 


north  end  a  new  head  works  D  containing 
the  forebay  for  the  power  connection  was 
built.  It  is  25  ft.  long  and  37  ft.  high  above 
the  river  bed.  .W\  the  new  work,  like  the 
original,  was  embedded  in  the  solid  rock  5 
ft.  below  the  bed  of  the  river.  The  new  dam  is 
thus  445  ft.  long,  329  ft.  of  which  is  spillway, 
91  ft.  wasteway  for  flood  gates,  and  25  ft. 
the  new  head  works. 

The  spillway  sections  of  both  original  and 
new  dam  were  alike  and  are  shown  by  Fig. 
2.  The  body  concrete  was  a  1 :2V2  :5  mixture 
faced  on  the  curb  and  downstream  face  with 
a  2-in.  layer  of  1  ;2  mixture  troweled  to  a 
sidewalk  finish.  Figure  3  shows  the  new 
head  wroks  D;  the  concrete  was  of  the  same 
mixture  as  that  used  in  the  spillway  and  is 
also  reinforced  as  indicated  by  the  drawing. 

Commencing  at  the  north  end  of  the  IGU- 
ft.  extension  a  retaining  wall  was  constructed 
westerly  and  at  right  angles  with  the  main 
work.  This  wall  was  designed  as  a  reinforced 
gravity  section  having  an  addition  to  the 
weight  of  the  material  in  the  wall  itself,  1%-in. 
round  steel  bars  anchored  36  ins.  into  the  bed 
rock  and  extending  up  through  the  wall  to 
resist  and  overcome  the  water  pressure  from 
the  river  side.  The  steel  bars  were  placed 
every  18  ins.  of  wall  and  1  ft.  from  the 
vertical  or  water  face.  Steel  bars  were  also 
placed  longitudinally  in  the  wall  to  take  ten- 
sion and  temperature  stresses.  The  section  of 
the  wall  is  2  ft.  on  top  and  10  ft.  on  the  bot- 
tom for  a  height  of  20  ft.,  with  an  increasing 
width  on  the  bottom  of  1  ft.  horizontal  to 
every  2%  ft.  vertical.  The  footing  for  the 
wall  is  2  ft.  deep  and  3  2/10  ft.  wider  than  the 
base  of  the  wall,  there  being  a  2-ft.  heel  on 
the  water  side.  Figure  4  is  a  typical  section, 
and  in  connection  it  is  interesting  to  note  the 
section  of  the  original  wall  backed  with  earth 
which  failed  in  the  flood  of  1913.  This  wall 
section  is  given  by  Fig.  5. 

The  factor  of  safety  against  overturning 
of  the  new  wall  is  calculated  at  2,  which  is 
about  equal  to  that  of  a  gravity  wall  without 
reinforcement,  2  ft.  on  top,  12  ft.  wide  on  the 
base  and  20  ft.  high,  in  which  the  resultant 
pressure  would  fall  just  at  the  outer  edge  of 
the  middle  third  of  the  base.  Without  the 
reinforcement  the  new  wall  would  have  a 
safety  factor  against  overturning  of  1.42.  Its 
stability,  however,  depends  very  largely  upon 
the  adhesion  of  the  concrete  to  the  1%-in. 
steel  bars  and  upon  the  anchorage  obtained 
into  the  bed  rock. 

The  regulating  reservoir  construction  of  the 
new  plant  is  unchanged  from  that  of  the 
original  plant  and  is  shown  by  the  drawings 
of  Figs.  6  and  7.  The  reservoir  is  rectangular 
in  plan  with  the  penstock  entering  at  one 
end  and  the  power  house  abutting  on  one  side 
as  indicated  by  both   Fig.   1   and  Fig.  6.     Fig- 


governors  to  regulate  the  speed  of  the  tur- 
bines, and  with  the  switchboards,  transformer, 
and  other  apparatus  make  a  complete  installa- 
tion. The  power  hnuse  is  of  concrete  and 
brick  construction  placed  at  an  elevation  above 
flood  waters. 

Transmission    lines    comprising    about    two 
miles  3-phase  distribution  connect  the  power 
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house  with  the  main  load  cables  of  the  trac- 
tion line  in  Fremont.  The  wires  are  sus- 
pended on  steel  towers  of  approved  design, 
and  constructed  in  accordance  with  the  state 
laws  which  refer  principally  to  insulation.  The 
size  of  the  wire  is  calculated  to  conform  with 
the  distance  and  loads,  and  is  such  that  the 
loss  does  not  exceed  5  per  cent.  A  pole  line 
connects  the  power  house  with  the  dam,  which 
carries    one    set    of    lighting    and    one    set   of 
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Fig.    6.     Plan    of    Regulating    Reservoir,   Ballville     Hydro-Electric     Plant. 


ure  7  .shows  the  wall  sections  and  reinforce- 
ment. The  floor  reinforcement  is  %-in.  rotjs 
forming  a  grate  of  24-in.  mesh.  The  reservoir 
is  connected  by  gates  with  three  turbine  cham- 
bers and  the  main  shafts  of  the  turbines  pass 
through  the  solid  wall  of  the  powei;  house, 
and  are  coupled  direct  to  the  alternating  cur- 
rent   generators.      These    are    equipped    with 


telephone  wires.  The  head  works  are  brilliant- 
ly lighted,  an  arc  lamp  aiding  the  men  in 
cleaning  the  trash  racks:  a  telephone  booth 
on  the  top  affords  constant  communication 
with   the  power  house. 

The  engineers  for  the  development  plant 
were  W.  H.  -Schott  Co.,  Chicago,  III.  Tb.- 
contractors   for   the  steel   penstock   were   the 
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kiter-Conley  Manufacturincr  Co.,  Pittsburgh, 
Pa. ;  the  contractors  for  the  electrical  equip- 
ment were  the  Westinghouse  Electric  &  Man- 
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Large    Engineering    Project    in    India. — 

Work    is    under    way    on   the   construction   of 
the  dam  across  the  Musi  river,  near  Hydcra- 
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Detail  of  Rernforcement  in  Pilaster 


Fig.  7.  Wall  Details  for  Regulating  Reservoir  Rallvllle   Hydro-Electric  Plant. 


iifacturing  Co.,  Pittsburgh,  and  the  contract- 
ors for  the  water-wheels  were  the  James 
Leffel  Co.,  Springfield,  O. 


bad  in  southern  India,  with  the  object  of  pre- 
venting the  disastrous  floods  to  which  that 
vicinity  is  subject  and  of  providing  a  supply 


of  pure  drinking  water  to  the  two  cities  of 
Hyderabad  and  Secunderabad.  This  dam  will 
be  120  ft.  high  and  will  a.^ord  facilities  for 
disposal  of  flood  waters  so  that  they  will  not 
come  through  the  city  of  Hyderabad.  The 
drainage  area  intercepted  will  be  2o0  sq.  miles, 
and  about  6,500,000,000  cu.  ft.  of  water  will  be 
stored  for  irrigation  and  municipal  purposes. 
There  will  also  be  an  average  area  of  about 
335,000,000  sq.  ft.  to  a  depth  of  9  ft.  for  mod- 
erating the  floods.  It  is  proposed  eventually 
to  construct  two  storage  reservoirs  for  storing 
the  excess  discharge  in  a  flood,  one  on  each 
branch  of  the  river,  6'/^  and  8%  miles,  respec- 
tively, above  the  city.  The  capacity  of  the  Easi 
reservoir  for  storing  flood  water  will  be  8,379,- 
000,000  cu.  ft.,  and  that  of  the  Musi  reservoir 
5,360,000,000  CH.  ft.  This  equivalei.t  to  a  run- 
off of  nearly  6.9  ins.  from  862  sq.  miles,  the 
entire  catchment  above  Hyderabad.  This  work 
is  under  the  general  charge  of  the  Public 
Works  Departments,  and  under  the  immediate 
direction  of  an  experienced  European  engi- 
neer,  Mr.   A.   T.   Mackenzie. 

No  approximate  figures  have  been  furnished 
as  to  the  probable  cost  of  this  undertaking, 
but  the  various  works  connected  with  con- 
structing a  dam  12ii  ft.  across  a  river  draining 
nearly  1,000  sq.  miles  of  the  country  and  sub- 
ject to  violent  floods,  also  constructing  con- 
duits 12  miles  long  and  a  pipe  system  for 
both  drinking  and  irrigation  purposes,  will  re- 
quire  ex-enditures   of   very   large   amounts. 


Western  road  enthusiasts  are  proposing  a 
highway  for  automobiles  connecting  the  Pa- 
cific Coast  with  Dawson  City,  Y.  T.  Automo- 
biles have  already  made  the  trip  from  Van- 
couver to  Hazelton,  in  the  northern  part  of 
British  Columbia,  and  with  difficulty  from 
Whitehorse  to  Dawson. 
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The    Consulting    Engineer    in    Water 
Works  Practice. 

Contributed  by  John  \V.  Alvord,  Consulting  En- 
gineer, Chicago. 

The  fundamental  principle  of  human  associa- 
tion is  that  unless  you  give  valuable  service 
for  ^our  time  and  your  generation;  your  gen- 
eration promptly  forgets  and  ignores  you.  If 
the  consulting  engineer  exists  at  all  it  is 
because  he  is  found  to  be  necessary  in  human 
society  as  new  constituted. 

The  popular  idea  of  a  consulting  engineer 
is  that  he  is  a  human  wizard  who  sits  in  a 
well-furnished  office  and  imparts  large  chunks 
of  specialized  knowledge,  off-hand,  and  with- 
out any  particular  preparation,  in  reply  to  anv 
question  that  can  be  asked  him  in  his  specialty, 
all  for  a  fabulous  fee,  received  in  advance  if 
his  guests  are  unknown  to  him. 

This  is  delightfully  untrue;  the  real  fact  is, 
that  a  successful  consulting  engineer  is  a  man 
who,  after  many  years  of  ordinary  and  sal- 
aried experience  in  a  given  line  of  engineer- 
ing work,  gradually  tits  himself  to  pursue  the 
broader  aspects  of  that  line  of  work;  accumu- 
lates a  large  amount  of  general  data,  a  spe- 
cialized library,  and  an  experience  with  a  large 
variety  of  conditions  in  his  chosen  field  so 
that  he  is  enabled  to  study  certain  probloins 
more  efficiently  than  most  people  engaged  in 
•he  ordinary  way  in  that  line  of  work. 

Far  from  heiiig  able  to  answer  any  kind  of 
a  question  off-hand,  the  consulting  engineer  is 
usually  noted  for  his  tendency  to  answer 
nothing  whatever  without  opportunity  for  the 
compilation  of  the  necessary  facts  and  the 
time  for  a  studious  and  judicial  interpretation 
of  their  meaning. 

The  ability  to  do  this  kind  of  work  efTcctivc- 
Iv  means  generally  many  years  of  training,  the 
close  study  of  relatively  few  subjects,  .is  well 
as  the  accumulation  of  special  data  and  in- 
dexed information  known  anving  the  initiated, 
colloq'.;ially,  as  "dope" 

.\  good  many  engineers  would  like  to  be- 
come consulting  engineers  but  do  not  have  the 


grit  and  persistence  to  follow  out  all  the  ex- 
.icting  requirements,  involving,  as  they  do,  the 
investment  of  much  personal  time  and  means 
as  well  as  the  sacrifice  of  much  social  and 
home  life.  Let  us  see  in  brief  what  some  of 
these  requirements  are: 

In  the  first  place,  the  consulting  engineer 
must  have  an  investigating  type  of  mind.  That 
is,  a  type  of  mind  that  can  accumulate  evi- 
dence, sum  up  facts,  and  procure  information 
without  coming  to  premature  decisions.  This 
is  not  the  common  type  of  mind,  and  usually 
has  to  be  cultivated.  Most  of  us  naturally 
jump  to  conclusions,  and  the  less  we  know 
about  a  subject  often  the  more  hastily  we 
conclude  on  .something  about  it. 

In  the  second  place,  the  consulting  engineer 
must  subordinate  the  desire  for  personal  gain 
to  the  pursuit  of  truth  for  its  own  sake — he 
must  be  willing  to  face  a  personal  financial 
loss  if  he  should  become  inadvertently  so  in- 
involvcd  that  it  is  necessary,  to  do  so,  rather 
than  produce  inefticient  results,  or  deliver  un- 
digested opinion.  If  he  undertakes  a  problem 
at  all,  he  will  be  expected  to  serve  his  client's 
interest  in  the  light  of  truth  and  fact  even  if 
that  involves  a  personal  contest  with  his  own 
client  and  a  financial  loss  to  himself.  In  other 
words,  no  man  who  has  not  a  high  sense  of 
honor,  a  keen  appreciation  of  principles  for 
their  own  sake,  and  a  disregard  for  emolu- 
ment, when  cniolumcnt  interferes  with  prin- 
ciples, can  hope  to  siicceeil.  or  at  least  succeed 
very  long  as  a  lonsulting  engineer. 

In  the  third  place,  a  consulting  engineer 
should  have  a  broad  experience  behind  him 
upon  which  to  base  his  work.  The  investing 
public  in.slincti\  <ly  distrusts  youth.  The  old 
saw,  "Y'  1   for  war,  old  men  for  coun- 

sel"  doi  ■  in    til   lose   il>.    iMn-r    as   an 

axiom.     .  ..•  r  ,,_,,  .n.    .!. i    ,i,j( 

the  man  iii<  his 

money  shall  rc- 

tion,  and  in  flic  long  run  ■  1  on 

good  common  sense.    It  is  .i  nt  to 

the  young  man  who,  with  hi^  dinliiiioii  and 
vigor,  would  like  to  leap  at  once  into  the  final 
fruits  of  a  long  career,  but  there  can  be  no 


better  and  sounder  foundation  laid  for  tlie 
work  of  the  consulting  engineer  than  15  or  20 
years'  experience  in  the  superintendence,  con- 
struction, and  design  of  engineering  works — 
in  subordinate  position  if  need  be — with  all  the 
experience  in  human  nature,  and  the  oppor- 
tunities for  self-improvement  that  that  length 
of  salaried  service  implies. 

In  the  fourth  place,  a  consulting  engineer 
must  of  necessity  have  some  capital  and  busi- 
ness experience  to  successfully  operate  in  his 
calling.  To  enter  the  consulting  field  with 
insufficient  means  is  not  only  to  be  daily  har- 
assed by  business  anxieties,  but  is  often  a  fatal 
handicap  to  the  engineering  judgment  in  mat- 
ters where  the  engineering  judgment  should  be 
carefully  protected  against  baneful  intliicnccs 
of  a  financial  character.  There  is  probably  no 
more  peculiar  and  sensitive  strain  upon  the 
morals  than  is  afforded  by  the  financial  temp- 
tations of  an  insidious  nature  that  confront 
the  young  and  inexperienccil  engineer  who  has 
too  early  embarked  on  an  independent  career. 
The  temptation  to  slight  his  work  when  he 
has  named  too  low  a  fee — the  temptation  to 
accept  work  from  a  client  who  clearly  wants 
to  use  him  improperly,  or  the  temptation  to 
report  favorably  on  a  doubtful  project  because 
it  may  lead  to  more  work — in  the.sc  and  a  thou- 
sand other  insidious  ways  are  embarrassments 
created  for  the  financially  helpless,  which  do 
not  ....  .11,11  .-..tii..  :,,  the  old-established  and 
wi  ner. 

'  1  considerable  amount  of 

capital  to  start  a  consulting  engineer  practice. 
The  less  wide  one's  acquaintances  and  the  less 
mature  one's  experience  the  more  capital  it 
takes  to  provide  for  the  cost  of  "Going  Value," 
that  is  !  '  'of  financing  one's  ex- 

prrieni'  v  onto  a  paying  basis  in 

ihi-  '• 

•■'  take  capital  to  start  such 
a;  I 'luircs  a  considerable  capital 

to  While  it  is  a  safe  business,  in 

th.i  .ire  almost  always  good  and  col- 

leciil.U'.  collections  arc  not  always  possible  un- 
til work  is  done.  It  is  safe  to  say  that  the 
foremost  consulting  water  works  engineers  in 
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this  country,  require  a  working  capital  always 
invested  in  their  business  of  not  less  than  $10,- 
000  to  $25,000,  and  perhaps  at  times  of  even 
more. 

In  the  fifth  place,  the  consulting  engineer 
must  expect  to  do  many  things  for  the  public 
and  for  the  advancement  of  his  profession 
without  any  direct  remuneration,  not  that  he 
should  do  work  that  can  and  ought  properly  to 
be  paid  for,  but  many  times  it  is  desirable  for 
him  to  make  original  investigations  costing 
sometimes  many  thousands  of  dollars,  the  re- 
sults of  which  it  is  wise  for  him  to  give  to  the 
public  and  to  his  professional  brethren.  In 
the  matter  of  information  the  biblical  injunc- 
tion "freely  we  have  received  freely  give"  is 
as  good  an  axiom  in  engineering  as  it  is  ap- 
plied to  the  religious  life.  No  successful  con- 
sulting engineer  ever  made  his  mark  by  hoard- 
ing expensive  information.  Very  few  consult- 
ing engineers  have  patented  their  ideas  ex- 
tensively and  remained  consulting  engineers. 
The  professional  world  e.xpccts  and  demands 
of  the  consulting  engineer  that  he  be  gen- 
erous with  his  surplus  time  and  means,  and 
they  accord  honor  and  reputation  only  to  those 
who  live  up  to  their  opportunities  in  this  re- 
gard. 

In  the  sixth  place,  the  consulting  engineer 
must  have  the  acquaintance  and  the  long  per- 
sonal confidence  of  men  of  affairs  who  have 
need  for  his  services  from  time  to  time.  This 
is  really  his  first  and  fundamental  requirement 
but  it  is  necessarily  the  result  of  all  that  has 
been  heretofore  outlined. 

The  work  of  the  consulting  engineer  is  based 
primarily  on  the  personal  conviction  of  his 
acquaintances  after  many  years  of  observa- 
tion that  he  can  be  of  real  use  to  them  in 
difficult  problems.  After  years  of  established 
reputation,  others  may  come  to  him  on  the 
basis  of  his  reputation  alone,  but  in  the  start 
he  must  depend  on  this  element  of  personal 
confidence.  The  best  advertisement  a  consult- 
ing engineer  can  have  is  a  satisfied  client. 

In  municipal  work  and  municipal  water 
works  work  particularly,  the  consulting  en- 
gineer labors  under  the  handicap  that  rotation 
in  municipal  office  often  deprives  him  of  in- 
fluential friends  whose  confidence  he  has  es- 
tablished by  his  work  for  their  city  in  the  past. 

The  consulting  engineer  is  peculiarly  de- 
pendent for  his  reputation  on  the  fellow  mem- 
ijers  of  his  own  profession  Nobody  knows 
so  well  how  efficient  or  deficient  an  engineer 
is  in  any  given  line,  as  do  his  professional 
brethren.  If  you  want  to  be  sure  to  get  a 
good  doctor,  inquire  about  the  one  you  have 
in  mind  among  other  doctors  in  his  vicinity 
and  you  will  generally  get  a  line  on  him.  So 
it  is  with  engineers,  to  select  the  right  en- 
gineer for  a  particular  problem  the  searcher 
for  talent  can  do  no  better  than  to  advise 
with  other  engineers  in  kindred  lines.  No- 
body knows  engineers  like  engineers,  and  an 
engineer  who  stands  well  with  the  rest  of  the 
engineering  profession,  and  is  recommended 
by  them,  may  usually  be  safely  employed. 

So  far  we  have  spoken  about  engineers  as 
a  class.  The  water  supplies  of  our  several 
thousand  cities  in  this  country  in  connection 
with  their  sanitary  and  other  municipal  prob- 
lems, afford,  perhaps,  the  largest  field  for  con- 
sulting engineering  that  obtains  among  engin- 
eering specialists.  This  is  because  water  sup- 
ply and  sanitary  problems  are  sporadic.  In 
railroad  work,  railroad  operative  problems  are 
constantly  arising  and  are  generally  local  to 
the  road,  consequently  railroads  have  to  con- 
tinuously employ  engineers  expert  in  their 
work.  As  a  result  there  are  few  independently 
practicing  consulting  railroad  engineers  avail- 
able. In  bridge  and  structural  work,  there 
are  a  larger  number  available  but  it  fs  safe  to 
say  that  at  least  half  of  the  consulting  engineers 
in  this  country  are  occupied  almost  solely  with 
municipal  problems,  which  are  many  and 
varied. 

The  consulting  engineer  in  water  works 
practice  has  the  opportunity  to  maT<e  himself 
useful  in  special  ways  that  perhaps  should  be 
noticed  in  some  detail. 

In  the  first  place,  he  is,  or  should  be,  fa- 
miliar with  all  of  the  more  important  water 
supplies  of  the  country,  so  as  to  understand  in 


a  general  way  their  peculiar  working  condi- 
tions and  special  characteristics.  In  addition 
to  a  general  familiarity  with  such  plants,  he 
should  have  a  detailed  knowledge  of  a  large 
number  of  plants  with  which  he  has  personally 
been  identified  and  from  which  he  has  drawn 
his  experience.  It  is  quite  as  important  that 
he  have  a  good  working  knowledge  of  small 
plants  as  of  large  plants,  for  as  a  rule,  more 
skill  and  care  is  required  to  adapt  means  to 
an  end  in  small  water  plants  than  in  large 
ones,  besides  which,  one  must  realize  that  only 
a  good  perspective  can  be  obtained  when  one 
has  in  mind  measures  which  are  applicable  to 
all  sizes  and  varieties  of  works. 

In  the  second  place,  he  should  desirably 
have  close  and  intimate  touch  with  water 
works  men  and  interests  all  over  the  country. 
He  should  have  a  specialized  library  of  all  the 
water  works  literature,  carefully  filed  and  in- 
dexed, for  ready  reference.  He  should  also 
have  the  notes  of  his  own  past  work  so  in- 
dexed and  accessible  that  they  are  almost  in- 
stantly available.  .'Knd  if  he  be  wise  he  should 
expend  a  good  deal  of  time  and  money  in 
tabulating  data  forming  a  data  file  for  ready 
reference  on  all  of  the  more  independent  sub- 
jects that  are  likely  to  come  before  iiim. 

.•\  library  of  special  water  works  reports  by 
other  engineers,  chemists  and  experts,  sliould 
form  a  most  valuable  part  of  his  library,  and 
this  cannot  ordinarily  be  accumulated  without 
special  watchfulness  through  the  professional 
courtesy  of  his  fellow  practitioners,  covering  a 
considerable  period  of  time.  A  well-equipped, 
modern,  up-to-date  librarj'  in  a  water  works 
engineer's  office  represents  an  investment,  with 
its  accompanying  files,  of  from  $3,000  to 
$15,000. 

In  the  third  place,  if  he  is  to  be  of  the  great- 
est good  to  the  greatest  number  of  clients,  he 
must  have  a  well  organized  force  of  assistants, 
familiar  with  his  methods  and  ideas,  and  cap- 
able of  carrying  them  out,  ofttimes  at  a  dis- 
tance from  the  home  office.  Engineering  as- 
sistants of  the  proper  type  of  mind  needed  by 
the  consulting  engineer  must  be  trained  in  his 
own  office  by  a  well  arranged  system  of  prece- 
dence, ]»romotion,  and  personal  interest  and  in- 
struction. With  such  a  force  the  personal  in- 
fluence of  the  chief  of  the  office  can  be  spread 
out  over  a  very  large  field  without  making  the 
cost  in  any  one  investigation  unduly  expensive, 
because  in  a  well  organized  office  no  man 
should  have  to  do  what  a  less  expensive  man 
can  do  equally  well,  and  the  chief  of  the  office 
can  confine  and  limit  his  time  to  those  things 
only  which  are  required  for  direction  and  gen- 
eral supervision  to  the  financial  advantage  of 
his  client. 

In  the  fourth  place,  the  water  works  engin- 
eer must  continue  to  be  a  close  student  of  the 
art  all  of  his  professional  life.  So  soon  as  he 
begins  to  relax  his  attention  in  this  direction, 
so  soon  does  he  begin  to  drop  back  and  be 
in  danger  of  being  superseded.  No  matter 
how  busy  he  may  be,  or  with  what  great  re- 
sponsibilities he  may  be  charged,  he  cannot 
afford  for  one  instant  to  relax  his  study  time. 
New  methods  must  be  investigated  where  they 
have  promise.  Water  works  literature  should 
all  pass  under  his  eye,  at  least  to  the  extent 
that  he  catches  the  meaning  and  purport  of 
every  important  water  works  article,  paper,  or 
book  that  is  presented  during  the  current  year. 
The  water  works  conventions  in  which  he  is 
interested  must  be  attended,  and  he  must  see 
to  it  that  he  is  constantly  rubbing  up  against 
men  and  minds  and  keeping  up  with  the  cur- 
rent of  thought  in  his  special  line  of  work. 
The  exacting  requirements  of  this  kind  of 
study,  in  connection  with  the  business  of  op- 
erating an  office,  pursuing  special  problems, 
and  at  times  shouldering  the  responsibilities  of 
construction,  is  a  severe  requirement,  and  with 
most  men  compels  much  evening  work,  es- 
pecially in  early  life.  The  social  sacrifices 
which  most  of  the  prominent  water  works  en- 
gineers of  this  country  have  undergone  would 
surprise  many  a  young  man  who  saw  only  the 
emoluments  and  the  rewards  involved. 

In  the  fifth  place,  the  water  works  engineer 
in  consulting  practice  should  have  breadth  of 
view  outside  and  beyond  the  strict  limit  of 
his  own   profession.     His  mor*   "«oecial   field 


is,  however,  a  broad  one  and  may  be  outlined 
as  follows : 

In  water  source  inquiries  he  must  be  in- 
formed in  meterology,  hydrography,  and  stor- 
age problems  as  well  as  all  of  the  Specialized 
work  done  in  the  underground  waters.  In 
questions  of  quality,  he  must  have  a  general 
working  knowledge  of  chemistry  and  bacter- 
iology so  as  to  make  correct  interpretations, 
weigh  relative  advantages  and  disadvantages 
of  different  waters,  test  those  in  use,  guard 
the  community  against  disease  and  epidemic 
and  decide  on  questions  of  filtration.  In  me- 
chanics, he  must  be  well  acquainted  with  all 
of  the  various  machines,  appliances,  and  fuels, 
and  deal  with  questions  of  combustion,  station 
economy  and  transmission  problems,  all  of 
which  go  to  rile  successful  solution  of  hydrau- 
lic power  equipment  and  economics.  In  hy- 
draulics, he  must,  of  course,  have  a  wide 
knowledge  of  the  various  properties  of  water 
and  its  control.  In  law,  he  must  be  proficient 
with  the  details  of  municipal  methods  and 
checks,  and  the  relations  expressed  in  con- 
tracts. .'X.s  an  administrator,  he  must  know 
how  tacti  fully  to  manage  men,  talk  to  Boards, 
Councils,  Committees,  deal  with  contractors, 
and  superintendents.  In  economics,  he  must 
know  how  to  reason  about  finance,  under- 
stand the  conservation  of  capital,  relation  of 
time  to  cost,  and  the  specific  economic  ques- 
tions that  always  accompany  matters  of  pub- 
lic policy.  In  matters  of  public  health,  he 
must  be  fully  acquainted  with  the  theories  of 
disease,  the  etiology  of  epidemics,  and  the  laws 
and  methods  of  controlling  the  sanitary  sur- 
roundings of  the  modern  community.  Now  all 
of  this  means  that  to  the  owners  of  the  water' 
supplies  of  this  country  there  is  available  on 
comparatively  short  notice  in  a  considerable 
number  all  of  the  means  and  requirements  of 
an  organized  force,  for  the  rapid  study  and 
solution  of  the  many  difficult  problems  that 
occur  in  the  art  of  municipal  water  supply. 

Probably    the    greatest    advantage    that    oc- 
curs  to    the   local    water   supply    management 
from  the  engagement  of  the  consulting  engin-     | 
eer,  lies  in  the  fact  that  to  the  solution  of  local 
problems  can  be  brought  a  very  wide   range 
of  comparative   study   with   the   possibility   of 
improved    methods    and   the   application   of    a     | 
variety  of  means.     This  comes   only  through     ' 
a  wide  acquaintance  with  the  successful  ways 
in   which   difficulties  are   overcome  elsewhere 
The  more  water  works  officials  and  managers 
mingle  in  the  water  works  conventions  or  visit     I 
varied  plants  in  the  different  parts  of  the  coun- 
try,  the   more  they   realize   the  value  of   this 
broader  aspect  of  their  problems,  anji  appre- 
ciate the  work  that  the  consulting  engineer  can 
do  for  them. 

A  second  valuable  office  which  the  consult- 
ing water  works  engineer  can  perform  for  the 
local  water  works  is  to  bring  to  its  investiga- 
tion a  mind  fresh,  unbiased,  and  free  from 
any  previous  local  tradition  or  precedent;  not 
that  local  knowledge  is  not  important  and  val- 
uable and  must  always  be  carefully  considered, 
but  ofttimes  a  review  of  many  possible  ( 
methods  are  necessary,  and  such  a  review 
often  throws  certain  methods  into  strong  re- 
lief that  might  otherwise  be  passed  by.  Nl' 
one  knows  better  than  the  consulting  engineer 
himself  that  logical  research  among  facts,  ' 
with  a  correct  and  unbiased  summation,  may 
often  reverse  a  pre-conceived  opinion  held  at 
the  beginning  of  the  investigation. 

A  third  valuable  aid  which  the  consulting 
engineer  can  give  to  the  local  water  works 
management  is  to  give  perspective  to  the  prob- 
lem in  hand  by  shaping  up  all  the  alternatives, 
so  that  after  a  series  of  projects  are  com- 
plete on  comparative  basis  the  management  can 
see  as  clearly  as  the  consulting  engineer  wb\ 
a  certain  course  of  improvement  is  desirabl. 
and  necessary.  Indeed,  it  should  be  the  spe- 
cial art  in  all  engineering  reports  to  so  ar- 
range the  data  and  contrast  the  opposing 
courses  of  action  in  a  series  of  estimated  pro- 
jects that  the  desired  decision  shapes  itself 
almost  unconsciously  from  the  facts  contained  - 
in  the  report.  It  is  often  well  in  comparative 
work  of  this  kind  to  include  projects  that  are 
not  favored  for  the  sake  of  fairness  and  to 
throw  into  stronger  relief  a  desirable  selection. 
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The  consulting  engineer  therefore,  is  not  a 
dictator  or  an  autocrat.  He  is  not  a  wizard 
or  a  prophet.  He  is  simply  an  intelligent 
human  being  who  has  learned  how  to  lay  hold 
of  a  special  problem  in  a  patient  and  orderly 
wav  with  the  means  that  are  open  to  any  one, 
and  finally  dissolve  the  mists  that  hang  about 
the  difficulty  so  that  the  layman  can  under- 
stand the  matter  as  fully  as  the  engineer.  All 
this  is  accomplished  by  taking  one  step  at  a 
time,  with  a  reason  for  every  step. 

Only  the  more  intelligent  of  the  water  works 
community  utilize  such  services.  In  a  large 
majority  of  water  works  plants  the  consulting 
engineer  is  unknown,  or,  if  known,  he  is  called 
only  rarely  to  remedy  blunders,  or  a  succession 
of  blunders,  caused  by  overconfidence.  Par- 
ticrlarly  is  this  true  in  municipal  work.  The 
rapid  rotation  in  office  of  the  American  munici- 
pal official  causes  him  to  imagine  that  he  must 
decide  all  matters  ofT-hand  as  best  he  can,  and 
the  idea  that  many  municipal  problems  are 
matters  for  careful  and  specialized  study  does 
not  ordinarily  appeal  to  him. 

Only  as  we  advance  in  civilization  and  bet- 
ter government  will  we  realize  that  a  thought 
must  preceed  an  act,  and  the  more  important 
the  act  the  more  necessary  it  is  to  have  care- 
ful preliminary  thought. 

Strictly  speaking,  the  consulting  engineer  is 
one  who  gives  his  time  wholly  to  advance  and 
specialized  study.  As  a  practical  matter,  how- 
ever, most  consulting  engineers  undertake 
more  or  less  construction.  This  is.  in  the 
main,  desirable  as  it  keeps  them  in  touch  with 
the  practical  side  of  their  profession  and  pre- 
vents their  becoming  mere  theorists. 

Some  consulting  engineers  in  water  works 
work  limit  themselves  annually  to  a  few  large 
undertakings  in  construction,  while  others  will 
undertake  a  limited  amount  of  all  kinds  of 
construction,  both  large  and  small.  The  lat- 
ter, of  course,  develop  a  larger  working  or- 
ganization than  the  former,  and  while  a  great- 
er variety  of  practical  experience  results,  prob- 
ably such  engineers  have  less  time  for  -the 
studious  side  of  their  profession.  Nearly  every 
consulting  water  works  engineer  has  some 
specialty  to  which  he  has  given  more  than  or- 
dinary thought  and  attention. 

The  fees  which  water  works  engineers  re- 
ceive cause  them  to  be  regarded  ordinarily 
with  some  envy  by  their  salaried  brethren,  but 
there  is  also  another  side  of  the  picture.  The 
better  class  of  well  known  consulting  engineers 
ask  $100  per  day  for  their  time,  $-50  per  day 
is  common,  and  from  $20i»  to  $2.50  is  not  un- 
usual, but  such  men  do  not  expect  to  do  any 
work  that  can  be  just  as  well  done  by  a  com- 
petent assistant,  so  that  the  amount  of  time 
which  they  ordinai'ily  charge  to  a  problem  is 
quite  limited.  Nor  can  they  expect  to  main- 
tain that  rate  constantly  no  matter  how  busy 
they  may  be.  The  business  of  their  office, 
their  correspondence,  time  taken  for  special 
studies,  attendance  at  conventions,  and  com- 
mittee work,  make  large  inroads  on  their  an- 
nual schedule,  and  it  is  safe  to  say  that  the 
water  works  consulting  engineers  arc  one  of 
the  most  approachable  classes  of  men  there 
arc.  They  do  not  expect  to  earn  money  all 
the  time.  The  expenses,  of  a  consulting  en- 
gineer are  usually  quite  large.  He  must  be  a 
member  of  many  technical  societies  and  attend 
their  conventions.  Often  he  is  calird  upon  to 
do  elaborate  and  extensive  commitn'c  work  in 
this  connection.  In  many  ways  he  finds  it  de- 
sirable to  make  much  independent  research.  It 
is  safe  to  say  thai  a  consulting  water  works 
'  engineer  who  has  offered  him  all  the  work  he 
can  attend  to.,  will  be  unable  to  properly  charge 
up  more  than  two-thirds  of  the  calendar  work- 
I  ing  days  in  the  year  and  will  often  otherwise 
expend  from  one-sixth  to  one-third  more  of 
I  his  time  for  the  benefit  of  his  clients,  his  pro- 
fession,  and   his   office  efficiency. 

The  work  of   the  consullinj?  engineer  calls 

for  a  great  deal  of  arduous  travil     from  20.00ft 

to  60,000  miles  a  year   for  the  btisy   m.<n      It 

I    takes    a   robust   constitution    !•    stand    all    the 

changes  in  climate,  winter  and  stnnnicr.  with 

I    all  the  varied  diet  and  hotel  lite  that  continual 

.    travel   involves.     The  engineer  is  usually  cx- 

'    pccted  to  work  from   10  to    \<\  hours  a  day 

when  away.     Often  many  nights  a  week  must 


be  spent  on  a  sleeping  car,  and  with  anywhere 
from  100  to  2u0  days  a  year  away  from  home, 
life  is  not  always  a  joy. 

But  the  work  of  the  consulting  engineer  un- 
questionably has  its  own  peculiar  rewards,  for 
he  is  thrown  into  contact  constantly  with 
bright  minds.  He  is  constantly  confronted 
with  new  and  interesting  problems,  and  filled 
with  the  zest  of  being  needed  and  useful. 
Charged  with  great  responsibilities  for  the 
public  health  and  welfare,  his  work  is  un- 
doubtedly most  stimulating  and  inspiring. 

A  New  Portable  Power-Driven  Device 

for  the  Rapid  Opening  or  Closing 

of  Large   Gate   Valves. 

(Staff  Article.) 

The  accompanying  view  shows  a  device  re- 
cently successfully  tried  out  at  Trenton,  N.  J., 
for  the  rapid  opening  or  closing  of  large 
gate  valves  in  water  mains.  The  device  pos- 
sesses two  important  advantages,  namely,  its 
use  makes  possible  the  dispensing  with  prac- 
tically all  the  manual  labor  now  necessary  in 
the  opening  and  closing  of  large  valves,  and 
performs  its  function  with  a  rapidity  that 
would  be  impossible  under  the  old  method. 

As  shown  in  the  illustration  the  device 
consists  essentially  of  pieces  of  horizontal 
and  vertical  shafting  connected  by  a  bevel 
gear  and  provided  at  the  other  ends  with 
proper  connecting  devices  for  attachment  to 
an  automobile  wheel  and  to  the  stem  of  the 
gate  valve.  The  vertical  shafting  is  Sup- 
ported by  a  bench  set  up  over  the  top  of  the 
valve  chamber  as  shown.  Provision  for  vary- 
ing depths  to  valves   is  made  by   moving  the 


and  the  prompt  reaching  and  closing  of  the 
controlling  valve  is  highly  desirable.  Since 
nearly  all  large  water  departments  are  now 
provided  with  at  least  one  automobile  the 
device,  here  described  seems  destined  to  be 
of  great  service  in  its  proper  field.  It  is 
the  invention  of  Mr.  W.  H.  Van  Winkle_  of 
the  Water  Works  Equipment  Co.  of  New 
York  City  and  will  be  placed  on  the  market 
by  that  firm. 


Methods  Employed  in  Laying  an  8-in. 

9-Mile  Wood  Pipe  Line  for  Rail-_ 

way  Water  Supply  at  Stough- 

ton,  Canada. 

The  engineer  in  charge  of  the  water  supply 
of  the  Canadian  Pacific  Railway  Co.  selected 
Rock  Lake  as  a  source  of  supply  at  Stoughton, 
a  division  point  in  the  province  of  Saskatche- 
wan. A  pumping  plant  was  installed  at  the 
lake  and  a  wood  pipe  line  8  ins.  in  diameter 
and  9  miles  long  was  installed  to  convey  the 
water  to  Stoughton.  The  design  of  the  neces- 
sary works  and  the  construction  methods  em- 
ployed in  laying  the  pipe  line  were  described 
in  a  recent  issue  of  The  Canadian  Engineer 
substantially  as  follows: 

The  country  traversed  by  the  pipe  line  is 
clay  loam  at  the  surface,  while  near  the  lake 
quicksand  is  reached  at  a  depth  of  t)  ft.  from 
the  surface.  At  this  depth,  on  the  higher  land, 
a  mixture  of  sand  and  clay  is  found.  ' 

The  plant  at  the  lake  consists  of  a  pump- 
house  and  a  house  for  the  attendant.  .\  well 
It)  ft.  in  diameter  and  16  ft.  deep  was  sunk 
near  the  shore  of  the  lake.  The  walls  of  the 
well  are  8  ins.   thick,  of   reinforced  concrete. 


View   of    New    Portable    Power    Driven    Device    for    the    Rapid    Opening    or   Closing   of    Large 

Gate    Valves. 


vertical  shafting  up  or  down  as  required  by 
releasing  and  subseqtiently  tightening  the 
horizontal  gear  wheel  upon  this  shafting,  the 
length  of  this  shafting  being  sufficient  to  give 
the  necessary  range  of  movement.  The  hor- 
izontal shafting  telescopes  so  that  a  fixed  dis- 
tance from  the  automobile  to  the  valve  cham- 
ber is  not  necessary.  One  of  the  power 
wheels  of  the  automobile  is,  of  course,  chosen 
for  attachment  to  the  horizontal  shafting  and 
this  wheel  is  jacked  free  of  the  ground;  the 
revolution  of  the  wheel  then  opens  or  closes 
the  valve  as  desired.  The  device  can  be  ad- 
justed to  an  automobile  wheel  of  any  size. 

The  recent  demonstration  of  the  device 
at  Trrnlon  was  made  upon  a  12-in.  valve.  .M- 
thoiigh  the  ilcvicc  has  not  ■>;  i-t  l>ccii  per- 
fected the  demonstration  ii  it  it  will 
he  a  success.  The  valve  w.i  in  1  min- 
ute and  45  seconds,  and  was  then  opened  in 
about  the  same  time. 

This  aiiplianrc  will  have  its  chief  field  of 
u.spfulii'"*''  in  birge  ritics  where  there  arc 
mo  ■  and  where  quick  il"'-ing  of 

v.r  highlv  dciiralilc     Tin'  lireak- 

iuK  ' M   111 i'     II  iiiis  is  ' — '   •' 

and  freqtirntly  such  1  ' 

of  basemcni'i  where  v.il  .  . 

thereby    raiising     much     dam.ige.      Numerous 

other    property    damages    are    caused    bv    the 

breaking   of    large    mains.      Shutting   ofr    the 

water  from  a  broken  main  is  the  first  aim  of 

the    department    when    such    .iccidents    occur 


and  a  l-in.  slab,  of  the  .same  material,  covers 
the  well.  An  8-in.  cast  iron  pipe,  with  a  fall 
of  1  in  250,  conveys  water  from  a  point  00  ft. 
off-shore  to  the  well.  The  pump  draws  from 
this  wet  well  and  discbarges  into  the  wood 
pipe,  which  is  wire-wrapped,  pitch-coated  and 
tested  for  a  head  of  .'I.IO  ft.  This  pipe  line  was 
laid  at  a  depth  of  8  ft.  for  protection  from 
frost.  In  >hort  swales  and  other  places 
where  it  was  impossible  to  get  a  good  joint 
by  following  the  ground  line,  the  pipe  was  put 
down  as  far  as  |>issibli  ,ind  extra  inaterial 
was    jil        ■  tin-    backfilled    trench.      .Mr 

valves  d  on  all  summits,  there  l>eing 

nine  oi  iimim  .n  the  entire  line.  There  are 
four  gate  valves  at  approximately  uniform  dis- 
tances, but  I  •.  ii. .!  in  sags  wherever  possible. 
There  is  a!  valve  in  the  cast  iron 

pipe  on  the  -ide. 

The  contr.iti  fur  ditching,  laying  and  back- 
filling was  awarded  to  the  J.  A.  Broley  Co.,  of 
I-'crnic,  B.  C.  The  conlr.ictor  started  work  on 
the  ditch  close  to  Rock  Lake  and  worked 
toward  town      H  '       '  >'alirioses.  drawn  by 

liorsc.  were  lU'  ;iiiil  sleeping  quar- 

\ii  Austin  xravator  fitted  with 

lars    wa-  ditching.  At     the 

•  was  not   ,  •-sful.  owing  to  the 

presence  of  quicksand,  which  filled  in  before 
the  pipe  could  be  placed.  As  a  result  it  was 
decided  to  leave  all  bad  places  to  be  finished 
by  hand.  When  the  machine  reached  higher 
ground    it    made   better   progress,   although    a 
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great  ni;iny  delays  were  caused  by  the  bucket 
chains  Ijreaking  by  being  wedged  again,st 
stones,  which  were  quite  numerous  in  places. 
As  the  pipe  was  so  easily  laid  in  the  dry  places 
it  was  often  put  in  during  overtime,  the  men 
workini:  on  the  wet  spots  during  the  regular 
<lay.  When  the  machine  was  digging  in  sandy 
•soil  which  was  not  too  closely  packed  it  could 
make  t*iMi  ft.  a  day.  but  sometimes  break- 
downs to  machinery  from  the  above  unavoid- 
able causes  would  reduce  this  to  one-half  the 
amount. 

The  pipe  was  prepared  for  driving  by  filing 
the -spigot  end  so  as  to  allow  the  pipe  to  enter 
the  sleeve  easily.  This  filing  also  preventefi 
the  end  of  the  pipe  from  splintering,  and  the 
fibres  from  turing  back  and  causing  leaks. 
.•\ftcr  filling,  a  little  gear  grease  was  applied 
to  the  spigot  to  aid  in  driving:  the  sleeve  end 
of  tlic  pipe  was  also  carefully  inspected  to  see 
that  !io  lumps  of  pitch  adhered  to  the  wood, 
as  this  is  also  a  possible  source  of  leakage. 

The  longest  stretch  of  pipe  laid  in  one  day 
was  l,t)"20  ft.  The  number  of  men  actually 
engaged  in  laying  was  as  follows :  One  fore- 
man;  one  man  filing  and  greasing  spigots  of 
pipe  (part  of  time  and  tamping  part  of  time")  ; 
two  nier.  'in  surface  dropping  in  pipe,  some- 
time; having  to  carry  pipe  for  short  distances; 
and  three  men  in  the  ditch  driving  pipe  and 
removing  material  left  by  machine.  The  men 
in  the  ditch  also  attended  to  the  tamping  when 
held  up  for  pipe  or  other  reasons. 

The  pipt"  was  driven  by  a  dolly  made  of  a 
tamarac  tie  alwut  o  ft.  long  and  ironed  on 
each  end  to  prevent  brooming.  It  was  sus- 
licniled  from  a  chain  attached  to  a  plank  across 
the  ditch.  The  pipe  was  protected  by  a  plug 
of  fir  inserted  in  the  sleeve  while  driving. 

The  wet  places  were  dug  by  hand,  sheet  iiil- 
ing  being  used  to  hold  the  bank  up.  Several 
methods  were  used  by  different  foremen,  hut 
the  best  results  were  obtained  by  digging  holes 
from  8  to  12  ft.  long  according  to  the  con- 
ilitions.  leaving  a  space  of  2  or  3  ft.  between. 
This  space  was  afterwards  tunnelled  out.  By 
this  method  less  sheet  piling  was  required  and 
as  the  pipe  was  laid,  the  water  was  dammed  in 
the  tunnel  reducing  pumping  to  a  great  ex- 
tent: generally  an  ordinary  diaphragm  pump 
was  all  that  was  necessary — although  larger 
pumps  had  to  be  used  in  several  cases. 

Where  sloughs  with  water  on  the  surface 
were  encountered  the  method  of  procedure 
was  to  build  a  puddle  dam  about  C>  ft.  on  each 
side  of  the  center  line,  and  then  to  pump  out 
the  space  between,  by  gasoline  pumps.  In  one 
case  :\  0  in.  centrifugal  pump  was  necessary 
as  the  quantity  of  water  was  too  great  to  be  re- 
moved by  slower  methods,  .\fter  the  water 
was  removed  from  the  surface  the  melliod 
of   excavation   above   described   was  suitable. 

Some  difficulty  was  experienced  during  wet 
weather  on  account  of  the  pipe  being  raised 
"by  the  bouyant  force  of  the  water  which  filled 
the  trench  at  low  points.  In  some  cases  the 
pipe  dropped  to  place  on  the  removal  of  the 
water  but  where  sand  had  worked  in  under 
the  pipe  it  was  necessary  to  remove  the  pipe, 
clean  out  the  ditch  and  relay  the  pipe.  This 
trouble,  however,  would  not  have  occurred  if 
the  backfilling  had  been  done  regularly  and 
kept  close  to  the  pipe  laying,  the  work  being 
in  the  hands  of  a  sub-contractor.  A  mormon 
•-craper  was  used  for  backfilling  the  trench,  one 
team  and  two  men  being  able  to  do  TOO  ft.  of 
dry  work  or  200  to  300  ft.  of  wet  backfilling 
per  day. 


Economic   Aspects,  Methods  and   Re- 
sults of  the  Mechanical  Cleaning;  of 
Water  Mains  at  Hartford,  Conn. 

.\n  unusual  amount  of  specific  information 
on  the  economic  aspects,  methods  and  results 
of  the  mechanical  cleaning  of  water  mains. 
was  given  in  a  recent  paper  by  Air.  Caleb  M. 
Savillc.  Chief  Engineer  of  the  Board  of  Wa- 
ter Commissioners  of  Hartford.  Conn.,  be- 
fore the  New  England  Water  Works  Asso- 
ciation. The  information  here  given  relates 
to  the  cleaning  of  certain  main  supply  lines 
of  Hartford  during  1012  and  is  from  Mr.  Sa- 
villc's  paper.  Especially  interesting  and  time- 
ly comment  is  made  in  the  paper  upon  subse- 


quent corrosion  of  cleaned  mains  and  related 
subjects,  such  as  increase  in  red  water  trou- 
bles. The  data  given  are  very  favorable  to 
mechanical   cleaning.    . 

The  city  of  H'^artford,  Conn.,  is  supplied 
with  water  by  gravity  from  a  system  of  six 
reservoirs  in  West  Hartford,  distant  about 
li'/4  miles  from  Hartford  City  Hall.  Nearly 
12  miles  of  watershed  are  tributary  to  this 
.system,  the  drainage  from  all  of  which  finally 
flows  to  Reservoir  No.  1.  The  effluent  gate- 
house is  located  at  the  base  of  the  dam  of 
this  reservoir,  and  from  it  lead  the  three 
mains  which  supply  the  city,  two  20  ins.,  and 
one  .311  ins.  in  diameter.  The  first  main  laid 
was  cement-lined,  and  was  put  into  service 
in  1807.  On  account  of  frequent  breaks,  por- 
tions were  replaced  from  time  to  time  with 
cast  iron  until  now  this  is  wholly  a  cast  iron 
line.  .Although  the  older  in  point  of  original 
location,  this  main  is  actually  the  lesser  in 
age  of  the  two  20-in.  mains.  In  speaking  of 
this  main  hereafter,  it  will  be  known  as  the 
south  20-in.  main.  The  other  20-in.  main, 
known  hereafter  as  the  north  20-in., 
was  laid  in  187."j.  and  was.  therefore, 
about  37  years  old  when  cleaned.  The 
•ill-in.  main  was  laid  in  l.^Oli  and  was  1(1  years 
old  when  cleaned. 

The  average  consumption  for  the  year  1011 
was  at  a  rate  of  S.O.Jl.OOO  gals,  per  day.  The 
maximum  monthly  rate  in  1012  was  0,24-5,000 
gals,  per  day.  the  maximum  rate  at  any  period 
during  the  day  being  about  13.700,000  gals., 
while  the  minimum  flow  from  midnight  to  T) 
a.  m.  was  at  the  rate  of  4..")O0.O00  gals,  per 
<lay.  The  drop  in  pressure  at  the  City  Hall 
due  to  this  difference  in  rate  was  18  lbs.  be- 
fore cleaning,  and  the  gain  due  to  the  clean- 
ing of  one  20-in.  main  is  estimated  to  lie  from 
2  to  3  lbs.,  the  actual  loss  with  the  same  flow 
under  present  conditions  being  from  l."")  to  10 
lbs.  Eor  the  preliminary  study  simultaneous 
measurements  were  taken  in  all  three  of  the 
mains  at  tlie  time  of  avera.ge  daily  flow.  Pre- 
vious to  these  tests,  the  30-in.  Venturi  meter 
on  the  supply  line  and  the  pitometers  used 
in  the  work  were  checked  against  each  other, 
the  pitometers  being  found  to  read  about 
1..5  per  cent  in  excess  of  the  meter  read- 
ing. The  results  of  the  tests  on  the  mains 
have  been  summarized  and  are  given  in  Table 
I.  together  with  certain  comparisons  that  re- 
late to  age,  carrying  capacity  and  conditions 
of  these  supply  mains  at  present  and  when 
tested. 


rate.  .\t  an  average  annual  rate  of  increase 
of  .juii,(Mlo  gals,  per  day  in  five  years  the  addi- 
tional amount  required  would  be  11.03  m.g.d 
and  18.4  m.g.d.,  respectively,  for  average  and 
mixmum  drafts.  Therefore,  if  the  above  as- 
sumptions are  correct  and  if  the  present  sys- 
tem could  be  restored  to  its  original  capacity, 
it  should  be  good  for  five  years  more,  even 
with  a  rate  of  deterioration  twice  that  usual- 
ly  assumed. 

If  a  new  supply  pipe  was  laid  it  would  be 
at  least  30  ins.  in  diameter  and  about  33.00i> 
ft.  long.  .\t  a  minimum  price  of  $8.2.5  per 
linear  foot,  this  line  would  cost  about  $27<>,- 
000,  the  interest  on  which  at  •")  per  cent  sim- 
ple interest  would  be  $13,500  per  year,  and  at 
compound  interest  the  charge  would  be  $74,- 
.500  in   live  years. 

The  preliminary  estimate  for  cleaning  three 
miles  of  30-in.  and  si.x  miles  of  20-in.  pipe 
was  $15,300,  a  little  more  than  the  interest 
for  one  year  on  the  amount  necessary  to  lay 
a  new  36-in.  main.  If,  therefore,  the  con- 
struction of  the  30-in.  main  could  be  put  ofif 


T.^BLR  II.— DATA  ON  MECH.^NICAL,  CLEAN- 
ING OF  AVATER  MAIN.S  IN  SEV'ERAL 
CITIES. 

Sizes 
cleaned. 
City.  ins. 

Cincinnati,   0 6    to    16' 

Rochester.  N.    Y 6    to    2ut 

Newton,  Mass 24 

St.  Louis,  Mo 15  and -" 

Brootil vn,  N.  Y 16    to    3C 

Atlanta.    Ga 30 

American    Wate.'    Works    &    Guarantee 

Company  4    to    lot 

♦Third    eontr^-iot   for  work. 
tAbout  25  miles  cleaned  in  all. 
J.'iO  miles  cleaned  in  1912. 


for  five  years  without  detriment  to  the  serv- 
ice, the  saving  to  the  citv  was  estimated  to 
he   about   $60,000. 

On  account  of  the  benefit  which  would  re- 
sult to  the  city  if  it  were  possible  even  par- 
tially to  restore  the  carrying  capacity  of  the 
existing  mains  by  cleaning  them,  information 
was  sought  from  various  cities  where  the 
process  had  been  applied.  Very  courteous 
and  complete  replies  were  received,  and  there 
seemed  to  be  a  unanimity  of  opinion  that  the 
work  done  was  successful  in  operation  and 
satisfactory  in  result.  Some  of  the  cities 
from  which  replies  were  received,  with  data 
on  the  work  done,  are  shown  in  Table  II. 


T.\BLE  I.— TEST  AND  OTHER  DATA  ON  THREE   WATER    SUPPLY   MAINS   AT    HARTFORD, 

CONN. 
Coef.  for  Kutter's  formula  as.        Discharge  ir  m.g.d.    Loss 

per  Weston.  of  head,  IS  lbs.  , Age > 


■^ 

'3 
■5 

ti 

c 

X 

c 

•0 

•0 

z 

C 

u 

C 

M 

< 

H- 

Zc 

b 

•AS 

30 

....     1S9G 

Sl.G 

91.5 

112 

8.5 

11.7 

North    20 

....     1875 

63.4 

75.7 

110.8 

2.4 

4.2 

South    20 

....     18(57* 

74.0 

75.0 

IIO.S 

2.8 

4.2 

10.: 


1)5 
40 


13.7  20.1 

•Date  of  laying,  south  20-in.   main   l.s  date   original   main   was   laid. 


ECONOMIC    CONSIDERATIONS. 

From  Table  I  it  was  seen  that  the  coefli- 
cicnts,  third  column,  for  the  .30-in.  and  the 
north  2u-in.  mains  w-ere  unusually  low,  while 
the  south  20-in.  main  was  in  about  the  condi- 
tion that  might  have  been  expected.  If  these 
idpcs  were  cleaned,  it  w\is  estimated  that  the 
present  system  should  be  capable  of  delivering 
20,000,000  gals,  per  day  to  the  city  with  the 
same  loss  of  head  that  then  existed,  18  lbs. 
at  the  City  Hall;  and,  if  not  cleaned,  it  ap- 
peared that  under  present  condition.s  of  de- 
mand the  construction  of  a  new  main  would 
be  an  immediate  necessity. 

Using  the  consumption  figures  from  the 
Venturi  meter  record  for  June,  1012,  the  fol- 
lowing estimate  of  future  consumption  was 
made:  Average  rate,  0,130,000  gals,  per  dav 
and  maximum  rate,  14,.500,000  gals,  per  day, 
or   58   per   cent   excess   maximum   to   average 


The  list  prices  quoted  by  the  National  Water 
Main  Cleaning  Co.,  of  New  V'ork,  for  doing 
work  in  the  distribution  system  were : 

LIST  PRICES  PER  LINEAR  FOOT  OF  WATER 
PIPE  FOR  MECH.\NICAI^  CLEANING. 

Cost  per 
Dlam  of  pipe.  ft,  cts, 

«-in 16 

S-ln 17 

10-ln 18 

12-ln 22 

16-ln 26 

20-ln 30 

24-in 40 

:!0-ln 65 

:;G-ln 80 

These  list  prices  were  stated  to  be  for  aver- 
age conditions  for  lengths  of  five  miles  or 
more  only  for  purposes  of  preliminary  esti- 
mate, and  were  submitted  with  the  reserva- 
tion that  local  conditions  might  cause  con- 
siderable variation   either  wav.     In   Hartford 
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a  price  of  28  cts.  per  linear  foot  for  20-in. 
pipe  was  given  for  a  3-niiIe  contract,  with  a 
further  reduction  if  a  greater  length  was 
cleaned.  The  conditions  were  exceedingly 
favorable  for  a  large  part  of  the  way  on  ac- 
count of  few  consumers  on  the  line,  advan- 
tageous location  of  gate  valves  and  blow-offs 
for  cutting  out  sections  of  proper  length  and 
also  because  of  a  parallel  main  with  cross- 
connections  which  gave  ample  water  for  op- 
erating the  machine  without  interference 
with  the  city  supply. 

A  contract  was  entered  into  Sept.  4,  191"2, 
with  the  National  Water  Main  Cleaning  Co. 
to  clean,  on  trial.  3  miles  of  20-in.  pipe,  and 
if  satisfactory  results  were  obtained  the 
cleaning  process  might  be  continued  through 
several  miles  additional  of  20-in.  and  three 
miles  of  30-in.  pipe. 

Work  was  begun  Sept.  Q  and  suspended  on 
Oct.  24  on  account  of  scarcity  of  water  in 
the  reservoirs.  The  results  were  very  satis- 
factory and  during  this  period,  49  days,  a 
total  of  33,003  lin.  ft.  was  cleaned.  On  this 
section  there  were  154  service  pipes  which 
were  shut  off  during  cleaning  and  only  four 
were  at  all  interfered  with  by  the  cleaning 
operationf.  Three  of  these  were  extension 
meters  located  at  the  street  line  with  no  curb 
cocks,  and  it  was  necessary  to  remove  the 
meter  and  clean  out  the  dirt.  The  other  serv- 
ice affected  was  plugged,  but  was  easily  re- 
lieved  by   a    force   pump. 

The  usual  force  employed  on  this  work 
was  a  .superintendent,  a  foreman,  a  calker,  14 
laborers  and  a  double  team  for  carting  pipe, 
materials  and  supplies. 

L'nder  average  conditions  3,000  lin.  ft.  was 
found  to  be  the  maximum  eflfective  length 
for  cleaning.  The  contractor  stated  that  o.OOd 
ft.  had  been  successfully  cleaned  by  him  else- 
where, although  in  some  places  it  had  been 
possible  to  go  only  l.o'M  ft.  at  a  time,  using 
water  to  drive  the  machine.  If  the  machine 
is  drawn  through  bv  a  cable,  the  length  of 
section  is  from  ')00  to  1,200  ft.  It  is  stated 
that  the  machine  can  be  operated  by  water 
under  heads  of  as  low  as  10  or  12  lbs.  The 
least  available  head  on  the  Hartford  lines 
was   somewhat  greater  than  this. 

fiE.SCRIPTION      OF     M.VCHINE     USED     IN     CLEANING 
MAIN. 

The  pipe  machine  used  in  cleaning  the 
mains  consists  of  three  distinct  sections  at- 
tached to  each  other  by  a  flexible  joint  in  the 
connecting  shaft,  which  is  central  in  all  of 
the  sections  Tliese  joints  move  readily  and 
allow  the  machine  to  pass  through  ordinary 
water  pipe  curves  if  the  radius  is  not  too 
short.  The  first  sections  are  arrncd  with 
saw-tooth  blades  that  project  at  rigbt  angles 
to  the  axis  of  the  machine.  The  function  of 
the.sc  blades  is  to  cut  up  and  tear  loose  the 
incrustation  and  scale  that  adheres  to  the 
pipe  walls. 

The  second  section  is  made  up  of  two 
spiders  armed  with  smooth  scrapers.  The 
function  of  these  blades  is  to  scrape  away  all 
matter  left  clinging  to  the  pipe  by  the  first 
section. 

Hehind  these  two  sections  is  a  double  pis- 
tf)n  fitting  the  pipe  very  closely,  with  leather 
gaskets  pressed  out  by  steel  springs  which 
are  contmuous  around  the  entire  circumfer- 
ence. The  pistons  are  fitted  with  danipcr.s 
which  can  be  adjusted  to  the  pressure  of  wa- 
ter and  sci  regulate  the  <|uantity  needed  to 
wash  ahead  the  scale  and  other  matters 
cleaned  from  the  pipe.  Behind  each  spider 
and  loosely  fitting  nn  the  center  shaft  arc 
three  somewhat  flexible  metal  disks  whose 
function  it  is  to  deflect  the  wash  water  to- 
wards the  pipe  walls  and  out  through  the 
cleaning  blades  and  keeps  the  whole  mass 
moving  along  with  the  machine. 

Behind  the  pistons  is  another  section  which 
carries  rows  of  right  and  left  ofTcast  scrap- 
ers. These  arc  very  heavy  and  are  designed 
to  smooth  ofT  the  surface  an<l  leave  a  clean, 
smooth  waterway.  These  blades  arc  allowed 
only  just  to  touch  the  pipe  walls,  their  posi- 
tion being  kept  by  cise-hardcned  rollers  that 
run  on  the  pipe  wall  The  gross  diameter  of 
the  machine  used  in  the  20-in,  mains  Is  21% 
ins.,    the    steel    springs    letting    down    at    en- 


trance and  so  keeping  the  machine  firmly  cen- 
tered in  the  pipe.  The  steel  blades  are  made 
especially  for  this  purpose,  and  are  nearly  all 
replaced  after  each  draw.  This  replacement, 
of  course,  depends  largely  on  the  character 
of  the  incrustation,  and  when  mud  alone  is 
found  the  blades  m.iy  require  very  little  re- 
new^al. 

Previous  to  the  cleaning  work,  a  very  thor- 
ough survey  was  made  of  the  capacity  of  the 
pipe  line  by  the  use  of  the  Pitometer,  and 
similar  tests  were  made  after  the  work  was 
finished.  A  typical  summary  of  the  results 
of  this  work   follows : 

Pipe  cleaned— North  20-in.  main,  Farminston 
Ave. 

Section — Reservoir  No.   1  to  Vanderbllt  Hill. 

Length— First  test,  16,400  ft.;  second  test,  14,- 
CoO  ft. 

Pipe  laid  In  1S76;  age,  37  years;  kind,  cast 
iron. 

Pate  of  test Aug.  22,  1912 

Make   of  gage. Crosby 

I'nit    of   gage 1-Ib. 

Head  lost   20  to  55  ft. 

Kange     of     velocity 

(ft.    per  second)..    1.69  to  2.40 

Possible   error    Per  lb.,  3.5';; 

Mean    coefficient    in 

Chezy    formula    . .  69 

Increase  in  capacity         61% 

Weston 

(37y.),  -7, 

Williams 

&   Hazen 
L(37y.).    76 


.Average    coefficient 
in  Chezy  formula.  ■ 


(2) 
Oct.  2.  1912 
American 

1-ft. 
20  to  50  ft. 

2.84  to  3.97 
Per  ft.,   1.5% 

HI 


(new)   111 


(new)  110 

The  loss  of  head  was  about  the  same  in 
both  cases,  and  sufficiently  large  .so  that  an 
error  of  1  lb.  or  1  ft,  would  be  comparatively 
negligible. 


trouble,  samples  from  the  cleaned  and  un- 
cleaned  mains  were  sent  to  Jas.  A.  Newlands. 
Chemist  of  the  Connecticut  State  Board  of 
Health,  with  the  request  that  especial  atten- 
tion be  given  in  bis  examination  to  detecting 
any  indications  of  "red  water."  The  follow- 
ing extracts  are  given  from  Mr.  Xewlands" 
reports  on  the  samples  submitted : 

Report  on  sample  Xo.  1352:  .sample  taken  Oct. 
1,  1912,  from  20-in.  main  that  hud  been  cleaneil: 

This  sample,  which  I  understand  is  taken 
from  the  clean  main  section,  shows  only  very 
slight  difference-s  from  sample  No.  1353,  taken 
from  the  uncleaned  main,  and  these  differences 
are  so  slight  as  to  be  within  the  limits  of  lab- 
oratory error,  and  the  slight  variation  which 
might  be  expected  in  two  samples  from  different 
points  on  the  same  pipe  line.  On  a  long  line 
of  cleaned  pipe  we  might  expect  that  where 
the  Inner  surface  has  been  cleaned  down  to  the 
iron,  at  such  points  there  would  be  some  re- 
ductions of  the  oxide  of  iron  by  the  action  of 
decomposing  algae  growths  and  other  organic 
matter.  This  would  result  in  iron  being  taken 
up  by  the  water  and  a  consequent  increase  in 
color.  As  the  amount  of  dissolved  oxygen  in 
this  water  is  probably  high  enough  at  all  times 
to  supply  the  oxygen  required  by  the  organic 
matter,  there  probably  will  be  no  appreciable 
effect  on  the  color  and  iron  content  of  the 
water.  These  samples  show  none,  the  color 
being  the  same  in  both  cases,  while  the  Iron 
amounted  to  0.3  part  per  million  In  this  sample 
and   0.2  part   in   sample   1353. 

Letter  of  Oct.  7,  1912:  With  reference  to  the 
tap   and  hydrant   samples,   1  will   say  that  th-i 


TABLE    in.— SUMMARY    OF    WORK    DONE    AND     RESULTS     OBTAINED     IN    MECHANICAL 
CLEANING    OF    W.\TER    MAINS    .\T   HARTFORD.    CONN.,    IN   1912. 
Northerly  20-in.    Main. 

Rangv; 


Date 
tested. 


of  flows. 
Length,  ft.    m.g.p.d. 


Location^ 
Reservoir  to  Le  May's: 

Before    cleaning S-31-12 

After    cleaning 9-21-12 

After    cleaning 9-26-12 

Lc  May's  to  West  Hartford  Center: 

Before    cleaning 9-14-12 

After    cleaning 9-26-12 

West  Hi.rtford  Center  to  Highland  St.: 

Before    cleaning 9-10-12 

Vanderbilt  Hill  to  Broad  St.: 

Before    cleaning 10-  3-12 

W.  Hartford  Center  to  Vanderbilt  Hill: 

Afte.-    cleaning 10-  2-12 

Reservoir  to  Highland  St.: 

Before    cleaning 3-27-12 

Reservoir  to  Vanderbilt  Hill: 

After    cleaning 10  -2-12 

Southerly  2n-ln.    Main. 
Reservoir  to  Highland   St.: 

Before    cleaning S-27-12 

Before    cleaning lu-ll-12 

Reservoir  to  Westland  St.: 

After    cleaning 10-2S-12  C,400        4,1 


5,450 
5,450 
5.450 

4,430 
3,750 

G,420 
10,1S0 

5,450 
16,300 
14.6.%0 


16,300 

it;.3ou 


3.3  to  4.7 
3.6  to  5.3 
2.5  to  5.3 

2.5  to  4.2 

3.6  to  .■.2 

3.1  to  5.S 

2.4  to  4.3 
4.0  to  5.6 
2.4  to  3.4 
4.0  to  .■..6 


2.5S  to  3.91 
3.25  to  4. OS 


Lost  head, 
per  1,000  ft. 

2.90  to  7.65 
0.64  to  2.09 
0.96  to  2.57 

3. 50  to  7.00 
1.70  to  2.90 

2.03  to  S.46 

1.51  toS.Sl 

i.is  to  3.6;; 

1.40  to  2.89 
1.55  to  3.01 


].i;2  to  3.55 
2.17  to3.4t 


1.61  to  2.70 


Chezy 
coefflcient. 


60 
124 
109 

.50 
94 

69 

61 

110 

67 

no 


to  67 
to  159 
to  125 

to  S6 
to  115 

to    75 

to    65 

to  112 

to    70 

to  112 


73     to    75 
76.3  to    76.9 

110     to  119 


The  north  20-in.  main  was  cleaned  from 
the  reservoir  to  L'nion  Place,  a  distance  of 
about  five  miles.  The  south  20-in.  main  has 
been  cleaned  from  the  reservoir  east  about 
1V4  miles.  Tests  of  the  flow  made  before 
and  after  cleaning  indicated  that  in  both  pipes 
the  c.irrying  capacity  had  increased  sufficient- 
ly to  compare  with  Weston's  tables  for  new 
20-in.  pipes.  This  is  etjuivalent  to  a  coefficient 
of  111  in  the  Chezy  formula,  the  resulting 
increase  in  capacity  being  (il  per  cent  and  "i" 
per  cent,  respectively,  for  the  north  and  South 
20-in.  mains. 

Several  rea<)ings  of  the  amounts  of  water 
used  during  the  cleaning  were  made  from  the 
records  of  the  Vcnturi  meter  at  the  reservoir 
gatehouse,  and  the  following  qunntity  is  be- 
lieved to  he  a  reliable  estimate  of  ihe  amount 
per  linear  foot : 

OnlK. 
Qunntlty  rf-nulred  in  (111  1   ft.  of  20-ln.  plpo     16.3 

gtiiinllly   nsi'd    In    rlcaninK 24.0 

Adding  25';    f"r  "-mcrKonclen,  olc 9.7 

Total  edtlmatrd  amount  per  lin.  ft 50.0 

The  ini:d  ■li'it.nncc  rleancil  wa*  .^3,(|'I1  lin.  ft 
and  it  is  estimated  that  1  ,r>.")."i.onn  gals,  of 
water  were  used.  This  amount  i.s  about  l/S 
of  one  day's  supply  to  the  citv.  Table  III 
presents  a  summary  of  the  work  done  and 
the  results  nbtaincd. 

On  account  of  a  suggestion  that  the  clean- 
ing of  water  mains  might  have  cfTect  in  caus- 
ing or  aggravating  the  so-called  "red  water" 


results  obtuiiii'i  ....  not  show  any  appreciable 
effect  of  the  cl.>:incd  main  (on)  the  appearance 
or  quality  of  the  water.  Under  some  conditions. 
as  I  have  suggested,  it  Is  quite  possible  that 
for  a  time  there  might  be  some  increase  In 
color  and  Iron  matter  content,  due  to  the  action 
of  decomposing  organic  matter  on  the  fresh 
iron  with  which  It  comes  in  contact;  but  the 
amount  of  organic  matter  in  your  reservoirs  docs 
not  i:sunlly  become  great  enough  to  exhaust  the 
oxygen  dl-Jsolvcd  In  the  water,  and  I  do  not 
:intli-lpntc  nny  material  effect  on  Ihe  color  of 
the  water.  However,  It  Is  ditllcult  to  determln» 
how  the  various  types  of  water  will  act  under 
varying  conditions,  and  I  think  It  will  be  worth 
while  to  keep  track  of  the  relative  colors  of 
Ihe  w.iterH  In  the  cleaned  and  the  unclcaned 
mains  as  the  work  goes  on. 

Report  on  ..<ininplo  No.  137S,  taken  Oct.  28. 
1913.  from  south  20-ln.  main  that  had  been 
cleaned: 

These  results  show  practically  no  differences 
In  the  physical  uppearsnce  of  the  chemical  con- 
stituents of  the  water  as  compared  with  sample 
No.  1370.  taken  from  the  north  20-ln.  main.  No 
differences  were  noted  In  the  color,  turbidity 
^r  sediment  of  the  two  samples,  although  we 
might  expect  slight  differences  even  In  two 
samples  taken  from  different  points  In  the  same 
main.  There  Is  no  Indication  at  this  time  that 
cleaning  the  main  has  resulted  In  the  beginning 
nf  "red-water"  trouble. 

Letter   of    Nov.    4,    1912:      I    have    looked    tho 
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samples  over  carefully  for  evidence  of  "red 
water"  trouble,  but  there  appears  to  be  no  such 
effect  at  this  time.  The  results  on  the  two 
samples  are  more  nearly  alike  than  we  usually 
find  them,  as  it  frequently  happens  that  sam- 
ples, although  taken  from  two  points  on  the 
same  main,  will  show  some  differences  in  the 
amount  of  turbidity  and  sediment,  especially, 
due  to  unavoidable  differences  in  the  amount 
of  sediment  stirred  up  when  the  samples  are 
taken.  There  is  no  evidence  in  these  results, 
therefore,  to  show  that  the  cleaned  main  has 
any  effect  on  the  appearance  of  the  water  at 
this  time. 

Some  criticism  of  the  work  was  made  by  a 
writer  in  one  of  the  local  newspapers  that 
till'  i-lcaning  of  the  pipes  destroyed  the  inner 


as  shown  in  Fig.  2.  A  pipe  railing,  consisting 
of  1%-in.  pipe  posts  set  12  ins.  into  the  con- 
crete and  spaced  8  ft.  apart,  and  two  horizon- 
tal lines  of  piping  of  the  same  size  will  be 
placed  upon  the  top  of  the  basin  wall.  The 
two  rails  will  be  18  ins.  apart  and  the  lower 
one  will  be  18  ins.  above  the  wall  top. 

For  the  inside  and  outside  wall  forms  shin- 
lap  or  other  tight-fitting  lumber  will  be  used. 
Concrete  will  be  1 :2 :4  mix,  using  either 
crushed  limestone  or  Joplin  chats  for  the  ag- 
gregate. If  the  chats  are  used  tests  will  be 
made  to  determine  the  proper  proportion  of 
cement  to  use.  All  reinforcing  rods  will  be 
given  a  lap  of  at  least  20  ins.  and  the  ends  of 
all  rods  wnll  be  bent  to  an  angle  of  (10°  about 
t)  ins.   from  the  end. 


pressor  used  two  drills  may  easily  be  operated 
simultaneously. 
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Fig.  1.     Sectional  Elevation  of  Proposed  Aeration  Basin  for  Water  Supply  of  Arma,  Kansas. 


coating,  and  the  intimation  was  that  the  rust- 
ing of  the  mains  would  probably  proceed 
verv  much  more  rapidly  in  the  future  than  in 
the'  past.  It  has  been  stated  by  some  engi- 
neers that  the  cleaning  of  cast  iron  pipe  fre- 
quently does  increase  the  rate  of  tubercula- 
tion  and  under  some  conditions  that  may  be 
true.  Previous  to  undertaking  the  Hartford 
work,  inquiry  was  made  concerning  this  mat- 
ter of  various  water  departments  where  the 
pipe  had  been  cleaned.  Very  little  informa- 
tion was  obtained  regarding  the  rate  of  re- 
turning incrustation,  but  regarding  the  re- 
moval of  the  coating  the  opinion  of  all  who 
had  made  examination  was  that  the  inside 
of  the  pipe  was  uninjured.  Observations 
made  on  the  ground  showed  no  evidence  of 
damage  of  this  kind.  The  hardest  test  prob- 
ablv  was  encountered  when  the  machine  was 
pulled  into  the  9-ft.  piece  of  pipe  made  ready 
for  insertion  in  the  line.  In  several  cases  this 
section  was  examined  and  no  removal  of  the 
coating  was  apparent. 

The  incrustation  removed  was  in  places 
over  an  inch  thick  nearly  around  the  pipe. 
Besides  this,  considerable  quantities  of  pipe 
moss  were  found  near  the  reservoir  end  of 
the  mains.  Velocity  measurements  across  a 
section  of  the  pipe  were  taken  before  and 
after  cleaning.  Defining  the  cofficient  of  sec- 
tional velocity  as  the  quotient  of  the  rnean  ve- 
locity divided  by  the  center  velocity,  this  figure 
was  O.fifi  before  cleaning  and  0.84  after  clean- 
ing. 


The  design  here  illustrated  was  prepared 
by  Mr.  Albert  C.  Moore,  Consulting  Engi- 
neer. Joplin,  Mo.  The  design  was  approved 
by  Mr.  C.  A.  Haskins,  Sanitary  Engineer,  of 
the  Kansas   State  Board  of  Health. 


Design  of  Proposed  Aeration  Basin  for 

Water  Supply  of  Arma,  Kansas. 

(Staff  Article.) 

The  aeration  basin  here  described  is  an 
interesting  feature  of  the  proposed  new  water 
supply  system  for  the  city  of  Arma,  Kans. 
The  supply  will  be  drawn  from  a  deep  well 
and  pumped  through  a  6-iii.  discharge  line 
to  the  aeration  basin.  A  suction  main  will 
connect  the  aeration  basin  with  the  high  serv- 
ice pump. 

As  shown  in  Fig.  1  the  aeration  basin  is  40 
ft.  in  inside  diameter  and  0  ft.  deep.  The 
wall  is  12  ins.  thick  and  the  floor  is  9  ins. 
thick.  The  basin  is  of  reinforced  concrete 
construction  throughout.  The  detail  of  the 
wall  section  and  reinforcement  is  shown  in 
Fig.  2.  The  bottom  of  the  basin  is  reinforced 
with  %-in.  round  rods  spaced  about  18  ins. 
on  centers  in  both  directions.  The  wall  is  18 
ins.  wide  at  the  top  and  is  given  a  6-in.  coping 
12  ins.  deep.  Below  this  point  the  wall  is  12 
ins.  thick  to  the  floor  line  below  which  a 
footing  30  ins.  wide  is  to  be  constructed.  The 
coping   is   reinforced   with   %-in.   round   rods 


Water  Supply  on  the  Rand. — A  proposed 
new  water  supply  for  South  Africa  is  de- 
scribed in  the  Daily  Consular  and  Trade  Re- 
porter as  follows : 

"With  the  constant  growth  of  population  of 
the  city  of  Johannesburg  and  the  surrounding 
towns  of  the  Witwatersrand,  and  with  the  in- 
creased demand  for  water  for  use  of  the  gold- 
mining  industry,  there  has  been  a  great  dearth 
of  water  for  several  yenrs,  the  present  supply 
being  entirely  inadequate,  especially  during 
those  seasons  when  the  rains  have  not  been  up 
to  the  average.  The  Rand  water  board,  which 
has  charge  of  the  water  supply  for  practically 
all  of  the  Rand  district,  has  now  approved  a 
scheme  for  securing  an  adequate  additional 
supply  of  water  from  the  Vaal  river.  This 
project  will  take  four  years  to  complete  and 
will  cost  approximately  $6,500,000.  The  pro- 
posal is  that  the  water  be  pumped  from  the 
river  in  the  vicinity  of  Vereeniging  to  the  ex- 
isting water  board  pumping  station  at  Zwart- 
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Relative  Cost  of  Hand,  Steam  and  Air 

Drill  Work  in  Boston  City 

Trenches. 

The  unit  costs  of  drilling  ledge  and  boulders 
in  trench  work  for  sewers,  water  pipes,  etc., 
and  other  construction  work  in  city  streets 
have  always  been  high,  because  it  is  seldom 
economical  to  install  a  steam  power  plant  and 
piping  for  such  small  jobs,  and  drilling  by 
hand  in  a  large  city  where  wages  for  labor  are 
high  is  necessarily  expensive.  The  advent  of 
a  portable  air  compressor,  operated  by  elec- 
tricity or  gasoline  engine,  not  too  heavy  to 
be  moved  easily  from  street  to  street,  has 
seemed  to  solve  the  problem  of  accomplishing 
this  class  of  work  economically. 

Based  on  hand-drilling  costs,  a  standard  rate 
of  $4  per  cubic  yard  has  been  allowed  for  rock 
removed  within  trench  limits  on  water-main 
installation  work  in  Boston,  Mass.  The 
amount  allowed  in  solid  rock  per  running  foot 
in  ordinary  trenches  for  water  pie  is  15  cu.  ft; 
.•\ctual  costs  of  this  Boston  city  work,  as  given 
to  the  Compressed  Air  Magazine  by  Frederick 
I.  Winslow.  an  engineer  in  the  Sewer  and 
Water  Division  of  the  Public  Work^  Depart- 
ment, arc  as  follows : 

With  a  hand-drill  the  number  of  feet  drilled 
in  a  working  day  of  8  hours  varies  from  8  to 
12  ft.,  the  cost  per  day  of  the  drill  gang  is 
$7,  the  cost  per  lineal  foot  drilled  about  87  cts.. 
and  the  cost  per  cubic  yard  of  rock  excavation 
about  $3.50.  A  steam-operated  drill  is  capable 
of  50  to  70  ft.  per  8-hr.  day,  the  cost  of  op- 
eration $12  per  day.  the  cost  per  lineal  foot 
about  24  cts.,  and  the  cost  per  cubic  yard  of 
rock  excavation  about  90  cts.  A  compressed-air 
drill  is  able  to  drill  from  80  to  120  ft.  per  day. 
and  the  cost  of  operation,  including  an  allow- 
ance for  depreciation,  repairs,  moving,  etc.,  is 
$lfi  per  day,  the  cost  per  lineal  foot  about  20 
cts.  and  the  cost  per  cubic  yard  of  rock  ex- 
cavation about  80  cts.  The  difference  in  favor 
of  the  compressed-air  drill  is  greater  than  the 
figures  show,  according  to  Mr.  Winslow,  on 
account  of  the  greater  ease  of  manipulation, 
and  the  fact  that  the  compressor  can  be  op- 
erated by  unskilled  labor. 

The  above  costs  for  steam  and  compressed- 
air  drills  are  based  on  but  one  drill  operated 

from  the  power  plant,  although,  of  course, 
either  type  of  plant  is  capable  of  operating 
other  drills;  with  the  small  portable  air  com- 


7    T 


Fig.     2.     Detail     of     Aeration     Basin     Wall. 
Arma,  Kansas. 

kopjes,  and  from  that  point  it  will  be  passed 
through  pipes  to  balancing  tanks  and  reser- 
voirs alreadv  in  use  in  the  distributing  ceii 
ters.  The  Vaal  River  has  for  a  long  tini< 
been  looked  upon  as  the  natural  source  of  suii- 
ply  to  meet  the  Rand  water  problems.  Much 
delay,  however,  in  bringing  the  present  schenu- 
to  a  head  has  been  caused  by  lengthy  negoti.i 
tions  with  those  farmers  and  others  who  hoM 
riparian  rights  on  its  banks. 

"While  the  details  are  not  yet  definitely 
settled,  it  is  probable  that  works  will  be  estab- 
lished along  the  river  bank  in  the  neighbor- 
hood of  Vereeniging,  where  a  power  station 
will  be  installed.'  It  is  estimated  that  this 
new  source  will  supply  10,000,000  to  -12,000,000 
pals,  daily.  Steps  are  to  be  taken  at  once  to 
secure  the  necessary  legislation  to  expedite 
the  work." 
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Construction  of  the   Caisson  Founda- 
tion for  the  J.  P.  Morgan  &  Co. 
Building.  New  York. 
(Staflf  Article.) 

The  foundation  for  the  new  J.  P.  Morgan  & 
Co.  office  building,  located  at  the  corner  of 
Broad  and  Wall  Sts.,  New  York,  presents  some 
interesting  and  unusual  features.  The  work 
consisted  of  sinking  to  rock  IS  pneumatic 
caissons,  joined  together  at  their  ends  to  form 
a  continuous  cofferdam  wall  7  ft.  thick,  and  19 
interior  piers  sunk  in  the  open  after  the  outer 
wall  was  completed.  Figure  1  shows  a  plan 
of  the  building  site,  with  general  dimensions. 


IBminIl(°lSimgjs 

linear  foot  of  wall.  They  rested  partly  on 
piles  and  partly  on  the  soil,  which  was  10  to 
18  ft.  below  the  curb.  These  conditions  pre- 
sented a  very  difficult  problem,  the  underpin- 
ning operations  requirmg  special  care.  The 
boilers,  machinery  and  piping  in  the  basement 
of  the  Jlills  Building  prevented  any  work  be- 
ing carried  on  inside  that  building,  and  all 
operations  had  to  be  made  from  the  basement 
of  the  old  buildings  on  the  Morgan  site.  These 
buildings,  which  included  the  Drexel  Building 
and  the  Mechanics  &  Metals  Bank  Building, 
were  torn  down  at  the  same  time  that  the  shor- 
ing and  underpinning  operations  \vere  carried 
on ;  thus  no  time  w-as  lost  in  waiting  for  a 
clear  iite. 


beams.  The  cylinders  were  then  filled  with 
concrete  up  to  the  underside  of  the  original 
wall,  large-  grillage  beams  7  ft.  long  being 
placed  across  the  top  of  the  cast-iron  cylinders 
to  give  the  wall  an  added  hearing.  Much  diffi- 
culty was  experienced  in  sinking  some  of  these 
cylinders,  due  to  the  wood  piles  which  formed 
part  of  the  original  foundation  for  the  walls 
of  the  Mills  Building.  As  Ihe  excavation 
progressed  these  piles  were  sawed  off  in  short 
sections  and  were  hoisted  through  the  air  lock. 

E.\C.\V.\TI0N    AND    C.MSSON    WORK. 

.^fter  the  underpinning  had  been  finished  the 
site  of  the  new  building  was  excavated  to  a 
depth  of  13  ft.  below  the  curb,  and  the  cais- 
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Fig.  1.     Plan  of  Site  of  the  J.  P.  Morgan  &.   Co.    Building,   Showing    Dimensions   of    Lot    and  Position  and  Size  of  Each  Caisson. 


The  drawing  also  shows  the  size  and  location 
of  each  caisson. 

1  he  foundations  have  been  designed  to  csrry 
much  greater  load  than  that  of  the  prcsetit 
luiir-story  building,  in  fact  an  increase  in 
height  of  20  stories  may  be  made  without 
strengthening  the  substructure.  Tli' 
tion   icir  the  sub-basement  is  vcr.s    i' 

S2  ft.  n  ins.  below  the  curb.    T' 

is  l(i  II.  below  the  curb,  whicl 

cofferdam  wall  around  the  lot.  ' 

bondcfl    to    the    rock    to    make    a    walcr-liijlit 

basement. 

ntELIMINARY    WORK     .\N0    UNDFRriNNINC    OF    AD- 
JACENT   BUILDING. 

Before   sinking   the   caissons   or   'I 
work  on  the  foundation  for  the  ncv 
it  was   necessary    to   shore   an' 
walls  of   the  adjacent   Mills   ' 

bounded   the  lot   on   two   sides.  '■-- 

were  very  heavy,  weighing  about  40  tons  per 


The  underpinning  was  aeccuiiplislied  by  sink- 
ing ID  pneumatic  cylinders,  spaced  about  12  ft. 
apart,  to  bcd-rt)ck,  which  lies  at  a  maximum 
depth  of  about  05  ft.  bcl.iw  the  curb.  These 
cylinders  an   "  '  ,  .ind  arc  made 

up  by  boltiii  <i-fl.  c;ist-iron 

section'    '■  ..i.t. The   cvlimlers 

were  j'  !i,  and  the  cxeavation  within 

w.is    III  .'lii     i'11-.^i!!'-     llif    niaxirmuii 


ii  It.  Ill  lelK 
air  lock  an 
edge,  for  .t 
were  driven 


'I'  '■  ■ 
and  ra' 
der  th- 
force  the  cylinders  tightly  agatnul  the  gnllaKC 


sons,    starting     ironi    that    level,    were    sunk 
through  a  layer  of  quicksand  and  hardpan  to 
rock.     The  : .pth  of  the  rock  was  60 

ft.  2  ins.,  t!  depth  being  65  ft.  .5  ins. 

below  t'  1  Mc   maximum  air  pressure 

used  w  per  square  inch.    The  layer 

of  hai..,  ....    .....cJ   in  thickness   from  5   ft.  to 

III   ft.  2  ins.    Clam-shell  and   .'^tciibener  buck- 
ets, operated  from  four  stiff-leg  derricks,  were 
used   for   the  excavation  work.     The  interior 
pirr^  were  then  sunk  to  bed-rock  by  the  open 
starting   from   a   plane  52   ft.  9  ins. 
I  lie  curb. 
1  lie   sides  of  the  caissons  were  formed   of 
2-in.   ;i1)cetinR.     The   working  chambers   were 

...1.      .    ,  -  •nforccd  with   steel  bars, 

in  sections  as  the  sink- 
eight  of  the  caissons  was 
•me  the  uplift  of  the  air 
1  friction  on  the  sides  of 
the  caissons,  and  it  was  necessary  to  add  from 
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300  to  600  tons  of  cast-iron  blocks  to  each 
caisson  to  sink  it.  The  caissons  were  all  7  ft. 
4  ins.  wide  and  varied  in  length  from  16  ft. 
9  ins.  to  28  ft.  11  ins.  They  were  sunk  1  ft. 
6  ins.  apart  and  later  were  joined  together  by 
filling  the  spaces  with  concrete,  deposited  by 
the  pneumatic  process,  thus  forming  a  con- 
tinuous wall  around  the  entire  lot  (see  Fig. 
1).  Within  this  wall  the  lot  was  excavated  to 
a  depth  of  5L'  ft.  9  ins.  below  the  curb. 

BRACING    FOR    COFFERDAM     WALLS. 

As  the  excavation  progressed  heavy  lateral 
bracing  consisting  of  12xl2-in.  timbers,  was 
placed  across  the  lot  to  withstand  the  pressure 


ARRANt;KMENT     AND    TYPE    OF    EQUIPMENT     USED. 

In  placing  the  concrete  in  the  caissons  the 
Lakewood  system,  consisting  of  a  steel  tower 
and  chutes,  was  used.  The  tower  was  erected 
near  the  center  of  the  lot,  the  concrete  being 
mixed  at  the  base  of  the  tower  and  hoisted  to 
the  charging  hopper,  where  it  was  dumped  into 
chutes  leading  to  the  caissons.  A  four-boom 
steel  traveler  was  erected  at  the  west  end  of 
the  lot,  but  only  three  booms  were  used  for 
handling  the  buckets  to  and  from  the  air  locks. 
Where  convenient,  the  concrete  chutes  were 
fastened  to  the  sides  of  the  steel  traveler.  In 
addition  to  this  equipment,  two  stiff-leg  der- 
ricks were  used  at  the  east  end  of  the  lot. 


the  concrete  mixer  and  the  engine  for  operating 
the  lifting  device  of  the  tower  were  placed  un- 
der the  platform,  and  the  whole  arrangement 
was  such  as  to  give  the  quickest  and  most 
economical  concrete  mixing  layout.  The  booms 
of  the  steel  traveler  and  the  two  stiff-leg  der- 
ricks could  reach  every  point  of  the  lot;  there- 
fore it  was  not  necessary  to  shift  the  derricks 
at  any  time  during  the  sinking  of  the  caissons. 
A  hospital  air  lock  was  fitted  up  on  Wall  St. 
to  take  care  of  any  possible  cases  of  the 
"bends."  but  it  was  net  used  at  any  time  dur- 
ing construction. 
The  entire   foundation   work   for   the  J.   P. 
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(al  Plan  of  Bracing 
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Fig.  2.      Plan,  Section  and  Details  of  Bracing    for  Cofferdam  Walls  of  the  J.  P.  Morgan  &    Co.  Building. 


from  the  adjacent  soil  and  buildings.  Figure 
2  (a)  shows  a  plan  of  this  bracing.  This 
drawing  shows  the  arrangement  and  position 
of  the  timbers  and  indicates  the  position  and 
type  of  splices  used.  Figure  2  Cb)  shows  a 
longitudinal  .section  of  the  bracing.  It  also 
shows  the  pile  supports  at  the  connections 
and  indicates  the  type  of  vertical  bracing 
used.  Figure  2  (c)  shows  a  detail  of  the 
clamp  used  to  fasten  timbers  together,  and 
Fig.  2  (d')  indicates  the  method  used  to  con- 
nect  the  members  at  the  panel  points. 


Two  wooden  hoppers  were  erected,  one  on 
Wall  St.  and  the  other  on  Broad  St.  Into 
these  hoppers  was  dumped  the  spoil  excavated 
from  the  caissons,  and  from  there  it  was 
dumped  into  the  trucks  placed  in  the  streets 
below.  A  timber  platform  was  constructed 
along  the  center  line  of  the  lot,  leading  from 
Wall  St.  Two  additional  wooden  hoppers  were 
built  on  this  platform  to  hold  the  excavated 
material.  Trap-doors  were  cut  through  the 
platform,  and  all  sand,  stone  and  cement  re- 
ceived was  dumped  into  the  bins,  from  which 
thev  were  fed  into  the  concrete  mixer.     Both 


Morgan  &  Co.  Building,  including  the  under- 
pinning of  the  adjacent  buildings,  was  done  by 
The  Foundation  Co.,  New  York,  under  the  • 
personal  direction  of  JMr.  Louis  L.  Brown, 
vice-president.  The  waterproofing  of  the  walls 
and  floors  is  being  done  by  The  WaterprooliiiK 
Co.,  New  YTDrk.  Trowbridge  &  Livingston  arc 
the  architects,  and  Mr.  Daniel  E.  Moran  is  the 
consulting  engineer  for  the  owners.  Marc  Eid- 
litz  &  Sons  are  the  general  contractors.  Wc 
are  indebted  to  the  Foundation  Co.  for  the  dal.i 
contained  in  this  article. 
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Reinforced   Concrete    Columns;    Some 

Considerations  Affecting  Their 

Design. 

Ill  the  hope  that  the  discussion  would  bring 
out  some  essential  data  relative  to  the  design 
of  reinforced  concrete  columns  a  paper,  con- 
sisting of  a  series  of  ten  questions  with  brief 
discussion,  was  presented  before  the  Western 
Society  of  Engineers,  on  Feb.  !),  1!M4,  by  Mr. 
Ernest  McCullough.  The  author  gave  a  list 
of  books  which  he  thought  contained  the 
most  essential  data  on  the  subject.  We  have 
purposely  omitted  mention  of  these  books,  as 
it  seems  to  us  that  what  is  needed  are  new- 
data,  not  merely  a  discussion  of  those  already 
published.  The  great  ditTerenccs  in  unit 
stresses  allowed  by  the  building  codes  of  20 
cities  and  by  the  Joint  Comniittoo  Report  was 
shown  by  the  written  discussion.  The  series 
of  questions  presented,  together  with  some 
comments  by  the  author  and  some  of  the  dis- 
cussion,   is    herewith    given: 

(1)  What  is  the  cross  sectional  area  of 
a  reinforced  concrete  column?  Commercial 
designers,  almost  to  a  man,  use  the  cross  sec- 
tional area  of  the  column  complete.  Others 
•  imit  a  skin  Vz  in.  thick  over  the  entire  sur- 
face, but  place  the  steel  at  least  three  times 
that  distance  from  the  surface,  for  fire  pro- 
tection. Others  count  none  of  the  concrete 
as  effective  that  is  not  enclosed  within  the 
upright  reinforcement.  Some  building  ordi- 
nances are  so  worded  that  any  one  of  these 
assumptions   may   be   used. 

(2)  What  is  the  maximum  compressive 
stress  advisable  on  a  column?  Experiments 
liave  shown  that  no  evidence  of  flexure  ap- 
liears  in  columns  having  a  diameter  less  than 
■  me-twentieth  the  le  gth,  but  neglect  to  say 
whether  the  diameter  is  gross  or  net.  Few 
ordinances  permit  a  reinforced  concrete  col- 
umn to  be  erected  with  a  length  exceeding 
twelve  times  the  diameter,  again  omitting  to 
state  whether  the  gross  or  net  diameter  is 
meant.  Granting  that  no  bending  occurs 
what  should  be  the  maximum  stress?  Com- 
mercial designers  almost  to  a  man  use  750 
lbs.  per  square  inch  on  the  gross  section. 

(3)  Should  the  verticallly  reinforced  col- 
umn be  used?  American  experiments  seemed 
to  indicate  in  one  or  two  instances  that  hori- 
zontal ties  around  vertical  rods  were  of  no 
greater  value  to  prevent  buckling  than  the 
tcnsional  strength  of  the  concrete,  .\nierican 
practice  in  the  design  of  such  columns  pro- 
ceeds upon  the  theory  that  such  ties  are  for 
the  sole  purpose  of  assisting  in  preventing 
buckling  of  the  reinforcement.  If  the  Joint 
Committee  Report  is  correctly  read  such  tics 
are  not  required  for  any  other  purpose  than 
to  hold  the  steel  in  place  during  construc- 
tion. 

European  experience  and  experiments  in- 
dicate that  while  such  tics  have  a  value  to 
prevent  buckling  of  the  steel,  a  distinct  gam 
is  made  in  strength  bv  their  use.  which  is  con- 
trary to  the  general  belief  in  .\merica.  The 
French  Commission  found  that  the  spacing 
.if  these  ties  and  the  size  of  the  wire  affected 
ihc  ultimate  resistance  '  of  the  concrete  so 
materially  that  a  formula  was  prepared  into 
which  a  letter  representing  the  volume  ol 
vlecl  in  tics  was  introduced.  The  Royal  in- 
stitution of  British  .\rchilecls  adopted  rules 
based  on  those  of  the  French  Commission.  A 
development  of  the  formula  gradually  leads 
to  the  Considere  formula  for  hooped  coUimns, 
wherein  the  strength  of  the  column  is  based 
on  the  fact  that  steel  placed  spirally  as  a 
hooping  is  2.4  times  as  effective  ns  the  same 
volume  of   steel  placed   vertically. 

The   concrete   column     with    vertical 
torceiuent,  with  tics  only.  ' 

suspicion  and  a  free  disi'i 
invited.     If    it    should     d: 
s'loner    we   know   this  the   bcii 
thousands   in   use   over   the 
with  a  stress  of  750  lbs.  per 
the   gross   horizontal   section 
tics  intended   lo  serve  no  o! 
to   act    as    stiffener.s    to    prf 
steel   from  buckling  , 

4.  Hooped  columns  should  I'-^ve  the  amount 
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of  steel  limited  and  where  should  the  limit 
be  set?  To  Considere  is  given  the  credit  for 
developing  this  column  and  he  advised  the 
use  of  mild  steel  for  hooping.  Professor 
Withey  of  the  University  of  Wisconsin  foiind 
that  the  elastic  limit  of  the  steel  hooping 
was  reached  about  the  time  the  concrete  was 
stressed  to  its  ultimate  strength  so  he  ad- 
vised the  use  of  steel  having  a  high  yield 
point.  This  seems  logical  since  the  only 
reason  for  hooping  is  that  it  adds  to  the  ulti- 
mate strength  of  the  concrete. 

5.  .\re  hooped  columns  dangerous  from 
the  standpoint  of  fire  risk,  when  their 
strength    depends   upon   the   hooping? 

6.  Are  the  present  methods  of  tixing  the 
pitch  of  the  hooping  adequate?  The  writer 
proposes  a  pitch  of  one-sixth  the  core  diam- 
eter for  columns  having  cores  less  than  It* 
ins.  in  diameter ;  one-eighth  the  core  diameter 
for  columns  having  cores  from  18  to  24  ins. 
in  diameter :  one-tenth  the  core  diameter  for 
columns  having  cores  more  than  24  ins.  in 
diameter;  provided,  that  the  pitch  shall  in  no 
case  exceed  -i  ins. 

7.  The  writer  has  seldom  seen  a  design  of 
a  reinforced  concrete  building  in  which  the 
effect  of  wind  on  the  structure  seemed  to 
have  been  considered.  Is  this  typical  of  re- 
inforced  concrete   buildings   and   why? 

8.  Some  building  ordinances  state  that  un- 


place  stubs  at  the  lloor  levels  for  the  pur- 
pose of  delivering  stress  to  the  next  section. 
Of  what  value  arc  these  stubs  and  how  far 
should  they  extend  above  and  below  the 
floor  level?'  Some  engineers  consider  these 
stubs  as  nothing  more  than  vertical  pins,  as- 
sisting to  a  slight  degree  perhaps  in  case  of 
heavy  winds.  Other  engineers  proportion 
them' on  the  assumption  that  the  stress  travels 
through  the  concrete  to  them  from  the  steel 
on  the  floor  above  to  that  in  the  floor  below. 
Has  this  assumption  any  basis  in  fact? 

In.  Is  it  right  to  place  the  vertical  steel 
in  the  concrete  Vvithout  providing  plates  at 
the  lower  end  and  caps  over  the  upper  end 
to  distribute  the  load  over  a  larger  area  of 
concrete  than  is  provided  by  the  end  of  the 
steel?  The  steel  is  assumed  to  be  carryinc 
throughout  its  length  fifteen  times  the  stress 
carried  by  an  adjacent  equal  area  of  con- 
crete, the  bond  stress  throughout  the  length 
being  constant.  When  the  steel  suddenly 
ends,  with  the  concrete  carrying  its  full  load, 
what  is  the  effect  on  the  surrounding  con- 
crete when  no  attempt  is  made  to  transmit 
the  stress  directly  through  from  end  to  end 
of  steel,  but  on  the  contrary  one  bar  may  be 
some  inches  away  from  the  parallel  bar  in 
the  floor  above,  or  below?  Should  there  be 
plates  at  each  floor  and  should  there  be  plates 
in   the    footings?   The   writer    recently   exam~ 
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rig,  1.  Unit  Stresses  In  Reinforced  Concrete  Columns  Allowed  by  Building  Codes  of  20 
Cities  and  by  Joint  Committee  for  1:2:4  Concrete,  1  Per  Cent  Spiral  Hooping  and 
Different  Percentages  of  Vertical  Reinforcement — Alio  Relative  Strengths  of  Such 
Columns  for  4  Per  Cent  Vertical  Steel, 


balanced  moments  carried  to  columns  must 
be  provided  for.  How  often  is  this  done? 
The  writer  has  not  known  of  its  being  <lonc, 
but  there  may  be  a  few  high  miniled  de- 
signers who  do  look  out  for  this  [loint.  The 
writer  proposes  the  following  clause  for  all 
city  ordinances:  "For  unhalanceil  moments 
carried  into  columns  there  shall  he  added  to 
ihe  load,  for  which  the  column  is  lo  he  de- 
signed due  to  dead  and  live  loads,  the  fol- 
lowing percentages:  To  the  columns  support- 
ing the  roof,  .'10  per  cent;  to  the  next  lower 
tier,  25  per  cent ;  with  a  progressive  reduc- 
tion of  5  per  cent  on  each  floor  lo  10  per 
cent  of  the  t<ital  load,  which  10  per  cent  shall 
he  added  on  each  floor  llirreaftcr  to  the 
first.  This  load  shall  not  be  counted  in  de- 
signing lootings  and  .«hall  be  in  addition 
to  wind  loail.  In  addition  lo  this  increment 
wall  columni  to  be  designed  for  full  live 
loads." 

On  this  point  of  unbalanced  moments, 
■  '  -M%  arc  sinirnlarly  silent, 
in  is  to  be  found  in  the 
i ,  ..    r.owic. 

0.  lid   columns     be     carried     up 

throiu  iigs?     It   is  convenient  to  have 

the   steel    rods   one    story    in   length   and    to 


ined  plans  prep.ireii  iii  iiie  oitues  of  engineers 
in  high  standing  in  which  the  lower  ends  of 
the  column  rods  were  hooke<l  under  the  mat 
of  steel  in  the  footing.  What  is  the  general 
opinion  of  such  practice? 

mSCl'SSlON    IIV    MR.    CONDRON, 

The  following  discussion  by  Mr.  T.  I.. 
Condron,  of  Condron  &  Co.,  Chicago,  III., 
presents  very  clearly  the  radical  difference  in 
iiiiil  stresses  allowed  by  the  building  co<les  of 
various  cities  and  by  the  Joint  Committee 
Report  and  also  discusses  other  points: 

I  offer  Ihe  accompanying  diagram  (Fig.  1) 
as  a  contribution  io  ibe  discussion  of  the 
paper  by  Mr.  Met  iilloiigh  on  "Reinforced 
Concrete  Columns."  This  diagram  shows 
graphically  the  comparison  of  allowable  unit 
stresses  and  the  relative  strength  of  spirally 
hooped  columns  based  upon  the  rcrjuircments 
of   the  buililiii  f   20   .American   cities 

and  of  the  "J.  ittee  on  Concrete  and 

Reinforceil  Coi i  the  several  engineer- 
ing i.ofielirs.  This  diagram  shows  at  a 
glance  the  inconsistency  of  these  various 
building  code  requirements.  We  may  sup- 
pose that  the  recommendations  of  the  Joint 
Committee    arc   based   upon    scientific   knowl- 
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edge  of  the  actual  strength  of  hooped  col- 
umns, because  the  membership  of  that  com- 
mittee includes  men  who  have  given  much 
study  to  the  actual  strength  of  concrete  and 
reinforced  concrete  as  determined  by  labora- 
tory tests. 

It  will  be  observed  that  the  building  codes 
of  New  York,  Chicago,  Seattle.  Detroit, 
Toronto,  Syracuse  and  Indianapolis  do  not 
differ  materially  from  the  recommendations 
of  the  Joint  Committee,  except  that  the  Joint 
Committee  limits  the  percentage  of  vertical 
reinforcement  to  4  per  cent,  while  the  Chi- 
cago ordinance  permits  as  nigh  as  8  per  cent 
and  the  other  cities,  with  the  e.Kception  of 
New  1  ork,  permit  as  high  as  .5  per  cent  of 
vertical  reinforcement.  It  has  been  the  prac- 
tice in  our  office  to  design  columns  in  ac- 
cordance with  the  requirements  of  the  Chi- 
cago code,  making  the  maximum  limit  of  5 
per  cent  of  vertical  reinforcement. 

It  will  be  noted  that  a  column  designed 
with  1  per  cent  hooping  and  4  per  cent  ver- 
tical steel  under  the  requirements  of  the  St. 
Louis  or  Pittsburgh  codes,  for  a  given  load, 
would  be  only  rated  for  50  per  cent  of  that 
load  in  Indianapolis  or  Philadelphia:  while 
on  the  otlier  hand  a  column  designed  for  a 
given  load  under  the  Indianapolis  or  Phila- 
delphia codes,  for  a  given  load,  would  be 
accepted  in  St.  Louis  or  Pittsburgh  for  nearly 
double  that  load. 

No  attempt  has  been  made  to  show  on  the 
diagram  of  Fig.  1  the  relative  allowable  unit 
stresses  under  these  various  codes,  for  other 
conditions  than  for  1 :2 :4  concrete  with  1 
per  cent  hooping  and  with  varying  per- 
centages of  vertical  steel,  but  equally  interest- 
ing comparisons  can  be  made  of  the  require- 
ments for  various  grades  of  concrete  and 
different  percentages  of  hooping. 

The  following  table  shows  the  allowable 
loads,  in  tons,  on  the  same  column  designed 
under  different  building  codes.  The  table  is 
tor  a  1 :2 :4  concrete  column  with  a  20-in. 
diameter  core,  with  1  per  cent  hooping  and 
with  4  per  cent  of  vertical  steel: 

Load, 
Building  code  of —  tons. 

Indianapolis,    Philadelphia 157 

Detroit,    Toronto,    Syracuse 159 

"Joint    Committee"    160 

New    York    1G4 

Chicago,    Seattle    169 

Baltimore    189 

Cleveland,  Milwaukee   196 

Portland.    Oregon    222 

Columbus.   Ohio   226 

Minneapolis    236 

St.    Louis    276 

Pittsburgh    276 

In  choosing  a  formula  for  the  allowable 
stress  in  a  reinforced  concrete  column  we 
can  not  take  the  average  of  all  existing 
formulas  as  the  correct  one,  for  the  data 
which  we  have  would  indicate  that  the  lower 
and  almost  the  lowest  of  these  ordinance  re- 
quirements are  correct  and  that  the  higher 
permissible  unit  stresses  are  not  justified  bv 
our  present  knowledge  of  the  strength  of 
hooped  columns.  When  it  is  borne  in  mind 
that  some  commercial  designers  use  column 
formulas  which  are  quite  as  radical  as  those 
giving  the  highest  value  in  Fig.  1  it  will  be 
seen  that  there  is  good  reason  to  call  a  halt 
on  the  reckless  designing  of  reinforced  con- 
crete columns. 

I  quite  agree  with  the  author  that  there  is 
no  justification  for  the  use  of  concrete  col- 
umns reinforced  simply  with  four  vertical 
rods  and  a  few  separated  hoops  or  bands. 
Certainly  such  columns  are  dangerous  to  use, 
and  it  is  surprising  that  so  many  of  them 
have  been  used  with  so  few  disastrous  re- 
sults. The  fact  is  that  columns  in  buildings 
seldom  receive  the  full  load  for  which  they 
are  presumably  designed,  but  there  is  no  part 
of  a  building  that  should  be  more  conserva- 
tively designed  than  the  supporting  columns. 

A  series  of  reinforced  concrete  column 
tests  is  to  be  made  this  month  at  the  Bureau 
of  Standards  in  Pittsburgh,  under  the  direc- 
tion of  the  .(Xmerican  Concrete  Institute,  from 
which  we  shall  gain  very  valuable  informa- 
tion. Until  these  results  are  announced  it 
seems  useless  to  discuss  the  theoretical 
strength  of  such  columns  or  to  recommend 
anything  different  than  the  more  conservative 


formulas     indicated     on     the     accompanying 
diagram. 

GENER.^L  DISCUSSION. 

In  the  general  discussion  of  the  questions 
contained  in  Mir.  McCullough's  paper  the 
lack  of  definite  data  on  the  subject  was  evi- 
dent. As  one  engineer  put  it  the  disinclina- 
tion to  venture  opinions  proved  the  wisdom 
of  the  engineers  present.  However,  some  in- 
teresting, although  somewhat  contradictory, 
comments  were  made  concerning  the  thick- 
ness of  concrete  outside  of  the  spiral  rein- 
forcement necessary  to  fireproof  the  steel; 
the  comparative  costs  in  Chicago  of  rein- 
forced concrete  columns  and  steel  columns 
incased  in  concrete :  and  the  different  meth- 
ods in  use  for  splicing  the  steel  reinforce- 
ment at  or  near  the  floor  lines.  To  meet  the 
latter  requirement  the  discussion  brought 
out  the  fact  that  stubs,  caps  and  short  sec- 
tions of  gas  pipes  were  being  used,  but  the 
best  method  no  doubt  consists  of  lapping  the 
bars  a  sufficient  amount  to  develop  the 
strength  in  band.  The  principal  objection  to 
the  lapping  of  bars,  where  the  upper  column 
section  is  less  than  that  of  the  lower,  is  the 
possibility  of  leaving  voids  between  the  close 
network  of  bars.  A  written  discussion  by 
Mr.  Edward  Godfrey  condemning  the  use 
of  vertical  reinforcement  without  "  efficient 
spiral  or  hoop  reinforcement  was  presented. 
(The  essential  points  in  the  latter  discussion 
are  contained  in  an  article  by  Mr.  Godfrey,  in 
Engineering  and  Contr.\cting  of  Dec.  IT, 
1913.— Editors.) 


to  carry  the  fascia  girder.  It  does  not  look 
as  though  they  would  perform  this  function. 
In  any  event  this  construction  causes  a  very 
considerable  load  at  the  end  of  the  fascia 
girder  to  be  taken  into  the  column  through 
the  medium  of  a  wide  cantilever  bracket  at- 
tached to  the  corner  of  a  slender  column 
.which  is  already  greatly  over-stressed.  When 
the  cantilever  brackets  of  the  balcony  deflect 
they  would  carry  with  them  the  fascia  girder. 
As  the  ends  of  this  girder  are  riveted  to 
'these  cantilever  brackets  on  the  slender  col- 
umns, the  load  on  the  brackets  would  be  aug- 
mented by  an  unknown  amount. 

It  would  not  take  very  much  load,  hanging 
on  a  2-ft.  bracket,  connected  to  the  corner 
of  a  slender  column,  to  produce  excessive 
stress  and  to  bend  the  column.  The  fascia 
girder  was  not  bent  around  the  column  with 
its  web  attached  to  it,  but  it  was  connected  to 
the  end  of  a  separate  bracket.  This  fascia 
girder  simply  acted  as  a  great  bender  and 
twister  on  the  column.  When  these  columns 
failed,  the  roof  fell,  and  this  great  weight 
falling  on  the  balcony  was  too  much  for  it  to 
sustain. 

This  failure  shows  the  ereat  importance  of 
a  small  portion  of  a  design  or  even  of  a  de- 
tail. 

Very  truly  yours, 

Edward  Godfrey. 

Monongahela  Bank  Building,  Pittsburgh, 
Pa.,  Jan.   10,   1914. 


Comments  on  the  Cause  of  Failure  of 

the    Orpheum   Theater, 

New  York. 

Sirs :  About  a  year  ago  the  Orpheum 
theater  in  New  York  collapsed.  Only  a  short 
time  ago  reports  were  made  public  purport- 
ing to  show  the  cause  of  that  collapse.  Many 
experts  were  heard  from  and  all  of  the  re- 
ports seem  to  be  in,  yet  the  engineering  pro- 
fession is  exactly  where  it  was  before  the  re- 
ports  were   made   public.     It   therefore   seems 


Comments  on  "The  Problems  of  the 
Contractor." 

Sirs :  The  article  by  Mr.  Wason  in  your 
issue  of  Jan.  14,  1914,  was  read  with  great 
interest  and  appreciation  by  most  of  your 
readers,  I  am  sure. 

However,  what  he  has  to  say  about  the  in- 
spector and  the  superintendent  moves  me  to 
volunteer  a   few  remarks  of  my  own. 

Having  been  an  inspector  at  one  time  I 
feel  it  my  duty  to  speak  in  behalf  of  that  un- 
fortunate individual  and  to  defend  him,  if  I 
can,  from  unmerited  abuse. 

In  the   first  place  the  inspector  is   sent   on 

Side  Court 


(a)  Section 


E'SJfSt 
(b)  Plan 


Fig.    1.     Section   and    Part    Plan   of   Orpheum    Theater,    New    York,    Showing    Type    of    Con- 
struction   and    Manner    of    Failure. 


proper  to  call  attention  to  an  egregious  error 
in  the  design  of  this  structure  which  ought 
to  have  caused  a  wreck  exactly  as  this  one 
'occurred.  This  error  was  not  mentioned  by 
anv  of  the  investigators. 

Figure  1  indicates  the  construction  to  which 
attention  is  called,  the  dotted  lines  indicating 
what  might  be  expected  to  happen  with  such 
construction.  A  curved  girder  with  a  span 
of  72  ft.  and  an  offset  of  12  ft.  could  scarcely 
be  expected  to  do  anything  but  "flop  down" 
and  bend  and  twist  the  slender  column,  to 
one  corner  of  which  it  was  connected.  The 
next  bend  in  the  column  would  of  course  be 
at  the  brace,  and  the  column  would  double  up. 
This  is  precisely  what  it  did.  Then  all  of 
this  roof  load  falling  on  the  balcony  would 
break  it  up  considerably — which  it  did. 

But  it  may  be  true  that  the  little  beams  at 
the  foot  of  the  balcony  cantilevers  are  ex- 
tensions of  those  cantilevers  and  are  intended 


the  job  with  instructions  to  see  that  the  work 
is  done  according  to  the  specifications,  and 
he  seldom  is  given  the  power  to  use  his  judg- 
ment or  discretion  outside  of  the  letter  of 
the  specifications:  therefore  he  usually  feels 
that  this  important  document  is  in  the  same 
class  with  the  ten  commandments,  and  that 
it  must  be  enforced  to  the  letter. 

Mr.  Wason  is  quite  right  in  saying  that  the 
inspector  must  not  go  beyond  bounds;  he 
must  not  go  beyond  bounds  in  cither  direction 
— he  must  not  dictate  to  the  contractor's  men, 
nor  must  he  allow  himself  to  be  hoodwinked 
by  them,  and  that  is  what  makes  his  position 
so  trying.  He  must  have  all  the  good  qualities 
mentioned  by  Mr.  Wason,  and  in  addition 
must  be  alert  and  alive  to  the  multitudinous 
tricks  and  schemes  practiced  by  the  contrac- 
tor's men  in  skimping  work  and  getting  it 
passed ;  for  it  must  be  admitted  that  most 
superintendents  are  not   only   clever    at    that 
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sort  of  thing,  but  they  also  thoroughly  enjoy 
"putting  it  over.'' 

Although  the  superintendent  generally  is  a 
far  better  executive  and  is  lietter  trained  in 
methods  of  construction,  his  technical  educa- 
tion is  often  far  inferior  to  that  of  the  in- 
spector, and  that  is  where  trouble  arises.  The 
superintendent  treats  with  disdain  and  con- 
tempt the  small  but  important  details  which 
it  is  the  inspector's  duty  to  guard ;  he  con- 
siders them  "tommyrot"  and  the  inspector  a 
fool  for  insisting  upon  them.  They  interfere 
with  his  progress  report,  perhaps,  and  that  is 
what  the  superintendent  cannot  tolerate.  I 
might  add  that  the  inspector  is  generally  in- 
structed by  his  superior  to  make  suggestions, 
but  never  to  give  orders  about  the  way  the 
work  should  be  done. 

While  the  specifications  are  the  guiding  star 
for  the  inspector,  the  contractor's  representa- 
tive sees  the  sun,  moon  and  stars  revolving 
about  the  progress  chart.  His  employer's 
profits  are  based  on  it,  and  therefore  his  own 
advancement  and  reward  depend  upon  it.  He 
is  intent  upon  getting  the  work  done  quickly 


and  cheaply,  and  if  it  falls  down  after  his  re- 
sponsibility ceases,  that  is  none  of  his^  affair. 
(I  am  speaking  of  the  contractor's  superin- 
tendent, not  of  the  contractor  himself.)  He 
may  have,  and  often  does  have,  all  the  good 
qualities  which  Mr.  Wason  mentions,  but  he 
always  has  this  zeal  for  getting  the  work  done 
quickly  and  cheaply,  and  it  is  the  inspector's 
office  to  act  as  a  sort  of  governor  to  this 
zeal,  to  prevent  it  from  running  away  and 
injuring  the  rest  of  the  machinery,  I  have 
known  two  superintendents  working  in  op- 
posite tunnel  headings  deliberately  to  imperil 
the  lives  of  their  crews  by  trying  to  blast  the 
rock  in  one  another's  faces  for  the  mere 
empty  honor  of  firing  the  blast  that  opened 
the  tunnel.  I  have  had  to  threaten  a  super- 
intendent with  the  police  to  induce  him  to 
take  time  enough  to  shore  up  a  hanging  rock 
which  was  threatening  momentarily  to  fall 
down  on  his  concreting  crew.  I  have  known 
the  superintendent  of  steel  erection  on  a  large 
building  in  New  York  City  to  order  his  men 
to  erect  the  columns  on  concrete  footings 
which   were   so    rotten    that    they     could    be 


kicked  to  pieces,  simply  because  he  had  his 
men  and  steel  all  ready  to  begin  erection,  and 
he  was  not  responsible  for  the  footings.  The 
superintendent  is  generally  willing  to  take  a 
chance,  because  he  may  gain  considerably  by 
it;  but  we  cannot  blame  the  inspector  for 
refusing  to  take  any  chances,  as  he  has  noth- 
ing to  gain  and  ever\thing  to  lose  thereby. 

Mr.  Wason's  superintendents  probablv  ar\ 
of  a  different  order  from  those  mentioned 
above,  but  I  will  venture  to  say  that  each  one 
of  them  is  personally  far  more  interested  in 
seeing  that  his  progress  report  breaks  all 
records,  than  that  the  finish  and  workman- 
ship on  the  job  shall  be  above  criticism. 

The  contractor  may  be  absolutely  honest 
and  conscientious,  but  the  inspector  needs  to 
be  everlastingly  alert  to  prevent  foremen  and 
superintendents  from  subordinating  the  in- 
terests and  rights  of  the  owner,  to  their  own 
personal  ambitions  to  make  records  for 
economy  and  speed  of  construction. 
Very  truly  yours, 

Frank  C.  Boes. 

West  New  Brighton,  N.  J.,  Jan.  28,  1914, 
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Modern  Methods  of  Economical  Rail- 
road Location. 

Contributed    by   H.   II.    Edgerton,    Jr.,   Assistant 
.    Engineer,    Oilcago   Great   Western   R.   R. 

That  most  of  the  railroads  of  America  are 
poorly  located  to  serve  the  present  traffic  re- 
quirements is  a  fact  only  too  patent  to  operat- 
ing officials  who  know  that  if  the  general 
routes  had  been  differently  selected  on  lines 
capable  of  improvement  as  the  increase  of 
tonnage  demanded,  the  roads  would  be  suc- 
cessful revenue  producers,  even  when  operated 
under  rates  greatly  reduced  from  those  pre- 
vailing when  the  lines  were  built.  Like  "Top- 
sey,"  our  railroad  system  has  "just  growed." 
Less  thought  has  been  expended  on  the  loca- 
tion than  any  other  operation  of  railroad  build- 
ing. But  there  is  some  excuse  for  this,  as  30 
years  ago  there  were  no  fixed  passenger  and 
freight  rates,  and  a  railroad  transportation 
plant  was  simply  a  basis  for  bargaining,  suc- 
cess depending  on  how  much  could  be  squeezed 
out  of  the  public,  and  not  on  econorhical  carry- 
ing capacity.  In  locating  a  railroad  in  the 
early  days  it  has  been  said  that  they  would 
"follow  the  grass  roots  for  grade  line  and  the 
local  subsidies  for  alignment;"  that  is,  they 
would  dig  as  little  as  Possible  and  reach  any 
town  where  the  people  would  subscribe  enough 
money.  Railroads  so  located  are  left  as  a 
bad  legacy  to  those  who  afterwards  have  to 
trv  to  operate  them  on  a  paying  basis. 

There  were  just  as  good  engineers  in  the 
profession  then  as  now;  but  broad  minded 
.managers  with  visions  that  could  foresee  the 
growth  of  the  country  and  build  accordingly 
were  loo  frequently  lacking.  In  the  report  of 
the  Hon.  Jefferson  Davis,  made  about  1*<58 
when  he  was  secretary  of  war,  will  be  found 
a  very  good  instance  of  this.  It  is  in  regard 
to  the  proposed  route  of  the  transcontinental 
railroad  as  surveyed  bv  General  (then  Cap- 
tain) George  R.  McClellan.  The  board  of  en- 
gineers favored  the  northern  route,  following 
very  closely  the  route,  and  using  the  same  pass 
through  the  Rocky  Mountains  that  the  Great 
Northern  Rv.  uses  today,  but  this  route  was 
condemned  bv  the  secretary  of  war  prmcipally 
for  the  reason  that  there  was  not  citoudh  tim- 
ber across  Dakota  and  Monlaiia  .'  -  suf-fh'  !"'•' 
wood  for  the  enqincs  and  if  the  uorllu-m  route 
was  selected  the  building  of  the  line  Jo  the 
Pacific  coast  would  have  to  be  deferred  some 
io  years  until  trees  could  he  planted  and  a  sup- 
ply of  fuel  assured. 

MAPS     SHOWING     PROni-CTS     ANP     tNTKRCII  \NfiE 
TRAFFIC. 

To  properlv  locate  a  railroad  one  should 
have  about  80  general  maps  of  the  country, 
30x40  ins.  being  a  good  size,  so  they  can  after- 
ward be  bound  in  the  form  of  a  big  flat  atlas. 
Thev  should  be  specially  prepared  maps,  com- 


piled from  all  available  sources,  and  printed 
from  a  negative  on  white  paper  that  will  take 
ink  and  endure  usage.  Existing  railroads  and 
all  streams  should  be  strongly  featured ;  the 
streams  especially  detailed,  to  stand  out  boldly 
and  show  the  watersheds. 

These  maps,  of  course,  are  duplicates  of  one 
another  One  of  them  should  be  colored  or 
<liagrammed  to  show  the  different  densities  of 


steaded  or  purchased  from  the  government 
form  the  best  bases  for  making  such  estimates. 

Then  several  of  these  maps  should  be  pre- 
pared to  show  in  color  and  diagram  the  agri- 
cultural products  in  acreage  planted  and  ton- 
nage produced,  and  these  should  all  be  dupli- 
cated for  the  four  future  10-year  periods. 

.Also  a  set  of  these  maps  should  be  prepared 
showing  the  agricultural  products  in  zones  of 


in  Line 


Fig.   1.    Map  Showing  Estimated  Traffic  from   Products  iind   Interchange  for  First  Ten-Year 
Period   After  a  Projected   Railroad   Is  Constructed. 
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rural  j"-'"'  'i'  • 
one  Mil 
ten  yi-:r  . 

probable  population  10,  20,  'M>  :iinl  40  years 
ahead.  This  information  will,  of  course,  he 
an  estimate,  but  it  is  necessary  as  railroads 
are  built,  more  for  the  future  than  the  pres- 
ent. Iiiforniatinn  obtained  from  the  variniK 
census'-^  and  from  the  \3.  S.  land  nfliro,  ■.how 
ing  the  rates  at  which  the  land  has  been  home 


haul  on  railial  lines  to  the  present  existing 
towns  and  railmad  shipping  points.  Ever>'- 
ihing  that  has  lo  he  hauled  should  be  looked 
upon  a?  possible  grist  to  the  mill.  Overlook 
nothing  ;  the  mineral  products,  timber,  chicken 
an<l  milk  business,  and  even  the  proi)ab!e 
growth  nf  suburban  traffic  should  be  dia- 
Krammed  in  10-year  periods  on  a  set  of  these 
maps  <  )nr  newly  built  road  found  itself  at 
•'i^ndvantagc    the    second    year    of    opera- 
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tion,  because  some  of  these  possible  sources  of 
revenue  were  overlooked.  The  unexpected 
growtii  of  the  milk  business  and  suburban 
traffic  required  radical  changes  in  the  location 
and  operation  of  the  road.  The  increase  in 
traffic  even  made  it  necessary  to  double  track 
portions  of  the  line. 

.•\fter  the  above  mentioned  maps  arc  pre- 
pare' a  great  many  diagrams  and  diagrammed 
maps  are  made  showing  the  present  freight 
and  interchange  volumes. 

1-igurc  1  illustrates  a  portion  of  a  traffic  map 
for  the  first  10-year  period,  showing  estimated 
revenue  producing  products  in  diagram.  In 
the  original  these  were  shown  in  colors,  ami 
a  number  of  conditions  were  depicted  which 
cannot  be  reproduced  in  an  imcolored  map 
The  heavy  black  line  is  the  opposition  railroad 
constructed  some  20  years  previous.  The 
dashed  line  is  the  projection  of  the  proposed 
new  road.  Information  concerning  rivers  was 
obtained  from  U.  S.  sectional  land  surveys. 
Statistics  of  agricultural  products  were  se- 
cured from  township  assessors'  returns  and 
plat   books.      .'\s   these   statistics   are   given    in 


that  company  became  active  some  eight  years 
earlier  than  was  expected,  and  completely 
blocked  the  situation  by  occupation  of  the  river 
canyon  by  a  route  practically  as  shown.  The 
estimated  interchange  traffic  for  the  second 
10-vear  period  is  shown  bv  diagram  as  in 
Fig.  1. 

From  all  this  combined  information  a  traffic 
man  and  an  engineer  together  can  figure  out 
the  probable  volume  of  traffic  a  new  line  could 
command.  Then  the  engineer  will  know  how 
much  cost  the  line  will  bear  and  in  a  general 
way  where  to  build  it  to  command  the  most 
traffic.  He  is  then  readv  to  consider  the 
topography  of  the  country,  and  begin  to  plan 
a  line  that  will  haul  tlie  products  and  be  so 
located  as  to  be  capable  of  improvement  in 
grades  and  alignment  when  the  increase  of 
traffic  demands.  However,  90  per  cent  of  oiir 
roads  have  not  been  located  in  this  careful 
manner,  and  the  result  is  there  are  roads  over 
routes  where  they  should  never  have  been 
built. 

Of  course  there  are  many  exceptions  where 
this  systematic  investigation   is  not  necessary, 
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Fig.  2.    Map  Showing   Estimated  Traffic  from    Products   and    Interchange  for  Second  Ten 
Year    Period   After  a    Projected    Railroad    Is  Constructed. 


by  the  owners  they  are  always  sufficiently  con- 
servative. It  will  take  one  man  to  each  county 
seat  about  seven  days  to  obtain  this  informa- 
tion. Areas  of  wheat  are  .shown  per  school 
district  Sheep  arc  indicated  by  ownership  or 
"bunch. "  The  estimated  interchange  traffic  is 
shown  by  diagram  at  the  station  where  con- 
nection would  be  made  with  the  foreign  line. 
The  consideration  of  the  line  through  this  sec- 
tion was  abandoned  for  one  fu'-thcr  north, 
owin;?  partly  to  "railroad  politics'  and  partly 
to  the  adverse  grade  over  the  "Yvllnuslide" 
pass,  a  very  objectionable  feature  in  a  trunk 
line,  as  it  landed  it  back  in  the  same  water- 
shed. 

In  Fig.  2  is  shown  a  portion  of  the  traffic 
map  for  the  same  section  of  country  for  the 
second  10-ycar  period,  showing  revenue  prod- 
ucts in  diagram.  Note  that  the  timber  ar' a 
has  receded,  that  wheat  raising  has  taken  the 
place  01  sheep  herding  in  some  of  the  sheep 
country  and  that  fruits  have  come  in  as  rev- 
enue producers.  Also  the  probability  is  en- 
tertained that  the  older  established  road  will 
invade  some  of  the  choice  territory  with  a 
branch  line,  as  shown  by  the  line  of  black 
crosses.     As  a  matter  of  fact,  this  did  occur; 


such  as  where  a  large  body  of  coal  or  iron  is 
to  be  the  sole  revenue  producer,  or  where  the 
road  is  to  parallel  an  old  road  for  spite  work 
or  "railroad  politics." 

E.KI'L0K.^TI0N     SURVEY     METHODS. 

We  have  now  arrived  at  the  point  where 
the  engineering  work  proper  begins,  and  the 
first  proceeding  is  the  exploration.  This 
should  be  made  in  a  general  way,  at  first  cov- 
ering a  large  expanse  of  country  :  "of  an  area 
and  no*  of  a  line"'  as  Mr.  E.  H.  McHenry  ex- 
pressed it.  In  the  sectionized  land  portions  of 
the  United  States  the  section  lines  are  suffi- 
ciently accurate  for  distance,  and  the  eleva- 
tions given  by  the  l'.  S.  Geological  Survej;  are 
a  ercat  aid.  Jiul  in  a  wild  country  preliminary 
survey  parties  become  necessary.  It  is  in  this 
preliminary  and  exploration  work  that  many  a 
chief  engineer  has  shown  himself  to  be  too 
sniall-n.inded  to  conduct  an  extensive  and 
comprehensive  operation.  Too  much  depend- 
ence has  been  placed  on  exploration  parties 
consisting  of  two  men,  a  locating  engineer,  and 
a  guide  sent  out  to  explore  the  country.  While 
an  engineer  may  not  get  lost  in  actualitv.  he 
soon  loses  his  connection  with  sea  level  datum 
altitudes,   and   then   he   is  as  good   as  lost   so 


far  as  practical  results  are  concerned.  No  man 
has  a  level  in  his  eye,  though  many  think  they 
have,  and  so  it  is  absolutely  indispensable  to 
get  a  I'.ne  of  levels  across  the  country  as  soon 
as  possible.  The  use  of  hand  level  and  barom- 
eter has  been  argued  and  the  debate  fought 
to  a  tinish  with  a  decision  that  those  instru- 
ments have  been  found  lacking.  True,  a  1 
per  cent  grade  line  has  often  been  explored 
out  with  a  hand  level,  but  on  a  0.4  or  a  O.o 
per  cent  grade  a  hand  level  is  no  good.  There 
are  men  who  can  follow  a  1.  per  cent  grade, 
but  they  are  apt  to  lose  sight  of  a  possible  O.o 
per  cent  line  that  could  have  been  built  just 
as  cheaply.  Now  that  the  country  has  been 
cleared  up,  and  in  portions  contoured  by  the 
U.  S.  Geological  Survey,  one  can  often  see 
where  some  40  years  ago  a  misguioed  engineer 
trustin£.'  to  a  hand  level  has  deliberately  gone 
up  hill  to  get  his  beloved  1.  per  cent  line  so 
intently  was  he  following  slopes  of  that  de- 
gree, and  overlooked  a  far  better  route  but  a 
short  cistance  away. 

So  the  first  thing  to  do  is  to  get  a  line  of 
levels  across  the  country  with  a  Y-Ievel ;  with- 
out chaining;  simply  to  establish  bench  marks 
every  few  miles.  These  may  not  be  within 
10  miles  of  the  final  location,  but  they  will  be 
near  enough  to  be  "hooked  onto"  by  the  ex- 
ploration men.  One  levelman  and  his  rodman 
will  do  about  four  miles  a  day,  so  if  the  cen- 
templated  line  is  somewhere  in  the  neighbor- 
liood  of  400  miles  long  it  will  take  about  120 
<Iays  ir.cluding  Sundays  and  rainy  days  for  one 
line  across  the  country.  The  work  of  no  level- 
man  is  sufficiently  accurate  to  be  relied  upon 
without  its  being  checked  so  two  more  level  ■ 
parties  should  follow  or  be  on  parallel  lines 
with  frequent  checks  between  all  of  the  lines. 
This  will  insure  all  the  work  being  on  one 
datum,  sea  level  preferred.  So  considering 
the  least  time  it  will  take  to  get  the  field 
pierced  with  lines  of  levels,  the  Chief  Engineer 
should  have  out  his  level  parties  a  year  ahead, 
or  while  the  figuring  on  the  traffic  problems  is 
being  done.  These  levelers  should  be  fair- 
priced  men,  say  at  $125  to  $150  a  month,  pre- 
ferably locating  engineers  kept  on  the  pay  roll 
for  future  use.  This  precision  inav  be  un- 
approved as  too  expensive  by  many  depart- 
mental heads  of  the  school  that  "just  growed." 
but  nearly  every  one  of  them  has  at  one  time 
or  another  been  tormented  by  two  or  three 
sets  of  contours  on  different  datums;  trying 
to  "hook  up"  Smith's  line  with  Tone's  line 
when  their  contours  do  not  agree.  This  alone 
justifies  having  the  whole  work  on  the  same 
datum.  Of  course  there  are  many  cases 
where  a  line  of  levels  is  not  necessary,  such 
as  paralleling  the  water  grade  ot  a  river  or 
following  the  shore  of  the  sea. 

The  U.  S.  Geological  Survey  carrys  stadia 
levels  six  miles  per  day  within  an  error  of 
0.5  ft.,  but  this  is  only  attainable  with  the 
men  and  methods  they  employ ;  and  the  aver- 
age railroad  transit  man  is  a  poor  substitute 
fi^r  them.  The  Grand  Trunk  P.icific  used 
vertical  arc  levels ;  one  survey  party  from  Ed- 
monton east  and  one  from  the  Prince  Albert 
T-iranch  west,  and  when  they  met  about  half 
way  their  levels  did  not  agree  within  78  ft. 
As  it  was  an  0.4  per  cent  grade  one  or  the 
other  was  "in  the  wrong  county"  and  the  work 
useless.  Levels  taken  by  angles  generally  are 
worthless  unless  a  real  instrument  of  pre- 
cision is  used,  and  the  speed  obt.'inable  with 
such  instruments  is  too  slow.  The  proper 
method  is  raising  or  lowering  the  telescope  a 
certain  number  of  distances  measured  ver- 
tical! v.  giving  rod  readings  of  f!0  or  70  ft., 
and  it  is  well  worth  considering  by  those  who 
want  only  moderate  accuracy  and  great  speed. 

Fig.  .5  illustrates  this  method  which  may  be 
described  as  follows:  1st  position:  with  the 
telescope  level  note  that  the  middle  cross  wire 
hits  the  top  of  the  tree,  several  feet  below 
which  an  clevalinn  is  to  be  determined;  1st 
movement :  Bring  the  fop  cross  wire  to  the 
nositioii  of  middle  wire  (top  of  tree),  note 
bottom  wire  strikes  top  of  fence  post  near 
left  end  of  wire.  Keep  eye  on  post:  2nd  move- 
ment :  Bring  top  wire  to  position  of  bottom 
wire  ("top  of  fence  post)  and  nr^fe  that  bot- 
tom wire  now  strikes  a  clod  in  field.  Keep  eye 
on  clod:  3rd  movement:  Bring  top  wire  to  po- 
sition of  bottom  wire.  Bottom  wire  now  reads 
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11.")  ft  on  rod.  4th  iiiovemeiU :  Bring  both 
wires  t'own  to  see  how  much  is  intercepted  on 
rod  bilween  top  and  bottom  wires,  in  this 
case  S.3  ft.  whicli  is  the  height  oi  each  step 
down.  (3X8.3) +  11. .5=36.4  ft.=total  height 
from  top  of  tree  to  surface  of  .ground  (or  top 
of  stake)  where  rod  was  held.  Elevation  of 
top  of  tree  =  elevation  of  telescope  =  11.  I. 
H.  I.  —  3t).4  ft.  =  desired  elevation  at  point 
where  rod  was  held. 

But  this  cannot  be  done  against  a  sky  line; 
the    inbtruincntman    tnust    have   points   on   the 
<-artli  t(i  keep  track  of  his  steps  downward  or 
upward.      As    previously    explained    he      goes 
down    from   the   top  of  a  tree    (seen  through 
I  he  telescope)   to  the  top  of  a  fence  post,  and 
trom  the  top  of  a  fence  post  to  the  top  of  a 
rind   on   the  side  of  a  hill,   and   from  the  top 
of  the  clod  to  an   intersection  on  the  rod.     It 
IS    extremely    simple    to    see   it    done,    hut    the 
man  should  have  a  practiced  eve  and  not  lose 
Mght  OI   his  tree,   fence  post,  and  clod.     The 
•  leological  Survey  has  some  men   verv  expert 
in  the  use  of  this  method,  and  there  are  also 
.ilidade  telescopes  that  have  a  computer  on  the 
^ide  in  case  the  topographer  is  city  bred,  and 
h.is  not  an  eye  for  trees,  fence  posts  and  clods. 
1  have  described  these  methods  in  detail  with 
I  he  hope  that  more  reliable  and    fuller  infor- 
ir.ation  may  be  obtained  througli  tluir  use  than 
)S  usually  brought  in  by  the  average  two-man 
r\ploring  party— those  hand-level  and  aneroid 
"iitlits.     As  a  general  thing  the  chief  engineer 
waits  impatiently  for  some  results  from  them, 
while   the   precious    summer   months   slide   by, 
,ind  at  last  he  receives  a  disgraceful  scrap  of 
a   map.   the   river   courses   generally    well   de- 
ned    (the   explorer's   idea   of   theni)    but    for 
ihe    rest    there    are    only    such      notations      as 
High  ground  here."  "Low  ground, '  "Swampy," 
l-'ull  of  pot  holes,"  etc.,  camp  sites  and  places 
'if    lod.eement    receiving    equal    consideration. 
What  the  head  office  wants  is  contours  with  a 
-ta  levtl  datum.    The  map  in  hand  might  rep- 
resent Jones'   idea  of   where   the   line   should 
run  (and  where  Jones  slepf  and  ate),  but  it  is 
.1  hard  job  to  "hook  it  up''  with  Smith's  map 
mil  line,  or  with  that  of  the  next  man  above  or 
liflow   him.     I  am  in  favor  of  the  use  of  the 
Mnall  plane  table  with  stadia  wires  in  the  tele- 
-'ope  of  the  alidade,  the  party  to  consist  of  the 
'  'pographcr,  rodman.  and  teamster-cook.    In  a 
'  ttlcd  country  the  latter  can  be  dispensed  with. 
'  It   the  topographer  and   rorlman  should  each 
iiave  a  horse  and  Iniggy.     Those  who  have  not 
■  on  a  survey  party  of  this  kind  at  work  have 
"     :dra  of  the  rapidity  with  which  it  can  cover 
'!)(   w.i-.ntry.     The  line  ru»  is  a  stadia  traverse. 
No  points   of   control   are  necessary,  and   the 
bvels   can    be   corrected   on    the  bench   marks 
't   the  year   previous.     If  the  topographer  is 
'  locating  engineer  the  line  will   follow  s^me 
-'■rt  of  a  possible  railroad  route,  and  being  in 
light  running  order  he  can  try  very  many  dif- 
ferent ones      A  profile  cai'  be  kept  up.  using 
'andard  A  paper  mounted  on  a  d'  uble  roller 
^ploration  kit.     The  topographer  and  his  rod- 
M an  ir.i'st  of  course  know  the  business,  agree 
n   a   set   of   signals,   and    work   in    harmony. 
I  here  are  of  course  many  ."qm'rks"  in  the  busi- 
ness.   The  drawing  should  be  protected  by  Iwn 
r  llirec  extra  sheets  of  common   paper,  well 
I'lnib-tacked    down,   to   keep   it    from   sidling 
lid  rain  drops.     To  get  at  the  main  sheet  cut 
■vay  some  of  the  covering  exposing  as  much 
will   likely   be   plotted    in   one  d.'.y.     On     a 
r.iirie  country  an  oiitht  of  this  kind  will  do 
'   miles   a  day,     contouring  the     country  on 
iither   side  as    far  as  the  eye  can   see.     In   a 
imiher  country  it  hits   for  the  hilltops.   In  an 
open  country  it  goes  up  the  hollows,  and  the 
results    in    already-plotted   contour   maps    and 
prot'de  are   far  better  than  Ihe  old  «tvle  "Low 
wrounti,"  "High  ground,"  "Pot  holed"  tnaps. 

With  one  of  these  topographical  exploring 
parties  to  about  every  40  mdes  nf  line,  the 
chief  engineer  can  begin  to  get  in  reliable 
data  in  the  first  three  months  of  the  second 
season  after  the  inception  of  the  proicct.  In 
a  wooded  unscctionized  country  axnien  may 
he  n.?eded  but  generally  Ihe  timber  can  be 
wiggleri  through  by  following  paths  or  up  wa- 
tercourses without  much  cutting,  but  it  is  a 
hard  job  for  the  men  on  a  party  and  no  plac>: 
'  T  a  novice. 


USE     OF     E.XPLORATION     AND     TRAFFIC     MAPS     FOR 
PAPER   LOCATION 

By  September  of  the  second  year  the  chief 
engineer  will  have  a  pretty  complete  map  of 
the  country.— a  number  of  maps  showing  the 
detail  and  one  general  map  with  .M)  ft.  con- 
tours. On  this  latter  map  should  also  be 
shown  the  towns  in  diagram  illustrating  their 
present  and  future  traffic  values,  to  determine 
whether  it  is  worth  a  slight  deviation  in  line 
to  reach  any  of  them  that  may  be  left  to  one 
side  b\  the  best  topographical  location.  Too 
often  this  question  has  been  decided  at  a 
champagne  dinner,  by  a  meeting  of  influential 
citizens  with  the  president  of  the  road. 

It  is  in  the  general  selection  of  the  route 
that  the  engineer  can  show  the  most  skill  and 
foresight.  It  is  for  this  purpose  that  extend- 
ed contour  topography  is  strongly  recommend- 
ed  so   that   the   chief  engineer  can   grasp  the 


■jg.    3.     Illustrating    Method   of    Using    Stadia 
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whole  situation.  If  the  line  is  long  and  the 
country  extensive  it  will  he  impossible  for 
him  to  sec  it  all  except  on  paper,  and  this 
paper  should  show  him  something  niathemal- 
ically  reliable  to  relieve  him  from  depending 
r)n  the  ideas,  advice,  and  prejudices  of  his 
subordinates.  .\  well-selected  line  if  necessary, 
can  at  first  he  constructed  with  many  slilT 
grades,  short  ups  and  downs,  which  can  after- 
wards be  remedied  with  a  steam  shovel;  but 
a  poorly  selected  general  route,  incapable  of 
being  remedied,  will  sooner  or  later  be  foimd 
to  ill  ser\c  the  country  through  which  it  runs 
and  Ihe  investors  who  built  it.  In  the  last 
ten  years  miles  of  old  line  have  been  thrown 
away  and  replaced  by  new  line  often  mi|e> 
away  lrr)m  the  original  road.  Kvcn  this  is 
often  impossible  on  account  of  the  towns  that 
have  RKiwn  up  since  the  road  was  built  and 
which  Ihe  railroad  cnniinission  will  not  allow 
the  raiiroail   to  abandon. 

The  assend)linK  of  the  dala  brought  in  by 
the  |)lanc  table  exploration  parties  is  some- 
what of  a  task,  but  the  results  arc  far  better 
than  relying  >>u  Smith  ai'.d  Jones  an<l  their 
aneroids,  f'.isi.le.s  the  district  maps  detailed 
on  large  scale,  and  the  small  scale  general 
map,  a  plaster  cast  can  he  made  of  the  whole 
territory  to  a  grossly  ilistortcd  scale :  The 
water  shed  divides  will  appear  like  moun- 
tains and  the  valleys  like  canyons.  With  an 
object  lesson  like  this  at  hand  it  is  easier  I" 
talk  to  the  hoaril  of  directors,  and  it  becomes 
a  pleasure  to  meet  a  delegation  of  influential 
citizens  who   want  the  new  railroad   to  come 


to  their  town.  Contour  maps  mean  nothing 
to  them,  but  from  a  plaster  model  they  can 
see  that  their  town  is  loo  high  or  too  low, 
and  depart  without  feeling  any  grudge  against 
the  new  enterprise. 

CALCVLATION    OF    HAULI.NC    CAP.\CITV. 

In  constructing  any  plant,  any  factory,  any 
irrigation  ditch,  any  city  water  works  sys- 
tem, any  electric  power  plant,  its  capacity,  the 
capacity  of  the  plant,  the  amount  it  will  de- 
liver, is  the  first  thing  thought  of.  But  most 
of  the  railroads  in  .A.inerica  were  built  without 
any  thought  of  their  hauling  capacity,  and  a 
number  of  them  are  yet  operated  without  the 
managements  knowing  whether  their  roads 
are  working  reasonably  near  to  their  tonnage 
limits  or  not.  The  falling  short  is  for  two 
reasons,  namely:  (1)  The  inability  of  the 
traffic  departments  to  provide  the  tonnage 
owing  to  competition,  or  (2)  The  inability  of 
the  operating  departments  to  handle  the  ton- 
nage. The  latter  may  be  owing  to  poor  track, 
lack  of  terminals,  lack  of  motive  power,  or 
to  poor  location  of  routes  over  which  they  run 
their  trains.  Often  a  random  guess  is  made 
and  the  motive  power  is  increased,  with  the 
hope  of  curing  the  ill,  but  quite  frequently  the 
new  motive  power  and  the  location  of  division 
terminals  is  wholly  out  of  harmony  with  the 
grades  and  alignment  over  wdiich  the  trains 
are  operated.  Thanks  to  some  of  the  brainy 
men  of  the  profession  we  now  have  formulas 
for  engine  tonnage  diagrams  speed  profiles, 
train  sheet  diagrams,  tonnage  profiles,  termin- 
al inter  change  diagrams,  etc.,  etc.,  so  that  the 
capacity  of  a  railroad  as  a  plant  can  be  figured 
out.  and  the  proper  remedy  applied. 

This  knowledge  is  indispensable  to  the 
up-to-date  locating  engineer.  He  must  know 
the  probable  amount  of  tonnage  to  be  haided, 
and  build  the  plant  of  the  proper  capacity  to 
transport  it  at  a  profit,  and  so  located  that  it 
can  be  improved  to  take  care  of  the  increase 
of  traffic  in  the  future.  In  former  days  we 
used  to  hear  a  locating  engineer  speak  proud- 
ly of  the  fact  that  he  "got  a  line  through." 
but  never  a  bit  did  he  speak  of  the  hauling 
capacity  of  the  plant  if  built  on  that  align- 
ment. Most  of  our  big  railroad  systems  are 
built  30  miles  on  a  line  located  by  Jones,  the 
next  10  miles  on  Smith's  line,  the  next  S")  on 
Anderson's  line,  and  the  next  72  on  Cum- 
ming's  line;  lines  often  individually  good,  and 
representing  the  instructions  of  the  chief  en- 
gineer as  to  maximum  grades  and  curvature. 
yet  having  different  carrying  capacities,  and 
lotallv  out  of  harmony  with  the  country  as 
a  whok,  and  inadequate  to  transport  its  prod- 
>icts  at  a  profit. 

Wiln  the  details  of  a  preliminary  survey  and 
projection  and  final  location  this  article  does 
not  deal.  The  elements  ot  such  work  can  be 
found  in  books  and  the  practical  experience 
is  common  to  many.  But  the  necessity  of  the 
chief  engineer  having  an  extensive  small 
scale  topographic  map,  and  being  able  to  get 
a  broad  view  of  the  general  situation  is  a  point 
that  we  endeavor  to  emphasize.  Those  who 
have  seen  the  reconstruction  of  some  of  our 
cross  country  located  trunk  lines,  know  of  the 
millions  of  dollars  that  have  been  spent  to 
rectify  the  mistakes  of  those  who  have  gone 
before.  Depending  as  they  did  on  the  indi- 
vidual judgment  of  some  of  the  locating  en- 
gineer., no  one  of  the  men  at  the  head  nf  af- 
fairs seems  to  have  seen  the  sticking  points 
that  should  have  been  avnided  or  reduced,  and 
were  satisfied  with  a  so-much-a-mile  railroad 
in  the  expense  of  construction,  and  a  low 
average  railroad  in  capacity  of  transportation. 

I''ngine  tnnnaRe  diagrams,  tonnage  profiles, 
anil  speeil  profiles  have  all  been  dealt  with  in 
trchnical  articles  before,  and  will  not  be  taken 
up  hero,  but  they  arc  nevertheless  indispensa- 
ble in  modern  location  work.  After  the  pro- 
jection profile  is  conipleted,  a  tonnage  profile 
should  be  made  of  it.  Then  from  the  engine 
ilingrams  a  speed  profile  for  each  class  of  train 
can  be  made,  and  a  theoretical  schedule  board 
prepared  These  should  be  duplicated  in  ten 
year  periods  for  the  increased  tonnage  In 
other  words  work  the  trains  on  paper.  They 
will  have  to  be  worked  in  actuality  after- 
wards, and  it  is  well  to  know  what  cao.ch 
done  before  millions  of  dollars  arc  .nth  tlje 
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the  line.  The  train  diagramming  and  tonnage 
figuring  should  be  done  on  the  projection  pro- 
file made  from  the  preliminary  survej'.  Field 
location  costs  so  much  money,  sometimes  $10U 
a  mile  and  more,  and  it  may  be  useless  to  ex- 
pend that  much  before  the  working  of  the 
road  is  tried  on  paper.  One  of  the  first  [hings 
discovered  will  be  that  the  passing  tracks  are 
not  situated  to  the  best  advantage,  and  the 
shifting  can  be  arranged  for  accordingly.  It 
is  cheaper  to  find  it  out  on  paper  than  it  will 
be  for  the  superintendent  to  rearrange  them 
on  the  ground  10  years  later.  This  informa- 
tion from  the  ideal  speed  profiles  and  train 
diagrams  will  also  aid  in  the  selection  of 
water  stations  where  the  country  is  not  arid 
and  there  is  any  choice :  and  will  also  strength- 
en the  chief  engineer  to  nut  his  foot  down  on 
some  townsite  schemes.  These  would  be  towns 
located  at  points  where  it  would  be  a  great 
disadvantage  for  trains  to  stop,  to  meet  and 
pass.  On  one  very  expensive  extension  built 
not  many  years  ago,  mostly  a  cross  country 
location  consisting  of  alternating  tunnels  and 
trestles,  there  was  not  room  for  enough  pass- 
mg  tracks  to  accommodate  a  tonnage  that 
would  pay  4  per  cent  on  the  investment.  The 
whole  road  went  into  the  hands  of  a  receiver. 
In  these  criticisms,  railroad  etiquette  forbids 
the  mentioning  of  names,  but  some  operating 
officials  will  well  know  what  roads  were  in 
mind  Vv-hen  these  remarks  were  written. 

When  it  is  said  that  a  speed  profile  should 
be  made  after  the  projection  is  completed,  it 
is  of  course  contemplated  that  a  regular  pre- 
liminary line  with  its  accompanying  10  ft. 
contours  has  been  run  over  what  seemed  to  be 
the  ideal  route.  This  route  being  wisely  select- 
ed mathematically  and  logically  from  the  plane 
table  exploration  maps,  combined  with  the 
maps  showing  products  and  traffic,  will  save 
many  an  expensive  full-corps  preliminary  line; 
lines  that  we  used  to  depend  on  so  much  for 
knowledge  that  we  should  grasp  in  a  grander 
and  mere  comprehensive  way.  VVe  used  to 
"feel  the  country  out" ;  miles  on  miles  of  ex- 
pensive chopping  through  the  woods,  and  in 
the  end  arrive  at  a  jumping  ofT  place.  It  is 
high' time  this  method  was  dropped,  but  many 
will  stick  to  it,  because  that  is  their  caliber. 

CONCLUDINX    REMARKS. 

It  is  not  the  intention  in  this  article  to  go 
into  the  details  of  the  actual  location  survey. 
The  adjusting  of  alignment  and  grades  to 
topography  is  a  well  known  science,  but  I  am 
sorry  to  say  that  there  is  a  great  variation  of 
persona!  aptitude  in  the  profession.  Some  en- 
gineers are  born  locators;  others  are  not,  and 
still  have  not  been  kicked  out.  As  a  general 
thing  the  backwoods  and  poverty  in  early 
youth  have  produced  the  best  locating  en- 
gineers There  is  one  such  engineer  who 
was  raised  a  cowboy  and  knew  not  even  arith- 
metic until  he  was  24  years  old,  when  he  got 
a  job  as  "mule  skinner"  on  a  survey  party. 
Today  he  is  one  of  the  most  investigating  ac- 
compli£hed  mathematicians  in  the  profession. 
Some  locators  have  such  marked  characteris- 
tic technique  in  their  work,  that  from  the  way 
the  alignment  of  a  line  is  adjusted  to  a  con- 
toured valley,  another  engineer  who  knows 
them  can  tell  who  did  the  work  even  with  the 
names  of  rivers,  towns  and  mountains  omitted 
on  the  map.  Their  work  is  as  characteristic  of 
the  individual  as  that  of  an  artist  in  oils  and 
brushes.  The  style  of  one  in  particular,  who 
was  a  chief  engineer  then  and  is  now,  was  to 
throw  the  line  into  the  hill,  throw  it  in  a  little 
more  than  anyone  else  would  have  done, 
more  than  some  of  his  locators  had  it.  This 
became  so  well  depended  on  by  a  sinall  group 
of  contractors  that  they  would  arrange  their 
bids  accordingly,  and  made  comfortable  for- 
tunes oft  the  slides  that  came  down.  That  it 
was  wise  to  throw  it  in  is  still  a  disputed 
q"estion,  for  if  it  had  been  kept  out  it  might 
■  '  been  washed  away  and  traflfic  intcrrupt- 
■>  cost  of  which  some  of  the  locators 
•ake  into  consideration,  and  "J.  F." 
■>d  is  now  one  of  the  most  advanced 
"lis  time. 
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files do,  and  should,  represent  all  the  first 
one  knows.  They  represent  hours  of  study 
and  thought  and  the  accepted  result  out  of 
miles  of  unsuccessful  experiments.  They  are 
the  concentrated  form  of  all  this  effort,  and 
they  tell  the  tale  plainly.  The  second  engineer 
will  have  the  advantage  of  all  this  knowledge 
and  have  his  own  knowledge -of  the  line  be- 
sides. In  most  cases  he  will  see  something 
that  the  first  one  overlooked  owing  to  some 
handicap  of  the  work,  and  be  able  to  place  a 
better  alignment  on  practically  the  same  con- 
tours. How  far  they  can  keep  on  getting  a 
better  line,  whether  there  is  any  better  result 
from  having  third  and  fourth  engineers,  is 
still  a  disputed  question,  but  there  should  be 
at  least  two  to  look  over  the  maps,  with  the 
chief  engineer  as  the  final  arbiter.  The  handi- 
cap on  the  first  one  may  be  owing  to  a  one- 
sided view,  to  the  weather,  to  the  hardships 
of  the  trail,  or  just  naturally  to  his  being  lost 
in  the  woods,  but  it  is  no  test  of  his  ability  to 
have  another  one  suggest  something  better 
after  he  has  shown  all  he  knows.  Perhaps 
number  two  if  he  took  number  one's  place 
could  not  do  nearly  so  well  in  the  raw  country. 

No  one  man  has  a  patent  to  this  knowledge; 
it  is  the  combined  work  of  many.  The  rail- 
road engineering  profession  is  indebted  to  J. 
D.  Isaacs  for  locomotive  diagrams  and  speed 
profiles;  to  George  Kopp  for  industrial  maps 
and  traffic  diagrams;  to  A.  Stotlar  for  operat- 
ing cost  sheets ;  to  Basil  Duke  for  rapid  topog- 
raphy methods.  Even  with  them  these  special- 
ties may  not  have  been  original,  but  they 
were  among  the  first  to  use  them  where  they 
could  be  seen  by  others. 

Most  of  these  scientific  and  mathematical 
methods  of  solving  railroad  engiiieering  prob- 
lems are  of  great  value  for  use  in  investigat- 
ing and  improving  the  grades,  alignment,  and 
motive  power  of  existing  operated  roads.  Gen- 
eral managers  should  know  the  diagrammed 
capacity  of  their  motive  power  in  relation  to 
the  grades  over  which  it  is  operated.  It  has 
been  common  practice  for  yardmasters  to  take 
off  10  per  cent  from  a  train-load  in  making 
up,  then  the  dispatcher  takes  off  10  per  cent, 
and  out  on  the  line  the  crew  sets  off  10  per 
cent  on  a  fictitious  "got  stuck."  So  if  the  ideal 
working  capacity  is  not  known,  no  club  is 
held  ever  the  heads  of  the  men,  and  the  en- 
gines are  run  short  of  what  they  ought  to  be 
pulling  Some  may  say  that  all  this  mapping, 
diagramming  and  figuring  is  of  no  use;  that  all 
0.5  per  cent  or  all  1.0  per  cent  lines  have  the 
same  capacity.  True,  they  would  if  all  the 
country  was  on  a  level,  or  on  an  even  slope 
for  hundreds  of  miles,  instead  of  being  undul- 
ating as  it  acually  is.  But  God  did  not  make 
the  earth  that  way.  The  engineer's  business 
is  to  adapt  the  lines  of  travel  to  it. 
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Cost  of  Location  Survey  for  a  Short 
Railway  Line. 

(Contributed.) 

Location  surveys  for  a  railroad  were  made 
in  1912,  in  one  of  the  eastern  states,  during 
which  accurate  records  were  kept  for  the 
purpose  of  producing  authentic  cost  data.  It 
is  believed  that  the  accompanying  tables  will 
prove   interesting  and  instructive. 

The  survey  was  for  a  branch  .30.75  milesi 
long,  from  an  already  established  line  to  a 
manufacturing  city;  with  a  branch  survey,  to 
another  city,  12  miles  in  length.  Topogra- 
phical considerations,  aside  from  large  bodies 
of  water  and  liigh  hills,  were  found  to  be  of 
minor  importance,  the  chief  concern  being 
so  to  approach  the  intersected  streets  that 
grade  crossings  might  be  cheaply  avoided. 
Mo.st  of  the  distance  was  through  a  light 
growth  of  timber,  requiring  much  chopping 
and  trimming.  No  topography  was  taken,  Ijut 
all  streets  and  water  courses  along  the  line 
were  carefully  surveyed  and  the  boundaries 
of  private  lands  were  run  out. 

For  three  weeks  the  men  were  boarded  in 
hotels  in  the  two  terminal  cities;  during  nine 
weeks  they  were  carried  by  team  or  railroad 
to  the  work  from  headquarters  on  the  main 
line ;  and  for  twenty  weeks  and  two  days  they 


TABLE   I.— DISTRIBUTION   OF   LABOR. 

Pet.      Pet. 
Cost        of         of 

Description  per      labor  grand 

of  work —  Cost.      mile,     total,    total. 

Running    tiie     line 
finally   adopted    $1,500     $35.10       39.7      20.8 

Running    lines    after- 
wards   abandoned...      432       10.10       11.4        6.0 

Surveys    of    Intersect- 
ed   streets    666       15.60       17.6         9.3 

Leveling  on  line  final- 
ly adopted    156         3.65         4.1         2.2 

Leveling  on  lines  aft- 
erward abandoned..        65        1.52        1.7        0.9 

Leveling  on  intersect- 
ed   streets    20         0.47         0.5         0.3 

Meandering  ponds  and 
streams   57        1.33        1.5        0.8 

Surveying    private 
boundaries   382        8.95       10.0        5.3 

Triangulation 
and  traverse  lines..      146        3.42        3.9        2.0 

Exploration    10         0.23         0.3         0.15 

Check  levels    10         0.23         0.3         0.15 

Offlce    work    by     field 

men     61         1.43         1.6         0.8 

Holidays,  absences  and 

rainy  days  279        6.55        7.4        3.8 

Totals    $3,784     $88.58     100.0       52.50 


lived  in  camp.  From  the  camp,  which  occu- 
pied three  different  sites,  about  26  miles  of 
location  were  made,  teams  being  kept  with  the 
camp    for   transportation. 

Table  I  of  labor  distribution  does  not  in- 
clude any  general  officers'  salaries  nor  that  of 
the  chief  engineer.  The  map  drawing  was 
done  in  the  general  office  and  does  not  figure 
in  these  tabulations. 

Surveying  instruments  were  supplied  froii; 
those  previously  in  use  by  the  company,  and 


TABLE    II.— DISTRIBUTION    OF 

EXPENSES. 

Pet. 

Pet. 

Cost 

of 

Of  J 

per 

exp. 

gram 

Cost. 

mile. 

total. 

total 

Field    and    office 

equipment     $    160.49 

$  3.75 

4.7 

2.2 

Railroad  and  street 

car  fares  and  ex- 

penses            453.73 

10.60 
3.90 

13.3 
4.9 

6.4 

Board  and  lodging.      167.00 

2.3 

Team      transporta- 

tion       836.32 

19.50 

24.6 

11.6 

Camp   equipment...      209.16 

4.90 

6.2 

2.9 

Camp    maintenance  1,488.92 

34.82 

43.9 

20.7 

Purchased  informa- 

tion                 81.38 

1.90 

2.4 

1.4 

Mail,  telegraph  and 

telephone    5.56 

0.13 

100.0 

Totals     $3,402.56 

$79.50 

47.5( 

Grand  totals   $7,186.56  $168.08 

lOO.Oi 

interest  on  their  cost  is  charged  under  "Field 
and  Office  Equipment."  The  camp  equipment 
consisting  of  seven  tents,  complete  mess  out! 
fit,  cot  beds,  blankets  and  quilts,  was  purf 
chased  second-hand  at  a  discount  of  50  pe 
cent. 

During    the    nine    weeks    above    mentionefl 
many  days  were  lost  on  account  of   rain  fol 


TABLE   III.— ANALYSIS   OF   CAMP   MAINTE- 

NANCE. 

Cost 

Cost 

per 

per 

Pet. 

meal — 

man 

of 

4.047 

per 

total 

Commodity — 

Cost. 

meals. 

day. 

cost 

Meat,    fresh    and 

canned    $ 

373.72 

$0,092 

$0,239 

26.1 

Fish,     fresh     and 

canned    

51.93 

0,013 

0.033 

3.5 

Potatoes    

29.84 

0.007 

0.019 

2.0 

Other  vegetables... 

53.93 

0.013 

0.034 

3,6 

Fruit,    fresh    and 

canned    

120.58 

0.030 

0.077 

8,1 

Groceries   

108.56 

0.027 

0.069 

7.?. 

31.92 
59.39 

0.008 
0.015 

0.020 
0.038 

2.1 

Eggs    

4.0 

27.49 
26,50 

0.007 
0.006 

0.018 
0.017 

l.'.i 

Coffee    

l.s 

Tea    

9.06 

O.002 

o.oon 

0.0 

37.27 
73.03 

0.009 
0.018 

0.024 
0.047 

2.5 

Milk   

4.!) 

18.61 

0.005 

0.012 

1.3 

Fuel     

36.23 
6.50 

0.009 
0.002 

0,023 
0,004 

2.4 

Light     

0.4 

Water  —  6  weeks 

from   cltv   main. . 

5.00 

O.OOl 

0,003 

0.3 

L-intl  rent.ils   

10.00 

0.002 

OOOfi 

0.7 

Cook'."!    wages 

305.34 

0.076 

0,196 

20.,'. 

I^abor  moving  camp 

104,02 

0.026 

0.067 

7.0 

Totals   $1,488.92 

$0,368 

$0,952 

100,0 

•bnuu-v  18,  19M 
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w  liieli  the  men,  being  at  home,  were  not  paid. 
i'he  pay  of  the  party  was  as  follows : 
Position —  Pay  per  day. 

Assistant   engineer  in  cliarge $4.50 

Transitman     3.33 

Leveler    2.00 

Axman  and  teamster.  7  days  per  weeli       2.25 

Chainmen    2.00 

Rodman    1.7S 

Axemen     1.50 

Coolt,  per  weelt 15.00 

.■\  stiiijy  of  the  tallies  does  not  suggest 
much  resemblance  to  similar  ones  previously 
published,  the  most  marked  difference  appear- 
ing in  the  matter  of  camp  maintenance.  Table 
II.  Much  of  the  higher  cost  shown  here  is 
doubtless  due  to  the  high  Cost  of  living  now 
prevailing.  .A.lso  much  may  be  due  to  the 
fact  that  all  the  men  were  accustomed  to  a 
pretty  good  table  and  an  effort  was  made  to 
provide   them    with    home    comforts. 

The  total  cost  per  mile  given.  $1(18.08,  Table 
II  is  the  cost  per  mile  of  final  location,  and 
will  be  seen  to  include  the  cost  of  preliminarv 
lines,  and  all  the  detail  surveying  necessary 
for   complete   land   plans. 


structures  and  their  small  average  volume, 
much  time  could  be  saved  in  moving  the  plant. 
Furthermore,  there  was  no  room  for  derricks, 
stock  piles  and  stationary  plant. 

The  concrete  for  many  footing  courses  and 
small  concrete  structures  was  mixed  and 
placed  by  hand.     This  was  partly  because  the 


structure.      In    this    respect    the    success    was 
very  good,  but  it  might  have  been  better. 

Where  the  mixer  car  was  obliged  to  stand 
upon  the  ground  towers.  Fig.  3,  were  fre- 
quently used  for  elevating  the  wet  concrete 
to  a  point  where  it  might  be  distributed  by 
gravity.     In  some  cases  this  method  was  very 


Methods  of  Concrete  Construction  in 

Track  Elevation  Work  at 

Cleveland,  Ohio. 

The  track  elevation  of  the  New  York,  Chi- 
cago &  St.  Louis  R.  R.  for  some  five  miles  in 
Cleveland,  O.,  called  for  about  63,000  cu.  yds. 
of  concrete  work  in  street  bridge  abutments 
and  retaining  walls.  Some  of  the  methods 
of  concrete  construction  are  described  by  Mr. 
.•\.  J.  Himes,  engineer  of  grade  elimination, 
m  a  recent  bulletin  of  the  American  Railway 
Rngineering  Association,  and  of  these  we  pub- 
lish here  the  ones  of  much  general  interest. 

Three  concrete  mixers  were  used ;  they  were 
mounted  on  cars.  Two  were  equipped  with 
hoisting  engines  for  charging.  The  third  was 
charged  by  wheelbarrows  moving  over  the 
cars,  and  was  used  in  building  the  floor  slabs 
and  other  work  where  a  large  output  was  not 
required.  The  manner  of  operation  is  illus- 
trated by  Figs.  1  and  2.     In  Fig.  1,  the  hous- 


Fig.    2.     Mixing    Plant     with     Charging     Car   Truck    Alongside    Material    Cars    and    Tower 

for   Distributing   Concrete. 


small  yardage  made  it  economical,  partly  to 
hapten  the  w-ork  when  the  mixers  were  busy 
and  in  the  case  of  the  footings,  when  sheeting 
and  bracing  were  used  in  the  foundations,  it 
was  better  to  get  the  footings  in,  part  or  all 
of  the  bracing  removed  and  the  forms  erected 
before  bringing  the  mixer  on  the  work;  oth- 
erwise it  would  stand  idle  a  part  of  the  time 
and  thus  reduce  the  volume  of  concrete  placed 
per  month  below  the  rate  necessary  to  keep 
up  with  the  schedule.     The  maximum  output 


Fig.    1.     First   Arrangement   of    Car    Mounted 

Steep 

mg  wa.^  carrieil  over  the  builei  .uid  the  in- 
cline proved  too  steep  for  economical  wheel- 
ing. The  method  was  at  once  a^nnd>iiied  for 
that  of  Fig.  2.  At  a  later  dale  u  heeling  was 
awain  resorted  to,  init  the  ehai  ;inn  ■•(  the 
mixer  was  done  at  a  lower  elevation  and  with 
better  results. 

Between  Lakeview  road  and  Superior  St.. 
a  distance  of  2,600  ft.,  the  street  -eight  of 
them— were  so  close  together  and  the  avail- 
able right-of-way  was  so  narr  w  ihat  it  was 
thought  best  to  make  use  of  a  i.  nip  r.iry  tres- 
tle and  to  mix  the  concrete  on  ilie  trestle 
and  pour  it  by  chutes  into  the  abutment  forms 
below.  One  reason  for  .so  mounting  the  mix- 
ers was  that  because  of  the  large  number  of 


Mixing     Plant     Abandoned    Because      of     Too 
Incline. 

of  one  mixer  per  day  of  20  hours  was  2itO 
cu.  yds.  The  average  output  i>(  one  mixer  per 
month  for  11   nu'nlhs  was  \.^Vt  cu.  yds. 

All  structures  were  divideil  into  sections  in 
such  a  way  as  li  preclude  er.nks  from  ex- 
pansion anri  settlement,  and  earli  section  was 
poured  complete  in  one  run.  The  concrete 
was  generally  mixed  quite  wet,  the  mixture 
most  used  being  1:3:6;  in  bridge  floors  ami 
reinforced  work  it  was  1:2:4.  The  wet  mix- 
ture was  necessary  in  order  to  have  it  flow 
well  in  the  chutes,  and  to  insure  a  dense 
water-tight  product  without  tamping.  It  was 
aimed  to  draw  the  surplus  water  oflf  from  the. 
concrete  at  the  rear  of  ihc  masonry  and  thus 
avoid  a  deposit  of  laitance  on  the  face  of  the 


economical.  At  Euclid  .\ve.,  after  railroad 
traffic  had  been  turned  over  the  bridge,  there 
was  so  much  traffic  above  and  below  and  so 
little  available  space  that  no  other  method 
seemed  at  all  comparable  in  either  economy 
or  speed. 

Wooden  chutes  were  made  2  ft.  wide  and  8 
ins.  to  10  ins.  deep.  With  planed  boards  the 
preferable  slope  is  4  ins.  per  foot.  Slopes  of 
2  ins.  per  foot  were  used  at  times,  but  a  man 
was  then  required  to  keep  the  chutes  clear. 
.\  slope  of  G  ins.  per  foot  will  cause  the  in- 
i.rredients  to  separate  and  rei|uires  the  use  of 
liafltes  to  retard  the  motion.  Iron  chutes  were 
made  20  ins.  wide  and  8  ins.  deep.  The  max- 
imum slope  used  was  4  ins.  per  foot,  the  min- 
imum slope  2  ins.  per  foot.  The  slope  is,  of 
course,  dependent  upon  the  amount  of  water 
in  the  concrete. 

Great  pains  were  taken  to  remove  all  form 
marks  and  other  defects  from  the  surfaces 
of  the  masonry.  The  cheapest  method  and 
.ine  that  proved  generally  pleasing  was  to 
Hush-hammer  the  surfaces.  Such  work  was 
done  at  a  cost  of  4  cts.  per  square  foot.  Other 
surfaces  were  rubbed  smooth  with  carborun- 
dum bricks  at  a  cost  varying  from  4  cts.  to 
10  cts.  per  square  foot. 

Little  difficulty  was  experienced  in  making 
repairs  or  correcting  defects.  Surfaces  to  be 
patched  were  carefully  cleaned  and  then 
soaked  with  water.  The  mortar  was  applied 
in  comparatively  thin  layers  by  throwing  on 
forcibly  with  a  trowel,  each  layer  being  per- 
mitted in  turn  to  harden.  Such  work  has  gone 
through  three  winters  without  sign  of  failure. 

Iron  trowels  were  never  used  in  finishing 
the  surface.  Very  sniooth  surfaces  were  se- 
cured with  carborundum.  Rough,  sandy  sur- 
faces, resembling  Cleveland  sandstone,  were 
secured  by  riibbinB  with  wooden  floats  while 
the  concrete  was  still  green.  This  is  an  ex- 
cellent finish  and  can  he  done  at  a  cost  less 
than  hush-hammcrine  if  there  are  no  surface 
ilefccts  to  be  removed. 

When  the  aggrcg^c  was  desired  to  show, 
the  mortar  was  brushed  away  while  green 
with  wire  brushes.  A  good  finish  of  the  lat- 
,  tcr  sort  requires  the  agcregafc  to  be  uniform 
in  size  and  uniformly  placed.  It  is  not  easy 
to  secure.  A  very  beautiful  surface  may  be 
secured  b'-  bush-hammering  a  concrete  made 
with  quartz  gravel. 

The  concrete  work  was  carried  on  continu- 
ously the  year  around.  In  freezing  weather, 
the  wafer  and  sand  were  heated  and  salt  wa- 
ter (a  saturated  solution")  was  used  when 
there  was  to  be  no  siecl  in  contact  with  t^e 
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concrete.  In  but  one  instance  was  there  any 
sign  of  a  failure.  This  case  was  in  a  section 
of  a  retaining  wall  that  was  placed  by  hand. 
The  Hnal  conclusion  as  to  the  cause  was  that 
salt  had  been  thrown  in  the  mortar  without 
being  first  dissolved  in  water. 


Washing  Sand. — Any  sand  for  use  in  con- 
crete, showing  siens  of  vegetable  matter,  mud 
or  other  impurities,  should  be  thoroughly 
washed.  The  following  method  will  be  found 
useful :  Ruild  a  platform  about  12  ft.  long  by 
4  ft.  wide,  with  one  end  about  a  foot  higher 
than  the  other.  On  the  lower  end  and  sides 
nail  2x6  in.  boards  to  hold  the  sand.  Spread 
the  sand  over  the  platform  in  a  layer  ,'!  or  4 
ins.  thick  and  wash  it  with  a  hose.  The  wash- 
ing should  be  started  at  the  upper  end.  letting 
the  water  run  through  the  sand  and  out  over 
the  board  at  the  bottom.  All  of  the  sand 
should  be  thoroughlo.-  agftated  during  the 
washing  so  as  to  allow  the  water  to  carry  off 
the  dirt.  After  washing,  the  sand  should  be 
piled  up  where  it  will  not  come  in  contact 
with  the  dirty  water.  Drain  this  water  off  to 
some  suitable  outlet  and  do  not  use  it  for 
mi.xing  the  concrete. 


Use  of  Metal  Railway  Ties  in  Switzer- 
land.— The  scarcity  of  wood  for  general 
purposes  and  the  increasing  cost  of  wooden 
raihvay  ties  in  Europe  has  encouraged  the 
manufacture  and  general  use  of  metal  ties  in 
recent  years  in  the  railways  on  the  Conti- 
nent, according  to  a  consular  report.  About 
70  per  cent  of  the  ties  in  use  on  the  Federal 


(|uality  of  gravel  is  available  for  ballast. 
Wooden  ties  are  used  in  tunnels  and  in  lo- 
calities where  the  conditions  do  not  permit 
of  good  drainage  along  the  railways.  They 
are  also  generally  used  in  street  crossings  in 
towns  and  cities  where  the  track  is  graded 
with  gravel  up  to  the  level  of  the  ties. 
While  the  cost  of  metal  is  greatly  in  excess 


The    Principal    Long    Tunnels    of    the 
World. 

The  following  table  of  the  principal  tun- 
nels of  2  miles  or  more  in  length  has  been 
compiled  by  the  "Engineer"  of  London.  There 
are  52  tunnels  listed,  of  which  only  one  is  in 
the  United  States,  which  is  accounted  for  ob- 
viously by  the  fact  that  the  list  includes  onl;. 
railway  tunnels  and  also  only  tunnels  wholly 
in  rock.  Long  tunnels  now  being  constructed 
outside  of  Europe,  even  those  of  the  class 
specified,  are  also  not  included,  which  elim- 
inates other  possible  representation,  as  for 
example  the  Montreal  Tunnel,  by  works  of 
the    \morican  continent : 


Fig.  3.    Tower   and   Concrete   Chuting   System    for    Euclid   Avenue    Bridge. 


railways  of  Switzerland  are  metal.  The  ma- 
jority of  the  wooden  ties  used  are  made  of 
Swiss  wood.  • 

Metal  ties  were  first  used  on  the  Swiss 
roads  in  188L  since  which  time  they  have 
gradually  replaced,  to  a  large  extent,  the 
wooden  ties.  Iron  ties  are  especially  recom- 
mended   on    the    Swiss    roads    where    a   good 


TUNNELS    IN    EUROPE    OF   TWO    MILES 


Name   of  tunnel- 

Slmplon*    

St.   Gothard    

Lfischberg   

Mont  Cenis  

A  rlberg  

Ricken"    

Tauern    

Ronco    

Tenda*    

Karaw.inken    

Jungfrau't    

Borg.illo    

Severn     

Ture'nlno*    

Wochelner    

Albul.-i't     

Totlcy   

Pelorltana*   

Gravehals*    

StandPdgp   

Wnoflhrarl    

Bo.snick*    

La  Nerthn   

Kalspr  Wllhelm    ... 

Echarmeaux     

Blal8y    

Sodbury   

Credo     

Vlzzavona't    

DiBlev    

Col  dp  St.  MIchel't. 

Bramhopp    

Fpstlnlog*    

Cowhurn    

^feudo^     

Glovl    

Col  des  Loges* 

Crcmollna*    

Calrasca*     

Hauenstein     

Semm'Ting   ! 


Countr;. . 
Switzerland -Italy 
tjwitztrland -Italy 

Switzerland    

France-Italy    

Austria    

Switzerland     

Austria    

Italy    

Italy    

Austria    

Switzerland    

Italy    

Kngland-Wales    .. 

Italy    

Austria    

.Switzerland    

England     

Sicily    

Norway     


IN  LENGTH. 
Length.  Summit 


nil 

12 
S 
9 


England 

England     .  . 

Austria     ... 

France     . . . 

Germany     . 

France    .... 

France    .... 

England 

Fr.ince   .... 

Corsica    . . . 

England     . . 

France    .... 

England 

Wales     

England    . . 

France   .... 

Italv    

.Switzerland 

Italy    

Italy    

Switzerland 

, Austria     .  . . 

THE   LONGEST   TUNNELS   OUT    OF    EI 


Name  of  tunnel —  Country 

Hoosac    United  States 

Khojak)    Bnliiclilstnn    .. 

Suram   Cauc'a.Mu:^ 

Caldera*     Peru    

Foarnn    Hill* China    

Tr.iMsanillne't    Chlle-Arirentlne 


yds. 
■1.5S 
5G4 
5ri 
1,730 
404 
CIO 
546 
277 
56 
1.683 
S3  4 
700 
63(; 
10 
1.647 
1,150 
950 
fiS6 
516 
3  60 
3  13 
2  1,693 
2  1,581 

2  1.069 

3  1,020 
2  990 
2  913 
2  800 
2  778 
2  346 
2  292 
2  234 
2  206 
2  182 
2  134 
2  45 
2 

1  1,748 
1  1,520 

1  1,210 

0  1,333 
TROPE. 

Lenglh 
ml.   yds. 

4  685 

2  769 
2      750 

1  1.320 
1       644 

551 


level,  ft. 
2,313 
3. 788 
4,077 
4,248 
4.300 
650 
4.020 


3,260 

2,088 

11,220 


1,761 
6,133 


2,844 


2,405 


2.971 


1.890 
3,200 


2,940 


.Sinnniit 
level,  fl. 


15,774 
10,500 


LONG    EUROPEAN    TUNNELS    NOW    BEING    CONSTRUCTED. 


Lenglh. 
"Snmf  r,f  tunnnel —  Country.  ml.    yds. 

Hauensteln  Base   Switzerland 5         o 

Somport*   Fiancc-Spain    4  1,512 

Orenchenberg    Switzerland    4         o 

Puymorens*    Fr.'.  nee -Spa In      3      317 

Mont  dOr  France-Switzerland   3  1,395 


Summit 
level,  ft. 


for 
traffic. 
1906 
1S82 
1913 
1871 
1885 
1910 
1909 
18S8 
1899 
1906 
1912 
1887 
1S86 
1900 
1909 
1903 
1893 
1885 
1909 
1850 
1845 
1906 

is79 
1895 

•iiios 

1889 
1902 
1901 
1849 
1879 
1893 
1900 


1906 

1850 

Opened 

for 
traffic. 
1876 
1892 
1895 
1893 
1910 
1911 

Opened 

for 
traffic. 


of  that  of  wooden  ties,  the  longer  duration 
of  the  former  makes  them  cheaper  in  the 
end,  as  they  do  not  have  to  be  replaced  so 
frequently,  which  is  an  expense  that  has  to 
be  taken  into  consideration  when  wooden  ties 
are   used   in   road   construction. 

The  follow'ing  prices  are  paid  by  the  Swiss 
Government  for  plain,  or  unoiled,  wooden 
ties,  P  ft.  long,  10  ins.  wide,  and  6  ins.  thick : 
Oak,  $1.2.5  to  $1.-50 ;  beech,  $0.81  to  $1,12: 
larch,  $0.83  to  $1.16;  pine,  $H.7S  to  $0.%.  Oiled 
wood  ties  of  same  size  and  qualitv:  Oak, 
$1.58  to  $1.87:  beech,  $1.4.5  to  $1.81;  larch, 
$1.14  to  $1.54;   pine,  $1.04  to  $1.35. 

Iron  ties  !)  ft.  long,  9Vi  ins.  wide,  bv  5V4 
ins.  thick,  weighing  160  lbs.,  sell  for  $2.30. 
The  metal  ties  used  on  the  Swiss  railways 
are  imported  from  Germany  and  are  pur- 
chased on  contract  by  the  Federal  Govern- 
ment. 


1.787 


•Single  line   tunnel.     tOne  metre  gnge  railway.     tStnndairt  gage  of  India. 


Graduate  School  of  Engineering  at  Co- 
lumbia University. — When  the  School  of 
.Mines  iil'  rnluinliia  University  celebrates  its 
liftieth  annivcrs.iry  in  May  next,  the  end  of 
the  old  curriculum  will  be  marked,  for  with 
the  beginning  of  the  next  scholastic  year,  in 
.September,  will  come  the  consummation  of  a 
plan  conceived  by  the-  founders  of  the  school, 
half  a  century  ago — a  graduate  school  of  en- 
gineering— on  the  same  footing  as  the  other 
.graduate  schools  of  the  llniversity.  Under 
the  new  plan  three  years  of  specialized  study 
in  the  varicnis  branches  of  engineering  will 
be  offered  leading  to  the  several  technical  de- 
L'rees  in  the  .School  of  Mines,  Engineering 
and  Chetnistry.  The  requirements  for  ad- 
mission to  these  schools  will  be  the  com- 
pletion of  at  least  three  years  of  a  college  or 
scientific  school  course,  including  thorough 
instruction  in  mathematics,  chemistry  and 
physics:  and  in  addition  certain  courses  in 
drafting,  shopwork,  surveying  and  mineralogy 

To  prepare  for  this  graduate  course  inside 
I  he  university  a  new  course  has  been  prepared 
in  Columbia  College  leading  to  the  degree  nt 
I^achelor  of  Science,  in  which  a  little  more 
than  one-half  of  the  time  of  the  student  i.; 
civen  to  the  renuirements,  and  the  remainder 
is  devoted  to  English,  the  modern  languages, 
histroy,   philosophy   and   the   political   sciences. 


'file  Si'cz  Canal  aulboritics  announce  that 
the  maximum  draft  of  water  authorized  has 
been  increased  by  1  foot,  making  it  20  feet 
Six  years  ago  the  dcplli  wa--  iticrcased  to  28 
feet.' 
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The  Technical  Results  of  the  Confer- 
ence in  Concrete  Road  Building. 

The  business  of  concrete  road  building  is 
asserted  to  have  received  a  notable  impetus 
from  the  conference  held  a  fortnight  ago  in 
connection  with  the  Chicago  Cement  Show. 
One  object  of  the  conference  was  therefore 
attained.  To  the  interests  which  promoted 
the  conference  and  Ijy  whom  it  was  financed 
this  object  was  perhaps  the  first.  They  are 
therefore,  to  be  congratulated.  But  we  be- 
lieve that  these  interests  had  also  another 
object  which  was  the  technical  advance  of 
concrete  road  building,  and  which  was  cer- 
tainly the  object  to  seek  which  most  of  the 
engineers  and  highway  officials  in  attendance 
came  to  the  conference.  .\  question  then 
which  concerns  all  who  created  the  occasion 
and  all  who  participated  in  its  activities  is: 
What  were  the  technical  results  of  the  con- 
ference on  concrete  road  building? 

One  result  of  very  considerable  technical 
importance  was  the  enlarging  of  the  field  of 
vision  of  many  of  those  in  attendance.  Con- 
crete road  building  has  been  chiefly  promoted 
by  special  interests.  In  this  respect  the  con- 
ditions are  no  different  than  they  are  for 
brick  or  bituminous  or  wood  block  roads. 
Neither  is  there  in  this  fact  any  cause  for 
censure.  But  concrete  is  a  newer  material  to 
be  specially  promoted  for  roads  and  its  actual 
use  has  been  in  places  more  widely  separated 
than  is  the  fact  with  brick  or  bitumen  or  wood 
block  -Also  much  of  the  literature  on  con- 
crete roads,  and  certainly  the  literature  that 
has  been  most  widely  disseminated  has  been 
literature  inspired  by  business  developing 
rather  than  scientific  considerations.  All  this 
has  acted  to  keep  provincial  the  knowledge 
of  concrete  roads.  A  great  many  road  build- 
ers have  known  actually  of  concrete  roads 
only  the  facts  developed  by  the  roads  in  their 
own  locality;  of  the  facts  regarding  other 
concrete  roads  they  have  known  only  those 
which  the  agencies  interested  in  the  business 
of  concrete  road  building  deemed  most  wise 
to  emphasize.  The  conference  enlarged  the 
vision  of  these  men  by  its  more  complete  dis- 
closure to  them  of  all  facts.  The  good  results 
of  this  were  very  apparent  as  the  conference 
progressed,  encomium  and  censoriousness 
both  moderated  tfiward  scientific  judgment. 
This  is  the  mental  attitude  which  will  do 
most  to  dcveIo[),  the  real  merits  of  cnncrcle 
as  a   road  building  material. 

\  review  of  the  technical  cnmniittcc  reports 
iibstractcd  in  this  issue  and  that  of  a  week 
■  discloses  only  here  and  there  any  novelty 
thought.     They   are  distinguished    by   safe 
iiservatism.     This  is  also  true  nf  the  rules 
I.    I'i  reconimendeil  practice  ad(>|)tcd  by  the  con- 
'     forence.     Tradition    is   adhered    to   in    design 
•"1  in  construction  methods  aiid  mattrials,  in 
■k'radc   construclii)n.    cxpansinn    joints,    and 
iiig,   placing  and  curing  the  cnncrete  slab. 
is  is  wholly  natural  and  prnper  anil  it  lonrls 
;iipliasis    to    the    few    new    thoughts    of    at- 
traction for  tlie  more  expert. 

F.nginccrs   will    agree,   we   believe,   that    the 
one  report  most  fruitful  in  new  ideas  is  that 
of  the  committee  on  contr.iction  and  expansion 
of  concrete  in  concrete  roads,     f.-isid  on  test 
•lata   this    report   makes   the   imiiorlanl    asser- 
n    that   alternate   wcttiu'. 
ncrctc    road    slab    produ 
;'.insion  stresses  and  nn 
iter   than  do  alternate 
iiiperaturc.  Stated  specili... 
;isr  in   temperature   acting  on   a   well   soaked 
I'increte    road    slab    will    by    drying    out    the 
concrete  cause  contraction   which   may  easily 


exceed  in  intensity  and  magnitude  the  ex- 
pansion due  to  the  increased  temperature.  The 
committee  report  which  we  publish  in  this 
issue  presents  proof  of  this  phenomenon 
which  perhaps  is  not  conclusive  but  which  is 
strong  enough  to  demand  consideration. 

A  less  clearly  demonstrated  and  equally ' 
novel  assertion  of  this  committee  report  is 
that  a  dished  sub-grade  tends  to  reduce  longi- 
tudinal cracking  of  the  concrete  slab,  slab 
thickness  being  equal,  as  compared  with 
crowned  or  flat  sub-grades.  The  statement 
in  the  report  is  as  follows : 

A  concrete  road  laid  on  .1  crowned  sub-base 
would  l)e  ttie  most  liable  to  crack  longitudinally 
and  on  a  dished  sub-base  the  least  liable  to 
crack.  The  resistance  ottered  to  contraction  of 
a  slab  with  a  crowned  sub-base  is  greater  than 
that  offered  by  either  a  dished  or  flat  sub-base, 
because  the  concrete  must  move  against  the 
effect  of  gravity.  With  the  dished  sub-base  the 
concrete  contracts  with  the  effect  of  gravity  and 
therefore  is  stressed  the  least. 

Whatever  the  practical  value  of  dishing  the 
sub-grade  may  be,  the  idea  enunciated  by  the 
report  is  interesting.  A  road  slab  built  on  a 
sub-grade  having  a  longitudinal  incline  tends 
to  slide  down  grade;  sometimes  slabs  so  lo- 
cated have  actually  moved  down  the  hill. 
With  a  dished  sub-grade,  then,  gravity  tends 
to  slide  both  sides  of  the  road  slab  toward 
the  slab  center  and  thus  tends  to  counteract 
;iny  stress  which  acts  to  separate  the  slab, 
or  to  crack  it.   at  the  center. 

Reports  and  discussions  of  construction 
methods  were  the  ones  most  lacking  in  the 
work  of  the  conference.  Cost  of  concrete 
roads  is  a  prime  factor  in  determining  the 
preference  of  concrete  construction  to  other 
kinds  of  road  construction.  Cost  of  concrete 
road  construction  is  very  largely  labor  and 
plant  cost — hauling,  preparing  sub-grade, 
concrete  mixing,  placing  and  curing,  and  these 
costs  are  determined  primarily  by  the  quality 
of  construction  work,  management — plant  se- 
lection, organization,  construction  methods, 
etc.  Too  few  data  were  presented  by  the 
committee  reports  on  matters  of  these  kinds 
and  the  few  data  presented  were  in  most 
instances  too  incomplete  and  in  some  in- 
stances were  only  a  portion  of  the  data  readily 
available. 

Concrete     Bridges:     Relative     Advan- 
tages of  Different  Types. 

It  is  interesting  and  instructive  to  study 
the  different  types  of  cuncrete  briilges  which 
have  been  designed  by  engineers  to  suit  va 
rioiis  conditions.  There  is,  "f  course,  a  tend- 
ency on  the  part  of  some  designers  to  favor 
a  certain  type  of  l)ridgc  and  to  advocate  its 
use  without  carefully  analyzing  the  advan- 
t.iv  '    bv   other   types.     This    tend 
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comparing  the  first  cost  and  the  cost  of  main- 
tenance of  several  types  of  bridge  and  care- 
fully considering  the  difficulty  of  obtaining  a 
satisfactory  foundation  for  each  type  it  was 
found  that  the  flat  slab  type,  with  piers 
spaced  '20  ft.  on  centers,  offered  the  best  so- 
lution of  the  problem.  The  slabs  were  built 
as  simple  spans,  and  a  noteworthy  feature  of 
their  design  was  the  effective  arrangement  of 
the  main  reinforcing  rods.  These  rods  were 
bent  in  the  form  of  parabalas  so  as  best  to 
resist  the   stresses  developed  in  the  slabs. 

The  girder  type  of  bridge  has  been  used 
to  a  very  considerable  extent,  especially  for 
highway  construction  in  some  of  the  middle 
western  states.  It  has  proved  to  be  a  strong 
and  efficient  type  for  comparatively  short 
spans.  Reinforced  concrete  truss  spans  have 
been  used  in  a  few  cases,  but  this  type  of  con- 
struction possesses  more  novelty  than  prac- 
ticability. 

In  this  issue  we  are  describing  and  illus- 
trating the  principal  design  features  of  the 
superstructure  for  an  interesting  reinforced 
cuncrete  viaduct  now  under  construction.  This 
structure  comprises  a  series  of  spans  vary- 
ing in  length  from  60  to  80  ft.,  each  span 
of  which  consists  of  two  cantilever  arms  on 
reinforced  concrete  piers.  Each  pier  and  its 
two  balanced  cantilever  arms  constitute  -a  sep- 
arate unit  as  regards  carrying  dead  and  live 
loads.  The  superstructure  consists  of  a  re- 
inforced concrete  beam-and-slab  floor  sup- 
ported by  four  curved  reinforced  concrete 
ribs.  The  curved  ribs  give  the  structure  the 
appearance  of  a  series  of  arches.  The  un- 
stable character  of  the  subsoil  and  the  prob- 
ability of  unequal  settlement  of  the  piers  led 
to  the  adoption  of  this  type  of  construction. 

The  most  common  type  of  concrete  bridge, 
and  the  one  for  which  concrete  seems  particu- 
larly well  adapted,  is  the  arch.  The  fixed 
type  of  arch  has  generally  been  used,  but 
there  is  an  increasing  tendency  to  use  the 
three-hinged  type  in  an  attempt  to  overcome 
some  of  the  difficulties  encountered  in  the 
use  of  the  fixed  arch.  For  long  spans  and 
for  arches  where  it  is  not  possible  to  obtain 
a  good  rise  the  ibrce-hingcd  arch  possesses 
some  advantages  over  the  fixed  type,  but  for 
short  spans  and  for  comparativelv  long  spans 
with  good  ratios  of  rise  to  span  it  can  not  be 
used  to  ad\.inlage. 

The  discussions  of  several  engineers  on  the 
relative  advantages  and  disailvantages  of  tin- 
fixed  and  three-hinged  types  of  arch  are  given 
in  this  issue.  The  relative  elTicieiicics  of 
ribbed  and  solid  soflits  and  of  tlividcd  and 
solid  piers  are  also  discussed.  These  com- 
ments were  brought  out  by  a  paper.  "Concrete 
Bridges:  Some  Important  Features  of  their 
Oesign,"  an  abstract  of  which  appears  in  our 
Nov.  2fi.  10i:t  issue.  In  this  paper  the  au- 
thors assert  thai  ihe  three-liingeil  arch  pos- 
sesses the  f  "   '■  ■■  s  over  the  fixed 
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tails,  however,  are  important  items  which  may 
overbalance  the  direct  saving  of  concrete. 
Steel,  bronze  and  stone  hinges  have  been  used 
in  the  construction  of  existing  arches.  The 
friction  developed  in  stone  hinges  may  cause 
stresses  in  the  arch  which  diiifer  considerably 
from  those  computed.  In  the  paper  referred 
to  it  is  stated  that  a  ribbed  sofifit  is  usually 
more  efficient  than  a  solid  one  and  that  the 
I-section  rib  is  to  be  preferred  to  the  rec- 
tangular rib  for  spans  above  200  ft.  We  doubt 
the  advisability  of  using  I-section  ribs  with 
sharp  re-entrant  angles,  as  the  construction 
difficulties  will  usually  overbalance  the  saving 
in  the  quantity  of  concrete  required.  It  is  al- 
most impossible  to  design  and  construct  a 
practical  system  of  centering  which  will  not 
deflect  sufficiently  to  damage  the  tlanges  of 
the  concrete  ribs.  The  divided  and  braced 
types  of  pier  may  result  in  a  considerable 
saving  of  material,  but  the  intricate  form- 
work  required  will  act  to  reduce  the  actual 
saving  in  cost.  Where  diaphragms  are  used 
to  connect  the  separate  pier  shafts  they  may 
serve  to  collect  the  drift  at  times  of  floods 
and  thus  greatly  restrict  the  clear  waterway. 
We  sometimes  hear  designers  complain  of  the 
calculations  involved  in  the  design  of  fi.xed 
concrete  arches;  but  the  experienced  designer 
will  find  little  difference  in  the  amount  of 
work  required  by  the  fixed  and  three-hinged 
types,  and  this  item  should  not  in  any  way 
affect  the  decision  as  to  which  type  of  arch 
should  be  adopted.  More  data  are  needed  as 
to  the  relative  efficiencies  and  costs  of  these 
two  types  of  arch. 


Explosions  in  Sewers. 

Recent  explosions  in  large  sewers,  particu- 
larly those  which  occurred  at  Pittsburgh  and 
Detroit,  have  again  drawn  the  attention  of 
engineers  to  the  causes  of  such  explosions 
and  to  the  preventive  measures  available.  On 
account    of    the    present    interest    in    the    sub- 


ject we  are  giving,  in  this  issue,  several  illus- 
trations of  the  varying  nature  of  the  causes  of 
sewer  explosions  and  of  the  methods  em- 
ployed in  various  cities  in  an  effort  to  pre- 
vent their  occurrence.  Underground  wire 
conduits  also  are  subject  to  explosions  of  sim- 
ilar nature  and  are  so  considered  in  the  arti- 
cle to  which  we  have  referred. 

The  most  spectacular  as  well  as  the  most 
disastrous  sewer  explosion  ever  known  in  this 
country  was  that  which  occurred  at  Pitts- 
burgh late  in  November  of  last  year.  Since 
this  explosion  serves  well  to  illustrate  the 
damage  which  may  be  sustained  in  accidents 
of  this  character,  its  more  important  features 
are  here  reviewed.  The  sewer  affected  is  an 
8-ft.  trunk  sewer  draining  an  area  of  1,700 
acres  and  serving  a  population  of  about  50,000 
people.  Its  dry  weather  flow  is  about  15,000,- 
000  gals,  per  day.  Varying  degrees  of  dam- 
age were  sustained  by  this  sewer  in  a  section 
5,300  ft.  long.  A  portion  of  the  damaged 
length  is  8x10  ft.  in  section  and  is  made  up 
of  brick  and  stone;  the  balance  is  a  circular, 
3-ring  brick  sewer,  8  ft.  in  inside  diameter. 
The  sewer,  in  the  affected  section,  was  gen- 
erally split  at  the  crown  of  the  arch,  and  the 
arch  was  flattened  at  most  places  and  in  some 
lengths  demolished.  The  damage  to  the  sewer 
section  was  confined  almost  wholly  to  the 
portion  above  the  springing  line,  the  invert 
being  practically  unharmed.  The  effect  of 
the  explosion  extended  for  some  distance  up 
the  laterals  connecting  with  the  trunk  sewer. 
Much  paving  was  torn  up,  manholes  were  de- 
molished or  badly  shattered,  many  window 
lights  in  adjacent  buildings  were  broken, 
and  several  buildings  near  the  sewer  were 
damaged  by  the  explosion  or  the  settlement 
which  followed  it.  The  physical  problem  of 
restoring  the  sewer  to  service  was  accom- 
panied by  the  pressing  necessity  of  protect- 
ing property  from  the  effects  of  flooding,  of 
maintaining  street  and  railroad  traffic,  of 
keeping  in  operation  affected  industrial 
works,    and    of    protecting   the    health    of    the 


people  in  the  drainage  area.  The  cost  of  re- 
pairing the  sewer  will  exceed  a  quarter  of  a 
million  dollars.  The  exact  cause  of  the  ex- 
plosion has  not  been  determined  and,  we  are 
authoritatively  informed,  no  official  investi- 
gation to  determine  the  cause  will  be  made. 
It  is  significant  to  note,  however,  that  the 
great  majority  of  all  automobile  garages  in 
the  city  are  located  in  the  drainage  area  of 
the  sewer,  as  are  also  many  dry-cleaning  and 
paint  manufacturing  establishments.  Acid 
waste  from  steel  pickling  vats  discharge 
into  the  sewer,  and  a  Pintsch  plant  and  sev- 
eral large  gasoline  storage  tanks  are  near 
the  sewer  line. 

The  Detroit  sewer  e.xplosion,  which  oc- 
curred late  in  January  of  the  present  year 
and  which  will  cost  in  the  neighborhood  of 
$7,000  for  repairs,  has  been  attributed  to  gaso- 
line from  automobile  establishments.  The  af- 
fected sewer  w'as  drained  at  intervals  along  a 
section  19,000  ft.  in  length. 

The  subject  is  one  of  growing  importance 
as  the  two  instances  just  mentioned  clearly 
indicate.  Measures  to  prevent  accidents  to 
men  engaged  in  cleaning  sewers,  and  to  pre- 
vent damage  to  sewers  and  adjacent  property, 
resulting  from  explosions,  will  doubtless 
shortly  assume  more  definite  shape  along  the 
following  lines  :  Specific  city  ordinances  pro- 
hibiting the  discharge  into  sewers  of  imflani- 
mable  or  explosive  liquids  or  gases  of  any 
kind  w-ill  be  enacted  or  improved,  and  en- 
forced ;  carefully  conducted  investigations 
will  be  periodically  made  to  insure  compli- 
ance with  the  provisions  of  such  ordinances: 
efforts  to  secure  better  ventilation  of  sewers, 
particularly  immediately  before  entering  them 
for  any  purpose,  will  be  made ;  and,  finally, 
the  striking  of  matches,  or  the  carrying  of 
any  flaming  li.ght  into  sewers,  will  be  prohib- 
ited. The  article  to  which  we  refer  clearly 
indicates  the  lines  along  which  good  prac- 
tice in  sewer  maintenance,  so  far  as  the  pre- 
vention of  explosion  is  concerned,  will  crys- 
tallize. 


The  Fee  System  at  Oakland,  California, 

of   Reimbursing   the   City   for   the 

Cost  of  the  City  Engineering 

Department. 

The  city  of  Oakland.  Cal.,  supports  its 
city  engineering  department  by  fees  collected 
from  other  city  departments  and  from  private 
individuals.  All  employees  are  salaried  and 
the  salaries  and  other  expenses,  such  as  field 
and  office  equipment  and  supplies,  are  paid 
by  the  city.  The  city  then  charges  for  all 
work  done  in  private  or  public  service,  the 
fees  fixed  by  ordinance  and  these  fees  are 
credited  as  income  against  expenditures  in 
salaries,  etc.  This  system  of  accounting  has 
been  in  force  since  July  1,  1911,  and  in  the 
report  of  the  Department  of  Streets  for 
June  30,  1913.  are  given  some  data  in  the 
operation  of  the  system  which  we  summarize 
here: 

ORC.\NIZ.\TIOX    AND   SALARIES. 

The  Commissioner  of  Streets  is  in  charee 
of  the  Department  of  Streets.  The  Super- 
intendent of  Streets  is  ex-officio  City  En- 
gineer. The  engineering  department  is  un- 
der the  Deputy  City  Engineer,  and  not  only 
handles  the  engineering  work  for  the  De- 
partment of  Streets,  but  also  for  the  Harbor 
Department  and  all  other  departments  of  the 
city.  The  organization  of  the  City  Engineer's 
office  is  shown  by  chart,  Fig.  1.  This  chart 
show's  the  whole  scheme  of  fixed  responsi- 
bility, which  is  the  chief  object  desired  in 
arranging  the  organization  as  shown.  The 
results  obtained  have  been  very  satisfactory. 
-Ml  orders  are  passed  out  through  the  proper 
■  heads  which  eliminates  friction  and  confusion 
and  gives  a  means  of  checking  efficiency  and 
of  recognizing  ability  and  good  service.    Va- 


cancies in  the  technical  service  of  the  depart- 
ment are  filled  by  Civil  Service  examinations 
and  an  eli.gible  list  of  applicants  is  maintained 
for  filling  such  vacancies  as  may  occur  from 
time  to  time.  The  organization  and  salaries 
paid  as  fixed  by  city  ordinance  are  as  fol- 
lows :  ■ 

1  Deputy  City  Engineer,  at  a  salary  of  $3,000 
per    year. 

4  Assistant  Engineers,  at  a  salary  of  not  less 
tlian  .$1,980  and  not  more  than  $2,400  per  year 
each. 

3  Office  Engineers  at  a  salary  of  not  less  than 
$1,620   and    not   more   than   $1,920   per   year   each. 

1  Field  Engineer,  at  a  sal.ary  of  not  less  than 
$1,G20   and   not   more   than   $1,920   per   year.    ' 

1  Junior  Engineer,  at  a  salary  of  $1,680  per 
year. 

4  Instrumentmen,  at  a  salary  of  $1,500  per 
year  each. 

2  Instrumentnien.  at  a  salary  of  $.'i  per  day 
each. 

14  Draughtsmen,  at  a  salnry  of  not  less  than 
$l,:i20  and   not  more   than  $1,,')00   per  year  each. 

1  Assistant  Draughtsman,  <at  a  salary  of  not 
less  than  $720  and  not  more  than  $840  per  year. 

10  Chalnmen.  at  a  salary  of  not  less  than  $900 
and  not  more  than   $1,080  per  year  each. 

4   Chalnmen,   nt   a   salary   of  $3   per  day  each. 

1  Senior  HookUeeper,  at  a  .salary  of  not  less 
than   $1,200  and   not  more  than   $1,500  per  year. 

1  Junior  Stenographer,  at  a  salary  of  not  less 
than    $780    and    not    more    than    $1,080    per   year. 

1  Senior  Clerk,  at  a  salary  of  not  less  than 
$1,200  and  not  more  than  $1,500  per  year. 

In  addition  to  the  above,  there  is  assigned 
to  the  engineering  department  a  right  of 
way  agent,  under  salary  by  the  city,  whose 
duties  are  to  obtain  bv  voluntary  dedication 
such  miscellaneous  rights  of  way  and  street 
openings  as  may  be  necessary  for  the  public 
w-clfare  and  convenience.  This  arrangement 
has  resulted  in  considerable  saving  to  the 
city  as  compared  with  the  method  formerlv 
employed. 

FINAN'CrAL    STATEMENT. 

As  indicating  the  financial  workings  of  the 
system    the    income   and    expense    account    of 


the  department  for  one  year  are  CTiven.     The 
total  cost  of  maintaining  the  department  was      j 
as   follows : 

Salaries    $53,296.82 

Office   supplies    1,301.03 

Office  equipment  664.89 

Field  supplies   621.51 

Field    equipment    1,004.80 

Total     $56,889.05 

Under  the  head  of  office  supplies  are  in- 
cluded such  articles  as  drafting  material,  blue 
prints,  pens,  pencils,  ink,  pads  and  such  other 
articles  necessary  for  general  office  use.  Un- 
der office  equipment  are  included  such  perma- 
nent articles  as  drafting  tables,  filing  cases, 
calculating  machines,  _pf  which  the  depart- 
ment purchased  two  at  a  cost  of  about  $550, 
planinieters,  pantographs,  etc.  Under  field 
supplies  are  included  such  articles  as  stakes, 
monument  castings,  car  fare,  etc. ;  and  under 
field  equipment  are  included  such  permanent 
articles  as  surveyors'  transits  ("three  having 
been  purchased  at  a  cost  of  $750),  levels, 
rods,    tapes,    plumb-bobs.    etc. 

-As  a  partial  ofTset  to  the  amount  paid  for 
maintenance,  by  the  city,  the  following  items 
are  taken  from  the  department  books : 

Fees  collected  on  private  lot 
surveys    $  2,861.75 

Fees  collected  on  private  grade 
sui-veys    355.90 

Fees  collected  on  street  open- 
ings           233.82 

Fees  collected  hy  street  de- 
partment on  street  work 
covered    by    engineers'    cer- 

tinoates    36,770.51  40.221.9S 

(Both  public  and  private  con- 
tracts.) 

Work  performed  for  school 
department    2,183.49 

Work  performed  for  park  de- 
partment             965.3S 

Work       performed     for     play- 

Ri'ound    department 67.20 

Woik     performed     for    depart- 
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ment  of  public  health  and 
safety- 
Fire  department   7.50 

Police    department    11.8(1 

High  pressure  fire  system...         24o.l8 

Work  performed  for  civil  ser- 
vice  board    136.50 

\Vorl<  performed  for  municipal 
water    district    311.21 

Help  assigned  to  the  depart- 
ment of  public  works  (har- 
bor division) 4,079.8"     8,008.13 

Total    $48,230.11 

No  account  is  taken  in  the  foregoing  of  the 
amount  e.xpendcd  for  the  general  operation 
nf  the  office,  of  the  co.st  of  miscellaneous 
work  ordered  by  the  City  Council  or  of  the 
labor  performed  ($7,840.18)  in  bringing  the 
maps  and  records  of  the  office  up  to  date. 

FEES.     " 

For  those  interested,  the  following  is  the 
fee  ordinance  under  which  this  department 
operates : 

Section  1.  The  fees  to  be  charged  by  the  City 
Kngineer  of  the  City  of  Oakland  shall  be  as  fol- 
lows: 

Subdivision  -'A" — For  the  survey  of  any  lot, 
having  four  straight  sides  and  being  outside  of 
the  Are  limits  of  said  city,  the  fee  to  be  charged 
shall  be  $12  for  50  ft.,  or  less,  of  frontage  and 
5  cts,  for  each  front  foot  additional.  Survey 
to  Include  diagram  thereof  and  the  setting  of 
four  stakes,  additional  stakes  to  be  charged  for 
at  the  rate  of  50  cts.  each. 

Subdivision  "B" — For  the  survey  of  any  lot, 
as  described  in  Subdivision  "A,"  but  lying  with- 
in the  fire  limits  of  said  city,  the  fee  to  bo 
charged  shall  he  50  per  cent  greater  than  as 
fixed  in  said  Subdivision  "A." 

Subdivision  "C" — For  the  survey  of  any  irreg- 
ular-shaped lot  (lot  havin.g  more  than  four 
straight  sides)  the  fee  to  be  charged  shall  be 
:it  the  rate  of  320  per  day  for  each  field  party  of 
three  men,  and  $8  per  day  for  each  office 
man:  excepting,  however,  that  the  fees  for  ir- 
regular-shaped lots,  as  herein  defined,  shall,  in 
no  case,  be  less  than  the  fees  established  upon 
n  frontage  basis. 

Subdivision  "D"— For  giving  official  line  and 
grade  of  curb  or  sidewalk  in  front  of  any  lot  of 
100  ft.,  or  less,  frontage,  $5  if  done  in  conjunc- 
tion with  a  lot  survey  and  if  done  otherwise,  6 
.  nts  per  linear  foot  of  curb  or  sidewalk  with 
c  minimum  chaigc  of  $8. 

Subdivision  "E" — Upon  street  work  under  the 
general  street  laws  of  the  State  of  California, 
the  cost  of  which  is  to  be  paid  for  by  a  frontage 
assessment,  or  upon  street  work,  the  cost  of 
which  is  to  b3  paid  for  in  such  manner  as  may 
be  agreed  upon  between  property  owners  and 
contractor  (private  contract^),  the  following 
.shall  be  the  fees,   to-wlt: 

For  setting  stakes  once  upon: 

Sewering  or  re-sewerIng,  $6  for  the  first  lon 
ft.,  or  less,  with  C  cents  for  every  additional  foot 
iif  sewer. 

Catch  basins,  $5  each. 

Grading  or  re-grading,  7',4  cts.  per  linear  foot 
of  street,  measured  along  the  center  line. 

Grading  and  curbing  or  re-grading  and  re- 
iirbing,  10  ct3.  iier  linear  foot  of  street,  meas- 
ired  alonj  the  center  line. 

Curbing  or  re-curbing  with  wood.  3  ct.'.  per 
linear  foot  of  curbing. 

Gulterln^  or  ro-BUtterlng,  3  cts.  per  Imcar  fool 
'it  gutter. 

Curbing  or  re-curbIng  with  granite,  cement  or 
'  oncrete,  5  cts.  per  linear  foot  of  curbing. 

Sidewalking  or  re-sldewalklng,  C  cts.  p^r'  lln- 

ir  foot  of  sidewalk. 

Culverts,  6  cts.  per  linear  foot  of  culvert. 

Cro.Hswalks,  i!  cts.  per  linear  foot  of  cross- 
walk. 

Griding,  curbing  with  wood  and  paving  witii 
macadam  or  oil  macadam,  15  cts.  per  llnciir  foot 
"f  street,  measured  along  the  center  line. 

Ke-gradlng,  re-curbing  with  wood  and  re-pav- 
Ing  with  macadam  or  oll-macadani,  1.".  cts.  per 
linear  foot  of  street,  measured  along  the  center 
line. 

Paving  or  ro-paving  with  macadam  or  oll-ma- 
■  adam.  5  cts.  per  linear  foot  of  street,  meas- 
ired  along  the  center  line. 

Paving  or  rc-paving  with  rn.'fMdiim  or  oil- 
macadam  and  curbing  or  n  -■  i'  ■' -  "l"'  "oo"'. 
9  cts.  per  linear  foot  of  str.'  '.  ni'  l^^ured  along 
the  center  line. 


Paving  or  re-paving  with  material  other  than 
macadam  or  oil-macadam,  5  cts.  per  linear  foot 
of  each  line  of  stakes,  measured  lengthwise  of 
the  street. 

Masonry  work,  5  per  cent  on  the  cost  of  con- 
struction, as  shown  by  the  contract. 

For  plan,  on  private  contracts.   $5. 

For  assessment  diagram  and  final  certificate, 
$5. 

No  fee  shall  be  charged  on  re-dressing  thi; 
surface  of  improved  roadways,  unless  stakes  are 
set.  In  which  case  the  fee  shall  be  the  same  as 
herein  provided  for  paving  or  repaving  with  ma- 
cadam, or  oil-macadam. 

Resetting  of  stalses  disturbed  or  destroyed  by 
the  contractor  shall  be  at  the  expense  of  said 
contractor. 

Subdivision  "F" — Upon  street  work  under  the 
general  street  laws  of  the  State  of  California, 
the  cost  of  which  is  to  be  paid  by  a  district  as- 
sessment, the  fee  shall  be  5  per  cent  of  the  cost 
of  construction. 

Section  1^.  Fees  for  the  following  field  or 
office  work  shall  be  as  follows; 

For  such  miscellaneous  engineering,  surveying 
or  drafting  work  not  specifically  covered  by 
Sections  1,  1^  or  2  of  this  ordinance,  the  fees 
to  be  charged  shall  be  at  the  rate  of  $20  per  day 
for  each  field  party  of  three  men,  and  $S  per 
day  for  each  office  man. 

Commissioner  of  Streets 


Suot  of  Streets  ana  Cx  officio  Citu  engineer 


Depatii  Crfo  I  Elnqineer 


Asst  Engineer 


Office  Cna  feigns 


Office  Cng  Recoras 


Office  Cna  Assessments 

I 

\Draftsmen  Asir  DrafTsman 


Senior  BhReef>ei^ 


Senior  Clern 


Junior  Stenoqrp'r 


^sst CnQ 


neta£nQ 


junior€nainstrumentmen  I 
EdC  cnoinmen \ 


Fig.  1.     Organization  Chart,  City  Engineer's 
Office,  Oakland,  California. 


For  copies,  additional  to  those  required  by 
Section  1  of  this  ordinance,  of  survey  diagrams 
or  street  work  certificates.  $1  for  each  copy. 

For  blue  print  copies,  additional  to  those  re- 
quired by  Section  1  of  this  ordinance,  of  such 
tr.acings  or  negatives  of  maps,  street  Improve- 
ment plans,  assessment  diagrams,  etc..  as  are 
part  of  the  office  records  of  the  City  Engineers 
office.  50  cts.  for  the  first  square  foot  of  each 
of  said  copies  and  5  cts.  for  each  .additional 
square  foot  thereof;  no  copy  to  cost  less  than 
50  cts.  and  no  blue  prints  to  be  made  from  other 
than  office  records. 

For  plans  and  specifications  of  work  for  which 
the  City  Council,  or  other  authorized  municipal 
bod.v.  Is  asking  for  bids,  the  City  Kngineer  Is 
hereby  authorized  to  collect  from  prospective 
bidders  on  said  work  the  sum  of  $5  for  each 
such  set  of  plans  and  specifications.  For  a  period 
of  30  days  after  the  time  fixed  for  receiving  bids 
on  the  work,  said  sum  of  $.">  shall  be  considered 
merely  as  a.  deposit;  In  case  said  plans  and  spec- 
ifications are  not  returned  within  said  30-day 
period,  then  tho>  shall  bec( me  the  property  of 
the  holder  thereof  and  the  J5  held  by  the  citv 
shall  be  considered  as  payment  therefor. 

Section  2.  Fees  for  street  work  under  the 
general  .nlreet  laws  of  the  State  of  California,  on 
which  the  resolution  of  Intention  has  already 
been  passed,  fees  for  street  work  on  private 
conlracis  on  which  permission  has  already  been 
granted  nnd  fees  on  lot  surveys  already  or- 
dered, shall  be  In  accordance  with  the  provlslonH 
of  such  fee  ordinances  then  In  efltcct. 


First    Subway   in    South     America. — The 

first  section  fit  a  new  subwav.  said  lo  he  tlic 
first  in  South  .America,  has  just  been  cmnplctcd 
at  Buenos  .Aires,  and  opened  t"  public  service. 
This  subway  is  iloublc-l racked  and  equipped 
with  cars  of  the  most  modern  construction. 
The  stations  are  dislinRuishcd  l)y  varyini; 
color  schemes,  as  arc  those  now  in  use  in  the 
Washington  street  subway  in  Boston. 


Sieving  Tests  with  Standard  Cement 
Sieves. 

Tests  made  by  the  Bureau  of  Standards  on 
cement  sieves  submitted  by  two  well  known 
manufacturers  lead  to  the  following  conclu- 
sions, in  a  report  by  Messrs.  R.  J.  Wig  and 
J.   C.   Pearson  of  the  Bureau : 

(1)  Employing  the  present  standard  method 
of  sieving,  the  greatest  attainable  accuracy  in 
single  fineness  determinations  of  normal  Port- 
land cement  on  a  standard  No.  200  sieve,  that 
is.  the  greatest  attainable  accuracy  in  check- 
ing uniformity  of  samples  is  about  0.2  per 
certt. 

(•2)  "Standard"  No.  200  sieves  may  differ 
in  their  sieving  values  by  considerable  amounts, 
such  that  their  corrections  to  the  ideal  No_. 
200  sieve  may  be  at  least  as  great  as  0.7 
per  cent. 

(3)  Errors  of  at  least  0.5  per  cent  may  be 
looked  for  in  single  fineness  determinations 
of  normal  cements  on  a  standard  Xo.  200 
sieve  when  made  in  the  usual  routine  manner. 

(4)  Deviations  exist  in  the  sieving  values 
of  "standard"  Xo.  100  sieves,  of  a  magnitude, 
roughly,  one-half  the  corresponding  values 
for  No.  200  sieves  as  given  above. 

(5)  "Personal  equation"  appears  to  be  ap- 
preciable in  hand  sieving,  a?  in  most  labora- 
tory operations,  the  observed  values  being  as 
great  as  0.3  per  cent. 

(6)  The  rating  of  a  sieve  by  some  system 
of  demerits  assigned  from  direct  measure- 
ments appears  to  be  an  interesting  possibility, 
and  worthy  of  further  study.  Should  a  sys- 
tem be  worked  out  to  give  reliable  indications 
say  within  0.2  per  cent  or  0.3  per  cent  of  the 
observed  sieving  value  of  a  sieve,  it  will  add 
greatly  to  the  value  of  the  certificate  now 
furnished  with   standard   sieves. 

It  seems  evident  from  the  foregoing  that 
iioth  sieving  tests  and  the  interpretation  of 
measurements  on  sieves  are  subject  to  con- 
siderable discrepancies,  and  the  question 
arises  as  to  whether  some  other  more  re- 
liable method  of  determining  tineness  can  not 
he  made  available.  The  sieve  at  best  is  a 
measure  of  the  coarseness  of  finely  ground 
material  rather  than  the  fineness,  and  experi- 
ments now  in  progress  at  the  Bureau  of 
Standards  indicate  that  air  separation  will 
offer  a  more  satisfactory  means  of  determin- 
ing fineness  than   mechanical  sieving. 

In  conclusion  it  may  be  stated  that  a  tol- 
erance of  1  per  cent  from  the  specification 
should  be  allowed  with  the  Xo.  200  sieve  and 
II  •")  per  cent  from  the  specification  with  the 
Xo.  100  sieve,  every  care  being  taken  to  con- 
duct the  lest  in  strict  accordance  witli  stand- 
,ird  methods.  These  tolerances  should  be  con- 
sidered as  minimum  values  since  they  are 
based  upon  the  results  obtained  by  careful  and 
experienced  observers:  therefore  it  should  be 
emphasized  that  greater  difTerences  arc  pos- 
sible in  ordinary  routine  testing. 

Plant  and  Drilling  Methods  Employed 
in  Constructing  a  Mine  Drain- 
age Tunnel. 

The  tunnel  described  is  Ox"  ft.  in  section 
and  7.030  ft.  long:  it  was  constructed  for  the 
Lebigh  \alley  Coal  Co.  by  the  Portland  Con- 
tracting Co.,  Pittsburgh,  Pa.  The  tunnel  is 
wholly  in  rock,  ranging  from  hard,  close- 
grained,  dark  conglomerate,  pitching  at  an 
:uiglc  of  I"!",  at  the  inside  end.  successively 
to  coar.sc-grained  conglomerale.  blue  stone  of 
a  close  grain,  and  finally  red  shale,  at  the 
surface  end  of  the  tunnel.  The  pitch  of  the 
rock  llatlcns  out.  from  the  inside  end.  until 
it  is  practically  horizontal  when  the  surface 
is  reached. 

The  coal  company  awarded  the  contract  on 
the  honiis-penally  basis,  in  order  to  secure  as 
rapid  progress  as  possible.  \  certain  bonus 
was  offered  per  day.  for  each  day  the  tunnel 
was  finished  ahead  of  one  year's  time,  and  .i 
like  penalty  per  day  was_  announced  for  each 
d.Tv  over  one  year,  required  to  complete  the 
work. 

EQUIPMENT   AND  ORC  VXIZ.\TION. 

While  the  work  on  the  approaches  of  the 
tunnel   was  proceeding,  the  contractors  estab- 
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lished  a  power  house  and  compressor  plant, 
consisting  of  two  Sullivan,  cross-compound, 
belt-driven  air  compressors,  with  air  cylinders 
18  and  11  ins.  in  diameter,  by  14-in.  stroke, 
with  a  rating  of  680  cu.  ff.  of  free  air  per 
minute,  at  105  R.  P.  M.  These  compressors 
were  operated  by  belt  from  motors.  The 
motors  were  of  the  440-volt,  alternating  cur- 
rent type,  of  150  H.  P.  each.  On  account  of 
the  hardness  of  the  rock  at  the  inside  end,  an 
air  pressure  of  120  pounds  per  square  inch 
was  maintained  at  the  receiver  throughout  the 
entire  24  hours  from  the  time  the  compressors 
were  started  until  the  work  of  tunnel  driving 
was  completed. 

A  5-ft.  e.xhaust  fan  was  installed  at  each 
end  of  the  tunnel,  to  provide  the  best  possible 
ventilation.  An  18-in.  asphalted  pressure  ven- 
tilating pipe  was  carried  as  close  as  possible 
to  the  heading,  so  as  to  clear  out  the  foul  air 
resulting  from  the  blasting  as  soon  as  pos- 
sible. 

A  boarding  house,  providing  good  beds  and 
good  food,  was  established  at  each  end  of  the 
tunnel. 

The  tunnel  was  driven  three  shifts  per  day, 
including  Sundays  and  holidays.  The  labor 
force  was  made  up  as  follows :  1  superintend- 
ent; 2  foreman;  G  chargemen :  18  drill  run- 
ners ;  18  helpers  ;  C  muck  bosses ;  24  muckers ; 
4  drivers :  3  dumpmen  ;  1  stableman  :  2  com- 
pressor runners :  2  to  4  blacksmiths :  2  to  4 
blacksmith  helpers ;  1  timekeeper,  and  1  clerk. 

TUNNELING     METHODS. 

The  bonus-penalty  work  was  started  with 
the  actual  driving  of  the  tunnel,  on  July  7, 
and  included  6.800  ft.  Work  was  carried  on 
Sundays  and  holidays,  and  on  the  comple- 
tion of  the  tunnel,  on  June  7,  1913,  the  con- 
tractor had  finished  34%  days  ahead  of  time, 
allowing  for  454  hours  of  delay,  for  which 
the  coal  company  was  responsible,  caused  by 
high  water,  during  January.  March  and  .^pril. 

.At  the  outside  end.  Sullivan  2%-in.  differ- 
ential-valve rock  drills  were  employed,  mount- 
ed on  double-screw  columns.  These  were  re- 
placed later,  when  the  rock  became  harder, 
by  3%-in.  machines.  Two  drills  were  ordi- 
narily used  in  each  heading,  but  when  un- 
usually hard  rock  was  encountered,  three  drills 
were  regularly  employed.  When  the  third  drill 
was  required,  this  work  was  done  by  the  2%- 
in.  machine,  to  drill  what  would  ordinarily 
have  been  dry  holes.  Drills  of  another  make 
(also  3%-in.)   were  used  on  the  inside  end. 

The  sketches.  Fig.  1,  show  the  round  which 
was  employed.  Sketch  B.  21  holes,  shows  the 
hard  rock  round,  and  sketch  No.  A,  17  holes, 
shows  the  round  in  softer  rock.  The  cut 
holes  were  drilled  8  ft;  deep,  and  the  relievers 
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ing.  The  average  includes  all  losses  of  time. 
The  actual  rock  pulled  ran  to  5%  ft.  per  work- 
ing shift. 

Slick  sheets  were  placed  in  front  of  the 
face  before  each  round  was  fired,  to  facilitate 
shoveling.  The  muck  was  removed  by  cars 
hauled  by  mules,  each  car  being  8  ft.  in 
length  by  4  ft.  wide  and  4  ft.  high.  Owing 
to  the  solidity  of  the  rock,  and  the  fact  that 
it  was  to  be  used  for  drainage  only,  no  tim- 
bering was  required,  and  no  lining  was  placed. 

The  best  month's  progress  for  a  single  head- 
ing was  387  ft.,  driven  by  Sullivan  3%-in. 
drills  in  the  south  end  in  bluestone,  in  May, 
1913,  and  the  best  progress  for  both  headings 
was  also  in  May,  amounting  to  754  lin,  ft. 
of  tunnel.  The  following  table  shows  the  prog- 
ress by  months,  from  April,  1912,  to  June, 
1913,  inclusive  : 

North  End.  South  End.     Total. 
Feet.  Feet.  Feet. 

.\pril,     1912 00  SO  80 

May,    1912 115  94  209 

June,   1912 186  23  209 

July,    1912 228  000  228 

August.    1912 219  186  405 

September,    1912 252  192  444 

October,     1912 294  315  609 

November,    1912 321  372  693 

December.  1912 309  309  618 

January,   1913 327  342  669 

February,   1913 309  351  660 

March,    1913 351  300  651 

April,    1913 327  240  567 

May,    1913 367  387  754 

June.    1913 ...  234 

Total    7,030 

The  data  from  which  this  article  has  been 
prepared  are  given  by  M.  E.  Reed  in  "Mine 
and  Quarry"  for  January,  1914. 


A  Device  for  Recording  at  a  Distance 

the  Productive  Operations  of 

Machines. 

(Contributed.) 

A  device  which  will  record  in  the  manager's 
office  the  operation  of  concrete  mi.xers,  steam 
shovels,  hoists  or  other  machines  employed 
in  construction  is  illustrated  by  the  accom- 
panying sketch.  This  device  is  called  a  "Pro- 
ductograph,"  and  will  record  the  work  of  as 
many  machines  as  there  are  provided  record- 
ing pins  and  counters.  The  sketch  shows  a 
five-pin  machine ;  other  standard  sizes  have 
ten  pins  and  twenty  pins.  Each  pm  records 
the  operation  of  one  machine  and  the  five  or 
more  machines  whose  operations  are  being  re- 
corded may  be  of  the  same  kind,  as  for  ex- 
ample five  concrete  mixers,  or  each  may  be 
a    different    kind,    as    for    example,    one    con- 


Fig.     1.       Sketches     Showing     Drill     Rounds    Employed   in   Driving  a   Mine   Drain- 
age   Tunnel. 


and  side  holes  7  ft.  deep;  a  round  thus  rang- 
ing from   125  to  about  160  ft.  of  holes. 

The  drilling  crew  consisted  of  three  drill 
runners,  three  helpers,  a  muck  boss  and  four 
tiuickers,  making  eleven  men,  to  which  should 
lie  added  one  chargeman,  one  driver  and  one 
dump  man.  The  holes  were  fired  by  an  elec- 
tric battery,  the  cut  holes  being  fired  first, 
then  the  relievers,  and  then  the  rib  holes.  To 
pull  the  round  100  lbs.  of  60  per  cent  dynamite 
were  required,  giving  an  average  advance  per 
shift  for  the  entire  work  of  3.4  ft.  per  shift, 
or  10.3  ft.  per  day  of  24  hours  for  each  head- 


cretc  mixer,  one  derrick,  one  steam  shovel, 
one  pump,  and  one  hoist.  The  several  ma- 
chines also  may  be  the  same  distance  or  dif- 
ferent distances  from  the  office  and  may  be 
at  any  distance,  within  reason,  from  it. 

As  indicated  by  the  sketch  the  record  is 
made  on  a  chart  carried  on  a  revolving 
drum ;  this  chart  is  renewed  each  day.  The 
chart  is  divided  by  vertical  lines  into  spaces, 
Dne  space  for  each  machine,  and  by  horizon- 
tal (red  ink)  lines  into  time  spaces — one  hour, 
one-half  hour,  one-fourth  hour,  and  five  min- 
utes.    When   a  machine  begins   operation   the 


pin  recording  that  machine  makes  a  horizontal 
mark  recording  each  operation ;  each  hun- 
dredth mark  or  multiple  thereof  is  extended 
or  made  longer  than  the  others,  thus  facili- 
tating collation  and  computation.  Stoppages 
of  the  machines  are  indicated  by  cessation  of 
marks  or  by  blank  spaces.  To  illustrate  the 
application  of  this  recording  process  the 
operation  of  a  batch  concrete  mixer  will  be 
considered. 

The  ordinary  batch  concrete  mixer  is  a 
machine  which  by  the  hand  movement  of  one 
or  more  levers  will  within  an  appro.ximately 
prescribed  time  feed  a  batch  of  practically 
dry  gravel  and  cement,  in  proper  proportions, 
into  a  continuously  revolving  drum,  the  latter 


Fig.    1.      Productograph   for   Recording   the 
Operation   of   Machines. 

then  receiving  the  water  immediately  upon 
this  gravel  and  cement,  through  the  actuation 
of  a  lever  by  the  operator.  The  drum  is  re- 
volved for  a  stated  time  to  allow  for  thor- 
ough intermixing  of  water,  gravel  and  cement 
to  make  a  uniform  concrete.  All  these  opera- 
tions are  left  entirely  to  the  operator.  The 
machine  is  practically  automatic  except  for 
the  hand  lever  movements  which  apply  power 
to  the  different  points  of  the  mixer.  The 
operator  sets  what  in  his  judgment  seems  the 
proper  length  of  time  for  mixing.  Four  con- 
secutive operations,  i.  e.,  lifting  raw  ma- 
terials to  revolving  drum,  the  water  feed,  the 
mixing,  and  the  delivery,  will  produce  a  batch 
of  concrete  in  say  about  1%  minutes,  each 
charge  in  an  ordinary  building  mixer  being 
only  two  wheelbarrows  full.  At  this  rate  of 
40  batches  per  hour,  the  yield  for  a  full  day's 
run  of  10  hours  should  be  about  400  concrete 
batches.  This  is  based  on  the  assumption  thai 
the  mixer  has  run  the  day  through  without 
interruption  of  any  kind  and  h;i,s  been  fed 
steadily,  and  conscientiously  looked  after  by 
its  attendant.  Now  let  us  say  that  by  actual 
count  of  the  yield  at  the  end  of  the  day  it  is 
found  that  only  300  batches  have  been  mixed, 
a  shortage  of  100  batches,  eq\iivalent  to  a  loss 
of  25  per  cent  in  the  capacity  of  the  mixer, 
or  2%  hours  of  running  time.  Under  ordinary 
conditions  and  management  one  of  two  things 
will  follow,  either  the  day's  record  will  he 
accepted  without  further  inquiry  as  the  best 
possible,  or  the  responsible  head  will  want  to 
know  the  cause  for  the  shortage.  It  may  have 
arisen  through  laxity  of  operators  in  keeping 
the  mixer  fed  regularly,  or  through  defects 
in  the  mixer  which  caused  a  stoppage  every 
now  and  then.  In  either  case  it  becomes  .^ 
matter  of  veracious  report  from  the  work- 
man, and  it  is  not  likely  that  they  will  lay 
blame  on  themselves.  Thus  the  real  causes  of 
shortage  are  vague  and  indefinite,  and  may 
remain  uncorrected  for  days  or  weeks.  If  the 
shortage  should  be  less  than  we  have  figured 
in  this  case,  it  would  doubtless  be  passed  by 
as  too  inconsequential,  but  suppose  the  con- 
dition should  exist  where  there  are  ten  or 
more  mixers  at  work,  each  losing  10  per  cent 
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of  its  capacity  every  working  day  ?  Then  the 
seemingly  immaterial  item  grows  into  a 
mountain  of  loss. 

Now,  against  this  uncertainty  and  loose- 
ness of  procedure,  let  us  suppose  that  by  some 
device  the  mi.xer  could  self-record  its  every 
movement  and  stoppage,  and  its  production 
at  the  very  moment  it  yields  it,  batch  after 
batch,  making  a  permanent  record  of  all  these 
things  in  the  office  of  the  owner  or  manager, 
away  from  the  observation  of  the  workers. 
Such  a  record,  comprehensively  made,  would 
reveal  in  the  above  case,  for  example,  that 
the  mi.xer  stopped  for  a  full  hour  at  some 
time  of  the  day.  The  office  can  take  im- 
mediate cognizance  of  it  at  the  very  time  it 
happens,  and  promptly  learn  the  cause ;  it  may 
be  due  to  break  off  a  piece  of  mechanism, 
necessitating  repair.  Right  here  comes  the 
additional  advantage  in  the  ease  with  which 
an  astute  manager  can  discover  if  too  much 
time  has  been  consumed  in  the  work  of  re- 
pair; at  any  rate  he  is  sure  to  discover  the 
breakage  much  sooner  than  it  would  ordi- 
narily be  reported  to  him. 

0".  perhaps,  the  record  will  show  frequent 
and  irregular  stoppages  of  five,  ten  or  more 
minutes  each.  What  more  natural  than  to 
conclude  that  the  workers  are  "soldiering,'' 
or  that  the  operation  of  the  mi.xer  is  so  iii;- 
perfect  that  it  blocks  or  jams  up  now  and 
then,  and  needs  cleaning  or  removal  of  im- 
perfectly mixed  product.  It  must  be  evident 
that  such  a  record,  carefully  analyzed  and 
seriously  followed  up.  will  reveal  the  true 
facts,  place  the  blame  where  it  really  lies,  and 
make  correction  of  the  fault — whether,  in  man 
or  machine — a  most  simple  matter.  The  record, 
made  by  hands  not  human,  is  dependable  and 
strictly  impartial.  In  the  case  of  concrete 
mixers,   "soldiering"   should  be  especially  dis- 


couraged because  inaction  of  the  chief  opera- 
tor means  idleness  of  a  number  of  other  work- 
men who  depend  upon  the  proper  operation 
of  the  mixer,  possibly  four  or  five  men  to 
every  such  machine. 

In  similar  ways  the  performance  of  any 
machine  used  in  construction  work  can  be 
timed  and  recorded. 

The  "Productograph"  is  made  by  Slocum, 
Avram  &  Slocum,  Industrial  Engineers,  New 
York  Citv. 


Cost    of    Drainage    Drill    Borings    in 
Prospecting  for  Ore  in  Alaska. 

The  Alaska  Treadwell  Gold  Mining  Co.,  at 
Treadwell,  on  Douglas  Island,  Alaska,  has 
been  using  a  diamond  drill  the  past  year  to 
prove  up  the  deposits  of  gold  ore  on  some  of 
its  properties.  The  drill  employed  is  a  Sulli- 
van "Champion"  screw-feed  machine,  with 
differential  feed-gears,  having  a  capacity  of 
1.500  ft.  in  depth,  and  removing  a  core  1% 
ins.  in  diameter,  employing  standard  A  fit- 
tings ;  that  is,  hollow  rods,  core  barrel,  core 
shell,    split    spring    ring   lifter   and    bits. 

Diamond  drilling  work  began  on  April  G, 
HU.S.  at  the  "Mexican"  mine,  and  continued 
until  4.^18.5  ft.  of  drilling  had  been  completed. 
All  drilling  performed  was  cross-cutting  from 
the  main  drift  of  the  mine.  The  space  re- 
quired for  operation  was  6xGxI.j  ft.,  the  rod-; 
and  core  barrel  being  10  ft.  in  length.  The 
rock  in  which  the  drilling  has  been  done  is 
dioritc,  quartz,  greenstone  and  slate.  The 
diorite  and  quartz  are  very  hard,  and  the 
greenstone  has  been  ordinarily  the  best  ma- 
terial for  drilling.  Wliilc  not  as  hard  as  the 
diorite  and  quartz,  it  is  still  hard  enough  to 
jirovide  very  good  cores.  The  slate  encountered 
was    very    soft,    but    through    it    ran    quartz 


seams,  making  very  rough  cutting,  hard  upon 
the  machine  and  hard  upon  the  diamonds. 
The  diorite  was  so  hard  as  to  put  a  glass 
polish  on  a  bit  set  with  diamond  chips,  in 
from  4  to  6  ft.  of  drilling.  The  diamond  set- 
ter, Mr.  J.  M.  Gibeau,  got  good  results  by 
setting  some  small  diamond  chips,  which  had 
been  saved  by  the  mine  from  work  done 
about  IG  years  ago ;  but  although  these  were 
set  up  very  sharp,  the  diorite  rapidly  polished 
them,  so  that  progress  in  this  material  was 
very  slow. 

The  following  table  shows  the  cost  of  five 
months,  to  Aug.  31.  The  distance  drilled  was 
3.01?.-)   ft: 

Total  Cost 

cost.  per  ft. 

Labor    $2,434.36  $».79S 

Diamonds    1,911.02  .637 

Repairs     46.61  .012 

.Supplies    253.66  .083 

.\ssaylng    8.26  .002 

rower  (estimate),  two  ma- 
chine drills  at  $65.00  each      655.00  .211 

$5,339.51  $1,743 

Number  of  Itarats  used,  21.57. 
Feet  drilled  per  karat,   141.3  ft. 
Carbon  cost  based  on  a  value  of  $90.00  per  karat. 
No  exact  data  are  available  on  the  cost  of 
drilling   for    September,   but   the    following   is 
.given    as    a    close    estimate: 

DrillinB  for  the       Cost  per 
month,  584  ft.  foot. 

Carbon   loss    S1S1.22  $0.31 

Labor   634.00  1.0S5 

Power 131.00  .224 

$946.22  $1,619 

During  August  the  total  amount  of  drill- 
ing was  900.5  ft.  The  carbon  loss  for  August 
was  $.125  per  foot  drilled.  The  total  cost 
for  that  month  was  less  than  $1  per  foot. 
These  data  are  taken  from  an  article  by  A. 
-Schoenberg  in  "Mines  and  Quarrv"  for  Tan- 
narv.    1014. 
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Influence    of    State    Regulation    Upon 
Economy  and  Efficiency  in  the  Op- 
eration of  Water  Works  Properties. 

Contributed    hv    Wvnkoop    Kiersted,    Consulting 

Hydraulic  and   Sanitarj'  Engineer, 

Kansas  City,  Mo. 

The  economical  and  efficient  operation  of 
'  a  public  utility,  like  a  water  works  property, 
I  depends  somewhat  upon  tli^  conditions  un- 
der which  it  is  operated.  In  the  past  many 
1  public  utilities  of  this  kind  were  constructed 
*  under  provisions  of  a  limited  franchise  by 
promoters  desiring  to  profit  rather  in  the 
financing  and  construction  of  a  plant  than  in 
the  operation  of  the  property.  Little  attention 
■  was  given  to  planning  its  structural  details. 
Usually  the  promoters  and  the  city  officials 
reached  an  agreement  as  to  the  source  of 
water  supply,  the  sizes  of  pipes  in  the  streets, 
the  number  and  distribution  of  hydrants  and 
valves,  the  size  and  character  of  pumping 
equipment,  reservoirs,  standpipes  and  other 
details  of  the  physical  property,  and  finally 
as  to  the  amount  of  hydrant  rental  and  the 
schedule  of  rates  expected  to  prevail  during 
the  life  of  the  franchise.  Generally  the  an- 
nual hydrant  rentals  in  the  aggregate  approxi- 
mated f)  per  cent  interest  on  the  cstimnled  cost 
of  financing  and  constructing  the  plant.  The 
rates  for  domestic  consumers— usually  those 
of  neighboring  towns — were  accepted  without 
regard  to  their  application  to  the  town  in 
question. 

If  the  capital  obtained  by  an  i-isiio  of  bonds 
secured  by  deed  of  trust  on  thr  pr  i|icrly  and 
frandiiscs.  with  hydrant  rentals  plcilycd  for  in- 
terest, was  not  sufficient  to  meet  llie  costs  of 
construction,  additional  money  was  raised  from 
■  the  sale  of  such  portion  of  the  stork  as  did 
not  go  as  a  bonus  to  the  promoter  or  to  the 
purchaser  of  the  bonds.  I'sually  the  pro- 
moter's connection  ceased  soon  after  the  com- 
pletion of  the  original  construction,  and  the 
management  of  the  property  passed  to  the 
owners  of  the  equity.  .•\s  a  rule  during  the 
early   years   of   operation    an    enforced    econ- 


omy prevailed.  The  earnings  of  the  earlier 
years  were  often  scarcely  enough  to  meet  the 
interest  and  operating  expenses  of  the  prop- 
erty, to  say  nothing  of  earning  a  return  on 
the  equity  or  of  earning  a  replacement  fund 
to  take  care  of  the  property.  This  was  par- 
ticularly true  in  small  and  slow-growing  cities, 
while  in  a  rapid-growing  city  the  demands 
for  extensions  following  in  rapid  succession 
often  embarrassed  the  management  depend- 
ing upon  borrowed  money  with  which  to  make 
ihe  extensions. 

In  towns  of  slow  growth  this  situation 
proved  almost  a  struggle  for  existence,  and 
frequently  resulted  in  financial  embarrassment 
to  the  owners  of  the  equity  and  often  seri- 
ous loss  to  the  owner  of  the  securities  against 
the  property.  But  to  the  management  in 
cities  of  rapid  growth  the  embarrassment  was 
temporary  only,  for  as  soon  as  the  growth 
of  the  city  proved  substantial  the  prospects 
brightened  sufficiently  to  attract  outside  cap- 
ital, which  enabled  the  management  to  finance 
the  extensions  to  the  property  with  Init  com- 
paratively short  delay,  althouKli  unable  at  first 
to  keep  pace  with  ihe  demands.  Kvcn  this 
difficulty  disappeared  as  the  city  increased  in 
wealth  and  prosperity  to  an  extent  which  per- 
mitted the  tnanagement  to  anticipate  demands 
and  to  build  to  a  limited  extent  for  the  future. 

The  premature  abandonment  of  operating 
units  of  pl.int  or  the  early  duplication  of 
mains  ami  pipe  lines  resulting  from  rapid 
growth  did  not  necessarily  indicate  poor  busi- 
ness jiKlgmenl  or  poor  engineering  advice  in 
the  nutstart,  for  the  financing  of  the  original 
project  admillcd  of  anticipating  future  re- 
quirements only  to  a  limited  extent.  .\n  al- 
Icmpl,  then,  lo  anticipate  rapid  growth  wotild 
douiilless  have  resulted  in  overcapitalization 
and  ovcrc. instruction  lo  an  extent  which  woiilil 
have  seriously  embarrassed  the  original  op- 
erating ciinipanv.  Every  water  works  prop- 
erty has  passed  through  a  periorl  of  structural 
evolution  when  structural  details  were  gradu- 
allv  modified  and  improved,  high-grade  ma- 
chinery    superseded     low-grade     machinery. 


mains  and  pipe  lines  were  duplicated  between 
the  source  of  water  supply  and  the  distribu- 
tion pipes  of  the  city,  large  pipe  headers  of 
permanent  construction  were  substituted  for 
the  original  and  irregularly  laid  network  of 
pipes  about  the  pumping  station  connecting  the 
pumping  machinery  with  the  mains  leading  to 
tlie  distributing  system,  improved  methods  of 
handling  fuel  were  installed  and  various  labor- 
saving  devices  took  the  place  of  those  orig- 
inally provided.  The  operating  costs  of  such 
properties,  passing  through  a  similar  process 
of  evolution,  gradually  decreased  per  unit  of 
water  output  as  the  mechanical  details  of  the 
plant  were  improved  and  perfected,  and  as 
the  methods  of  conducting  the  business  of 
the  company  became  better  organized  and  sys- 
tematized, until  finally  a  point  was  reached 
where  further  change  in  structural  design  and 
methods  of  operation  accompanied  change  in 
the  mechanical  arts  as  applied  to  the  handling 
and  the  purification  of  the  water  supply,  and 
the  necessity  for  reinforcing  parts  of  the 
property  and  for  extensions  in  conservative 
anticipation  of   future  growth. 

In  the  past  there  have  been  several  handi- 
caps 111  ihe  ilevelopment  of  water  works  prop- 
erty along  lines  of  economy  and  efficiency.  In- 
stances are  numerous  where  the  relations  be- 
tween the  citizens  and  the  management  of 
the  properly  became  seriously  strained  by 
reason  of  poor  water  service.  Doubtless  ac- 
tion of  llie  city  council  growing  out  of  this 
strained  relation  may  have  carried  the  popu- 
lar agitation  beyond  reasonable  bounds  and 
afforded  an  opporliniity  to  withhohl  hydrant 
rentals  from  the  operating  company,  the 
usual  weapon  of  offence  and  defence  of  the 
municipality.  Usually  a  controversy  of  this 
kiufl  ended  in  compromise  a  d  reduction  of 
hydrant  rentals  and  a  crippling  of  the  water 
company   financially. 

The  Second  handicap  was  occasioned  by 
failure,  deliberate  or  otherwise,  of  the  water 
company  to  irnprovc  the  plant  to  meet  the 
necessary  requirements  of  good  water  serv- 
ice,   the    management,    particularly    a    foreign 
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management,  sometimes  preferring  to  spend 
money  in  contesting  the  claims  of  the  munici- 
pality to  an  improved  water  service,  with  the 
hope  of  sustaining  in  court  certain  unwise 
technical  provisions  of  the  franchise  rather 
than  to  expend  money  in  improvements  under 
good  engineering  advice.  Such  action,  engen- 
deting  intense  animosity  on  the  part  of  the 
citizens,  usually  resulted  in  litigation  with 
heavy   and    fruitless   expense   to  both   sides. 

Tlic  third  handicap,  the  limited  franchise, 
has  at  times  prevented  in  one  way  or  another 
a  progressive  development  of  the  property' to 
meet  the  increasing  demands  of  a  growing 
city.  Both  sides  have  used  the  limited  fran- 
chise as  a  club  with  which  to  force  conces- 
sions, particularly  during  the  closing  years  of 
the  franchise  period,  the  one  seeking  exten- 
sions and  improvements  perhaps  in  excess  of 
reasonable  requirements,  and  the  other  re- 
fusing all  improvements  unless  the  city  would 
agree  to  an  extension  of  franchise. 

Combining  the  financial  embarrassment  ex- 
perienced during  the  financially  lean  years  of 
the  enterprise  while  acquiring  business,  with 
the  neglect  on  the  part  of  the  business  man- 
agement of  proper  observance  of  engineering 
considerations,  and  with  poor  service  arising 
from  procrastination,  enforced  delay  and  po- 
litical complications,  together  with  the  in- 
ability or  unwillingness  of  the  management  to 
extend  the  property  during  the  latter  years  of 
the  franchise  period,  there  w-as  evidently  no 
substantial  foundation  and  little  incentive  for 
a  truly  economical  and  efficient  management. 
This  situation  has  been  particularly  empha- 
sized by  the  fact  that  investment  in  a  water- 
w'orks  property,  like  that  in  many  other  pub- 
lic utilities,  was  considered  altogether  a  pri- 
vate venture  undertaken  for  private  gain,  un- 
der a  specific  contract  with  a  municipality 
which,  by  reason  of  financial  inability  or 
otherwise,  could  not  or  would  not  provide 
its  own  water  supply.  Whenever  the  im- 
provement of  a  deficient  and  impaired  water 
service  interfered  materially  with  the  fair 
return  on  the  investment  it  naturally  afforded 
a  pretext  for  delaying  such  improvements, 
particularly  if  certain  unwise  or  conflicting 
provisions  of  the  contract  offered  an  excuse 
for  delay  on  legal  or  purely  technical  grounds. 

Fortunately  all  managements  were  not  so 
short-sighted.  In  any  event  the  inevitable 
litigation  following  such  a  construing  of  the 
terms  of  a  franchise  in  the  face  of  poorly 
rendered  water  service  almost  inevitably  re- 
sulted in  withholding  hydrant  rentals  and  fre- 
quently in  permanent  reduction  of  rentals,  re- 
gardless of  whether  the  reduction  was  justified 
or  not  from  the  standpoint  of  fair  return. 
The  incentive  on  the  one  hand  to  evade  re- 
sponsibilities and  on  the  other  hand  to  in- 
flict a  penalty  for  attempted  evasion  was  a 
natural  result  of  such  a  situation.  The  out- 
come of  such  controversies  might  have  been 
quite  different  in  many  instances  could  the 
courts  have  compelled  the  presentation  of  evi- 
dence fo  establish  a  true  and  comprehensive 
state  of  facts,  and  finally,  when  warranted 
by  the  facts,  so  construed  and  modified  the 
contract  as  to  compel  the  company  to  ex- 
pend the  money  required  to  properly  improve 
the  propertv  and  the  city  to  pay  a  fair  re- 
turn unon  the  investment  thus  made. 

Doubtfess  such  conditions  as  these  de- 
scribed have  contributed  to  the  sentiment  fav- 
oring the  creation  of  the  state  public  lUility 
commissions,  clothed  with  both  judicial  anel 
administrative  powers  in  the  regulation  of 
the  public  utility  corporations  of  the  munici- 
pality and  the  state.  .Such  a  regulation  as 
this  may  be  considered  as  trespassing  upon 
private  rights  and  upon  the  home-rule  theory 
of  government  as  applied  to  the  administra- 
tion of  municipal  affairs.  Nevertheless  it  is 
an  improvement  over  old-time  methods,  and 
until  the  management  of  municipal  affairs  shall 
have  improved  in  some  particulars  it  should  be 
considered  a  welcome  change. 

A  public  utility  law  properly  drawn  and 
administered  would  eliminate  the  necessity 
of  the  limited  franchise.  ,'\  commission  or- 
ganized under  such  a  law,  clothed  with  author- 
ity to  regulate  rates  and  to  fix  values  for 
rate-making,    or    for    purchase    whenever    the 


city  desires  to  undertake  municipal  manage- 
ment, and  to  regulate  the  rates  of  properties 
under  municipal  management,  is  m  a  position 
to  protect  the  citizens  of  any  community 
against  unfair  or  greedy  private  management, 
and  to  insure  a  fair  return  upon  water  works 
investments,  and  when  free  from  political  in- 
centives itself  to  check  tne  political  misman- 
agement of  municipal  properties.  Such  a 
commission  should  be  and  usually  is  much 
better  constituted  than  many  of  our  courts  to 
consider  the  business  and  technical  details  of 
construction  and  management  of  public  util- 
ities, because  of  the  opportunity  to  embrace 
in  the  personnel  of  the  commission  the  busi- 
ness and  technical  as  well  as  legal  knowledge 
required  in  sifting  evidence  and  weighing  the 
questions  relating  to  the  development  and 
management  of  public  utilities,  and  the  power 
to  call  to  their  assistance  skilled  technical 
knowledge  as  occasion  demands. 

The  regulation  of  public  utilities  in  this 
manner  really  creates  a  sounder  basis  for  the 
economical  and  efficient  management  of  a 
water  works  property  than  that  which  has  pre- 
vailed heretofore.  It  places  the  public  utility 
company  in  the  relation  or  capacity  of  trustee 
of  a  property  expected  to  be  ow'ned,  controlled 
and  operated  in  the  interest  of  the  public,  and 
it  more  readily  insures  fair  and  legitimate  re- 
turns upon  the  capital  invested,  and  com- 
pensation for  management  under  the  trustee- 
ship until  the  municipality  purchases  the  prop- 
erty at  its  fair  value.  This  relation  of  trus- 
teeship on  the  part  of  the  owners  of  a  water 
works  is  emphasized  from  the  fact  that  a 
water  works  property  is  essentially  one  which 
should  be  owned,  controlled  and  operated  by 
the  municipality,  first  because  the  character  of 
the  water  supplied  to  the  citizens  is  closely 
related  to  the  health,  comfort  and  prosperity 
of  the  community,  and  second  because  of 
the  heavy  expense  attending  the  construc- 
tion of  a  public  utility  of  this  kind.  This 
expense,  although  naturally  heavy,  is  grad- 
ually increasing  by  reason  of  the  increas- 
ing demands  for  water  purification  and  the 
high  standards  of  purity  required '  from  the 
operation    of    such    plants. 

Regulations  of  the  kind  described  may  from 
certain  points  of  view  appear  to  decrease  the 
hazards  to  which  investment  in  water  works 
properties  have  been  heretofore  exposed  by 
reason  of  the  fact  that  it  eliminates  the  source 
of  many  troubles  and  contentions,  and  pro- 
vides for  arbitration  by  a  distinterested  com- 
mission of  all  grievances  and  contentions  on 
the  part  of  either  the  public  utility  corpora- 
tion or  the  city.  However,  from  another  point 
of  view  the  hazards  may  not  appear  to  de- 
crease, for  the  power  which  created  the  pub- 
lic utility  commission  and  subjected  public 
service  corporations  to  regulation  can  also 
as  readilv  dispense  with  the  commission  and 
restore  the  old  relations  of  public  utility  cor- 
porations with  the  state  and  the  municipality, 
with  all  the  attending  delays,  micertainties  and 
complications  in  cnurt  procedure.  So  long  as 
the  state  utility  commissions  use  their  powers 
fairly,  impartially  and  with  discretion  towards 
the  public,  and  do  not  invade  too  far  the 
home-rule  principles  of  government,  this  back- 
ward step  is  not  likely  to  be  taken.  Never- 
theless so  long  as  such  uncertainty  exists,  it 
entitles  the  investor  in  a  water  w'orks  property 
under  private  management  to  a  larger  rate  of 
return  upon  his  investment  than  upon  an  in- 
vestment in  property  like  real  estate,  which  is 
exempt  from  such  uncertainty. 

A  rate  of  return  on  an  investment  secured 
only  by  the  physical  property  wdiich  that  in- 
vestment represents,  should  be  more  than  the 
interest  upon  municipal,  county  and  state  se- 
curities. Moreover,  adequate  compensation 
must  be  allowed  the  management  for  acting 
as  trustee  or  custodian  of  the  property  until 
the  city  assumes  the  management  and  con- 
trol. Under  these  circumstances  the  man- 
agement is  obliged  to  make  investments  in 
plant  judiciously  and  conservatively  in  order 
that  the  provision  for  the  extra  return  upon 
capital  investment  and  compensation  for  serv- 
ices shall  require  rates  both  for  the  public  fire 
service  and  for  private  consumption  which  are 
not  burdensome  to  either  the  property  holders 


ur  the  community.  Accordingly  it  cannot  be 
expected  that  the  investments  in  plant  and 
the  changes  of  plant  to  meet  changes  in  the 
mechanical  arts  will  anticipate  future  require- 
ments and  will  embrace  as  substantial  struc- 
tures, and  will  be  accomplished  with  as  much 
promptness  as  when  under  well-organized  and 
efficient   municipal   management. 

The  obligation  is  threefold,  namely:  upon 
the  public  utility  management  to  give  good 
service  and  to  expect  no  more  return  and  o 
more  compensation  and  profit  than  is  consist- 
ent with  faithful  discharge  of  a  trusteeship; 
upon  the  public  to  provide  the  fair  return, 
compensation  and  profit:  and  upon  the  utility 
commission  to  see  that  both  principals  properly 
discharge  their  obligations. 

The  first  step  in  the  discharge  of  these  ob- 
ligations is  the  agreement  upon  a  value  of  the 
public  utility  property  and  the  fixing  of  rates 
which  will  be  fair  to  the  rate  payer  and  the 
owner  of  the  property  and  commensurate 
with  the  service  rendered  the  public  in  each 
particular  locality  and  under  each  set  of  physi- 
cal and  financial  conditions.  In  the  exercise 
of  this  duty  in  a  broad  and  equitable  manner 
the  public  utility  commission  will  have  to  con- 
sider various  aspects  of  the  questions  relating 
to  valuation  and  rate  making,  among  which  are 
the  following: 

--\SPECTS   OF    W.\TER   WORKS   V.\LU.\TI0N    A.VD   R.\Tp: 
M.^KING. 

Valuation. —  (a)  Original  cost  as  a  good 
index  of  structural  value  of  a  compara- 
tively new  and  well-designed  and  constructed 
property. 

(b)  Cost  of  reproduction  new  of  an  exist- 
ing plant  based  upon  average  prices  of  labor 
and  material  as  necessarily  the  basis  of  com- 
putirtg  structural  costs  in  the  absence  of 
proper  original  cost  data,  particularly  in  con- 
nection with  old  property  wherein  replace- 
ment of  units  has  been  made  progress- 
ively. Estimates  upon  this  basis  usually  in- 
clude to  a  greater  or  less  extent  certain  un- 
earned increments  like  that  embraced  in  the 
enhanced  value  of  real  estate  as  compared 
with  its  value  at  the  time  of  purchase,  the 
enhanced  cost  of  construction  under  present 
conditions  as  compared  with  those  of  the 
past,  and  such  other  enhanced  values  as  result 
primarily  from  association  with  urban  condi- 
tions and  urban  development. 

(c)  Value  based  upon  reproduction  new, 
embracing  structural  costs,  accrued  value  due 
to  urban  conditions,  certain  overhead  charges 
to  cover  items  of  cost  indeterminate  with  pre- 
cision, the  cost  of  reproducing  the  business 
of  the  property,  rights  of  way,  and  sometimes 
water  rights  in  sections  of  the  country  where 
the  scarcity  of  water  renders  such  rights  pe- 
culiarly valuable;  but  not  including  for  rate- 
making  purposes  franchise  value. 

(d)  Overhead  charges,  intended  to  include 
the  costs  of  preliminary  engineering  and  legal 
investigation,  costs  of  organization  and  similar 
necessary  preliminary  expenses  ;  interest  dur- 
ing the  period  of  construction;  engineering 
and  supervision  of  construction ;  contingent 
expenses  due  to  accident  or  unforeseen  con- 
tingencies; insurance,  taxes  and  administra- 
tion ;  delays  affecting  organization  and  inter- 
fering with  the  general  progress  of  the  work. 
Overhead  charges  when  not  included  in  unit 
costs  are  usually  estimated  as  a  percentage 
of  structural  costs.  The  amount  of  this  per- 
centage is  necessarily  larger  in  connection  with 
estimates  of  large  properties  in  large  cities 
involving  many  obstacles,  interruptions  and 
uncertainties  of  various  kinds  than  it  is  in 
connection  with  properties  in  smalF  cities  and 
towns  where  there  are  likely  to  be  but  few 
delays  and  few  or  no  serious  obstacles  or 
uncertainties.  LTsually  overhead  charges  arc 
underestimated  in  connection  with  tlie  engi- 
neering, administration  and  contingency  cost 
of  large  properties.  Insofar  as  overhead 
charges  embrace  interest  on  expenditures  dur- 
ing construction  a  commission  may  consider 
such  interest  allowance  as  absorbed  by  the 
unearned  increment  of  value  of  items  like 
real  estate,  water  rights,  pavement  over  pipe 
originally  laid  in  earth,  and  the  like,  particu- 
larly  in  a  rate-making  valuation. 
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(e)  Business  value  as  distinct  from  struc- 
tural value.  It  is  difficult  to  discriminate  be- 
tween business  value  and  franchise  value,  and 
even  more  difficult  to  defmitely  estimate  the 
element  of  value  termed  business  value.  The 
past  losses  during  tinancially  poor  years  evi- 
dently cannot  be  a  measure  of  such  value  as 
it  would  inevitablv  make  the  capital  value  of 
a  property  operated  under  abnormally  low 
rates  greater  than  that  of  the  same  property 
operated  under  high  rates.  Moreover  if  it  is 
right  to  charge  past  losses  to  capital  account 
it  is  equally  right  to  charge  past  surplus  earn- 
ings against  capital  account.  The  situation 
would  then  become  anomalous — namely,  if  the 
rates  were  too  low  the  charge  to  capital  ac- 
count would  be  large;  if  the  rates  represent 
a  fair  average,  then  losses  and  surplus  earn- 
ings would  offset,  and  there  would  be  little  or 
no  charge  to  or  against  capital  account ;  and 
if  the  rates  were  so  high  as  to  produce  a 
surplus  continuously  a  heavy  deduction  from 
capital  account  would  result.  It  would  seem, 
therefore,  that  there  is  no  logical  connection 
between  past  losses  or  past  surplus  earnings 
and  business  value.  Either  both  loss  and  sur- 
plus must  be  considered  together  and  on  op- 
posite sides  of  an  account,  or  both  omitted 
altogether.  It  would  seem  that  a  logical  way 
of  computing  business  value  is  to  allow  in 
the  capital  account  a  sufficient  amount  to 
cover  interest  and  maintenance  upon  invest- 
ment in  physical  property  for  a  sufficient 
period  of  time  after  the  completion  of  con- 
struction'as  will  admit  of  the  necessary  busi- 
ness organization  and  the  acquirement  of  the 
patronage  existing  at  the  time  of  valuation. 
Such  aid  as  can  be  brou.Ejht  to  the  assistance  of 
the  judgment  bv  an  analysis  of  existing  earn- 
ings in  connection  with  cost  of  reproduction 
new  should  be  proper  in  arriving  at  the  busi- 
ness value. 

(f)  Such  elements  of  value  as  water  rights, 
which  arise  for  consideration  in  particular 
cases,  must  be  considered  in  connection  with 
local  conditions  under  the  interpretation  af- 
forded by  .relevant  court  decisions  in  the 
locality  in  question. 

Deductions. — Shall  deductions  be  made  for 
structural  value  in  a  rate  case?  A  property 
wherein  repairs  of  the  operating  parts  and 
replacements  of  incapacitated  units  have  been 
made  properly  as  needed  and  the  property 
otherwise  kept  in  an  efficient  condition  pos- 
sesses a  value  for  rate  making  but  little,  if 
any,  below  100  per  cent.  On  the  other  hand, 
a  property  w-hich  is  negl(jftcd  and  in  which 
no  more  repairs  have  been  made  than  to  barely 
keep  it  in  operation,  and  in  wliich  few  if  any 
replacements  have  been  made  to  maintain  its 
capacity  and  efficiency,  is  a  depreciated  prop- 
erty, and  in  the  event  of  purchase  and  sale 
the  value  as  estimated  would  be  depreciated 
by  an  amount  at  least  necessary  to  restore  that 
property  to  an  efficient  operating  condition. 
But  should  the  value  of  a  property  be  similarly 
■Icprcciated  for  rate  making?  .\n  investor 
■ho  keeps  his  propcrtv  in  a  thorougli  stale  of 
repair,  makes  the  replacements  as  neeiUd  out 
'if  earnings,  and  loijks  after  and  oper.ites  the 
iTopcrty  as  though  it  were  perpetual,  and  then 

■  iirns  lio  more  than  a  fair  return  upon  his 
mvestmcnt  should  earn  continuously  on  a  100 
per  cent  structural  value.  Rates  based  on  less 
than  a  100  per  cent  value  would  cither  cause 
loss  to  the  owner  or  afTord  an  incentive  to 
neglect  necessary  repairs  and  replacements  in 
orilor  to  avoid  loss.  The  owner  of  a  neglected 
prdiKTty  in  order  to  continue  in  liu>-iness  must 
ristorc'thc   property   to   an   effiiiint   Mpcraling 

■  ondition  bv  making  the  necc>-s.ir\  rcp.nrs  and 
replacements.  These  rcstorali\e  expenditures 
ictually  add  nothing  to  the  canilal  investment 
in  physical  property.  Were  the  relurn  to  be 
l>ased  upon  a  value  depreciated  Ky  llie  .imount 
of  restorative  expenditures,  cnnsiderefl  as  ac- 
crued depreciation  in  computint;  .i  purchase 
value,  the  return  liccomcs  iiKidepKite  and  the 
incentive  mav  be  increased  t'l  iiiKlert  the 
Iiropcrtv  in  the  future  even  more  than  in  the 
1>ast  The  conditions.  althrur-I,  n.H  parallel, 
are  similar  in  both  instance-  I  ■  tile  extent  that 
the  r.-iles  should  be  based  up'  "  a  value  admit- 
ting ..f  efficient  operation  and  maintenance, 
which  for  water  works  !<  not  far  from  a  100 


per  cent  value.  The  well-managed  property 
has  a  business  value  upon  which  the  owner 
should  also  earn  a  return,  while  the  neglected 
property  can  have  little  or  no  business  value 
until  acquired  through  good  management.  A 
public  utility  commission  should  have  the 
power  to  compel  high-grade  maintenance  and 
operation,  and  the  restoration  of  a  neglected 
property,  and  to  penalize  a  management  for 
profiting  or  attempting  to  profit  through  ne- 
glect of  the  property  or  the  service,  and  at  the 
same  time  to  hold  forth  an  incentive  for  good 
management.  A  municipality  possessing  the 
right  to  purchase  the  property  at  any  time  can 
terminate  protracted  neglect  and  inefficient 
management  by  purchasing  the  property 
through  condemnation  proceedings. 

Rate  of  Return. —  (a)  Computations  relat- 
ing to  the  fair  return  should  evidently  dis- 
criminate between  depreciable  and  non-depre- 
ciable property.  Should  not  the  non-depreci- 
able property  be  further  classified  as  property 
possessing  value  only  as  a  part  of  the  plant, 
and  property  possessing  value  independent  of 
the  plant  on  account  of  its  relation  and  con- 
nection with  city  progress  and  improvement  ? 

(b)  The  rate  of  return  upon  the  depreci- 
able property  should  be  at  least  an  amount 
equal  to  that  on  safe  investments  in  the  local- 
ity plus  an  amount  to  cover  any  additional 
hazards  to  which  investment  in  the  particular 
class  of  property  may  be  subject,  plus  an 
amount  to  cover  general  maintenance. 

(c)  The  rate  of  return  upon  non-depreci- 
able property,  of  value  only  as  a  part  of  the 
public  utility,  should  evidently  be  the  same 
as  in  the  preceding  case,  exclusive  of  general 
maintenance.  Should  the  rate  of  return  upon 
the  other  class  of  non-depreciable  property, 
possessing  value  independent  of  the  utility, 
be  any  more  than  that  corresponding  to  the 
rate  of  return  on  secure  and  substantial  in- 
vestments in  general  city  property? 

(d)  To  what  extent  should  the  foregoing 
rates  of  return  be  increased  to  include  a  rea- 
sonable profit  to  the  owners  of  a  property 
under  good   management? 

(e)  By  the  term  general  maintenance  is 
meant  ordinary  repairs  and  replacements  of 
and  substitutions  for  units  of  the  property 
from  time  to  time  as  may  be  needed  to  main- 
tain the  property  in  an  efficient  operating  con- 
dition. Evidently  no  return  to  provide  a  siiik- 
ing  fund  to  repay  the  owner  the  original  in- 
vestment is  required,  because  the  replacement 
earnings  expended  in  replacements  and  better- 
ments perpetuate  the  property  and  maintain  it 
practically  at  a  100  per  cent  value.  But  to 
the  above  rate  there  is  an  addition  open  for 
determination  to  cover  expense  arising  from 
accidents,  unforeseen  contingencies  and  such 
similar  expense  as  cannot  be  anticipated. 

(f)  The  class  of  non-depreciable  property 
earning  the  least  rate  of  relurn  embraces  real 
estate,  water  rights  and  such  other  items  as 
possess  value  entirely  indepenilent  of  the  pub- 
lic utility  with  which  they  may  be  connected 
by  virtue  of  as.sociation  with  urban  develop- 
ment or  because  of  a  general  demand  and 
applicability  to  other  useful  purpose  than  the 
particular  one  to  which  they  may  be  devoted 
at  the  time,  and  to  the  ownership  of  which  no 
unusual  hazard  attaches. 

ESSENTIALS  OK  EFTICIEST  ANM)  F.CONOMirAt,  MAN- 
AGEMENT  OF    WATER    WORKS    PROPERTIES. 

.Summarizing  what  has  been  said,  some  of 
the  essentials  of  a  more  efficient  and  econom- 
ical man.igenicnt  of  waterworks  property  may 
be  mcnliiinrrl   the   following: 

1.  .\n  unlimited  francbis.- 

2.  Unbiased  and  disinterested  regulation  in 
a  manner  which  will  insure  to  the  citizens  of 
a  municipality  good  water  service  and  such 
protection  to  the  investor  that  the  hazards 
surrounding  the  investment  are  sufficiently 
eliminated  to  invito  a  low  rate  of  interest. 

^.  Sufficient  earing  capacity  to  cover  oper- 
atini?  expenses,  taxes  ami  repairs:  to  insure 
replacements  and  subslilutions  of  units  of 
plant  as  needed  in  order  to  perpetuate  the 
property  and  to  maintain  as  nearly  as  practi- 
cable a  |00  per  cent  value  of  the  investment 
indefinitely :  to  provide  a  margin  for  profit 
inviting  to  a   good   business  management  but 


discouraging  to  a  wasteful  management,  and 
on  the  whole  to  compensate  fairly  for  fur- 
nishing good  water  and  good  service,  and 
for  reasonable  anticipation  of  future  require- 
ments in  the  extension  of  the  property. 

4.  The  determination  of  an  earning  value 
of  the  property  which  shall  be  fair  and  equit- 
able to  both  tiie  rate  payer  and  the  investor, 
and  still  discourage  a  neglectful  management, 
and  such  as  will  admit  of  the  investment  in 
plant  requisites  for  good  service  and  good 
water. 

.5.  The  exercise  of  such  administration  over 
the  investment  of  either  the  municipality  or 
private  investor  in  public  utility  property  as 
will  insure  the  expenditure  of  money  in  proper 
kind  of  plant  and  equipment,  but  will  not  in- 
terfere unduly  with  the  questions  of  design 
of  the  property  so  long  as  guided  by  good 
technical  advice. 

6.  The  insistence  that  the  waterworks  man- 
agement, whether  under  municipal  or  private 
direction,  shall  standardize,  simplify  and  sys- 
tematize methods  of  operation,  and  render 
uniformly  a  good  water  service. 

7.  The  assurance  of  freedom  from  munici- 
pal competition  on  the  one  hand,  and  on  the 
other  hand  the  right  of  the  municipality  to 
purchase  at  any  time  upon  due  notice,  at  a 
value  fixed  by  unbiased  and  disinterested  ap- 
praisers, or  to  condemn  the  property  in  ac- 
cordance with  some  defined  legal  procedure. 


Use   of   Well    Points   for   Unwatering 
Quicksand  in  Excavation,  at  Battle 
Creek,  Mich.,  for  Pumping  Sta- 
tion, Suction-Storage  Basin, 
and  Clay  Pipe  Supply 
Line  in  Deep  Cut. 

In  the  construction  of  a  pumping  station, 
for  an  artesian  well  water  supply  at  Battle 
Creek,  Mich.,  a  basin  underneath  the  sta- 
tion, of  50,000  gals,  capacity,  and  in  laying 
a  clay  pipe  gravity  supply  line  to  the  basin 
in  trenches  ranging  in  depth  from  12  to  18 
ft.,  a  very  diflicult  piece  of  quicksand  excava- 
tion was  encountered.  The  methods  employed 
in  handling  the  excavation  on  this  job  were 
described  by  Mr.  W.  \V.  Brigden,  Superin- 
tendent and  Engineer  of  the  Department  of 
Public  Works,  in  a  paper  before  the  latest 
annual  meeting  of  the  INIichigan  Engineering 
Society.  The  paper,  as  here  given  in  sub- 
stance, contains  valuable  practical  informa- 
tion on  methods  which  Mr.  Brigden  has  suc- 
cessfully employed  in  excavating  trenches  in 
quicksand  and  in  laying  clay  tile  pipe  lines  in 
such  trenches,  with  special  reference  to  the 
job  above  mentioned. 

In  overcoming  the  difficulties  brought  about 
by  quicksand  excivation  more  th.an  ordinary 
care  is  exercised  in  sheeting  the  trendies.  U- 
shapcd  guards  to  surround  the  pipe  while 
being  laid  are  used,  and  cradles  of  wood, 
gravel,  piles,  oakum,  cloth  rolls  and  other 
special  contrivances  for  keeping  the  cement 
in  the  joints  until  well  set  are  also  employed. 
Cloth  rolls,  etc.,  when  used,  should  go  all 
the  way  around  the  joint,  not  the  lower  half 
only,  since  otherwise  the  ground  water  will 
rise  and  wash  the  cement  out  of  the  joints 
before  it  is  set 

The  main  departure  from  ordinary  practice 
in  the  work  undorlakcn  by  Mr.  Brigden  was 
the  driving  of  small  wells  2  ins.  in  diameter 
along  one  side  of  the  trench  and  connecting 
these  well  points  bv  means  of  pipes  2  to  4 
ins,  in  diameter.  These  latter  pipes  led  to  a 
•iteam  pump  or  pumps,  and  pumping  was  con- 
tinuous day  and  night,  with  traction  engines 
for  power.  Wells  on  both  sides  of  the  trench 
would  probably  be  better  in  most  cases.  A 
small  diaphragm  pumping  cncine  on  wheels, 
using  gasoline  fuel,  was  found  to  he  of  great 
assistance,  especially  where  working  room  was 
limited  This  pump  was  placed  on  the  surface 
and  the  3-in.  suction  hose  could  be  used  at 
any  point  below,  since  it  was  easily  moved. 
Siphons  operated  by  city  water  pressure 
through  2-in.  pipes  were  also  found  very  sat- 
isfactory. These  pipes  were  placed  a  few 
feet  above  the  bottom  of  the  trench,  close  to 
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the  pipe  layer,  and  dischargcfl  at  the  same 
level  to  a  centrifugal  pump  whicli  lifted  the 
water    to   the    surface. 

The  trenches  excavated  were  from  3  to  4 
ft.  wide  and  from  12  to  18  ft.  deep.  The 
pipe  laid  w-as  12  ins.  and  lo  ins.  in  diameter 
Ordinary  2-in.  x  10-in.  yellow  pipe  sheeting 
14  ft.  long  was  used,  the  ledgers  or  rangers 
heing  3-in.  x  8-in.,  14  ft.  long.  In  cases  where 
the  trench  was  too  deep  for  this  length  of 
sheeting,  or  the  quicksand  was  more  than 
ordinarily  difficult  to  handle,  Wakefield  sheet 
piling  made  of  three  pieces  of  1-in.  lumber 
was  also  used.  It  was  necessary  most  of  the 
time  to  mow  large  amounts  of  swamp  grass 
to  stop  up  cracks  between  the  planks,  and  at 
times  cloth  cement  bags  filled  with  sand 
were   also    used    for   this    purpose. 

Quicksand  was  found  from  1  to  3  ft.  below 
the  surface  and  in  most  cases  nearly  to  the 
bottom  of  the  trench.  There  were  innumer- 
able boulders  where  the  bottom  of  the  trench 
came  to  or  near  the  Marshall  sandstone  rock, 
which  was  the  case  the  major  portion  of  the 
time.  In  some  cases  these  boulders  were  so 
plentiiiil  as  to  form  a  continuous  line  for 
30  or  40  ft.,  with  only  an  inch  or  two  be- 
tween the  stones,  and  again  they  were  so 
larsre  as  to  reach  entirely  across  the  trench 
and  jut  out  on  both  sides  to  a  distance  of  a 
foot  or  more.  No  way  was  found  to  care 
for  the  largest  boulders  except  to  drill  holes 
in  the  top  and  blast  them  with  dynamite.  This 
process  was  objectionable  as  it  almost  in- 
variably nearly  wrecked  the  adjacent  sheeting. 
When  the  boulders  were  small  enough  to  be 
taken  up  by  a  derrick  they  were  removed  by 
that  means. 

When  the  excavation  reached  the  sandstone 
rock  conditions  for  pipe  laying  were  generally 
much  better  than  where  the  pipe  was  laid  in 
quicksand,  as  in  the  latter  case  the  quicksand 
often  came  in  at  the  sides  and  also  up  through 
the  bottom  of  the  trench,  displacing  a  pipe 
when  it  was  almost  laid.  The  conditions  were 
also  comparatively  good  when  the  pipe  was 
laid  in  the  glacial  till  which  overlays  tlie 
sandstone  rock.  This  till  contained  most  of 
the  boulders.  During  the  process  of  exca- 
vating one  of  the  trenches  where  the  sand- 
stone rock  was  not  reached,  no  pipe  was  laid 
for  three  or  four  days  although  constant  at- 
tempts were  made.  It  was  while  working  on 
this  trench  that  the  ordinary  system  of  trench- 
ing and  pipe-laying  was  abandoned  and  2-in. 
wells  were  put  down  10  to  20  ft.  apart,  and 
reaching  below  the  level  of  the  trench  bot- 
tom, to  pump  tlie  w^ater  out  of  the  quicksand. 
.\t  times  this  was  so  successful  as  to  enable 
the  w-orkmen  to  get  within  a  foot  or  two  of 
the  bottom  of  the  trench  without  any  serious 
trouble  from  water,  and  in  one  instance. 
where  the  material  was  a  very  small-grained 
quicksand,  the  clay  pipe  was  laid  in  the  dry 
trench  for  about  40  ft.  In  all  other  instances, 
although  the  2-in.  wells  were  driven  below  the 
bottom  of  the  trench,  there  still  remained 
some  free  water  which  brought  in  quicksand 
so  as  to  interfere  in  a  measure  with  the  pipe 
laying,  but  most  of  it  was  removed  by  the 
pumps,  and  without  their  aid  some  of  the 
pipe  could  not  have  been  laid. 

While  the  driving  of  wells  to  remove  water 
in  quicksand  is  not  entirely  new.  and  in  fact 
has  been  used  a  number  of  times,  it  is  still 
a  rare  manner  of  doing  such  work,  and,  so 
far  as  known  the  method  has  not  heretofore 
been  undertaken  in  southern  Michigan  for 
the  purpose  of  laying  clay  pipe.  While  clay 
pipe  was  used  in  these  trenches  it  was  for 
the  purpose  of  carrying  water  from  5,  G  and 
S-in.  artesian  wells  to  the  basin  under  the 
pumping  station,  but  the  metliods  apply 
equally  well  to  sewers,  the  only  difference  be- 
ing that  the  pipe  here  under  consideration  was 
laid  on  a  level  grade.  Water  is  pumped  froin 
the  basin  into  the  force  main.  This  method 
of  getting  wafer  to  the  basin  w-as  enormously 
expensive,  as  much  of  the  work  cost  $15  per 
lineal  foot  of  trench,  but  it  has  many  ad- 
vantages, especially  with  the  centrifugal  type 
of  pump  that  is  to  be  used  in  the  pumping 
station.  All  the  sand,  pieces  of  rock,  and 
other  material  coming  from  the  wells,  pipes 
and  manholes  is  deposited  in  the  basin  and  is 


removed  at  convenient  times  by  hand,  so  as 
not  to  abraid  the  w-orking  parts  of  the  pumps. 
There  is  also  opportunity  for  aerating  the 
water  for  iron  removal  by  means  of  weirs 
across  the  waterw-ay  in  the  basin,  a  little 
space  for  storage  is  also  provided  by  the 
basin,  and  suction  is  not  so  easily  lost  as  in 
direct   pumping   from  w-ells. 

With  the  experience  gained  in  putting  down 
about  1,000  ft.  of  trench  it  was  discovered 
that  several  errors  had  been  made.  The  well 
contractor  supposed  it  was  only  necessary, 
where  the  bottom  was  in  quicksand,  to  drive 
the  well  points  a  foot  or  so  below^  the  bot- 
tom of  the  trench  and  he  drove  the  first  three 
or  four  wells  in  that  way.  When  Mr.  Brigden 
arrived  on  the  ground  he  objected  to  this 
mode  of  procedure  and  insisted  that  the  wells 
be  driven  until  the  whole  point,  about  SV2  ft. 
long,  was  below  the  bottom  of  the  trench,  and 
the  contractor  then  drove  them  deeper.  It 
was  discovered  later  that  even  this  was  not 
deep  enough  and  that  a  well  point  should 
probably  be  driven  so  its  lower  end  would  be 
4  or  5  ft.  below  the  trench. 

The  line  of  wells  was  laid  out  on  one  side 
of  the  trench  so  as  not  to  interfere  with  the 
digging,  which  was  done  on  the  other  side, 
and  the  wells  were  placed  4  or  5  ft.  outside 
the  sheeting.  This  was  found  to  be  too  close 
to  the  trench  for  when  the  ditch  was  dug 
nearly  to  its  bottom  the  quicksand  between 
the  w-ell  point  and  the  bottom  of  the  trench 
became  the  line  of  least  resistance  and  air 
passed  through  from  the  trench  to  the  point, 
thus  greatly  lessening  the  amount  of  water 
that  could  be  removed,  and.  on  a  few  oc- 
casions, letting  in  so  much  air  that  the  water 
could  not  be  raised  the  necessary  15  ft.  until 
the  pumps  were  placed  in  the  very  best  con- 
dition or  some  of  the  poorer  wells  discon- 
nected from  the  system. 

A  few  of  the  vVell  points  or  screens  w-ere 
stripped  by  striking  boulders.  Some  of  these 
were  removed  at  the  time  of  driving,  but  in 
the  case  of  others  the  injury  was  not  dis- 
covered and  these  wells  of  course  were  in 
poor  condition  to  screen  very  fine  sand  and 
considerable  quantities  passed  through  with 
the  water.  The  sand  at  times  filled  the  pipes 
from  the  wells  to  such  an  extent  as  to  stop 
pumping. 

The  writer  supposed,  when  adopting  the  2- 
in.  well  system,  that  it  would  be  necessary  to 
purchase  some  unusually  fine  screens  for 
wells  where  not  driven  into  the  sandstone 
rock,  but  this  was  found  unnecessary.  The 
finest  quicksand  encountered  in  the  trenching 
could  probably  have  been  handled  well  with 
the  ordinary  No.  GO  gage  screen,  although  No. 
80  was  used  for  that  part  of  the  work.  It 
was  necessary  to  send  to  Chicago  for  the  No. 
SO  screens,  as  they  could  not  be  obtained  in 
Battle  Creek.  The  wells  in  those  trenches 
where  the  bottom  was  in  or  close  to  the 
sandstone  rock  were  driven  without  screens 
and  to  a  depth  that  would  shut  out  the  quick- 
sand,' this  generally  being  from  4  to  T  ft. 
into  the   rock. 

.Although  not  more  than  from  100  to  300  ft. 
of  trench  was  opened  at  any  one  time  the 
volume  of  water  coming  into  the  trenches, 
leaking  through  joints  and  into  manholes  and 
the  basin  was  so  great  as  to  require  constant 
pumping  during  the  latter  part  of  the  con- 
struction, amounting  to  from  500,000  to  nearly 
1,000,000  gals,  of  water  per  day.  Even  when 
a  6-in.  centrifugal  pump  was  attached  to  one 
of  the  8-in.  wells  and  pumped  to  its  full  ca- 
pacity, 2,000,000  gals,  per  day,  the  ground 
water  in  the  immediate  vicinity  was  not  low- 
ered more  than  5  or  G  ft.  and  the  difficulties 
of  running  the  pump  became  so  great,  owing 
to  throwing  off  the  belt,  losing  suction,  prim- 
ing, etc.,  that  the  process  was  abandoned  and 
the  8-in.  well  pipe  was  then  carried  up  high 
enough  to  prevent  any  overflow  into  the 
trench. 

The  method  of  handling  the  6-in.  and  8- 
in.  wells  during  construction  is  of  interest. 
These  wells  flowed  continuously  near  the 
level  of  the  ground  and.  as  valves  were  re- 
quired on  each  one  and  the  lines  of  clay  pipe 
to  the  basin  were  12  to  18  ft.  deep,  it  was 
necessary   to   cut   off    the    well    nipes   at    that 


depth  and  to  build  a  manhole  at  eacli  well  to 
make  the  valves  accessible  for  repairs,  re- 
newals, etc.  The  flow  from  a  well  at  the 
depths  stated  was  at  a  rate  of  GOO  to  1,000 
gals,  per  minute  and  if  it  ran  even  for  a  few 
minutes  would  have  ruined  the  trench  and 
piping  in  the  vicinity.  At  first  there  appeared 
to  be  no  practical  way  out  of  the  difficulty, 
but  later  it  was  solved  by  the  use  of  a  plumb- 
er's test  plug.  The  plug  was  taken  apart  and 
a  long  handle  or  stem  put  in  place  of  the 
short  one  ordinarily  used.  By  this  means  two 
men  could  shove  the  plug  down  the  pipe,  turn 
the  nut  that  expands  the  rubber  disc  and 
when  it  filled  the  well  pipe  the  men  could  un- 
screw a  section  and  screw  on  the  valve.  In 
most  cases  it  was  necessary  to  cut  off  the  pipe 
with  a  hack  saw ;  then  by  means  of  a  short 
piece  of  pipe  and  a  sleeve  put  on  by  means 
of  a  lead  joint  the  valve  was  placed  near  the 
bottom  of  the  manhole.  By  screwing  10  or  15 
ft.  of  pipe  into  the  valve,  reaching  the  sur- 
face, the  plug  could  be  withdrawn  and  the 
valve  closed  after  which  the  pipe  above  the 
valve  was  removed. 

The  rising  of  the  ground  water  after  the 
clay  pipe  was  laid  and  filling  was  begun 
sometimes  occurred  so  soon  after  laying  pipe 
that  the  cement  did  not  have  time  to  set.  The 
water  then  forced  out  a  small  section  of  ce- 
ment from  the  joint,  leaving  a  place  for  water 
to  leak  into  the  pipe  to  the  basin.  To  repair 
these  leaks  was  a  difficult  matter.  The  first 
one  was  repaired  by  again  digging  the  trench 
and  sheeting  as  before,  but  as  this  cost  about 
$12-5  for  two  small  leaks  near  each  other  a 
cheaper  plan  was  sought.  The  well  contractor 
was  called  upon  to  drive  a  pipe  4  to  6  ins.  in 
diameter  to  the  point  where  the  leak  was 
found.  The  location  was  determined  by 
means  of  a  float  with  candles  stuck  into  it, 
the  float  being  pushed  in  from  the  manhole 
by  short  length  of  %-in.  pipe  screwed  to- 
gether. The  depth  was  fixed  by  use  of  the 
level.  Care  was  exercised  to  do  no  injury  to 
the  clay  supply  pipe,  in  driving  the  w-rought- 
iron  pipe,  when  nearly  down  to  the  leaking 
joint.  Within  10  or  15  minute's  after  the 
pipe  was  driven  and  the  sand  pumped  out  of 
it  the  leak  was  stopped  by  means  of  loose 
concrete  and  concrete  in  small  cloth  packages 
rammed  down  the  pipe. 

It  might  be  stated  here,  althougli  not  exactly 
pertinent  to  this  paper,  that  water  has  been 
pumped  from  5  of  the  G  and  8-in.  wells  now 
in  use  to  the  extent  of  a  5,000, 000-gal.  rate  per 
day  for  several  hours  and  there  was  still  5 
or  G  ft.  of  w-ater  in  the  basin  above  the  bot- 
tom of  the  suction  pipes.  An  estimate  of  the 
amount  of  water  to  be  obtained  from  these 
wells  with  the  present  equipment  gives  a  rate 
of  at  least  0,000,000  gals,  per  dav.  with  a 
strong  probability  that  7,000,000  to  8,000,000 
gals,  could  be  obtained.  Several  years  ago 
five  wells,  with  a  traction  engine  and  a  cen- 
trifugal pump  placed  at  each,  vi-ere  pumped 
dav  and  night  for  10  days,  the  wells  yielding 
8,000,000  gals,  of  water  per  day.  This,  how- 
ever, required  drawing  dow^n  the  water  in  the 
wells  to  a  depth  of  5  to  7  ft.  below  the  level 
of  the  bottom  of  the  basin  under  tlie  pumping 
station.  This  test  was  made  during  the  latter 
part  of  an  unusually  dry  summer. 

In  conclusion,  so  great  are  the  hazards  con- 
nected with  quicksand  excavations  that  under 
no  circumstances  would  Mr.  Brigden  recom- 
mend letting  a  similar  work  by  contract,  either 
on  a  lump-sum  bid  or  a  price  by  the  foot,  for 
any  attempt  to  make  a  fair  proposal  would  be 
a  worse  risk  than  bucking  a  faro  bank.  If 
the  party  undertaking  the  work  can  command 
the  needful  outfit  of  tools  and  macliinery, 
which  should  include  light  hoisting  machines 
of  some  kind,  such  as  were  available  on  the 
work  here  described,  it  might  be  well  to  un- 
dertake it,  as  was  done  in  this  case,  by  day 
labor,  but  if  done  by  a  contractor  it  should 
be  on  a  percentage  basis  or  in  some  other 
manner  which  would  eliminate  the  unjustifi- 
able risk  he  would  be  obliged  to  take.  It  will 
do  no  liarm  to  reiterate  what  has  been  said  a 
number  of  times,  that  all  contracts  for  pipe 
lines  in  wet  materials,  or  in  earth  and  rock, 
the  nature  of  w-hich  has  not  been  carefully  in- 
vestigated,  is  mere  gambling  and   its   natural 
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nutconie  is  continually  coming  to  the  surface 
in  the  shape  of  !arge  losses  to  the  contractor 
liecause  of  unlooked-for  troubles  and  occas- 
ionally an  unfair  profit  to  the  man  who  finds 
the  conditions  are  better  than  he  was  lead  to 
expect,  yet  this  reckless  bidding  is  going  on 
in  almost  every  city  in  the  country. 


General    Specifications    Under    Which 
3,  4  and  6-in.   Meters  of  Velocity 
and  Disk  Type  Are  Purchased 
by  St.  Louis  Water  De- 
partment. 

The  Water  Department  of  the  city  of  St. 
I.ouis  has  drawn  up  sets  of  general  specifica- 
tions under  which  water  meters  are  purchased. 
The  specifications  covering  %,  %  and  1%-in. 
meters  were  the  first  ones  compiled  by  the  de- 
partment and  since  they  have  not  been  revised 
recently  they  are  omitted  from  the  present 
■  hscussion.  The  specifications  covering  the 
large  size  meters,  3,  4  and  6  in.,  both  of  the 
velocity  and  disk  types,  have  been  revised  and 
ire  up  to  date.  The  present  article  is  arranged 
-o  as  not  to  duplicate  clauses  in  the  specifica- 
tions common  to  the  two  types  of  meters. 
Eacli  general  clause  is  given  and  the  stipula- 
tions peculiar  to  the  two  types  are  clearly  indi- 
cated. 

PL.\NS. 
Each  bid  sh.all  be  accompanied  by  a  detailed 
<lrawing  to  scale  of  each  size  and  type  of  meter, 
'.  with   full   description   of  all   parts   and   material 
thereof,   particular   aitention   being   paid   to   the 
cap  and  cover  called  for  in  these  specificatiohs. 
C.\r.^clTiKS. 
The  capacities  of  the  various  sizes  shall  con- 
form to   the  following  list: 

The  capacities  of  the  various  sizes  shall  con- 
form to  \he  following  list: 

Minimum  capacity  at  full  open- 
ing,  60  lbs.   pressure.     Cu.- 
ft.   per  minute. 


s'om.  size. 

Ins. 

Velocity    type. 

Disk   type 

3 

60 

iT. 

4 

110 

65 

C 

210 

120 

ST.\XD.\RP. 

Velocity  Type.— Each  bidder  who  has  not  at 
some  previous  time  submitted  a  sample  of  the 
:f-ln.  size  of  the  meters  to  be  furnished  must 
accompany  each  bid  with  a  3-in.  sample,  to  be 
delivered  at  the  city  hall,  and  returned  at  the 
expense  of  bidder.  The  successful  bidder  must 
submit  for  apprcval  a  sample^of  cap  and  cover 
called  tor  In  these  specifications. 

Disk  Type.— Each  bid  shall  be  accompanied 
by  one  sample  of  the  3-in.  size.  All.  sample 
meters,  e.xcept  those  of  the  successful  bidder, 
will  be  returned  when  the  contract  is  awarded. 
In  the  case  of  the  successful  bidder,  the  sam- 
ple will  be  paid  for  and  held  as  a  standard  of 
I  he  material,  design  and  workmanship  for  that 
type  of  meter  furnished  under  these  specillca- 
tions.  Manufacturers  may  submit  a  sample  of 
meter  for  test  with  stock  design  of  cap  and 
cover.  Any  sample  submitted  under  a  previous 
specification  and  which  is  now  In  the  custody 
of  the  meter  department  may  be  resubmitted 
aa  a  sample  under  these  specifications. 
CU.-\RANTEK. 

All  parts  of  meters  furnished  under  these 
gpeclficatlons  which  show  undue  wc.ir  within 
a  period  of  three  years  from  date  of  lontract 
shall  be  supplied,  within  30  days  of -Motico,  free 
of  charge,  by  the  firm  furnlshlnR  such  meters, 
providing  the  following  Individual  meter  regis- 
trations are  not  exceeded: 
Size  of  meter, 
Ins. 


.\in<iUMt  of  regls- 

iriitlon,  cu.  ft. 

r,,ooii.noo 

Hl.lKiO.OOO 

:;(i.oon.00n 


Upon  failure  to  supply  meters  or  meter  parts, 
as  specified  elsewhere,  the  city  shall  be  at  lib- 
erty to  buy  new  meters  on  the  op<n  market  and 
charge  the  cost  to  the  firm  falling  to  supply 
such    meters   or   meter   parts. 

REJECTION. 
Any    meter    furnished    under    these    speclflca- 
tlons  not  Identical  in  design,  or  equal  In  mate- 
rial and  workmanship  to  the  sample  either  pre- 


viously submitted  or  with  bid  shall  be  rejected. 
Any  meter  falling  to  pass  the  test  for  accuracy, 
capacity,   etc.,   shall   be  rejected. 

REP.'MRS. 
Each  bidder  shall  furnish  prices  of  repair 
parts,  which  prices  are  not  to  be  exceeded  for 
a  period  of  five  years  from  date  of  contract. 
The  firm  supplying  meters  under  these  specifi- 
cations shall  also  agree  to  deliver  parts  neces- 
sary for  repairs  within  30  days  from  date  of 
order. 

GENF.R.\L   DESIGN. 

Velocity  Type.— All  metallic  parts  of  the  gear 
train  in  contact  with  the  water  and  having  the 
same  functions  must  be  of  a  uniform  alloy. 
Ample  facilities  shall  be  provided  for  sealing 
the  casing  and  dial  cap  with  wire  car  seals. 
Each  meter  furnished  under  these  specifications 
shall  be  identified  by  a  factory  number. 

Disk  Type. — The  hard  rubber  disk  shall  be 
flat  and  reinforced.  The  spindle  of  disk  to  be 
covered  by  a  hard  rubber  roller.  All  metallic 
parts  of  the  gear  train,  which  are  in  contact 
with  the  water,  must  be  of  the  same  alloy. 
Ample  facilities  shall  be  provided  for  sealing 
the    casing   and    dial    cap    with    wire    car    seals. 


Each  meter  furnished  under  these  specifications 
shall   be   identified    by   a   factory   number. 

CASING. 

Velocity  Type. — The  casings  of  the  meters 
furnished  under  these  specifications  may  be  of 
gray  iron,  and  the  nuts  of  the  bolts  for  coupling 
the  upper  and  lower  casings  shall  be  of  brass. 

Disk  Type. — The  casings  of  the  meters  fur- 
nished under  these  specifications  shall  be  of 
brass,  and  the  nuts  of  the  bolts  for  coupling  the 
upper  and  lower  casing  shall  also  be  of  brass. 
The  flange  of  lower  casing  to  have  a  recess  for 
holding    gasket. 

m.\L. 

Where  the  dial  is  protected  by  a  cap  separ- 
ate from  the  casing,  the  cap  shall  be  pro- 
vided with  a  hinged  plate  glass  cover  only. 
Facilities  shall  also  be  provided  for  sealing  the 
hinged  cover  with  a  wire  car  seal.  The  hinged 
glass  cover  shall  be  so  constructed  as  to  open 
•15  degrees.  The  plate  glass,  <4  In.  thick,  shall 
be  held  in  the  frame  of  the  hinged  cover  by 
means  of  a  removable  metallic  ring.  The  dial 
shall  be  of  the  "straight"  reading  type,  and 
register  In  cubic  feet.  The  maximum  and  min- 
imum registrations  of  the  dial  for  various  sizes 
of  meters   shall   be  as   follows: 

Size  of         .Maximum  regl.-i-  Minimum  regls- 

meter,  1ns.        trntlon.  cu.  ft.  tratlon,  cu.  ft. 

3  10,000. oon  I  or    10 

4  and  6  100,000,000  10  or  100 

The  minimum  figures  of  registration  In  the 
above  list  shall  also  be  recorded  by  one  revolu- 
tion of  a  hand  provided  for  the  purpose  of  test- 


eluded  in  each  shipment  under  these  specifica- 
tions are  the  same  as  in  the  sample  submitted. 
All  meters  bought  under  these  specifications 
shall  be  subjected  to  tests  for  accuracy,  and 
shall  register  within  the  limits  of  accuracy  as 
given  in  Table  I.  (Tests  on  stream  No.  2  will 
lie  optional  with  the  Meter  Department.) 
For   the   foregoing  information  we   are  in- 
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Diagram  for   Determining  Cost  of  Cast   Iron 

Pipe   Per   Foot  from   Price   Per  Ton  and 

Class    of  Pipe. 

debted  to  Mr.  F.  L.  Bock,  Assistant  Engineer, 
in  charge  of  the  distribution  system. 

Diagram   of   Costs   Per   Foot   of    Cast 
Iron  Pipe. 

Contributed  by  W.  K.   Miller,  Division  Engineer. 
Railroad  Commission  of  Wisconsin. 

Engineers,  contractors  and  others  having  to 
do  with  the  construction  of  cast  iron  pipe 
lines  and  their  costs  and  values  very  often, 
if  not  usually,  desire  the  cost  expressed  in 
dollars   and  cents   per  lineal   foot. 

.As  pipe  of  tliat  kind  is  commonly  bought 
and  sold  by  the  ton,  and  the  price  per  ton 
varies   rather  widely,  it  has   apparently  been 


TABLE  I.— ACCURACY  TEST.S  SPECIFIED  FOR  3.  4   AND  6-IN.   VELOCITY  AND  DISK  WATER 

METERS,    ST.  LOUIS.   MO. 
Rules  of  flow.         Amount  of  reg-     , zr- — —Accuracy  of  reglstratlon- 


Slze  of 

meter. 

Ins. 

3 

4 

0 


n;.  ft.  per  min.  Intrntlon  In  cu.  ft. 

No. I.    No.2.  No.3.  No.l.   No.2.   No.3. 
Pull         S        2        100        10        10 

Full      n      a      100      r.o      r.o 

Full        21         B         100         50         r.0 


, Velocity   type — 

No.  1.  No.  2.  No.  3. 
98-102  95-101  S5-10n 
98-102  95-101  S5-100 
98-102         95-101         85-100 


All  of  the  above  teats  will  be   made  ot  pressures  of  about  60  lbs. 


f 

-Disk 

type- 

Nil.  1. 

No.  2. 

No.  3. 

98- 

101 

98- 

101 

95-101 

98 

101 

98- 

101 

95-101 

98- 

101 

98- 

101 

95-101 

Ing  the  meter.  Facilities  shall  also  be  provided 
for  rcgearlng  the  dials  of  meters  to  rcRlstcr 
within  1  per  rent  of  nccurncy.  which  In  service 
develop  any  errors  up  to  minus  15  per  cent  In 
velocity  meters  and  10  per  cent  In  disk  meters. 

TE.STS. 
The     Municipal     Testing     Laboratory     of     St. 
I.OU1S  shall  determine  by  analysis   If  the  com- 
position ot  the  several  parts  of  the  meters  In- 


nccessary,  in  dcterminim:  tin  lost  per  foot, 
to  make  a  separate  calculation  every  time  such 
a  figure  is  wanted.  It  is  also  first  necessary 
to  either  refer  to  tables  of  weights  per  foot 
or  to  have  the  weights  memorized,  as  some 
do  to   an  extent. 

The  accompanying  diagram,  constructed  on 
logarithmic  scales,  is  one  that  the  writer  has 
found    very   convenient   and   useful    and   one 
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that  would  doubtless  be  so  found  by  many 
others  if   brought  to   their  attention. 

A  straight  edge  laid  across  the  diagram  so 
as  to  lie  on  the  proper  points  of  the  outer 
scales  will  intersect  the  center  scale  at  the  re- 
sult sought.  For  example :  With  pipe  cost- 
ing $26  per  ton,  considered  as  inclusive  of 
freight  and  cartage  if  desired,  6-in.  class  B 
pipe  is  found  by  the  diagram  and  a  straight 
edge  to  cost  4-3  cts.  per  foot,  while  a  calcula- 
tion results  in  a  slightly  more  accurate  figure 
of  43.-3  cts. :  similarly,  12-in.  class  B  pipe  at 
the  same  cost  per  ton  is  found  by  the  diagram 
and  straight  edge  to  be  worth  about  $1.07, 
while  a  computation  gives  $1.0673  per  foot. 
The  classes  of  pipe  mentioned  arc  the  Amer- 
can  Water  Works  .'\ssociation  Standard. 

Care  is  to  be  taken  in  using  the  diagram 
that  points  on  the  right-hand  vertical  scale 
be  used  for  size  and  class  of  pipe — not  the 
points   under  the  class   letters. 

Similar  diagrams  may  readily  be  made  in 
the  same  way   for  other  tables  of  weights. 


Method  and  Cost  of  Laying  Two  500- 
ft.  Experimental  Sections  of  30-in. 
Steel  and  Ingot  Iron  Lock- 
bar  Pipe  at  Utica,  N.  Y. 

Contributed     by     A.     W'.     Peters,     Engineer     in 
Charge   of   Construction. 

.\s  part  of  the  Marcy-Utica  24-in.  cast-iron 
pipe  line  for  the  Consolidated  Water  Co.  of 
Utica,  N.  Y.,  an  experimental  section  of  500 
ft.  of  steel  pipe  and  500  ft.  of  ingot  iron  pipe 
was  laid  in  the  Mohawk  Flats.  In  order  to 
provide  facility  of  inspection  this  1,000  ft.  of 
pipe  w-as  made  30  ins.  in  diameter,  and  a 
manhole  was  provided  at  the  junction  of  the 
steel  and  ingot  iron  sections.  Both  classes  of 
pipe  were  of  the  lockbar  type;  length.  30  ft.: 
thickness,  %  in. ;  to  withstand  a  possible  static 
head  of  470  ft.  The  pipe  was  furnished  by  the 
East  Jersey  Pipe  Co. 

Both  the  steel  and  ingot  iron  pipe  were 
coated  at  the  plant  by  the  manufacturing 
company  with  Pioneer  pipe  coating.  In  un- 
loading these  pipe  from  the  cars  a  derrick 
and  sling  were  used,  so  that  the  coating  was 
uninjured:  but  in  hauling  to  the  job  the  coat- 


ing was  rubbed  off  in  places,  although  the 
pipe  rested  upon  cloth  bumpers  on  the  trucks. 
The  spots  were  retouched  before  laying  with 
a  paint  furnished  by  the  pipe  company. 

The  excavation,  pumping  and  backfilling 
were  done  by  the  contractor  having  the  whole 
extension  in  hand,  but  the  laying,  riveting  and 
caulking  were  sublet  at  a 'price  of  70  cents 
per  foot  to  a  contractor  experienced  in  steel 
pipe  work. 

The  costs  as  shown  are  derived  from  the 
actual  field  costs,  and  so  in  applying  to  future 
work  the  necessary  additions,  such  as  con- 
tractor's profit,  overhead  charges,  etc.,  should 
be  made. 

Because  of  the  location  of  this  experimental 
section — in  an  absolutely  flat  and  level  coun- 
try, affording  little  runoff  for  the  heavy  rain- 
falls which  occurred  during  the  course  of  the 
work — the  costs  are  high,  due  chiefly  to  the 
excessive  amount  of  pumping  required  and 
delays  incidental  thereto  during  laying,  rivet- 
ing and  caulking. 

Excavation. — The  material  encountered  was 
a  brownish  loamy  clay,  which  was  heavy  and 
sticky  to  handle,  due  to  the  wet  conditions  of 
the  trench.  The  sides  of  the  ditch  were  slightly 
sloped  and  stood  without  sheeting  during  the 
month  of  bad  weather  in  which  this  ditch  was 
open.    The  average  depth  of  ditch  was  5  ft. 

The  ditch  was  dug  with  an  Austin  excavator 
working  under  the  most  adverse  conditions. 
It  was  at  all  times  necessary  to  support  the 
machine  on  planking,  and  even  with  these  pre- 
cautions the  machine  was  nearly  "mired"  sev- 
eral times.  The  bell  holes  were  dug  by  hand, 
one  every  30  ft.  Three  gasoline  diaphragm 
and  two  "hand  diaphragm  pumps  were  used. 

Placing  and  Riveting. — Pipe  laying  started 
on  Oct.  1,  1913,  and  from  the  start  the  ditch 
was  very  wet.  In  places  streams  from  %  in. 
to  1  in.  in  diameter  occurred  in  the  sides  of 
the  ditch,  due  undoubtedly  to  channels  left 
by  decayed  organic  matter.  These  conditions 
were  the  result  of  a  rainfall  of  2%-  ins.  on 
Sept.  21.  The  general  contractor  then  placed 
three  gasoline  pumps  and  two  hand  pumps 
on  the  job. 

The  placing  and  riveting  of  this  1,000  ft.  of 
pipe  took  from  Oct.  1  to  Oct.  10,  during  which 


period  no  time  was  lost  because  of  bad 
weather,  but  only  slow  progress  could  be 
made,  due  to  the  large  amount  of  ground 
water. 

The  maximum  length   of  pipe  laid  and  riv- 
eted  per  day  was  240   ft.,   or  8   joints.     The 
minimum  length  of  pipe  laid  and  riveted  per         9 
day  day  was  30  ft.,  or  1  joint.     The  average        B 
amount  of  pipe  laid  and   riveted  per  dav  was 
i'O  ft,  or  3  joints. 

Caulking. — On  Oct.  18,  when  the  sub-con- 
tractor was  ready  to  begin  caulking,  a  further 
rainfall  of  1%  ins.  occurred,  followed  by 
light  showers  on  the  19th  and  the  20th.  Caulk- 
ing was  started  at  noon  on  the  21st.  Further 
showers  occurred  on  the  24th,  25th  and  26th,  hJ 
but  caulking  was  continued  with  all  pumps  '" 
working. 

The  maximum  number  of  joints  caulked  per 
day  under  these  conditions  was  six.  It  should 
be  noted  that  because  of  the  local  conditions 
the  bell  holes  were  pumped  twice — once  for 
riveting  and  once  for  caulking.  If  leaks  de- 
velop or  show  up  during  the  test  of  this  sec- 
tion some  bell  holes  will  have  to  be  pumped 
for  the  third  time. 

It  is  evident  that  in  a  more  hilly  country, 
with  natural  drainage,  the  pumping  charges 
would  not  be  nearly  so  great  as  in  the  present 
case  under  the   same  bad   weather  conditions. 

COST   D.\TA. 
Cost  of  Labor: 

Total  Cost 

Items —  cost.  per  ft. 

Unloading    $  55.00  $0,055 

Hauling    115.14       0.11.^ 

Excavation  (ditch,  Austin  mach.)  448.90      0.449 

Excavation    (Bell   holes,    hand)...  99.24       0.099 

Pumping    401.00       0.401 

I  lacing    291. IS       0.29] 

Pviveting    2S2.7."       0.2S:! 

Caulking     176.2.'i       0.17G 

Backfill     100.02  0.100 

Total  cost  for  labor $1.969,4S     $1,969 

Cost  of  Material: 

Steel  pipe    $2,000.00     $4.00 

Ingot   iron    2,450.00       4.90 

Cost    of  Labor  and  Material: 

Steel    pipe    $5,97 

Ingot  iron  pipe 6.87 

Particular  attention  is  directed  to  the  fact 
that  the  foregoing  costs  do  not  include  en- 
.gineering,  overhead  charges  or  contractor's 
profit. 


Design    Features    of    the     Reinforced 

Concrete  Viaduct  on  Hopple  St., 

Cincinnati,  Ohio. 

(Staff  Article.) 

In  our  issue  of  Feb.  11,  1914,  we  discussed 
the  general  features  of  the  Hopple  St.  Via- 
duct in  Cincinnati,  Ohio,  and  gave  in  detail 
the  principal  design  features  of  the  east  and 
west  reinforced  concrete  retaining  wall  ap- 
proaches. The  following  article  will  treat 
of  the  design  features  of  the  superstructure 
of  this  viaduct  which  consists  of  a  series  of 
reinforced  concrete  spans,  each  span  com- 
prising two  reinforced  concrete  cantilever 
arms  supported  on  reinforced  concrete  piers. 
We  shall  discuss  the  design  features  of  the 
piers   in   a   subsequent   issue. 

II.    Superstructure. 

The  main  structure  consists  of  25  spans  on 
skewed  piers,  each  span  consisting  of  two 
curved  cantilever  arms  and  a  single  cantilever 
arm  at  each  end  of  the  viaduct.  Beginning 
at  the  east  end  (the  viaduct  being  on  an  east- 
and-west  street)  the  lengths  of  the  cantilever 
arms  of  each  span  are  as  follows:  One  canti- 
lever arm,  35  ft. ;  sjan  No.  1,  35  and  40  ft. ; 
No.  2,  two  40-ft.  arms;  No.  3,  40  and  35  ft.; 
No.  4,  35  and  30  ft.;  No.  5,  30  and  35  ft.; 
No.  6,  two  35- ft.  arms;  No.  7,  35  and  40  ft.; 
Nos.  8  to  12,  inclusive,  two  40-ft.  arms;  No. 
13,  40  and  35  ft.;  Nos.  14  and  21.  inclusive, 
two  35-ft.  arms;  No.  22,  35  and  40-ft.  arms; 
Nos.  23,  24  and  25,  two  40-ft.  arms;  and  one 
40-ft.  cantilever  arm.    The  viaduct  has  a  total 


length  of   1,930   ft.  and  an  extreme  width   of 
60  ft. 

LOADS    AND    ALLOWABLE    STRESSES. 

Dead  and  Live  Loads. — In  estimating  the 
dead  load  of  the  structure,  reinforced  con- 
crete was  taken  at  150  lbs.  per  cubic  foot, 
and  the  wood  block  paving  and  sand  cushion 
at  30   lbs.  per   square   foot. 

The  live  load  assumed  for  the  roadway 
slab  was  600  lbs.  per  square  foot;  for  the 
sidewalk  slab,  100  lbs.  per  square  foot;  and 
for  the  cross  beams,  a  20-ton  road  roller  plus 
20  per  cent  for  impact,  two-thirds  of  the 
load  on  the  rear  axle  and  one-third  on  the 
front  axle.  The  live  load  assumed  for  the 
inside  cantilever  ribs  consisted  of  a  40-ton 
double-truck  electric  car  plus  25  per  cent  for 
impact,  and  150  lbs.  per  square  foot  on  an 
8-ft.  width  of  roadway  adjacent  to  the  curbs. 
The  live  load  on  the  outside  cantilever  ribs 
was  taken  at  150  lbs.  per  square  foot  on  the 
roadway  and  lOO  lbs.  per  square  foot  on  the 
sidewalks. 

Allo-ivablc  Stresses. — The  following  allow- 
able stresses  were  used  in  designing  the  su- 
perstructure: Tension  in  reinforcing  steel. 
18,000  lbs.  per  square  inch ;  compression  in 
concrete,  on  extreme  fiber.  700  lbs.  per  square 
inch ;  and  shear  in  concrete,  65  lbs.  per  square 
inch. 

ASSUMPTIO.NS    AS   TO  THE   DESIGN. 

In  designing  the  viaduct  spans  each  pier 
w^ith  its  adjacent  cantilevers  is  considered  as 
a  unit.  No  bending  or  arch  action  is  trans- 
mitted from  one  pier  to  another,  shear  only 
being    transmitted    by    the    joint    between    the 


ends  of   adjacent   cantilevers. 

Since  each  pier  and  its  cantilever  beams 
are  symmetrical  about  the  center  line  of  the 
pier  there  is  no  overturning  moment  in  the 
pier  due  to  dead  or  to  full  live  load  on  the 
cantilever   arms. 

SPECIFICATIONS    FOR    SUPERSTRUCTURE. 

The  following  extracts  have  been  made 
from  the  specifications  covering  the  construc- 
tion of  this  viaduct : 

If  the  whole  width  of  the  viaduct,  including 
the  four  ribs  and  the  sidewalks,  can  not  be 
concreted  continuously  work  inust  be  divided 
so  that  each  rib  shall  be  concreted  continu- 
ously from  expansion  joint  to  expansion 
joint,  .Ml  concrete  shall  consist  of  a  1:2:4 
mixture,  using  crushed  stone  or  gravel  1  in. 
or  under.  Forms  shall,  in  general,  not  lie 
removed  I'n  less  than  7  days  for  column  and 
beam  sides,' 10  days  for  slab  forms,  and  21 
days  for  beam  and  girder  bottoms,  except 
for  vertical  surface  carrying  no  load.  For 
work  done  in  winter  forms  shall  not  be  re- 
moved in  less  than  1%  times  the  above 
periods.  The  contractor  must  use  steel  cen- 
tering for  the  main  cantilever  beams  havin.g 
curved  bottoms.  Steel  centers  must  extend 
from  pier  to  pier,  as  no  shoring  to  the  ground 
between  piers  will  be  permitted.  Centers 
shall  be  built  to  allow  for  deflection.  Hori- 
zontal reinforcing  bars  must  be  of  single 
length  between  supports.  .-Ml  bars  in  the  top 
of  beams,  girders  and  slabs  over  supports 
shall  extend  back  from  the  face  of  the  sup- 
port a  distance  of  at  least  40  diameters  of  the 
bar.  and  in  the  bottom  a  distance  of  at  least 
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■JO  diameters,  in  no  case  less  than  12  ins. 
The  ends  must  be  bent  in  the  form  of  a  hook, 
and  a  stub  must  be  inserted  in  it  if  the  full 
grip  as  specified  can  not  be  obtained.  The 
thickness  of  concrete  outside  of  tlie  rein- 
forcing steel  shall  be:  in  piers,  2\<i  ins.;  in 
beams,  girders  and  walls.  1%  ins.;  in  slabs, 
?i  in.  between  the  bottom  of  slab  and  the 
main  reinforcing  bars. 

The  entire  top  of  the  concrete  slab  of  the 
roadway  is  to  be  waterproofed  as  follows: 
The  surface  is  to  be  given  a  primary  coat  of 
pure  asphaltum  thinned  with  G'2°  benzine 
after  being  thoroughly  cleaned.  Immediately 
after  applying  the  primary  coat  there  shall  be 
a  coat  of  refined  asphalt  applied  hot.  Into 
tliis,  while  hot,  embed  a  layer  of  heavy  bur- 
lap from  whicli  the  water  has  been  removed, 
and  which  has  been  previously  saturated  and 
coated  with  pure  asphaltum ;  the  burlap  used 


concrete.  The  concrete  on  the  side  of  the 
joint  not  yet  in  place  then  shall  be  placed  di- 
rectly against  the  layer  of  wool   felt. 

DESIGN    FEATURES   OF   CANTILEVER    ARMS. 

Each  cantilever  arm  comprises  four  curved 
reinforced  concrete  ribs  which  are  designed 
as  cantilevers  from  the  skewed  piers.  The 
two  inside  ribs  are  spaced  10  ft.  on  centers 
(5  ft.  on  each  side  of  the  center  line  of 
the  viaduct).  The  distance  between  the  in- 
side and  outside  ribs  is  20  ft.  on  centers. 
Figure  1(a)  shows  a  part  plan  of  a  span 
consisting  of  a  35  and  a  40-ft.  cantilever 
arm,  and  indicates  the  type  of  construction 
used.  The  portion  of  the  viaduct  which  will 
be  considered  in  this  article  under  the  head- 
ing "superstructure"  is.  that  part  above  the 
spring   line  of  the  curved  cantilever  ribs. 

The  floor   svstcm  of   the  4(3-ft.   clear  road- 


reinforcement  for  the  beams  and  the  included 
floor  slab,  is  shown  in  Fig.  1  (c).  Figure 
1  (d)  shows  a  section  through  the  beam  on 
the  center  line  of  the  pier  and  the  adjacent 
cross-beam,  and  Fig.  1  (e)  shows  a  longi- 
tudinal section  through  the  joint  between  the 
two  cantilever  arms.  The  latter  drawing 
shows  the  details  of  this  joint.  It  will  be 
noted  that  the  joint  is  so  constructed  that 
shear  is  transmitted  by  it.  These  sections 
show  the  thickness  of  the  floor  slab  at  vari- 
ous  points. 

The  7-ft.  sidewalk  on  each  side  of  the 
roadway  extends  1  ft.  inside  of  the  outside 
rib,  over  the  rib,  and  cantilevers  4  ft.  outside 
of  it.  Figure  1  (b)  shows  a  section  through 
the  sidewalk.  This  drawing  gives  the  prin- 
cipal dimensions  and  indicates  the  size  and 
arrangement   of   the   reinforcement. 

The   caiUilever   ribs    have    spans   of   30,   35 
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Fig.    1.    Plan,  Cross  Section  and  Longitudinal  Sections  of  Hopple  St.  Viaduct,    Cincinnati,   O.,   Showing    Details  of   Design. 


lo  weigh  approximately  8  oz.  per  square  yard. 
On  this  apply  another  coat  of  hot  asph.ilt  into 
which,  while  hot,  apply  a  layer  of  best  quality 
wool  lilt,  saturated  and  coated  with  asphal- 
tum weighing  M  lbs.  per  100  sq.  ft.  On  top 
of  this  layer  of  felt  apply  another  layer  of 
hot  asphalt.  ;\11  burlap  and  felt  nnist  be 
bedded  into  the  asphalt  while  hot  ami  in  no 
lilacc  shall  the  burlap  or  felt  touch  each  oilier. 
At  joints  the  layers  shall  lap  G  ins.  in  the  di- 
rection of  the  grade.  The  watcrprooliiig  shall 
be  flashed  up  on  the  curb  into  the  "V"  groove 
to  be  made  in  thq.  concrete  and  around  other 
objects. 

The  structure  in  the  center  of  each  span 
shall  be  distinctlv  divided  bv  a  joint  as  shown 
"U  the  detailed  plans.  In  making  this  joint 
the  concrete  on  one  side  shall  I'c  placed  first. 
A  lavcr  of  felt  1  in.  thick,  saturated  with 
asphalt,  shall  be  placed  against  all  vertical 
surfaces  of  the  concrete.  A  layer  of  wool  felt 
such  as  is  used  in  the  waterproofing  for  the 
roadwav  slab  then  shall  be  placed  over  this 
felt   and   over   all   horizontal   surfaces  of   the 


way  is  of  the  beam-and-slab  construction,  the 
beams  extending  from  the  inside  to  the  out- 
side ribs.  Reinforced  concrete  slabs  arc  con- 
structed between  the  inside  ribs,  no  beams 
being  required  on  account  of  the  small  span 
(sec  Fig.  1.  a).  Figure  1  (b )  slinws  a  cross- 
section  of  the  roadway  of  a  lo-ft.  cantilever 
arm.  It  will  be  noted  that  provision  was 
made  for  future  street  car  tracks,  although 
none  are  to  be  provided  at  the  present  time. 
For  this  purpose  the  floor  construction  near 
the  center  of  the  roadway  is  depressed,  the 
spare  being  filled  with  a  2-in.  layer  of  sand 
and  a  layer  of  1  :l  :S  concrete.  An  inclosed 
space  for  pipes  is  provided  under  the  floor 
slab  between  the  in.sidc  cantilever  ribs.  The 
bottom  of  thif  compartment  consists  of  a  re- 
inforced concrete  «lali  built  nicuiolithic  with 
the  ribs,  and  the  top  consists  of  a  detachable 
reinforced  concrete  sl.ib  supported  by  brack- 
ets on  the  ribs.  The  cross-beams  have  a 
variable  depth,  and  are  reinforced  as  shown 
in  Fig.  1  lb").  .'\  longitudinal  section  through 
two   inlermodiate   rross-bcams,    indicating   the 


and  10  ft.  depending  upon  their  position  in 
the  viaduct.  Figure  2  (a)  shows  an  eleva- 
tion of  the  outside  rib  for  a  -lO-ft.  cantilever, 
and  Fig.  '2  (h)  shows  a  cross-section  of  this 
rib.  l'"igurc  2(c)  shows  an  elevation  of  the 
insiile  ribs  for  a  -lO-ft.  cantilever,  and  Fig. 
2(d)  shows  a  cross-section  of  this  rib.  The 
thickness  of  the  outside  rib  is  2  ft.  0  ins.,  and 
that  of  the  inside  rib,  3  ft.  fi  ins.  The  bot- 
toms of  these  ribs  are  curved,  except  for  a  4- 
ft.  (i-in.  section  at  their  outer  ends,  giving  the 
structure  the  appearance  of  a  series  of  arches. 
The  radius  of  curvature  for  the  outside  rib 
•rS  52  ft.  2  ins.,  and  that  of  the  inside  rib  is 
•M  ft.  1%  ins.  The  depth  of  the  outside  rib 
(including  the  floor  slab)  at  the  end  of  the 
cantilever  is  3  ft.  9  ini..  and  at  the  pier  its 
ilcplh  is  14  ft.  9  ins.;  the  corresponding  di- 
mensions for  the  inside  rib  are  4  ft.  0  ins.  and 
11  ft.  Ct  ins.  Details  of  the  1-in.  expansion 
joint  at  the  end  of  the  cantilevers  arc  shown  in 
Figf.  2  (a)  and  2  (c).  The  drawings  show 
(he  principal  dimensions  of  the  ribs  and  the 
size  and  arrangement  of  the  reinforcing  rods. 
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The  rods  in  ihe  tops  of  the  ribs  are  placed  in   diameter,   are  left  at   the  locations   of  the 

in    three    layers.      The    distance    between    the  vertical    reinforcing    rods.      These    holes    are 

layers     of  rods  is  4  ins.,  the  top  layer  being  to   be    filled    with    grout    after    the    slabs    are 

3   ins.    from   the   surface.     To   insure   an   ac-  in  place.     The   1-in.   expansion  joint   is   filled 

curate    spacing    of    these    rods   angle    spacers  with  tar  paper  and  felt. 
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der  the  direction  of  Mr.  H.  M.  Waite,  chief 
engineer,  and  Mr.  F.  L.  Raschig,  engineer  of 
structures.  Department  of  Public  Service  of 
Cincinnati.  The  construction  will  be  con- 
tinued under   Mr.   F.   S.   Krug,  who  has  suc- 
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(a)  Elevation  of  Outside  Rib 


Cg)  Detail  of  Curb  Angle 


40-0' 


-yert-U'IO-0  ig 

4-        '•    "J*!  ' 


.Topioijer    6-i'/4-''m-oig '"Z'4-iii'WdW'''^-lii'-l5'd'ia 

AAiaaletauer  S-i'4"so-6lg  5-/i4"60-0'/g."^~ *r S'n 

""••'0'o-fg:_  z'  'i-i'/rsad'iQ''  "yxiips  '  '  '  *■ 


: '2-M'^0<0-fg  JJim •mOTg 7 ;  L ..  2- m'SO'O 7g 


T° 

j«5'    1     1 
1      1    ]''' 

>i 

'^IJ^ 

CD 

I- 

^ 

1      1    ]ol 

\<3\    1      ' 

i    i^-1 

15.1  lol 

t 

tJ.li 

Ib)  Section  A-A 


U'barst^ocr<e:i  o^er 
-','i'bor 


¥^WW 


(d)  Sections  B 


I'/e    TtorlVa'brs 
Z I  y»'-^-'f9.r.l>i'.brs. 


Cf)  CI  I  psfor  Splices 


tc)  Elevation  of  Inside  Rib 


Fig.  2.    Elevations  and  Sections  of  Outside  and  Inside  Ribs  of  Superstructure    and    Some    Other    Details   of    Hopple    St.   Viaduct. 


are  jpecified.  Figure  2  (e)  shows  a  detail  of 
the  spacers  for  the  inside  ribs. 

The  reinforcing  rods  in  the  bottoms  of  the 
ribs  arc  spliced  near  the  spring  line.  The 
splice  is  made  by  lapping  the  bars  and  fasten- 
ing them  together  with  two  clips.  A  detail  of 
these  clips  is  shown  in  Fig.  2  (f). 

A  nx2*/4x%-in.  curb  angle  is  anchored  into 
the  concrete  by  means  of  anchors  consisting 
of  lV4.\3/16-in.  bent  bars,  spaced  2  ft.  on 
centers  and  staggered.  Figure  2  (g)  shows 
a  detail  of  the  construction  at  the  curb. 

REINFORCED  CONXRETE  RAILING. 

The  cantilcvercd  sidewalk  carries  an  orn.i 
mental  reinforced  concrete  railing.  The 
railing  extends  3  ft.  4  ins.  above  the  sidewalk 
slab,  and  is  held  in  place  by  hexagonal  rein- 
forced concrete  posts.  Figure  3  (a)  shows 
a  dctaiP  of  a  portion  of  this  railing,  and  in- 
dicates the  type  of  construction  used.  Fig- 
ure 3  (b)  shows  a  cross-section  of  the  railing 
and  an  elevation  of  the  post,  and  Fig.  3  (c) 
shows  a  cross-section  of  the  hexagonal  post. 
These  drawings  show  the  dimensions,  and  the 
size  and  arrangement  of  the  reinforcing  rods. 
It  will  be  noted  that  the  slabs  of  the  railing 
are  cast  separately  from  the  posts,  and  that 
they  fit  into  grooves  in  the  posts  and  side- 
walk slab.  The  slabs  are  fi  ins.  thick,  except 
at  the  paneled  portion,  where  the  thickness 
is  4  ins.  F'igure  3  (d)  shows  a  horizontal 
section  through  the  railing  slab  at  an  ex- 
pansion joint.  In  casting  the  slabs  adjacent 
to  an  expansion  joint  three  holes,  each  2  ins. 


nUANTITIES    OF    MATERIALS    AND   COST. 

The  viaduct  will  have  a  sand  blast  finish. 
The  approximate  quantities  of  materials  in 
the  superstructure  are;  Reinforced  concrete, 
11,600  cu.  yds.;  concrete  railing,  4.100  lin.  ft.; 
waterproofing,    10,200    sq.   yds.;    concrete'  bal- 
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ceeded  Mr.  Waite  as  chief  engineer,  and  Mr. 
1".      L.   Raschig. 


The    Montana    Institute    of    Municipal    En 
gineers  at  their  recent  annual  meeting  elected 
the  following  officers  and  directors :  President, 
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(a)  Elevation  of  Railinqond  Posts 
Fig.  3.    Elevation  and   Sections  of   Reinforced    Concrete    Railing    of    Hopple   St.    Viaduct 


last  for  future  street  car  tracks,  1,000  cu.  yds.: 
and  curb  angles,  13  tons.  The  drainage  and 
stairway  are  also  included  in  the  superstruc- 
ture. The  contract  price  for  the  superstruc- 
ture is  $189,000. 
The  Hopple   St.  Viaduct   was  designed   un- 


F.  C.  Snow,  Bozeman ;  vice  president,  C.  W. 
Helmick,  Helena;  secretary-treasurer,  C.  C. 
Widener,  Bozeman.  These  officers  with  the 
following  are  the  board  of  directors :  Wm. 
M.  McLean,  Lewistown;  M.  L.  Morris,  Great 
Falls. 


February  25,  1914. 
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A   Discussion  of  the  Advantages  and 
Disadvantages  of  Fixed  and  Three- 
Hinged    Concrete    Arches,     With 
Solid    and    Ribbed     Soffits     and 
With  Solid  and  Divided  Piers. 

In  our  issue  of  Nov.  26.  1913,  we  printed 
.111  article  on  the  relative  advantages  of  fixed 
.iiid  three-hinged  concrete  arches.  This 
article  gave  tlic  chief  advantages  of  the  three- 
hinged  type,  and  also  discussed  the  ad- 
vantages possessed  by  arches  with  two  ribs 
over  those  with  solid  soffits.  .\  discussion 
was  also  given  concerning  the  relative  effi- 
ciency of  solid  and  divided  piers.  The  con- 
clusions drawn  by  the  writers  of  this  paper 
are  that  three-hinged  concrete  arches  are  more 
economical  and  reliable  than  those  with  no 
hinges  and  that  concrete  arches  with  two 
separate  ribs  are  more  economical  than  those 
with  solid  soffits  when  the  span  in  each  case 
is  greater  than  100  ft.  The  following  dis- 
cussions of  this  paper,  which  were  abstracted 
from  Vol.  XL.,  p.  131 ;  Proceedings,  .American 
Society  of  Civil  Engineers,  are  herewith  given, 
as  the  importance  of  the  subject  warrants  full 
discussion  : 

DISCUSSION    BY    C.   E.   GRF.GORV. 

As  designing  engineer  in  charge  of  the  de- 
sign of  the  bridges  built  by  the  Board  of 
Water  Supply  and  referred  to  in  the  paper 
under  consideration  the  writer  wishes  to 
make  a  few  statements  to  amplify  the  relation 
of  the  work  as  done  by  the  Board  of  Water 
Supply  to  this  paper,  and  to  put  others  who 
were  concerned  in  the  design  of  these  bridges 
in  a  right  position. 

The  authors  reach  the  conclusion  that  in 
practically  all  cases  the  three-hinged  arch  is 
more  economical  than  the  ordinary  fixed-end 
arch.  When  designing  the  Traver  Hollow 
Bridge  the  writer  did  not,  and  does  not  now, 
concur  in  such  a  conclusion.  The  hinged  type 
was  selected  largely  because  of  an  expected 
slight  settlement  of  the  foundations,  rather 
than  because  of  the  economy  of  this  type.  The 
preliminary  estimates  indicated  that  a  three- 
hinged  arch  would  be  more  expensive  than 
a  fixed  arch. 

The  economy  of  the  divided  pier  is  brought 
out  by  the  authors,  but  the  manner  in  whicli 
the  design  of  the  piers  of  the  Rye  Outlet 
Bridge  was  arrived  at  differed  considerably 
from  that  described  in  the  paper,  although 
meeting  the  assumptions  of  the  authors.  The 
interesting  and  unusual  feature  of  this  bridge 
is  that  it  is  an  arcade  of  five  reinforced  con- 
crete arches  supported  on  exceptionally  high 
piers.  P.  was  found  that  the  yielding  of  the 
top  of  a  high  pier  of  ordinary  shape  under 
the  unbalanced  live  load  arch  thrust  (the 
height  of  the  highest  pier  in  this  bridge  be- 
ing a  little  more  than  100  ft.)  would  be  suf- 
ficient to  create  considerable  stress  in  the 
arch  without  exceeding  the  usual  liniits  of 
stress  or  without  creating  tension  in  the 
pier.  The  design  was  made  to  limit  the  yield- 
ing of  the  piers  to  that  which  could  be  safely 
.ind  economically  provided   for  in  the  arches. 

1  he  entire  arcade  was  treated  as  a  complete 
'  lastic  sfrurture,  and  determination  was  made 

if   what   proportion   of  the   unbalanced   llirust 

irom  a  loaded  arch  would  be  carried  l>y  the 
adjacent  pier  and  by  other  arches  and  piers 
of   the   arcade.     The   shape   and   size   c.i    pier 

idopted  was  found  to  he  necessary   from  cal- 

ulations  inadc  as  just  outlined. 

PISCIISSION    BY    JJF.NRV    II.    QIMMIIV. 

F..\pcricnce  in  the  design  of  concrete  arches 

infirms  the  opinion  expressed  by  Mr.  Grcg- 

ry   regarding   the   relative  economy  of   fixed 

Hid  hinged  rings,  and  the  justification  for  the 

i^e  of  hinges.     Computations  for  comparison 

■f    designs    in    several    cases    have    failed    to 

how    anv    saving    in    cost   of   a    threc-hingcd 

type  over  a  fixed  type  when  tlie  ratio  of  rise 

to  span  was  fairly  good.     Hinges  are  justified 

only  when  the  foundations  are  unsatisfactory. 

•  >r  in  cases  where  the  arch  i'i  very  flat.     In  a 

flat  arch  the  crown  movement   due  to  change 

in  length  of  ring  from  tempcr.iturc  is  greater 

than  in  a  high-pitched  one,  and  the  tempera- 


ture stress  may  thus  become  great  enough 
to  warrant  the  use  of  a  hinge  to  avoid  it. 
The  arches  shown  in  the  paper,  however,  are 
not  flat,  but  have  a  good  rise. 

The  authors  give  estimated  quantities  of 
concrete  required  for  the  arch  rings  in  the 
two  designs  shown,  and  represent  the  fixed 
type  as  requiring  !>0  per  cent  more  concrete 
than  the  hinged.  This  is  hard  to  understand. 
.•\  fixed  ring  should  require  only  a  little  more 
than  a  hinged  ring.  The  depth  at  the  crown 
must  be  about  the  same  for  each  because  the 
horizontal  thrust  is  about  the  same,  and  any 
theoretical  eccentricity,  due  to  unsymmetrical 
loading,  in  the  fixed  ring  will  probably  be 
fully  matched  by  the  effect  of  friction  of  the 
hinge  in  the  other  case,  for  the  inevitable  de- 
flection caused  by  the  weight  of  the  floor  im- 
posed after  the  closure  of  the  arch  will  be 
likely  to  produce  the  effect  of  eccentric 
thrust.  ,Kt  the  quarter  points  the  hinged  ring 
will  need  considerably  more  depth  than  the 
fixed  ring,  and  it  will  be  only  at  the  spring- 
ing line  that  the  fixed  ring  will  be  deeper  and 
require  more  concrete.  As  the  cost  of  effec- 
tive hinges  is  considerable,  the  net  result  is 
generally  the  reverse  of  that  reported  in  the 
paper. 

If  it  be  said  that  the  greater  depth  of  the 
fixed  ring  design  in  the  paper  was  made  be- 
cause of  temperature  stress,  the  reply  is  that 
temperature  stress  necessarily  increases  with 
the  depth  of  the  ring,  and  adding  to  the  depth 
because  of  such  stress  is  somewhat  like  piling 
a  load  on  a  horse's  back  to  enable  him  to 
pull  a  heavier  wagon — the  poor  legs  may  be 
overtaxed.  It  would  seem,  therefore,  that 
there  must  be  something  wrong  either  with 
the  estimates  or  witli   one  of  the  designs. 

The  stone  hinges  shown  in  the  paper  give 
tlic  impression  of  being  likely  to  develop  fric- 
tion if  they  work  at  all,  and  this  will  entail 
eccentricity  of  stress  in  the  arch  ring,  to  that 
extent  detracting  from  the  only  advantage  of 
the   hinge. 

Tlie  matter  of  appearance  of  an  arch  is 
important  in  many  places,  and  the  bulging  at 
the  quarter  that  is  characteristic  of  the  ordi- 
nary hinged  ring  is  distinctly  ungraceful  and 
displeasing  to  the  miscellaneous  eye  which 
cannot  understand  the  reason  for  it,  while  the 
eye  of  the  designer  who  knows  that  the  point 
of  greatest  shear  is  the  point  of  greatest 
single  stress,  desires  to  see  the  arch  thickest 
at  the  spring  where  that  stress  is  the  greatest. 

One  very  important  consideration  in  a  dis- 
cussion of  stress  in  a  masonry  arch  is  the 
method  of  construction,  and  it  is  generally 
far  more  vital  than  temperature  fluctuations. 
The  old-fashioned  method  of  laying  up  an 
arch  ring  from  the  springing  line  to  tlic 
crown,  with  the  attendant  progressive  de- 
formation of  the  centering  and  consequent 
cracking  of  the  earlier  portion  of  the  ring 
practically  reduces  the  working  thickness  of 
the  ring  to  a  fraction  of  that  designed,  and 
may  he  the  real  cause  of  some  failures  that 
have  Mccurrcd.  The  proper  way  to  avoid  cracks 
or  initial  stresses  in  the  arch  ring  due  to 
settlement  or  compression  of  the  ceritcring 
(luring  construction  is  to  build  the  ring  in 
voussoir  blocks  with  narrow  key  spaces  be- 
tween them.  Then  when  all  the  blocks  arc 
made,  and  the  centering  has,  therefore,  near- 
ly its  full  load,  after  the  blocks  have  seasoned 
anri  shrunk,  cast  the  keys.  Of  course,  if  the 
arch  is  small  enough  to  permit  the  casting  of 
the  full  length  of  the  ring  in  one  day — say 
within  ten  hours — the  separation  into  blocks 
will  not  be  needed,  because  the  first  portion 
cast  will  be  still  plaslir  enough  when  the  ring 
is  closed  to  adjust  itself  to  the  deformed  ccn- 
tcrinR.  It  is  impracticable  to  eliminate  initial 
strc.19  wholly,  for  anv  of  the  dead  load  that 
is  added  subsequently  to  kcving  will  cause 
•■onir  deformation  of  the  ring  and  consc- 
qucntlv  initial  strcis  somewhere;  but  this 
slioulil  never  he  enough  to  be  serious. 

.Vnothcr  point  in  the  paper  tliat  seems  not 
entirely  clear  is  the  claim  of  marked  ad- 
vantage in  the  I-shapcd  arch  rib.  The  arch 
ring  is  a  column — not  a  beam  If  the  curve 
is  true  and  the  line  of  thrust  central  there 
is  absolutely  no  beam  action.  Of  course  the 
width    (horizontal   thickness)    of   the   rib   and 


its  depth  (vertical  thickness)  should  both  be 
theoretically  adjusted  to  make  a  column  that 
will  fail  by  crushing  rather  than  by  buckling, 
and  this  will  require  some  minimum  width. 
.\s  regards  lateral  buckling,  any  given  width 
is  as  effective  at  the  mid-depth  as  at  the 
flanges,  and  in  any  case  suitable  transverse 
bracing  should  be  provided.  The  method  of 
estimating  the  saving  due  to  the  coring  out 
of  the  concrete  at  the  sides  is  hardly  fair, 
because  a  very  large  part  of  the  cost  of  such 
concrete  is  in  the  support  of  it,  and  any  in- 
crease or  decrease  in  quantity  will  properly 
be  charged  for  at  only  the  cost  of  the  ma- 
terial and  the  placing  of  it.  Besides,  the  ex- 
tra cost  of  the  additional  formwork  required 
for  the  paneling  will  materially  reduce  the 
seeming  economy  in  material. 

DISCUSSION   BY  A,   C,   JANNI. 

The  following  comments  were  abstracted 
from  the  discussion  of  A.  C.  Janni ; 

.'Mthough  the  indeterminations  arising  from 
friction  on  the  hinges  and  from  other  causes 
do  not  prevent  a  designer  from  patching  up 
some  kind  of  a  design  for  a  three-hinged 
arch,  it  is  not  possible  to  accept  statements  as 
to   the   great   reliability  of   such   a  design. 

However,  the  hinges  in  a  concrete  or 
masonry  arch  can  sometimes  be  used  to  ad- 
vantage during  the  construction  of  the 
arches,  when  there  is  no  steel  reinforcement 
to  take  up  the  tension  at  the  spring  line  and 
at  the  key  due  to  a  possible  excessive  settle- 
ment of  the  hinges;  then  after  the  centering 
has  been  removed  the  liinges  can  be  connected. 
Thus  the  arch  behaves  as  a  three-hinged  arch 
as  far  as  the  dead  load  is  concerned,  and  as  a 
rigid  arch  for  the  live  load  and  for  tempera- 
ture changes.  In  that  case  the  hinges,  free 
from  the  enormous  pressure  of  the  dead  load, 
can  easily  accompany  any  movement,  being 
concreted  afterward  when  their  behavior  be- 
gins to  be  extremely  doubtful. 

The  granite  railroad  bridge  at  Morbegno. 
Italy,  with  a  229.t).5-ft.  span  and  a  32.8-ft. 
rise,  has  been  built  in  accordance  with  the 
foregoing    method. 

Concerning  the  statement  that  the  trial  de- 
sign for  a  fixed-end  arch  takes  several  days 
for  each  analysis  it  can  be  said  that  it  takes 
no  longer  than  for  a  three-hinged  arch,  and 
possibly  less  time.  The  stresses  in  an  arch 
with  fixed  ends  due  to  dead  load  and  tem- 
perature can   easily  be  calculated  in  a  day. 

.\  new  method  of  designing  an  arch,  based 
on  the  rather  recent  theory  of  the  "Ellipse 
of  Elasticity."  is  described  in  a  paper  by  the 
writer  in  the  Journal  of  the  Western  Society 
of  Engineers,  May,  1013.  This  method  is 
purely  graphical  and  holds,  irrespective  of 
the  geometrical  form  of  the  axis  of  the  arch, 
irrespective  also  of  the  law  of  variation  of 
the  cross-section  of  the  latter,  and  of  the 
assumptions  of  loading.  In  other  words,  it 
is  possible  by  this  method  to  draw  the  lines 
of  influence  for  moments  for  any  section  of 
the  arch  before  the  loads  are  applied  on  the 
arch,  and  therefore  the  most  prejudicial 
hypothesis  of  loading  for  the  chosen  section 
is  given  at  once,  without  any  trial.  The  paper 
also  shows  a  practical  application  of  this 
method  to  the  design  of  an  arch. 

In  contrast  with  the  unreliability  of  the 
results  in  a  design  for  a  three-hin.ge(!  arch, 
it  is  not  without  interest  to  relate  that  for 
a  fixed-end  reinforced  concrete  arch,  built  in 
I'r.mcc  with  a  span  of  .118  ft.,  the  diflfercnce 
between  the  stresses  calculated  and  the  actual 
stresses  reached  a  maximum  of  14.7  per  cent. 

Every  engineer  fully  appreciates  the  im- 
portance of  these  re.iiilts,  especially  when  he 
considers  that  in  steel  bridges  of  the  best  de- 
•-imi  that  difference  reaches  2.5  per  cent,  and 
when  designed  on  the  assumption  that  there 
is  no  friction  at  the  joints  the  difference  may 
be   more   than    100  per  cent. 

The  horiTiontal  thrust,  due  to  temperature 
changes,  is  directly  proportional  to  the  co- 
efficient of  expansion,  to  the  change  of  tem- 
perature, to  the  modulus  of  elasticity  of  the 
material,  and  to  the  span  (measured  at  the 
spring  points  of  the  geometrical  axis  of  the 
arch)  :  but  it  is  inversely  proportional  to 
the  moment  of  inertia  of  the  whole  elastic 
arch    with    respect   to   the    horizontal    (if   the 
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arch  has  its  spring  points  at  tlie  same  level) 
passing  tliroiigh  a  certain  point  called  the 
center  of  gravity  of  the  clastic  arch. 

If,  for  the  same  span,  arches  witli  different 
rises  are  drawn,  it  can  he  seen  that,  although 
the  factors  directly  proportional  to  the  hori- 
zontal thrust  remain  imchanged  (the  varia- 
tion of  the  span  of  the  geometrical  axis  may 
be  disregarded),  the  moment  of  inertia  of 
the  arch  increases  rapidly  with  the  increase 
of  the  rise  of  the  arch ;  so  that  the  effects 
of  a  change  in  temperature  diminish  in  im- 
portance with  the  increase  of  the  rise. 

The  slirinkage  of  the  concrete  due  to  set- 
ting and  that  due  to  the  dead  load  are  two 
important  causes  of  stress  to  be  taken  care 
of,  especially  the  former.  If  the  arch  is  very 
flat  and  has  a  large  span,  the  best  and  inost 
economical  way  to  take  care  of  the  shrinkage 
due  to  setting  is  by  neutralizing  its  effects, 
as  much  as  possible.  A  span  of  170  ft.  with 
a  17-ft.  rise,  and  two  spans  of  140  ft.  with 
a  14-ft.  rise,  both  designed  by  the  writer, 
have  been  built  by  breaking  tlie  arches  into 
voussoirs  each  about  20  ft.  long  and  leaving 
between  each  two  consecutive  voussoirs  a 
small  2-it.  voussoir.  or  key.  The  voussoirs 
were  cast  first,  and  the  keys  were  not  cast 
until  the  last  concrete  of  the  voussoirs  was 
ten  days  old,  thus  avoiding,  for  the  170-ft. 
span,  important  tensile  stresses  in  the  intrados 
at  the  key  and  in  the  extrados  at  the  spring- 
ing line,  due  to  a  shortening  of  %  in.  of  the 
geometrical  axis  of  the  arch. 

If.  as  the  authors  state,  an  average  pressure 
of  12,000  lbs.  per  square  incli  on  the  crown 
hinge  of  that  arch  was  calcidated,  it  must  be 
inferred  that  the  maximum  pressure  on  the 
hinge  was  about  24,000  lbs.  per  square  inch 
at  the  theoretical  point  of  contact  with  its 
groove,  and  it  may  be  assumed  that  it  was 
reduced  to  zero  at  each  end  of  the  groove. 
The  question  then  arises:  At  such  a  vital 
point  of  a  bridge  should  the  material  be  sub- 
mitted tc:.  stresses  which  are  never  allowed 
for  such  material  at  otlier  much  less  import- 
ant points?  The  inadvisability  of  trusting 
to  a  2%-in.  pin  the  stability  of  such  a  large 
mass  of  material  is  another  important  factor. 
In  dealing  with  such  pressures,  however,  there 
is  no  longer  any  question  of  the  possibility 
of  assuming  that  at  that  point  there  is  a 
hinge,  readv  to  work;  it  is  no  longer  a  matter 
of  design,  but  of  guesswork.  When  a  hinge 
of  such  small  diameter  is  placed  at  the  key, 
a  malicious  attempt  to  wreck  tlie  span  could 
be  successfully  carried  out. 

.-Xnother  kind  of  hinge — fortunately  very 
seldom  used — is  a  ball-and-socket  joint  of 
cast  steel  consisting  of  a  hemispherical  pro- 
tuberance fitting  into  a  hemispherical  cavity. 
.Any  horizontal  displacement  of  the  crown  of 
the  arch  in  a  structure  of  this  kind  cannot 
lie  contemplated  seriously ;  there  is  no  reason 
for  using  such  a  hinge.  In  the  construction 
of  a  three-hinged  arch,  the  u.se  of  a  ball-and- 
socket  hinge  means  simply  the  addition  of 
more   friction  at  that  joint. 

Concerning  the  saving  of  material  by  build- 
ing the  ribs  of  an  I-shaped  section,  it  may 
be  remarked  that  such  a  saving,  in  a  general 
way.  does  not  necessarily  mean  a  saving  of 
money.  The  three-hinged  arch,  on  account 
of  its  lack  of  rigidity,  requires  a  stronger 
system  of  stiffeners  than  that  needed  by  a 
fixed-end  nrch.  and  the  quantity  of  concrete 
in  the  stiff cners  for  the  former  must,  neces- 
sarily, be  greater  than  in  those  for  the  lat- 
ter: therefore  the  statement  advanced  by  the 
authors,  that  the  quantity  of  concrete  was  the 
same  in  each  case,  cannot  be  accepted. 

In  conclusion,  it  is  to  be  noted  that  the 
statement  concerning  the  complication  of  de- 
sign for  a  fixed-end  arch  and  the  ease  with 
which  such  an  arch  can  be  upset  by  a  slight 
movement  of  one  of  its  supports,  is  not  alto- 
gether justified.  Rv  the  theory  of  "virtual 
work"  or.  more  elegantly  and  specdilv.  by 
the  method  of  the  "ellipse  of  elasticitv,"  the 
designer  can  easily  take  care  of  the  displace- 
ment ni  the  supports,  and  even  of  a  yielding 
of  the  soil  on  wdiich   the   footings   rest. 

There  is  no  doubt  that  the  design  for  an 
arch  is  one  of  the  most  delicate  problems  of 


engineering;  but,  after  all,  it  may  be  done 
without  any  great  trouble  if  the  designer  is 
sufficiently    familiar   with   his   work. 

The  theories  used  are  not  monopolized  by 
a  few  persons,  but  are  quite  accessible  to  any 
one  of  training  and  application.  Fortunately 
for  the  designer,  those  theories  cannot  be 
reduced  to  "rulc-of-thumb,"  for  several  rea- 
sons. If  an  engineer,  satisfied  with  what  he 
was  taught  at  school,  does  not  keep  in  touch 
with  the  daily  progress  of  science,  lie  runs  the 
risk,  nowadays,  of  being  behind  the  times.  If, 
for  example,  in  designing  an  arch  he  still  as- 
sumes first  that  the  arcli  is  entirely  loaded 
and  then  that  it  is  half  loaded  and  half  un- 
loaded, still  believing  that  in  this  way  he  can 
determine  the  maximum  stresses  in  that  arch 
he  is  wrong ;  those  assumptions  were  made 
several  years  ago,  because  there  was  then  no 
means  of  ascertaining,  conveniently,  the  most 
prejudicial  hypothesis  of  loading;  at  present, 
however,  tliat  method  of  computing  stresses 
IS  antiquated  and  inadequate. 

DISCUSSION    BY    PHILIP    AYLETT. 

In  America,  the  ribbed  arch,  especially  the 
three-hinged  type,  has  not  received  that  recog- 
nition of  its  merits  which  it  deserves.  Its 
economy  and  advantages  are  better  known  and 
more  highly  appreciated  in  Europe,  where  it 
has   been    used    extensively    under    almost    all 
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rorms  in  6'tolO'  longitudinal  sections,  each 
section  detached  by  rennovai  of  bolts  in  verticals' 


Fig.    1.     Sctional    Form     for     l-Section     Ribs 
of   Concrete    Arches. 


conditions    of    site    and    traffic,    and    in    great 
variety   of   form   and   design. 

Comparatively  few  concrete  bridges  of  the 
rib  type  proper  fhinged  or  fixed)  have  been 
built  in  America,  and  lliesc  only  within  the 
past  decade.  The  literature  on  the  subject, 
therefore,   is  comparatively  scant. 

The  authors  of  this  paper  deserve  the  thanks 
of  all  interested  in  the  use  and  development 
of  this  type  in  America,  where  its  future  is 
so  promising  and  its  field  so  extensive. 

The  use  of  three-hinged  arches  on  com- 
pressible material  is  fully  justified  by  ample 
experience  and  precedents.  The  foundations 
of  abutments  and  piers  in  such  cases,  how- 
ever, demand  more  careful  investigation 
study,  and  design.  .\  fixed  or  a  two-hinged 
arch  may  also  f)ften  be  built  with  entire  safety 
on  compressible  material,  provided  the  foun- 
dations are  properly  designed  and  built,  in- 
cluding the  use  of  batter  piles  and  otlicr 
methods  of  taking  up  the  thrust. 


The  seeming  economy  of  tlie  rib  of  I-sec- 
tioii,  as  compared  with  the  rectangular  sec- 
tion, will  not  show  so  vividly  in  practice  as 
on  paper.  This  saving  in  concrete  in  the  I- 
section  will  be  largely  if  not  entirely  ofi'set 
by  the  greater  expense  caused  by  the  addi- 
tional material  and  labor  involved  in  making 
and  placing  the  I-forms  and  in  depositing  the 
concrete  therein.  Forms  for  such  sections 
also  necessitate  the  cutting  up  of  the  lumber 
into  many  sliort  lengths,  thus  making  much 
of  the  material  unfit  for  other  use.  For  ex- 
ample, Fig.  1  shows  an  I-section  form  de- 
signed for  the  purpose  of  economizing  in 
material  and  in  the  labor  of  making,  placing 
and  dismantling  it.  This  form  is  also  cap- 
able of  repeated  use,  as  it  is  built  in  sections 
with  this  end  in  view.  Yet  the  additional 
material  and  labor  involved,  in  comparison 
with  forms  of  rectangular  section,  is  apparent 
at   first   glance. 

In  addition,  the  I-section  rib  invites  and 
makes  possible  injury  and  defects  to  the  per- 
manent structure  from  which  the  rectangular 
section  is  exempt.  No  one  can  foresee  or 
forestall  settlements  in  falsework,  or  center- 
ing from  timber  shrinkage,  "taking  up,"  "bit- 
ing," columnar  shortening,  foundation  move- 
ments, expansion,  contraction,  etc.,  false- 
work or  centering  moves  upward  as  well  as 
downward  on  account  of  the  unsymmetrical 
placing  of  the  load,  or  in  cases  where  the 
falsework  becomes  wet  after  being  thorough- 
ly dried  out.  A  rectangular  arch  rib  is  capable 
of  sustaining  more  settlement  or  upward 
movement  of  the  falsework  without  injury 
than  is  possible  with  an  I-section,  because  of 
the  projecting  flanges  of  the  latter.  Settle- 
ments or  movements  of  the  falsework  prior 
to  the  removal  of  the  I-forms  seriously  en- 
danger these  concrete  flanges,  and  will  prob- 
ably cause  rupture  at  or  near  their  junction 
W'ith  the  body  or  web  of  the  section,  as  at 
a,  h,  c  and  d  (see  Fig.  1).   ■ 

From  a  number  of  cases  it  has  been  ob- 
served that  the  maximum  movements  of 
falsework  (both  up  and  dow-n)  occur  during 
or  immediately  after  the  construction  of  the 
arch  ribs  (except  in  cases  of  accidents,  etc.), 
because  this  is  the  period  of  the  initial  adap- 
tation or  accommodation  of  the  falsework  to 
Its  superimposed  load.  During  this  period, 
therefore,  the  I-forms  are  always  found  in 
position  and  cannot  be  dispensed  with.  The 
danger  of  flange  rupture  is  most  imminent 
during  the  initial  stages  of  arch  action,  that 
is,  when  arch  action  begins  to  assert  itself, 
the  concrete   being  comparatively  green. 

Flange  rupture  may  occur,  however,  after 
the  rib  has  passed  into  the  self-supporting 
stage,  or  even  before  arch  action  asserts  it- 
self at  all.  For  example,  if  a  dow'nward 
movement  of  the  falsework  occurs  just  as 
arch  action  begins  to  take  place,  the  rib  offers 
some  resistance  to  the  movement,  although 
it  may  be  incapable  of  entire  self-support. 
The  result  is  rupture  in  the  bottom  flanges 
and  cracks  opening  upward,  as  at  d  (see  Fig. 
1). 

If  an  upward  movement  of  the  falsework 
occurs  (on  account  of  swelling,  distortion  or 
accumulation  of  drift  and  debris  against  tlie 
forms),  flange  rupture  takes  place  in  the 
opposite  direction,  the  cracks  opening  down- 
w;ird,  and  both  top  and  bottom  flanges  may  be 
aft'ected,  as  at  a,  b,  c  and  d  (sec  Fig.  1).  Flange 
rupture  prior  to  arch  action  is  most  likely 
to  occur  in  connection  with  the  use  of  heavy 
reinforcing  members,  such  as  I-beams,  lattice 
girders,  etc.,  as  these  by  their  own  arch  ac- 
tion arc  capable  of  resisting  the  movements 
of   the   falsework. 

It  must  also  be  remembered  that  at  or  near 
the  points  c  and  d  in  the  T-section  the  poorest 
and  weakest  concrete  will  undoubtedly  be 
found.  It  is  here  that  the  greatest  difficulty 
will  be  met  in  securing  good  concrete,  on 
account  of  the  re-entrant  angles  in  the  forms, 
and  the  proximity  of  the  reinforcing  mem- 
bers thereto.  Hence  Jhe  flanges  which  must 
resist  the  greater  stress  from  such  movements 
arc  less  capable  of  doing  so,  on  account  of 
the   quantity   and   quality   of   the   material.- 

The  likelihood  of  flange  rupture,  especially 
after    arch    action    in    the   rib,    mav     be     de- 
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creased  somewhat  by  avoiding  a  rigid  con- 
nection between  the  sides  of  the  I-iorms  and 
the  supporting  timbers  below.  Thus  (see 
Fig.  1)  such  a  precaution  may  be  provided 
by  simply  omitting,  on  both  sides,  the  lower 
bolts  shown  in  the  verticals,  and  using  stop- 
blocks  instead.  Slip-joints  thus  formed  would 
permit  the  downward  movement  of  the  false- 
work without  injury  to  the  flanges,  provided 
the  arch  had  attained  the  stage  of  self-sup- 
port. 

.-\lthough  the  authors  affirm  that  "the  shape 
of  the  piers"  is  a  "most  important  point  in 
the  design,"  they  appear  to  overlook  this  and 
ither  important  points  relating  to  the  design 
and  construction  of  bridge  piers,  especially  in 
flowing  streams. 

In  the  comparative  estimates  of  the  braced 
and  solid  types  of  piers,  apparently,  only  the 
lifference  in  concrete  has  been  considered. 
Tlie  greater  length  of  cofferdam  required  by 
a  pier  of  the  braced  type  (with  or  without 
diaphragm  or  foundation  offset)  should  be 
considered.  In  constructing  cofferdams  in 
flowing  streams  the  usually  important  thing 
is  time,  for  more  risk  is  attached  to  coffer- 
dam building  in  flowing  streams  than  in  any 
ihcr  operation  connected  with  ordinary 
bridge  building,  especially  where  there  is  ice 
r  logs  of  wood  moving  rapidly. 
The  many-sided  dam  of  the  braced  type 
pier  requires  much  maneuvering  of  the  pile- 
Iriver  in  order  to  effect  the  frequent  changes 
of  direction.  This  involves  change  of  an- 
chorage, backing,  going  forward,  etc.,  all  by 
men  who  are  not  sailors,  while  breasting  a 
urrent  and  with  risk  of  disaster  by  flood. 
The  solid  rectangular  pier  requires  less  cof- 
ferdam, less  maneuvering  of  the  pile-driver, 
less  exposure  to  flood  at  the  most  critical 
time,  and  consequently  much  less  time  and 
expense.  These  are  among  the  important 
piiints  which  should  be  considered  in  pier  de- 
ign and  construction,  and  cannot  be  over- 
looked in  any  estimates. 
There  are,  however,  other  features  of  the 
uthors'  braced  pier  which  appear  so  serious 
IS  to  preclude  entirely  this  type  from  con- 
sideration in  streams  of  the  character  men- 
tioned. 

The  authors  state:  "This  type  (braced)  of 
pier  is  especially  economical  for  a  bridge  in 
running  water  in  which  there  is  likely  to  be 
leavy  blocks  of  ice  or  logs  of  wood  moving 
vapidly." 

The  braced  type  of  pier  is  exposed,  not 
)idy  to  the  accumulation  of  jlrift  on  its  up- 
stream end  as  in  solid  piers,  but  will  also 
■atch  and  hold  logs  and  drift  in  the  space 
)etween  the  legs  on  both  sides.  The  bouy- 
incy  and  enormous  leverage  of  a  mass  of 
logs  and  drift  would  exert  a  simultaneous 
lifting  and  wrenching  action  on  the  pier,  in- 
Teasing  with  the  pressure  of  the  rising  flood. 
Masses  of  drift  cause  scour  around  the  piers, 
md  this  would  probably  extend  below  the 
liaphragm  if  its  depth  extends  only  to  the 
loint  where  the  pier  legs  enter  the  ground. 
It  is  difficult  to  reconcile  the  obstructive 
traced  pier  with  the  nation.-wide  conserva- 
ion  movement  of  totlay,  especially  in  the  face 
if  the  experience  of  the  West  and  Middle 
\Vest  in  l!)i:!.  .Amid  the  losses  of  lives  and 
T  ■ruperty  the  bridge  engineer's  lesson  stood 
above  all  others — unmistakable  and  spe- 
lt was  "Conservancy  of  Rivers"  by 
k(a)  .Xvoiding  unduly  wide  and  obstructive 
liers : 

li)   Reduction    in    the   number   of   piers   by 
increase  in  the  span  lengths:  and 
ic)   Increasing   the   floor-level   elevations. 

DiscL'ssiON  nv  L.  J.  MKNsni. 
The  statement  of  the  authors  that  threc- 
linged  arches  contain  only  about  half  as  much 
nasonry  as  projierly  designed  fixed  arches  is 
inly  true  for  bridges  of  very  small  rise,  and 
he  writer  would  be  interested  to  sec  the  cal- 
ulations  for  the  bridges  shown  in  the  original 
laper.  as  his  own  tables  do  not  show  .such 
difference.  The  fact  is  that  the  thrust  in 
lOth  types  is  practically  the  same.  The  hend- 
ng  moment  caused  by  a  concentrated  load  in 
three-hinged  arch  is  greatest  when  the  load 
s  0.211   /  from  the  abutment,  and  its  value  is 


about  P   X 


10 


in  a  fixed  arch   a  concen- 


trated   load    produces    the    greatest    bending 
moment  when  placed  0.3  /  from  the  abutment, 

/ 

and  its  value   is  about  P    X   . 

IG 
It  is  customary  to  calculate  a  bridge  for  a 
uniform    load,    w,    placed    on    its    half    span. 
The    greatest    bending    produced    in    a    three- 
hinged  arch   occurs  at  the  quarter  span,  and 
wX  I' 

amounts  to  ;   in  a  fixed  arch  it  oc- 

64 
curs  at  the  point  0.3  /  from  the  abutment,  and 
w  P 

amounts    to ;    at    the    same    time    the 

120 

moment  at  the  abutments  is 


64 

There  is  nothing  to  justify  the  statement 
that  there  is  a  considerable  saving  in  ma- 
terials in  a  three-hinged  arch  over  a  fixed 
arch,  unless  the  temperature  stresses  and  the 
stresses  due  to  the  shortening  of  the  arch 
and  the  shrinkage  of  the  concrete  play  an  im- 
portant role,  which  is  only  the  case  in  arches 
of  comparatively  small  rise  and  large  depth. 
Professor  Howe,  in  his  treatise  on  arches, 
showed  that  the  thrust  from  a  change  of 
temperature  in  a  parabolic  arch  of  constant 
d  s  4'j    P- 1  c  t 

may  be  found  by  the  formula,  —  — , 

/  4         f 

where  E  =  the  modulus  of  elasticity,  /  =:  the 
moment  of  inertia  of  the  crown  section,  c  = 
coefficient  of  expansion,  /  =  change  of  tem- 
perature, in  degrees  Fahrenheit,  and  /  =  rise 
of    arch ;    and    that    its    point    of    application 

I 
should  be  assumed  at  —  /  below  the  crown. 

3 
The  writer  finds  that  in  a  parabolic  arch,  as 
usually    designed,    the    thickness    of    the    arch 
increasing  at  the  abutment  to  about  1%  to  2 
times  the  crown  thickness,  the  thrust  may  be 

Elct 
found    bv    the    formula,    24  ,    and    its 

f 
point   of   application    may   be   assumed    to   be 

—  /  below   the   crown.     Let   E  =  2,000,000, 

30 

t  =  50°,  c  =  0.000005.5,  or  E  c  t  =  550. 

From   a  change  of   temperature,   the   bend- 
ing moment  is  found  to  be,  at  the  crown, 
24  /  7  / 

X  550  X  —  /  =  3,080  — ; 

f  30  / 

and  at  the  abutment, 

24  /  23  / 

X  550   X  —  /  =  10,120  — . 

f-  30  / 

For   a    width   of    1    ft.    of    the    arch     ring, 
12  (P 

I  = ,  wliere  ,/  =:  the  iliickness  at  the 

I' 

d' 
cmwn;  the  ni.inem  al  the  crin\n  =  3,080  — , 

and  the  moment  at  the  abulment  ^=  10,120  — . 

If  we  consider  that  the  moment  of   resist- 
ance of  the  crown  section   for  a  width  of   !-' 
ins.       (neglecting       the       reinforcement) 
12X  rf* 

'2  cP,  and  that  the  moment  of  re- 

G 
.sj.stancc  at   the  abutment,   when  the  thickness 

12  X  \ir 
is  twice  the  crown  .section  ^= =  Srf*, 

a 

we  can  obtain  for  the  stresses  in  the  extreme 
fibers  causerl  by  the  change  nf  temperature, 
bv     dividing     the     moments     bv    the    section 

d 
miidullis.      (he      simple      exprissiMiis.      1,5(0    — 

/ 
il 
liir    the   cruwn    section,   and    I,2li5   —   at    the 

abutment,  whatever  the  span  of  the  arch 


The    writer   will    endeavor   to   compare   the 
two  bridges  shown  as  far  as  the  few  measure- 
ments given  will  allow.     He  will  assume  that 
the   thrust   per  linear   foot  may   be    found   by 
850  X  128.5= 

the  formula, =  70,000  lbs.     The 

8X25 
live   load   of    100    lbs.   per    square     foot    dis- 
tributed over  a  width  of  29  ft.  will  amount  to 
100  X  29 

=   170   lbs.   if  distributed   over  the 

17 
two  arch   rings  17   ft.  wide;  and  the  bending 
moment  in  a  threejiinged  arch  at  the  quarter 
span 
170  X  128.5- 

= =44,000  ft.-lbs.  per  linear  foot. 

64 

The  crown  thickness  of  the  arch  is  22  ins. 
and  assuming  that  the  thickness  at  the  quarter 
point   is   33   ins.,   the   stresses   at   the   quarter 
point  may  be  found  as  follows : 
The  compressive  stress 
_   70,000 

— ' =177    lbs.   per   square   inch. 

33  X  12 
The  stresses  in  the  extreme  fibers  from  the 
bending  moment 

44,000  X  12 

-  =  242    lbs., 


38  X33 


12- 


or  a  maxnuum  compressive  stress  of  177  + 
242  =  419  lbs.,  and  a  maximum  tension  of 
242  —  177  =  65  lbs. 

The     average     thickness     of     the     arch     is 
2 

22-f-—X  11  =  29.33  ins. 
3 
In  a  fixed  arch  it  will  be  necessary  to  as- 
sume a  greater  thickness  of  the  arch  at  the 
crown,  on  account  of  the  temperature 
stresses:  therefore,  the  thickness  at  the  crown 
will  be  assumed  to  be  28  ins.  and  that  at  the 
abutment,  56  ins.  The  maximum  bending  mo- 
ment caused  bv  a  uniform  load,  w,  per  square 

w  X  /■- 

foot   at   the  crown   is   about  ,   and   the 


320 
compressive  stress  from  the  thrust  ^  • 


70.000 


12  X  18 

—  208  lbs.  per  square  inch;  the   stresses  in 
the   extreme   fibers,   from   the   uniform   load, 
170  X  128.5'  12  X  28' 

divided  bv ^=  56  lbs. 

320  6 

per   square   inch. 
As  shown  before,  the  temperature  stress  in 
d 
the  extreme  fibers  =  1,540  —  =  144  lbs.  per 

square  inch,  or  a  maximum  compressive  stress 
of  208  -I-  56  -t-  144  =  408  lbs.,  and  a  mininmm 
compressive  stress  of  208  —  200  =  8  lbs.  per 
square  inch.  At  the  abutment,  the  thrust  is 
70.0(10  X  1.28  =  89.500  lbs.  and  the  com- 
89,500 

prcssivc  stress  =  =  1.3:J  lbs.     The 

12  X  .56 
maximum    bending   moment    from   a   uniform 
load 

170  X  128.5' 

= =  44.i>00  ft.-lbs. 

64 
The     section     modulus     at     the     abutment 
,:'  V  .-.i!' 
=  =  6.280,  and   the   stresses   in   the 

44,000  X  12 
extreme  fibers  = ^-=  ''I  lbs. 


i;.2N'i 

The    tcniper.uurc    stresses 


./ 


1,265    —  = 

118  lbs.,  or  the  maximuiu  compressive  stress 
=  i:t3  +  84  -f  lis  =  335  lbs  per  square  inch. 
and  the  maximum  tensile  stress  =  202  —  133 
=  60  lbs.  per  .square  inch.    The  average  thick- 

1 
ncss  of  the  arch  =  28  -f-  —  X  28  =  .37.-33  ins. 
3 
The  stresses   froiu  the  shortening    of     the 
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arches  will  modiiv  the  results  only  very 
slightlv  in  this  case.  .-Mthough  both  bridges 
have  about  the  same  stresses,  the  average 
quantitv  of  concrete  is  only  27  per  cent  great- 
er in  the  fi.xed  than  in  the  three-hinged  arch. 
Or,  assuming  that  200  cu.  yds.  for  the  three- 
hinged  arch  is  correct,  the  saving  amounts  to 
only  54  cu.  yds.,  or  $075,  which  is  more  than 
counterbalanced  by  the  cost  of  steel  hinges. 
The  authors  state  that  the  slightest  move- 
ment of  the  abutments  will  develop  cracks  in 
the  arches.  This  is  not  the  case.  A  tem- 
perature drop  of  50°  is  equivalent  to  a  move- 
ment of  both  abutments  of of  the  span, 

3,640 
or,  in  this  case  to  0.42  ins.,  and  it  is  a  poorly 
designed    abutment    in    which    this    movement 
will    be   seen.     Such    a    movement   would    in- 
crease the  stresses  at  the  crown  to  408  +  144 


=  552  lbs.  in  compression  and  144  —  8  =  136 
lbs.  in  tension  ;  and  at  the  abutment  to  335  + 
118  =  453  lbs.  in  compression  and  69  +  118 
=;  187  lbs.  in  tension.  It  is  known  that  or- 
dinary slabs  do  not  crack  under  stresses  less 
than  300  lbs.  per  square  inch ;  hence  the  factor 
of  safety  against  the  iirst  crack  is  still  ample. 

It  is  true,  however,  that  the  temperature 
stresses  and  those  due  to  the  shortening  of 
the  arch  would  be  three  or  four  times  as 
great  in  the  same  arch  with  a  rise  of  only 
one-tenth  of  the  span,  and  the  advantage  of 
the  three-hinged  arch  in  such  a  case  is  un- 
questioned. 

In  a  three-hinged  arch,  great  stresses  may 
be  caused  by  the  unequal  settlement  of  the 
staging,  and  it  has  often  happened  that  the 
hinges  have  been  thrown  out  of  line  and  out 
of  center,  and  have  had  to  be  dug  out  and 
replaced.     The   failure  of  a  large  bridge  was 


due  to  this  cause.  This  is  the  main  reason 
that  fi.xed  arches  are  preferred  by  experienced 
engineers  to  the  three-hinged  type. 

It  must  also  be  mentioned  that  three-hinged 
arches  settle  considerably  more  than  fixed 
arches  after  the  centering  is  struck,  and  also 
cause  more  vibration  under  moving  loads. 

In  three-hinged  arches  the  use  of  deep  ribs 
is  a  decided  saving,  which  is  not  the  case  in 
all  fixed  arches.  The  writer  has  advocated 
the  use  of  I-section  for  spans  of  more  than 
300  ft.,  and  for  spans  of  from  200  to  300  ft. 
he   advocates   T-sections, 

The  rule  given  by  the  authors  for  finding 
the  center  line  for  a  three-hinged  arch  can 
be  simplified  by  assuming  the  entire  arch  to 
be  loaded  with  one-half  of  the  uniform  load 
per  square  foot.  This,  according  to  the 
elastic  theory,  gives  the  most  favorable  line 
of  pressure. 


Data  and  Discussion  on  Explosions  in 
Sewers  and  Underground  Conduits — 
Ordinances,  Inspection,  Venti- 
lation and  Other  Prevent- 
ive Measures. 

The  Department  of  Public  Works  of  New- 
Haven,  Conn.,  warned  by  recurring  explosions 
in  the  sewers  and  underground  conduits  of 
that  city,  and  by  reports  of  the  same  troubles 
in  other  cities,  is  still  pursuing  investigations 
begun  more  than  a  year  ago  to  determine  the 
causes  of  and  to  find  means  for  preventing 
such  explosions.  The  results  of  the  studies 
made  to  date  in  this  investigation  are  here 
given  from  information  taken  from  a  paper 
on  the  subject  before  the  recent  annual  con- 
vention of  the  Connecticut  Society  of  Civil 
Engineers  by  Mr.  H.  J.  Kellogg,  Assistant 
City  Engineer  of  New  Haven,  who  has  charge 
of  the  investigation.  Mr.  Kellogg  enumerates 
a  number  of  instances  where  explosions  in 
sewers  and  other  underground  conduits  have 
occurred  and  several  of  these  are  fiere  de- 
scribed on  account  of  the  present  renewed  in- 
terest in  the  subject  due  to  recent  explosions 
in  sewers  at  Pittsburgh  and  Detroit. 

The  first  explosions  in  New  Haven  which 
caused  injury  to  persons  occurred  about  2<i 
years  ago  in  a  54-in.  circular  brick  sewer  when 
four  men  were  inside  the  sewer  cleaning  it. 
The  air  in  the  sewer  was  burned  out  and  it 
was  with  great  difficulty  that  the  youngest 
and  strongest  man  in  the  group  succeeded 
in  getting  his  companions  to  a  nearby  man- 
hole where  they  were  helped  out  of  the  sewer 
by  workmen  on  the  outside.  Two  of  the  men 
were  disabled  for  six  months  or  over.  In  this 
case  illuminating  gas  was  present  and  was 
ignited  by  lanterns  carried  by  the  men.  At 
that  time,  20  years  ago,  the  manufacture  of 
by-products  from  gas  plant  wastes  was  very 
limited  and  some  of  these  waste  products  got 
into  the  sewer.  The  gas  plant  was  near  the 
point  where  the  explosion  occurred.  In  those 
days  gas  drips  were  run  directly  into  the 
sewer  if  it  was  handy  to  make  connection. 
After  that  explosion  greater  care  was  used  to 
ventilate  the  sewer  by  opening  up  two  or  more 
manholes  before  starting  repairs  and  cleaning. 

The  next  explosion  in  a  New  Haven  sewer, 
which  caused  personal  injury,  occurred  last 
winter  in  a  42-in.  egg-shaped  brick  sewer 
when  men  were  inside  cleaning  it  of  deposit. 
They  were  burned  about  their  faces  and 
hands.  There  was  no  evidence  to  show  that 
this  explosion  was  caused  by  the  presence  of 
illuminating  gas.  Near  the  place  where  the 
men  were  working,  close  to  a  manhole,  there 
was  a  drainage  connection  from  the  factory 
of  a  paper  box  and  paper  concern.  In  this 
factory  a  benzine,  naphtha  or  gasoline  mixture 
is  used  for  cleaning  the  stones  upon  which  the 
lithographic  work  is  done.  .Sometimes  one  of 
these  linuids  alone  is  used  for  the  purpose 
named  but  not  over  a  spongeful  at  a  time. 
In  this  case  positive  evidence  could  not  be  se- 


cured of  the  accidental  spilling  of  inflammable 
liquids.  No  garages  were  located  above  the 
point  where  the  explosion  occurred.  The  gaso- 
line odor  was  noticed  before  the  men  entered 
the  sewer,  but  manholes  had  been  left  open 
for  a  length  of  time  that  was  considered  suf- 
ficient to  clear  the  sewer  atmosphere  of  any 
dangerous  taint.  Lanterns  of  ordinary  type 
were  carried  but  will  not  be  so  employed  again 
in  New  Haven.  A  small,  neatly  made,  dry 
battery  lantern,  containing  a  small  Mazda 
lamp,  known  as  the  "Ever  Ready"  lantern, _  is 
now  used.  Equipped  with  such  a  light,  with 
smoking  and  the  scratching  of  matches  for- 
bidden, there  seems  to  be  no  chance  of  start- 
ing an  explosion  while  cleaning  or  repairing 
the  New  Haven  sewers. 

The  first  New  Haven  sewer  explosion  oc- 
curred in  1886,  when  no  one  was  inside  and  no 
one  connected  with  sewerage  work  was  in  the 
vicinity.  A  60-in.  circular  brick  sewer  was 
blown  open,  the  arch  was  thrown  completely 
off  for  about  100  ft.  No  one  knows  what  com- 
bustiljle  wrought  the  destruction,  nor  how  it 
was  ignited.  It  was  the  only  explosion  that 
ever  harmed  a  New  Haven  sewer. 

r.XPLOSIONS    IN    CONDUITS    OTHER   THAN    SEWERS. 

A  number  of  explosions  have  occurred  in 
underground  conduits  for  wires,  some  of  them 
serious  and  expensive.  In  Bridgeport  about 
two  years  ago  a  manhole  cover  was  blown 
off  by  ignited  illuminating  gas  and  the  gas  kept 
on  burning  for  hours  before  the  unmetered 
supply  could  be  stopped.  The  sheaths  around 
the  cables  and  the  insulations  were  burned  and 
the  service  was  entirely  suspended,  .\gain  in 
Bridgeport,  about  four  years  a.go,  an  explosion 
in  a  conduit  manhole  broke  40  panes  of  glass 
in  adjacent  buildings.  .X  riser  pipe  had  been 
cut  off  just  above  the  curb,  and  a  ventilator 
cap  furnished  the  little  holes  for  illuminating 
gas  escapement  from  the  manhole  and  the  cap 
happened  to  be  right  handy  for  a  boy  to  strike 
a  match  on.  In  Fairfield  a  trolley  car  struck 
sparks  from  a  gritty  rail  and  touched  off  a 
blast  that  blew  up  (375  ft.  of  ducts.  For  an 
explosion  in  Hartford  the  gas  company  paid 
damages  of  $5,000  to  the  telephone  company. 
Ventilated  manhole  covers  have  checked  this 
line  of  conduit  troubles,  but  a  bad  break  in 
a  gas  main  would  threaten  the  underground 
systems  as  trolley  car  wheels  and  horseshoes 
strike  sparks  which  might  ignite  the  explosive 
mixture. 

Columbus,  Ohio,  has  experienced  no  explo- 
sions in  sewers  in  15  years.  However,  two 
explosions  in  underground  ducts  for  telegraph 
and  telephone  wires  have  occurred  in  that 
city,  caused  by  accumulation  of  natural  gas. 
They  were  touched  off  by  fire  engines  passing 
over  the  manholes  and  igniting  the  accumulat- 
ed gas. 

.•\ftcr  the  previously  mentioned  accident  in 
the  sewer  last  winter,  we,  in  New  Haven,  felt 
the  need  of  information  from  experiences  of 
other  cities :  how  they  cleaned  and  repaired 
their  larger  sewers;  what  lighting  apparatus 
was  used  for  inside  working,  and  how  it  was 


handled,  so  a  round  of  visits  was  made  to  a 
few  nearby  towns,  including  New  York  (Bor- 
ough of  Manhattan),  Providence,  Boston  and 
Worcester,  and  numerous  letters  of  inquiry 
were  sent  out  to  city  officials  covering  the 
points  mentioned. 

Albany,  N.  Y. ;  Newport,  R.  I.;  New  Lon- 
don, Conn. ;  Springfield,  Mass. ;  Denver,  Colo. ; 
Portland,  Ore.;  Seattle,  Wash.,  and  Savannah, 
Ga.,  report  no  trouble  from  explosions. 

Among  cities  that  have  suft'ered  more  or 
less  from  explosions,  Louisville,  Ky.,  may  be 
mentioned.  At  Charleston,  S.  C.,  an  employe 
lighted  a  cigarette  and  threw  the  match  into 
a  manhole  just  uncovered,  and  an  explosion 
resulted.  Also  two  men  were  caught  by  a 
flash  in  a  sewer.  At  Syracuse,  N.  Y.,  two 
engineers  were  killed  in  1911  by  carbon  diox- 
ide. This  has  nothing  to  do  with  explosions, 
but  is  mentioned  in  passing.  At  Philadelphia 
one  explosion  recently,  attributed  to  gasoline 
vapor,  injured  several  men.  The  letter  from 
Philadelphia  was  from  George  S.  \yebster. 
Chief  Engineer,  who,  speaking  of  an  inciderit 
pertinent  to  this  discussion,  said :  "A  suspi- 
cious smell  was  noticed  upon  opening  a  sewer 
manhole,  and  a  blazing  paper  thrown  in  re- 
sulting in  a  column  of  flame  about  40  ft.  in 
height  due  to  gasoline  from  a  nearby  factory." 
Two  men  were  killed  there  about  two  years 
ago.  This  was  caused  by  a  leaky  eas  main 
that  ran  parallel  with  the  sewer;  and  about 
I  Vi  years  ago  a  man  was  burned  from  gaso- 
line from  a  dry-cleaning  shop.  The  sewers 
themselves  were  uninjured.  Providence,  R.  I.; 
Buffalo,  N.  v.;  Washington.  D.  C. ;  Fall  River. 
Mass.;  Detroit,  Mich.;  Brooklyn,  N.  Y. ; 
Cleveland,  Ohio;  Worcester.  Mass.:  St.  Paul 
Minn.;  Kansas  City,  Mo.;  Duluth,  Minn.;  Los 
.Angeles,  Cal.;  Savanah,  Ga. ;  Baltimore,  Md.; 
Hartford.  Conn.;  New  Haven,  Conn.;  Pitts- 
burgh, Pa.,  and  San  Francisco,  Cal.,  also 
report  explosions  in  sewers.  The  maiority 
report  illuminating  gas  as  the  explosive;  in 
some  cases  known  to  be,  others  assumed ;  and 
wliere  references  were  made  to  conduits  for 
wires  it  was,  in  all  but  one  case,  so  given. 

In  Baltimore  men  have  been  overcome  by 
inhaling  "sewer  gas,  notwithstanding  the  fact 
that  every  effort  is  fnade  to  ventilate  and  rid 
the  manhole  of  such  gases  by  use  of  a  fan 
pumii,  as  well  as  opening  the  manhole  next  to 
the  one  to  be  worked  in,  thus  creating  a  cur- 
rent of  air."  The  sewerage  system  of  Balti- 
more was  about  as  bad  as  could  be  found  be- 
fore the  work  of  reconstruction  was  begun, 
and  that  is  now  well  advanced.  Probably 
many  stagnant  pools  were  formed  due  to 
faults  in  grades  and  deadly  gases  were  gen- 
erated. That  city  is  now  installing  a  com- 
prehensive sewerage  system,  costing  $20,000,- 
000.  thoroughly  up  to  date,  and  it  is  difficult 
to  imagine  how  any  suffocating  gases  could 
be  created  in  the  new  sewers. 

George  H.  Norton,  Deputy  Engineer,  Com- 
missioner, Buffalo.  N.  Y..  describes  a  new 
gas  in  sewers  as   follows: 

It  may  be  Interesting  to  know  that  for  three 
years      past      at      periods      following     thawlnu 
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weather,  after  frost  and  heavy  snow,  we  have 
had  serious  complaint  from  gas  odor  in  some 
of  our  sewers.  This  has  been  traced  down  and 
found  to  be  due  to  the  use,  by  the  railroads,  of 
what  is  called  a  hydro-carbon  oil  w^hich  is  used 
by  them  to  prevent  freezing  of  their  switches 
and  inter-locking  plants  in  their  passenger  sta- 
tion yards,  and  at  other  congested  points.  An 
e.xamination  was  made  by  the  city  chemist  and 
he  reports  that  at  low  temperatures  this  oil 
will  crystallize,  that  such  crystals  are  soluble 
in  water,  and  for  this  reason  he  thinks  that 
the  odor  or  gases  have  passed  the  ordinary  vent 
sewer  trap.  The  gases  arising  from  this  oil 
are.  apparently,  highly  explosive  and  could 
readily  be  the  cause  of  a  serious  explosion. 
This  oil  is  a  by-product,  from  the  Pintsch  gas 
product  used  for  car  lighting.  After  a  lengthy 
(otisultation  with  the  railroad  authorities,  they 
have  agreed  ti  discontinue  the  use  of  this  oil 
in   their  yards. 

Roscoe  X.  Clark,  City  Engineer  of  Hart- 
ford,  contributes    the    following   information: 

I  have  no  recollection  of  any  explosions  in 
tlu-  sewers  previous  to  1913.  In  1913  we  had 
two  serious  explosions  in  the  Park  river  inter- 
ceiitor.  The  first,  occurring  in  January,  lifted 
one  manhole  head  and  threw  several  covers  in 
the  air,  and  also  shattered  windows  in  adjoin- 
iiitr  houses.  The  second  occurred  in  May,  when 
th.-  East  Side  Pumping  Station  and  its  connec- 
tion with  the  Park  River  intercepting  sewer 
were  in  process  of  construction.  The  most 
damage  was  done  to  the  station  and  adjoining 
houses.  Both  of  the  explosions  took  place  in 
the  vicinity  of  the  works  of  the  Hartford  City 
Gas  Light  Co.  Suits  brought  by  property  own- 
ers and  the  contractor  for  the  pumping  station 
are  now  pending  in  court.  To  protect  the 
pumping  station  we  are  now  building  a  venti- 
lating stack  connecting  with  the  Park  River 
interceptor  and  having  a  by  pass  equipped  with 
an  electric  fan  so  tha  if  natural  ventilation 
is  not  sufficient  we  can  resort  to  artificial. 

The  correspondence  here  referred  to,  the 
chemical  analyses  that  have  been  and  are  Be- 
inji  made  of  sewage  samples  below  garage 
centers  and  dry-cleaning  works,  and  some  in- 
spection work  to  detect  offenders,  is  being 
done  to  give  New  Haven  a  base  upon  which  to 
l)uild,  if  possible,  an  ordinance  or  set  of  or- 
dinances that  will  help  to  keep  sewers  free 
from  explosive  gases.  It  is  also  hoped  so  to 
word  those  rules  that  no  unnecessary  burden 
will  be  laid  upon  an  individual.  Many  cities 
have  general  clauses  in  their  local  laws  that 
cover  this  subject  that  could  be  made  to  apply 
to  continual  and  willful  offenders.  New  Haven 
has  a  few  rather  poorly  expressed  paragraphs 
intended  so  to  apply. 

ORDINANCES. 

Buffalo.  Newark.  Washington,  Fall  River, 
New  Bedford,  Philadelphia,  Providence,  Los 
Angeles  and  Savannah  quoted  their  laws.  The 
letter  from  A.  E.  Phillips,  Superintendent 
Sewer  Department  of  Washington,  D.  C, 
contained  a  clause  fairly  representative  and  a 
very  good  one  it  is : 

Section  IS.  No  person  shall  make  or  main- 
tain any  connection  with  any  public  sewer  or 
appurtenance  thereof  whereby  there  may  be 
conveyed  Into  the  same  any  hot,  suffocating, 
corrosive,  Inlliimmable  or  explosive  llrjulrl,  Ka.s. 
vapor,  substance  or  material  of  any  kind;  and 
no  person  shall  cause  to  enter  or  (low  into  any 
public  sewer  or  appurtenance  thereof  any  hot. 
corrosive,  .suffocating.  Inflammable  or  explo- 
alve  llfnild,  gas,  vapor,  substance  or  material 
of  any  kind:  Provided,  that  the  provision  of 
this  paragraph  shall  not  apply  to  water  from 
•ordinary   hot   water   boilers  of   residences. 

Also,  in  Washington,  there  arc  rules  for 
the  installation  of  garage  traps.  Wc  may  not 
be  able  to  improve  on  the  ordinance  quoted, 
iln  large  cities  it  would  be  easier  to  compel 
the  use  of  garage  traps  or  oil  separators  than 
in  smaller  ones.  That  brings  us,  for  the  most 
•conspicuous  example,  to  the  City  of  New 
lYork.  Borough  of  Manhattan.  Robert  Adam- 
son.  Fire  Comniissiorcr,  sent  the  following: 

The  Inspector  of  combustlble.i  of  this  depart- 
ment reports:  Since  June  ."..  1^1=.  there  have 
t>een  eleven  sewer  explosions  for  the  reason 
|that    conditions   In    the   sewers    are   so   complex 


and  opportunities  for  observation  so  limited 
that  no  definite  knowledge  can  be  formed  of 
the  conditions  which  lead  up  to  and  cause  these 
explosions.  There  are  no  means  to  determine 
when  an  explosion  Is  about  to  occur,  and  after 
such  has  occurred,  no  evidence  is  left  to  base 
an  accurate  opinion  upon.  It  is  only  from  the 
known  conditions  existing  in  the  sewers  that 
probable   causes   of  explosions   can   be  stated. 

The  necessarj'  conditions  for  evolving  of 
gases,  such  as  moisture,  the  presence  of  organic 
matter  and  bacterial  activity  resulting  in  de- 
composition, is  always  present,  but  just  what 
part  this  action  plays  is  absolutely  impossible 
at  present  to  state.  The  probable  causes,  at 
least  in  our  experience  in  New  York,  are  gaso- 
line,   illuminating  gas   and  calcium   carbide. 

Prior  to  the  regulation  requiring  the  installa- 
tion of  oil  separators  in  garages,  the  larger 
number  of  sewer  explosions  was  limited  to 
what  is  known  as  the  "garage  zone"  lying  west 
of  Broadway  to  the  Hudson  River  between  40th 
and  GOth  Sts.  Since  their  installation  the 
number  of  explosions  has  been  greatly  reduced. 

The  illuminating  gas  enters  the  sewer  from 
ruptured,  corroded  or  broken  gas  mains  or 
from  leaky  joints,  and  when  mixed  in  the 
proper  proportions  with  air  forms  an  explosive 
mixture.  Calcium  carbide  which  is  used  in 
garages  for  generating  liglUs  may  be  thrown 
into  the  sewer  and  when  in  contact  with,  water 
generates  acetylene  gas,  which  is  an  intense 
explosive  and  is  further  auto-combustible,  so 
that  in  many  instances  it  may  be  ignited  by 
its  own  heat  generated  in  evolving  the  acety- 
lene. 

The  vapors  of  gasoline  and  illuminating  gas 
require  an  open  flame  to  ignite  them,  but  how 
this  occurs  in  sewers  it  is  impossible  to  tell, 
but  in  vaults  and  in  conduits  the  igniting  spark 
is  furnished  in  a  number  of  cases  by  electrical 
apparatus,  such  as  switchboards,  sump  pumps, 
short  circuiting,  etc. 

Some  relation  exists  between  sewer  explosions 
.  and  flooding  of  the  sewers,  and  further  when  th'i 
sewers  become  tidebound  these  explosions  are 
more  frequent,  such  as  following  an  unusual 
shower  of  heavy  rain  or  a  fall  of  snow  or  thaw- 
ing of  ice.  This  causes  a  condensation  of  the 
gases  within  the  sewer. 

There  are  no  casualties  on  record  resulting 
from  these  explosions  but  considerable  damage 
to  property  often  occurs. 

In  relation  to  places  where  oil  is  stored,  the 
oil  separator  is  the  only  method  at  present 
under  the  regulations  of  preventing  volatile  in- 
flammable oil  from  discharging  into  the  sewer. 

From  this  and  other  reports  and  from  ex- 
haustive investigations  and  studies  by  the 
Bureau  of  Combustibles,  of  New  York  City, 
lias  come  a  set  of  rules  and  regulations  that 
form  a  complete  work  on  the  subject;  valu- 
able to  the  authorities  of  any  city  as  a  book 
of  reference.  Even  with  this  sizable  pamphlet 
of  local  laws,  to  guide  the  city's  officers  and 
to  warn  ofTenders.  entitled,  "Regulations  of 
the  Municipal  Explosives  Commission,"  adopt- 
ed Jan.  .'i,  1912,  the  authorities  of  the  city  of 
New  York  are  still  having  trouble  in  keeping 
their  sewers  in  a  safe  condition.  As  has  been 
stated  there  is  a  decided  improvement,  but 
stubborn  opposition  has  been  encountered.  A 
letter  from  the  Ansonia  Manufacturing  Com- 
pany of  New  York,  which  makes  oil  separ- 
ators, says  : 

The  garage  owners  at  one  time  combined  and 
fought  the  ordinance  In  the  courts,  and  after 
several  appeals  finally  lost  Iheir  case,  with  the 
result  that  this  matter  will  he  pushed  border 
than  over.  Their  contention  was  that  It  was 
an  Injustice  to  Impose  such  an  expense  on  the 
Nmaller  garage  owners  and  Individuals.  l)ccause 
they  fell  It  wns  entirely  out  of  their  means  to 
comply  with  this  ruling.  Kor  this  reason  11  haa 
been  a  dlDlcult  matter  to  sell  the  apparatus  and 
afterw.'irds  to  make  collections  for  payment. 
Some  of  IIh'  boroughs  make  a  dllTercnce  be- 
tween private  and  public  garoges  by  calling 
nn.v  guragc  which  stores  more  than  two  oars  a 
public  garage,  and,  under  this  classification, 
only  public  garages  arc  subject  to  the  ordi- 
nance. 

Th.1t  laws  relating  to  certain  uses  or  abuses 
that  are  made  of  sewers  were  not  always  fully 
enforced   in   the   Borough   of   Manhattan   the 


New  Haven  investigators  had  visible  evi- 
dence. "No  steam  from  an  exhaust  or  direct 
blow  off  shall  be  allowed  to  enter  the  sewei;s." 
Yet,  last  winter,  when  we  were  investigating 
New  York  conditions,  manholes  were  opened 
and  dense  columns  of  steam  came  out;  and, 
testing  by  hand,  it  seemed  very  hot.  With  the 
steam  came  a  pronounced  odor  of  gasoline 
vapor. 

illuminating  gases  can  be  kept  out  of  the 
sewers  more  easily  than  out  of  the  conduits 
for  wires,  as  the  latter  lie  nearer  the  surface 
and  afford  better  channels  for  the  escapement 
of  the  gases  that  may  accumulate  under  the 
nearly  gas-tight  pavements.  In  New  Bedford 
it  is  intended  to  have  the  ducts  caulked  with 
oakum  and  some  impervious  substances  like 
tallow  that  can  easily  be  taken  out  and  re- 
placed. Also  greater  care  is  now  generally 
taken  in  laying  gas  mains  and  caulking  joints. 
But  with  gasoline  it  is  different.  We  have 
found  that  in  our  own  fire  engine  houses,  now 
that  auto  trucks  have  come  into  use.  careless 
disposal  of  small  quantities  of  gasoline  used 
in  cleaning  engines  may  have  occurred,  and,  at 
the  city's  supply  house,  a  like  offense  may 
have  happened  frequently.  And  from  such 
smaller  offenses  we  might  continue  a  recital 
up  to  the  greater  ones  committed,  as  we 
strongly  suspect  but  have  not  yet  proven,  by 
the  dry-cleaning  shops.  In  the  latter  places 
white  goods  are  first  treated  and  then  the  liquid 
is  used  for  goods  that  will  not  show  a  faint 
trace  that  would  show  on  w'hite  fabrics  and 
whife  gloves.  When  the  oil  gets  too  dirty  it  has 
to  be  disposed  of,  so  I  am  informed.  All  of 
the  napthas,  especially  gasoline,  are  coinmon 
cleansers. 

One  method  we  are  considering  of  caring 
for  waste  oil.  either  left  in  the  vats  of  the 
cleaners  or  that  has  accumulated  in  small  and 
not  expensive  garage  sumps  or  catch  basins, 
which  we  may  insist  shall  be  in  every  garage 
connected  with  a  public  sewer,  is  to  require 
that  the  Department  of  Public  Works  shall  be 
notified  when  the  cleaners'  vats  afe  ready  to 
be  emptied  or  when  the  sumps  or  catch  basins 
need  cleaning;  and  then  the  department  will 
send  its  detail  to  carry  away  the  waste,  clear 
the  basins  of  oil  and  oily  sludge,  and  dispose 
of  this  dangerous  matter  in  a  way  to  prevent 
explosions  and  fires. 

We  are  net  much  impressed  with  this  idea 
except  for  dry  cleaning  shops,  and  places 
where  there  may  be  an  accumulation  of  waste 
inflammable  oil.  Garage  sumps  would  not  be 
likely  to  retain  ihe  oil  as  it  would  probably  all 
evaporate.  Oil  separators  have  a  receptacle  to 
catch  and  hold  all  oils. 

Naturally  such  a  rule  would  apply  to  any 
considerable  users  of  inflaminable  volatile  oils. 
Xo  use  of  gasoline  in  factory,  store  or  garage 
and  no  storage  of  anything  above  a  trifling 
amount  should  be  allowed  except  under  a 
recorded  permit  for  which  a  small  fee  should 
be  paid.  By  regulations  like  the  above,  with 
clauses  similar  to  the  one  quoted  from  the 
Washington  laws,  the  dangers  will  be  reduced 
if  there  is  also  careful  inspection;  even  if  the 
very  efficient  but  expensive  oil  separa'ors  can- 
not be  made  compulsory.  Constant  vigilance  is 
imperative  no  matter  what  regulations  may  be 
adopted  or  what  apparatus  is  installed. 

Very  likely  we  shall  always  be  threatened 
with  the  possibility  of  having  illuminating  gas 
get  into  sewers;  but,  as  shortly  before  re- 
marked, that  danger  is  being  reduced.  For 
several  years,  in  New  Haven,  we  have  not 
detected  its  presence,  in  any  considerable 
qtiantity.  in  our  sewers. 

Chemical  analysis  of  sewage  to  detect  a 
dangerous  amount  of  gasoline  is  almost  futile. 
Wc  have  tried,  without  results,  and  inay  make 
further  trials.  The  oil  is  so  volatile  that  a 
film  will  not  remain  but  a  very  short  time 
unless  there  has  been  a  large  quantity  run  off; 
and  the  chance  of  getting  a  sample  immediately 
after  such  a  discharge  would  be  a  matter  of 
luck.  If  volumes  of  the  sewer  atmosphere 
could  be  collected  and  tested  there  would  be 
more  likelihood  of  finding  out  if  dangerous 
conditions  existed.   Wc  may  make  the  attempt. 

If  we  could  find  out  the  cause  or  causes  of 
ignition  that  have  so  far  remained  mysteries, 
we  would  be  another  step,  and  a  long  one,  on 
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our  search  for  means  of  protecting  ourselves 
against  explosions  in  sewers.  If  the  causes 
of  the  now  mysterious  explosions  were  known 
we  might  find  simple  coincidences  in  some 
while  others  might  show  complex  combina- 
tions of  coincidences. 

One  volume  of  gasoline  oil  produces  141 
equal  volumes  of  gas  or  vapor,  as  figured  out 
by  our  chemist.  Also  our  chemist  gave  as  the 
computed  best  mixture  for  complete  combus- 
tion: 1  part  of  the  gas  to  62y2  parts  of  air. 
In  gas  engines,  especially  in  automobile  driv- 
ing, an  excess  of  air  is  said  to  give  better 
practical  results.  I  do  not  know  how  that 
would  apply  in  sewer  explosions.  The  follow- 
ing figures'  lead  up  to  a  knowledge  of  the 
amount  of  gas  likely  to  be  in  a  sewer  from  a 
given  amount  of  oil: 

1  gal.  gasoline  gives  141  gals,  of  gas. 
141  gals,  gas  equals  about  1S.8  cu.  ft.  of  gas. 
18.8  cu.  ft.  of  gas  with  1,17.5  cu.  ft.  of  air,  best 
explosive  mixture. 

There  is  a  broad  variation  in  the  proportions 
of  this  gas  and  air  that  will  form  combustible 
mixtures.  Now  allowing  8  cu.  ft.  as  the 
available  space  for  1  lin.  ft.  of  that  42-m. 
sewer,  in  New  Haven,  1  gal.  of  gasoline  could 
have  furnished  a  prime  mixture  for  about  150 
lin.  ft.  of  that  sewer.  A  leaner  but  still  dan- 
gerous mixture  might  more  than  double  the 
danger  zone.  Although  the  rate  of  flow  in  the 
sewer,  the  time  it  would  take  to  vaporize  the 
oil.  the  draft  in  the  sewer  and  perhaps  other 
factors  complicate  the  problem,  the  above  fig- 
ures show  that  a  comparatively  small  quantity 
of  gasoline  is  capable  of  making  trouble. 

Gasoline  vapor  is  heavier  than  air.  Illum- 
inating gases  are  lighter.  Therefore  ventilat- 
ing manhole  covers  furnish  easy  outlets  for 
the  latter;  and  the  causes  given  of  some  of  the 
explosions  hereinbefore  described  (pa-'ticularly 
those  in  telephone  wire  ducts)  appear  to  be 
consistent.  It  might  be  well  to  state  here  that 
one  part  of  illuminating  gas  to  about  seven 
parts  of  air  is  the  computed  best  mixture  for 
complete  ex;plosive   combustion. 

Constant  ventilation  to  rid  the  sewers  and 
conduits  of  these  dangerous  gases  appears  to 
be  good  practice  especially  to  expel  the  illuin- 
inating  gas.  In  Springfield,  Mass.,  some  of  the 
catch  basins  are  untrapped,  and  in  Pittsburgh, 
one  of  the  engineers  spoke  of  trying  that 
scheme.  We  saw  perforated  manhole  covers 
in  Pittsburgh.  Some  years  ago,  in  New 
Haven,  perforated  manhole  covers  were  tried. 
But  the  protests  were  so  vigorous  that  the 
holes  were  plugged  with  bolts  and  now  all 
covers  arc  solid  plated.  There  is  ventilation 
through  the  manholes :  but  it  is  incidental  to 
the  frequent  removal  of  covers,  as  there  is 
always  more  or  less  work  going  that  requires 
it,  and  also  due  to  the  fact  that  many  covers 
do  not  fit  tightly  on  the  rabbets.  Daily  tides 
cause  further  ventilation.  All  outlets  arc  be- 
low high  water  level.  The  objection  against 
allowing  sewer  air  to  escape  into  the  streets 
on  the  ground  of  the  danger  of  inspection  is 
without  good  cause.  During  the  quarter  of  a 
century,  or  over,  that  Mr.  Kellogg  has  been 
intimately  connected  with  sewerage  work,  he 
has  never  heard  of  a  sewer  workman  con- 
tracting typhoid  fever  or  any  other  disease 
that  could  be  laid  to  so-called  "sewer  air." 

The  Inspector  of  Combustibles  of  New  York 
City,  was  quoted  as  saying  that  there  appeared 
to  be  "some  relations  between  sewer  explo- 
sions and  flooding  of  the  sewers,  and  further 

when    the    sewers    become    tide    bound 

This  causes  a  condensation  of  the  .gases  within 
the  sewers."  If  a  sewer  were  bottle  tight,  ex- 
cept for  its  outlet,  a  high  enough  tide,  ac- 
companied by  a  heavy  rainfall,  would  cause  an 
injernal  pressure  sufficient  of  itself  to  lift,  and, 
in  some  cases,  toss  the  manhole  covers.  But 
how  that  pressure  could  cause  an  explosion, 
granting,  Of  course,  the  presence  of  a  danger- 
ous mixtures  of  gas  and  air,  Mr.  Kellogg  could 
not  find  out.  Some  of  the  lighter  air  might 
be  forced  out  if  there  were  vents  (a.  bottle 
tight  sewer  seems  improbable')  and  a  richer 
mixture  formed  with  the  heavier  gasoline 
vapor  coming  from  a  coincidental  injection  of 
the  oil.  Then  might  come  the  mysterious 
ignitor. 


A  Brief  Review  of  Recent  Advances  in 
Sewerage  and  Sewage  Disposal. 

During  the  past  year  there  has  been  con- 
siderable growth  of  interest  in  problems  of 
sewerage  and  sewage  disposal  throughout  the 
country.  This  is  shown  by  the  increased  work 
of  the  United  States  Public  Health  Service, 
which  has  undertaken  extensive  investigation 
of  stream  pollution,  covering  the  water  sheds 
of  the  Potomac  and  Ohio  rivers  and  parts 
of  the  Mississippi  River,  as  well  as  by  a  joint 
investigation  of  the  International  Joint  Com- 
mission of  Canada  and  the  United  States  of 
the  pollution  of  boundary  waters.  There  has 
also  been  litigation  of  national  importance  to 
determine  the  rights  of  cities  to  dispose  of 
their  sewage  severally  and  jointly  in  the  wat- 
ers of  New  York  Bay,  in  which  much  interest- 
ing data  have  been  collected,  as  yet  unpub- 
lished. Another  case  of  great  importance  to 
the  sanitarian  is  the  case  of  the  Sanitary  Dis- 
trict o,f  Chicago  vs.  the  federal  government, 
to  determine  the  amount  of  water  which  tnay 
be  abstracted  from  Lake  Michigan,  and  the 
jurisdiction  of  the  Secretary  of  War  in  limit- 
ing the  flow.  Within  the  various  states  sub- 
stantial progress  has  been  made  in  the  state 
control  of  stream  pollution  through  the  grow- 
ing regulation  of  sewerage  and  sewage  dis- 
posal engineering. 

With  all  these  activities,  a  word  of  caution 
is  not  out  of  place.  It  is  inevitable  with  the 
growth  of  cities  that  concentrations  of  sewage 
should  result  which  must  be  discharged  into 
streams  or  other  bodies  of  water.  It  is  not, 
as  a  rule,  practicable  to  keep  such  water 
courses  in  their  original  condition  absolutely 
free  from  pollution.  Reasonable  standards, 
therefore,  of  cleanness  and  freedom  from  nui- 
sance must  be  adopted  which  will  be  shaped 
by  local  conditions,  in  particular  by  the  sur- 
rounding circumstances  and  the  use  to  which 
the  streams  and  waters  are  put.  In  many 
cases,  the  economical  and  financial  values  need 
careful  consideration,  in  order  to  escape  en- 
forcing expensive  improvements  to  protect 
minor  interests.  Again,  it  should  clearly  be 
borne  in  mind  that  when  the  question  of  pure 
water  is  at  stake  that  pure  water  can  usually 
best  be  secured  for  drinking  purposes  by  treat- 
ment of  the  water  itself  by  filtration  or  other 
known  methods,  rather  than  by  endeavoring 
to  purify  the  sewage  to  a  high  degree  before 
discharge  into  the  drinking  water  supply. 

The  committee  on  sewerage  and  sewage  dis- 
posal of  the  Illinois  Society  of  Engineers  and 
.Surveyors  devoted  a  portion  of  its  report 
submitted  at  the  recent  annual  convention  of 
the  society  to  a  brief  review  of  the  recent 
improvements  or  advance  in  the  art  of  sewer- 
age and  sewage  disposal.  This  portion  of 
the  report,  which  is  here  published,  was  pre- 
pared by  Mr.  Langdon  Pearse  of  the  engi- 
neering department  of  the  Sanitary  District  of 
Chicago.  Such  reviews  are  altogether  com- 
mendable in  that  they  enable  the' busy  reader 
to  check  up  on  progress  in  the  line  which  in- 
terests him  with  a  minimum  expenditure  of 
time. 

One  of  the  most  striking  features  of  the 
advance  in  the  last  year  or  two  has  been  the 
more  accurate  knowledge  of  the  loadings  and 
limitations  of  the  methods  of  sewage  disposal 
and  the  emphasis  to  Ik-  laid  on  proper  care  and 
operation  of  works.  In  particular,  has  stress 
been  laid  upon  the  prevention  of  the  occur- 
rence of  odors  in  the  processes  attending  sew'- 
age  disposal.  In  long  outfall  sewers,  con- 
siderable thought  has  been  given  to  sug,ges- 
tions  of  aeration  or  the  use  of  bleaching  pow- 
der to  prevent  the  flowing  liquid  from  under- 
going anaerobic  decomposition  liefore  reach- 
ing the  works  for  treatment.  Again,  in  the 
construction  of  long  intercepting  sewers,  con- 
siderable thought  has  been  given  to  the  prepa- 
ration of  sewa.ge  before  it  is  intercepted,  in 
order  to  relieve  the  sewer  of  the  need  of  main- 
taining velocities  always  high  enough  to  keep 
heavy  particles  moving.  In  one  or  two  in- 
stances, this  has  pointed  to  the  need  of  pre- 
liminary settling,  to  protect  the  working  of  an 
intercepting  sewer. 

From  the  standpoint  of  treatment  and  sludge 


disposal,  marked  attention  has  been  given  to 
the  double-deck  type  of  settling  tank,  as  ex- 
emphfied  by  the  Imhoff  tank,  and  numerous 
installations  have  been  made  in  the  United 
States  under  widely  varying  climatic  condi- 
tions. Unfortunately,  adequate  data  are  not 
always  kept  on  the  behavior  of  these  installa- 
tions, but  such  evidence  as  is  available  indi- 
cates that,  as  a  means  of  settling  sewage  and 
of  digesting  sludge  to  reduce  its  volume  to  a 
minimum,  the  tank  has  been  a  success.  Atten- 
tion has  been  called  to  the  fact  that  the  tank 
is  not  a  machine  for  removing  odors  from 
overseptic  sewage,  nor  will  it  produce  drink- 
ing water.  In  this  way,  the  development  of 
the  use  of  the  double-deck  tank  has  remained 
on  a  far  safer,  saner  basis  than  was  true  ten 
or  more  years  ago  on  the  introduction  of  the 
septic  tank,  when  extravagant  claims  were 
made  by  ill-advised  promoters.  The  elTect  of 
these  old  statements  has  remained  today,  and 
in  some  cases  has  retarded  the  introduction  of 
efficient  modern   devices. 

In  the  double-deck  installations  a  few  varia- 
tions have  been  tried  in  isolated  instances  cov- 
ering connections  between  the  settling  and 
sludge  digestion  chamber.  The  value  of  this 
has  not  yet  been  tested  by  extended  use.  .\ 
few  examples  are  prominent  of  the  introduc- 
tion of  separate  sludge  digestion  tanks  in  con- 
nection with  the  frequent  removal  of  fresh 
sludge  as  exemplified  in  the  plant  under  con- 
struction at  Madison,  W'is.,  described  in 
Engineering  and  Contracting  of  -\ug.  20, 
1913,  but  in  general,  the  separate  di.gestion  of 
sludge  has  been  considered  only  a  means  for 
improving  the  operation  of  old  existing  tanks, 
in  order  to  prevent  the  development  of  intense 
anaerobic  conditions  in  summer. 

Considerable  attention  has  also  been  given 
to  the  sprinkling  filter.  A  few  covered  in- 
stallations have  been  built  in  northern  cli- 
mates, and  are  reported  to  be  working  reason- 
ably well,  even  in  Canada.  As  yet,  tiie  prin- 
cipal means  of  distribution  is  by  nozzles,  al- 
though a  few  plants  have  been  equiped  with 
splash  plates,  fed  by  overhead  troughs.  One 
installation  has  been  made  at  Springfield,  Mo., 
of  the  revolving  bucket  type  of  distributor, 
drawn  over  rectangular  beds  by  cables  and 
fed  by  a  side  trough.  Although  this  type  of 
distributor  is  comon  in  England,  it  had  not 
hitherto  been  tried  in  the  United  States  on  a 
life-size  scale,  although  a  somewhat  similar 
installation  was  operated  on  an  experimental 
scale  for  several  years  at  the  testing  station 
of  the  Massachusetts  Institute  of  Technology. 
For  the  protection  of  the  nozzles  in  a  sprink- 
ing  filter  plant,  the  need  of  preliminary  treat- 
ment between  the  tanks  and  filters  is  not  as 
yet  definitely  established.  The  results  at  At- 
lanta wouhi  indicate  that  for  many  months 
with  efficient  preliminary  settling  tanks,  inter- 
mediate treatment  may  not  be  necessary.  How- 
ever, one  designer  still  advocates  a  combina- 
tion of  contact  bed  and  dosing  t.ink  between 
the  settling  tank  and  the  sprinkling  filter.  On 
the  vahie  of  this  procedure,  no  definite  data 
have  been  oft'ered. 

The  use  of  intermittent  sand  filters  and  con- 
tact beds  has  continued  on  a  conservative 
basis.  Intermittent  sand  filters  are  still  used 
where  sand  is  cheap  and  a  high  degree  of  effi- 
ciency is  desired.  Contact  beds  are  still  used 
where  it  is  desirable  to  keep  the  sewage  from 
appearing  at  the  surface. 

For  the  disinfection  of  sewage,  either  raw 
or  treated,  chloride  of  lime  or  chlorine  gas 
are  available.  However,  unless  the  circiun- 
stances  are  exceptional,  such  as  the  pollution 
of  a  water  supply  or  the  handling  of  the 
effluent  of  a  contagious  hospital,  the  use  of  a 
disinfectant  has  not  been  generally  followed. 
The  process  is  expensive  and  requires  care, 
making  it  more  difficult  to  work  on  small  in- 
stallations. The  use  of  a  disinfectant,  how- 
ever, has  been  suggested  and  used  along  the 
sea  coast  on  raw  or  settled  sewage  to  pro- 
tect oyster  beds  and  also  during  the  summer 
months  to  reduce  the  pollution  of  waters  used 
in  bathing  immediately  in  the  vicinify  of  sewer 
outfalls.  Considerable  studv  is  being  given  to 
this  question  at  Cleveland,  Ohio,  where  a  test- 
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ing  station  has  been  in  operation   lor  over  a 
j-ear. 

From  the  standpoint  of  the  practitioner 
handhng  matters  of  sewerage  and  sewage  dis- 
posal for  the  smaller  towns,  the  advance  in 
the  art  has  Leen  gradual  but  not  great,  nor 
does  it  appear  that  there  will  be  in  the  imme- 
diate future  any  marked  advance  which  will 
revolutionize  methods  now  avail-iblc  for  the 
treatment  of  sewage  of  towns  with  populations 
of  15,0U0  and  under.  The  improvi.'mcnts  being 
made' and  the  investigations  of  special  labora- 
tory workers  are  directed  to  economies  which 
U;an  be  carried  out  by  large  installations,  and 
'the  research  is  more  directed  to  find  the  limits 
iof  efficiencv  and  the  ma.ximum  rates  possible. 
The  small  installation  cannot  afford  the  care- 
ful skilled  continuous  observation  available 
;for  large  installations.  The  small  installation 
is  freciucntlv  neglected,  therefore,  and  is  usu- 
ally built  in  such  a  way  that  it  will  require  a 
minimum  of  attention.  The  new  Jevelopnum-^ 
along'  the  line  of  sewage  treatment  have  so 
far  tended  towards  increasing  the  amount  of 
.operating  care  and  skill  and  need  of  laboratory 
isupcrvision.  . 

;  From  the  laboratory  standpomt,  consider- 
able advance  has  been  made  in  knowledge  of 
the  limits  of  various  chemical  tests  specified 
in  the  standard  methods  in  vogue,  usually 
those  of  the  American  Public  Health  Asso- 
ciation. In  particular,  a  large  amount  of  study 
has  been  given  to  the  putrcscibility  of  various 
liquids  and  the  best  methods  of  determining 
the  same  in  order  to  overcome  the  limitation 
i-of  existing  processes.  In  this  connection,  a 
method  has  been  found  which  bids  fair  to 
iprovc  cntirelv  successful  and  by  which  it  will 
be  possible  'in  all  probability  to  determine 
easilv  the  relative  stability  of  a  liquid,  the 
amount  of  oxvgen  required  to  aid  the  self- 
purification  of  the  liquid,  and  by  the  study 
of  liquids  from  this  standpoint  to  enable  the 
engineer  to  olan  improvements  and  study  con- 
ditions   far  "more    satisfactorily    than    in    the 

past.  ,    .    ,        -1 

The    question    of    treatment    of    industrial 
i-tes  is  also  assuming  importance  not  only 
,M    the    eastern    states,    where    manufacturing 
iconditions   are  becoming  congested    from   the 
■-tandpoint  of  stream  pollution,  but  also  in  the 
-s  congested  districts  of  Illinois.     Attention 
■    being    given    to    the    handling    of    tannery 
wastes  r  Packingtown  wastes,  and  the  cream- 
>ry  wastes.    .Attention  has  been  given  in  many 
.'alities  to  the  wastes   there  current,  and  it 
recognized  that  in  many  cases  it  is  only  a 
luestion  of  time  before  the  problem  of  hand- 
ling industrial  wastes  will  become  a  pressing 
one:   in   others    the   problem   must   be.  solved 
now.     On  the  question  of  expense,  no  prcce- 
•l-nts  have  been  developed  as  to  the  method 
<  division. 

To  the  man  interested  in  the  construction 
'  sewers,  very  little  new  is  afforded.     Staple 
uerials  are  still  in  vogue.     Sewers  continue 
he  built  of  tile,  concrete,  brick,  and   rein- 
rced  concrete.     Hollow  segmental  tile  have 
ucen  introduced,  and  have  been  used  to  some 
extent    in    certain    communities.      Attention, 
'•-.wever,  is  being  given  in  the  construction  of 
liaratc  sewers  in  water-laden  ground  to  the 
.  cessitv  of  making  tight  joints,  and  the  use 
1    joint    compounds    is    growing.      C  ircular- 
haped    sewers    are     still     largely    in    vogue, 
though  in  some  communities,  for  special  pur- 
poses, cge-shaped  sewers  arc  still  being  built. 
<ven  r,n  a  large  scale;  and   for  large  sewers, 
horseshoe  shapes  with  comparatively  Hat  lloors 
arc  hecfiming  more  common  in  this  scc'.i'in. 
In  the  design  of  sewerage  systems,  the  need 
f  keeping  the  sewage  moving  with  aderiuatc 
■■loritics  is  being  recognized,  wilh  the  result 
I  hat    sewage   pumping   stations   an-    becoming 
more  frequent.     The  need  of  k<(  i mg  all  ma- 
"rial  moving  and  preventing  .k|'  -Ms  in  scw- 
.^e  pumping  stations  is  also  crystallizing  tnc 
■'I'sign. 

The  need  for  more  accurate  ..n  i  in  storm- 
water  run-ofif  and  for  more  raf  n.d  methods 
for  computing  the  sizes  of  storm-water  scw- 
-rs  has  been  "evident.  Automatic  rain  gages 
:md  water-level  gages  have  been  developed  to 
a  s.-.tis factory  w-orking  basis.  In  connection 
with  a  weir  built  into  the  sewer,  a  water-level 


gage  can  be  used  to  give  a  continuous  record 
of  the  quantity  of  sewage.  Such  a  record  in 
conjunction  with  a  continuous  record  of  the 
rainfall  will  give  a  true  basis  for  determining 
the  run-off. 

From  the  standpoint  of  the  dry  weather 
flow  in  sanitary  sew-ers  and  the  influence  of 
ground  water  on  sewer  discharge,  some  data 
have  been  collected.  However,  the  rnass  of 
information  available  could  be  wonderfuly  in- 
creased if  every  member  of  this  society  who 
builds  a  sewer  would  gage  the  ground  water 
flow  before  the  connections  were  made.  Such 
gagings,  accompanied  by  a  statement  of  the 
length  of  sewer  and  the  sizes,  would  be  worth 
a  great  deal.  Gagings  of  dry  weather  flow  and 
wet  weather  flow  on  sanitary  sewers,  as  well 
as  on  combined  sewers  would  also  be  of  much 
value,  and  under  ordinary  circumstances  can 
be  obtained  without  much  cost,  if  provision  is 
made  in  the  original  construction  for  a  weir 
at  a  suitable  point. 

I-'rom  the  standpoint  of  costs  of  construction 
and  costs  of  operation  and  maintenance  there 
is  still  a  woeful  lack  of  data  and  lack  of  in- 
terest on  the  part  of  those  who  should  be  most 
interested  in  the  collection  of  the  same.     Data 
are  frequently  given  in  imperfect  shape,  or  so 
distorted  that  its  useful  application  is  prevent- 
ed.   This  committee  would  urge  upon  all  mem- 
bers of  the  Illinois   Society  of  Engineers  the 
endeavor    to    gather   careful    cost    data,    even 
though  brief,  and  in  particular  to  gather  data 
on  the  cost  of  operation  and  maintenance  of 
sewers   and   sewage   pumping   stations,   wher- 
ever it  may  be  within  their  power  to  do  so. 
For   the   collection   of    such   data   and   its   re- 
port, a  most  useful  form  has  been  devised  by 
the  Sanitary  Section  of  the  Boston  Society  of 
Civil    Engineers,   which   the  members   of   this 
society  could  well  follow,  not  alone  for  their 
private   information,   but    for   the   use   of   the 
society  as  a  whole  and  the  service  of  the  sewer- 
age and  sewage  disposal  committee  in  making 
up  its  annual  statement.    The  committee  urged 
that  every  member  of  the  society  who  is  re- 
sponsible   for    the    sewers    of    a    community 
should  endeavor  to  have  his  community  make 
up   its   annual   report   along  the  lines   of   this 
standard   form,  and  should  endeavor  to  have 
these  data  in  hand  early  enough   for  the  use 
of   the   committee   of    this   society   each   year. 
If  this  can  be  done,  much  useful  information 
will   be  obtained   of   service  not  alone  to  the 
members  of  this  society,  but  to  all  engineers 
interested  in  like  pursuits. 


Methods   Employed  in   Making   Rein- 
forced Concrete  Sewer  Pipe  in  the 
Open  During  Freezing  Weather 
at  Louisville,  Ky. 

Contributed  by  G.  D.  Crain,  Jr.,  Louisville,   Ky. 

The  methods  which  arc  being  used  by  the 
Lock  Joint  Pipe  Co.  in  Louisville,  Ky.,  in 
manufacturing  Meriwether  system  reinforced 
concrete  pipe  for  sewer  work,  are  somewhat 
interesting  with  respect  to  the  precautions 
taken  on  account  of  freezing  weather,  such 
as  that  generally  to  he  expected  during  Jan- 
uary and   February   in   that  city. 

The  difficulty,  not  to  say  the  danger,  of 
handling  concrete  in  cold  weather,  on  ac- 
count of  the  uncertainty  attending  ilic  ques- 
tion of  whether  setting  and  curing  arc  seri- 
ously interfercil  with  by  freezing,  is  well  un- 
derstood among  engineers  and  contractors, 
although  the  extent  to  which  work  of  this 
nature  is  handled  during  periods  of  low  tem- 
perature indicates  that  the  risk  is  not  greatly 
feared,  even  in  cases  where  a  failure  would 
almost  certainly  involve  loss  of  life  as  well 
as  of  money. 

In  the  l-ouisvillc  case,  however,  the  com- 
pany and  the  city  engineering  department 
have  co-operated  to  sec  that  no  trouble  shall 
be  experienced  hereafter  on  account  of  im- 
perfect setting  of  the  concrete  pipe  which  is 
to  he  used  in  several  thousand  feet  of  sewer, 
under  a  contract  which  is  being  handled  by 
the  Ilcnry  Bickcl  Co.  of  Louisville.    The  com- 


pany is  already  at  work  on  a  section  of  the 
job,  running  to  nearly  6,00U  ft.  of  monolithic 
reinforced  concrete  main  sewers,  ranging  in 
diameter  from  6  ft.  to  tJ  ins.  to  10  ft.,  arid, 
in  the  meantime,  the  Lock  Joint  Pipe  Co. 
has  been  busy  getting  out  pipe  for  the  smaller 
sections  of  the  sewer. 

The  pipe  is  to  be  used  in  sizes  ranging  from 
24  ins.  to  57  ins.,  vitrified  pipe  being  specified 
for  the  smaller  sizes.  The  company  has  al- 
ready turned  out  a  considerable  quantity  of 
the  pipe,  much  of  which  was  poured  and  had 
become  well  set  during  the  mild  weather  of 
early  December ;  and  as  to  this,  of  course, 
there  can  be  no  question  of  protection  from 
cold  during  manufacture. 

.•\s  to  the  remainder  of  the  pipe,  however, 
and  as  to  that  made  during  the  last  week  of 
December,  there  existed  a  necessity  of  pro- 
viding carefully  against  trouble  on  account 
of  low  temperatures,  and  the  companv  has 
accordingly  made  arrangements  for  that  pur- 
pose which  are  satisfactory  to  the  city  engi- 
neering department,  as  represented  bv  Roy 
E.  Burks,  who  is  in  charge  of  sewer  construc- 
tion under  City  Engineer  David  Lyman. 

It  might  be  mentioned,  incidentally,  that 
the  city  was  moved  to  greater  care  in  this 
respect  by  reason  of  the  fact  that  on  one  of 
the  earliest  jobs  in  the  city  in  which  this 
type  of  pipe  was  used  cold  weather  was  en- 
countered during  the  manufacture  of  the  pipe ; 
and  while  there  has  been  no  trouble  with 
the  sewer,  on  inspection  subsequently  made 
cracks  were  discovered,  which  were  attribut- 
ed to  the  fact  that  severe  weather  had  pre- 
vailed during  the  making  of  the  pipe,  and 
that  the  pipe  had  not  been  allowed  to  set 
long  enough. 

A  period  of  21  days  after  pouring  has  been 
fixed  by  the  engineering  department  of  the 
city  as  necessary  to  elapse  before  any  of  the 
pipe  may  be  placed  in  the  ground  and  back- 
filling done;  and  this  is  a  minimum,  more- 
over, which  the  engineers  reserve  the  right  to 
extend  in  case  of  extremely  cold  wxather,  if 
it  seems  necessary. 

In  viw  of  the  fact  that  extra  precautions 
have  been  taken,  however,  and  that  pipe  is 
being  turned  out  well  in  advance  of  the  prog- 
ress of  the  work.  .Assistant  City  Engineer  Roy 
Burks  stated  that  he  does  not  believe  there 
will  arise  any  question  regarding  the  time 
limit  on  this  job.  as  to  the  pipe,  as  it  will 
have  been  completed  in  all  cases,  apparently, 
before  the  pipe  are  placed,  and  tlie  methods 
used  seem  calculated  to  eliminate  any  prob- 
ability of  trouble. 

The  work  is  done  outdoors  at  a  temporary 
plant ;  the  difficulty  of  securing  a  building 
susceptible  of  being  heated  and  lending  itself 
readil\-  to  satisfactory  handling  of  the  pipe 
caused  this  plan  to  be  adopted.  In  even  mod- 
erately cold  weather,  therefore,  all  of  the 
materials,  except  the  cement,  going  into  the 
mixture — that  is,  aggregate,  sand,  water  and 
reinforcing   material,  are  heated. 

Immediately  after  a  batch  of  pipe  is  poured 
the  lot  is  covered  with  a  heavy  tarpaulin,  and 
live  steam  is  introduced  among  the  pipe  in 
the  forms  by  means  of  several  lines  of  pipe, 
for  21  hours,  thus  guaranteeing  that  a  reason- 
ably high  temperature,  as  compared  with 
freezing,  will  be  maintained  during  that 
period.  M  the  end  of  that  time  setting  has 
so  far  progressed  that  the  forms  can  be  re- 
moverl  and  further  curing  can  proceed,  prac- 
tically regardless  of  the  weather,  without  the 
aid  of  healing. 

This  being  the  case,  the  pipe  are  left  ex- 
po-.eil  at  the  company's  plant  for  several  days, 
licing  placed  at  leisure  along  the  line  of  the 
sewer,  where  they  will  be  reached  in  the  due 
course  of  construction  operations  depending 
noon  the  progress  which  is  made  on  the 
monidiihic  concrete  section  of  the  job.  In 
the  meantime,  as  if  is  not  probable  that  con- 
tinuous freezing  weather  will  be  experienced, 
curing  can  progress  to  a  satisfactory  degree; 
and  as  the  early  setting  is  made  practically 
certain  by  the  means  described,  no  trouble  is 
.inticipatcd  with  the  pipe,  no  matter  how  cold 
the  weather  may  be  during  the  pouring. 
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Notes     on     Construction     Plant     and 

Methods    Employed    on    Large 

Sewers  in  Detroit,  Mich. 

Two  large  trunk  sewers  are  now  under 
construction  in  Detroit.  These  sewers  are 
known  locally  as  the  Morrell  Street  and  Mt. 
Elliott  Avenue  sewers.  The  former  is  about 
five  miles  in  length  and  is  now  nearing  com- 
pletion. To  date  two  contracts  have  been 
awarded  on  the  latter  sewer  and  it  is  to  the 
construction  plant  and  methods  employed  on 
this  work  that  the  present  article  pertains, 
the  information  given  being  based  on  a  re- 
cent  article  in   Steam   Machinery. 

The  work  now  going  forward  on  the  Mt 
Elliott  sewer  is  on  Sections  Nos.  1  and  2. 
Section  No.  2  is  a  three-ring  brick  sewer  9 
ft.  in  diameter,  and  will  probably  be  con- 
structed entirely  in  tunnel.  Section  No.  1  is 
the  outlet  section,  3,360  ft.  in  length,  and 
comprises  three  different  types  of  cross  sec- 
tion as  follows:  2,660  lin.  ft.  of  9-ft.,  3-ring 
brick;  338  ft.  of  4-barrel,  2-ring  brick,  each 
barrel  being  5  ft.  inside  diameter,  and  330  ft. 
of  4-barrel,  the  four  barrels  lying  in  a  rec- 
tangular reinforced  concrete  section  24  ft. 
8  ins.  wide  and  6  ft.  8  ins.  deep,  each  barrel 
being  lined  with  one  ring  of  brick  and  5  ft. 
inside  diameter.  The  connection  of  the  9-ft. 
cylinder  with  the  4-barrel  section  is  30  ft.  in 
length. 

The  principal  reason  for  changing  from  the 
9-ft,  cylinder  to  the  4-barrel  section  was  to 
reduce  the  vertical  height  and  keep  the  lower 
end  of  the  sewer  under  the  grade  line  of  the 
street.  The  outlet  end,  .333  ft.  in  length,  ex- 
tends into  the  river  to  the  harbor  line.  This 
section  rests  on  a  piling  foundation.    The  pil- 


ing are  driven  with  a  scow  driver  and  are 
cut  off  with  a  swing  saw  to  sub-grade,  which 
is  about  3  ft.  6  ins.  below  the  surface  of  the 
water.  There  are  five  rows  of  piling,  5  ft.  11 
ins.  center  to  center  along  the  length  of  the 
sewer,  and  each  row  is  capped  with  12xl2-in. 
timbers  which  are  fastened  to  the  piling  with 
1-in.  drift  l»lts.  On  top  of  the  caps  there  is 
laid  a  floor  of  timber  6  ins.  thick,  12  ins.  wide 
and  26  ft.  long.  These  timbers  are  tongue 
and  grooved  and  the  concrete  section  rests 
on   this  flooring. 

A  row  of  Gxl2-in.  Wakefield  sheeting  is 
driven  inside  of  the  outside  row  of  piling  be- 
fore the  flooring  is  placed.  This  sheeting  is 
for  the  purpose  of  holding  the  clay  fill,  which 
is  made  up  to  the  level  of  the  floor,  and  which 
gives  additional  stability  to  the  structure  to 
withstand  the  current  and  ice  pressure  which 
is  likely  to  come  against  it. 

Work  on  Section  No.  1  was  started  at 
Shaft  No.  1  and  a  drift  was  run  each  way 
from  this  shaft.  At  the  present  date  800  ft. 
of  tunnel  has  been  completed  in  the  south 
heading  and  about  700  ft.  in  the  north  head- 
ing. The  work  is  carried  on  in  two  shifts, 
the  day  shift  mines  in  each  heading,  and  the 
masons  work  on  the  night  shift  and  brick  in 
what  has  been  driven  during  the  day. 

Shaft  No.  1  is  equipped  with  an  automatic 
electric  hoist  and  elevator.  The  excavated 
material  is  hoisted  to  a  platform  above  the 
street  level  and  dumped  into  wagons.  Small 
industrial  cars  of  about  %  cu.  yd.  capacity  are 
used  to  handle  all  materials.  Brick  and  sand 
are  loaded  on  to  cars  which  run  on  a  track 
at  the  street  level  and  are  lowered  into  the 
tunnel  on  the  elevator.  The  shaft  is  also 
equipped  with  an  electric  driven  centrifugal 
pump   manufactured   by   the   Kerr   Machinery 


Co.  This  pump  is  self-contained  and  is  driven 
by  a  vertical  motor  which  is  direct  connectea 
with  the  pump.  Tlie  motor  and  pump  are  en- 
cased in  a  frame  and  the  entire  unit  is  low- 
ered into  the  sump.  The  motor  is  water- 
proof  and   is   protected   by    an   iron    shield. 

.Ml  of  the  4-barrel  work  and  about  600  ft. 
of  the  9-ft.  cylinder  ne.xt  adjoining  will  be 
built  in  open  cut.  Work  was  started  at  the 
river  and  at  the  present  time  most  of  the  4- 
barrel  2-ring  work  is  in  place  and  the  bell 
mouth  joining  the  two  forms  of  cross-sec- 
tion has  been  built  and  work  is  being  carried 
on  on  the  9-ft.  cylinder  section  in  open  cut. 
.\  traveling  derrick  equipped  with  a  1  cu. 
yd.  Owen  clam  shell  bucket  is  used  to  ex- 
cavate the  trench.  This  derrick  is  of  all  steel 
construction  and  carries  a  40-ft.  boom.  A 
standard  Clyde  hoist  SVt  ins.  by  10  ins.  3- 
drum  with  swinger  furnishes  the  power  for 
the  derrick.  One  of  the  niggerheads  on  the 
hoist  has  been  removed  and  a  jaw  clutch 
placed  on  the  extended  shaft  which  operates 
a  traveling  mechanism.  The  engine  is  of  the 
link  reversing  type  and  by  reversing  it  the 
derrick  travels  either  backward  or  forward 
under  its  own  power.  The  derrick  was  de- 
signed and  built  by  the  C.  O.  Bartlett  &  Snow 
Co.  There  is  also  on  the  work  a  pile-driver 
equipped  with  a  6%  in.  by  8  in.  link  reversing 
Clyde  engine  which  is  to  be  used  in  driving 
the   sheet   piling. 

Mr.  Robert  H.  McCormick  is  chief  engineer 
for  the  city  of  Detroit,  and  this  improvement 
was  designed  and  is  being  carried  out  under 
his  supervision.  Mr.  William  L.  Day  is  en- 
gineer in  charge  of  the  field  work. 

The  contract  for  Section  No.  1  was  let 
to  the  John  T.  Walbridge  Engineering  Co.,  and 
Mr.  John  E.  Rowe  is  superintendent  for  the 
contractors. 
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Methods  and  Cost  of  Making  a  Topo- 
graphic Resurvey  on  the  Truckee- 
Carson  Project,  Nevada. 

Contributed  by  L.  E.  Gale,  U.  S.  Reclamation 
Service,  Lahontan,  Nev. 
A  portion  of  the  country  lying  north  and 
west  of  Fallon  being  irrigable  and  water  for 
irrigation  being  available  upon  the  comple- 
tion of  the  Lahontan  Dam,  it  was  found 
necessary  to  make  a  topographic  resurvey  be- 
fore deciding  on  a  system  of  irrigation.  The 
country  had  previously  been  mapped  on  a 
scale  of  4  ins.  to  the  mile  and  5  ft.  contour 
interval  by  plane  table  parties  in  1907.  This 
scale  and  contour  interval  was  inadequate  in 
detail  and  the  resurvey  was  made  on  a  scale 
of  400  ft.  to  the  inch  with  a  2-ft.  contours. 
The  parties,  under  the  direction  of  Mr.  R. 
W.  Hawley,  went  into  the  field  during  the 
latter  part  of  August,  1912,  establishing  the 
first  camp  about  nine  miles  from  Fallon,  the 
base  of  supplies,  and  in  the  northeast  corner 
of  the  area  to  be  mapped. 

TRIANCULATION. 

The  first  work  was  that  of  establishing  a 
base  line  and  placing  signals  for  the  plane 
table  parties.  Two  knolls  or  sand  dunes  about 
7,500  ft.  apart  were  chosen  for  the  ends  of 
the  base  line  as  the  intervening  distance  was 
a  bare,  hard  Playa  which  would  simplify 
measurements.  Playas  are  a  hard  adobe  for- 
mation, smooth  as  a  floor,  bare  and  practically 
level.  They  are  usually  in  a  pothole  or  de- 
pression and.  in  this  particular  section,  are 
very  numerous. 

Bronze  monuments  were  first  set  to  mark 
the  ends  of  the  base  and  the  azimuth  of  this 
line  was  determined  hy  observations  on  Po- 
laris at  elongation.  Prior  to  measuring  the 
distance,  the  theodolite  was  set  over  the  north 
monument,  sighted  at  the  monument  on  the 
south  and  3x3-in.  pegs  IS  ins.  long  were  cen- 
tered every  100  ft.  on  this  line  by  a  prelim- 
inary measurement  and  the  tops  driven  flush 
with  the  ground.     Accurate  levels  were    hen 


taken  on  the  tops  of  the  pegs  and  in  making 
the  precise  measurements  the  ends  of  the  tape 
were  held  on  these  pegs,  correction  for  incli- 
nation being  calculated  from  the  exact  dif- 
ference in  elevation  as  determined  hy  the 
levels. 

Ill    all   but   a    few   cases   the   tape   was    fully 
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Fig.     1.       Signal    for    Plain    Table    Work- 
Truckee-Carson    Topographic   Survey. 


supported  throughout,  eliminating  corrections 
for  sag.  The  few  times  when  the  tape  hung 
free  was  in  the  raise  from  the  playa  to  the 
tops  of  the  knolls.     .\  T.ufkin  100-ft.  steel  tape 


was  used,  cross-sectional  area  being  .0035  in., 
which  was  frequently  tested  by  comparison 
with  a  standardized  tape  of  the  same  make 
and  cross-section.  The  correct  amount  of 
tension  was  put  on  the  tape  by  using  a  spring 
balance  scale  and  at  every  measurement  the 
temperature  was  taken  from  a  centigrade 
thermometer  attached  to  the  tape  by  rubber 
bands  and  shielded  by  a  piece  of  cardboard 
from  the  direct  rays  of  the  sun.  Each  tape 
length  was  marked  by  a  small  brass  nail  in 
the  pegs  previously  set. 

Two  measurements  of  the  base  line  -were 
made,  checking  within  .003  ft.  after  the  cor- 
rections had  been  applied  to  each.  This  was 
due,   possibly,   more   to  luck  than   science. 

The  measured  distance  of  7215.911  ft.  be- 
ing adopted  and  reduced  to  sea  level,  the  next 
step  was  to  determine  the  latitude  and  longi- 
tude of  each  end. 

The  primary  triangulation  of  the  Coast  and 
Geodetic  Survey  had  been  extended  alonf, 
the  neighboring  mountain  ranges  and  cairns 
marking  the  triangulation  points  were  easily 
discernable  on  clear  days.  The  geodetic  co- 
ordinates of  these  points  were  obtained  and 
the  position  of  the  base  line  determined  by 
the  three-point  method.  A  10-in.  Berger 
theodolite,  with  inverting  telescope  and  double 
opposite  verniers  reading  to  5  seconds.  wn« 
used  in  all  triangulation  work. 

Each  new  triangulation  station  was  • 
served  from  two  stations  whose  locations  hail 
been  previously  determined,  the  triangle  be- 
ing closed  out  at  the  new  station.  .Ml  angles 
were  measured  six  times ;  three  with  telescope 
direct  from  right  to  left  and  three  with  telc- 
si-opc  inverted  from  left  to  right,  both  ./  .md 
B  verniers  being  read  each  time.  Form  I 
shows  the  method  used  in  recording  obscrv.i- 
tions. 

The  maximum  allow-able  error  of  closure 
in  any  triangle  was  .5".  The  azimuth  of  the 
main  scheme  of  triangulation  was  checked  by 
frequent  observations  on  Polaris,  the  tables 
of  The  Nautical  .Mmanac  being  used  in  cnn- 
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juction  with  this  work.  Whenever  possible, 
the  position  of  new  points  were  determined 
from  the  base  line. 

The  triangulation  stations  were  located  as 
near  as  possible  on  prominent  points  at  thv 
four  corners  of  each  sheet,  giving  the  plane 
table  men  three  signals  to  use  in  three-point- 
ing and  the  fourth  to  check  on.  At  each  of 
these  stations  was  erected  a  "diamond"  sig- 
nal IC  to  20  ft.  high,  the  whole  surmounted 
by  combinations  of  colored  flags  for  identifi- 
cation. 

The  triangulator  and  his  assistant  built  sig- 
nals and  placed  them  in  position  over  the  tri- 
angxilation  points  which  were  marked  by  1V4- 


then  run  levels  around  the  boundaries  of  the 
sheet,  having  everything  in  readiness  for  the 
plane  table  party. 


standard  if  possible:  400  shots  in  one  day, 
in  addition  to  sketching  all  contours  in  the 
field,  locating  section  corners  and  moving  be- 
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Fig.    2. 


U.    S.    Coast    and    Geodetic    Survey 
Cairn    on    Mountain    Top. 

in.  iron  pipes  4  ft.  long  treated  with  two  coats 
of  tar  paint,  the  caps  being  stamped  with  the 
proper  signal  letter  or  number. 

.\fter  the  necessary  observations  on  each 
station  were  made,  lattitude,  longitude  and 
azimuths  were  calculated  from  two  known 
points,  the  work  being  kept  in  a  computation 
book,  and  15"  co-ordinates  plotted  in  ink  on 
the  plane  table  sheets  by  polyconic  projection, 
using  Wilson's  Tables.  The  positions  of  the 
signals  were  plotted  on  the  sheet  by  means 
of  these  co-ordinates. 

Small  flags,  to  be  cut  in  by  the  plane  tabic 
operators,  were  placed  within  the  boundaries 
of  a  sheet  when  the  character  of  the  country 
necessitated  more  than  the  four  signals  on  t!ic 
boundaries.  The  signals  were  guyed  by  three 
wires  to  grain  sacks  full  of  sand  which  were 
buried  in  the  ground.  The  bottom  of  the 
signal  rested  on  the  monument  and  was  wired 
to  a  4x4-in.  post  driven  alongside. 

In  the  beginning,  the  guy  wires  were  merc- 
Iv  fastened  to  the  sage  brush  and  the  first 
windstorm  blew  all  the  signals  down,  making 
necessary  long  drives  over  the  country  to 
reset  them.  One  lesson  of  this  kind  was  suf- 
ficient and  thereafter  the  more  secure  an- 
chorage   was    provided. 

The  diamonds  were  made  by  nailing  cross- 
pieces,  4  ft.  6  ins.  long,  on  2x4s.  Wires  were 
strung  from  point  to  point  of  the  crosspicces 
and  from  the  points  of  the  crosspicces  to  nails 
in  the  2x4  placed  2  ft.  3  ins.  above  and  below 
the  intersection.  The  whole?  was  then  cov- 
ered by  white  sheeting  which  was  sewed  to 
thr  wires.     Figure  1. 

LEVELS. 

Sea  level  datum  was  used  in  all  the  work,  ele- 
vations being  obtained  from  U.  S.  G.  .S.  and 
I'.  S.  R.  S.  standard  bench  marks  in  the  vi- 
cinity. The  level  circuits  outlined  the  boun- 
daries of  each  plane  fable  sheet  and  bench 
marks,  consisting  of  a  wooden  peg.  guard- 
stake,  and  small  flag,  were  set  every  quarter 
mile  The  work  was  carried  to  lOOths  of  a 
foot  and  the  maximum  allowable  error  in 
closure  of  anv  circuit  was  .0.".  V~^.  where  "/>" 
equals  the  distance  in  miles  around  the  cir- 
cuit. The  instrument  used  was  a  Gurley  22- 
in  Y-level.  Near  the  close  of  the  work,  U. 
!S.  R.  S.  standard  B.  Ms.  were  set  at  or  near 
'all  sheet  corners  and  stamped  with  the  ad- 
justed elevation. 

1  The  triangulator  and  his  assistant  ran  the 
levels  and  pl.iccd  the  permanent  bench  marks, 
the  method  of  carrying  out  his  work  being  to 
jestablish  the  triangulation  .stations,  compute 
ico-ordinates  and   plot   them  on  the  sheet  and 


Date— Nov.  3,  1912. 
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Weather — Clear,   calm. 
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I>I..\NE   T.^BLE  DEVELOPMENT. 

Each  sheet,  24x31  ins.,  took  in  an  area  of  3 
square  miles ;  two  miles  E.  and  \V.  by  1% 
miles  X.  and  S.,  and  the  boundaries  were 
made  to  conform  with  the  section  lines.  A 
tew  years  previous  the  section  lines  had  been 
cither  retraced  or  resurveyed  and  practically 
all  corners  were  found  with  little  trouble.  In 
some  cases  the  corners  had  been  covered  by 
the  shifting  sand,  but  the  majority  of  these 
were  unearthed  shortly  after  the  approximate 
location  was  determined  by  projection  on  the 
map. 

Two  plane  tables  were  operated,  the  party 
for  each  consisting  of  plane  table  man,  re- 
corder   and    two   rodmen.     The   recorder   en- 
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Fig.   3. 


A   "Playa" — Level     Plain     of     Hard 
Adobe. 


tercd  the  distances  and  rod  readings  in  the 
notebook  and  calculated  the  elevations,  call- 
ing the  same  to  the  instrumentman  who  plot- 
ted the  position  of  each  point  and  wrote  the 
elevation  by  it.  The  two  rodmen  worked  out 
the  country  in  strips  about  300  ft.  wide,  the 
width  depending  on  the  roughness  of  the 
country  and  varying  in  length  or  distance 
from  the  table  w^ith  the  visibility  of  the  rod. 
In  this  work  the  contours  were  not  directly 
located,  but  a  sort  of  cross-section  of  the 
country  was  taken,  the  rodmen  giving  the 
high  and  low  points,  general  outlines  of  hills 
and  pot  holes,  changes  in  slopes,  low  points 
in  saddles  and  breaks  in  the  contours  in  gen- 
eral. Each  set-up  of  the  tabic  took  in  an 
area  approximately  2,000  ft.  square  or  1.000 
ft.  on  each  side  of  the  table. 

After  all  shots  necessary  in  each  set-up 
were  taken,  the  plane  fable  man  walked  over 
the  ground  and  drew  in  the  contours  from 
the  plotted  elevations  combined  with  per- 
sonal observation:  verifying  doubtful  con- 
tours by  three-pointing  at  the  spot  and  gct- 
tinc   additional    elevations   where   necessary. 

The  rodmen  soon  became  proficient  in  their 
work,  after  a  period  of  instruction,  and  when 
they  understood  just  what  was  desired  very 
excellent  results  were  obtained.  .A  great  deal 
depended,  of  course,  upon  the  topographical 
eye  of  the  topographer. 

The  average  area  covered  each  day  by  each 
party  was  0..T  square  mile.  The  fopocraphcrs 
set  a  standard  for  their  work  of  400  shots 
per    diem    and    always    tried    to    exceed    this 


TABLE  I.— COST  OF  TOPOGRAPHIC  P.ESUR- 

VEY  FOR  DISTRICT   NO.   2.   TRUCKEE- 

CARSON  IRRIGATION  PROJECT. 

Classification.  Cost  per 

Horizontal   control—  Amount,     sq.  miJe. 

Labor  $    294.86        $11.84 

Corral  expense   36.00  1  45. 

.Supplies    ;5.9s  1.0* 

•Miscellaneous  expense   94.90  3.81 

Total   for    horizontal    con- 
trol    J  451.74  $  1S.14 

\  ertlcal  Control — 

Labor    t  122.1;  $     4.90 

Corral  e.xpense   18.50  74 

Supplies   9.77  .39 

Miscellaneous  expense 42.50  1.71 

Total  for  vertical  control.?    192.92  $     7.74 
Plane  Table  Development — 

Labor   $1,294.77  J  52.00 

Corral  expense   114.00  4.58 

Supplies   19.14  .77 

Miscellaneous  expense 3S9.S3  15.65 

Total   for  plane  table  de- 
velopment     $1,817.74  $73.00 

Draughting    162.05  6.50 

General  expense 252.71  10  16 

Summary  bv  Items: 

Labor    $1,711.78  $68.74 

Corral   expense    168.50  6.76 

Supplies    54.89  2.20 

-Misiellaneous  expense 527.23  2118 

Draughting    162.05  6.50 

Total  field  cost $2,624.45        $105.38 

General  expense 252.71  10.15 

Totals    $2,877.16         $115.53 

The  item,  miscellaneous  expense,  consists 
of  idle  lime  lor  men  and  teams,  moving  camp, 
tquipment.  depreciation  and  miscellaneous  labor 
rind  supplies,  which  could  not  be  chareed  direct- 
ly to  any  of  the  classes  of  work  shown  on  sheet. 
Location  of  work — Townships  19  and  20  N..  R. 
27  and  2S  E.,  north  of  Carson  River.  In  District 
2.  Area  mapped.  24.9  square  miles;  rough, 
randy  country:  icale.  1  in.  equals  400  ft.:  con- 
tour interval,  2  ft.  Horizontal  control  developed 
from  geodetic  co-ordinates  and  maps  projected 
from  polyconic  projection  41  linear  miles  of 
vertical  control:  2ii  triangulation  stations  calcu- 
lated and  plotted:  15  permanent  triangulation 
station  marks  placed  4  P.  B.  M.'s  placed.  Mess 
less  of  $90.79  is  not  included  in  the  cost  report. 
Average  unit  pcrform.ance  In  square  miles  per 
plane  table  day  24.9,  plane  table  days  94,  unit 
performance  255. 


Fig.    4.       Plain     Table     Party,     Truckee-Car- 
son    Topographic    Survey. 


twecii  set-ups,  was  usually  a  pretty  fair  day's 
work,  but  this  mark  was  frequently  exceeded. 
It    can    readilv   be    seen    that   the    number   of 
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shots  taken  indicates  mucli  better  than  the 
area  covered  how  liard  the  parties  worked 
during  the  day. 

The  pkme  tables  used  were  equipped  with 
the  "Johnson"  movement  and  the  alidades 
with  "Beaman  Stadia  Arcs,''  both  made  by 
the  \V.  &  L.  E.  Gurley  Co.  While  the  stadia 
arc  helps  the  recorder  but  little,  it  increases 
the  efficiency  of  the  table  man  to  some  extent 
and  gives  results  that  are  easily  checked  men- 
tally, thus  decreasing  the  liability  of  error. 

The  stadia  rods  were  made  of  l.\4-in. 
white  pine  boards  14  ft.  long,  the  feet  being 
painted  solid  black  and  white  alternately  and 
the  fifth  and  thirteenth  foot  graduated  to 
icnths. 


the  other  party  used  the  team  and  worked 
out  the  more  distant  sheets.  Roads  and 
trails  were  few  and  very  poor,  which  neces- 
sitated much  driving  directly  across  the 
desert ;  in  most  cases  no  faster  than  a  man 
could  walk. 

Fortunately,  water  was  obtained  by  boring 
wells  at  eacli  camp  which  eliminated  the 
heavy  expense  of  hauling  it.  At  the  first 
camp,  hot  water  was  struck  at  30  ft.  which 
was  slightly  salt,  but  drinkable  after  being 
allowed  to  cool. 

The  weather  was  cool,  as  a  rule  getting 
colder,  with  snow,  as  the  work  progressed 
and  matiy  days  were  too  windy  for  field  work. 
These  windy  days  the  parties  spent  in  camp, 


mess-house  was  on  wheels  with  walls  and 
roof  of  heavy  canvas  stretched  over  a  light 
wooden  frame,  the  whole  being  easily  moved 
from  camp  to  camp  by  four  inules. 

Attached  is  a  detailed  cost  summary  show- 
ing cost  per  acre  of  the  work  in  each  dis- 
trict which  includes  the  cost  of  moving  the 
camps   a   total    distance   of   35   miles. 


Fig.   5.     Topographic   Survey   Party   Camp.    TruckeeCarson   Irrigation   Project. 


The  plane  table  sheets  were  '"K.  &  E."  No. 
105  with  cloth  centers  and  cost  approximately 
$1  each. 
The  parties  were  provided  with  two  mule 
teams,  one  team  being  used  to  haul  supplies 
and  move  the  triangulator  over  the  country ; 
the  other  used  by  the  party  having  the  great- 
est distance  to  walk  to  and  from  work.  The 
work  was  usually  arranged  to  have  one  party 
working    on    the    sheets    nearest    camp    while 


TABLE    n.    —   COST   OF    TOPOGRAPHIC    RE- 
SURVEY  FOR  DISTRICT  NO.   3,  TRUCKEE- 
CARSON IRRIGATION  PROJECT. 
Classification.  Cost  per 

Horizontal   Control^  Amount,  sq.  mile. 

Labor   $    2S5.51        $  S.SS 

Corral  expense   44.50  1.07 

Supplies    23.53  .57 

•Miscellaneous   expense 114.00  2.74 

Total    for    horizontal    con- 
trol     ?  467.54  $11.34 

Vertical  Control — 

Labor    $  124.80  $3.00 

Corral  expense   28.00  .07 

Supplies    12.52  .30 

•Miscellaneous    expense 53.98  1.30 

Total   for  vertical  control.. $    219.39  $  5.27 
-Plane  Table  Development — 

Labor    $1,643.46  $39.51 

Corral   expense  65.00  ljt<> 

Supplies    52.96  1.27 

•Miscellaneous    expense 556.00  13.61 

Total    for    plane    table    de- 
velopment     $2,327.42  $55.95 

Draughting   204.14  4.90 

General  expense   323.25  7. 76 

Summary  by  Items — 

Labor     $2,053.86  $49.37 

Corral   expense   137.50  3.30 

Supplies    89.01  2.14 

•Miscellaneous    expense 733.98  17.65 

Draughting    ^ 204.14  4.90 

1.         Total    field    cost ..$3,218.49        $77.36 

'General  expense  323.25  7.76 

Total  cost   $85.1 2 

•The  item  "Miscellaneous  expense"  consists  of 
Idle  time  for  men  and  teams,  moving  camp, 
equipment  depreciation,  and  miscellaneous  labor 
and  supplies  which  could  not  be  charged  di- 
rectly to  any  of  the  classes  of  worl<  sliown. 
General  expense  is  administration  Washington. 
D.  C.  Portland,  etc.  Corral  expense  is  time  of 
teams.  Location  of  work;  Townships  IS  and  19 
N..  R.  27  and  28.  south  of  Carson  River,  in  Dis- 
trict 3.  Area  mapped,  41.6  square  miles;  rough, 
sandy  country:  scale.  1  in.  equals  400  ft.;  con- 
tour Interval,  2  ft.  Horizontal  control  developed 
from  geodetic  co-ordinates,  and  maps  pro.iected 
from  polyconic  projection;  61  linear  miles  of 
vertical  control:  36  triangulation  stations  calcu- 
lated and  plotted:  30  permanent  triangulation 
station  marks  placed:  8  B.  M.'s  placed  (bronze); 
2  camps.  Mess  house  loss  of  $106.66  is  not  in- 
cluded with  cost  report.  Average  unit  perform- 
ance in  square  miles  per  plane  table  day.  41.6 
plane  table  days,  132  unit  performance,   .315. 


inking  in  elevations  and  contours  on  the 
sheets  and  checking  calculations.  The  con- 
tours were  inked  with  burnt  sienna  and  elava- 
tions  with  india  ink.  .'Kt  the  close  of  the  field 
work,  two  men  were  occupied  one  month  do- 
ing this  work  and  putting  titles  on  the  sheets. 

The  parties  had  breakfast  at  6:30  a.  m., 
left  camp  at  7  and  took  their  lunch  in  the 
field,  returning  to  camp  at  5  p.  m.,  the  aver- 
age time  in  the.  field  running  close  to  8  work- 
ing hours.  No  work  was  done  on  Sundays 
or   holidays. 

The  area  covered  by  the  resurvey  is  divid- 
ed into  two  districts :  District  2  on  the  north 
side  of  the  Carson  River  and  District  3  on 
the  south  side.  Two  camps  were  made  in 
each  district  and  the  work  was  started  in 
District  2.  This  latter  district  was  the  most 
difficult  of  the  two,  particularly  the  north- 
eastern part  of  it,  which  was  very  choppy 
and  liroken  and  had  numerous  playas  sur- 
rounded by  steep  sand  dunes,  a  few  of  the 
dunes  being  40  to  50  ft.  high  and  usually 
very  irregular.  The  southeastern  part  ai 
District  2,  near  Soda  Lake,  while  rough  also, 
was  not  as  difficult,  as  the  country  was  more 
regular  and  contained  fewer  playas. 

District  3,  while  very  rough  in  spots,  was 
the  easier  of  the  two  and  the  work  in  this 
district  progressed  rapidly.  The  northwest- 
ern part  was  very  flat,  contained  few  hills  and 
tlie  conditions  for  rapid  work  were  ideal. 
The  remainder  of  this  district  was  not  unlike 
District  2,  the  hills  being  about  one-(|uarter 
of  a  mile  apart,  the  ground  descending  sharp- 
ly from  the  top  of  one  hill  only  to  rise  abrupt- 
ly to  the  top  of  another  and,  in  some  cases, 
the  hills  were  GO  ft.  high.  .\  small  area  in 
the  southwestern  part  of  this  district  was 
the  old  bed  of  the  Carson  Lake  and  was  very 
smooth  and  similar  to  the  .good  country  on 
the   northwest. 

The  whole  country  in  general  was  ^andy, 
very  irregular  and  covered  with  a  dense 
growth  of  grcascwood,  sagebrush  aiul  other 
vegetation  common  to  desert  countries. 

The  weather  was  generally  warm  while 
working  in  District  2,  and  very  cold  at  the 
close  of  the  work  in  District  3,  bein.g  below 
zero  for  over  a  week,  with  occasional  flur- 
ries of  snow. 

The  wages  paid  were  as  follows:  Instru- 
mentmen  $100  per  month,  rodmen  $00  to  $70 
per  month,  recorders  $70  per  month,  team- 
ster $00  per  luonth.  cook  $00  per  month.  Each 
man  was  deducted  25  cts.  per  meal  and  the 
iness-honse  was  intended  to  he  self-support- 
ing,  including   the   wages   of    the   cook.     The 


Cost  of  Irrigation  Works  With  Special 

Reference    to     the    Okanogan 

Project,  U.  S.  Reclamation 

Service. 

Sirs  : — In  Engineering  .^nd  Contracting  of 
Nov.  5,  1913,  page  527,  appears  a  comparative 
statement  of  the  bid  submitted  and  the  actual 
cost  of  construction  of  the  ConconuUy  Dam, 
Okanogan   Project. 

1  am  much  interested  in  this  statement,  as 
Mr.  H.  P.  Holmes  and  myself  were  the  bid- 
ders on  this  dam,  and  our  bid  was  refused  on 
the  ground  that  it  was  too  high.  I  am  unable 
to  locate  a  copy  of  the  bid,  but  as  we  were  the 
only  bidders  I  presume  that  the  figures  shown 
in  the  statement  cover  our  bid. 

In  looking  over  the  statement,  I  am  unable 
to  see  where  any  amount  has  been  allowed  for 
interest  or  depreciation  of  equipment. 

I  also  notice  that  a  charge  against  the  hid 
under  the  item,  "Difference  in  volume  dam 
due  to  moving  to  new  site,  177,000  cu.  yds.,  at 
591/2  cts.,  $105,315.00."  It  will  be  noticed  that 
the  unit  price  used  in  the  above  mentioned 
item  is  the  cost  per  cubic  yard  to  the  Gov- 
ernment, while  the  bid  under  item,  "Dam 
embk.  exc.  CI.  2"  was  55  cts.  per  cubic  yard. 
It  appears  to  me  that  an  overcharge  of  $7,965 
has  been  made  against  the  bid. 

I  also  notice  that  the  General  Expense, 
amounting  to  $18,000,  has  been  estimated.  This 
amount  to  ine  appears  to  be  excessive,  and  I 
think  it  would  have  been  a  good  idea  to  have 
shown  a  detailed  statement  of  what  items  are 
considered  in  General  Expense,  and  tlie 
amounts  of  each  item. 

I  have  been  constantly  seeing  articles  about 
public  works  oflicials  who  are  making  money 
with  convict  labor,  but  I  have  been  unable  to 
see  where  the  Reclamation  Service  has  made 
very  much  money  by  doing  its  own  work. 

With  "Uncle  Sam"  as  a  hanker  it  relieves 
the  situation  that  confronts  a  great  many  con- 
tractors in  all  lines  of  work,  as  a  solid  financial 
backing   is    a   wonderful   help. 

When  officials  on  public  work  recommend 
that  the  work  be  done  under  their  supervision 
that  simply  means  that  if  they  complete  the 
work  at  a  less  cost  than  the  lowest  bid  sub- 
mitted, there  has  been  a  saving;  if  not,  they 
put  forth  a  fine  explanation.  My  understand- 
ing is  that  no  outside  inspection  is  called  in 
during  the  progress  of  the  work,  and  probably 
none  after  the  work  is  finished. 

I  aiu  of  the  opinion  that  any  contractor 
could  have  made  a  considerable  saving  under 
similar  conditions,  that  is,  to  have  his  own 
inspection,  keep  the  books,  furnish  his  own 
distribution    of    costs,    etc. 

Mr.  Holmes  and  tnyself  also  bid  on  the 
Cold  Springs  Daiu,  and  were  the  lowest  bid- 
ders. I  have  never  seen  the  detailed  cost  of 
the  construction  of  this  project  since  it  was 
finished,  and  if  you  have  the  data  would  be 
very  glad  to  have  you  publish  it  along  with 
the  bid,  as  I  am  much  interested  to  learn  if 
the  Government  saved  any  money  by  doing 
the  work  under  the  direction  of  the  Reclama- 
tion  I'.nginecrs. 

Very   truly   yours. 

T.  W.  Swcenev. 

Portland.  Oi-e.,  Dec.  11,  101.3. 

(The  foregoing  letter  has  been  brought  to 
the  attention  of  Mr.  A.  P.  Davis.  Chief  Engi- 
neer of  the  U.  S.  Reclaination  .Service.  His 
replv    follows. — Editors.    ) 

Sirs:  Mr.  .Sweenev  is  correct  in  his  state- 
ment that  onlv  one  hid  w.ns  received  for  the 
conslruclion  of  the  ConconuUy  Datu,  but  the 
fifth  annual  report  of  the  Reclamation  Service, 
page  277,  gives  Mathew  P.  Zindorf  of  Twisp, 
Wasliington.  as  the  bidder.  There  is  no  rec- 
ord of  a  hid  having  been  received  from 
Messrs.  Sweenev  and  Holtues. 
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ivation  for  embankment: 
Jiarth,    IJS.OOO  cu.   yds $  0.31 


TABLE   I. 

Sweeney  &  Holmes 
lowest  bid  6-28-06. 
Price.      Amount. 


Lowest  bids  reed 

Sept.  17,  1906.  Actual  cost. 

Price.       Amount.     Price.       Amount. 


yds. 


iartl.. 
I  Gravel,    455,000   cu. 
KxcaviUlon; 

•Jlnss  1.  61,300  cu.  yds 

i;i;\ss  2,   19,300  cu.  yds 

Class  i.  3,100  cu.  yds 

Uiprap   (b),   SO   cu.    yds 

liocklill    (b),   28,500  cu.    yds 

KockfiU  (c),  10,500  cu.  yds 

1  'rain  pipe: 

i;-in.  laid  dry,  1,900  lin.  ft 

s-in.   laid   dry.   600  lin.   ft 

S-in.  laid  cement  jts.,  600  lin 
Concrete: 

Class  A.   1.250  cu.  yds 

Class  E,  500  cu.  yds 

Class  C.   SOO  cu.  yds 

Clas.s  D,  560  cu.  yds 


0.45 

0.40 
0.60 
1.25 
2.00 
1.50 
1.50 

.50 

.60 

1.00 

10.00 
11.00 
12.00 
14.00 


'.  iliict  bid  on  drain  pipe* 

•  iluct  en^neering  and  administrative 
if.xpense  included  in  unit  cost  of  con- 
struction by  government,  but  not  in- 
cluded in  bid  prices 


$  48,980.00 
204.750.00 

24,520.00 
11,580.00 
3,875.00 
160.00 
42,750.00 
16,200.00 

950.00 
360.00 
600.00 

12,500.00 
5,500.00 
9,600.00 
7,840.00 

$390,165.00 
1,910.00 


%  0.29 
0.35 

0.40 
0.55 
1.25 
2.50 
1.75 
1.75 

0.55 
0.75 
1.20 

7.00 

8.00 

14.00 

11.00 


%  45.820.00 
159,250.00 

24,520.00 
10.615.00 
3,S75.00 
200.00 
49,875.00 
18,900.00 

1,045.00 
450.00 
720.00 


5,750.00  7.12 

4,000.00  7.12 

11,200.00  14.17 

6,160.00  11.09 


%  0.28 
0.3S5 

0.293 

1.37 

2. 84 

3.63 

1.46 

1.46 


$  44,240.00 
175,175.00 

18,060.90 
26,441.00 
8.S04.1J3 
290.40 
41, 610.0') 
15,768.00 


?345.380.00 
2,215.00 


8,900.1)0 

3,560.00 

11,:J36.00 

6,210.40 

$360,395.70 


$388,255.00         $343,165.00 

•TJiere  were  no  iterns  constructed  to  compare   directly  with  these  items. 


42.346.50 
$318,049.20 


Ir.  Sweeney     slates     that     he     cannot  see 

1  re  any  allowance  has  been  made  for  inter- 

or  depreciation  'of   equipment.    By   "intcr- 

:  '   I   assume  lltai  he   refers   to   interest   on 

viiids   imTe^te*]  hy  tlie   contractor   during  the 

jnstructkiii  periotl.  This  is  an  item  with  which 

le  Redhroarion  Service  does  not  have  to  deal, 

tit,  ewm  if  tlic  iX)rresponding  charge  that  a 

bnlrsuSt'OT   mtist  carry   were    made,   this    item 

rouW  mot  t>e  large,  as  monthly  payments  are 

lade,  a-nd  the  frill  in\cstment  would  have  to 

larried   for   only   one   month ;   the  cost   of 

;-   ilem   wobW   probably  not   be   more  than 

tm,  1  per  cent  of  the  total.     Depreciation  of 

npm<Tit  is  fully   covered  in  the  actual   lUiit 

ijrsts  of  each  item. 

•\n  regard  to  the  addition  of  177,IX10  cu.  yds._ 
:?0.-").')''fe  to  the  contractors'  bid,  i   may   say 


that  it  would  probably  be  more  accurate  to 
deduct  this  item  from  the  actual  cost  of  the 
dam  as  built  by  the  Government;  this  would 
make  the  bid  price  and  the  actual  cost  $191,- 
8.53.7.3  and  $185,065.66  respectively,  which 
makes  the  comparison  more  favorable  for  the 
actual  cost  than  the  original  figures.  In  ref- 
erence to  the  criticism  of  using  the  figure 
$0.59'^'^  instead  of  .$0.55,  in  comparing  the  cost 
of  embankment,  it  should  be  noted  that  in  the 
bid  there  was  a  classification  of  material  ex- 
cavated for  embankment,  the  figures  being 
$2.20  for  class  1,  and  $0.55  for  class  2.  Both 
of  these  classes  of  excavation  were  included  in 
the  177,000  cubic  yards  and  in  a  comparison  it 
is  evident  that  it  would  not  be  fair  to  use 
either  $0.55  or  $2.20  and  the  actual  cost   for 


^Yie  entire  embankment  excavation  of  $0.59% 
was  therefore  used. 

In  regard  to  the  $18,00u  allowed  for  general 
expense,  tliis  figure  was  used  because  the  pro- 
portion of  administrative  and  general  ex- 
pense of  the  actual  building  cost  of  the  entire 
project  to  June  30,  1913,  was  almost  exactly 
lUi  per  cent,  which  added  to  the  estimated 
hid  of  $161,153.75  is  over  $18,00'.'. 

.\  rational  comparison  which  would  show 
the  comparative  figures  in  their  true  light  is 
practically  impossible  because  the  location  of 
the  dam  was  changed,  and  it  is  not  certain 
that  the  prices  bid  would  have  been  the  same 
on  the  new  location. 

Mr.  Sweeney  asks  for  data  on  the  cost  of 
the  Cold  Springs  Dam,  Umatilla  Project.  Bids 
on  this  work  were  opened  June  2!*,  1906.  All 
proposals  were  rejected  and  the  work  was 
re-advertised.  The  second  set  of  proposals 
were  opened  on  Sept.  17,  1906,  and  though 
somewhat  lower  than  the  first,  they  also  were 
rejected.  Table  I  shows  the  schedule  of  quan- 
tities and  the  lowest  bid  received  under  each 
call  for  bids;  also  for  comparison  the  actual 
unit  costs  of  the  work  as  executed  by  the 
Government,  including  all  general  expense 
and  overhead  charges.  It  will  be  noted  that 
a  considerable  saving  was  effected  on  the 
work  covered  by  the  bids.  In  the  construc- 
tion of  the  dam  the  quantities  were  increased 
somewhat  and  there  were  accessory  struc- 
tures not  included  in  the  work  advertised 
which  brought  the  total  cost  of  the  reservoir 
works  up  to  $440,000. 

If  further  details  regarding  this  work  and 
its  cost  are  desired,  they  may  be  obtained  from 
a  paper  by  Mr.  D.  C.  Henny  on  "Two  Earth 
Dams  of  the  U.  S.  Reclamation  Service"  in 
the  Transactions  of  the  American  Society  of 
Civil  Engineers,  vol.  74,  December,  1911.  An 
extract  of  considerable  length  from  this  pa- 
per appeared  in  Engineering  &  Contracting  of 
May  24,  1911.  Very  truly  yours. 

A.  P.  Davis,  Chief  Engineer. 

Wajhington,  D.  C,  Jan.  21,  1914. 
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.ivestigation    of    the    Causes    of    Ex- 
pansion and   Contraction  of  Con- 
crete in  Concrete  Roads  With 
Reference  to  the  Preven- 
tion of  Cracks. 
, Actual    experimental    data    relating    to    llic 
'cpansion    and    contraction    of     concrete     ni 
jncrcte   roads   are  given   in   a   report   to   the 
iational     Conference     on      Concrete      Road 
wilding.     These  data  were  obtained  tlirough 
ial    •ilndies    by    the    Bureau   of    Standards 
i    the    report    to    the   conference   was    prc- 
'd  by  Mr.  R.  J.  Wig  of  the  Bureau.     The 
■•>rt  in  al)Stract   follows: 
ause   and    Effect   of    Expansion   and   Con- 
traction of  Concrete  in  Concrete  Roads. 
The    effect    of    contraction    may    be    finally 
lenccd  by  cracking  and  that  of  expansion 
crushing,    spalling    or    buckling.     '1  he   en- 
ucr    is    interested    in    this    subject    only    so 
as   it    affects    the    integrity    of    the    road. 
■  chief   causes  of   expansion   and  contrac- 
\<n  are:    (1)   Changes  in  the  temperature  of 
f;   concrete;    (2)    variation    in   the   moisture 
•itcnt  of  concrete;  (3)  variation  in  the  con- 
'>n  and  character  of  the  sub-base;   (1)  ex- 
-  loading  by  traffic. 

EFFtCT  ON   EXPANSION    AND  CONTRACTION   OF 
1  MI'F.RATURK    CHANCES     IN    TUF.    CONCRETE. 

t  is  generally  considered  that  the  variation 
the  temperature  from  season  to  seasoii 
ling  in  cause  a  ciiange  in  leniilh,  combined 

'i  un«f|ual  frictional  resistauie  between 
concrete  and  the  sub-base,  is  tlie  primary 
■e  of  cracking.  The  change  in  the  length 
concrete    due    to    temperature    if    free    to 

ve.  as  determined  by  Bonnicau,  Chnstophc, 
A.    R.    Binnie,    W.    D.    Pence.    Professor 

'lock,    Professor    Evford      and      Professor 


Norton,  ranged  from  .00000805  to  .000004*55 
per  degree  'F.  per  unit  length,  the  accepted 
value  being  about  .OUOOi'6.  .\ssumiiig  a 
normal  range  of  temperature  of  O't"  F.  the 
movement  which  would  occur  witliout  re- 
straint is  about  .0Ui.'51  per  unit  ot   length. 

In  practical  work,  however,  several  ele- 
ments enter  tending  to  modify  the  tempera- 
ture effect.  A  reduction  in  the  moisture  con- 
tent of  concrete  would  cause  a  contraction 
while  an  increase  would  cause  expansion,  thus 
aiding  or  counteracting  the  effect  of  tem- 
perature. The  friction  on  the  sub-base  in  the 
case  of  a  road  will  always  reduce  the  move- 
ment. In  some  recent  experiments  made  by 
Henry  S.  Spackmaii  upon  experimental  slabs 
of  1:2:3  concrete  18  ins.  w^idc,  6  ft.  6  ins. 
long  and  6  ins.  thick,  on  a  clay  sub-soil  a 
total  movement  of  .00017  per  unit  length  was 
observed  under  a  change  in  temperature  of 
65°  !•".  between  July  and  November.  The 
theoretical  temperature  movement  ■  for  this 
range  would  be  .000381   per  unit  of  length. 

Measurements  made  by  the  Bureau  of 
Standards  on  a  concrete  road  on  Morris 
Turnpike,  near  New  Village,  N.  J..  cnverinR 
a  period  from  October,  I1M2,  to  October,  19i:i, 
and  in  Nazareth,  Pa.,  from  June  to  October, 
1913,  show  that  the  linear  change  in  the 
concrete  is  not  in  accord  with  tlie  tempera- 
ture change.  These  measurements  were  made 
by  stretching  an  invar  tape,  graduated  to 
meters,  along  the  road  spanning  several  slabs 
and  reading  every  second  meter,  the  figures 
rccordc<l  as  slab  changes  represent  changes 
between  the  point*  nearest  the  ends  of  the 
slab.  Readings  were  recorded  to  hundredths 
of  a  millimeter  (.li"n:i9  inches').  This  is  illus- 
lrate<I  in  Fig*.  I  to  3.  in  which  the  linear 
changes  occurring  in  a  number  of  slabs  have 
been  plotted  together  with  the  mean  tem- 
perature,   moi.sturc    and    weather   curves.      It 


will  be  noted  that  curve  K,  Fig.  3,  shows  a 
continual  shortening  of  a  32-ft.  slab.  The 
oonorelc  was  placed  June  9  and  measurements 
started  June  18.  Between  the  latter  date  and 
.\ug.  19  there  is  a  considerable  sliortening  of 
the  slab,  although  the  temperature  had  in- 
creased during  this  period.  From  Aug  19  to 
Sept.  30  there  was  a  drop  in  temperature  and 
the   shortening   still   continued. 

The  measurements  plotted  in  curve  Z-3,  Fig. 
2,  were  started  iwii  days  after  the  concrete 
was  laid.  The  curve  indicates  an  elongation 
from  November  to  .April,  when  it  reaches  a 
maximum,  followed  by  a  shortening  until 
.■\ugust,  when  a  decided  shortening  is  evi- 
ilenced  and  this  is  followed  by  an  elongation 
until  October.  During  this  period  there  was 
a  mean  temperature  range  from  W  to  84°  F. 

In  curve  E,  Figure  1,  the  linear  change  in 
;i  •511- ft.  slab  is  plotted  over  the  same  period 
covered  by  curve  Z-3,  Fig.  2.  Measurements 
were  started  on  this  course  the  )lay  after  the 
concrete  was  laid.  During  the  winter  months 
there  is  indicate<l  an  increase  in  length  and 
from  .'\pril  until  .\iigiist  a  decrease.  Curve  E, 
h'ig.  1,  shows  a  small  expansion  and  contrac- 
tion during  the  first  week  but  otherwise  con- 
forms 111  curve  Z-3,  Fig.  2.  The  changes 
plulied  do  not  represent  the  differences  ob- 
tained from  observations  made  upon  the  end 
reference  plugs  only,  but  arc  obtained  by  sum- 
ming up  the  changes  observed  at  points  two 
meters  apart  throughout  the  length  of  the 
slab. 

The  only  explanation  which  can  be  given 
ii'T  the  marked  contraction  in  the  slab  plotted 
in  curve  K,  Fig.  .3,  is  that  this  slab  was  con- 
structed on  an  old  concrete  road  in  which  the 
cracks  were  sealed  with  cement  mortar  and 
%  in.  layer  of  clay  placed  upon  this  base  to 
prevent  a  bond  being  formed  between  the  new 
and  old  concrete.    These  conditions  prevented 
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the  new  concrete  from  absorbing  moisture 
from  below  and  permitted  evaporation  from 
the  top,  thus  causing  a  shortening  of  the  slab. 
This  phenomenon  has  been  demonstrated  by 
laboratory  tests. 

The  expansion  indicated  by  curves  E,  Fig. 
1,  Z-3,  Fig.  2,  and  K,  Fig.  3  from  November  to 
April,  could  not  be  due  to  temperature  in- 
fluence and  therefore  must  be  due  to  increase 
in  moisture  content  of  the  concrete.  It  will 
be  noted  from  the  precipitation  curve  that 
considerable  rain  fell  during  the  latter  part  of 
March  and  the  early  part  of  .\pril.  The  con- 
traction from  April  to  August  is  contrary  to 
the  condition  which  should  result  from  a  rise 
in  temperature,  and  this  can  only  be  explained 
by  a  drying  out  of  the  concrete  sufficient  in 
amount  not  only  to  overcome  the  expansion 
due  to  a  temperature  increase  of  "20°  F.  but 
also  to  show  a  substantial  contraction.  From 
August  to  October  the  slab  shows  expansion 
which  again  can  be  explained  by  an  increase 
in  moisture  content  as  there  is  no  rise  in  tem- 
perature. Tt  will  be  observed  that  this  condi- 
tion prevails  in  a  number  of  other  curves. 

The  only  explanation  which  can  be  offered 
for  an  expansion  similar  to  that  indicated  in 
curve  E,  Fig.  1,  is  the  fact  that  the  day  aftei 
the  concrete  was  laid  the  surface  was 
thoroughly  sprinkled  with  water  and  kept  wet 
during^the  whole  day,  and  there  is  also  the 
possibility  of  temperature  increase  due  to 
chemical  action  during  the  setting  of  the  ce- 
ment assisting  exp-msion.  The  slab  plotted  in 
curve  E.  Fig.  1,  together  with  all  slabs  of 
courses  A,  B,  and  C.  were  sprinkled  more 
thoroughly  than  any  of  the  other  slabs. 

There  are  no  data  available  to  indicate  the 
expansion  which  might  be  expected  in  green 
concrete  due  to  a  rise  in  temperature  brought 
about  bv  chemical  action  during  setting.  Sev- 
eral of'  the  curves  of  results  obtained  on 
courses  A,  B,  and  C,  Morris  Turnpike  would 
indicate  that  this  setting  heat  might  be  effect- 
ive in  causing  expansion.  Temperature  meas- 
urements have  been  taken  in  a  number_  of 
cases,  such  as  the  Boonton  dam  in  New 
Jersey,  the  Panama  Canal  locks,  the  Walnut 
Street  bridge,  Des  Moines,  Iowa,  and  the 
Keokuk  dam,  as  well  as  in  laboratories  of 
Lehigh  University  and  Watertown  arsenal, 
and  the  temperature  increases  were  noted  to 
range  from  IT'E.  to  108°  F.  in  less  than  18 
hours  after  mixing.  Such  a  great  increase  in 
temperature  as  these  it  is  believed  would  have 
some  effect,  but  its  magnitude  can  only  be 
determined  by  further  investigation. 

A  variation  in  the  quality  of  the  concrete 
may  also  cause  a  variation  in  the  thermal  co- 
efficient of  expansion  and  it  will  of  course  af- 
fect the  movement  which  takes  place,  as  the 
modulus  of  elasticity  of  the  concrete  does 
change  with  a  change  in  the  quality.' 

THE     EFFECT     ON    EXP.\NSI0N     AND     C0NTR.\CTI0N 
OF  VARIATION   IN  THE  MOISTURE  CON- 
TENT OF  CONCRETE. 

It  has  been  definitely  established  that  with 
an  increase  in  moisture  content  there  is  an 
expansion  of  the  concrete  and  with  a  decrease 
in  the  moisture  content  a  contraction.  This 
phenomena  is  apparently  true  for  all  concretes 
at  all  ages.  The  magnitude  of  this  change  is 
not  definitely  known  but  experiments  by 
Bauschinger.  Schumann,  Tomei,  Considere, 
Campbell.   White   and   Gary   show: 

(1)  Neat  cement  hardening  under  water  ex- 
pands -1-0.15  per  cent  by  volume,  and  the  in- 
creased volume  is  approximately  O.OS  per  cent 
lor  a  period  of  from  30  days  to  five  years.  The 
maximum  expansion  obtained  at  one  year  is 
nearly  as  great  as  at  five  years. 

(2)  Neat  cement  hardening  in  air  contracts 
0.25  per  cent  by  volume  in  from  16  weeks  to 
five  years. 

(3)  Cement-sand  mortars  change  in  like 
manner  but  to  a  lesser  degree. 

Experiments  by  the  University  of  Michigan 
show  the   following  results: 

(1)  Neat  cement  hardening  in  air  has  an 
average  unit  linear  contraction  of  —0.00109  at  7 
aays-  —0.00190  at  28  days:  —0.00236  at  6  months: 
—0.00270  at  1  year;  —0.00289  at  2  years:  —0.00322 
at  4  years. 

<2)     That  neat  cement  that  has  been  hardened 
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Fig.   1.     Results  of   Measurements  of   Linear 

Change  in  Concrete  Slabs  in  a  Concrete 

Road  on  Morris  Turnpike  Near  New 

Village.  N.  J. — Observations  Cover 

One  Year  from  October,  1912. 

Course  A. — Morris  TuI■lllJii^e.  near  New  Vil- 
lage, N.  J.:  brand  of  cement.  A;  brand  of  santl, 
Hodson;  Mixture,  l:H4:3ii;  -.vldth,  14  ft.;  thick- 
ness. 0  Ins.:  character  of  sub-base,  12  ins.  stone 
fill-rolled  with  10-ton  3-wheeled  roller;  date 
placed.  Oct.  II,  1912;  tile  drain  on  north  sidg^of 
road;  surface  tinished  with  template,  but  nefiher 
troweled  nor  broomed;  concrete  surface  kept  wet 
for  seven  days,  not  coivered  with  dirt;  bitum- 
inous carpet   covering. 

Course  B. — Morris  Turnpike,  near  New  Vil- 
lage. N.  J.;  brand  of  cement,  B;  brand  of  sand. 
Hodson;  mixture,  l:l%:3'/4:  width,  14  ft.:  thick- 
ness, 6  Ins.:  character  of  sub-base,  old  mac- 
adam, scarified  and  reshaped,  but  old  crown 
not  entirely  removed;  sides  brought  up  some- 
what with  new  H4-in.  stone;  tile  drain  on  north 
side  of  road;  date  placed.  Oct.  16,  1912;  surface 
finished  with  template  and  wooden  float  and 
broomed;  concrete  surface  kept  wet  for  seven 
days,  not  covered  with  dirt:  bituminous  carpet 
covering. 

Course  C. — Morris  Turnpike,  near  New  vil- 
lage N.  J.;  brands  of  cement,  B  &  C:  brand  of 
.sand,  Hodson:  mixture,  1:1V4:3>4;  width.  14  ft.: 
thickness,  6  Ins.:  character  of  sub-base,  old 
macadam,  scarified  and  reshaped,  hut  old  crown 
not  entirely  removed;  sides  brought  up  some- 
what with  new  \Vi-\r\.  stone:  tile  drain  on  noi-th 
side  of  road:  date  placed.  Oct.  16,  1912:  surface 
finished  with  template  and  wooden  float  and 
broomed:  concrete  surface  kept  wet  foi*  several 
days,  not  covered  with  dirt;  bituminous  carpet 
covering. 

Course    D. — Morris    Turnpike,    near    New    vil- 


lage, N.  J.;  brand  of  cement,  B:  brand  of  sand. 
Baker;    mixture.   1:1% :3%;   width,   14   ft.;   thick- 
ness,   6    ins.:    character   of    sub-base,    old    mac- 
adam,   scarified    and    reshaped,    but    old    crown 
not    entirely   removed;    sides   brought   up   some- 
what with  new  1%-in.  stone:  tile  drain  on  north     r 
side  of  road:  date  placed,  Oct.   18.  1912;  surface 
finished    with    template    and    wooden    float    and     ; 
broomed;    concrete   surface   kept  wet   for   seven 
days,   not   covered  with  dirt:   bituminous  carpet     j 
covering:    short    longitudinal    crack    started    in     ' 
slab  of  diagram  g. 

Course  E. — Morris  Turnpike,  near  New  Vil-  ' 
lage,  N.  J.;  brand  of  cement.  A;  mixture,  1:2:4; 
width,  16  ft. ;  thickness,  6  ins. ;  character  of 
sub-base,  old  macadam,  scarified  and  reshaped, 
but  old  crown  not  entirely  removed;  sides 
brought  up  somewhat  with  new  1%-in.  stone; 
tile  drain  on  north  side  of  road:  date  placed, 
Oct.  2S,  1912;  surface  finished  with  template 
and  wooden  float  not  broomed;  concrete  sur- 
face neither  covered  nor  wet;  longitudinal 
cracks   in  slabs  of  diagrams  1  to  k. 

Course  F. — Morris  Turnpike,  near  New  Vil- 
lage. N.  J.;  brand  of  cement,  B;  mixture.  1:2:4; 
width.  16  ft.;  thickness.  6  Ins.;  character  of 
sub-base,  old  macadam,  scarified  and  reshaped, 
but  old  crown  not  entirely  removed;  sides 
brought  up  somewhat  with  new  1^-in.  stone; 
stone  drain  on  north  side  of  road:  date  placed, 
Nov.  5.  1912:  surface  finished  with  template 
and  wooden  float;  concrete  surface  covered  with 
dirt  and  wet  for  seven  days:  longitudinal  cracks 
in  slabs  of  diagrams  n  and  o. 


under  water  for  three  years   will   expand   0.0011     , 
per   unit   of   length   and   if  then   exposed   to   air     'f 
for  60  days  will  contract  0.0005  per  unit  of  length 
less   than   the   initial   length,   and  will   therefore 
show  a  total  linear  contraction  of  0.0016  per  unit 
of  length. 

(3)  That  jieat  cements  under  water  show  a 
linear  expansion  of  from  0.0007  to  0.0015  per  unit 
of  length  at  the  end  of  one  year,  and  after  that 
a  very  slight  additional  expansion. 

(4)  That  neat  cement  alternately  exposed  to 
air  and  water  will  show  results  if  platted  that 
will   form  a   regular  saw-tooth   curve. 

(5)  1.3  mortars  show  linear  changes  in  the 
same  direction  as  those  of  neat  cement,  but  to 
a  lesser  degree.  Submerged  bars  show  a  linear 
expansion  in  the  first  few  weeks  of  as  much  as 
0.0005  per  unit  of  length,  but  decrease  slightly 
after  that,  and  then  expand  later  to  a  length 
greater  than  the  maximum  expansion  of  O.OOOi 
Bars  of  1:3  mortar  in  air  shrink  in  length  to  an 
average  of  O.OOOS  per  unit  of  length  within  three 
months. 

(6)  Experiments  with  sections  of  a  top  coat 
of  a  cement  walk  which  had  been  laid  20  years 
showed  that  it  expanded  when  immersed  0.000'. 
per  unit  of  length  and  contracted  the  sani' 
amount   when   again   dried. 

(7)  Experiments  with  a  section  of  stucco  twj 
years  old,  from  a  brick  house,  showed  a  linear 
expansion  when  immersed  of  O.OOOS  per  unit  of 
length  in  four  days,  and  a  return  to  its  original 
volume  when  dried. 

(8)  Experiments  with  a  section  of  cement 
walk  in  which  a  sample  of  both  the  top  coursi- 
and  base  were  bound  together  showed  that 
upon  immersion  the  base  reached  its  maximum 
expansion  in  15  minutes,  while  it  took  the  top 
coat  three  days  to  reach  the  same  expansion. 

"This  is  Intel esting  partly  because  of  the 
evidence  of  alternate  bending  stress  in  the  con- 
crete due  to  the  more  rapid  expansion  of  the 
lower  layer  and  partly  bcause  of  the  ultimate 
agreement  in  expansion  of  the  top  and  bottom 
portion."  This  cement  sidewalk  was  in  goo'i 
condition  after  20  years'   service. 

A.  T.  Goldbeck  of  the  U.  S.  Office  of  Publir 
Roads  reports  experiments  on  this  subject  af 
follows : 

The  specimens  used  were  S  ins.  In  cross-sec- 
tions and  5  ft.  long.  They  were  molded  as  col- 
umns so  that  one  end  would  be  absolutely  free 
to  expand  and  contract,  due  to  any  cause.  Dif- 
ferent proportions  by  volume  and  different  con- 
sistencies were  used.  The  specimens  of  very  dry 
consistency  required  hard  tamping  to  consoli- 
date, the  concrete  in  the  mold,  while  those  of 
wet  consistency  were  made  by  simply  puddling 
the  mixture  into  place.  The  amount  of  water 
used  for  the  dry  mixtures  was  8.5  per  cent  of 
the  weight  of  the  dry  materials.  For  the  wet 
mixtures,  from  10  to  12  per  cent  was  used.  The 
materials  entering  the  concrete  mixtures  were 
Portland  cement,  bank  sand  and  %-ln.  crusher 
run  gneiss. 

The    Initial    readings    on    all    specimens    were 
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taken    as    soon    as    the    concrete    had    hardened 
sufflriently   to  remove  the   molds. 

The  specimens  which  were  allowed  to  dry  out 
immediately  after  molding  began  to  shrink  al- 
most from  the  day  they  were  made,  although 
the  very  wet  mixtures  for  the  first  few  days 
showed  a  tendency  toward  slight  expansion, 
amounting  to  about  .00005  in.  in  the  J-ft.  length 
or  specimen. 

The  rate  of  shrinkage  of  the  dry  mixtures  Is 
very  slightly  higher  at  earlier  periods  than  that 
of  the  wet  mixtures.  There  is.  however,  very 
little  difference  between  the  shrinkage  of  the 
different  mixtures,  except  that  the  contraction 
of  the  wet  specimens  is  delayed.  The  unit  con- 
traction of  the  oldest  specimen  of  very  dry 
mixture  is  0.U0052  at  the  age  of  three  months, 
and  the  rate  of  contraction  after  this  age  is 
very  small.  The  results  further  indicate  that 
the  appro.ximate  contraction  of  concrete  of  the 
proportions  and  consistencies  ordinarily  used  is 
0.0005  per  unit  of  length  at  the  age  of  three 
months. 

The  specimens  which  were  kept  moist  showed 
•  xpanslon  as  long  as  they  were  wet.  However, 
as  soon  as  they  dried  out  contraction  began. 
The  indications  are  that  dry  mixtures  are  more 
sensitive  to  expansion  upon  being  moistened 
than  are  the  wet  mixtures.  The  amount  of 
expansion  is,  however,  quite  small,  reaching  as  a 
maximum  approximately  0.0001  per  unit  of 
length.  It  will  be  seen  that  the  rate  of  shrink- 
age of  the  moistened  specimens,  when  allowed 
to  dry  out,  approximates  that  of  the  air-cured 
specimens,  so  that  one  of  the  effects  of  moisten- 
ing the  concrete  for  the  first  few  days  is  to 
delay  the  shrinkage,  it  is  probable  that  ulti- 
mately the  amount  of  contraction  of  both  air 
and  water-cured  specimens  will  be  the  same. 
A  specimen  which  was  kept  in  a  moistened 
condition  continuously,  although  not  expanding 
progressively,  showed  expansion  uj)  to  the  last 
measurement. 

The  results  of  experiments  made  Ijy  tlie 
Bureau  of  Standards  are  sliown  in  Tabic  I.- 

TABLE     I.— RESULTS     OF     TESTS     OF    LIN- 
Ii,\R    EXPANSION    OF    NEAT    CEMENT 
STORED   IN    VARIOUS   MANNERS. 
Test  piece  (1   in.  by  1    in.  by  13   ins.)  neat  ce- 
ment prisms. 

Change  In 
length  per 
uiUt  of  orig- 
inal lengUi. 
-(-O.OOO!);'. 
+  U.0010."i 

-fo.ooiia 

-fO.OOlnZ 
—0.00150 
—0.00167 

—0.00:;  11 

-U.U0285 


Number 

of  ce- 

Manner of 

ments. 

storing. 

i; 

Ill  water 

s 

In  water 

1 

In  water 

:'0 

In  water 

)i 

In  ail 

1.'. 

In  air 

4 

In  air 

10 

In  ail- 

It    was 

noted    th 

Age  of 

test  piece. 

30  days 

30  to  60  days 

120  days 
G  to  9  months 

30  days 

30  to  60  days 

120  days 

G  to  9  months 

..     noted    that    prisms    which     hud     bee^ 

stored  in  air,  when  placed  in  water  at  practi- 
cally any  age,  began  expanding,  the  expansion 
prorciding  in  manner  similar  to  prisms  placed 
direitly  in  water  after  molding.  Similarly, 
prisms  stored  in  water  contracted  when  removed 
and  kept  in  air. 

Note. — The  original  reading  was  taken  on   re- 
moval from  damp  closet  24  hours  after  molding. 


Investigations     have     not     iieeii     extensive 
i'iukIi  to  form  final  conclusfoiis  on  the  eflfcct 
I    iiioisturc    on    expansion    and    contracliun, 
F  l>ut   the    following    statements    may    be    made 
whieh  arc  in  part  applicable  to  concrete  roads. 
Ml  of  the  tests  quoted  above  show  cxpaii- 
Mii  of  neat  cement  and  of  iiiorlar  and  con- 
■  'Tctc   when    the   samples   arc   hardened   under 
water.     The   results   ^how   the  extent   nf   thi< 
■•xpansion  to  he  greater  with  neat  cei'ient  and 
'   decrease  when   the  addition     of     sand     or 
■:irse  aggregate  is  made. 
These  tests  also  show  that  neat  cement  mor 
ir  and  concrete  will  contract  when  h.irdened 
in   air   and   that   the   contraction   of   neat   ce- 
ment is  the  greater,  while  th:a  of  morlnr  oi 
oiicrele  varies  with  the  amnuul    if  'ainl  and 
■arse   aggregate   used   in   ihc   nuxliirc 
They  show  that  to  an  age  "f  J"  years  and 
'possibly    for   all    time,    these  clianncs   inay  be 
looked  for  in  concrete. 

Tlicy  show  that  the  conditi  .n  %vhich  would 
Iirovidc    for    a    decrease    in    m 
jwhcn    the   tcmperatiiri-    it 
crease  in  the  moisture  r^  > 
lierature  decreases  woull  '  i    -^i 
Ail   these   tests   indi.-.iii-    ili.it 


moisture  content  is  very  much  greater  than 
the  effect  of  temperature  change  and  may  be 
sufficient  to  cause  a  stress  in  the  concrete  op- 
posite to  that  which  would  be  caused  by  a 
normal   temperature   change. 

.V  variation  in  the  quality  of  the  concrete 
will  cause  a  variation  in  the  tendency  to  ex- 
pand and  contract  with  change  in  moisture 
content,  as  dense  mixtures  absorb  water  less 
rapidly  than  porous  mixtures. 

If  concrete  of  two  qualities  in  a  road  were 
exposed  to  an  equal  amount  of  moisture  for  a 
short  period,  the  more  porous  of  the  two 
would  have  a  tendency  to  expand  the  most  and 


Fig.  2.      Results  of   Measurements  of   Linear 

Changes  in  Concrete  Slabs  in  a  Concrete 

Road  on  Morris  Turnpike    Near   New 

Village,  N.  J. — Observations  Cover 

One  Year  from  October,  1912. 

Course  G.— Morris  Turnpike,  near  New  Vil- 
lage. N.  .1.;  brand  of  cement.  A;  mixture,  1:2:4: 
width.  10  ft.;  thickness,  (1  Ins.;  sub-base,  old 
macadam  scarified  and  reshaped,  old  crown  not 
entlrelv  rnnnved;  sides  brought  up  somewhat 
with  hew  m-ln.  stone;  tile  drain  on  north 
side  of  icmd:  surface  ilnlshed  with  template  and 
wooden  llnnt.  not  broomed;  surface  of  concrel" 
rovi'rcd  with  dirt  but  not  wet;  concrete  placed 
Oct.  26.  1D12. 

Course  II.- Morris  Turnpike,  near  New  Vll- 
InKC,  N.  .1.;  brand  of  cement.  H;  iiilxlure.  1:2:4: 
width.    10    ft.:    IhlckUfHs.    6    Ins;    sub-base,    old 

macadam  f  ' ' ' '    ■'■■'   '  ■' 

entirely    ri  i 
with    new 
Hide  of   ■ 
fai'f    I 
and    b: 
dirt   iiM'i 

Course    ■' 
lage.  N.  .1. 
width.    16    • 
mac;innin   ^ 
•■ntlrelv    r- ■ 
with    n 
Hide  '■■ 
turn     1 

K'l  'V 

f- 


I.  old  crown  not 
I  up  siunowhiit 
■  Iraln  on  nortli 
..,■  V  111';  Hur- 
floai. 
I    with 

iicnr    .New    VII- 
inUttire.   1:2:4: 


lire    content 

•111    an    in- 

1  the  tcm- 

iilcal  one. 

the   effect   of 


would  have  the  less  slrcnRlh  tn  resist  the 
stresse.<  "■•  <<<■  V-Miming  only  a  •illulu 
change  in  1  ihat  the  fri 

resistance  c   wa«  nnifonu 

more    por^uis   r  .mictc    would    have   to    lUf' 
the    ereatrr    di.'lance.    hifther    tensile    sfrcs<.i 
would  be  set  up  upon  drying  out  and  it  would 
be  the  nmrc  liable  to  crack. 

If  one  course  work  concrete  of  two  qualities 
in  the  same  slab  in  a  road  were  similarly  ex- 


posed, the  same  tendency  would  be  exhibited 
and  this  may.  in  certain  cases,  be  sufhcient 
to  cause  a  separation  of  the  two  concretes  or 
may  cause  a  number  of  small  cracks. 

If  in  two  course  work  the  base  is  of  a 
more  porous  concrete  than  the  top.  the  tend- 
cncv  would  be  to  have  unequal  expansion  and 
contraction  in  the  slab,  due  to  diftererit  mois- 
ture content  in  these  mixtures  causing  the 
bottom  to  move  more  than  the  top  or  vice 
versa.  .Mso  if  the  concrete  road  is  subject 
to  a  heavv  rain  for  a  considerable  length  of 
time  the  bottom  will  be  exposed  to  moisture 
in  the  around  for  a  longer  time  than  the  sur- 
face and  the  surface  will  be  more  or  less  dried 
due  to  exposure  to  the  sun  and  consequently 
the  top  would  tend  to  coiitract  while  the  bot- 
tom would  still  be  expanding. 

THE   EFFECT   OF  E.\P.\NSI0N    .\S0   CO.VTR.^CTIOX    OF 

V.\R1.\TI0N     IN     THE    CONDITION     AND    THE 

CH.VR.^CTER    OF    THE    SUB-B.\SE. 

The  condition  and  character  of  the  sub-base 
would  affect  the  support  of  the  road;  the 
amount  of  moisture  transmitted  to  and  from 
the  concrete:  the  action  of  frost;  and  the 
friction  on  the  bottom  of  the  slab.  All  of 
these  factors  affect  the  expansion  and  con- 
traction of  the  concrete. 

If  the  slab  of  concrete  is  not  uniforiiily  sup- 
ported, sections  may  be  stressed,  causing  ten- 
sion or  compression  in  an  amount  sufficient 
to  exceed  the  strength  of  the  concrete,  result- 
ing in  cracking.  .-X  condition  illustrating  this 
point  mar  be  found  where  a  concrete  road  is 
built  over  an  old  stone  road-bed  of  less  width 
than  that  of  the  concrete  slab.  The  founda- 
tion at  the  sides,  which  is  not  so  compact  as 
that  at  the  center,  will  settle  more,  causing 
expansion  in  the  surface  of  the  concrete  slab 
possibly  sufficient  to  cause  a  crack.  While 
there  is  no  experimental  data  available  defin- 
itely establishing  this  point,  it  is  believed  the 
longitudinal  cracks  in  Course  "C."  N'ew  Vil- 
lage. X.  J.,  may  be  thus  accounted  for. 

The  amount  of  moisture  transmitted  to  and 
from  the  concrete  through  the  sub-base  de- 
pends upon  the  porosity  and  density  of  the 
material  in  the  sub-base.  It  is  believed  that 
this  fact  explains  the  difference  in  the  action 
of  slabs  ploted  in  curves  Fib.  3.  K.  and  Fig.  2. 
Z-3.  and  referred  to  imder  "The  Effect  on 
F.xpansioii  and  Contraction  of  Temperature 
Changes  in  the  Concrete."  The  action  of 
frost  can  only  occur  in  a  sub-base  containing 
moisture  in  localities  in  which  the  tempera- 
ture gets  suflicicntly  low  to  freeze  to  a  depth 
of  the  sub-base.  This  action  is  therefore  de- 
pendent upon  the  porosity  and  capillarity  of 
the  sub-base  m;iterial  and  the  depth  of  the 
water  table  below  the  concrete.  The  cft'ect  of 
freezing  and  thawing  is  to  place  the  slab  in 
stress  which  may  cause  cracking. 

From  observations  made  it  would  appear 
that  the  cracks  usually  occur  dnrini;  a  thaw 
rather  than  during  a  frost  and  this  may  be 
cxphiined  by  the  fact  that  the  heat  may  be 
transmitted  more  rapidly  through  the  should- 
ers than  through  the  center  of  the  road,  caus- 
ing tincqual  settlement.  If  the  heaving  action 
of  frost  docs  cause  cracking  it  is  usually  due 
to  rai^inc  the  edge  of  the  road,  which  will 
;  ■  ::ick  the  lower  side,  which  may  not 

t  until  the  slab  returns  to  its  orig- 
in.il  1  -iiicn  when  the  crack  will  appear  on 
the  upper  surface. 

The  friction  on  the  bottom  of  the  slab  is 
tlrpcndcnt  upon  the  condition  of  the  sub-base. 
The  effect  of  this  friction  is  to  restrain  move- 
ment in  the  concrete ;  therefore  the  tendency 
lo  volumetric  change  due  to  rbanee  in  mois- 


lie  re- 
tresses 
■o   the 
incuts 

Ri : ^   :  :   these 

nly     tlic    effect     of 
1i,'i\c   been   a   theo- 
pcr   unit   length 
'irtiiOIT  per  unit 
,\n    inspection   of    the 
■  irni«   recorded    in   figures    1    to  3   also 
Ills   were   not   in    ac- 
requircments.     The 

cii.iiii;'    III  I >i..,,    ,..,,unt  is  not  known  and 

most  probably  had  something  to  do  with  the 


lure  ciinteni  and  therm.il 
strained.  This  restraint 
in  the  concrete  probably  in 
restraint.  Thin  is  shown  in 
made  by  ^'' 
results    ar. 

■rVil   .    •  .if' 
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Fig.  3.     Results   of   Measurements  of   Linear 
Changes  in  Concrete  Slabs  in  a  Concrete 
Road   on    Easton    Road    Near   Nazar- 
eth,     Pa. — Observations     Cover 
Five  Months  from  June,  1913. 

Course  B. — Easton  Road,  Nazareth,  Pa.; 
brand  of  cement.  D;  kind  of  aggregate,  lime- 
stone; mixture,  1:2:3:  width,  16  ft.;  thickness. 
7%  Ins.  at  center,  a  Ins.  at  sides;  suli-base,  S 
Ins.  Telford,  taken  \ip  and  repLaced  .and  rolled, 
and  top  sealed  with  lo.am;  French  drain  on 
pouth  side  of  road;  concrete  placed  .June  S.  <;.. 
7,  i;i13;  .surface  finished  with  wooden  float  and 
broomed  Crosswise;  concrete  surface  sprinkled 
after  liardeninR  and  covered  with  earth  and 
kept  wet  for  seven  days. 

Course  C. — Kaston  Uo.ad.  Nazareth,  Pa.; 
brand  of  cement.  E;  aggreKatc,  limestone:  mix- 
ture. 1  ::•;.■!:  wldtfi,  IB  ft.:  thickness.  7^4  Ins.  at 
center,  r,  Ins.  at  sides:  sub-base,  R-ln.  Telford. 
brouiTht  to  grade  of  sub-base,  and  sealed  witn 
lo.Tm.  except  niagram  1'  tile  drain  on  north 
side.  French  dr.iin  on  south  side;  concrete 
placed  .June  9.  10,  11,  12,  1913:  surf.ace  flnisjied 
with  wooden  float  and  broomed  crosswise:  con- 
crete surface  sprinkled  .after  hardening  and  cov- 
ered with   earth   and   kent  wet  for  seven  days. 

Course  3 '. — Easton  Uoad.  Nazareth.  Pa.; 
brand  of  cement,  E:  kind  of  aggregate,  lime- 
stone: mixture,  1:2:3:  width,  Ifi  ft.:  thickness, 
"H  1ns.  at  center,  .';  Ins.  at  sides;  sub-base, 
diagrams  k,  1.  m,  over  old  concrete  base  cov- 
ered   with     loam;     diagram    j.     S    ins.    Telford 


brought  to  grade  and  sealed  with  loam;  tile 
drain  on  north  side,  French  drain  on  south  side 
of  road;  concrete  placed  June  9,  10,  11,  12,  1913: 
surface  finished  with  wooden  float  and  broomed 
crosswise;  concrete  surface  sprinkled  after 
hardening  and  covered  with  earth  and  kept  wet 
for  seven  days. 


fliscrepancies.  Thus  the  actual  movement  ob- 
served by  Mr.  Spackman  due  to  temperature 
may  have  been  greater  or  less  than  that  in- 
dicated by  tlic   figures. 

The  longitudinal  grade  of  the  road  would 
affect  the  friction  on  the  bottom  of  the  slab. 
On  a  -5.2  per  cent  grade  on  Morris  Turnpike 
a  slab  30  feet  long  was  observed  to  have 
nioved  down  hill,  the  joint  at  the  upper  end 
of  the  slab  being  decidedly  open  while  the 
lower  end  of  the  slab  slid  upward  on  the  ad- 
joining slab.  The  joint  in  this  case  was  not 
perpendicular  to  the  slab.  Measurements  also 
substantiate  the  above  conditions.  This  slid- 
ing may  have  been  assisted  by  changes  in  the 
thennal  and  moisture  content  of  the  concrete. 

THK  UFFl-CT  OF  TR.\FFIC  ON   EXP.\NSI0N   .\Nll  CON- 
TR.^CTION. 

The  expansion  and  contraction  of  concrete 
is  probably  the  least  affected  by  loads  brought 
upon  the  road  by  traffic  than  by  any  of  the 
above  mentioned  causes.  The  effect  is,  how- 
ever, not  to  be  neglected,  particularly  when  it 
acts  in  conjunction  with  an  uneven  settle- 
ment of  the  sub-base,  similar  to  that  hereto- 
fore mentioned  of  a  slab  being  placed  over 
an  old  stone  road  of  less  width  than  that  of 
the  concrete.  The  result  would  be  cantilever 
or  beam  action  and  the  consequent  throwing 
into  tension  the  top  of  the  slab,  which  may 
cause  cracking. 

Application   on   Present   Knowledge   to   the 

Prevention  of  Cracks  in  Concrete  in 

Concrete  Roads. 

Tlicre  arc  a  great  many  factors  affecting 
the  expansion  and  contraction  of  concrete  in 
concrete  roads,  and  in  order  to  present  the 
available  data  in  a  clear  and  concise  form 
your  Committee  has  prepared  a  list  of  ques- 
tions covering  conditions  which  might  arise  in 
the  mind  of  the  engineer  as  influencing  ex- 
pansion and  contraction.  These  questions 
have  been  answered  in  accordance  w'ith  the 
available  data. 

Cracks. — Your  Committee  believes  that  with 
a  proper  understanding  of  the  physical  phe- 
nomena affecting  the  expansion  and  contrac- 
tion of  concrete  in  roadways,  cracking  can 
be   eliminated. 

( 1 )  Longitudinal'cracks  usually  do  not  oc- 
cur until  seasonal  changes.  Transverse  cracks 
may  occur  at  any  time  but  the  majority 
should  occur  during  the  first  dry  season. 

(2)  Transverse  cracks  are  probably  due 
to  a  favorable  combination  of  moisture  con- 
tent in  the  concrete  and  atmospheric  tem- 
perature conditions,  together  with  a  restraint 
induced  by  the  condition  of  the  sub-grade. 
They  may,  however,  be  caused  by  an  unstable 
foundation. 

(3)  I.-ongitudinal  cracks  are  probably  in 
the  majority  of  cases  caused  by  an  unstable 
condition  of  the  sub-base,  although  they  may 
be  caused  by  a  favorable  combination  of 
moisture  content  in  the  concrete  and  atmos- 
pheric temperature  conditions  together  with 
a  restraint  induced  by  the  condition  of  the 
sub-grade.  The  latter  is  particularly  effective 
if  the  sub-base  is  crowned. 

(1)  Diagonal  cracks  are  probably  most 
commonly  caused  by  a  combination  of  mois- 
ture content  in  the  concrete  and  atmospheric 
temperature  to.gether  with  a  restraint  induced 
by  the  condition  of  the  sub-base.  In  rare 
cases  they  mav  be  caused  by  the  above  com- 
bination and  longitudinal  restraint  along  one 
side  when  abutting  a  rough  structure. 

nffi'cl  of  Quality  on  Crackinq. —  (.5)  The 
best  mixture  is  the  one  which  is  the  most 
dense  and  which  will  reduce  to  a  minimum  the 
absorption  of  moisture,  but  it  should  also 
liave  a  strength  of  at  least  1,500  lbs  per 
square  inch  at  the  end  of  28  davs. 

(6)  Concrete  should  be  mixed  in  such  a 
wav  as  to  give  a  product  of  uniform  quality. 

(7)  Concrete  should  be  placed  in  such  a 
manner  as  to  give  a  uniform  quality  of  con- 


crete in  place  and  to  prevent  loss  of  water. 

(8)  The  sub-base  should  in  all  cases  be 
thoroughly  w-et  so  as  to  prevent  absorption  of 
moisture  from  the  concrete  and  thus  cause 
a  rapid  drying  out  of  the  concrete. 

(9)  The  concrete  should  be  cured  in  such 
a  way  that  it  will  retain  its  own  moisture 
and  receive  sufficient  additional  moisture  until 
it  is  strong  enough  to  resist  the  shrinkage 
stresses  induced  by  drying  out. 

Relation  of  Slab  Length  to  Cracking  - 
(10)  The  maximum  permissible  length  >  t 
slabs,  of  similar  design,  on  a  firm  foundation, 
on  a  light  or  flat  grade  will  vary  with  the 
climatic  conditions.  In  localities  where  there 
is  little  rainfall,  as  in  .A.rizona  or  the  .San 
Joaquin  Valley  in  California,  the  slab  length 
probably  should  not  exceed  25  ft.  This  len.ytli 
lias  been  determined  by  an  analysis  of  a  re- 
port  by   A.    B.   Fletcher,   State   Highway    I'n- 


Fig.    4.     Results    of     Measurements     Across 

Various    Types    of    Joints    in     Concrete 

Road  on  Morris  Turnpike  Near  New 

Village,    N.   J. 

One  layer — two  ply  tar  paper;  Course  A. — Be- 
tween diagrams  a  and  b;  (slab  a  =  78  ft.,  b  = 
52   ft.). 

One  layer — tv»'o  ply  tar  paper;  Course  B. — Be- 
tween diagrams  c  and  d;  (slab  c  =:  5*  ft.,  d  = 
57  ft.). 

Crack. — Course  B;  test  of  diagram  c;  (slab  c 
=  no  ft.,  adjoining  slab  =:  42  ft.). 

Crack. — Course  C:  between  diagrams  e  and  f; 
(slab  e  =  44  ft.,  f  =  70  ft.). 

One-quarter  in.  wide;  bituminous  joint.— 
Course  D;  east  of  diagram  h;  (slab  h  =  49  ft., 
adjoining  slab  =  47  ft.). 

Two  layers  2  ply  t<ar  paper  and  one  Baker 
nlate. — Course  E. — Between  diagrams  i  and  J; 
(slab  1  =  30  ft.,  slab  j  =  30  ft.). 

Two  layers  2  ply  tar  paper  and  2  Baker  plates. 
Course  G. — Between  diagrams  u  and  v;  (slab  U 
=:   2.-.  ft.,  V  =  23  ft.). 

Two  layers  2  ply  tar  paper  and  2  Baker  plates. 
Course  ,T. — Between  diagrams  z,i  and  z,;  (slao 
z,  —  30  ft.,  z,  =  30  ft.). 


I 


giiieer  of  California,  on  the  cracking  of  a 
monolithic  road,  together  with  a  knowledge 
of  the  results  of  measurements  obtained  by 
the  Bureau  of  Standards.  In  localities  where 
the  rainfall  is  intermittent  and  the  grouiid 
water  rises  in  cool  seasons  and  lowers  in 
warm  seasons,  similar  to  conditions  which  nh- 
tain  east  of  the  Mississippi  River,  the  slab 
may  vary  in  length  from  30  ft.  to  a  continu- 
ous slab.  While  the  30-ft.  slab  may  be  re- 
garded as  a  minimum  length,  from  economical 
considerations,  the  results  of  experiments  in- 
dicate that  cracks  are  quite  likely  to  occur 
under  certain  conditions  even  in  this  length- 
In  many  cases  it  will  be  observed  that  even 
in  short  slabs  only  slight  motion  has  occurred 
at  the  ends,  although  there  has  been  consid- 
erable motion  within  the  slab,  which  has 
been   absorbed   at   points   of   restraint.     Other 
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factors   affecting   the    length   of   the   slab   are 
discussed    in    other    questions. 

(11)  The  data  available  to  the  Committee 
would  indicate  that  the  length  of  the  slab  for 
the  same  sub-soil  conditions  does  not  affect 
longitudinal  cracking.  It  is,  however,  inter- 
esting to  note  that  in  a  report  by  A.  N.  John- 
son, State  Highway  Engineer  of  Illinois,  is  to 
be  fiiund  a  statement  that  in  roads  constructed 
by  him  in  1012  with  a  total  length  of  2.3 
miles  he  finds  9.1  slabs  per  mile,  cracked 
longitudinally,  transverse  joints  being  spaced 
from  -jO  to  lOO  ft.  apart,  on  roads  IC  to  18 
ft.  in  width.  .\  report  of  F.  F.  Rogers,  State 
Highway  Commissioner  of  Michigan,  on  the 
Wayne  County  Roads,  shows  that  on  roads 
constructed  in  1012  with  a  total  of  9.6  miles, 
9..")  slabs  per  mile  cracked  longitudinally, 
transverse  joints  being  spaced  23  ft.  apart  on 
roads   l-j  and   16   ft.  in  width. 

(12)  The  length  of  slab  should  vary  with 
the  quality  of  the  concrete.  In  a  short  time 
a  ilenser  concrete  will  absorb  less  moisture 
and  consequently  will  have  less  tendency  to 
move;  it  will  also  have  greater  strength  to 
resist  stresses  induced  by  restraint  of  the 
sub-base.  A  dense  concrete  is  particularly  of 
value  where  subjected  to  intermittent  wetting 
and  drying.  In  a  dry  climate  where  plenty  of 
water  is  not  available  for  curing  the  slab 
length  should  not  exceed  20  ft. 

(13)  The  length  of  the  slab  should  not 
be  the  same  for  all  sub-soil  conditions.  If 
the  su!)-soil  is  of  unstable  material  the  length 
of  the  slab  must  be  shorter  than  for  a  condi- 
tion in  which  the  sub-soil  is  stable. 

(II)  If  there  is  a  distinct  variation  along 
the  length  of  the  road  in  the  materials  of 
which  the  sub-base  is  constructed  a  joint 
should  be  placed  where  the  change  takes  place. 
This  is  necessary  because  of  the  change  in 
the  frictional  restraint  offered  by  different 
materials  and  also  because  of  the  difference  in 
the  porosity  which  changes  the  moisture  con- 
ditions. 

(!•"))     The   length   of   the  slab   should   vary 
with   the  condition  of   the  sub-grade.     If  the 
~ub-grade  could  be  made  very  smooth  so  that 
;i   more  or  less  uniform    frictional   resistance 
would  be  obtained   throughout  the   length   of 
the   slab,   it   would   perhaps   be   the    most   de- 
sirable condition,  but  as  this  is  not  obtainable 
t   is  believed   that  a  more   or  less  uniformly 
ougli    sub-grade-  is   preferable  to   a   so-called 
"smooth"    sub-grade.      This    is    explained    by 
he   fact  that  the  rough   sub-grade  will   make 
.-acli    small    section    in    the    slal)   care    for    its 
rii|ortionate   share   of  the  stress  induced  by 
friiiional   restraint,   while  if  the   sub-grade   is 
io-called  "smooth"  there  will  lie  rough  places 
n  it  at  intervals  which  will  place  upon  certain 
;cctii,ns   undue  stresses,   which   therefore   will 
IC   more   liable   to   cause  cracks.     If   there   is 
my   decided   change  along  the   length   of   the 
•oad    ill    the   condition   of   smoothness   of    the 
•ub-graile    a    ioiut    should    be    placed    at    the 
loint   where  this  change  occurs. 
If  the  sub-grade  is  so-called  ".smooth"  on  a 
grade,    the    permissible    length    of    slab 
•  I  not  I)e  as  long  as  a  light  grade,  there 
I  1   i;   a  tendency  to  slide  down   hill  and  thus 
dil  ;icl<li(icinal  stress  to  that  imposed  by  inois- 
ure  and   temperate  change. 
'Ill)     If  the  grade  is  sleep  the  slab  should 
orfer  in  length  than  that  used  on  a  flat 
A   joint    should   be   placed   at   all   dc- 
i  changes  in   grade. 
1  H)      It  wouM   appear  that  the  slabs  could 

■  iii.irlo  longer  if  constructeil  (hiring  the  fall 
r    winter,    in    localities    where    not    viil>ieilrrl 

■  Mre/ing.  than  if  constructed  in  lilluT  the 
liiiim  or  sunnner,  although  there  is  not  suf- 
I'l.iit   data   available   to     determine     whether 

il  wo\iId  permil  of  an  appreciable  change 
I  'iTi,^lli.  Concliiiniis  indicate  that  concrete 
nil  in  the  fall  is  probably  i-ot  siilijected  to 
iri-s  .IS  nnich  during  the  rir>t  i'<u-  ni..nths, 
I'l    the  tendency   to   increase   in   length   due 

■  inciisture  is  coimteracled  by  the  tendency 
i  'Inrrase  in  length  due  to  Icmperalure. 

Ill')     The     experimental     results     indicate 

i:it  there  was  greater  movement  of  the  ron- 

rttc  covered   with   a   bituminous  carpet   than 

i'b  concrete  uncovered.     This  is  indicated  in 

■  s  shown  in   ['"ig.   1  of  covered  and  un- 


covered slabs.  If,  upon  further  investigation, 
this  condition  is  found  to  hold  true  the  slab 
length  would  probably  have  to  be  varied.  The 
reason  for  the  greater  movement  noted  is 
probably  to  be  explained  by  the  fact  that  a 
dark  surface  absorbs  more  sun  heat  and  the 
bituminous  coating  holds  for  a  longer  period 
any  moisture  which  gets  beneath  it. 

(2(-i)  The  length  of  the  slab  may  be  made 
greater  for  a  greater  thickness  of  slab.  The 
increased  friction  caused  by  increased  weight 
is  proportionately  less  than  the  increased  abil- 
ity of  the  concrete  to  resist  stress.  Sufficient 
data  are  not  available  to  give  a  relative  figure. 

(21)  It  is  not  believed  that  traffic  need  be 
considered  in  determining  the  length  of  the 
slab. 

(22)  There  would  tend  to  be  a  greater 
movement  in  a  wide  or  elastic  joint  than  in 
a  narrow  or  unelastic  one  and  since  cracking 
occurs  during  contraction  there  would  be  less 
movement  with  a  tight  joint;  a  tight  joint 
therefore  would  permit  of  a  longer  slab.  It 
is  not  known,  however,  that  this  factor  is 
sufficiently  appreciable  to  be  considered  in 
determining  the  length  of  the  slab. 

Relation  of  Cross  Section  of  Slab  to  Crack- 
ing.—  (23)  A  concrete  road  laid  on  a  crowned 
sub-base  would  be  the  most  liable  to  crack 
longitudinally  and  on  a  dished  sub-base  the 
least  liable  to  crack.  The  resistance  offered 
to  contraction  of  a  slab  with  a  crowned  sub- 
base  is  greater  than  that  offered  by  either  a 
dished  or  flat  sul>base,  because  the  concrete 
must  move  against  the  effect  of  gravity.  With 
the  dished  sub-base  the  concrete  contracts 
with  the  effect  of  gravity  and  therefore  is 
stressed  the  least. 

(24)  The  cross  section  having  the  greatest 
thickness  at  the  center  with  a  dished  sub-base 
would  offer  the  greatest  resistance  to  longi- 
tudinal cracking;  the  cross  section  having 
the  least  thickness  at  the  center  with  a  crowned 
sub-base  would  offer  the  least  resistance  to 
longitudinal  cracking. 

(2-j)  It  is  not  believed  that  transverse 
cracks  are  in  any  way  affected  by  the  width 
of  the  slab.  The  data  available  to  the  com- 
mittee would  indicate  that  the  width  of  the 
slab  for  the  same  sub-soil  conditions  does 
not  affect  transverse  cracking. 

(26)  The  slab  should  have  its  greatest 
thickness  at  the  center  no  matter  where  the 
longitudinal   drain   is   placed. 

(27)  Over  an  unstable  sub-soil  the  slab 
should  be  made  of  greater  thickness  through- 
out the  width  than  over  a  stable  sub-soil,  with 
the  greatest  thickness  at  the  center. 

(28)  It  is  not  necessary  to  vary  the  de- 
sign of  the  cross  section  of  a  slab  with  the 
condition  of  the  sub-grade. 

(29)  The  dished  is  the  preferable  design 
tmdcr  all  climatic  conditions,  especially  in 
arid  regions. 

(30)  The  dished  sub-base  is  the  preferable 
cross  section  for  all  seasons  and  especially  so 
if  the  concrete  is  laid  during  the  dry  season. 

(31)  The  wider  the  road  the  thicker 
should  he  the  slab. 

(32)  It  is  not  necessary  to  vary  the  de- 
sign of  the  cross  section  with  the  length  of 
the  slab. 

(33)  A  concrete  road  which  must  with- 
stand heavy  and  concentrated  Iraftic  n<usl  he 
maile  thicker   than    for  light   Iraftic. 

The  I'dliie  of  Neinforceiiieiil  in  Prevenlinij 
Crackinii.—  CM)  Reinforcement  will  be  of 
value — (a)  When  the  foimdations  are  un- 
certain; (b)  in  regions  where  there  is  little 
rainfall  and  long  or  wide  slabs  are  desired; 
(c)  in  regitms  where  there  is  insufficient 
water  for  curing;  (d)  when  it  is  necessary 
to  have  a  thin  slab:  (e)  when  a  drcidc<l 
change  in  gra.!  (f)   when  the  move- 

ment  of   the  restrained   at    street 

intersections  im  ■  h  imirs,  if  juiuls  caiumt  be 
placed  properly;  fg)  when  the  wiilth  of  the 
slab  is  greater  than  'l'<  •'  1 1'  '  when  it  is 
necessary    to    crown    lli.  Ir    anil    the 

slab  can    not   be   made   ■  ;    the   crown 

than  nt   the   sides. 

(35)  Only  fabricated  »tccl  .should  Ik  used 
and  that  form  which  will  give  the  greatest 
distribution. 

(30)     The    quantity   of    reinforcement    can 


only  be  determined  by  an  analysis  of  the  con- 
ditions  affecting  each   specific  case. 

(37)  If  uncertain  sub-soil  conditions  tend 
to  cause  a  settlement  on  the  sides  of  the  road, 
which  is  the  most  common  condition,  the 
reinforcement  should  be  near  the  top.  If  set- 
tlement is  apt  to  occur  within  the  center  of 
the  slab  the  reinforcement  should  be  placed 
near  the  bottom,  and  where  the  whole  of  the 
sul)-base  is  uncertain  the  reinforcement  shoiild 
be  placed  near  both  top  and  bottom.  Rein- 
forcement to  resist  stresses  due  to  tempera- 
ture and  moisture  changes  should  be  placed 
near  the  bottom  of  the  slab.  The  stresses  set 
up  by  a  change  in  temperature  are  insignifi- 
cant, except  in  arid  regions,  compared  with 
those  set  up  by  moisture  changes,  and  ordi- 
narily reinforcement  to  provide  for  tempera- 
ture  stresses   is   unnecessary. 

(38)  The  slab  length  may  be  anywhere 
from  20  ft.  to  continuous  depending  upon  the 
many  elements  entering  into  the  problem. 

(39)  The  widest  pavement  without  cracks 
within  our  knowledge  is  40  feet.  It  is  prob- 
able wider  pavement  can  be  constructed. 

(40)  It  would  appear  that  if  properly 
designed  a  thinner  slab  may  be  used  if  reiii- 
forced.  Definite  information,  however,  is 
lacking   to    exactly   determine   this    fact. 

(41)  The  conditions  of  construction  af- 
fecting cracking  apply  to  plain  concrete  slabs 
as  well  as  to  reinforced  slabs. 

The  Effect  of  Joints  on  Cracking. — (42) 
The  purpose  of  joints  is  to  relieve  the  stress 
which  might  be  induced  by  a  volumetric 
change  in  the  concrete  caused  by  change  in 
moisture  content  or  temperature  and  to  care 
for  unstable  foundation  conditions.  The  Com- 
mittee has  no  evidence  of  the  failure  of  slabs 
in  concrete  roads  due  to  buckling,  crushing 
or  spalling  and  therefore  consider  the  joint 
as  primarily  for  the  purpose  of  taking  care 
of  contraction. 

(43)  If  a  concrete  road  is  constructed 
without  considering  the  affecting  factors, 
with  the  idea  that  nature  will  provide  cracks, 
it  will  crack,  but  before  doing  so  it  will  cause 
a  weakening  of  the  concrete  for  some  dis- 
tance on  each  side,  which  may  result  in  a  par- 
tial disintegration  of  the  roa<l.  This  is  evi- 
denced by  short  forked  cracks  appearing  run- 
ning off  from  the  main  crack.  The  cracks  thus 
formed  will  gradually  lengthen  with  time  and 
will  not  only  be  irregular  in  alignment  but 
they  will  not  l>e  vertical. 

(II)  The  width  of  the  joint  controls  the 
longitudinal  movement  of  the  slab.  .-\  great- 
er width  will  allow  of  greater  movement,  con- 
sequently the  slab  will  be  more  liable  to  crack 
upon   contracting.   See   Fig.  4. 

(45^  A  joint  should  be  constructed  as  a 
contraction  joint  with  little  or  no  room  pro- 
vided for  expansion,  as  all  stresses  in  the  con- 
crete caused  by  expansion  are  compressive 
and  may  be  absorbed  by  the  concrete ;  later, 
upon  contraction  there  will  be  little  movement 
and  therefore  only  small  tensile  stresses  will 
be  induced  and  there  will  be  less  liability  of 
cracking. 

(40)  Experimental  results  show  that  only 
the  movements  occurring  near  the  ends  of 
the  slab  are  usually  transmitted  lo  the  joints. 

(47)  :\  filler  should  not  be  too  elastic  to 
comply   with   the   conditions   set   forth   in    14. 

(  4S  )  There  are  no  availa''''  ■' ■'  i  'o  show 
the  ditTerencc  in  effect  of  di  1  square 

ioinis    on    expansion   and   c  .\ny 

joint,  however,  should  be  perpendicular  so 
as  to  give  proper  iK-aring  between  adjoining 
slabs  when  they  expand. 

49)  It  is  ncces.sarv  to  provide  a  longitudinal 
joint  between  the  pavement  and  an  adjoining 
structure  if  the  adjoining  striicturc  is  rough 
and  will  cause  longitudinal  i  r  if  the 

alinlting  structure  will  not  :cnt  re- 

.si.stancc  lo  prevent  being  pii^.,. l  place. 

(.'ifl)  Joints  should  be  placed  at  street  in- 
lerscolions  and  at  sharp  curves  so  as  to  al- 
low of  free  movement,  wherever  the  <»ncretc 
is  restrained. 

The  Effect  of  Character  and  Condition  of 
Siih-Rnse  mi  Cracking.— (!i\)  A  rough  sub- 
grade  is  preferable  since  a  very  smooth  snb- 
gradc  is   impracticable  to  construct. 

(52)     The   sub-base   should    be   very   dense 
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but  not  entirely  impervious.  Where  a  rich 
mixture  is  used  in  the  construction  of  a  road 
it  would  tend  to  dry  out  unduly,  causing  ex- 
cessive contraction.  If  a  smooth  sub-grade 
could  be  provided  so  that  the  friction  would 
be  reduced  to  a  minimum  it  might  be  desir- 
able to  have  an  impervious  sub-base,  but  this 
condition  is  very  difficult  to  obtain. 

(53)  It  is  desirable  to  have  the  sub-base 
uniformly  and  thoroughly  compacted  so  as  to 
prevent  uneven  settlement. 

(54)  The  sub-base  should  be  dished. 

(55)  It  would  be  desirable  to  have  the 
sub-grade  roughened  on  a  steep  longitudinal 
grade. 


Methods  and  Cost  of  Constructing  at 

Clinton,  Iowa,  Concrete  Pavement 

with  Bituminous  Surface. 

General  methods  and  cost  of  constructing 
at  Clinton.  la.,  bituminous  coated  concrete 
pavement  are  given  in  a  paper  by  J.  G.  Thorne, 
City  Engineer,  in  a  paper  before  the  Iowa 
Engineering  Society.  An  abstract  of  this 
paper  follows : 

The  City  Council  decided  to  ask  for  bids 
upon  two  kinds  of  pavement,  plain  concrete 
and  bituminous  coated  concrete.  The  contract 
for  paving  with  bituminous  coated  concrete 
was  let  at  $1.18  per  square  yard.  Briefly  the 
specifications   were   as    follows ; 

After  the  proper  subgrade  was  prepared 
and  rolled  a  single  course  of  Portland  cement 
concrete  base,  uniformly  6  ins.  in  thickness, 
was  placed.  The  cement  used  conformed  to 
the  standards  of  the  American  Society  for 
Testing  Materials.  The  mixture  was  com- 
posed of  one  part  of  Portland  cement  to  two 
parts  sand  and  four  parts  broken  stone,  or 
ifgravel  was  to  be  used  as  the  a.ggregate  the 
mixture  must  be  in  the  proportions  of  one 
part  of  cement  and  six  parts  of  clean  washed 
river  .gravel.  Suitable  expansion  joints  were 
provided  everv  25  ft.  across  the  roadway.  The 
transverse  joints  were  not  greater  tlian  %  in. 
in  thickness  and  the  longitudinal  joints  along 
each  curb  were  1  in.  in  thickness.  These  joints 
extended  the  entire  depth  of  the  pavement 
and  were  tilled  with  asphalt  to  within  %  in. 
of  the  top.  .\fter  the  concrete  had  been  laid 
as  above  specified  and  was  perfectly  clean 
and  absolutely  dry  the  bitumen  was  spread 
over  the  entire  surface  using  not  less  than 
%  nor  more  than  %  gal.  to  each  square  yard 
of  pavin.e.  The  bitumen  was  applied  at  a 
temperature  of  not  less  than  175°  F.  nor 
more  than  225°  F.  In  spreading  this  bitumen 
we  found  that  a  temperature  of  225°  F..gave 
the  best  .satisfaction.  Immediately  following 
the  spreading  of  the  bitumen  there  was  spread 
over  the  entire  surface  a  uniform  layer  of 
dry,  clean  river  gravel,  graded  by  screenings 
through  proper  screens.  Not  less  than  1  cu. 
yd.  of  gravel  was  used  for  150  sq.  yds.  of 
surface.  Enough  of  gravel  was  applied  at  all 
times  so  that  the  black  surface  of  the  bitumen 
was  entirely  covered.  No  bitumen  was  ap- 
plied when  the  temperature  was  below  10°  F. 
and  the  gravel  was  applied  when  the  bitumen 
was  sufficiently  soft  to  unite  with  it.  After 
the  gravel  was  spread,  the  street  was  kept 
closed  for  a  period  of  not  less  than  two  hours. 
One  of  the  chief  difficulties  encountered  in 
the  construction  of  this  paving  was  the  se- 
curing of  clean  gravel  for  the  concrete  base. 
Several  barge  loads  were  rejected  at  different 
times  in  order  to  secure  the  nroper  material. 
The  gravel  which  contained  clav  or  river  silt 
would  tend  to  destroy  the  bond  between  the 
top  coat  and  the  base,  thus  producing  a  fail- 
ure. It  was  also  difficult  to  get  the  concrete 
base  absolutely  dry  and  clean  before  the  ap- 
plication of  the  bitumen  and  only  the  most 
rigid  inspection  secured  this  result!  The  con- 
crete base  was  gone  over  with  heavy  street 
brooms  two  or  three  times  and  once  with  a 
house  broom  in  the  endeavor  to  remove  all 
foreign  substances  which  had  collected.  The 
gravel  for  the  top  coat  was  obtained  from 
special  beds  near  Bellevuc.  Iowa.  The  gravel 
was  first  screened  at  Bellcvtie  by  the  dredging 
company,  which  took  out  all  the  larger  sizes, 
and  then  screened  again  by  the  contractor, 
who  used  two  screens  set  inlhe  shape  of  the 


letter  A.  The  first  screen,  %-in.  mesh,  was 
inclined  67%°  with  the  pavement  and  the 
other,  Vi-in.  mesh,  was  set  vertical.  By  using 
these  two  screens  the  coarse  and  fine  parts 
of  the  gravel  were  eliminated  and  the  medium 
sized  peblbes  only  were  retaind. 

The  bituminous  coated  concrete  paving  in 
Clinton  consists  of  28,000  sq.  yds.  in  two  con- 
tracts, the  price  being  as  previously  stated, 
$1.18  per  square  yard.  I  have  no  knowledge 
whatever  as  to  the  cost  of  the  bitumen  or  the 
royalty  paid.  We  have  two  blocks  of  plain 
concrete  paving,  one  year  old,  consisting  of 
4,600  sq.  yds.  which  were  coated  with  Dolar- 
way  bitumen.  The  price,  including  the  labor 
and  all  materials,  was  15  cts.  per  square  yard. 
The  cost  of  the  construction  of  this  type  of 
pavement  varies  considerably  with  the  lo- 
cality and  prices  of  materials.  The  price  of 
cement  averaged  $1.30  per  barrel,  net;  gravel, 
$1.25  per  cubic  yard,  delivered  on  the  street; 
labor,  $2.25  per  ten-hour  day,  and  teams  $5 
per  ten-hour  day.  The  wages  in  Clinton  dur- 
ing the  year  1913  were  somewhat  higher  than 
usual,  which  may  be  attributed  to  the  fact 
that  there  were  four  paving  contracts  aggre- 
gating 86,000  sq.  yds.  in  addition  to  all  the 
public  and   private  work  in  the   city. 

As  a  basis  of  comparison  I  have  taken 
two  types  of  pavement — bituminous  coated 
and  vitrified  brick.  Owing  to  the  inevitable 
tearing  up  of  the  streets  we  will  assume  that 
the  life  of  any  concrete  base  is  only  40  years. 
The  estimated  life  of  a  surface  for  bituminous 
coated  concrete  pavements  and  brick  pave- 
ments has  been  limited  to  the  period  during 
which  it  is  believed  that  the  surface  can  be 
economically  kept  in  repair.  In  comparing 
the  annual  cost  of  these  two  types  of  pave- 
ment it  must  be  assumed  that  the  kind  or 
the  type  of  the  pavement  is  selected  with  due 
regard  to  traffic  conditions.  It  is  also  as- 
sumed that  ordinary  repairs  will  be  made 
promptly  and  efficiently  so  as  to  keep  the 
surface  in  a  satisfactory  condition  at  all  times. 

The  comparison.  Table  I,  serves  to  show 
the  relation  in  the  annual  cost  per  square 
yard  between  a  low  and  a  medium  priced 
pavement. 


TABLE  I. 

Bituminous 
coated  con- 
crete paving. 

n.i8 

First  cost    $0.0295 

40 

Life   of   base 40  yrs. 

Ijlte  of  surface 5  yrs. 

Maintenance  per  sq. 

yd.    per   year .01 

Tnt.  on  original  in- 
vestment,   6   pet. .  .1.1SX.0C-.070S 

Cost  of  renewing 
face    15 

-Annuity  required 
for  replacement  of 
surface,   4  pet 0276 

.Average  annual  cost     .1084 


Vitrifiea 
brick  pav- 
ing on  con- 
crete base. 
$1.80 
• $0,045 

40 
40  yrs. 
20  yrs. 


1. SOX. 06-. 108 
1.25 


.042 
.15 


The  above  price  of  $1.18  for  bituminous 
coated  concrete  and  $1.80  per  sqiiarc  yard  for 
vitrified  brick  are  the  contract  prices  for  pav- 
ing in  Clinton  in  1913.  The  life  of  the  sur- 
face has  been  assumed  to  be  five  years  for 
bituminous  coated  concrete  and  twenty  years 
for  brick,  at  the  end  of  which  time  the  en- 
tire surface  must  be  renewed.  In  view  of 
the  fact  that  the  bituminous  coated  surface  is 
to  be  renewed  every  five  years,  I  believe  that 
1  ct.  per  square  yard  averaged  over  the  whole 
contract  is  sufficient  for  ordinary  repairs  or 
patch  vi-ork.  Barring  accidents,  tearing  up, 
etc.,  it  is  safe  to  say  that  the  brick  will  not 
need  repairs  in  twenty  years.  I  know  of  cer- 
tain streets  in  Clinton  which  were  paved  with 
brick  on  crushed  rock  base  twenty  years  ago 
and  with  the  exception  of  trench  replacements 
the  pavements  have  not  receiyed  repairs  of 
any  kind.  The  cost  of  renewing  the  surface 
per  square  yard  I  have  estimated  for  bitumi- 
nous coated  concrete  at  15  cts.  and  for  brick, 
$1.25. 

Under  the  heading  of  annuity  I  have 
stated  the  sum  that  must  be  placed  in  a  sink- 
ing fund  each  year,  which  with  compound  in- 
terest at  4  per  ycent  will  equal  $0.15  in  five 
years  for  bituminous  coated  concrete  and 
$1.25  in  twenty  years  for  brick  surface. 


The  average  annual  cost,  which  is  the  sum 
of  the  maintenance,  interest  and  replacements, 
shows  $0.1084  for  bituminous  coated  con- 
crete and  $0.15  for  brick,  a  difference  of 
$0.0416.  In  other  words  the  property  owners 
or  city  must  pay  .04  per  square  yard  per  year 
for  the  privilege  of  having  a  brick  surface 
instead  of  bituminous  coated  concrete  sur- 
face; or  the  brick  pavement  at  $1.80  per 
square  yard,  which  is  equal  in  annual  cost 
to  that  of  the  bituminous  coated  concrete 
paving,  would  have  to  last  about  100  years 
without  repairs  of  any  kind.  In  comparing 
these  types  of  paving  I  have  also  given  the 
brick  the  benefit  of  the  doubt  in  regard  to  the 
repairs  as  most  authorities  show  that  brick 
surfaces   require   some   repairs. 

By  these  comparisons  I  do  not  mean  to  in- 
fer that  bituminous  coated  pavements  are  al- 
ways more  economical  than  the  brick  for  all 
resident  streets.  I  contend  that  the  locality 
should  always  be  taken  into  consideration  be- 
fore any  definite  statement  can  be  made  as 
to  the  relative  efficiency  of  the  different 
classes  of  paving. 

The  following  advantages  and  disadvantages 
of  bituminous  coated  concrete  paving  might 
be  beneficial  in  deciding  which  type  of  pave- 
ment is  suited  to  the  street  proposed  to  be 
improved. 

Advantages  of  Bituminous  Coated  Concrete 
Paving. — (1)  Low  first  cost.  (2)  Easily  re- 
paired at  low  cost.  (3)  Easily  cleaned.  (4) 
Comfortable  to  ride  over.  (5)  Pleasing  to  the 
eye.  (6)  Does  not  absorb  street  liquids,  is  im- 
pervious. (7)  Practically  noiseless.  (S)  Pro- 
duces no  dust  or  mud.  (9)  Low  tractive  re- 
sistance. (10)  Good  footing  for  horses.  (11) 
Does  not  reflect  or  radiate  heat. 

Disadvantages  of  Bituminous  Coated  Concrete 
Paving. — (1)  Need  of  repairs  at  reg:ular  inter- 
vals. This  protably  is  the  most  serious  disad- 
vantage of  this  type  of  pavement,  as  we  are 
never  sure  that  the  succeeding  city  officials  will 
understand  or  even  care  how  the  paving  is  being 
cared  for.  (2)  The  liability  of  being  roughened 
by  the  stamping  of  horses  standing  in  one  place, 
especially  when  the  paving  is  new.  (3)  Rigid 
inspection  required  in  order  to  secure  a  pave- 
ment that  will  not  be  an  absolute  failure.  This 
may  not  be  classed  as  a  disadvantage,  neverthe- 
ness,   it  is  a  most   important  factor. 

The  bitumen  used  in  coating  concrete  sur- 
faces should  be  a  tar  from  which  the  volatile 
portions  below  200°  C.  have  been  almost 
completely  driven  off  by  heating,  thus  giving 
the  substance  the  proper  consistency.  One  of 
the  most  important  constituents  is  the  free 
carbon  (matter  insoluble  in  carbon  disul-. 
phide)  as  that  substance,  in  a  tar,  indicates 
the  binding  value.  The  bitumen  may  be  ob- 
tained from  the  manufacture  of  either  coke 
or  illuminating  gas.  In  making  a  set  of  spe- 
cifications for  this  bitumen  considerable  lati- 
tude should  be  allowed  as  it  is  donbtful  if 
dift'erent  batches  of  exactly  the  same  propor- 
tions can  be  made. 


Production   of  Portland   Cement  in   1913. 

— Based  on  returns  received  bv  the  V.  S. 
Geological  Survey  up  to  Jan.  12,  1914,  it  is 
estimated  by  Ernest  F.  Burchard  that  the 
production  of  Portland  cement  in  the  United 
States  in  1013  was  approximately  02.406,000 
bbls.,  as  against  82,438,006  bbls.  in  1912.  The 
estimated  shipments  during  1913  were  88,853,- 
000  bbls.,  as  compared  with  85,012.556  bbls.  in 
1912.  Due  to  the  large  surplus  of  production 
over  shipments  the  stock  of  cement  at  the  mills 
apparently  increased  from  7,811,329  bbls.  in  1912 
to  11,375,000  bbls.  at  the  close  of  1913,  or 
about  45  per  cent.  The  relations  between 
production  and  shipments  for  1913  were  the 
reverse  of  those  for  1912,  when  shipments 
exceeded  production.  From  the  meager  data 
at  hand  it  is  evident  that  the  average  price 
of  cement  per  barrel  in  1913  was  appreciably 
higher  than  in  1912.  Several  plants  located 
in  the  eastern  and  central  states  reported  in- 
creases of  from  10  to  25  cts.  per  barrel,  al- 
though a  few  plants  in  the  Rocky  Mountain 
district    reported    slight    decreases. 


The  National  Conference  of  Weights  and 
Measures,  which  is  composed  of  state  weights 
and  measures  inspectors,  city  inspectors,  manu- 
facturers of  weighing  and  measuring  appara- 
tus, and  federal  officials,  will  meet  in  San 
hVancisco  during  the  Panama-Pacific  exposi- 
tion in  1915. 
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Correction. 

Our  attention  has  been  called  to  certain  er- 
rors in  the  article  on  the  proposed  Rock  Run 
storage  dam  for  the  additional  water  supplv 
of  Coatesville,  Pa.,  which  was  published  in 
the  issue  of  Feb.  11.  1914.  In  Fig.  2  the  force 
F  given  as  39,37.")  lbs.  is  per  foot  of  cut-off 
wall;  per  15   ft.  buttress  it  should  be  590,000 

!  lbs.     This    would    increase    the    force    R4    to 

I  1,952,000  lbs.,  the  force  H  from  714,375  lbs. 
to  l,"2()5,O0O  lbs.,  and  the  ma.ximuni  pressure 
per  square  inch  on  the  down-stream  side  of 
the  buttress  from  180  to  189  lbs.  This  would 
also  decrease   the  pressure   on   the   up-stream 

i  side  of   the   buttress   from   60  lbs.   to  50   lbs. 

■  per  square  inch.  These  errors  existed  in  the 
matter   from   which   the  article  was  compiled 

:  and  were  overlooked  by  the  editor. 


A     Novel     Method    of    Indexing   Our 
Articles. 
Last   autumn   we  devised  and   introduced   a 
I  novel  method  of  indexing  all  the  articles  th;it 
!  appear    in    this    journal.      If    the    reader    will 
]  hold  the  back  of  this  paper  in  his  left  hand, 
,  and  bend   the  leaves   with  his   right  hand,   he 
will  disclose  two  black  lines  at  the  top  eilgcs 
I  of  the  leaves.     Opening  the  paper  at  the  first 
I  of   these   black   lines    he   will    find   the    indc.\ 
I  to  advertisers.    Opening  the  paper  at  the  sec- 
ond of  the  black  lines  he  will   find  the   index 
to  the  articles   in   this   issue. 

A   glance   at   this   article   index   shows   thai 
I  every   article  is   indexed   under   a  general   or 
'  class  heading,  for  example.  Roads.     Then  fol- 
lows the  title  of  the  article  and  a  condensed 
statement  of  its  contents,  the  date  of  "E.   X- 
'  C,"  and  the  number  of  columns  occupied  h\ 
the  article.     Not  only  does  this   forrri  of  in- 
'  dex   enable   a   busy    reader   to   secure   quicklx 
an  idea  of  the  contents  of  all  articles,  but  it 
'  lends    itself    to    keeping    an    up-to-date    card 
index    of. our   articles.     By    clipping    out    the 
separate  items  in  this  index  and  pasting  them 
on  cards,  the  reader  can  readily  make  an  ex- 
■  cellcnt   card   index   of  all   that   appears   in   the 
'columns  of  this  journal. 

In  this  connection  we  may  well  call  atten- 
tion again  to  the  grouping  of  all  our  articles 
under   section   headings.     This    facilitates   the 
'examination    of    articles    on    a    given    subject, 
and  it   also   makes   it  easy   to  bind — in   loose- 
'  leaf  binders  or  otherwise — all  the  articles  on 
a   given    subject.      Thus,    the    reader    who    is 
'  particularly  interested   in   roads,   for  example, 
lean  make  an  up-to-date  book  on  roads,  merelv 
by    placing    in    a    loose-leaf    binder    the    pages - 
of  our   section   on   Roads   and   .Streets.     liear- 
ing   in    mind    that    each    of    these    pages    con- 
tains   as    many    words    as    are    found    in    five 
'pages   of    the   standard    fix9-in.    text    buok     it 
will   be    seen    that    our    28    pages    of    articles 
■would   fill   a   text   book   of    140  pages.      Ilenre 
the   contents   of   each   of   our   sections    for   a 
'.year  would  make  a  verv  large  book.     .\  series 
'of  books   thus  compiled   soon   become   invalu- 
able particularly  when  a  good  card  index  en- 
ables the  reader  to  locate  any  desired  article. 

Many,  if  not  mr)st.  civil  engineers  and  con- 
'tractors  are  ciilen  oldiged  to  work  al  a  dis- 
tance from  their  home  offices.  .Ml  these  find  it 
desirable  to  carry  certain  notes  and  books 
with  them. 

Readers  who  find  it  unnecessary  to  travel 
much  may  prefer  to  bind  all  their  copies  in 
one  volume,  senn'-anually.  .And  tliev  may  pre- 
fer to  bind  the  pages  of  our  weekly  index,  as 
iwell  as  our  semi-annual  index,  in  the  same 
'volume. 

More   than    eight    years   have    elapsed    since 


this  groupmg  of  articles  in  sections  was 
adopted  by  Encin-eeri.ng  asd  Co.NTR.vcrr.xc. 
Those  of  our  readers  who  have  the  complete 
files  for  the  last  eight  years  will  find  an 
amount  of  usable  information  on  any  civil 
engineering  or  contracting  subject  that  'is  sur- 
prising to  any  one  who  has  not  had  occasion 
frequently  to  search  through  our  files  for  all 
the  data  on  a  specified  branch  of  engineering. 


Electrolysis    in    Reinforced     Concrete 
Buildings. 

It    is    generally    difficult    to    determine    the 
direct  cause  of  failure  of  reinforced  concrete 
structures,  and  the   facts  are  sometimes  con- 
cealed or  attempts  are  made  to  divert  atten- 
tion to  other  than  the  real  causes  of  failure. 
There  has  been  considerable  discussion  as  to 
the   possibility   of   damage   to   reinforced   con- 
crete  buildings    by    stray   currents    from    elec- 
tric   light    and    power    sources,    and    in    some 
cases  the  failure  of  reinforced  concrete  build- 
ings has  been  attributed  in  part  to  electroly- 
sis.    Realizing  the  necessity  of  more  authori- 
tative data  on  the  actual  effect  of  electric  cur- 
rents   on    reinforced    concrete,    under    various 
conditions,    the     United     States     Bureau     of 
Standards  has  made  some  elaborate  tests  and 
field  investigations,  and  has  recently  published 
a  bulletin  on  the  results  of  these  researches. 
It  was  the  purpose  of  the  Bureau   (a)   to  de- 
termine the  nature  and  cause  of  the  phenom- 
ena produced  by  the  passage  of  electric  cur- 
rents,   (b)    to  investigate  the  probable  extent 
of    danger    from    electrolysis    in    practice   and 
the   conditions   under   which   trouble   is   likely 
to  occur,  and    (c)    to   find   means   of  mitigat- 
ing  the   trouble   due   to   electrolysis.     On   ac- 
count  of   the   thoroughness   of   the   tests   and 
investigations  and  the  importance  of  a  better 
understanding   of   the   effect    of    electric   cur- 
rents on  reinforced  concrete  we  have  includ- 
ed  in   our   abstract   of   this   bulletin   the   data 
and    conclusions   which    are   of    most    interest 
»o  engineers  and   builders.     We  have  omitted 
the  tabular  data  and  that   part  of  the  discus- 
sion   which    is   too    technical    in    its   nature   to 
he  of  direct  interest  to  our  readers.     The  re- 
sults of  some  of  the  tests  and  investigations 
are  at  variance  with  those  of  previous  inves- 
tigators,  and   on   this  account   we  have  given 
a  brief    review   of   the  conclusions  drawn   bv 
previous  experimenters. 

It  was  found  by  this  investigation  that 
when  an  electric  current  of  high  voltage 
passed  from  the  steel  to  the  concrete  the  lat- 
ter was  cracked  and  broken,  and  that  a 
mechanical  pressure  as  great  as  I.TOi)  lbs.  per 
sqiiare  inch  was  produced  under  certain  con- 
ditions, the  rapid  destruction  being  due  main- 
ly to  the  heating  effect  of  the  current.  How- 
ever, such  high  voltages  as  those  used  in  the 
tcits  arc  not  likely  to  occur  in  reinforced 
concrete  buildings,  and  the  danger  from  ibis 
cause  is  not  great.  .An  important  finding 
was  that  the  addition  of  a  fr.iction  of  1  per 
cent  of  salt  to  the  concrete— salt  being  fre- 
quently added  to  prevent  freezing  cf  the  con- 
crete while  setting — has  a  twofold  effect  ;  it 
greatly  increases  the  initial  conductivity  of 
the  concrete,  thus  permitting  more  current  to 
pass  through  it,  and  also  destroys  the  passive 
conilition  of  the  iron  at  ordinary  temper.itures, 
thus  increasing  several  himdred  times  the  rate 
of  corrosion  of  the  iron  and  the  consequent 
tendency  of  the  concrete  to  crack.  It  is 
therefore  seen  that  salt  should  not  be  u.scd 
in  reinforced  concrete  structures  which  may 
he  subjectetl  tn  electrolytic  action.  Another 
fact  determined  was  that  the  resistance  of 
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normal  wet  concrete  to  the  passage  of  an  elec- 
tric current  increases  a  hundred  fold  in  the 
course  of  a  few  weeks,  which  greatly  lessens 
the  trouble  from  electrolysis. 

Contrary    to    the    observations    of    previous 
experimenters  this  series  of  tests  shows  that 
there  is  a  distinct   softening  of   the  concrete 
around    the    reinforcement,    which   practically 
destroys    the    bond    between    the    reinforcing 
material  and  the  concrete,  when  the  current 
Hows  from  the  concrete  to  the  iron   (cathode 
effect).     This  may  prove  serious  in  the  case 
of    reinforced   concrete  structures,   for   unlike 
the   effect   when   the   current    flows    from   the 
iron    to    the    concrete    (anode    effect),    which 
only  causes  damage  when  the  voltage  is  ver\ 
high,  the  cathode  effect  is  evident  at  all  volt- 
ages,  the   rate  being   roughly   proportional   to 
the  voltage  of  the  current.     .As  the  softening 
cathode  effect  occurs  onlv  near  the  reinforce- 
ment, extending  only  a  short  distance  from  it 
in  normal  concrete,  the  crushing  strength  of 
the  entire  mass  is  not  materially  affected.  The 
proposal  which  has  been  made  to  protect  re- 
inforced   concrete    buildings    by    maintaining 
the   reinforcement  cath.ode.  either  bv  using  a 
battery  or  by  other  means,  is  therefore  a  dan- 
gerous  one.     To  protect   with    the  most  cer- 
tainty  reinforced   concrete   buildings   all   elec- 
tric power  circuits  within  the  building  should 
be  kept   free  from  grounds.     If  possible,  pipe 
lines  entering  the  building  should  be  provided 
with  insulating  joints  outside  of  the  building. 
It  was  concluded  from  the  experiments  that 
concrete  buildings   without   reinforcement   are 
practically  immune  from  electric  currents,  the 
only  possible  danger  arising  from  the  ground- 
ing of   power  wires,  which  then  act  as  elec- 
trodes.    It    was   also   shown   that   it    is   much 
more  difficult  to  apply  a  waterproofing  which 
will   prevent  electrolysis  than   one  which   will 
insure  a  moderate  dryness,   and   such   agents, 
except    waterproofing    membranes,    are    inef- 
fective;    in    fact    even    waterproofing    mem- 
branes  are   of   little    value   as   ordinarilv    ap- 
plied. 

In  making  a  diagnosis  of  a  building  to  de- 
termine if  there  is  danger  of  damage  from 
electrolysis  the  fact  that  a  fairly  large  voltage 
may  be  found  near  the  structiire  should  not 
be  considered  sufficient  evidence  that  danger- 
ous electrolytic  conditions  are  prevalent.  The 
distance  between  the  reading  points  and  the 
character  of  the  intervening  medium  arc  of 
iinich  greater  importance  than  the  mere  mag- 
nitude of  the  voltage  reading.  .As  preventa 
tive  measures,  however,  precautions  should 
be  taken  to  keep  the  potential  readings  as  low 
as  possible.  The  general  conclusion  ilrawn 
from  the  experiments  and  field  investigations 
was  that,  under  conditions  such  as  are  usually 
met  ill  practice  and  which  may  give  rise  u< 
damage  from  stray  currents,  the  danger  due 
to  electrolysis  has  been  greatly  overestimated. 
Prec.nutions  are  necessary,  however,  under 
certain  conditions,  but  there  is  no  cause  for 
-erious  alarm. 


The  Washing  of  Concrete  Aggregate. 

We  quote  in  full  the  following  comment 
fri.in  the  editorial  sectitni  of  the  Concrete-Cem- 
ent .Age: 

"There  is  no  excuse  for  using  dirty  aggregate. 
I-Vom  the  use  of  a  garrlen  hose  over  wheel 
barrows  with  perforated  bottoms,  to  the  great 
power  washing  plants,  there  is  material  wash- 
ing equipment  to  meet  every  iie-d." 

Krr.m  the  al>ove  we  might  infer  that,  by 
w.ishing.  any  dirty  aggregate  can  be  made 
suitable   for  concrete.    We  entirely  agree  that 
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there  is  no  reason  for  using  dirty  aggregate,  but 
we  do  not  believe  that  it  is  always  possible,  from 
a  commercial  standpoint,  to  render  dirty  ag- 
gregate suitable  for  concrete,  especially  if  the 
gravel  or  broken  stone  contains  a  considerable 
amount  of  clay.  Engineers  are  being  brought 
to  a  realization  of  the  fact  that  it  pays  to  in- 
spect with  care  the  concrete  aggregate.  It  is, 
of  course,  necessary  to  use  care  in  the  selection 


of  the  cement  and  in  the  mixing  and  laying  of 
the  concrete,  but  attention  should  first  be  cen- 
tered on  the  aggregate.  Mechanical  washing 
plants  have  an  important  field,  but  they  can 
not  be  expected  to  produce  a  satisfactory  con- 
crete material  from  all  classes  of  bank  gravel 
and  broken  stone,  at  a  cost  which  will  not  be 
prohibitive.  Unless  the  engineer  has  a  knowl- 
edge of  the  condition  of  the  gravel  or  broken 


stone  before  washing  he  should  exercise  great 
care  in  inspecting  the  washed  product  before 
accepting  it   for  use  in  concrete.     The  manu- 
facturers of  mechanical  washing  plants  will  do 
well  to  state  the  conditions  under  which  their  >  i 
plants   can   not   be  expected   to  give   satisfac- 1 
tory  service,  and  to  make  some  effort  to  in- 1 
vestigate  the  conditions  under  which  existing  .  i 
plants  are  working. 


Graphical      Design     of     Eccentrically 
Loaded  Columns. 

Contributed  by  H.  F..  Cooley,  Chicago,  111. 

The  design  of  columns  subject  to  cross- 
bending  stresses  in  addition  to  axial  loads  in- 
volves a  preliminary  approximation,  either  as 
to  size  of  section  or  unit  stress,  followed 
by  investigation  using  a  rather  complicated 
formula.  In  some  cases  this  process  must  be 
repeated  several  times  before  a  suitable  sec- 
tion is  obtained,  and  it  is  to  avoid  this  labor 
that  the  diagram  of  Fig.   1  was  plotted. 

.'Xhhough  the  method  used  in  constructing 
the  diagram  is  general,  the  following  limi- 
tations are  involved  for  the  particular  graph 
shown  in  Fig.  1 : 

(a)  The  diagram  as  plotted  considers  only 
the  I-section  type  of  column,  i.  e.,  a  column 
composed  of  a  web  plate  and  four  angles, 
either  with  or  without  cover  plates.  The 
nominal  width  shown  in  Fig.  1  is  that  of  the 
web,  but  the  width  used  in  plotting  was  the 
width  of  the  web  plate  plus   %-in. 

(b)  The  safe  loads  as  given  are  for  the 
strength  of  a  column  about  an  axis  perpen- 
dicular to  the  web. 

(c)  The  allowable  unit  stress  is  based  upon 

/ 
the  formula  16,000—70—,  where  /  =  length  of 

r 
column,  in  inches,  and  r  =  radius  of  gyration 
about  an  axis  perpendicular  to  the  web. 

The  method  of  deriving  the  equations  used 
in  plotting  the  various  lines  of  the  diagram 
is  herewith  given,  the  nomenclature  being  as 
shown  below : 

S   =   unit   stress  In  pounds  per  square  Inch, 
1  =  length  of  column  In  inches, 
L  =   length  of  column  in  feet, 
r  =  radius  of  gyration  about  an  axis  perpendic- 
ular to  the  web. 
P    =    axial    load    on    column    in    thousands    of 

pounds, 
W   =  eccentric  load  on  column  in  thousand.s  of 

pounds, 
h   =:  width  of  column  web  plus  M;  In.. 
c  :=  distance  from  neutral  axis  to  extreme  fiber, 
a   —  area  of  column  In  square  Inches, 
I  =  moment  of  Inertia  about  an  axis  perpendic- 
ular to  the  web, 
e  =  eccentricity  of  load,  W,   in  Inches. 
Then 

/ 
S  =  16,000—70  — ;  ( 1 ) 

P        Mc 

also  5  =  — -i- .  (2) 

A  I 

But  /  =  ar.  (3) 

Substituting  r  =  0.1 /;  in  equation   (3)    (this 
value  of  r  is  approximate,  but  for  sections  in 
common   use   gives   close   results),   we  have 
l  =  0.\r,ah'  (4) 

Substituting  in  equation   (1)   for  r  its  value 
0.4 /i,   and    for   /   its   value   in   feet;   also   sub- 
stituting in  equation   (2)   the  value  of  /  given 
in  equation    ',4).  wc  have 
L 
.$•=16,000  —  2,100-.  (l,a) 

h 

r       M 

s  =  —  + . 

a        0.32  a  h 
Equating    values    of    S    given 
(1,  a)   and   (2,  a),  we  have: 

2,100  L         P  M 

16,000 =  —  -t- 


0.32  a  h 


(2,  a) 
equations 

(5) 


The  above  equation  now  contains  five 
variables,  and  can  be  plotted  ni  four  quad- 
rants, as  shown  in  Fig.  1. 

There  are  three  general  cases  of  column 
loading  that  may  arise,  any  one  of  which  can 
be  solved  by  use  of  the  diagram,  as  will  now 
be  shown  by  the  solution  of  particular  ex- 
amples. 

Case  I:  Axial  Load  Only. — In  this  case  the 
last  term  on  the  right-hand  side  of  equation 
(5)  is  zero;  therefore  only  two  quadrants  are 
required   for  the  solution. 

Example :  Column  15  ft.  long,  with  10-in. 
web  plate ;  load  =  300,000  lbs. ;  find  required 
area  of  the  column,  for  strength  about  axis 
perpendicular  to  the  web. 

Under  the  line  marked  "Length  of  Column 
in  Feet"  proceed  vertically  upward  to  the 
diagonal  line  marked  10  ins. ;  thence  hori- 
zontally to  the  left,  noting  where  the  hori- 
zontal line  intersects  a  vertical  line  passing 
through  the  given  load  300  (thousand),  which 
is  marked  on  line  ".Axial  Load  P  in  1,000  Lbs."  ; 
the  required  area  is  found  to  be  23  sq.  ins. 
From  the  handbooks  or  from  specially  pre- 
pared tables  this  area  can  be  made  up  to  suit 
conditions.  For  example,  four  6x4x%-in. 
angles  and  one  10x%-in.  web  plate  give  an 
area  of  22.7.5  sq.  ins.,  and  r  =  4.20  ins.  The 
efficiency  of  this  section  is  about  99.5  per  cent. 

Case  II:  Eccentric  Load  Only. — Replacing 
the  eccentric  load  by  an  axial  load  and  a 
couple  equal  to  IV  e,  we  have  : 


L        H 
16.000  —  2,100  —  =  - 

h         a 
IV    f  e 

-        + 

a  0.32  h 


We 


0.32  a  h 


(6) 


Knowing  any  four  of  the  above  quantities, 
the  fifth  can  he  found  directly  from  the  dia- 
gram. 

Example :  Column  20  ft.  long,  with  12-in. 
web;  load  ^=  75,000  lbs. ;  eccentricity  =  20  ins. ; 
find   required  area  of  column. 

Starting  at  line  marked  "Length  of  Col- 
umns in  Feet,"  read  around  the  diagram  in  a 
clockwise  direction,  considering  the  width  of 
column  and  the  eccentric  load,  in  the  second 
and  third  quadrants;  then  starting  with  line 
marked  "Values  of  Eccentricity  c,  in  Inches," 
read  around  the  diagram  in  a  counter-clock- 
wise direction,  considering  the  width  of 
column ;  from  the  intersections  in  the  third 
and  first  quadrants,  project  lines  to  meet  in 
the  fourth  quadrant;  their  intersection  gives 
the  required  area  35.6  sq.  ins,  A  section  can 
now  be  chosen  which  will  give  this  area. 

Case  III:  Combined  Axial  and  Eccentric 
Load.— The  allowable  stress, 

L       P       W        W.e 

.9=1(1,000  — 2.100  — =  —-(-  — H : — .  (7) 

h       a        a       C.32o/! 

Let    IV  e=(P  +  IV)  c' ; 
(P  +  IV)  e' 

llicu   (■  = . 

IV 

Suljstituting  this  value  of  c  in  equation  (7"), 
wc  have : 

L      P  +  W  r  e'      1 

1(1,000  —  2,100  —  = |i+ —I   (8) 

It  a         I  0.32  h  J 

It  is  seen  from  equation  (8)  that,  for  an 
application  of  Case  III  to  the  diagram,  it  is 
only  necessary  to  use  a  value  for  the  eccen- 
tricity,  e,    (shown   on   the   diagram)    equal   to 

IV 

the    actual    eccentricity    multiplied    bv    . 

P  +  IV 


Example :  Column  18  ft.  long,  with  18-in. 
web;  axial  load  P  =  120,000  lbs.;  eccentric 
load  IV  =  80,000  lbs.;  eccentricity,  e,  of  load 
/I' =  35    ins.;    find    required    area    of    column. 

First  comoute  the  value  of  «'. 
80,000  X  36 

c'^ =14  ins. 

200,000 

Starting  with  this  value  of  e'  at  the  line 
marked  "Values  of  Eccentricity,  e,  in  Inches." 
and  proceeding  as  in  Case  II,  we  find  the  re- 
quired area  to  be  49  sq.  ins.  A  section  can 
now  be  chosen   which  will  give  this  area.       j 

In  all  cases  care  must  be  taken  to  see  that: 
the  column  selected  is  sufficiently  strong  about ! 
an  axis  parallel  to  the  web.  This  can  be 
done,  either  by  making  an  investigation  in  the 
usual  manner,  or  by  plotting  additional  dia- 
grams similar  to  those  shown  in  Fig.  1,  using 
the  approximate  values  for  the  radius  of  gyra- 
tion about  an  axis  parallel  to  the  web. 


Summary    of    Test    on    a    Reinforced 

Concrete     Factory     Building     at 

Niagara  Falls,  N.  Y. 

An  interesting  and  instructive  test  has  re- 
cently been  made  on  a  new  factory  building 
of  the  Shredded  Wheat  Co..  located  at  Ni- 
agara Falls,  N.  Y.  The  following  data  on  this 
test  were  taken  from  a  paper  by  Mr.  VV.  A. 
Slater,  presented  before  the  recent  meeting  of 
the  American  Concrete  Institute: 

The  building  is  of  reinforced  concrete 
construction  of  the  flat-slab  type.  It  is 
three  stories  in  height,  and  is  divided  bv 
the  columns  into  panels  20x22  ft.  The 
test  was  made  on  the  first  floor  above 
the  basement  story.  This  floor  is  7  ins.  thick 
in  the  central  portion  of  the  panel,  9  ins. 
thick  throughout  an  area  8  ft.  6  ins.  square 
surrounding  each  column,  and  is  designed  to 
carry  a  live  load  of  125  lbs.  per  square  foot. 
The  columns  are  octagonal  in  shape,  those  of 
the  basement  story  being  25  ins.  in  the  short 
diameter  and  ending  at  the  top  in  3- ft.  6-in. 
flared  heads.  The  columns  of  the  first  story 
are  23  ins.  in  the  short  diameter.  The  rein- 
forcement, all  of  which  is  placed  in  the  two 
directions  parallel  to  the  sides  of  the  column, 
is  designed  to  resist  positive  moment  at  the 
centers  of  all  spans  and  negative  moment  at 
the  columns  and  across  the  edges  of  all 
panels. 

Originally  nine  panels  were  loaded  with  191 
lbs.  per  stjuare  foot,  after  which  the  load 
was  removed  from  six  panels,  leavin.t;  tliree 
adjacent  central  panels  loaded.  These  three 
panels  lie  in  a  row  and  are  one  span  removed 
from  the  exterior  wall  of  the  building.  iMnal- 
ly,  the  load  was  removed  from  all  except  one 
panel,  the  central  panel  of  the  entire  test 
area,  and  the  load  on  this  panel  was  increased 
to   243   lbs.   per   square    foot. 

Deformations  were  measured  at  288  gage 
lines,  and  the  results  were  very  consisteni 
among  themselves.  It  was  found  that  thf 
condition  of  the  three  adjacent  panels  load- 
ed gave  steel  stresses  at  the  center  of  ttit 
span  more  than  50  per  cent  greater  tlian  wit! 
nine  panels  loaded,  and  that  the  stress  at  thf 
support  was  about  20  per  cent  less  with  thret 
panels  loaded  than  with  nine  panels  loaded 
It  seems  apparent  that  the  tendency  of  tli( 
floor  to  deform  as  a  cylinder  instead  of  a' 
a  saucer,  its  action  as  a  continuous  beam 
and  the  lateral  distribution  of  stress  to  thi 
unloaded  portions  of  the  slab,  all  contributet 
to  these  differences  between  the  stresses  ur 
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100  600  500  400  300  £00 

Values  of  Load  IP)  in  Thousand  Lbs- 


10  15  to  £5 

Length  of  Column  in  Feet 
Values  of  Eccenfricify(e)  in  Inches- 
5  10  15  20  £5  30 


.'cular  to  Web. 
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Note-  Diagram  Based  on  Formula,  16000  -  70  f-,  and  Strength  about  Axis 

When  Column  Carries  Combined  Axial  and  Eccentric  Load  use  Value  of  (e)  in  .     -ijram  •  Actual  Eccentricity  y  p^- 

Fig.  1.     Diagram  for  Determining  the   Required   Area  for   Piate-and-Angle  Columns     Eccentrically     Loaded  —  Diagram    Also 

Applicable   to   Axiaily    Loaded    Columns. 
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der  a  nine-panel  load  and  those  under  a  three- 
panel  load.  The  results  of  the  test  seem  to 
check  the  conclusion  arrived  at  analytically, 
namely,  that  the  greater  portion  of  the  un- 
balanced moment  was  carried  by  the  columns 
and  verv  little  by  the  slab.  This  conclusion 
is  somewhat  in  conflict  with  the  observation 
that  there  was  so  great  an  increase  in  the 
stress  at  the  center  of  the  panel  when  only 
three  panels  were  loaded.  In  this  respect  it  is 
typical  of  the  generally  observed  fact  that  the 
results  obtained  from  such  tests  are  usually 
indicative  of  the  general  trend  of  results, 
but  cannot  be  applied  too  rigidly  as  final  con- 
clusions. 


Results  of  Experiments  to  Determine 
the  Effect  of  Electrolysis  in  Rein- 
forced Concrete,  Possibilities  of 
Trouble  in  Actual  Structures, 
and  Some  Effective  Protective 
Measures. 
The  subject  of  electrolysis  in  buildings  is 
one  which  has  caused  considerable  discussion 
and  about  which  there  is  much  uncertainty. 
.Although  there  has  been  apprehension  con- 
cerning the  possible  danger  to  reinforced  con- 
crete structures  due  to  stray  currents  from 
electric  railways  and  from  other  power 
sources,  there  are  few  authoritative  data  as 
to  the  actual  effect  of  electric  currents  on  ■ 
such  structures.  Realizing  that  more  infor- 
mation on  this  subject  was  needed  the  United 
States  Bureau  of  Standards  has  made  an 
elaborate  series  of  experiments  to  determine 
the  effect  of  electrolysis  on  reinforced  con- 
crete. The  results  of  these  experiments  and 
the  conclusions  drawn  from  them  have  been 
published  as  Technologic  Paper  No.  18, 
"F.lectrolysis  in  Concrete,"  by  E.  B.  Rosa, 
Burti.n  McCullum  and  O.  S.  Peters.  This 
paper  contains  1.3(i  pages  of  tabular  data  and 
discussion,  .^n  abstract  of  it,  omitting  the 
tabular  data,  but  including  statements  as  to 
the  character  and  scope  of  the  tests  and  the 
conclusions  drawn  from  them  which  are  of 
direct  interest  to  engineers  and  builders,  is 
herewith  given  : 

At  the  time  that  the  experiments  were  be- 
gun in  19U\  the  following  facts  had  seem- 
ingly 'jeen  established  by  the  work  of  other 
investigators : 

M)  That,  as  far  as  the  experiments  went, 
the  passage  of  an  ek-otrlc  current  of  whatever 
masnitiide  from  embedded  Iron  to  concrete  in 
the  presence  of  moisture  resulted  in  cracltins 
of  the  concrete  and  rusting  of  the  embedded 
iron.  These  "raclis  extended  radially  from  the 
iron  and  opened  out  gradually  as  the  test  pro- 
gressed until  the  blo<'k  in  which  the  iron  was 
placed  would  go  to  pieces  or  could  be  easily 
broken. 

(2)  The  passage  of  an  electric  current  from 
concrete  to  embedded  iron  resulted  in  no  dam- 
age whatever  to  the  block,  except  in  one  or 
two  extreme  cases,  where  the  voltage  used  was 
very  high.  This  led  to  the  conclusion  that  no 
damage  is  to  be  expected  where  current  is 
found  flowing  from  concrete  to  iron — that  is, 
where   the   iron   is   cathode. 

(3)  The  specimens  of  concrete  showed  a  ten- 
dency to  protect  the  Iron  contained  in  them  by 
virtue  of  a  large  Increase  of  resistance  as  the 
test  proceeded.  This  Increase  Is  not  entirely 
permanent,  as  is  evidenced  by  measurements 
taken  before  shutting  off  the  current,  and  again 
.some  time  after  stopping  ihe  current,  and  is 
found  in  greatest  degree  where  embedded  iron 
is  anode — that  is,  where  the  current  passes  from 
Iron  to  concrete.  Where  the  Iron  Is  cathode, 
the  rise  of  resistance  occurs,  but  is  not  nearly 
so  great.  There  is,  however,  no  Instance  in  any 
previous  investigation  of  this  Increase  of  re- 
sistance being  sufUclent  to  reduce  the  current 
to  a  negligible  value. 

(•n  The  voltage  apparently  had  nothing  to 
do  with  the  phenomena  observed  beyond  affect- 
ing the  magnitude  of  the  current  and  conse- 
quently the  rapidity  of  the  action. 

Beyond  these  four  points  there  appeared 
to  be  little  arreement  among  the  various  in- 
vestigators.     Especially      contradictory      were 


the  theories  advanced  to  explain  the  phe- 
nomena observed.  As  the  result  of  experi- 
mental evidence  of  record,  the  following  dif- 
ferent tlieories  had  been  advanced  to  account 
for   the  destruction  of  the  concrete: 

(1)  Gas  Pressure:  When  an  electric  current 
passes  between  electrodes  in  an  electrobte, 
more  or  less  gas  is  evolved  at  the  electrodes,  and 
it  was  held  that  this  gas,  liberated  within  the 
mass  of  the  concrete,  escaped  with  such  diffi- 
culty that  sutP.cient  pressure  was  developed  to 
crack   the  concrete, 

(2)  Heating:  The  passage  of  an  electric  cur- 
rent through  concrete  generates  heat  therein, 
and  if  the  current  density  is  high  the  concrete 
may  become  quite  hot.  It  »vas  shown  that  local 
heating  by  a  flame  or  other  means  would  pro- 
duce cracking,  and  the  conclusion  was  there- 
fore drawn  that  the  cracking  of  the  concrete 
under  the  influence  of  the  electric  current  %vas 
due   to   its  heating  effect. 

(3)  Electrochemical  Deterioration  of  the 
Concrete:  The  early  observations  of  Toch, 
Langsdorf  and  others  led  them  to  believe  that 
the  concrete  underwent  a  marked  chemical  or 
physical  change,  whereby  it  became  soft  and 
fragile,  and  that  this  apparent  decay  of  the 
concrete  was  in  large  measure  responsible  for 
the    cracking   observed. 

(4)  Mechanical  Pressure:  When  a  current 
passes  from  iron  into  the  concrete,  corrosion  of 
the  iron  results  with  the  ultimate  production 
of  insoluble  compounds  of  iron,  largely  the  ox- 
ides. These  foim  near  the  surface  of  the  iron 
and  occupy  about  2.2  times  as  much  space  as 
the  original  iron  from  which  they  were  formed. 
It  is  evident,  therefore,  that  considerable  me- 
chanical pressure  might  be  developed  in  this 
v\'ay  between  the  surface  of  the  iron  and  the 
conci'ete,  possibly  sufficient  to  produce  the 
cracking  observed.  This  theory  had  perhaps 
been  most  widly  accepted,  but  it  was  directly 
opposed  b>'  Upson  and  Barker  as  a  result  of 
their  experiments  with  collapsible  electrodes, 
\^*hen  these  electrodes  were  used,  the  concrete 
was  found  to  crack  in  very  much  the  same  man- 
ner as  when  solid  electrodes  were  employed, 
and  it  was  therefore  concluded  that  there  was 
no  appreciable  pressure  developed  on  the  surface 
of  the  electrode,  Upson  and  Barker  advanced 
the  theoi-y  that  the  cracking  was  due  to  th-; 
formation  of  deposits  of  iron  compounds,  chiefly 
hydrates,  within  the  pores  of  the  concrete,  and 
these  on  oxidation  developed  the  forces  which 
are  responsible  for  the  cracking  of  the  concrete. 

In  addition  to  the  laboratory  investigations 
a  number  of  cases  had  been  reported  in  the 
technical  press  in  which  damage  of  a  serious 
nature  had  occurred  to  certain  concrete  build- 
ings, bridges,  and  other  structures  in  which 
the  damage  was  attributed  to  stray  currents 
from   power  circuits. 

The  investigatiim  discussed  in  this  paper 
consisted  of  three  parts,   as   follows: 

( 1 )  Laboratory  investigations  relating  to 
the  nature  and  cause  of  the  phenomena  pro- 
duced by  the  passage  of  electric  currents 
through   concrete. 

(2)  Investigations  in  the  held  with  the  view 
of  establishing  the  probable  extent  of  the 
danger  in  practice  and  the  circumstances  un- 
der which  trouble  is  most  likely  to  occur, 

(■i)  A  study  of  the  various  possible  means 
of  mitigating  trouble  from  this  source,  lead- 
ing to  specilic  recommendations. 

Laboratory  Investigations. 

PrcliiiiiiKii y  F.xl^criiiinits.—  Ai  the  outset  of 
the  investigation  a  number  of  tlic  experiments 
described  by  previous  experimenters  \verc  re- 
peated in  order  to  verify  their  results  and  also 
to  afford  an  opportunity  for  studying  at  first 
hand  the  plicnoincna  previously  observed,  .\t 
the  same  time  numerous  modifications  of 
these  experiments,  as  well  as  many  radically 
different  ones,  designed  to  throw  light  on  par- 
ticular phases  of  the  suliject.  were  instituted. 
In  this  preliminary  work  one  general  type  of 
specimen  was  adhered  to  as  far  as  practica- 
ble. .'\  number  of  well-known  brands  of 
Portland  cement,  all  of  which  conform  to 
the  requirements  of  the  standard  specifica- 
tion^ for  Portland  cement,  were  selected  to- 
gether with  sand  and  stone  similar  to  those 
used    in    large   quantities   by    builders    in    the 


city  of  Washington  for  reinforced  concrete 
construction  work.  Using  filtered  Potomac 
River  water,  these  ingredients  were  made  into 
a  1  :'2'/2  :4  concrete,  nroportions  which  gave  a 
fairly  dense  aggregate.  In  many  experiments, 
especially  where  chemical  analyses  were  to 
be  made,  quartz  sand  and  distilled  water  were 
used,  as  noted  later.  The  specimens  were 
molded  into  cylinders  ll  ins.  in  diameter  and 
8  ins.  long,  'vith  an  electrode  embedded  in 
the  axis  of  c:nch   cylinder. 

The  specimens  were  allowed  to  remain  in 
the  molds  until  set  sufficiently  for  handling 
and  then  were  removed  and  buried  in  wet 
sand  for  approximately  20  days.  .At  the  end 
of  this  time  they  were  taken  out  of  the  sand 
and  placed  in  an  inclosed  case,  where  they 
were   wet   down   occasionally   until   used. 

Where  iron  served  as  material   for  the  em- 
bedded electrode  it   was  cleaned  of   scale  and 
rust  by  pickling  in  dilute  sulphuric  acid.  After 
the   pickling   process   was   completed   the   iron 
was   removed   from   the   acid,   dipped   in   lime- 
water  and  immediately  embedded  in  the  speci-    ; 
men,  after  being  numbered  and  weighed.  This    I 
insured    the    entire    absence   of    rust   to   begin    ' 
with.     Direct  electric   current   for  the   experi- 
ments  was  obtained    from   two   sources.     One 
of  these  was  the  ll.j-volt  power  circuit  of  the 
Bureau  and  the  other  the   15-volt  circuit  of  a 
small   motor-generator    set.     The   wires    from 
these   circuits   were    led   into   cases   containing 
the    specimens    under    test    and    terminated    in 
binding  posts  at  convenient  points.     The  cur- 
rents used  by  the  specimens  were  very  small. 
The   description   of   the   phenomena   observed    , 
is  given  under  two  heads,  viz.,  anode  effects,    i 
or   those   effects    observed   where   the   current 
flows   from   the  embedded   iron   into  the   con- 
crete    and     cathode     effects,     or     those     oc- 
curring when  the  current  flows  from  the  con- 
crete   to    the    embedded    iron.      In    each    case   ; 
experiments  were  carried  out  both  under  high 
and  low  voltage,  and  as  the  results  were  rad- 
ically different  in  the  two  cases,  they  are  dis- 
cussed below   under    separate   heads.     In   the   . 
high-voltage    tests    the    specimens    were    sub- 
jected  to   voltages   varying    from   about  -50   to 
70  volts,  and  the  current  flow  was  cotitinuous, 
except   for   infrequent   and   irregular   intervals 
when  work  w-as  being  done  on  the  specimens 
under  test  or  on  the  electric  circuits  to  which 
they  were  connected. 

ANODE    TESTS    ON    HIGH    VOLTAGE.  ; 

Only  a  comparatively  small  number  of  spec-  ; 
imens  were  tested  on  Iiigh  voltage,  bec.iuse 
such  conditions  are  abnormal  and  would  rare- 
ly, if  ever,  be  encountered  in  practice,  .'\  few 
of  these  were  made,  however,  to  check  the 
observations  of  previous  experimenters,  and 
the  results  noted  in  these  tests  are  recorded 
briefly  below.  In  the  preliminary  tests  on 
high  voltage,  in  which  iron  served  as  the 
anode,  eleven  specimens  were  used.  They 
were  all  of  like  proportions,  viz.  1 :2'/4  :4,  and 
were  connected  two  in  series  on  11.5  volts  di- 
rect current.  .Ml  of  the  specimens  behaved 
in  substantially  the  same  manner.  During  the 
lirst  few  hours  there  was  an  appreciable  rise 
in  the  external  temperature.  In  most  cases 
this  rise  amounted  to  from  12°  to  2,5°  C. 
above  room  temperature.  This  rise  of  tern- 
perature  usually  reached  its  maximum  and  di- 
minished very  considerably  before  any  dam- 
age to  the  concrete  was  apparent.  .Vfter  a 
few  hours  of  current  flow  bubbles  of  water 
-containing  iron  rust  began  to  appear  .yound 
the  anode  and  cracks  soon  developed  in  the 
concrete.  The  manner  in  which  the  crack- 
ing occurred  was  the  same  in  all  specimens. 
First  there  appeared  a  \ery  fine  crack,  begin- 
ning at  the  iron  and  extending  outwardly  in 
practicallv  a  radial  direction.  This  crack  soon 
extended  to  the  outer  surface  of  the  concrete 
cylinder,  and  then  gradually  widened  while 
at  the  same  time  two  or  three  other  smaller 
cracks  would  appear  on  the  opposite  side  of 
the  anode  from  the  initial  crack,  also  rad- 
iating   from    the    center. 

The  manner  in  which  these  cracks  occur 
and  develop  i^  strongly  suegestive  of  a 
wedge-like  action  slowly  applied  at  the  cen- 
ter of  the  specimen  (ace  I-'ig.  1).  After  the 
first  crack  has  extended  from  the  center  to 
the  outer  surface  of  tlie  concrete,  the   speci- 
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men  can  readily  be  pried  open  with  a  screw- 
driver and  separated  into  several  nieces.  The 
individual  pieces  of  concrete  thus  obtained 
are,  however,  to  all  appearances  as  strong  as 
similar  specimens  of  concrete  that  have  not 
been  subjected  to  the  influence  of  electric 
currents  and  are  broken  with  a  hammer  with 
the  same  difficulty.  There  is  no  indication 
whatever  that  tlie  cement  decayed  or  deteri- 
orated in  any  way,  as  reported  by  some  earlier 
investigators,  but,  on  the  contrary,  the  ap- 
pearance of  the  concrete  and  its  mechanical 
properties  both  indicate  very  strongly  that 
there  has  been  no  such  action. 

On  breaking  open  the  specimens  the  em- 
bedded iron  was  found  to  have  been  very 
badly  corroded,  thick  layers  of  scale  consist- 
ing largely  of  the  oxides  of  iron  having 
formed  all  over  the  surface  and  to  some  ex- 
tent in  the  voids  in  the  concrete  adjacent  to 
the  iron.  In  those  specimens  which  were  left 
in  circuit  for  a  long  period  after  cracks  de- 
veloped the  deposit  of  o.xides  spread  for  some 
distance  out  into  the  cracks.  Upon  breaking 
open  the  solid  portions  of  the  concrete  it  was 
found  that  the  discoloration  due  to  the  prod- 
ucts of  corrosion  had  not  penetrated  the  body 
f  the  concrete  more  than  about  %  in. 

ANODE   TESTS   ON    LOW    VOLTAGE. 

Tests   on    specimens    subjected    to    1-5    volts 
and    less    were    carried   out    in    much   greater 
number  than   those  on   high   voltage.     .At  the 
)Utset  of  the  investigation  90  specimens  con- 
aining  iron  electrodes  were  placed  in   circuit 
Uld  watched  for  a  period  of  about  o,.50n  hours 
(lyi  months),  during  which  time  careful  rec- 
rds   were   kept  of  voltage  and  current   flow. 
Now  and  then  a  few  specimens  were  broken 
jpen  to  give  an  idea  of  what  was  taking  place. 
i\t   the    end   of   the   time    mentioned   a    large 
lumber  of   specimens   were   broken  open   and 
xamined,  the  amount  of  the  corrosion  deter- 
mined, and  the  general  condition  of  the  con- 
:rete  noted.     A   most  conspicuous   feature  of 
the  results  of  this  test,  and  a  very  surprising 
Dne  in  view  of  the  results  previously  obtained 
t  higher   voltages,   is  the   fact   that   cracking 
ilmost  universally  failed  to  occur.     Of  the  90 
specimens   under  test  only  three  had   cracked 
Jt  the  end  of  .5.")00  hours. 

It  seems  allowable,  therefore,  to  say  that 
lot  one  of  87  normal  specimens  made  of  ordi- 
lary  Portland  cement  and  put  under  test  on 
'5  volts  or  less  had  cracked  at  the  end  of 
,600  hours.  Of  the  specimens  which  were 
:hen  opened  for  examination  it  was  found 
hat   in    every   ra«e   the   concrete   was   broken 

ith   difficulty   and   appeared   to   be   as   sound 
that    of    similar    specimens    made    at    the 
ame  time  and  not  subjected  to  the  action  of 
ilectric  currents.     In  practically  all  cases  there 

'as  more  or  less  corrosion  around  the  anode 

t  the  point  where  it  entered  the  concrete  and 
;n  .some  instances  for  an  inch  or  so  below  the 
iurface.      In    some    cases,    also,    where    there 

ere  voids  in  the  concrete  next  to  the  iron 
here  was  some  rust  and  slight  pitting,  but  in 

earlv  all  cases  where  the  concrete  was  in 
icfual  contact  with  the  iron  the  corrosion  was 
luite  small,  and  in  manv  cases  the  iron  was 
>raclicallv  as  bright  and  clean  as  when  placed 
n  the  concrete. 

It  is  important  to  note  that  the  total  num- 
ler  of  ampere-hours   per  square  inch   of  cni- 

i'ldcd  elerlrodc  surface  carried,  on  the  aver- 
is    considerably    larger    than    the    corre- 

,  tiding  figures  for  the  high-voltage  spcci- 
nens   at    the   time   they   cracked,   the   average 

eing  2.Ci  for  the  low?-voltage  specimens,  as 
■ii'it  n.,<*:i  retpiired  to  crack  the  high-voltage 
I  imens.     It    is  evident,   therefore,   that   the 

iiantitv  of  electricity  that  passes  through  a 
.pccimcn     docs     not     alone      determine     the 

mount   of  damage   that   it   mav   do,  but   that 

I  '■    rate   at    which    the   current    flows    is   also 

n    inijiortant    factor.      Moreover,    it    must    be 

'  ident   from  these  observations  that  the  rate 

'    which    damage   occurs    decreases    with    df- 

ising  voltage  much  more  ranidly  than  the 

'tage    is    lowered,    since   in   the   present    in- 

itance    a    reduction    of    the    voltaqe    to    nne- 

joKfth   of   the  value  used   in   the   high-voltape 

^'s  ei'^blr-d   the   specimens  to  run   with   little 

'   ro  fl^mave  for  a  period  over  200  times  as 


ling  as  was  required  to  crack  and  split  open 
the   specimens   on   the  higher  voltage. 

The  average  resistance  of  the  specimens  at 
the  beginning  of  the  test  was  91  ohms,  and 
at  the  end  of  the  test  it  had  risen  to  12,500 
ohms,  or  about  137  times  its  initial  value.  It 
is  obvious  that  the  rise  of  resistance,  and 
therefore  the  tendency  toward  self-protection 
is  much  more  marked  in  the  case  of  the  low- 
voltage  specimens  than  in  those  run  on  the 
higher   voltage. 

Exi)erinicnts  were  also  made  using  copper, 
aluminum,  brass,  carbon  and  copper-clad 
steel  as  anodes,  but  the  results  will  not  be 
discussed  here. 

CATHODE    EFFECTS   USING  IRON    AND   OTHER  MKTAL 
ELECTRODES. 

In  the  preceding  sections  the  phenomena 
noted  are  those  resulting  when  current  flows 
from  the  embedded  iron  or  other  metal  out 
into  the  concrete.  When  the  direction  of  cur- 
rent flow  is  reversed,  making  the  iron  ca- 
thode, very  different  effects  are  produced.  In 
this  case  there  is  no  tendency  for  the  iron 
to  corrode  because  of  the  current  flow,  but 
on  the  contrary  the  iron  is  protected  from 
any  natural  corrosion  that  might  tend  to  take 


Tliroughout  the  test  water  was  forced  out 
•J  round  the  embedded  iron  and  kept  the  top 
of  the  specimen  wet.  This  forcing  out  of 
water  was  evidently  due  to  the  formation  of 
gas  at  the  cathode,  which  on  escaping  forced 
the  water  through  the  pores  of  the  concrete 
lo  the  surface.  The  water  carried  calcium 
hydro.xide  in  solution,  and  as  evaporation 
took  place  calcium  carbonate  was  deposited 
in  rings  surrounding  the  cathode  on  the  sur- 
face of  the  concrete.  The  greater  part  of 
the  gas  evolved  was  hydrogen.  .\s  the  test 
proceeded  the  mortar  on  the  top  surface  of 
the  specimen  immediately  surrounding  the 
cathode  became  quite  soft.  This  softening 
extended  in  the  surface  to  a  distance  of  about 
*i  in.  from  the  cathode,  and  in  this  region 
the  concrete  was  darker,  particularly  while 
wet,  than  elsewhere.  .After  the  expiration  of 
several  months,  and  at  intervals  thereafter, 
certain  of  the  specimens  were  broken  open 
for  examination.  In  every  case  the  concrete 
blocks  were  broken  with  difficulty,  the  main 
body  of  the  concrete  being  apparently  as 
sound  as  in  simdar  specimens  not  subjected  to 
the  .iction  of  electric  currents.  On  laying  the 
specuner.  open  it  was  found  that  the  em- 
bedded metal  was  in  a  perfect  state  of  preser- 


Fig.   1.      Effect  of  High  Volt.-ige  Current     Flowing    From 

(Anode  Test). 


Embedded    Iron   to    Concrete 


place.  In  the  published  work  of  previous  in- 
vestigators ro  mention  is  made  of  any  in- 
jurious effects,  either  to  the  iron  or  the  con- 
crete in  those  specimens  in  which  the  current 
flowed  irr'in  concrete  to  iron,  except  in  a 
single  instance  in  which  the  specimen  cracked. 
The  cracking  in  this  isolated  instance  was  be- 
yond doubt  merely  incidental,  since  all  other 
invcstigat.irs  have  failed  to  note  any  tendency 
to  crack  when  the  iron  is  made  cathode.  The 
conclusion  has  therefore  been  widely  accepted 
llial  when  the  current  flcnvs  from  concrete  'o 
iron  iio  effects  arc  produceil,  and  at  the  time 
these  experiments  were  begun  there  appeared 
to  l)c  no  substantial  ground  on  which  to  ques- 
tion this  conclusion.  It  was  deemed  advisa- 
ble, howevir,  to  confirm  these  observations, 
and  accordingly  a  number  of  specimens  were 
made  exactly  similar  to  those  used  in  the 
anode  tests  above  described,  using  not  only 
iron,  but  i.Isc  brass,  copper,  carbon,  and 
aluminum  as  electrodes.  These  were  placed 
in  circuit  with  the  current  flowing  from  the 
concrete  to  the  clcctroilc.  Both  high  and  low 
voltages  were  used,  and  the  conditions  in  gen- 
eral were  lcei)t  exactly  the  same  as  with  the 
anode  tests  except  for  the  direction  of  cur- 
rent (low.  It  was  noted  that  there  was  a  rise 
in  n'sistat'cc  as  the  test  proceeds  very  similar 
lo  that  which  occurs  in  the  anode  specimens, 
but  this  rise  is  less  marked,  the  averace  ratio 
of  Increase  being  about  10  to  I.  The  first 
four     rpccimens     contained     iron     electrodes. 


vation.  but  the  eiuire  region  suri|ounding  the 
cathode  for  a  distance  of  l/li)  in.  to  V*  in. 
from  the  •surface  of  the  metal  was  consider- 
ably darker  in  appearance  than  the  main  body 
of  the  concrete  and  was  very  soft,  like  the 
concrete  immeiliatcly  surrounding  the  catliode 
at  the  surface  (see  h"ig.  2).  The  cement 
here  could  he  shaved  off  with  a  knife  like 
soft  soapstone. 

In  all  of  the  above  specimens  there  was 
.T  rat''er  sharp  line  of  demarkation  between 
the  softened  area  and  the  remainder  of  the 
concrete,  the  soft  portion  being  in  every  case 
readily  distinguishable  by  its  darker  color. 
Outside  this  darkened  zone  the  concrete  ap- 
peareil  'o  be  as  sound  as  in  specimens  not 
carry'njj  current,  an<l  no  physical  change  of 
any  kind  could  be  detected  therein,  .\ftcr 
the  specimens  hail  been  broken  open  for  some 
time  and  allowed  to  dp,',  the  darkened  ?one 
became  somewhat  lighter  in  shade,  but  there 
always  remaineil  .i  distinct  difference  readily 
di-tcctable  liv  the  eye.  The  softening  also 
diminished  greatly  as  the  specimen  became 
drier,  ami  .iftcr  becoming  thoroughly  dry  it 
became  nearly  as  hard  as  the  unaffected  mor- 
tar, but   remained   distinctly   more    friable. 

fovri     TESTS     OF     CATHOr.E      SPECIMENS. 

The  disintegration  of  the  mortar  in  the  im- 
mediate vicinity  of  the  cathode,  as  described 
above,  led  to  "tests  on  the  relative  strength 
of   the   bond   where  current   had   passed   with 
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embedded  iron  cathode  and  where  it  had  not 
For  this  specimen.s  with  %-in.  iron  rods 
were  used,  together  witii  four  identical  spe- 
cimens through  whicli  no  current  had  passed. 
By  means  of  an  Olscn  testing  machine  the 
rods  were  pushed  through  the  specimens  a 
sufficient  amount,  about  0.1  in.,  to  give  the 
maximum  bond  strength  and  also  the  friction 
load  after  the  bond  was  broken. 

The  passage  of  current  under  the  conditions 
of  the  test  reduced  the  bond  to  about  one- 
fifth   of   its   original   value. 

These  tests  indicated  that  at  least  during 
the  first  few  months  of  a  test  the  amount 
of  the  disintegration  is  probably  roughly 
proportional  to  the  quantity  of  electricity  that 
lias  passed  through  the  concrete,  and  is  thus 
but  indirectly  atTected  by  the  voltage  used,  at 
least  within  the  range  of  voltages  used  in 
these  tests.  In  this  respect  it  is  in  marked 
contrast  to  the  anode  effects  previously  de- 
scribed, which  appear  to  diminish  much  more 
rapidly  than  the  voltage,  until  at  voltages  of 
5  to  Ui  in  the  specimens  used  they  practically 
disappear. 

EFFECT     OF      ELECTRIC      CURRENTS      ON      THE      MF- 

CM.^NICAL    STRENGTH    OF    NON-RElNFORCEIl 

CONCRETE. 

While  the  foregoing  experiments  appear  to 
show  quite  clearly  that  no  eflfect  is  produced 


dication .  that   the  passage  of  current  affected 
the  crushing   strength   of  the  concrete. 

C.\T.'SE   OF  CRACKING  OF  REINFORCED  CONCRETE   BY 
ELECTRIC   CURRENTS. 

As  regards  the  various  theories  that  have 
been  advanced  as  to  the  cause  of  cracking 
of  reinforced  concrete  which  were  previously 
mentioned  in  this  paper,  the  first,  that  of  gas 
pressure,  appears  to  have  little  evidence  to 
suppori  it.  In  all  cases  it  has  been  found 
that  a  much  greater  volume  of  gas  is  liberated 
at  the  cathode  than  at  the  anode,  and  if  the 
pressure  due  to  any  accumulation  of  gas 
wit'iin  the  concrete  were  an  important  factor 
in  causing  the  cracking,  we  should  expect  to 
find  even  greater  damage  in  cathode  spe- 
cimens than  in  anode  specimens.  On  the  con- 
trary, however,  the  cracking  is  found  to  be 
peculiarly  an  anode  effect,  and  it  therefore 
seems  certain  that  gas  pressure  at  most  plays 
but  a  very  minor  part  in  causing  the  damage. 
.■\s  for  the  second  theory,  that  of  heating, 
the  same  objection  applies,  because  the  heat 
developed  in  the  cathode  specimens  is  sub- 
stantially the  same  as  in  the  anode  specimens 
Lmder  similar  conditions.  It  must  be  ad- 
mitted that  heating  of  the  embedded  iron,  if 
sufficiently  great,  is  capable  of  developing 
cracks  in  concrete,  but  with  the  ordinary  cir- 
cumstances   under    which     cracking    lias     oc- 


Fig.  2.     Effect  of  Current  Flowing  From  Concrete  to  Embedded  Iron  (Cathode  Test) 


by  the  passage  of  an  electric  current  through 
the  main  body  of  the  concrete  remote  from 
the  electrodes,  it  was  deemed  advisable  to 
corroborate  this  with  a  series  of  mechanical 
tests  on  specimens  so  designed  as  to  eliminate 
the  electrode  effects. 

In  order  to  secure  further  information  on 
this  subject  a  test  was  carried  out  using  con- 
crete cylinders  6  ins.  in  diaineter  and  8  ins. 
long  with  no  iron  embedded.  These  cylinders 
were  made  of  1 :2V4  : 1  concrete,  using  Old 
Dominion  cement  for  iiart  of  them  and  .'Mpha 
for  the  rest.  Sand  and  crushed  trap  rock 
constituted  the  aggregate.  After  the  concrete 
had  become  thoroughly  set  18  of  the  cylinders 
were  provided  with  electrical  connections  by 
plastering  a  3  x  3-in.  carbon  plate  to  the  ends 
of  each  cylinder  with  cement  mortar.  A  cop- 
per lend  was  attached  to  each  carbon  plate. 
The  potential  gradient  impressed  on  these 
specimens  was  172  volts  per  foot  and  the  test 
was  extremely  severe.  Current  flowed  con- 
tinuouslv  for  11  months.  Approximately  7.5 
ampere-hours  of  electricity  passed  through 
each  specimen  under  n  potential  gradient  of 
about  14  volts  per  inch.  The  current  densitv 
averages  about  0.0003  ampere  per  square  inch 
of  cross-sectional  area  of  tlie  specimen.  At 
the  end  of  a  period  of  II  months  the  spe- 
cimeps  were  tested  to  determine  their  crush- 
inj  strength.  Nearly  all  of  the  failures 
showed  the  usual  4^°  shear.     There  is  no  in- 


curred in  tlic  laboratory  tliis  is  not  sufficient 
to  contribute  materially  to  the  damage,  as  the 
cathode  experiments   show. 

The  third  theory,  that  of  electro-chemical 
decomposition  of  the  cement,  also  appears  to 
rest  on  very  uncertain  ground.  The  fact 
tl;at  the  main  body  of  the  concrete  remains 
unaffected,  and  at  the  anode  where  cracking 
always  originates  no  deterioration  of  the  con- 
crete is  evident,  argues  strongly  against  this 
theory.  It  appears  inevitable  therefore  that 
«e  must  conclude  that  the  cracking  is  a  direct 
result  of  some  process  occurring  at  the  sur- 
face of  the  anode,  and  hence  we  must  look 
to  the  anode  phenomena  for  the  true  ex- 
planation of  the  damage.  The  explanation 
previously  advanced  that  the  cracking  is  due 
to  the  deposition  of  oxides  of  iron  between 
the  surface  of  the  iron  and  the  concrete, 
which,  occupying  a  larger  volume  than  the 
orij.''inal  iron,  produces  a  mechanical  pressure 
sufficient  to  crack  the  surrounding  concrete, 
appears  on  the  surface  to  be  well  founded. 
There  are.  however,  no  published  data  show- 
ing that  such  pressures  actually  develop  or 
indicating   what   magnitudes   they   may   attain. 

NtEAStiREMENT  OF  FORCE   PROnUCED  BV   CORROSION 
OF    IRON    IN    CONCRETE. 

.\nothcr  and  more  striking  experiment  to 
demonstrate  the  existence  of  a  mechanical 
pressure  and  at  the  same  time  to  give  an  idea 


of  the  order  of  magnitude  of  the  forces  de- 
veloped was  made  with  the  apparatus  shown 
in  Fig.  3.  Several  sections  of  4-in.  cast-iron 
pipe  about  5  ins.  long  were  cut  through  on 
one  side  with  a  hack  saw,  making  slits  about 
1/16  in.  in  width.  These  sections  of  pipe 
were  then  filled  with  concrete  and  an  iron 
rod  embedded  in  the  center  of  each  to  serve 
as  one  electrode.  After  being  properly  aged, 
the  specimens  were  connected  in  circuit,  with 
the  outer  cast-iron  sleeves  as  anodes.  In 
that  case  corrosion  would  take  place  on  the 
inner  surface  of  the  cast-iron  and  produce  a 
layer  of  oxide  between  the  iron  and  the  con- 
crete. If  any  considerable  pressure  were  pro- 
duced it  would  result  in  a  tendency  to  expand 
the  cast-iron  sleeve,  with  consequent  widening 
of  the  slit.  This  actually  proved  to  be  the 
case.  The  increase  in  the  width  of  the  slit 
in  this  case  is  about  3/32-in.  As  the  cast- 
iron  sleeve  was  about  V2  in.  thick  and  pos- 
sessed considerable  rigidity,  a  very  appreciable 
mechanical  pressure  is  here  made  evident 
Calculation  showed  that  the  natural  expansion 
of  the  concrete  could  not  have  produced  more 
than  a  few  per  cent  of  the  eft'ect  observed 
One  experiment  showed  a  radial  pressure  of 
about  2.400  lbs.  per  square  inch  at  the  sur- 
face of  the  electrode,  mostly  due  to  the  for- 
mation of  rust ;  another  experiment  showed 
3,760  lbs.  per  square  inch ;  and  still  another 
4,700  lbs.  per  square  inch.  It  is  thus  seen 
that  the  force  produced  is  sufficient  to  destroy 
the  concrete. 

RISE    OF    ELECTRICAL    RESISTANCE    OF    REINFORCED 
CONCRETE    DL'E    TO    FLOW    OF    CURRENT. 

The  electrical  resistance  of  concrete  is  a 
factor  of  great  importance,  but  one  which 
varies  so  greatly  with  varying  physical  con- 
ditions, especially  with  varying  moisture  con- 
tent, that  it  is  difficult  to  give  any  reliabli 
numerical  values  except  in  the  case  of  ap- 
proximately saturated  specimens.  An  average 
figure  for  representative  specimens  of  thor- 
oughly wet  concrete  may  be  taken  as  varying 
from  4,000  to  6.000  ohms  per  centimeter  cube, 
depending  somewhat  on  the  proportions.  With 
reduced  moisture  content  the  resistance  rise? 
rapidly,  the  concrete  becoiuing  a  fairly  good 
insulator  when  thoroughly  drj-. 

A  notable  exception  to  the  practically  gen- 
eral rule  with  regard  to  the  increases  of  re- 
sistance of  reinforced  concrete  when  current 
flows  through  it  will  now  be  considered.  It 
is  not  an  uncommon  practice  in  placing  con- 
crete in  cold  weather  to  dissolve  2  to  o 
per  cent  of  common  salt  in  the  water  used 
in  making  the  concrete.  The  effect  of  this 
addition  of  salt  to  concrete  upon  its  electrical 
properties  appeared  very  important,  and  tests 
were  therefore  made  to  determine  this  effect 
In  all  cases  where  such  specimens  were  tested 
as  anodes  the  damage  was  not  only  found 
to  be  very  much  hastened,  but  instead  of  tht 
usual  increase  of  resistance  with  the  passage 
of  the  current  the  resistance  actually  de- 
creased in  some  cases  as  the  test  proceeded 
Two  specimens  which  were  made  up  with  no 
addition  of  salt,  but  which  were  tested  in  a 
3  per  cent  salt  solution  decreased  from 
11.5  to  80  ohms  and  from  130  to  60  ohms,  at 
the  end  of  410  and   1,490  hours,  respectivel.v 

A  second  test,  in  which  the  concrete  wa^ 
made  up  with  a  10  per  cent  salt  solution  an< 
tested  as  anode  on  1-5  volts  over  a  period  d 
five  days,  showed  a  decrease  of  resistance  ol 
2.5  per  cent.  Cathode  specimens  tested  in  • 
manner  similar  to  the  tests  on  the  first  tW( 
specimens  mentioned  showed  an  increase  ot 
resistance  of  20  to  25  per  cent  in  the  sanii 
length  of  time.  This  marked  difference  ii 
character  from  that  of  all  the  other  speciirien- 
tested  in  this  work  must  be  attributed  chief! 
to  the  salt,  or  rather  to  the  presence  of_ai 
excessive  amount  of  the  acid  radical  chlorine 
The  currents  taken  by  the  specimens  wen 
rather  high  in  most  cases,  and  hence  hcatin.i 
mav  have  had  something  to  do  with  tlie  de 
crease  of  resistance  instead  of  an  increase 
Init  it  can  not  account  for  all  of  it.  In  test 
on  specimens  to  which  no  salt  was  added  tli' 
temperature  rise  was  nearly  as  great,  but  th' 
rise  of  resistance  never  failed  to  occur. 
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-i.     OF     KESISTANXE     OF     CONCRETE     BURIED     IN- 
DAMP    EARTH. 

Sit  is  evident  that  a  rise  of  electrical  re- 
sistance of  reinforced  concrete  takes  place 
under  all  the  conditions  of  the  electrolysis  ex- 
loeriments  conducted  in  the  laboratory  except 
en  an  appreciable  amount  of  chlorine,  or 
'haps  other  acid  radical,  is  present  in  the 
nent.  These  laboratory  conditions  provide 
liquid  electrolyte  in  all  cases.  In  practice 
'.  soil  would  more  often  be  the  electrolyte 
conditions  were  favorable  to  electrolysis, 
irrent  would  also  be  likely  to  flow  between 
tions  of  reinforcement  without  leaving  the 
ncrete.     In  order  to   determine  whether  or 

■  a  rise  of  resistance  would  occur  in  the 
-c  of   concrete   in   soil,   two  blocks  of  con- 

te  containing  embedded  iron  were  molded 

holes  dug  in  the  earth  so  that  about  3  ins. 

the  block  projected  above  the  surface.  The 

<:ks  were  of  1 :2%  :4  concrete.  3.5  ft.  square 

\   J.5   ft.   deep.     Current  flowed   continuously 

(  \cept  for  about  33  hours  each  week.    A  rise 

resistance  was  found  to  take  place,  but  it 

jieared  in  a  longer  time  than  in  the  case  of 

'  cimens  tested  in  jars. 

-  OF  RESISTANCE  OF  CONCRETE  SETTING  IN  AIR. 

\  similar  test  to  that  above  described  was 
ide  by  passing  the  current  through  three  re- 
torced     concrete    beams    5  ins.    square  x  5 

long.  These  beams  were  built  of  1:2^:4 
:icrete,  and  were  reinforced  with  %-in.  rods. 

e  rise  of  resistance  was  found  to  occur  in 
ich   the   same   manner   as   in   blocks   buried 

the   earth. 

n   order   to   gain   some   information   as   to 

■  specific  resistance  of  concrete  while  setting 
air  without  current  flowing,  eight   1 :2^.  :4 

ncrete  specimens  were  made  in  the  form  of 

tangular  blocks.     When   the    blocks    were 

■noved    from    the    molds    the    electrical    re- 

:ance  between    the   plates   placed    in    them 

re   measured   by   alternating  current.     The 

'  cimens  were   then   buried   in     damp     sand 

lor    about    eight    weeks.      On    removal    from 

ithc   sand  the  resistance  was  measured  again. 

;after  which  the  specimens  were  placed  in  air 

land  the  measurements  repeated   from  time  to 

,time.     The  weight  of  the  specimens  remained 

, nearly    constant    from    the    time    of    removal 

.    jfrom  the  sand  to  the  end  of  the  test.     This 

■  [can  best  be  accounted  for,  in  view  of  the 
iiarge  increase  of  resistance  noted,  by  the  fact 
tthat  with  the  slow-setting  process  which  goes 
;on  during  the  first  few  months  of  the  life  of 
'concrete  a  considerable  amount  of  water  is 
.taken   up   by   hydration,    enough,   possibly,    to 

■  'counteract  the  drying  effect  of  the  atmos- 
■phere. 

h  is  therefore  seen  that  a  great  rise  of  re- 
■tance    takes    place    under    conditions    prac- 
.dly  identical  with  those  occurring  in  prac- 
• ,  and  it  is,  therefore,  an  important  factor 
reducing    damage    to    concrete    structures. 
■  1   particularly   so   in   the   case  of   moderate 
low  voltages,  as  a  few  volts  or  less,  such 
,    ^as  would  almost  invariably  be  met  with  under 
c'lctual   conditions.     Its   magnitude   is   such   as 
to  increase  by  many  times  the  life  of  a  struc- 
ture over  what  it  would  have  if  subjected  to 
■vcrc  electrolytic  conditions   and   the   rise  of 
-istance  did  not  occur. 

RIATIONS      IN       MAr.NTTUDE      OF      ELECTROLYTIC 
CORROSION    OF    IRON    IN    CONCRETE. 

It  is  well  known  that  in  cases  of  corrosion 

electric  currents  the  total  amount  of  cor- 

">sion   docs   not    in    gcner.il    correspond    with 

;Faraday's  law,  but  as  in  many  cases  cnnsidcr- 

ibly  less  than  the  theoretical  amount.     In  par- 

ular.  in  the  case  of  concrete,  it  was  to  be 

pcctcd  that  the  actual  amount  of  corrosion 

iild  be  less  than  th.nt  expected   from  Fara- 

■■  's  law,  because  of  the  alkalinity  of  the  clcc- 

■lytc.  This  ohviouslv  has  an  important  bear- 

:  on  the  subject  of  electrolysis  in  reinforced 

ncrete.  because  the  extent  of  the  reduction 

the    amount   of   corrosion    determines    the 

,  .image   which   will   result   to   the    reinforcing 

|Tiatcrial    by    a    given    ampere    rlischarge,    and 

il«o  determines  in  greater  or  less  degree  the 

tent  of  the  injur>'  to  the  concrete  itself. 

P.ffect  nf  Temperature  0)i  Efficiency  of  Cor- 

uon. — One  of  the  most  important  facts  to 


be  noted  in  connection  with  the  efficiency  of 
corrosion  in  concrete  is  the  great  change  in 
the  efficiency  of  corrosion  attendant  upon  a 
change  of  the  voltage  through  a  wide  range 
of  values  and  the  consequent  accompanying 
change  of  current  density  at  the  surface  of 
the  electrode.  There  is  evidence  of  this 
change  in  the  efficiency  of  corrosion  in  the 
results  of  the  anode  tests. 

Tests  were  made  on  several  different 
brands  of  cement,  three  cubes  being  made  of 
each  brand.  One  cube  was  kept  without  cur- 
rent as  a  check  on  natural  corrosion,  and  the 
other  two  were  tested  electrically.  The  check 
specimens  showed  very  little  natural  cor- 
rosion, the  losses  in  these  cases  being  hardly 
greater  than  the  errors  which  would  be  ex- 
pected to  occur  in  weighing.  The  efficiencies 
of  corrosion  show  beyond  a  doubt  that  under 
the  conditions  of  tliesj  experiments  but  a 
small  fraction  of  the  current  passing  through 
a  specimen  of  reinforced  concrete  is  effective 
in  dissolving  the  iron.  The  variations  in  effi- 
ciency of  corrosion  between  different  cements 
are  quite  marked,  the  corrosion  efficiencv  of 
some  specimens  being  three  or  four  times 
that  of  others. 

For  specimens  of  the  same  form  the  various 
current  densities  were  in  practically  the  same 


C.  Seven  different  current  densities  were 
used,  the  current  density  for  each  set  of  spe- 
cimens being  kept  constant  throughout  the 
test. 

The  results  show  that  the  current  density 
in  the  ratio  of  1  to  40  causes  no  material 
change  in  the  efficiency  of  corrosion.  For  a 
given  current  density  there  are  variations  in 
the  efficiencies  of  corrosion  between  individual 
specimens,  but  these  variations  may  be  at- 
tributed to  variations  in  the  concentrations  of 
the    dissolved    substances    of    the    electrolyte. 

A  second  series  of  tests,  the  purpose  of 
which  was  to  show  the  effect  of  variation  of 
temperature  on  the  efficiency  of  corrosion, 
was  conducted  in  a  manner  similar  to  that  of 
the  preceding  series  of  tests.  The  range  of 
temperature  was  from  3°  to  100°  C,  the  tem- 
perature of  the  electrolyte  being  the  one  meas- 
ured and  recorded.  In  order  that  the  heat- 
ing effect  of  the  current  on  the  interior  of 
the  specimen  might  be  nearly  the  same  at 
all  temperatures  the  current  was  kept  con- 
stant and  equal  to  0.030  ampere  through  the 
four  specimens  of  each  set  in  series.  The 
total  average  voltage  required  for  this  was 
about  26  volts.  Since  heat  was  being  con- 
stantly lost  from  the  specimen  through 
evaporation  of  water  such  a  rate  of  heat  lib- 


Fig.  3.     Apparatus  for  Determining   Force    Produced  by  Corrosion  of  Iron  in  Concrete. 


ratio  as  the  voltages  at  like  periods  of  the 
tests.  The  decrease  in  the  efficiency  of  cor- 
rosion therefore  does  not  take  place  in  the 
same  proportion  as  the  decrease  in  current 
density.  For  the  type  of  specimen  used  in 
these  tests  and  for  the  conditions  of  the  tests 
it  seems  that  corrosion  practically  ceases  at 
a  voltage  somewjiat  below  15  volts.  The 
comparison  of  these  results,  together  with 
the  fact  that  where  the  higli  efficiencies  of 
corrosion  prevailed  there  was  always  high 
temperature,  led  to  other  tests  which  were 
designed  to  show  the  effects  of  temperature 
on  the  efficiency  of  corrosion.     , 

For  the  purpose  of  carrying  out  the  tem- 
perature tests  a  number  of  cylindrical  spe- 
cimens 4  ins.  in  diameter  by  i>/i  ins.  long 
were  made  up  of  a  1  :2  motar  consisting  of 
quartz  sand  and  Old  Dominion  cement  mixed 
with  distilled  water,  the  sand  having  been 
washed  with  tap  water  before  using.  A  V2- 
in.  round  iron  electrode  was  embedded  to  a 
depth  of  4  ins.  in  the  axis  of  each  cylinder 
Alter  being  removed  from  the  molds  the  spe- 
cimens were  allowed  to  set  in  a  damp  closet 
two  weeks  before  testing. 

The  first  series  of  tests  was  carried  out,  us- 
ing varying  current  density  and  constant  tem- 
perature. The  object  of  this  test  was  to  ascer- 
tain whether  or  not  any  variation  in  efficiency 
of  corrosion  might  be  directly  due  to  a 
change  in  the  current  density  over  the  sur- 
face of  the  electrode.  The  only  temperature 
which  could  be  relied  on  for  constancy  in  . 
the  specimen  was  boiling  temperature,  which. 
for  tnc  electrolyte,  was  a  trifle  more  than  100" 


eration  distributed  as  it  was  between  positive 
and  negative  electrodes  could  not  result  in 
a  material  increase  of  the  temperature  of  the 
interior  of  the  specimen  over  that  of  the 
electrode.  Below  50°  the  efficiency  of  cor- 
rosion is  very  small.  Since  current  density 
has  been  shown  to  have  no  direct  effect  on 
efficiency  of  corrosion,  the  great  difference  in 
efficiency  of  corrosion  between  high  and  low- 
voltage  specimens  must  therefore  be  at- 
tributed to  the  heating  effect  of  the  current. 
If  the  heating  effect  of  the  current  is  suffi- 
cient to  raise  the  internal  temperature  of  the 
specimens  to  50°  C.  or  more,  active  corrosion 
occurs.  Below  50°  the  iron  remains  passive, 
or  nearly  so.  This  has  been  found  to  be 
strictly  true,  however,  only  for  normal  con- 
crete specimens  to  which  no  foreign  ingred- 
ient of  marked  corrosive  tendencies  has  been 
added,   as   will   presently   appear. 

Effect  of  Waterproofing  Compounds. — Ma- 
terials arc  often  added  to  the  concrete  to 
make  it  more  impermeable  to  water.  Hy- 
dratcd  lime  and  a  number  of  proprietary  com- 
pounds, consisting  of  powders,  pastes  and 
liquids,  are  sometimes .  mixed  with  the  con- 
crete. A  number  of  specimens  were  made 
up  and  tested,  using  a  number  of  these  in- 
gredients with  a  1  ;2%  :4  concrete.  These 
were  added  to  the  cement  and  did  not  re- 
place it.  The  addition  of  some  of  the  in- 
gredients did  not  result  in  a  very  material 
increase  in  corrosion,  while  others  caused  a 
very  rapid  corrosion. 

Effect  of  Salt  and  Calcium  Chloride. — The 
effect  of  sodium  chloride  and  calcium  chloride 
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proved  to  be  remarkable.  The  addition  of 
0.02  per  cent  of  Ca  CI:  to  the  cement  resulted 
in  a  very  marked  increase  in  the  efficiency  of 
corrosion.  Below  that  percentage  the  addi- 
tion of  it  did  not  seem  to  have  an  appreciable 
effect.  An  addition  of  Vi  per  cent  of  sodium 
chloride  was  found  sufficient  to  destroy  the 
passivity  of  iron  almost  completely.  A  com- 
parison of  Figs.  2  and  4  shows  the  effect  of 
an  addition  of  sodium  to  the  concrete.  It 
thus  appears  that  great  care  should  be  exer- 
cised in  selecting  an  ingredient  to  add  to  re- 
inforced concrete  for  any  purpose  whatsoever, 
provided  there  is  any  likelihood  that  the 
structure  will  later  be  subjected  to  the  action 
of  electric  currents.  In  such  cases  the  addi- 
tion of  chlorine  should  be  avoided  entirely, 
and  before  using  it  an  integral  waterproofing 
should  be  carefully  examined  for  the  presence 
of  any  soluble  salt  liaving  a  marked  tendency 
to  increase  corrosion  of  the  iron. 

EXPERIMENTS       WITH       PROPOSED      METHODS      FOR 

MINIMIZING     ELECTROLYSIS     IN     REINFORCEn 

CONCRETE. 

.\   number  of  methods  have  been  proposed 
by  various  investigators   for  preventing  or  re- 


rosion.  In  the  case  of  the  iron-ore  cement 
there  appears  to  have  been  a  decrease  in  the 
corrosion,  but  in  the  case  of  other  cements 
the  reverse  is  the  case. 

It  sliould  perhaps  be  noted  in  this  connec- 
tion that  the  barium  hydrate  added  to  the 
cement  would  have  no  effect  on  the  activity 
of  any  soluble  chlorides  that  might  be  pres- 
ent. 

Under  ordinary  conditions  and  at  usual 
temperatures  the  efficiency  of  corrosion  of 
iron  in  normal  concrete  is  very  low;  it  seems 
that  efforts  might  most  profitably  be  directed 
toward  keeping  it  low  by  preventing  the  ad- 
dition to  the  concrete  of  any  acid  radical  of 
marked  corrosive  tendencies  in  a  form  which 
is  readily  dissolved  and  ionized.  The  wisdom 
of  su.ch  a  precaution  is  indicated  in  the  sec- 
tion dealing  with  electrolytic  corrosion  of 
iron  in  concrete  and  should  be  taken,  not 
only  with  reinforced  concrete  in  the  process 
of  making,  but  at  every  stage  of  its  existence. 
Concrete  takes  up  a  very  appreciable  amount 
of  water,  and  when  a  salt  or  an  acid  in  so- 
lution comes  in  contact  with  its  surface  the 
chemical   may   diffuse  throughout     the     mass. 


Fig.   4.      Increase   of    Disintegration    Due   to   Addition  of  Sodium  (Compare  Figs.  2  and  4). 


ducing  damage  in  reinforced  concrete  by  elec- 
trolysis. Little  has  l)een  known  as  to  the 
efficacy  of  these  proposed  remedies,  how'ever, 
and  in  order  to  throw  further  light  on  the 
questions  regarding  their  practical  value  a 
number  of  laboratory  experiments  were  in- 
stituted. These  methods  are,  in  general,  only 
applicable  to  structures  which  arc  in  process 
of   erection. 

Kcdiiv'uHi  tlic  EfUciciicy  of  Corrosion  of 
Iron  by  Clieniiial  Means. — Up  to  the  date  of 
this  writing  the  attempts  toward  reducing  the 
efficiencv  of  corrosion  by  chemical  means 
have  met  with  very  indifferent  success.  In 
an  endeavor  to  contrive  some  means  for  re- 
ducing the  efficiency  of  corrosion  of  iron 
when  made  anode  in  concrete  a  number  of 
substances  known  to  retard  the  natural  cor- 
rosion of  iron  in  their  aqueous  solutions  were 
tried  out.  The  resulting  efficiencies  of  cor- 
rosion are  extremely  small  in  all  cases,  while 
the  differences  between  those  olitained  with 
the  chemicals  added  and  those  without  any 
added  are  not  of  a  magnitude  which  would 
suggest  their  use  in  practice  as  preventives  of 
electrolytic  damage. 

It  is  well  known  that  the  presence  of  sul- 
phates in  even  comparatively  small  amounts 
tends  to  destroy  the  passive  state  which  iron 
generally  assumes  in  strongly  alkaline  solu- 
tions, and,  accordingly,  a  trial  was  made  with 
barium  hydrate  added  to  the  cement  in  the 
form  of  a  fine  powder.  An  examination  of 
the  results,  however,  did  not  reveal  any  evi- 
dence from  which  we  can  conclude  that  the 
addition  of  barium  hydroxide  is  of  any  ma- 
terial value  in  reducing  the  efficiency  of  cor- 


The  resulting  damage  by  electrolysis  may  be 
as  great  as  if  the  chemical  had  been  added 
in  making  the  concrete. 

Painting  or  Coating  the  Iron  Before  Em- 
heddiup  II  in  the  Concrete. —  Painting  or  oth- 
erwise treating  the  iron  before  embedding  it 
in  the  concrete  has  not  as  yet  been  tried 
thoroughly,  the  tests  being  held  up  to  await 
the  outcome  of  some  experiments  with  a 
large  number  of  ijreservative  paints  for  iron 
as  preventives  of  natural  and  electrolytic  cor- 
rosion in  the  presence  of  air  and  moisture. 
'I'bree  standard  size  specimens  were  made  up 
for  one  test  along  this  line,  however,  using 
fi-in.  round  iron  electrodes  which  had  been 
dipped  in  melted  pitch  before  embedding 
them.  They  were  connected  up  as  anode  on 
1.^  volts  and  left  in  circuit  more  than  one 
year.  The  currents  in  two  of  the  specimens 
were  inappreciable  at  all  times.  The  third 
carried  a  current  which  varied  a  great  deal, 
but  the  highest  current  reading  at  any  time 
was  only  L'O  mil-amperes.  It  is  evident,  there- 
fore, thai  the  pitch  had  considerable  effect  in 
preventing  current  flow%  but  in  common  with 
all  paints  used  in  this  manner  it  has  the  dis- 
advartage  that  no  bond  forms  between  the 
concrete  and  iron  when  the  concrete  sets. 
This  limits  the  application  of  such  a  method 
of  protection  to  structures  where  the  strength 
of  the  bond  is  not  an  important  matter. 

Tests  of  Integral  H'aterfiroofing. — In  a 
search  for  a  solution  for  the  problem  of  in- 
creasing the  specific  resistance  of  concrete 
a  trial  was  made  of  a  number  of  integral 
waterproofings  for  concrete  which  are  com- 
monly sold   in  the  market.       These     integral 


compounds  are  sold  in  the  form  of  powders, 
pastes  and  liquids  and  are  designed  for  in- 
corporation within  the  mass  of  the  concrete 
while  mixing  the  aggregate  and  their  intended 
function  is  to  reduce  the  porosity  of  the  mass 
or  otherwise  render  it  impermeable  to  water. 
The  method  of  application  varies  with  the 
character  of  the  compound;  the  procedure 
generally  being  to  mix  the  powders  with  dry 
cement,  the  pastes  and  liquids  with  the  water 
used   in  making  the  concrete. 

The  concrete  specimens  used  for  the  tests 
were  made  of  a  1  :'2V2  :4  mixture,  with  %-in. 
round  iron  electrodes  embedded  in  them. 
Each  compound  was  added  to  the  concrete 
in  the  manner  prescribed  by  its  manufacturer. 
After  the  specimens  had  been  taken  out  of 
the  molds  they  were  allowed  to  set  in  water 
or  wet  sand  for  eight  or  ten  weeks  before  test- 
ing. 

In  making  an  interpretation  of  the  results 
of  the  tests  on  integral  waterproofings  the 
tendency  of  normal  reinforced  concrete  to 
protect  itself  against  the  effect  of  electric 
currents  should  be  considered.  In  the  sec- 
tion dealing  with  the  rise  of  resistance  of 
reinforced  concrete  due  to  flow  of  current  it 
is  seen  that  when  saturated  specimens  are 
subjected  to  the  action  of  current  the  rise  of 
resistance  is  suflScient  within  a  few  weeks  to 
prevent  damage  unless  the  conditions  of 
electrolysis  are  extremely  severe.  Therefore, 
unless  a  waterproofing  integral  causes  a  de- 
crease in  the  conductivitv  of  concrete  under 
the  conditions  of  application  in  practice  to  an 
amount  comparable  with  that  observed  in 
connection  with  the  flow  of  current  through 
normal  reinforced  concrete  its  use  would  not 
be  justified  merely  on  the  ground  of  prevent- 
ing electrolysis.  That  is.  in  order  to  he  effi- 
cient in  the  prevention  of  electrolysis  the 
addition  of  the  waterproofing  agents  should 
cause  a  reduction  in  the  conductivity  of  wet 
concrete  to  1  or  2  per  cent  of  its  normal 
value  instead  of  to  ■'iO  per  cent,  as  most  of 
them  do.  It  appears  that  the  mere  fact  that 
the  addition  of  a  waterproofing  agent  in- 
creases the  initial  resistance  by  a  considerable 
amount  should  not  be  construed  as  evidence 
of  its  value  as  a  permanent  protection  against 
electrolysis. 

Resistance  of  Granite  and  Limestone. — The 
specific  measurements  of  granite  and  lime- 
stone were  conducted  on  seven  specimens.^  six 
of  granite  and  one  of  limestone.  Two  kinds 
of  granite  were  represented,  gray  and  red. 
It  was  found,  that  the  resistance  of  limestone 
was  from  about  six  to  eight  times  that  of 
concrete,  and  that  the  resistance  of  granite 
was  about  one  hundred  times  that  of  con- 
crete. The  latter  value  particularlv  is  suffi- 
cient to  warrant  the  use  of  granite  in  the 
footings  and  foundations  of  buildings  to  re- 
duce the  tendencv  of  electric  currents  to  flow 
between  them  and  the  earth. 

Tests  on  U'ctcrl^roofina  Paints  and  Mem- 
branes for  Concrete. — In  a  search  for  ar 
effective  and  durable  insulating  coating  whici 
might  be  applied  to  the  surface  of  concrett 
some  tests  were  made  of  a  number  of  water- 
proofing and  damp-proofing  paints  and  nienv 
brnnes.  For  the  purpose  of  testins'  thes( 
paints  and  membranes  they  were  applied  t( 
concrete  cvlindcrs  like  those  used  in  testini 
for  the  effect  of  integral  waterproofing,  witl 
the  exception  that  the  integrals  were  omittci 
in   mixing   the   aggregate. 

Tn  ai)plyinL''  the  paints  great  care  was  ex 
ercised  to  obtain  continuous  and  flawles 
films  as  far  as  the  character  of  the  paint 
would  permit.  The  directions  of  the  nianii 
facturers  were  followed  closely,  and  after  tb 
finisliing  coat  had  been  applied  the  specimen 
were  set  aside  for  a  period  varying  from  fou 
to  six  weeks  before  testing.  Tn  order  t 
avoid  bruising  the  coating  on  the  bottom  r 
the  rvlinder  wdiere  it  came  in  contact  wit 
the  floor  in  handling  the  coating  was  (her 
treated  with  a  layer  of  melted  paraffin.  Th 
prevented  sticking,  and  as  far  as  the  tests  wei 
conducted  it  seemed  to  have  no  detriment; 
effect  on  the  paints.  Trial  showed  that  thei 
is  a  vast  difference  between  painting  over 
paraflined  surface  and  putting  a  layer  < 
paraflnn  over  dried  paint.     In  the  first  instam 
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lir  paint  never  dries,  but  in  the  second  no 
-ijn  of  deterioration  ever  appeared  in  the 
III  ..r  more  paints  tested  in  the  course  of  this 

I'he   test   on   the    paints    was   conducted    in 

much  the  same  way  as  the  tests  for  the  effect 

integral   waterproolings.     The   rate  of  ab- 

jition   near   the   beginning   of   the   test   was 

.  n  as  the  true  measure  of  the  efficiency  of 

coating  as  a  waterproofer  because  at  any 

sequent    time    the    specimens    had    become 

lib 're    or    less    saturated    with    water    with    a 

nsequent  decrease  in  the  rate  of  absorption, 

i.h    was    not    due   to    any   property   of    the 

ting.     The  greater  portion  of  the  coatings 

w  conductivities  at  the  end  of  seven  days 

ich  are  too  large  to  allow  tliem  to  be  con- 

■  uliTed  as  insulating. 

There  are  others,  however,  which  show 
\tT\  favorable  results  in  comparison  with  un- 
1!  rated  normal  specimens  after  lieint;  three 
iihinths  under  test  on  1-J  volts  and  tlieir  use 
uhcre  occasion  demands  it  might  be  desirable 
if  a  life  test  on  them  should  indicate  that 
their  insulating  power  is  not  too  short  lived. 
Life  tests  were  not  run  in  connection  with 
the  present  work,  partly  because  of  lack  of 
time. 

Some    tests    were    also    run    on    specimens 
similar  to  tlie  above  treated  with  waterproof- 
ing membranes.     These  membranes  consist  of 
^alternate  applications  of  hot  pitcli.  or  asphalt. 
and    fabric.      Thev    are    designed    for    water- 
|ir. .oting   against    hydrostatic   pressure,   undcr- 
jrmmd.      In   olacing  the   mem1)ranes   the  con- 
retc   was   first   thoroughly   swabbed   with    the 
iiuhed    compound,    then    a    laver     of      fabric 
rolled   on   and   it   in   turn   swabbed  with   more 
if  the  melted  compound.     The  operation  was 
repeated  until  the  required  number  of  layers 
kvire   obtained.     Great   care   was   exercised   in 
I  .iking    joints    and    fdlin?    all    holes    where 
age    might    possiblv    occur.      The    tops    of 
11    specimens   did    not    come   in   contact    with 
lie   water   in    testing     so   w-erc   not    laid   over 
■vith    fabric   but    were   simply    painted    with    a 
:hick  coat  of  tlie  melted  compound. 

The   tests    on    the    membranes      were      con- 
ducted   in    a    manner    slightly    diflferent    from 
:hosc  on  the  paints.     .After  the  specimens  were 
blade  up  thev  were  weighed,  placed  in  a  tank 
■"ntaining   water   7    ins.    deep   and    connected 
with  the  embedded  iron  anode  on  the  15- 
t   circuit.     The   potential   was  left  on  con- 
■nnously.      .Xt    intervals   of   a    month   or   two 
nrrent    readings    were    made    and    the    spc- 
"  ins    were    removed    from    the    tank    and 
.,'hed.      Two    different    brands    of      mem- 
ines   were   tested   in   this   way.   using    from 
«(■  to  five  layers.     The  tests  were  continued 
r  11  months'  and  the  electrical  readings  arc 
-e  obtained  at  the  end  of  that  time!     The 
.  tivcness  of  these  coatings  as  preventives 
•  :    electrolysis  in  the  manner   for  which  thev 
ire    adapted    is    imouestionablc,    iiravided.    of 
nurse,    that    the    membrane    is    applied    with 
ufficient  care. 

■Possibilities  of  Trouble   From   Electrolysis 
in  Concrete  Structures  Under  Practical 

Conditions. 
Ill    connection    with    the    investigations    de- 
lied    in    the    preceding    section,   the    matter 
been    stiidied    from    the    practical    stand- 
iit    also,   in   order   to   determine,   as    far   as 
41. le,  to  what  extent  the  conditions  unilcr 
'h   concrete  can  be  ininred  in  the  labora- 
may  be  expected  to  obt.iin  in  practice. 

HITIONS     NKCF.SS.XRY     FOR     I'AM.M'.F    TO    OCCt'R. 

\    careful    study   of   the    data   presente<l    in 

preceding    pages    shows   conclusivelv    that 

lie  there  arc  conditions  imder  which   rcin- 

'  <'d  concrete  mav  be  scriouslv  injured,  such 

iililions  are  nevertheless  exceptional  rather 

HI   the   rule.     These   cxccntional    conditions 

ir.    however,    with    sufficient    fr''f|\iencv    to 

il^e   the   problem   one   of   great    imnnrtance. 

!    fortunately   most   of  these  conditions  arc 

'  nable   to   control.     Tt   has  hern    seen   that 

•     most    important    essentials    i"    the    iniurv 

f   concrete  hv   electrolvsis    nr.     ii,,isture   and 

difference    of    potential    lut'vr.n    electrodes 

■ontact  with  the  mass  of  the  ronrrctc.     At 

t   thoucht    it   might   aonear   that   these  two 

•litions   are    most    omnipresent,    since   per- 


fectly dry  concrete,  especially  below  grade,  is 
seldom  if  ever  found;  while,  as  every  elec- 
trical engineer  knows,  there  are  few  places 
in  our  cities  at  the  present  time  where  ap- 
preciable differences  of  potential  can  not  be 
found  between  any  two  points  more  than  a 
few  yards  apart.  The  statement  in  regard  to 
the  rarity  of  dry  concrete  is  made  advisedly, 
since  only  the  most  minute  quantities  of 
moisture  are  necessary  in  order  to  impart 
to  concrete  a  considerable  conductivity.  On 
the  other  hand,  the  concrete  has  to  be  made 
very  wet  in  order  to  import  to  it  a  maximum 
of  conductivity,  and  any  reduction  of  the 
moisture  content  below  the  saturation  point 
causes  an  increase  in  its  resistance  and  a 
consequent  decrease  in  the  current  which  will 
flow  through  the  concrete  under  a  given  po- 
tential gradient.  .\s  indicated  by  data  already 
presented,  the  resistance  of  ordinary  air-dried 
concrete,  while  extremely  variable,  is  usually 
of  the  order  of  about  ten  times  that  of  wet 
concrete,  and  for  this  reason  concrete  above 
grade  is  much  less  susceptible  to  electrolytic 
damage  than  if  so  located  as  to  be  permanent- 
ly wet.  It  is  not  to  be  inferred,  however,  that 
air-dried  concrete  is  immune  from  electrolysis 
troubles,  but  rarely  would  the  voltage  be  high 
enough  to  produce  trouble :  and.  in  general, 
in  the  absence  of  special  conditions  to  be  men- 
tioned in  the  next  section,  electrolytic  dam- 
age to  concrete  above  grade  will  be  extremely 
rare. 

The  condition  mentioned  above,  that  the 
electric  current  must  flow  between  electrodes 
in  contact  with  the  concrete,  should  be  em- 
phasized. The  conduction  being  electrolytic. 
the  reactions  take  place  only  at  the  electrodes, 
and  in  the  absence  of  such  electrodes  no  re- 
actions occur  within  the  concrete.  The  only 
effect,  therefore,  would  be  the  slow  removal 
of  the  water-soluble  constituents,  and  hence 
the  effect  on  the  concrete  would  not  be  es- 
sentially different  from  that  of  slow  water 
seepage. 

SOURCES     OF     STRAY     CfKRKXTS. 

If  there  are  electrodes  embedded  within  the 
concrete,  as  in  the  case  of  reinforced  con- 
crete structures,  the  electrode  effects  de- 
scribed in  the  foregoing  section  mav  be  ex- 
pected provided  the  voltage  is  sufficient.  'Ihe 
sources  of  potential  diflierences  in  concrete 
structures  may  be  classed  under  two  heads. 
(  I  )  those  due  to  direct  contact  between  the 
conductors  of  lighting  or  power  circuits,  and 
some  part  of  the  building  and,  (2)  tho.se 
which  have  their  origin  in  stray  currents 
from  railways  or  other  grounded  power  lines. 
The  former  may  happen  in  any  building  con- 
taining electric  wires,  through  defective  in- 
sulation. It  is  not  necessary,  of  course,  that 
both  sides  of  the  line  be  groimdeil  in  the 
building  itself,  since  if  one  side  of  the  line 
is  grounded  on  the  building  and  the  other 
groun<le<l  in  some  remote  quarter  of  the  sys- 
tem those  portions  of  the  buildinn-  itself  near 
the  grounded  wire  will  be  subjected  to  a  con- 
si<lerahle  difference  of  potential.  If  the  wire 
he  grounded  ilirectly  on  the  concrete  and  not 
on  the  reinforcement,  the  comparatively  small 
cross-section  of  the  path  of  the  current  near 
the  point  of  contact  between  the  concrete  ami 
the  wire  will  result  in  most  of  the  total  tlrop 
of  potential  to  ground  occurring  within  a  re- 
stricted region  near  the  wire,  and  it  is  onl 
here  that  any  damage  may  be  expected,  an  1 
since  the  current  will  be  small  the  d.image  if 
any,  will  be  small.  IMtimately.  of  course,  av 
current  thai  leaks  off  from  the  wire  would 
pass  out  into  the  earth  through  the  fiiol'n 
and  foundations  and  through  pipe  systems 
entering  the  building.  .As  a  ride,  the  cross- 
section  of  the-e  paths  is  so  large  in  the  a- 
gregale  that  the  potential  grailients  woidd  not 
he  sulVicienI  to  raise  the  temperature  aiipre- 
ciahly.  and  hence  no  appreciable  damaue  is 
likclv  I.)  occur.  If  the  current  he  reversed, 
flowing  to  the  building  from  outside,  there 
woulil  in  time  b<-  some  softcnini?  of  the  con- 
crete in  a  thin  layer  under  and  around  the 
steel  structure  terminating  in  the  footing,  hut 
this  would  he  i-ndrr  compression  and  not 
subjected  to  shear  alonp  the  surface  of  con- 
tact hetwccn  steel  and  concrete,  so  that   fail- 


ure here  is  extremely  improbable.  The  only 
places  where  trouble  is  to  be  expected  due 
to  grounchng  of  power  wires  directly  on  the 
concrete  inside  of  a  building  is  in  the  region 
close  to  the  point  of  ground. 

If,  however,  the  power  wire  be  grounded 
directly  on  a  portion  of  the  reinforcing  ma- 
terial, the  condition  will  be  more  serious, 
and  the  extent  of  the  danger  will  be  greater 
if  there  is  a  large  quantity  of  the  reinforcing 
material  in  metallic  contact  with  the  electric 
circuit.  If  this  comprises  a  large  part  of  the 
total  reinforcement  of  the  building,  the  con- 
dition might  be  serious  irrespective  of 
whether  the  positive  or  negative  side  of  the 
line  is  grounded.  If  the  ground  is  on  the 
positive  Side,  the  potential  gradient  near  the 
reinforcement  may  become  high  enough  to 
cause  rapid  corrosion  and  consequent  de- 
struction of  the  reinforcing  material.  If.  on 
the  other  hand,  the  reinforcing  material  is 
negative,  there  would  develop  a  softened  con- 
dition of  the  concrete  near  the  surface  of  the 
iron  which  would  practically  destroy  the  bond, 
and  this  would  probably  be  the  more  serious 
condition  of  the  two,  since  the  latter  would 
not  manifest  itself  by  producing  local  cracks 
in  the  concrete,  and  might  not  become  known 
until  a  large  portion  of  the  building  has  be- 
come weakened.  However,  while  such  a  con- 
dition as  this  might  occur,  and  if  neglected 
become  very  serious,  it  is  nevertheless  a 
trouble  that  can  be  readily  guarded  against, 
as   will   be   pointed   out   below. 

The  other  source  of  current  that  might 
possibly  give  rise  to  trouble  under  ccrtam 
circumstances  is  the  ground  return  of  rail- 
ways. The  current  may  enter  a  building  in 
two  different  ways.  First,  if  the  foundations 
under  the  two  opposite  sides  of  the  building 
are  at  different  potentials,  there  would  be  a 
tendency  for  a  certain  amount  of  current  to 
flow  up  through  the  foundation  on  the  one 
side,  through  the  walls  and  floors  of  the 
building  and  out  through  the  foundation  on 
the  other  side.  This  condition  may  be  said 
to  exist  to  a  very  small  extent  in  practically 
all  concrete  buildings,  but  it  is  not  one  that 
need  cause  any  alarm.  In  the  course  of 
numerous  electrolysis  surveys  that  we  have 
carried  out  in  various  cities  we  have  found 
that  a  potential  difference  exceeding  a  few 
volts  due  to  stray  currents  between  any  two 
parts  of  a  building  is  extremely  rare,  and 
this  would  almost  inevitably  be  distributed 
over  so  great  a  distance  that  the  potential 
gradient  would  not  be  sufficient  to  cause  any 
appreciable  trouble,  in.  view  of  the  experi- 
mental results  set  forth  in  the  first  section 
of  this  paper,  which  show  that  under  ordinary 
conditions  comparatively  large  potential 
gradients  are  required  before  any  material 
damage  is  likely  to  occur. 

The  second  way  in  which  stray  currents 
may  enter  a  building  is  through  water  or  gas 
pipes,  lead  cable  sheaths  and  similar  struc- 
tures. In  this  case  considerably  larger  differ- 
_  cnces  of  potential  may  he  brought  about  be- 
tween different  portions  of  the  building  and 
between  parts  of  the  building  and  the  e.irth. 
If  the  pipe  systems  come  in  contact  onl\  with 
the  concrete  and  not  with  the  reinfordm;  ma- 
terial, anv  damage  that  mav  occur  will  be 
slight  an<l  will  he  confined  chieflv  to  the  im- 
mediate vicinity  of  the  pipes  or  cables:  hut  if 
the  pipes  come  into  metallic  contact  with  the 
reinforcing  material,  the  latter  comes  to  the 
same  potential  as  the  pipes  and  mav  become 
cither  anode  or  cathode,  according  to  the  con- 
ilition  of  the  pipes.  Cases  may  arise  in  prac- 
tice where  differences  of  potential  of  serious 
magnitude  mav  be  produced  in  this  way,  some 
instances  having  been  brought  to  our  atten- 
tion in  which  the  rein  forcing  material  was 
from  "i  to  l.'i  volts  above  or  below  the  earth. 
I'ndcr  most  conditions  <lamage  would  pro- 
cce<l  very  slowlv  imdcr  si-ch  differences  of 
potential  as  these,  but  nevertheless  wherever 
voltages  of  this  magnitude  exist  it  should  be 
regarded  as  a  dangerous  ci  ndition  and  should 
be  remedied  at  once. 

INCRKASF.n    I  AXOFR    I  fF.   To    I'RtSENCE  OF    SALT. 

The  above  statements  in  rceard  to  the  lia- 
hilitv  of  damage  under  low  or  moderate  dif- 
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ferences  of  potential  are  intended  to  apply 
only  to  concrete  which  contains  no  appreciable 
quantities  of  salt.  The  data  given  in  the  pre- 
ceding section  show  that  if  a  small  quantity 
of  sodium  chloride  or  calcium  chloride  be 
added  to  the  concrete  the  rate  of  deterioration 
proceeds  many  times  faster,  and  under  such 
circumstances  much  lower  voltages  should  be 
regarded  as  dangerous.  Even  a  small  frac- 
tion of  one  per  cent  of  chlorine  in  concrete 
is  capable  of  increasing  the  electrolytic  cor- 
rosion of  the  iron  manyfold,  and  if  salt  has 
been  added  to  the  concrete  during  construc- 
tion, or  if  it  conies  into  contact  with  salt 
water  afterwards,  much  greater  precautions 
are  necessary  in  order  to  prevent  damage. 

In  the  course  of  our  investigations'we  have 
examined  a  considerable  number  of  cases  in 
which  damage  to  concrete  structures  has  been 
attributed  to  electric  currents.  Some  of  these 
have  been  reinforced  structures  and  some  have 
been  witliout  reinforcement.  Among  these  we 
have  not  found  any  non-reinforced  structures 
in  which  the  conditions  indicated  that  electric 
currents  could  in,  any  way  be  responsible  for 
the  damage.  ;\mong  the  reinforced  struc- 
tures which  have  been  called  to  our  attention 
there  are  some  in  which  electrolysis  has  been 
at  least  a  contributing  cause  of  the  damage. 
We  have  not,  Iiowever,  seen  any  case  in  which 
serious  damage  has  occurred  in  which  there 
was  not  also  present  a  considerable  quantity 
of  salt  in  the  concrete,  either  from  having 
been  put  there  during  construction  or  from 
contact  willi  salt  water  in  service.  This  is 
in  accord  with  the  results  of  our  laboratory 
investigations,  which  show  that  under  low  or 
moderate  voltages  the  rate  of  damage,  in  the 
absence  of  chlorine,  is  so  slow  as  to  be  al- 
most negligible,  but  that  when  salt  is  present 
rapid  deterioration  at  both  electrodes  may  be 
expected  even  on  comparatively  low  voltage. 

PROCEDURE    IN    M.\KING   VOLTAGE    ME.^SUREMENTS 
ON    CONCRETE    STRUCTtJRES. 

We  desire  to  say  a  word  in  regard  to  the 
proper   method   of   taking   electrical   measure- 
ments that  are  intended  to  show  whether  or 
not  a  structure  is  being  affected  by  stray  currents. 
It  is  not  only  important  to  read  the  voltages 
correctly,  but  it  is  equally  important  to  take 
the  measurements  between   the  proper  points 
and    to    properly    interpret    them.      We    have 
known   cases   where   damage     has     been     at- 
tributed to  stray  currents  on  the  strength  of 
■potential    measurements    taken    between    the 
structure    and    the    rails   of    a   near-by   steam 
railroad.  The  rails  near  the  structure  and  for 
a  half   mile   or   so   on   either  side   were   sup- 
ported out  of  contact  with  the  soil  on  wooden 
ties,   so   that   the   potential   measurement   that 
was   being   taken    was   between    the   structure 
and  a  point  several  tliousand   feet  distant.  It 
seems  almost  needless  to  say  that  a  potential 
measureiTient   of   this   kind     is     worse     than 
worthless    as   an    indication    of    the   electrical 
condition  of  the  structure  under  examination. 
If   we   are   to   get   an   idea  of   the   extent   to 
which  currents  may  be  flowing  in  a  building 
by    means    of    potential    measurements,    it    is 
necessary  that  we  take  the  potential  readings 
between  two  points  within  or  on  the  building 
itself  and  not  between  the  building  and  some 
other  structure   more   or   less  insulated   from 
it.  Similarly,  if  we  wish  to  determine  whether 
current  is  flowing  into  or  out  of  a  building. 
we    should    make    the    potential    measurement 
between  points  on  the  building  and  thoroughly 
ground  points  near  by.     Failure  to  keen  tl'csc 
facts  in  view  appears  to  have  been  responsible 
for  a  good  many  erroneous  reports  of   dam- 
age to  concrete  structures  by  stray  currents. 
Protective     Measures     to     Prevent     Elec- 
trolysis. 
In  the  fiillfiwing  discussion  of  means  of  re- 
ducing or  preventing  electrolytic  troubles  it  is 
to   be   understood    that    the    measures   recom- 
mended are  to  be  regarded  as  necessary  only 
in   those   cases   in    which    there   is   reasonable 
probabilitv  that   the  electrical  conditions   may 
become   dangerous.     In   considering  measures 
that  may   he  taken  to  prevent  damage  or  to 
cure  electrolytic  troubles  it    is    not    necessary 
to   consider   structures    which   have   no   melal 
imbedded  in  them,  since,  as  pointed  out  above. 


these  are  innnune  from  electrolytic  effects. 
As  regards  reinforced-concrete  buildings  (or 
concrete  buildings  with  metal  conduits  im- 
bedded in  the  concrete)  there  are  two  cases 
to  consider,  new  structures  in  process  of 
building   and    structures   already   completed. 

EXCLUSION    OF    SALT. 

In  the  case  of  new  structures  of  reinforced 
concrete  .^alt  should  be  omitted  altogether  if 
there  is  the  slightest  probability  that  they 
may  ever  be  subjected  to  the  action  of  electric 
currents.  Calcium  chloride  is  quite  as  bad 
as  sodium  chloride,  it  being  the  chlorine  that 
does  the  harm.  Since  the  addition  of  even 
a  fraction  of  1  per  cent  of  chlorine  is  suffi- 
cient to  increase  the  rate  of  damage  a  hun- 
dredfold, it  is  impossible  to  use  a  sufficient 
quantity  of  salt  to  lower  the  freezing  point 
of  concrete  perceptibly  without  making  the 
structure  decidedly  more  vulnerable  to  the 
action  of  electric  currents. 

WATERPROOFING    BELOW    GRADE. 

A  good  deal  can  be  accomplished  also  by 
proper  construction  of  the  basement,  foun- 
dations, and  footings  of  the  building.  If  be- 
neath the  foundations  and  outside  the  base- 
ment walls  a  layer  of  insulating  material  be 
placed,  it  will  prevent  the  access  of  electric 
currents  through  the  building  foundations. 
While  such  insulating  materials  can  readily 
be  made  that  will  give  permanent  increase  of 
resistance,  we  have  yet  to  see  one  that  will, 
in  the  presence  of  water,  remain  completely 
insulating  over  a  period  of  years.  We  have 
tested  a  great  many  waterproofing  membranes, 
but  in  the  presence  of  water  all  have  sooner 
or  later  begun  to  acquire  considerable  con- 
ductivity and  show  gradual  deterioration.  It 
is,  of  course,  not  necessary  that  such  insula- 
tion should  be  perfect  in  order  to  be  of  value, 
since  any  considerable  increase  in  the  resist- 
ance which  it  may  produce  in  the_  path  of 
current  flow  will  be  useful.  For  this  reason 
a  waterproofing  medium,  such,  for  instance, 
as  one  made  up  of  multiple  layers  of  fabric 
treated  with  pitch,  will  have  sufficient  insulat- 
ing value  to  be  quite  effective  in  preventing 
the  passage  of  electric  currents,  and  would 
probably  be  of  considerable  value  even  after 
the  waterproofing  has  ceased  to  be  perfect. 

ADDITION     OF     WATERPROOFING     COMPOUNDS. 

Attempts  to  increase  the  resistance  of  con- 
crete by  the  addition  of  so-called  waterproof- 
ing coriipounds  to  the  cement  before  mixing 
have  uniformly  failed  to  give  satisfactory  re- 
sults. As  pointed  out  in  the  first  section  of 
this  report,  none  of  these  compounds  or  mix- 
tures that  have  been  brought  to  our  atten- 
tion are  of  great  value  in  this  connection, 
and  reliance  should  not  be  placed  on  them  as 
a  means  of  protecting  structures  against  elec- 
trolysis. 

CONSTRUCTION    OF    FOUNDATIONS. 

A  good  deal  can  be  done  in  the  way  of  in- 
creasing the  resistance  between  the  building 
and  grountl  liv  a  proper  selection  of  materials 
for  the  foundations.  Blocks  of  granite,  fre- 
quently used  in  such  work,  have  a  much 
higher  resistance  than  concrete,  a  number  of 
specimens  tested  by  us  showing,  in  the  water- 
soaked  condition,  a  resistance  approximately 
one  hundred  times  as  great  as  that  of  wet 
concrete,  and  licnce  if  granite  blocks  be  inter- 
posed between  the  footings  and  the  soil  the 
tendency  of  the  building  to  pick  up  stray 
currents  will  be  greatly  reduced.  We  regard 
this  matter  in  most  cases  as  of  secondary 
importance  if  the  potential  differences  in  the 
region  of  the  Iniilding  arc  as  small  as  usual, 
since  any  currents  which  a  building  may  pick 
in  tliis  way  will  lie  loo  small  to  do  any  ap- 
preciable harm.  In  some  cases,  however,  the 
use  of  granite  footings  may  be  justified  as  a 
measure   of   precaution. 

The  foregoing  statements  are  not  applicable 
to  structures  already  built,  but  the  following 
preventive  measures  may  as  a  rule  be  applied 
to  old  as  well  as  new  structures. 

ELECTRIC    WIRING. 

In  wiring  a  concrete  building  with  direct- 
current  circuits  it  is  of  the  greatest  import- 
ance that  the  construction  be  such  as  to  pre- 


rlude  the  possibility  of  either  side  of  the 
circuit  coming  in  contact  with  the  concrete. 
The  insulation  should  be  of  the  best  grade 
and  the  wires  should  be  inclosed  in  continuous 
metal  conduit.  When  practicable  periodic 
tests  should  be  made  on  the  insulation  and  an.\ 
defect  remedied.  This  can  usually  be  done 
in  the  case  of  large  structures,  but  in  small 
structures  generally  it  can  not  be  considered 
practicable.  If  the  power  supply  is  a  privatt- 
plant  belonging  to  the  building  the  installa- 
tion of  ground  detectors  is  desirable.  If  these 
precautions  are  taken  it  will  not  be  necessary 
to  insulate  the  conduits  from  the  building  as 
has  been  sometimes  proposed. 

INSULATION     OF     PIPE     .\XD     CABLES. 

By  far  the  most  important  path  of  entry  of 
electric  currents  into  concrete  structures  from 
outside  sources  is  througb  the  pipes  and  lead 
cable  sheaths  which  enter  the  building,  and 
it  is  only  through  these  paths,  as  a  rule,  that 
"sufficiently  high  potential  dift'erences  can  be 
produced'  to  result  in  damage  to  the  struc- 
ture. The  most  effective  remedy,  therefore, 
and  at  the  same  time  a  comparatively  simple 
one,  is  to  introduce  insulating  joints  into  the 
pipes  before  they  enter  the  building.  Such 
jomts  can  easily  be  made,  and  are  in  fact 
now  used  in  many  places,  although  not  so  far 
as  we  are  aware  in  this  particular  connection. 
The  only  condition  to  guard  against  is  the 
possibility  of  developing  too  high  a  difference 
of  potential  across  the  joint  which  rnight  gi\e 
rise  to  electrolytic  injury  to  the  pipes:  but 
this  can  be  obviated  by  proper  construction 
of  the  joint,  as  by  giving  it  a  long  leakage 
path  and  by  putting  several  insulating  joint> 
in  series. 

When  a  pipe  line  passes  through  a  build- 
ing it  will  be  necessary,  if  insulating  joints 
are  used  at  all.  to  use  them  on  both  sides  oi 
the  building.  To  use  them  on  one  side  onl.\' 
would  result  in  making  the  building  more 
strongly  positive  or  negative  to  the  earth 
than  it  would  be  without  such  joints  and  thus 
the  danger  would  be  increased.  If  the  insulat- 
ing joints  are  put  on  both  sides,  however, 
there  will  be  no  likelihood  of  currents  enter- 
ing Mie  structure  to  any  appreciable  extent, 
except  in  special  cases  where  the  difference 
of  potential  between  the  broken  sections  of 
pipe  becomes  \ery  high,  say  of  the  order  of 
10  or  15  volts  or  more.  When  this  conditiou 
occurs,  however,  it  can  be  alleviated  by  shunt- 
ing around  the  insulated  section  of  pipe  witli- 
in  the  building  by  means  of  a  copper  cable, 
preferably  an  insulated  one. 

It  was  stated  above  that  lead-covered  cables 
also  form  a  possible  source  of  entry  of  stray 
currents  into  buildings.  It  is,  of  course,  pos- 
sible to  break  up  the  continuity  of  lead  cable 
sheaths  by  inserting  insulating  joints,  but 
there  are  more  serious  objections  to  doing  this 
than  in  the  case  of  water  or  gas  pipes.  Nev- 
ertheless in  some  instances  this  is  to  be 
recommended  ;  but  it  would  be  usually  better 
simply  to  insulate  the  cable  from  the  build- 
ing, since  only  a  very  low  degree  of  insula- 
tion would  be  necessary,  such  as  would  be 
obtained  by  carrying  the  cable  on  wooden 
supports  and  keeping  it  out  of  actual  con- 
tact with  the  concrete  and  reinforcing  ma- 
terial. 

MAKING    THE    REINFORCING    MATF.RIAL    NEGATIVK. 

A  method  of  protecting  reinforced  concrete 
structures  that  has  frequently  been  pi;oposed, 
viz.,  by  making  the  reinforcing  material  con- 
tinuous throughout  the  building  and  connect- 
ing it  to  tlie  negative  terminal  of  a  low-voli- 
age  generator,  should  be  referred  to  here, 
but  only  to  point  out  the  danger  attending  it. 
While  there  is  no  question  but  that  corrosion 
of  the  reinforcing  material  might  be  prevented 
in  this  way,  the  experiments  described  in  the 
first  section  of  this  paper  show  that  under 
ordinary  low  voltages  there  is  greater  danger 
in  having  the  iron  negative  than  positive  on 
account  of  the  destruction  of  the  bond  in  the 
former  case.  Anv  condition,  therefore,  which 
may  cause  the  reinforcing  material  to  become 
negative  to  the  concrete  should  be  carefully 
avoided. 
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IVI'RiiMNG   THE    NEGATIVE   RETLRX    OK   RAILWAYS. 

In  discussing  means  of  preventing  damage 
to  buildings  due  to  stray  currents,  we  should 
not  lose  sight  of  the  fact  that,  after  all,  the 
most  effective  way  of  reducing  damage  due 
to  stray  carrents  is  by  removing,  as  far  as 
practicable,  the  cause  of  such  currents.  This 
means  a  proper  design,  construction  and  main- 
tenance of  the  railway  distribution  system, 
whereby  potential  gradients  in  the  earth  are 
not  permitted  to  reach  such  high  values  as 
to  give  rise  to  serious  trouble.  The  protec- 
tive measures  against  stray  currents  mentioned 
above  are  rather  to  be  regarded  as  precaution- 
ary ones,  rendered  necessary  only  on  the  fail- 
ure of  the  railway  companies  to  provide  ade- 
quate means  for  returning  their  currents  to 
'their  source.  If  the  negative  return  systems 
.if  the  electric  railways  of  this  country  were 
uniformly  as  good  as  those  maintained  in  the 
ncipal  countries  abroad,  the  problem  of 
.linage  to  buildings  by  stray  currents  would 
inactically  disappear. 

CROUNDING    OF     .METALLIC    CONDUITS. 

I  he   practice   at   present    followed   in   many 

-tances,  and  made  compulsory  in  some  city 

•  rdinances,    of    grounding    all    metallic    con- 

iuits   in   contact   with   the  concrete,  is  not  to 

be    recommended    as    a    general    rule.      There 

are,  of  course,  many  cases  under  which  such 

,    grounding  would  not  bring  about  a  condition 

.    dangerous  to  the  concrete,  but  in  some  cases 

'  least  the  results  of  such  grounding  mighi 

serious. 

The  above  recommendations  against  the 
-rounding  of  conduits  is  based  on  several 
( onsiderations.  If  the  ground  were  made  on 
vv;iter  pipes  without  insulating  joints  to  pre- 
\  ent  flow  of  current  between  the  pipe  system 
and  the  building  as  is  commonly  done,  and  if 
the  district  were  one  in  which  the  pipes  were 
.it  a  higher  or  lower  potential  than  the  earth, 
I  he  conduits  would  be  made  either  anode  or 
cathode,  a  condition  which  in  general  should 
be  regarded  as  unsafe,  and  this  condition 
would  in  fact  be  worse  than  the  unrestricted 
'  entry  of  pipe  systems  into  the  buildings,  which 
should  be  guarded  against  as  pointed  out 
above. 

If,  on  the  other  hand,  the  ground  is  made 
through    a    ground    plate    under   or    near    the 
building  this   would  bring  all  of  the  conduit 
\vstem  to  the   same   potential   as  the  ground 
"late,  and  this  being  of  small  area  compared 
that  covered  by   the  building  the   footings 
I  the  building  remote  from  the  ground  plate 
nay  show  a  considerable  difference  of  poten- 
tial against  the  grouml  plate  and  consequently 
against  tlie  conduit  of  the  building,  thus  giv- 
ing rise  to  flow  of  current  between  the  con- 
duit and  the  structure  itself.     That  this  may 
I'C   tlie    case   is   quite    evident    from   the    fact 
that  voltage  surveys  made  in  several  cities  in 
the    course    of    this    investigation    show    that 
:ii  a  great  many  instances  large  potential  dif- 
'  rcnces    are    found    between    two    points    in 
1    earth    that    might    easily    fall    within    the 
-l>ace   covered   by   a   large   building.     This   is 
particularly    true    if    the     measurements     are 
taken    over   distances    at    right   angles   to   the 
electric  railway  tracks  and  very  close  thereto, 
in  cither  the  positive  or  negative  areas.  Places 
re    found  quite    frequently  where  a  differ- 
nce   of   potential   of   several   volts   would   he 
noted   between  points  not   over   100  ft.  apart. 
If  a  building  were  placed  in   such   a  locality. 
the  different    footings   and   different   parts   of 
the    foundation    would    be    at    a    considerable 
difference   of   potential    with    respect    to   each 
■ihcr  and  this  would  give  rise  to  a  tendency 
•r    the   current    to    flow    in   at    some   of    the 
■otings   and    out    at    others.     Tlic    resistance 
I'posing   this    current   flow    would    be   mainlv 
It  of  the  footings  themselves  and  the  earth 
■nmcdiatcly     beneath     and     such     resistance 
would    be   encountered    at    both    the    entrance 
ind  e.xit  of  the  current.     If,  however,  ground 
1-itcs   be   placed    under   the   buiUling   at    one 
cality  and  connected  to  the  metal  structure 
of  the  building  the  resistance  in   the  current 
I  path    would   be    reduced    and    larger   currents 
"oidd    flow    through    the    building    producing 
iher  anode  or  cathode  effects  in  the  footings 
•■mote  from  the  ground  plate,  according  to  the 
direction   of  current   flow.     While  such   volt- 


ages as  would  be  likely  to  occur  here  would 
probably  not  give  rise  to  any  considerable 
trouble  from  anode  effects,  the  cathode  effects 
might  be  serious  not  only  here  but  elsewhere 
in  the  building.  The  point  to  be  emphasized  is 
that  a  ground  at  one  point  does  not  assure  re- 
lief from  differences  of  potential,  because  of 
possible  high  local  potential  gradients  in  the 
earth.  Of  course,  if  the  vertical  walls  and 
columns  of  the  building  were  of  non-rein- 
forced concrete,  and  fairly  dry,  then  the  re- 
sistance would  no  doubt  be  sufificient  to  guard 
against  trouble  from  this  cause,  but  with 
any  considerable  amount  of  iron  in  the  walls, 
either  as  reinforcement,  piping,  etc.,  such 
would  not  be  the  case  and  a  local  ground 
would  have  a  tendency  to  increase  the  danger 
from  this  source.  A  ground  covering  the  en- 
tire basement  of  the  building,  or  a  separate 
plate  under  each  footing  and  under  the  foun- 
dation walls,  all  interconnected,  would  of 
course  reheve  this  danger,  but  the  desirabil- 
ity of  attempting  such  extensive  grounding 
is  questionable,  partly  because  of  the  cost 
and  the  lack  of  permanence  of  such  grounds 
and  their  connection,  and  partly  because 
grounding  of  this  character  would  tend  to  in- 
crease danger  from  other  sources,  as  de- 
scribed below. 

Another  argument  sometimes  advanced  in 
favor  of  grounding  the  metal  work  of  a 
building,  including  the  electrical  conduits,  to 
a  ground  plate  is  that  in  case  one  of  the 
power  wires  comes  in  contact  with  the  con- 
duit the  grounding  of  the  conduit  would  pre- 
vent any  difference  of  potential  between  the 
building  and  the  earth.  An  extensive  study 
of  electrical  grounds  in  general,  which  was 
made  incidental  to  this  work  shows  that  such 
is  not  the  case.  In  the  first  place,  it  is  prac- 
tically impossible  to  make  a  ground  through 
a  metal  plate  that  will  have  a  sufficiently  low 
resistance  to  prevent  such  differences  of  po- 
tential from  arising  due  to  a  contact  between 
wires  and  conduit.  Tests  conducted  on 
grounds  made  at  the  Bureau  of  Standards, 
and  also  of  those  commercially  used  on  low 
voltage  secondaries  and  other  places,  show 
that  these  grounds  are  invariably  of  com- 
paratively high  resistance.  The  best  grounds 
tested  have  been  those  made  at  the  bureau  and 
the  results  of  these  tests  are  instructive. 
These  were  made  with  plates  8.\1'2  ft.  laid  in 
wet  ground  with  a  bed  of  crushed  coke  be- 
low the  plates  and  a  layer  of  the  same  above, 
the  whole  being  heavily  salted  ami  thuroughly 
flooded.  In  wet  weather,  when  the  ground 
is  everywhere  saturated  with  water,  the  re- 
sistance of  these  grounds  is  about  15  ohms, 
as  shown  by  measurements  against  each  other 
and  against  the  water-pipe  system  of  the  city 
of  Washington.  During  a  dry  period  the  re- 
sistance is  much  higher.  Consider,  now,  that 
the  metal  work  of  a  building,  including  the 
electrical  conduit,  is  connected  to  such  a 
ground  and  that  the  w-ires  become  grounded 
on  the  conduit.  The  current  can  go  to 
ground  both  by  way  of  the  ground  plates 
and  also  through  the  footings  and  founda- 
tions, the  two  paths  being  in  parallel  and  in- 
dependent of  each  other.  If  the  circuit  be 
110  volts,  several  amperes  may  flow  through 
the  ground  plate,  but  this,  under  usual  con- 
ditions, would  not  cause  any  disturbance  in 
the  system  and  woidd  probably  go  unnoticed 
except  in  a  very  small  buiUling  using  but  lillle 
power.  This  parallel  circuit  through  the 
ground  plate  would  have  no  more  effect  on 
the  potential  of  other  parts  of  the  building 
than  the  throwing  of  a  load  of  several  am- 
peres in  parallel  with  a  lamp  on  an  ordinary 
lighting  circuit  would  have  on  the  potential 
of  the  lamp.  It  would  not,  therefore,  have 
any  tendency  to  protect  the  structure  from 
damage  <lue  to  contact  between  a  power  wire 
and  its  conduit  On  the  other  band,  it  is  ex- 
Iremelv  difticult  to  insure  that  all  parts  of 
the  conduit  shall  be  at  all  times  in  perfect 
electrical  connection  with  the  other  metal 
parts  of  the  biiildinR,  because  considerable  re- 
sistance may  be  developed  at  joints,  so  that 
the  portion  of  the  conduit  in  contact  with 
the  wire  mav  be  but  imperfectly  connected  to 
the  ground  plate.  If  at  the  same  time  the  re- 
inforcing material   be  connected   to  a  gronnfl 


plate  there  would  be  a  great  tendency  for  cur- 
rent to  flow  from  conduit  to  reinforcing  ma- 
terial or  the  reverse.  Owing  to  the  close 
proximity  of  conduit  and  reinforcement  in 
many  places,  a  comparatively  low  resistance 
joint  sufticeint  to  take  up  '1  or  3  per 
cent  only  of  the  voltage  of  the  line  (which 
would  require  but  a  fraction  of  an  ohm  in 
the  case  being  considered,  viz.,  a  lo-ohm 
resistance  in  the  ground  plate)  would  give 
rise  to  a  potential  difference  of  several  volts 
between  conduit  and  reinforcement,  which 
might  do  great  harm,  especially  if  the  rein- 
forcement is  cathode. 

While,  of  course,  it  would  be  possible,  by 
going  to  considerable  expense  to  make  a 
ground  of  lower  resistance  than  those  just 
considered,  it  does  not  seem  that  it  would 
be  practicable  to  make  and  maintain  per- 
manently a  suflicienlly  low  resistance  to  give 
the  protection  sought. 

It  is  desirable,  however,  to  connect  the 
metal  work  of  the  building  together  as  far  as 
practicable,  provided  such  metal  work  is  not 
in  turn  connected  directly  to  pipe  lines  and 
cables  entering  the  building.  In  other  words, 
it  is  recommended  that  conduits,  and  such 
pipes  as  are  separated  from  their  mains  by 
means  of  insulating  joints,  be  interconnected 
electrically,  but  that  this  group  of  intercon- 
nected metal  work  should  not  be  grounded 
directly  to  earth  for  the  reason  given  above. 
In  addition,  it  may  be  said  that  if  the  low- 
voltage  side  of  alternating-current  circuits  be 
groui'ded  at  the  neutral  point  there  is  no  ma- 
terial advantage  to  be  gained  by  grounding 
the  conduit. 

Conclusions. 

The  following  conclusions  are  drawn  from 
the  investigations : 

(1)  The  observations  of  previous  investi- 
gators that  the  passage  of  current  from  an 
iron  anode  into  normal  wet  concrete  caused 
the  destruction  of  the  test  specimen  by 
cracking  the  concrete  were  only  partly  con- 
firmed. This  effect  was  found  not  to  occjr 
in  most  of  the  specimens  tested  when  the  po- 
tential gradient  was  less  than  about  15  volts 
through  a  distance  of  3  ins.,  or  about  60  volts 
per  foot.  These  figures  must  be  considered 
as  but  roughly  approximate  as  they  depend 
much  on  conditions. 

(2)  Of  the  numerous  theories  that  have 
been  advrnced  for  the  cracking  of  reinforced 
concrete  due  to  electric  current  the  one  which 
attributes  it  to  oxidation  of  the  iron  anode 
lollowing  electrolytic  corrosion  has  been  fully 
established.  The  oxides  formed  occupy  2.2 
times  as  great  a  volume  as  the  original  iron, 
and  the  pressure  resulting  from  this  increase 
( f  volume  causes  the  block  to  crack  open. 

(3)  Metals  which  do  not  form  insoluble 
end  products  of  corrosion  and  all  non-corrod- 
able  anodes  never  cause  cracking  of  the  con- 
crete as  a  result  of  the  passage  of  an  electric 
en  rent. 

Mt  The  mechanical  pressure  developed  at 
llic  iron  anode  surface  by  corrosion  of  the 
i'on  has  been  measured  in  a  number  of  eases 
and  has  been  found  to  reach  values  as  high 
as  '1,700  lbs.  per  square  inch,  a  value  more 
than  suflicient  to  account  for  the  phenomena 
of  cracking  that  have  been  observed, 

C51  Suggestions  of  some  engineers  that 
copper-clad  steel  or  aluminum  be  used  as  re- 
inforcing material  have  been  shown  to  be  im- 
praclicable,  since  the  copper  coating  is  read- 
ily destroyed  and  the  aluminum  is  attacked 
by   the  alkali   in   the  concrete. 

(fil  Corrosion  of  iron  anodes  even  in  wet 
concrete  is  verv  slight  at  temperatures  below 
about  45°  C,   (lia-   R). 

CT)  For  any  fixed  temperature  the  amount 
of  corrosion  for  a  given  number  of  ampere- 
hours  is  independent  of  the  current  strength. 

(f^^  The  lack  of  corrosion  of  the  iron  at 
temperatures  below  45°  C.  is  due  to  the  in- 
hibiting effect  of  the  CaCOH):  and  possibly 
other  alkalies  in   the  concrete. 

ff)^  The  rapid  destruction  of  anode  spe- 
cimens of  moist  concrete  at  high  voltages  ffiO 
to  ion  volts  or  more)  is  made  possible  mainlv 
by  the  beating  effect  of  the  current,  which 
raises  the  temperature  above  the  limit  men- 
tioned  above.     Tf   the   specimen  be   artifically 
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cooled    no    appreciable   corrosion   occurs,    and 
no  cracking  results. 

(10)  The  potential  gradient  necessary  to 
produce  a  temperature  rise  to  4.5°  C.  with 
consequent  corrosion,  in  the  specimens  used, 
was  about  60  volts  per  foot.  For  air-dried 
concrete  it  is  much  higher.  This  shows  that 
under  actual  conditions  corrosion  from  stray 
currents  may  be  expected  only  under  special 
or  extreme  conditions  as  noted  below.  These 
figures  are  but  roughly  approximate  since 
they  will  vary  greatly  with  the  conditions, 
such  as  the  size,  form  and  composition  of  the 
specimen,  but  they  serve  to  show  the  order 
of  magnitude  of  the  voltage  required  to  pro- 
duce trouble. 

(11)  Since  the  passivity  of  iron  in  con- 
crete is  due  chiefly  to  the  Ca(OH)2  present 
it  appears  probable  that  old  structures  in 
which  the  Ca(OH)=  has  been  largely  con- 
verted into  carbonate  will  be  more  susceptible 
to  the  effects  of  electric  currents  than  com- 
paratively new  concrete  with  which  the  fore- 
going experiments  have  been  made.  The  in- 
crease in  the  efficiency  of  corrosion  would, 
however,  be  at  least  partly  offset  by  the  in- 
crease in  the  resistance  of  the  concrete  which 
would  accompany  the  change. 

(12)  The  addition  of  a  small  amount  of 
salt  (a  fraction  of  1  per  cent)  to  concrete 
(as  is  frequently  done  to  prevent  freezing 
while  setting)  has  a  twofold  effect,  viz..  it 
greatly  increases  the  initial  conductivity  of 
the  wet  concrete,  thus  allowing  more  current 
to  flow,  and  it  also  destroys  the  passive  con- 
dition of  the  iron  at  ordinary  temperatures, 
thus  multiplying  by  many  hundreds  of  times 
the  rate  of  corrosion  and  consequent  tendency 
of  the  concrete  to  crack.  Salt  should,  there- 
fore, never  be  used  in  structures  that  may 
be  subjected  to  electrolytic  action.  Further. 
reinforced  concrete  structures  built  in  con- 
tact with  sea  water,  or  in  salt  marshes,  are 
more  susceptible  to  electrolysis  troubles  than 
concrete  not   subjected   to   such   influences. 

(Kf)  Specimens  of  normal  wet  concrete 
carrying  currents  increase  their  resistance  a 
hundredfold  or  more  in  the  course  of  a  few 
weeks,  which  fact  still  further  lessens  danger 
of  trouble. 

(14)  The  rise  of  electrical  resistance  is 
probably  due  to  a  number  of  causes,  among 
which  are  the  precipitation  of  CaCOi  within 
the  pores  of  the  concrete,  thus  plugging  them 
up.  ,'\  slight  amount  of  salt  tends  to  prevent 
this  precipitation  and  interferes  with  the  rise 
of  resistance,  thus  still  further  emphasizing 
the  detrimental  effect  of  salt. 

(1.5)  Contrary  to  the  observations  of 
previous  investigators  there  was  a  distinct 
softening  of  the  concrete  near  the  cathode. 
This  begins  at  the  cathode  surface  and  slowly 
spreads  outward,  in  some  cases  as  far  as  yi 
in.  or  more.  After  exposure  to  the  air  this 
softened  layer  becomes  very  hard  again,  but 
remains  brittle  and    friable. 

(16)  The  softening  effect  at  the  cathode 
noted  above,  caused  under  the  conditions  of 
the  experiments,  practically  coniplcte  destruc- 
tion of  the  bond  between  reinforcing  ma- 
terial and  the  concrete,  reducing  it  to  a  few 
per  cent  of  its  normal  value. 

(17)  Unlike  the  anode  effect  which  be- 
comes serious  in  normal  concrete  only  on 
comparatively  high  voltages,  the  cathode  effect 
develops  at  all  voltages  used  in  the  experi- 
ments, the  rate  being  roughly  proportional  to 
the  voltage  in  a  given  specimen. 

(18)  In  general  the  cathode  effect  occurs 
under  conditions  which  may  not  infrequently 
occur  in  practice  and  is  therefore  probably  a 
more  serious  matter  practically  than  the  anode 
effect  about  which  so  much  has  been  written. 
This  trouble  is  unlikelv  to  be  serious,  how- 
ever, except  where  the  concrete  is  wet  and 
the   potential    differences    rather   large.' 

(19)  The  softening  of  the  concrete  at  the 
cathode  is  due  chiefly  to  the  gradual  concen- 
tration of  sodium  and  potassium  near  the 
cathode  bv  the  passage  of  electric  current. 
In  time  the  alkali  becomes  so  strong  as  to 
attack  the  cement. 

(20)  Softening  at  the  cathode  is  increased 
by  increasing  the  sodium  and  potassium  con- 
tent of  the  cement,  and   reduced  bv  diminish- 


ing this  content,  at  least  within  the  range  be- 
low 10  per  cent  of  the  total  salts. 

(21)  The  softening  of  the  concrete  has 
never  been  observed,  except  very  close  to 
the  cathode,  the  main  body  of  the  concrete 
remaining  perfectly  sound.  Numerous  tests 
show  conclusively  that  the  crushing  strength 
of  the  main  body  of  the  concrete  is  not  re- 
duced even  when  the  potential  gradient  is 
maintained  at  175  volts  per  foot  for  over  a 
year. 

(22)  Because  of  the  cathode  effect  noted 
above,  the  proposal  to  protect  reinforced  con- 
crete buildings  by  maintaining  the  reinforc- 
ing material  cathode  as  by  a  battery  or  booster 
would  be  much  more  dangerous  than  no 
protection  at  all. 

(23)  Aside  from  slight  heating,  which  is 
usually  negligible,  the  only  effect  which  an 
electric  current  has  on  unreinforced  concrete 
is  to  cause  a  migration  of  the  water  soluble 
elements.  Consequently,  in  the  absence  of 
electrodes,  the  ultimate  effect  of  current  flow 
on  the  physical  properties  of  the  concrete  is 
not  materially  different  from  that  of  slow 
seepage,  which  also  removes  the  water  soluble 
elements.  Non-reinforced  concrete  buildings 
are  therefore  immune  from  trouble  due  to 
stray  earth  currents.  They  might,  however. 
be  injured  by  the  grounding  of  power  wires 
within  the  structure  since  these  or  the  in- 
closing conduits  would  then  act  as  electrodes. 

(24)  Conditions  arise  in  practice  which 
give  rise  to  damage  due  to  stray  currents, 
but  the  danger  from  this  source  has  been 
greatly  overestimated.  While  precautions  are 
necessary  under  certain  conditions,  there  is 
no  cause  for  serious  alarm. 

(25)  If  reinforced  concrete  could  be  thor- 
oughly waterproofed,  it  would  greatly  in- 
crease its  resistance  and  diminish  accordingly 
the  danger  from  either  the  anode  or  cathode 
effects.  It  should  be  emphasized,  however, 
that  waterproofing  to  prevent  electrolysis  is 
a  much  more  difficult  matter  than  water- 
proofing to  maintain  a  moderate  degree  of 
dryness,  because  of  the  much  higher  degree 
of  waterproofing  required  in  the  former  case. 
It  has  been  found  that  practically  all  of  the 
waterproofing  agents  now  on  the  market  that 
are  intended  to  be  mixed  with  the  concrete, 
are  of  little  value  as  preventives  of  elec- 
trolysis. Waterproofing  membranes,  etc.,  ap- 
plied to  the  surface  can  be  made  more  effec- 
tive and  when  properly  applied  may  have 
considerable  effect  in  preventing  the  entry  of 
earth  currents  in  the  concrete. 

(26)  Painting  or  otherwise  coating  iron 
with  an  alkali  resisting  metal  preservative  be- 
fore embedding  it  in  concrete  may  serve  to 
minimize  the  dangers  of  electrolysis,  but  no 
such  coating  has  been  found  that  does  not 
prevent  the  proper  formation  of  the  bond  be- 
tween the  concrete  and  iron  when  the  con- 
crete sets. 

(27)  In  order  to  insure  safety  of  rein- 
forced concrete  from  electrolysis  the  inves- 
tigation shows  that  potential  gradients  must 
be  kept  much  lower  in  structures  exposed  to 
the  action  of  salt  waters,  picking  baths,  an'' 
all  solutions  which  tend  to  destroy  the  passive 
state   of  iron. 

(28)  All  direct  current  electric  power  cir- 
cuits within  the  concrete  building  should  be 
kept  free  from  grounds.  If  the  power  sup- 
ply comes  from  a  central  station  the  local 
circuits  should  be  periodicallv  discfuinected 
and  tested  for  grounds  and  incipient  defects 
ill  the  insulation.  In  the  case  of  isolated 
plants  ground  detectors  should  be  installed 
and  the  system  kept  free  from  grounds  at 
all  times. 

(20)  .Ml  pipe  lines  entering  concrete  build- 
ings should,  if  possible,  be  provided  with  in- 
sulating joints  outside  the  building.  If  a 
pipe  line  passes  through  a  building  and  con- 
tinues beyond,  one  or  more  insulating  joints 
should  be  placed  on  each  si<le  of  the  building. 
If  the  potential  drop  around  the  isolated  sec- 
tion is  large,  say,  8  or  10  volts  or  more, 
the  isolated  portion  should  be  shunted  by 
means  of  a  copper  cable. 

(30)  Lead-covered  cables  entering  such 
buildings  should  be  isolated  from  the  con- 
crete.    Wooden  or  other  non-metallic  supports 


which  prevent  actual  contact  between  the 
cable  and  the  concrete  will  give  sufficient  iso- 
lation for  this  purpose.  Such  isolation  of 
the  lead-covered  cable  is  desirable  for  the 
protection  of  the  cable  as  well  as  the  build- 
ing. ,        ^.        . 

(3i )  The  interconnection  of  all  metal 
work  within  a  building  is  an  advantage  where 
practicable,  provided  that  all  pipe  lines  en- 
tering the  building  are  equipped  with  insulat- 
ing joints  and  lead  cables  are  taken  care  of 
as  indicated  in  the  preceding  paragraph,  but 
the  grounding  of  such  interconnected  metal 
work  or  any  part  of  it  to  ground  plates  or  to 
pine  lines  outside  of  the  insulating  joints  is 
to   be    -trictly  avoided. 

(32)  In  making  a  diagnosis  of  the  cause 
of  damage  in  any  particular  case,  the  fact 
that  a  fairly  large  voltage  reading  may  be  ob- 
tained romewhere  about  the  structure  should 
nut  be  taken  as  sufficient  evidence  that  the 
trouble  is  due  to  electrolysis.  The  distance 
bs'Lweei'  the  points,  and  particularly  the  char- 
acter of  the  intervening  medium,  are  of  much 
greater  importance  than  the  mere  magnitude 
of  the  \oltage  reading.  .\s  a  precautionary 
measure,  however,  all  potential  readings  about 
a  reinforced  concrete  structure  should  be  kept 
as  low   ;'s  practicable. 


Passenger  Elevators  for  Continental  & 
Commercial  National  Bank  Building,  Chi- 
cago.— The  23  passenger  elevators  in  the 
Continental  &  Commercial  Bank  Building, 
Chicago,  are  known  as  the  gearless  traction 
electric  type,  and  are  equipped  with  .Ameri- 
can wire  rope.  This  type  possesses  some 
features  which  differ  considerably  from  those 
.pf  the  geared  type :  for  example,  the  hoist- 
ing cables  are  not  wound  on  a  drum,  but  drive 
over  a  sheave  which  is  bolted  directly  to  the 
armature  spider  of  the  motor  by  means  of 
a  flange,  integral  with  the  spider.  The  nec- 
essary tension  in  the  wire  cables  to  secure 
tractive  force  between  the  driving  sheave  and 
the  hoisting  cable  is  secured  by  passing  the 
cables  partially  around  the  traction  driving 
sheave  and  then  around  an  idler  leading 
sheave,  forming  a  complete  loop  around  both 
sheaves.  The  car  and  the  counterweight  are 
suspended  from  opposite  ends  of  the  cable, 
thus  avoiding  the  use  of  intermediate  gearing. 
The  motors  used  in  this  elevator  system  are 
of  the  slow-speed  shunt-wound  type,  with  a 
capacitv  of  35  HP.  The  normal  capacity  of 
each  elevator  is  2  "00  lbs.,  lifted  at  a  speed 
of  .^Od  ft.  per  m'u-ie.  To  insure  safety  the 
motor  is  equipped  with  a  governor  which  reg- 
ulates the  motor  speed  regardless  of  the  load. 
.'\t  the  bottom  of  ^-rh  shaft  there  is  placed 
an  oil-cushion  buffc,  which  brings  the  car 
!o  a  stop,  be'ng  regulated  by  the  escape  of 
oil  from  one  chamber  of  the  buffer  to  another. 


American  Railway  Engineering  Associa- 
tion.— The  fifteenth  annual  convention  of 
this  .Asociation  will  be  held  at  the  Cimgress 
Hotel,  Chicago.  .March  17  to  20.  In  addition 
to  the  regular  addresses  and  reports  of  com- 
mittees and  the  annual  election  and  dinner,  the 
program  includes  a  visit  to  the  exhibit  of  the 
National  Railway  .Appliances  Association  in 
the    Coliseum    and   Armorv. 


Improvement  of  Roads  in  British  Colum- 
bia.— .\  recent  statement  of  the  mini>ter  of 
public  works  of  British  Colombia  shows  thnt 
$4,000,000  lias  been  expended  on  roads  in  the 
province  during  the  past  season.  In  this  was 
incluflcd  JonO.OOO  for  bridges.  $70,00(1  f,)r  road 
location  work.  $100,000  on  machinery,  and 
$400,000  for  maintenance  during  the  winter 
months. 

.\bout  $100,000  was  spent  on  the  Banff- 
Windemere  road,  built  in  connection  with  the 
Canadian  Pacific  Railway,  along  the  Columbia 
Ri\er  Valley.  A  considerable  sum  has  been 
exnended  in  the  connecting  of  existing  roads 
ail'''   on   their   stand.irdization. 

The  more  important  bridges  Kave  been  two 
steel  structures,  erected  over  the  Columbia  at 
Trail  at  a  cost  of  $140,000  and  over  the 
Thompson  at  I.ytton  at  a  cost  of  .$60,000,  while 
a  contract  has  been  recntly  let  for  construct- 
ing a  bridge  at   Taklnim.  near   Nelson. 


:h  4.  1914. 
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Design,  Construction  and  Operation  of 
the    New   Water   Purification   and 
Pumping  Plants  at  Bridge- 
ton,  N.  J. 

I  he  new  .'J.OVIO.OOO  gal.  water  filtration  and 
iuniiing  i)lant.s  at  Briflgeton.  X.  J.,  a  city  of 
L|j|irnxiniately  15,000  inhabitants,  were  placed 
1.  regular  operation  on  Nov.  1,  1913.  The 
>rL•^enl  article  describes  the  design  and  con- 
tnictiun  of  these  works  and  gives  the  opera- 
1  III  results  for  the  months  of  November  and 
Hrember.  lUio.  The  supply  is  drawn  from 
h(  West  Branch  of  the  Cohansey  River,  a 
•ream  having  a  dry  weather  llow  of  about 
'..11111.1,00(1  gals,  per  day,  and  receiving  the  run- 
ilt  from  a  watershed  of  approximately  4() 
i|uare  miles  in  area.  This  drainage  area  is 
].arsely  inhabited,  containing  no  towns,  and 
otiiprising  principally  cultivated  farm  land  and 
indrained  swamps.  The  raw  water  shows 
ii;ns  of  sewage  pollution,  on  analysis,  but  is 
if  lair  quality  for  a  water  supply.  It  is  sel- 
loni  turbid  but  always  has  a  high  color  de- 
!\eil  from  organic  matter  in  the  swamps.  The 
ei;etable  matter  in  the  swamps  also  gives  the 
vater  a  distinct  vegetable  or  earthy  odor, 
nore  noticeable  in  the  fall  of  the  year  than 
.t  iither  seasons.  Neither  the  filters  nor  will 
n>  chemical  treatment  entirely  remove  this 
mdesirable  quality  during  SepteiTiber  and  Oc- 
ober  when  the  odor  is  the  strongest  in  the 
aw  water.  During  the  rest  of  the  year  it  is 
lot  noticeable  to  the  ordinary  consumer.  The 
vorks  here  described  were  designed  and  the 
I  instruction  was  superintended  by  Mr.  Henry 
v.i.n,  comnnssioner  of  public  works  at  Bridge- 
un  while  assistant  to  Clyde  Potts,  consulting 
engineer.  New  York  City.  The  information 
lere  given  is  taken  from  an  article  prepared 
)y  Mr.  Ryon  and  published  in  a  recent  issue 
)f  The  Ciirncll  Ci\il  b'.ngineer.  .\ftcr  the  com- 
I  :)letion  of  the  plants  Mr.  Ryon  was  employed 
)y  the  city  to  operate  the  works  for  a  year 
ind  to  instruct  the  various  employes  in  their 
luties. 

INT.\KE. 

Intake  House. — It  was  the  original  intention 

0  take  the  raw  water  from  the  lower  end  of 
)  I  pond  a  little  over  a  mile  in  len.t;th,  but  shice 
'  he  pond  was  used  to  some  extent  for  boating, 

)cpular  opinion  forced  the  city  to  run  an  in- 
ako  line  to  the  upper  end  of  the  lake,  even 
li'.iigl)  it  was  found  that  traversing  the  lake 
I'  ared  the  water  of  sediment  and  would  have 
Made  its  purification  easier.  The  intake  house. 
irick  on  a  concrete  foundation,  was  accord- 
ni;ly  located  on  the  side  of  the  stream  at  the 
u.id  of  the  lake.  The  water  enters  the  house 
bmugh   an  opening   in   the   foundation   wall  3 

1  liigh  l)y  ()  ft.  wide  and  thence  passes  through 
he  hnnse  and  intn  the  conduit  leading  to  the 
Hirification   plant 

Inliike  Si leciis— To  prevent  the  entrance  of 
ish  and  lloating  material  into  the  intake  con- 
luit,  three  movable  screens  have  been  placed 
n  the  intake  house.  The  first  covers  the  open- 
ng  mentioned  previously  and  is  made  of  % 
11x2  in.  iron  bars  placed  1  in.  apart.  Back  of 
his  screen  are  two  screens  of  brass  wire,  the 

-t  of  *i-in.  mesh  and  the  second  of  %-in. 
-h.  .Ml  screens  are  arranged  to  he  easily 
1  scparatelv  raised  for  cleaning.  A  wooden 
inff   ^atc'  is   also   provided   in   this   intake 

I    shutting  iiff  the  water. 

A'n;(i  ll'aier  Conduit.— From  the  intake  house 

..iMdiiit  of  30-in.  vitrified  tile  pipe,  approxi- 
iialelv  S..500  ft.  long,  passes  under  the  lake  and 
'rough  the  bank  on  the  west  side  of  the  race- 

IV,  U  ft.  deep  in  places  and  carries  the  wafer 
the  coagulation  basin  of  the  filler  platit. 
,lhis  conduit,  with  the  gates  open  wide,  will 
arrv  1,200,000  pals,  per  21  hours.  The  diffcr- 
•ncc  in  level  between  the  water  at  the  intake 
ind  that  in  the  coagulation  basin  under  work- 
"c  conditions  is   1   ft. 

In   general,   the   line   was   laid   in   the  gravel 

lb. .in  anv  foundation,  although  at  points  it 


was  found  necessary  to  support  the  tile  with 
concrete.  The  joints  were  made  of  1 :1  cement 
mortar  forced  into  position  from  the  inside  of 
the  pipe.  Under  working  conditions  the  pipe 
is  required  to  stand  an  internal  pressure  of 
from  0  to  14  ft.,  and  as  each  section  of  400  ft. 
was  completed  it  was  tested  with  this  pressure 
before  the  trench  was  back-filled.  No  appre- 
ciable leaks  were  discovered.  The  line  cost 
$;ii.70  per  lineal   foot  complete. 

I"LRIFIC.\TI0N     P1_\NT, 

Coagulation  Basin. — The  lower  end  of  the 
intake  line  connects  to  the  coagulation  basin. 
This  basin  is  of  reinforced  concrete,  rectangu- 
lar in  form  and  has  a  capacity  of  about  150,000 
gals,  for  about  one  hour's  flow.  The  walls 
are    15    ins.   thick   at   the   liottom   and    12   ins. 


Besides  being  fed  from  the  main  intake,  the 
basin  can,  in  case  of  emergency,  be  supplied 
direct  from  the  river  beside  the  plant  by  means 
of  the  12-in.  Worthington  centrifugal  pump 
located  in  the  boiler  room.  This  pump  has  a 
capacity  of  4,000,000  gals,  per  day  and  is  di- 
rect connected  on  the  same  base  to  a  25  HP. 
Blake  engine. 

Filters.— The  filters,  each  12  ft.  by  14  ft.  6 
ins.,  are  arranged  in  two  rows  of  three  each 
on  opposite  sides  of  the  operating  floor  and 
pipe  gallery.  The  construction  is  entirely  of 
concrete.  The  floor  consists  of  a  6-in.  slab 
supported  on  longitudinal  beams  which  in  turn 
are  carried  by  the  heavy  beams  extending  from 
the  center  posts  to  the  outside  walls  and  act 
not  only  as  beams  but  as  division  walls  be- 
tween the  filters.  The  general  arrangement  is 
shown  in  Fig.  2. 

The  20-in.  inlet  pipe  from  the  coagulation 
basin  runs  the  full  length  of  the  filter  house, 
and  is  connected  to  each  of  the  filters  by  an 
8-in.  pipe.  The  water  passes  through  these 
pipes  into  the  filters,  and  down  through  the 
30  ins.  of  sand  (eflfective  size  0.4  mm.)  and 
18  ins.  of  gravel.  It  is  collected  at  the  bottom 
of  each  filter  by  Glti  brass  strainers.  These 
strainers  are  hemispherical  in  shape,  1  in.  in 
diameter  and  perforated  with  37  1/16-in.  open- 
ings. The  base  is  fitted  with  a  %-in.  nipple, 
and  the  strainers  are  tapped  into  2-in.  iron 
pipes  leading  to  the  manifold  in  the  center  of 
the   filter,   from    which   the   water  passes   to   a 


Fig.    1.     General    Plan   of    Bridgeton. 


N.    J..    Water    Works    Pumping    Station    and    Purifica- 
tion   Plant. 


thick  at  the  top,  being  dependent  fi>r  their 
stability  entirely  on  the  concrete  tie  beams 
across  the  top,  and  the  floor  which  holds  the 
bottoms  of  the  walls  together. 

The  water  enters  the  bottom  of  an  inlet 
well  about  4  ft.  sipiare,  at  the  southwest  ccy- 
ncr  of  the  basin,  rises  in  thi>  chamber  and 
passes  ihroiigh  a  30-in.  balanced  llnat  valve  into 
the  basin  proper.  This  float  valve  automatical- 
ly cuts  qIT  the  inflow  when  the  water  in  the 
basin  reaches  the  level  for  which  the  valve  is 
set.  .\n  over-flow  weir  in  the  north  side  of 
the  inlet  chamber  at  the  level  of  the  water  at 
the  intake  house  provides  for  any  surge  due 
to  the  sudden  closing  of  the  valve,  and  pre- 
vents damage  being  done  to  the  vitrified  tile 
conduit  due  to  water  hammer.  .X  12-in.  blow 
off  gale  is  provided  fur  drawing  off  the  upper 
portion  of  the  water  in  the  basin.  The  lower 
4  ft.  is,  however,  loo  low  to  drain  to  the  river 
by  gravity,  and  a  pipe  from  the  bottom  of  the 
hasin  is  connected  to  the  sludge  well  in  the 
main  building  from  which  the  water  may  he 
pumped  by  a  fi-in.  centrifugal  pump  operated 
by  a  10  IIP.  steam  engine. 

The  soda  and  alum  used  in  treating  the  wa- 
ter arc  applied  in  the  r)rder  namnl  at  the  en- 
trance of  the  coagulaliim  basin.  The  water 
inoves  north  on  the  west  side  of  the  middle 
baffle  anil  south  im  the  east  sid--  to  the  con 
crrtc  collecting  trough  fmm  which  a  20-in. 
pipe  carries  it  to  the  sand  filters.  To  provide 
means  of  operating  the  plant  while  the  basin 
is  beine  cleaned  a  by  pass  has  been  built  across 
the  end  of  the  basin  with  suitable  valves  as 
shown  in  Fig.  1. 


rate  controlcr  of  the  \'enturi  .meter  type  and 
drops  into  the  clear  water  basin  beneath. 

The  operation  of  this  type  of  controler  is  de- 
pendent on  the  fact  that  the  difference  in  pres- 
sure at  the  throat  and  full  section  of  a  Ven- 
turi  tube  varies  with  the  quantity  of  water 
passing  through  it.  The  apparatus  consists  es- 
sentially of  a  balanced  valve  through  which 
the  water  from  the  filter  must  pass.  The  stem 
of  this  valve  is  attached  to  a  rubber  diaphragm 
and  two  pipes,  one  from  the  throat  and  one 
from  the  full  section  of  the  \'enturi  tube,  are 
connected  on  opposite  sides  of  the  diaphragms. 
.■\ny  variation  in  the  ijuantity  of  the  flow,  with 
the  con.sequont  variation  in  pressure  at  the 
throat  and  full  of  the  tube  raises  or  lowers 
the  diaphragm  and  opi'""^  "r  closes  the  balanced 
valve,  keeping  the  flow  of  water  uniform,  and 
preventing  an  excessive  flow  when  the  filter  is 
first  started. 

Fach  filter  is  provided  with  a  system  of  air 
pipes  by  means  of  which  air  may  be  forced 
through  the  sand  during  the  washing.  The 
main  air  pipe  is  a  4-in.  wrought  iron  pipe  and 
the  small  laterals  %-iii.  brass  pipe  placed  6  ins. 
on  centers  and  each  perforated  on  the  under 
side  with  15  I  Ifi-in,  openings.  The  air  is 
supplied  at  5  lbs.  prcisiire  by  a  No.  3  Roots 
blower  direct  connected  to  a  25  HP.  Troy  en- 
gine. The  blower  is  usually  run  at  200  R.  P. 
M.  delivering  700  cu.  ft.  of  air  per  minute. 
(4  cu.  ft.  ))er  square  foot  of  surface.) 

filter  Operation. — All  valves  for  each  filter 
are  controlled  hydraulically  from  an  operating 
tabic  of  the  usual  type.  Mercury  U-tiibe  gages 
arc    provided    on    each    table    to    indicate    the 
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loss  of  head  through  the  fihers.  These  gages 
are  very  similar  to  the  loss  of  head  gages  com- 
monly used  in  hydraulic  work.  The  pipe  from 
one  end  of  the  U  is  connected  to  the  inlet, 
and  that  from  the  other  to  the  outlet.  An  as- 
pirator is  provided  on  each  table  for  drawing 
water  into  the  connecting  pipes  and  filling  the 
gage.  These  aspirators  also  serve  for  obtain- 
ing samples  of  filtered  water,  drawing  the 
water  into  a  glass  globe  on  each  table  from 
which  the  sample  is  taken  by  means  of  a 
faucet. 

As  stated  above  the  coagulant  is  applied  to 
the  water  as  it  enters  the  coagulation  basin. 
The  chemical  solutions  are  mixed  in  concrete 
tanks  on  the  upper  story  of  the  building. 
These  tanks  are  in  duplicate.  Each  of  the  two 
alum  tanks  has  a  capacity  of  3,500  gals,  and 
each  of  the  two  soda  tanks  a  capacity  of  1,950 
gals.  The  tanks  are  fitted  with  hot  and  cold 
water  and  perforated  brass  air  pipes  are  pro- 
vided on  the  bottoms  of  each  tank  for 
agitating  the  solutions.  From  the  mixing 
tanks  the  solutions  flow  to  the  porcelain  lined 
orifice  tanks  in  the  laboratory.  The  level  in 
these  orifice  tanks  is  kept  constant  by  float 
valves,  and  the  outlets,  brass  needle  valves, 
are  adjusted  to  feed  the  amount  of  chemical 
necessary. 

To  supplement  the  filtration  process  and  ef- 
fect a  saving  in  the  amount  of  alum  required, 
arrangements  have  been  made  to  apply  chlorine 
to  the  filtered  water  whenever  it  is  deemed 
necessary.  The  "chloride  of  lime''  solution 
used  for  this  purpose  is  mixed  in  a  6  ft.  by 
6  ft.  square  concrete  tank  having  a  capacity 
of  1,000  gals.  This  tank  is  located  outside  of 
the  building  in  order  to  prevent  the  fumes  of 
chlorine  from  coming  in  contact  with  the  ma- 
chinery. One  inch  lead  pipes  lead  from  this 
tank  to  the  sections  of  each  of  the  two  pumps. 
The  partial  vacuum  produced  in  the  suctions 
draws  the  solution  into  the  water  as  it  comes 
from  the  clear  water  basin  and  the  passage 
through  the  pumps  thoroughly  mixes  the  chlo- 
rine solution  into  the  water.  Brass  needle 
valves  are  used  to  regulate  the  quantity  ap- 
plied. 

In  the  application  of  both  the  coagulant  and 
the  hypochlorite  solution  it  was  found  diffi- 
cult to  keep  the  needle  valves  regulated,  and 
more  difficult  to  induce  the  attendants  to 
give  them  proper  attention.  Floats  were,  there- 
fore, placed  in  each  solution  tank  and  wires 
run  to  a  large  gage  board  in  the  engine  room. 
As  the  solutions  in  the  tanks  How  out,  the 
float  falls  and  the  weight  suspended  on  the 
gage  board  rises.  The  content  of  1  in.  depth 
of  the  tank  being  known,  the  number  of  inches 
that  the  weight  rises  per  hour  shows  the  quan- 
tity of  chemical  being  applied.  This  method  of 
control  proved  far  more  satisfactory  than  cal- 
ibrating the  orifices. 

The  filters  are  operated  at  the  rate  of  500,000 
gals,  per  day  (120,000,000  gals,  per  acre  per 
day.)  Immediately  after  washing,  the  loss  of 
head  through  the  filters  is  about  V-k  ft.,  and 
gradually  increases  to  about  6  ft.  when  it  be- 
comes necessary  to  wash  the  filter  on  account 
of  the  diminished  quantity  of  the  effluent.  The 
time  between  washings  varies  with  the  condi- 
tion of  the  water  and  is  from  six  to  ten  hours. 
In  washing  the  air  is  used  three  minutes  and 
the  water  (from  the  city  mains)  on  the  aver- 
age approximately  seven  minutes.  After  the 
filter  is  started  the  effluent  is  wasted  for  15 
minutes,  it  being  found  by  experiment  that  this 
time  is  required  to  bring  the  filter  to  proper 
efficiency. 

The  quantity  of  alum  required  under  ordin- 
ary conditions  is  about  0.5  grain  per  gallon, 
but  after  a  heavy  rain  it  is  necessary  to  use  as 
high  as  1.5  grains  to  give  satisfactory  results. 
Soda  is  used  to  partially  neutralize  the  alum, 
for  the  average  alkalinity  of  the  raw  water 
is  only  7.0.  This  alkalinity  has  caused  some 
difficulty  when  the  character  of  the  raw  water 
has  required  the  application  of  the  larger  quan- 
tities of  coagulant,  for  it  has  been  found  here, 
as  at  some  other  places,  that  when  soda  is 
added  in  sufficient  quantity  to  neutralize  more 
than  half  the  alum  the  floe  (aluminum  hydrox- 
ide) will  not  form  properly.  Arrangements  are 
therefore    being   made    to    apply   lime    instead 


of  soda  when  the  alkalinity  is  very  low,  and 
the  turbidity  and  color  high. 

The  chloride  of  lime,  applied  as  mentioned 
above,  is  used  on  the  average  at  a  rate  of  0.20 
parts    of    available    chlorine   per    million.      It 


way  of  itself,  requires  any  attention.  The 
color,  however,  often  reaches  150,  and,  usually 
being  accompanied  by  very  low  alkalinity, 
causes  at  times  considerable  trouble,  and  taxes 
the    capacity    of    the    coagulant    feeds    to    the 


TABLE    I.— AVERAGE    RESULTS    OF    DAILY    PHYSICAL    AND    BACTERIOLOGICAL    TESTS. 


Color   

Turbidity    

Bacteria    

B.  Crti  in  0.1  cc 

B.  Coli  in  1,0  cc 

B.  Coll  In  10.0  GC 

Alkalinity    

Alum  used    

Soda  used  

"Available  chlorine" 


Raw. 

-November 

Filtered. 

Tap. 

Raw. 

—December 

Filtered. 

Tap. 

56.0 

8.0 

57.0 

1.0 

2.0 

0.0 

1.0 

0.0 

98.9 

11.7 

5.8 

67.3 

9.2 

■l.\ 

37% 

0.0 

0.0 

15% 

0.0 

0.11 

100% 

0.0 

O.O 

90% 

0.0 

0.0 

33% 

0.0 

23% 

O.O 

7.0 

5.2 

7.1 

5.3 

0.61 

gr.   per  gal. 

0.60 

gr.    per  gal. 

0.12 

gr.    per  gal. 

0.13 

gr.   per  gal. 

0.23 

parts  per  mil. 

0.16 

parts  per  mil. 

ni'ght  be  mentioned,  that  the  actual  amount  of 
chloride  of  lime  used  is  10  lbs.  per  1,000,000 
gals.,  which  should  give  0.40  p.  p.  ni.  Only 
about  half  this  amount,  however,  can  be  ac- 
counted for  by  chemical  e.xainination  of  the 
solution  as  it  enters  the  water.  .A.  higher  effi- 
ciency could  probably  be  obtained  if  some  de- 
vice were  installed  in  the  solution  tank  to 
agitate  its  contents. 

Laboratory  Procedure. — To. provide  for  the 
intelligent  operation  of  the  plant,  a  small  well 
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Fig.  2.     Half  Cross  Section  Through  Bridge- 
ton  Filters. 


equipped  laljoratory  has  been  provided.  Here, 
since  the  plant  was  first  put  in  operation,  daily 
examination  of  the  raw  and  filtered  water  has 
been  made,  complete  chemical  analyses  of  the 
water  are  made  monthly  by  the  State  Board  of 
Health,  and  for  that  reason  the  laboratory 
work  has  been  confined  to  such  daily  tests  as 
are  necessary  to  show  the  condition  of  the 
water  and  efficiency  of  the  plant. 

Turbidity    and    color   are    measured    in    the 
raw    and   filtered    water   by   comparing   with 


limit.  Its  entire  removal,  while  desirable,  is 
not  absolutely  essential,  for  sterile  plates  on 
the  effluent  can  be  obtained  when  the  color  is 
quite  noticeable. 

Bacterial  counts  are  made  daily,  on  agar  at 
■37%°  C,  of  the  raw  water,  the  filtered  water 
and  of  the  water  after  being  treated  with  hypo- 
chlorite. Tubes  of  lactose  bile  are  likewise 
inoculated  with  known  quantities  of  the  same 
samples,  to  indicate  the  probable  presence  of 
intestinal  bacteria.  The  raw  water  always 
shows  B.  coli  in  1.0  c.  c.  and  often  in  0.1  c.  c, 
but  the  effluent  has  never  given  a  positive  test 
in  10.0  c.  c.  The  percentage  of  reduction  is  not 
as  large  as  in  most  plants,  due  to  the  fact  that 
the  bacterial  content  of  the  raw  water  is  low, 
often  running  only  25  or  30  per  c.  c.  With 
such  a  condition  existing  in  the  raw  water,  it 
is  impossible  to  show  a  high  percentage  of  re- 
moval, even  though  the  effluent  usually  con- 
tains less  than  5  bacteria  per  c.  c.  In  consider- . 
ing  the  quality  of  the  filtered  water  it  is  there- 
fore necessary  to  consider  the  content  of  the 
effluent  as  well  as  the  percentage  of  bac- 
teria removed.  This  is  a  condition  very  dif- 
ficult to  explain  to  the  average  consumer.  He 
hears  that  a  certain  plant  gives  a  purification 
of  99  per  cent,  and  immediately  states  that 
water  is  "99  per  cent"  pure.  He  can  not  un- 
derstand how  the  water  from  a  plant  giving 
90  per  cent  efficiency  may  be  better  than  that 
from  a  plant  giving  much  higher  efficiency. 

Tests  for  alkalinity  (reaction  with  lacmoid) 
are  also  made  daily  and  sometimes  oftener  in 
order  to  properly  regulate  the  quantities  of 
alum  and  soda,  a  procedure  made  necessary  by 
the  very  low  and  varying  alkalinity  of  the  raw 
water. 

The  average  physical  and  bacteriological  re- 
sults of  the  daily  tests  for  November  and 
December  are  given  in   Table   I. 

The  chemical  analysis  is  as  given  in  Table  II. 

The  treated  water  as  it  leaves  the  rate  con- 
troller falls  into  the  clear  water  basin  located 
beneath  the  filters  in  the  manner  indicated  in 
the  accompanying  cross-section  of  the  filters. 
Fig.  2.  This  basin  has  a  capacity  of  200,000 
gals.,  and  extends  far  enough  beyond  the  end 
of  the  filter  house  to  allow  four  additional  fil- 
ter units  to  be  built  on  its  roof  at  some  future 
time  should  the  water  consumption  make  such 
addition  necessary.  The  construction  is  of 
gravel-concrete,  reinforced  with  steel  rods. 
The  ground  water  on  the  outside  of  this  basin 
stands  nearly  to  the  level  of  the  floor  of  the 
filters,   and   although   no   water-proofing  ma- 


TABLB    11.— CHEMICAL   ANALYSIS  OF    RAW  AND    FILTERED    WATER. 

r November ^  , December . 

Raw.  Filtered.                    Raw.                    Filtered 

Color     50  0.0                            45                                0 

Turbidity    0  0                               5                              0 

Odor    le  0                             Iv                              0 

Nitrogen    as — 

Free  ammonia   0.042  0.04S                        0.064                       0.032 

Albuminoid  ammonia  0.114  0.112                        0.082                       0.032 

Nitrites    0.000  0.001                        0.002                       0.001 

Nitrates    0.400  0.480                        0.24                         0.480 

Chlorine    0-0  6.0                            .5.5                           5.5 

Iron    1.1  0.1                              0.5                             0.0 

All  figures  given  are  In  parts  per  million. 

standard    solutions,    and   indicate   immediately  terial  was  used  in  the  construction,  the  basin 

although    approximately    the   efficiency   of   the  shows  no  signs   of   leakage,  even  though  the 

filters.     High  color  and  turbidity  always  occur  walls  were  cracked  by  carelessness  during  con- 

at  the  same  time  as  high  bacterial  counts,  and  struction.     After  the  basin   proper  was  com- 

the   results   of   these   tests   form   a  convenient  pleted,    and   before   the    excavation   had   been 

basis  for  regulating  the  quantity  of  coagulant.  backfilled    or    the    superstructure    erected    the 

The  turbidity  of  the  raw  water  has  never  yet  contractor   allowed   the  ground   water  to   rise 

been  above  25,  is  readily  removed  and  in  no  w-ith  the  basin  empty,  floating  it  off  its  founda- 
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jion,  and  opening  up  slight  cracks  in  tlic  end 
Ivalls.     Fortunately  the  basin  settled  back  into 
^ition   and   the   cracks   closed    so    that   they 
'd  not  be  located. 

PUMPING   PL.^NT. 

The  pumping  engines  draw  from  the  south 
;nd  of  the  clear  water  basin  and  pump  direct 
'nto  the  city  mains,  the  surplus  going  to  a  2,- 
1111,000  gal.  (available  capacity)  reservoir  lo- 
.iicd  at  the  east  end  of  the  city.  The 
nmiping  plant  consists  of  t\v6  cross  compound 
lumping  engines  of  the  crank  and  flywheel 
ype.  The  larger  one,  a  17x34xl4.\30-in.  Snow 
lump  had  been  in  service  at  the  old  pumping 
tation  for  several  years.  It  has  a  capacity  of 
,000,000  gals,  per  24  hours  and  showed  a 
'uty  when  first  installed  of  111,000,000  ft.-lbs. 
ir  1,000  lbs.  of  steam.  The  other,  a  new  14x 
>xlO'^x24-in.  Piatt  Iron  Works  pump  has  a 
apacity  of  3,000,000  gals,  per  day  at  a  speed 
•  f  62y2  r.  p.  m.  Its  duty  on  test  was  125,000,- 
'00  ft.-lbs.  per  1,000  lbs.  of  steam,  under  the 
oUowing  conditions: 

I  age  steam   pressure,   lbs 123.9 

rage  receivei    pressure,   lbs 10.5 

■  rage  vacuum,   ins 27. 2S 

rage  head  pumped  against,   ft 196. S 

I  rage    suction,    ft S.S 

.verage  total  head,  ft 205.1 

verage  R.   P.   M Cl.S 

.  Lctual   rate  of  discharge,  gals,   per  24 

1  hrs 2,949,900 

)uty  per  1,000  lbs.   of  steam,  ft.-lbs.  .125,174,000 

The  steam  used  by  the  vacuum  pump  was 
ot  charged  against  the  engine. 

I'nder  working  conditions  430  gals,  of  water 
re  pumped  per  pound  of  coal.  This  includes 
Mf  coal  burned  to  furnish  steam  for  the 
liwer  and  other   small  engines  at   the  plant. 

As  shown  in  Fig.  1,  the  suction  of  the  3,000,- 
;  00  gal.  pump  is  arranged  to  take  water  direct 
Tom  the  main  supply  pipe  if  necessary  in 
ase  of  an  emergency  such  as  a  large  fire. 

The  steam  for  the  pumps  is  supplied  by  two 

'■|  HP.  water  tube  boilers  manufactured  by 
.c  McNaull  Boiler  Works.  As  with  the" 
umps,  only  one  boiler  is  used  at  a  time,  the 
;ther  being  held  in  reserve.  The  boilers  were 
■Jsted  at  the  same  time  as  the  new  pump,  the 
ontract  price  being  dependent  upon  the  effi- 
iency  shown.  The  details  of  the  test  run  are 
■riefly  as  follows ; 

'rate   surface,   sq.   ft •. .  27 

'leatlng  surface,   sq,   ft 1,240 

I  '  Coal    consumption: 

I  ,'er  hour,   Ib.s 512.1 

\    er  sq.  ft.  of  grate   per  hour,  lbs 18.9 

"ry  coal  per  hour,   lbs 508.0 

Evaporation: 

emperature   of   feed   water,    dcg.   F 46 

lean    gauge    pressure,    lbs 128 

evaporation    par    hour,    lbs 4.357 

Equivalent  from   and  at  212°,   lbs ■5,219 

iqulvalent    from    and    at    212°    per   lb.    of 

dry  coal,  lbs 10.(1 

Efficiency: 

'alorltlc  value  1  lb.  dry  coal,   B.T.U 11, S2.". 

otal  heat  above  46°  F.  1  lb.  of  steam  at 

'128   lbs,    gage.    B.T.U 1,178..') 

bs.  dry  coal'  per  hour ,"iOS.O 

1)8.  dry  steam  per  hour  (128  lbs.  gage)..  4,357 

mclency,    pet 68.1 


rhe  fact  that  the  storage  reservoir  is  a  mile 
id  a  half  from  the  pumping  station  made  it 
ecessary   to  arrange  a  device   for  indicalirig 

the  pumping  station  the  height  of  water  in 
le  reservoir.  A  suitable  device  was  rinally 
mnd  and  arranged  to  fit  the  conditions.  Three 
ires  were  nni  from  the  plant  to  the  reservoir, 
le  return  being  taken  by  the  ground.     A  float 

the  reservoir  connected  to  a  cord  nnining 
IT  a  pully  and  counterweighted  rises  and 
dls  with  the  level  in  the  tank.  A  button  on 
c  cord  closes  one  circuit  when  the  level 
■aches  either  maximum  or  minimum,  ringing 
bell  in  the  engine  room  by  means  of  a  relay. 
'ii'  pulley  over  which  the  cord   runs  is   con- 

iid  by  means  of  ratchets  so  as  to  close  one 

the  other  circuits  once  for  every  4  ins.  of 
ill  of  the  float  and  to  close  the  third  one 
;r  every  4  ins.  rise  of  the  boat.  The  closing 
;'  the  circuits  excite  magnets  at  the  pumping 
iation  lifting  their  armatures  and  turning  an 
dicator  on  a  dial  by  means  of  a  pall  atid 
tchet,  one  circuit  turning  the  indicator  in 
le  direction  and  the  other  in  the  opposite, 
^he  current  is  supplied  by  open  circuits  and 


Tlie  cost  of  the  plant  was  as  follows : 

Coagulation    basin    %  5,820 

Fflters     17,960 

Clear  water  basin 13,256 

Making  the  cost  of  filter  plant  proper  $37,000 
or  $12,300  per  1,000,000  gals,  capacity. 

Pumping  station   $30,002.53 

Coal  bunker 3,919.00 

Pumps  and  boiler 21,934.00 

Chimney 3,020.00 

A  total  of  $58,875  for  the  pumping  station 
or  about  S19,600  per  1,000,000  gals,  capacity 
including  duplicate  machinery. 

During  the  period  that  the  plant  has  been 
in  operation  the  cost  per  1,000,000  gals,  of 
water  supplied  has  been  $31.40.  This  figure 
includes  interest  and  sinking  fund  and  mainte- 
nance of  the  distri'bution  mains. 


Digest  of  Court  Decisions  of  Contro- 
versies    Between     Water     Com- 
panies and  Individuals  Claim- 
ing Damage  by  Polluted 
Water. 

A  study  of  court  decisions  adjudicating  con- 
troversies between  water  companies  and  in- 
dividuals claiming  damage  by  reason  of  the 
sale  or  distribution  of  polluted  water,  is  inter- 
esting chiefly  in  showing  the  different  view- 
points held  by  courts  of  such  questions  at  the 
present  time  from  those  held  20  years  ago.  Dr. 
H.  E.  Barnard,  Chemist  of  the  Indiana  State 
Board  of  Health  and  Chairman  of  the  Com- 
mittee on  Legislation  and  Legal  Decisions  of  the 
Indiana  Sanitary  and  Water  Supply  .\ssocia- 
tion  presented  as  his  annual  report  before  that 
body  a  digest  of  the  legal  decisions  of  the 
character  here  under  consideration.  The  com- 
pilation was  carefully  made  and  should  be 
preserved  for  reference  by  all  water  depart- 
ments.   The  report  follows : 

Rights  of  property  from  the  opinions  I  have 
been  able  to  collect  appear  to  have  once  been 
paramount  over  the  rights  of  individuals. 
While  the  law  may  have  been  as  carefully  con- 
strued than  as  now,  a  study  of  the  decisions 
shows  clearly  that  the  courts  did  not  inter- 
pret the  law  in  the  same  light  then  as  at 
present. 

It  has  been  somewhat  surprising  to  me  to 
find  how  few  decisions  have  been  handed 
down  by  the  higher  courts  involving  the  li- 
ability of  water  companies  who  have  dis- 
tributed polluted  water. 

The  first  case  to  which  I  shall  call  attention 
is  the  classic  Buckingham  v.  Plymouth  Water 
Company. 

Buckingham  vs.  Plymouth  Water  Compan-y, 
142  Pa.  231. — Where  a  water  company  drew 
water  from  the  river  which  was  infected  in  its 
course  through  a  town  in  which  there  was 
typhoid  fever,  the  company  being  ignorant  of 
the  disease,  and  the  river  banks  had  recently 
been  inspected  by  the  company,,  it  was  held 
that  it  was  not  liable  in  damages  for  the  death 
of  one  who  drinks  the  water  and  contracted 
typhoid  fever. 

This  case  grew  out  of  the  historic  epidemic 
at  Plymouth, Pa.,  where  out  of  a  population  of 
7,000  there  were  about  1,200  cases  of  typhoid 
fever.  The  plaintiff  proposed  to  show  that 
dejecta  of  typhoid  fever  patients  living  along 
the  banks  of  Toby's  Creek  was  carried  into 
and  down  the  creek  to  the  Susquehanna  River 
and  emptying  into  it  a  mile  and  a  half  above 
the  intake  of  the  Plymouth  Water  Company. 
This  testimony  was  held  to  be  irrelevant  unless 
it  were  shown  that  the  company  had  knowl- 
edge of  these  typhoid  fever  cases  along  the 
alleged  source  of  its  water  supply.  .Since  the 
evidence  did  not  show  that  the  defendant  com- 
pany knew  of  the  case  of  typhoid  fever  or  of 
the  fact  that  the  dejecta  of  the  patient  had  been 
thrown  upon  the  ground  near  the  stream,  but 
docs  show  that  the  superintendent  of  the  com- 
pany from  time  to  time  went  along  the  banks 
of  the  stream,  the  court  deems  it  its  duty  to 
hold  that  the  niaintiflf  has  not  shown  that  the 
sickness  of  his  children  was  caused  by  the 
negligence  of  the  defendant. 

Danaher,  Adm'r    City  of  Brooklyn,   119  N 
y.  241. — In  an  action  to  recover  damages  for 


the  death  of  plaintiff's  intestate  alleged  to  have 
been  caused  by  drinking  unwholesome  water 
from  a  well,  used  gratuitously  by  the  public, 
belonging  to  defendant,  and  under  its  control, 
a  city  is  not  bound  to  make  a  chemical  examin- 
ation of  the  water  of  free  public  wells  main- 
tained by  it  for  the  purpose  of  ascertaining 
whether  or  not  it  is  pure  and  wholesome  where 
it  has  no  notice  that  it  is  unwholesome,  and 
it  is  not  liable  for  injuries  caused  by  drink- 
ing unwholesome  water  from  a  well  main- 
tained by  it,  in  the  absence  of  wilful  miscon- 
duct or  culpable  negligence  on  its  part  with 
reference  to  the  water. 

The  burden  upon  the  city  is  sufficient  if  it 
be  held  to  the  responsibility  of  keeping  the 
pumps  and  wells  in  order  and  clean,  and  if 
it  be  made  liable  for  any  injury  resulting  from 
ihe  use  of  impure  waters  from  the  wells  after 
it  has  had  notice  of  their  dangerous  qualities, 
and  an  opportunity  to  remove  the  danger.  A 
higher  degree  of  diligence  as  to  whether  ap- 
parently pure  and  wholesome,  agreeable  to  the 
taste  and  in  common  used  by  the  public  with- 
out complaint,  would  be  unreasonable.  The 
court  holds  opinion  that  the  city  is  under  no 
burden  to  make  a  chemical  examination  of 
the  waters  of  the  public  wells  for  the  purpose 
of  ascertaining  whether  they  were  pure  and 
wholesome. 

The  court  further  says  that  this  case  is  not 
like  the  cases  where  a  city  creates  or  permits 
a  nuisance,  or  turns  a  stream  of  mud  or  water 
upon  the  premises  of  private  individuals,  in 
which  case  it  is  held  responsible  for  the 
nuisance  which  it  creates  or  permits. 

Green,  .Idin's  ■::  Ashland  Il'ater  Company 
loi  Wis.  25S. —  A  distributor  of  water  under 
a  public  franchise  will  be  liable  for  injury  to 
consumers  without  fault  on  their  part  from  us- 
ing the  water  furnished,  if  it  knows,  or  from 
the  situation  ought  to  know,  that  the  water  it 
is  distributing  is  dangerous  for  domestic  use 
for  some  cause  not  discoverable  ordinarily  by 
the  use  of  reasonable  care,  and  if  it  fails  to 
disclose  such  danger  to  them,  but  if  the  source 
of  supply  be  contaminated  with  sewage  for  a 
long  period  of  time,  causing  epidemics  of 
typhoid  fever  annually  in  the  community  for 
several  years,  and  the  fact  in  that  regard  be 
there  notorious  and  a  matter  of  common 
knowledge,  the  presumption  is  that  members 
of  such  community  of  ordinary  intelligence 
have  notice  of  that  situation;  and,  in  the  ab- 
.sence  of  evidence  to  the  contrary,  that  pre- 
sumption will  prevail  and  prelude  a  recovery 
by  a  person  injured  by  the  use  of  such  water 
on  the  ground  of  his  contributory  fault. 

This  was  an  action  to  recover  damages  for 
the  death  of  a  user  of  the  water  alleged  to 
have  been  caused  by  negligence  on  the  part  of 
the  Ashland  Water  Company  in  that  it  failed 
to  extend  its  intake  pipe  into  the  Chequamegon 
Bay  from  time  to  time  as  it  needed  to  secure 
water  free  from  sewage  contamination  and 
suitable  for  domestic  use.  It  was  claimed  that 
because  of  this  breach  of  data  the  water  com- 
pany took  water  from  Chequamegon  Bay  that 
contained  typhoid  fever  germs  and  distributed 
it  to  its  customers  in  the  city  of  .■Vshland  one 
of  whom  drew  such  water  from  a  surface 
faucett  at  his  residence  and  contracted  typhoid 
fever,  of  which  he  died. 

From  this  opinion  we  must  draw  the  con- 
clusion that  at  least  one  court  holds  that  if 
a  water  company  furnishes  water  so  bad  that 
it  is  notoriously  impure  it  is  exempt  from 
liability.  In  other  words,  it  is  safer  to  sell 
a  had  water  than  a  water  ordinarily  good  but 
which  under  certain  stress  mav  be  temporarily 
bad. 

Commomveallh  v.  Potter  County  Water 
(  ompany  212  Pa.  ./(5_?.— Where  the  evidence 
against  a  water  company,  although  con- 
tradicted, tends  to  show  that  the  company's 
line  was  connected  with  a  mill  pond  into  which 
the  sewage  of  the  town  was  discharged,  and 
that  during  periods  of  low  water,  and  when 
fires  occurred,  water  from  this  pond  was 
pumped  into  the  main  service  lines  of  the  com- 
pany, and  that  such  water  polluted  the  other 
water,  and  frequently  rendered  it  injurious  and 
unwholesome  and  unfit  for  drinking  or  cook- 
ing,   and    even    for    washing,    a  judgment    of 
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ouster  on  a  verdict  for  the  commonwealth  on 
quo  warranto  proceedings  was  sustained. 
In  rendering  the  opinion  the  Judge  said  : 
Nothing  within  the  limits  of  reason  could 
Justify  the  failure  upon  the  part  of  the  water 
company  to  furnish  to  the  public  water  which 
was  at  least  reasonably  pure  and  comparatively 
wholesome. 

l.ocL-,<.'ood.  Adin'r  ;■.  Do^xr,  ys  iV.  H.  jo(^.— 
A  city  was  held  to  be  liable  for  the  death  of  a 
consumer  of  the  water  furnished  by  it,  caused 
by  foreign  and  decayed  matter  becoining 
lodged  in  the  city's  pipes  by  reason  of  its  negli- 
gence in  not  cleaning  out  the  pipes. 

In  the  Case  of  Stem  r.  State.  37  Ala.  1^3. — 
Indictment  does  not  lie  against  one  for  supply- 
ing and  selling  unwholesome  and  poisonous 
water,  in  the  absence  of  any  knowledge  on  his 
part  of  its  unwholesomeness  and  poisonous 
quality. 

Case  of  Georgetoivn  Against  the  Water,  Gas. 
lilcilnc  and  Pourr  Co. — This  was  a  case 
in  which  the  corporation  undertook  to  furnish 
the  city  a  supply  of  water  for  domestic  use 
and  tire  protection  from  a  source  furnished  by 
the  city.  This  water  became  impure  and  the 
city  petitioned  the  court  to  require  the  defend- 
ant company  to  install  a  filtration  plant.  The 
court  held  that  in  the  absence  of  a  contract  to 
that  effect  so  long  as  the  city  supplied  the 
water  supply  it  could  not  impress  upon  the 
water  company  the  duty  of  constructing  a  fil- 
tration plant  for  the  purpose  of  purifying  such 
water. 

I'effer  r.  Peiuisyh'ania  Water  Co.,  S2i  Pa. 
-,78. —  Plaintiff  filed  a  bill  against  a  water  com- 
pany alleging  that  the  water  furnished  by  it 
was  impure  and  was  the  cause  of  typhoid 
fever,  and  the  evidence  showed  that  the  water 
was  polluted,  containing  bacteria  and  bacilli. 
}Ield,  that  a  decree  directing  the  company  to 
provide  a  sufficient  supply  of  pure  water  and 
to  file  a  statement,  within  the  time  specified, 
showing  what  it  proposed  to  do  in  order  to 
comply  with  acts  regulating  public  water  sup- 
ply, was  properly  rendered. 

In  a  proceedins  to  compel  a  water  company 
to  furnish  pure  w.ater.  a  company  is  not  re- 
quired to  furnish  chemically  pure  water.  It 
must  furnish  water  ordinarily  and  reasonably 
pure    and    wholesome. 

"Ordinarily  pure  and  wholesome  water" 
means  water  reasonably  clean  and  free  from 
bacteria  or  other  contamination,  rendering  it 
unlit  for  domestic  use  and  dangerous  to  in- 
dividuals. 

In  this  case  the  analysis  showed  the  presence 
of  colon  bacilli  in  proportionally  large  quanti- 
ties in  the  raw  .■\llegheny  River  water,  tlu- 
iiumbcr  of  which  was  materiall>-  reduced  after 
filtration.  Howe^■er,  both  bacteria  and  the  colon 
bacilli  in  dangerous  quantities  are  found  in  the 
water  after  filtration. 

It  appeared  from  the  testimony  that  several 
features,  notably  the  extensive  pollution,  the 
prevalence  of  typhoid  fever  above  the  city,  the 
method  of  increasing  the  supply  at  the  ex- 
pense of  impaired  filtration  and  the  inability 
of  the  company  to  keep  the  filter  beds  in  good 
order,  that  the  water  furnished  by  the  com- 
pany is  not  reasonal>ly  pure  and  wdiolesome. 

In  this  case  the  testimony  given  by  phys- 
icians, chemists,  engineers  and  eminent  filtra- 
tion experts  covering  1,100  typewritten  pages, 
completed  the  conclusions  reached  as  to  the 
character  of  the  water. 

The  court  further  says  that  modern  investi- 
gations and  scientific  attainments  demonstrate 
tliat  water  from  polluted  sources  can  by  proper 
filtration  be  made  reasonably  safe  and  pure, 
and  therefore  the  standard  of  purity  as  fixed 
by  the  well  recognized  authorities  must  be  se- 
cured. 

Keefer  v.  City  of  Mankato,  113  Minn.  55. — 
\  complaint  charged  that  defendant  city  negli- 
gently allowed  the  supply  in  its  water  works 
system  to  become  polluted,  and  large  quantities 
of  sewage  to  escape  into  its  water  supply,  by 
reason  whereof  plaintiff's  intestate  contracted 
typhoid  fever  and  died.  Held,  on  demurrer, 
that  the  municipality  was  liable  for  its  negli- 
gence in  its  private  or  corporate  capacity,  and 
was  not  exempt  because  it  was  carrying  out  a 
government  function. 


Jaggard,  judge,  says: 

It  is  obvious  that  a  sound  public  policy  holds 
a  city  to  a  higl*  degree  of  faithfulness  in  pro- 
viding an  adequate  supply  of  pure  water.  Nor 
does  it  appear  why  its  citizens  should  be  de- 
prived of  the  stimulating  effects  of  the  fear  of 
liability  on  the  energy  and  care  of  its  ofticials; 
nor  why  a  city  should  be  exempt  from  liability 
while  a  private  corporation,  under  the  same 
circumstances,  should  be  held  responsible  for 
its  conduct  and  made  to  contribute  to  the  inno- 
cent   persons   it    may   have   damaged. 

A  water  company  is  not  an  insurer.  As  said 
in  Green  v.  Ashland  Water  Co.,  101  Wis.  258, 
43  L.  k.  A.  117,  77  N.  W.  722.  a  mere  dis- 
tributor of  water  for  compensation  is  not  liable 
as  a  guarantor  of  its  quality. 

A  city  is  not  liable  for  injuries  caused  by 
drinking  unwholesome  water  from  a  well  main- 
tained by  it,  in  the  absence  of  wilful  miscon- 
duct or  culjiable  negligence  on  its  part  with 
reference  to  the  water.  Inid.  .\ffirming  51 
Hun,  5(i4,  4  N.  Y.  Supp.  312. 

Liability  of  water  company  for  furnishing 
impure  water,  see  Note  81,  American  State  Re- 
ports, p.  483. 

Cases  involving  municipal  liability  for  dam- 
ages caused  by  pollution  of  its  water  supply, 
see  Note  (b)  Quality,  Contaminated  water,  til 
L.  R.  A.  88. 

Dutv  of  water  supply  companies  to  filter 
water.' see  Note  24,  L.  R.A.  (N.  S.),  303,304 

Puritv  and  Quality  of  Water,  see  40  Cyc. 
780. 

Duty  of  a  water  company  as  to  quality  of 
water  supply,  see  1  Farnham  on  Waters,  Water 
Rights,  p.  829,  and  cases  cited. 


Measures    of    Economy    Available    to 

Small  Water  Works  in  Selection 

and  Operation  of  Devices  and 

Machinery. 

More  than  four-fifths  of  all  the  water  plants 
of  Indiana  belong  to  the  smaller  classes  in 
which  daily  pumpages  probably  average  less 
than  1,000,000  gallons.  As  compared  with  the 
larger  systems,  these  enterprises  have  rela- 
tively few  consumers,  limited  revenues,  and 
proportionately  much  higher  fixed  charges  and 
operating  expenditures.  Therefore,  it  is  easy 
to  realize  that  the  problems  confronting  such 
utilities  as  relate  to  economy  and  efficiency 
are  of  paramount  concern.  The  smaller  the 
utility,  all  the  greater  becomes  the  necessity 
for  the  closest  scrutiny  into  its  plant  opera- 
tions for  the  detection  and  stoppage  of  waste, 
and  for  economical  conduct  of  its  affairs  gen- 
erally. 

Mr.  F,.  L.  Looniis,  superintendent  of  the  Val- 
paraiso Home  Water  Co.,  of  Valparaiso,  Ind., 
as  chairman  of  the  committee  on  water  works 
devices  and  machinery,  presented  a  report  be- 
fore the  recent  annual  convention  of  the  In- 
diana .Sanitary  and  Water  Supply  .Association 
in  which  he  discussed  some  of  the  measures  of 
economy  available  to  small  water  Works  in  the 
selection  and  operation  of  devices  and  ma- 
chinery with  special  reference  to  those  used 
in  the  pump  and  boiler  rooms.  The  matter 
here  given  is  taken   from  that  report. 

A  visit  to  almost  any  of  the  larger  plants  of 
the  state  will  disclose  the  fact  that  they  are 
not  only  equipped  with  all  sorts  of  devices  and 
facilities  for  the  economical  conduct  of  their 
enterprises,  but  will  show  also  that  they  have 
experienced  and  technically  trained  men  to 
manage  and  supervise  them  as  well.  Many  of 
the  smaller  concerns  likewise  exemplify  a  sim- 
ilar degree  of  thrift  and  skill.  A  detailed  study 
of  these  systems  and  of  their  various  kinds  of 
operations  for  plant  ecnnomy  is  well  worth 
while,  and  will  doubtless  yield  abundantly  in 
returns  if  the  information  thus  acquired  is 
adopted  and  applied,  so  far  as  practicable,  to 
the  smaller  plants. 

.As  illustrating  an  experience  in  pumping 
economy  Mr.  Loomis  described  the  conditions 
existing  at  the  Valparaiso  plant  and  made  a 
comparison  of  the  costs  of  oper.iting  each  of 
the   three  diflFerent  types  of  pumps. 

The  punipage  approximates  1,000,000  gals, 
per  day.   pumping  direct  against  a  total   head 


of  85  ft.  The  principal  pump  for  continuous 
operations  is  a  cross-compound,  condensing  en- 
gine, with  Meyer  gear  and  attached  air  pumps. 
Upon  acceptance  test  when  it  was  purchased 
two  years  ago  this  machine  showed  a  duty  of 
78,570,000  ft. -lbs.  per  1,000  lbs.  of  steam  used, 
pumping  against  the  usual  head  at  normal 
load. 

Assuming  an  apparent  evaporation  of  7  lbs. 
of  water  to  each  pound  of  coal,  and  a  total 
head  of  100  ft.,  with  a  working  duty  of  about 
70,000,000  ft. -lbs.  per  1,000  lbs.  of  steam,  this 
machine  will  pump  and  deliver  1.000,000  gals, 
of  water  each  day  for  one  month  at  a  steam 
consumption  of  358,071  lbs.,  thus  requiring 
25. .57  tons  of  coal,  which  at  $:3.50  per  ton  in 
bin,  costs  us  $89.49.  With  the  No.  2  reserve 
pump,  of  the  non-compound,  condensing,  crank 
and  llvwheel  tvpe,  assuming  a  working  duty 
of  only  50,000',000  ft.-lbs.,  which  really  is  a 
trifle  too  high,  for  the  same  pumping  opera- 
tion, ,501,31)0  lbs.  of  steam  would  be  consumed, 
requiring  35.80  tons  of  coal  at  a  cost  of  $124.30. 
With  the  third  unit,  a  simple  duplex  purnp 
which,  needless  to  state,  is  rarely  placed  in 
service,  7.52,129  lbs.  of  steam  would  be  used, 
or  ,53.71  tons  of  coal  costing  us  $187.98. 

Thus  it  is  observed  that  by  using  the  No.  1 
pump,  for  each  month  we  operate  we  show  a 
saving  of  $;M.81  over  pump  No.  2,  while  over 
pump  No.  3  a  saving  of  $98.49  is  effected,  or, 
in  round  numbers,  at  the  rate  of  almost  $1,200 
per  year. 

Such  a  saving  to  any  small  plant  in  a  com- 
paratively short  time  would  be  sufficient  to 
buy  and  install  the  very  best  and  most  eccmom- 
ical  type  of  pump  which  the  market  affords. 

In  the  case  of  Valparaiso  it  is  plainly  ap- 
parent that  from  the  standpoint  of  even  or- 
dinary business  economy  we  had  better  con- 
sign both  of  our  low  duty  pumps  to  the  scrap- 
pile  rather  than  place  them  in  continuous  oper- 
ation. As  auxiliary  units,  for  temporary 
emergency  purposes,  however,  they  of  course 
have  their  proper  place  and  value. 

A  good,  durable,  dependable  and  economical 
pump  for  the  particular  service  required, 
is  the  very  heart  of  every  water  works  system, 
and  no  plant  can  reach  its  highest  state  of 
efficiency  unless  its  pumping  equipment  com- 
bines all  of  these  fundamental  requirements. 
The  pumping  machine  for  every  plant  should 
be  designed  so  as  to  give  the  best  possible 
economy  at  the  normal  load,  but  with  ample 
capacity  for  the  maximum  requirements,  such 
as  the  sudden  opening  of  large  connections,  or 
where  direct  fire  pressure  is  furnished  at  the 
hydrant  nozzle.  In  nearly  all  cases  operating 
economy  should  be  considered  in  making  a 
selection  rather  than  first  cost.  Rut  the  fixed 
charges  on  a  high  duty  machine  of  the  Corliss 
type,  by  reason  of  its  higher  first  cost,  the 
greater  housing  space  required  and  its  many 
complications,  may  sometimes  more  than  coun- 
terbalance the  saving  over  a  simpler  type,  such 
as  the  Meyer  gear. 

While,  as  heretofore  noted,  a  great  saving 
may  be  effected  by  the  use  of  properly  de- 
signed pumping  machines,  the  same  degree  of 
economy  is  applicable  to  the  boiler  room.  The 
kind  of  boilers,  the  character  of  fuel,  and 
methods  of  firing  are  all-important  questions 
in  considering  boiler  room  economics.  For 
everv  plant  the  boilers  should  be  in  duplicate 
units  and.  like  the  pumps,  of  ample  capacity 
for  the  peak  load,  though  not  too  large  for 
the  normal  uses.  .As  safeguards,  the  steam 
lines  from  the  boilers  to  each  pumping  unit 
should  be  as  nearly  separate  as  possible.  Ob- 
viously also  should  the  boiler  feed-water  sys- 
tems he  entirely  separate  and  independent. 

In  determining  the  kind  of  coal  to  be  used 
it  has  been  the  experience  at  Valparaiso  that 
dependence  should  not  be  placed  upon  the 
basis  of  heat  units  alone,  hut  that  the  coals 
should  be  tried  out,  not  merely  for  a  few 
(lavs  under  the  most  favorable  firing  condi- 
tions, but  thoroughly  tested  under  the  every- 
day working  conditions  just  as  they  actually 
exist.  Under  such  test,  the  coal  evaporatinc 
the  most  water  for  the  dollar  manifestly 
should  be  the  kind  to  adopt.  Moreover,  with 
propriety,  and  sometimes  with  profit  as  well, 
coal  bought  on  contract  may  be  tested  from 
time   to    time   as   a   check   upon   its  continued 
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good  quality.  For  this  purpose  where  the 
amount  consumed  will  not  warrant  the  pur- 
chase of  a  good  bomb  calorimeter,  the  lead 
oxide  reduction  method  may  be  used,  such  an 
outfit  costing  but  a  few  dollars  and  the  results 
being  sufficiently  satisfactory  for  purpo.ses  of 
comparison. 

Where  the  coal  storage  room  is  located  ad- 
jacent to  a  railroad  siding,  if  used  in  quantities 
sufficient  to  justify,  coal  conveying  machinery 
may  effect  a  substantial  saving  over  the  usual 
hand  operations. 

With  good  boilers,  the  right  kind  of  pump- 
ing machines  and  the  best  kind  of  coal  in 
stock  for  the  purpose,  there  yet  remains  the 
continuous,  all-important,  every-day  question 
of  operations,  of  fueling,  and  of  so  conserving 
the  fuel  enerfjy  stored  away  in  the  coal  as  to 
utilize  and  transmit  the  same  direct  to  the  en- 
gine throttle  in  quantities  as  needed,  rather 
than  as  wc  too  often  observe,  carried  up  the 
smoke-stack  and  wasted.  Fuel  conservation  is 
one  of  the  most  difficult  of  all  perple.xing  ques- 
tions confronting  every  power  plant.  Even 
the  most  careful  firemen  need  every  practica- 
ble facility  with  which  we  can  surround  them 
if  the  highest  results  are  to  be  continuously 
maintained. 

.As  aids  in  this  work,  involving  as  it  does  one 
of  the  most  conspicuous  items  in  operating 
costs,  the  best  patterns  of  shaker  and  dump- 
ing grates,  and  also  automatic  damper  regu- 
lators, may  be  used  with  profit.  If  the  amount 
of  coal  consumed  will  not  justify  the  pur- 
chase  iif   a    CO;   recorder,   a    boiler    efficiency 


meter  with  Orsat  apparatus  will  be  found  to 
furnish  a  valuable  guide. 

Steam  flow  meters  may  be  had  at  small 
cost  for  attachment  to  the  different  steam 
lines,  and  when  installed  will  furnish  desir- 
able information  as  to  the  amount  of  steam 
conveyed  to  the  different  units  or  heating  sys- 
tems. Another  device  of  value  though  of  much 
greater  cost,  is  the  \'enturi  meter,  which  if 
placed  on  the  pump  discharge  line  as  a  check 
on  the  engine  counter,  will  often  reveal  un- 
suspected pump  slippages  needing  correction. 

A  common  and  often  imconsidered  source  of 
loss  in  many  small  plants  is  leaky  valves.  A 
valve  reseating  machine  should  be  in  every 
power  house  and  by  its  use  every  valve  kept 
always  in  proper  repair.  Suitable  equipments 
for  the  various  repairs  common  to  all  plants 
from  time  to  time  are  not  only  necessary  but 
money-saving  assets  in  times  of  their  need. 

Oiling  arrangements  frequently  are  not  given 
llie  attention  which  their  importance  would 
seem  to  deserve.  The  system  employed  should 
be  such  that  the  oils  may  be  saved,  refiltered 
and  used  again.  Witli  such  saving  they  may 
be  used  more  freely  than  otherwise,  thus  safe- 
guarding against  hot  bearings  from  time  to 
lime,  with  their  consequent  annoyance,  or  pos- 
sible interruption  to  the  service. 

In  connection  with  the  operation  with  filtra- 
tion systems  a  good  serviceable  laboratory 
would  seem  to  be  indispensable  for  the  neces- 
sary tests.  Cities  without  such  systems  and 
having   water   at   times   of   questionable   qual- 


ity will  find  apparatus  for  the  use  of  hypo- 
rhlorite  of  lime  to  be  an  inexpensive  as  well 
as  a  most  valuable  acquisition. 

By  the  use  of  steam  and  water  pressure  re- 
cording gages,  if  supplemented  with  accurate 
hourly  notations  of  coal  consumed  and  water 
pumped,  the  engineer  and  manager  are  afford- 
ed definite  knowledge  concerning  the  workings 
of  the  plant,  and  also  furnished  a  permanent 
record  of  the  same. 

So  well  known  is  the  value  of  the  water 
meter  that  it  would  seem  to  be  superfious  to 
make  mention  of  it  here.  And  yet  the  fact 
remains  that  in  Indiana  there  are  a  number  of 
plants  operating  almost,  if  not  entirely,  upon 
flat-rate  bases.  -As  a  conserver  of  water  this 
device  is  second  to  none,  and  its  value  is 
closely  followed  by  the  meter  testing  machine. 
For  leakage  inspections  the  detectorphone  and 
pitometer  are  both  widely  recommended. 

h'or  the  office  there  are  many  devices  worthy 
of  adoption  and  use,  such  as  the  adding  ma- 
chine, addressograph,  card  indexes,  filing  ap- 
paratus, loose-leaf  systems,  etc.  An  accurate 
map  showing  definitely  the  location  of  all 
mains,  valves  and  service  boxes  is  of  inestim- 
able value  and  should  be  deemed  an  indispens- 
able part  of  every  system.  .A  few  well-select- 
ed technical  books  and  the  best  water  works 
journals  will  prove  to  be  not  only  sources  of 
information  and  pleasure,  but  of  actual  profit 
as  well.  For  articles  of  especial  interest, 
should  one  wish  to  dispense  with  indexes,  a 
scrap-book  might  be  used  to  good  purpose. 


Suggested  Design  for  Reinforced  Con- 
crete Trolley  Line  Pole. 

.\  sample  design  of  reinforced  concrete 
trolley  pole  recommended  for  trial  by  a  com- 
mittee of  the  .American  Electric  Railway  .As- 
sociation is  shown  by  Fig.  1.  The  pole  has 
a  2-in.  taper  on  each  dimension.  The  deflec- 
tion is  computed  from  the  formula.. 
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E.  b* 
•n  which, 

jr=^  deflectiiin  in  inches  18  ins.  from  top  of 
pole,  which  is  point  of  application  of  load. 

/■'  =  pull  in  pounds  applied  18  ins.  from 
iop  of  pole. 

/=  length    in    inches   between   point   of    ap- 
plication  of  load,   P.  and    the  surface  of   the 
ground   ((i  ft.  from  the  base  end  of  the  pole). 
6 ^length  in  inches  of  side  of  ba.sc. 
£«  =  coefficient   of   elasticilv   of   reinforcing 
steel  assumed   as  30,000,1100. 

This  formula  is  based  upon  assumptions 
that  (I)  The  (!-ft.  embedment  in  the  ground 
is  absolutely  fixed;  (2)  the  concrete  cracks  on 
the  tension  side  to  the  steel;  (3)  the  rein- 
forceuient  constitutes  ••  per  cent  of  the  crr)ss- 
scclional  area;  and  (l)  the  ratio  of  the  co- 
efficient of  elasticity  of  steel  and  concrete  is 
12.  The  following  arc  extracts  from  the  spe- 
cifications : 

The  area  of  the  n-lnforclnK  rodH  iihall  con- 
•tltutc  practlciill.v  4  per  cent  of  the  liuii<.>  area 
of  the  pole,  and  Hhall  be  made  up  of  four  rcln- 
forclriK  t)ar!<  pliri'd  b8  Hhown  tn  V\K.  1.  The 
mudulua  of  cl.-ititli'lty  of  th'"  relnforolntj  mci-l 
'hull  he  at  leaHt  .'iO,000,000.  The  lonKlmdlniil  rc- 
nforcpmrntg  will  reciulri'  »tirruim  «l  Intorvnlii 
>f  from  JO  to  50  dlumcterH  of  the  ri'lnforrlng 
"odii. 

Thtso  Mtlrru|i8  may  bo  U-ln-  rod*  or  1/16-ln. 
■>y  '.•4 -In.  ntrapH,  and  should  be  bound  around 
he  four  rods  with  a  few  Inchon  cxtt'imlon  of 
he  pnds  to  Insure  anchoraK"'.  "V  ukIub  »u'" 
Iclently  hi-avy  tllrrupH  and  Klvlrnt  a  complete 
urn  about  each  lonKltudlnal  rod.  thi>  rtdnforce- 
ncnl  can  be  formed  Into  a  self  .■4iii'P"''tlnK  frame 
hat  will  require  only  an  .k  .  ..-I.n.il  wooden 
iparInK  block  to  hold  It  In  p..!<ltlon  while  con- 
•retlDK  the  blockx  to  be  removi'd  as  the  con- 
retlnK  proKresses. 


Mnllwcasf® 


The  concrete  shall  be  made  of  Portland  ce- 
ment meeting  the  test  requirements  of  the 
American  Society  of  Mechanical  Engineers,  of 
clean,    sharp    sand    and    crushed    stone,    which 
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Fig.   1.     Detign  for  Reinforced  Concrete 
Trolley    Pole. 

■hnll  be  rienn  and  free  from  dusi  and  not  more 
than  %-ln.  In  im  lantest  dimension.  Clean 
washed  Kriivel  «>r  the  sAtiie  sUe  may  he  used 
In  place  of  stone.  The  mix  shall  be  of  a  rich- 
ness of  at  least  I  part  cement.  2  part*  aond,  and 
4   parts   stone. 


Standard  Railway  Property  Maps  and 
Profiles  Prescribed  by  the  Inter- 
state Commerce  Commission. 

Standard  railway  property  maps  and  pro- 
files are  required  before  Feb.  1.  1915,  from 
all  railways  by  the  Interstate  Commerce 
Commission.  These  maps  are  to  show  rail- 
way property  as  of  June  30.  lOU.  Also  it 
is  required  by  the  Commission  that  similar 
standard  luaps  shall,  within  six  months  after 
their  completion,  be  provided  of  all  exten- 
sions, improvements  or  other  changes.  Typi- 
cal standard  maps  are  given  by  the  accom- 
panying drawings  and  the  following  specifi- 
cations for  such  maps  as  issued  by  the  Com- 
mission  are   reprinted : 

I.     GENERAL. 

1.  Intent. — In  order  that  the  Interstate  Com- 
merce CommlHslon  may  investlKate,  aacerlnln. 
reiort.  and  recortl  the  value  of  property  of  rail- 
way carriers  as  It  now  exists  and  as  it  hereafter 
may  be  extended,  improved,  or  changed,  it  Is 
essential  that  certain  maps  anil  prnllles  shall 
be  prepared  by  the  carriers  and  Hied  with  the 
Commission. 

It  Is  not  the  Intent  of  the  Comn.lsslon  to  re- 
(julre  the  unneressary  construction  of  mapM  and 
prollles.  All  maps  nnil  profiles,  both  old  and 
new.  must  be  furnished  upon  sheets  of  the 
standard  sites  and  upon  material  of  the  kind 
specllled.  and  they  must  he  produced  or  re- 
produc«'il   by   the   process  specineri. 

.Ml  new  maps  and  proflles.  whether  loM-rlng 
new  lonslructloii  or  old  construction,  must  be 
strictly   In  accordance  with   these  specincallons. 

Where  maps  and  proDles  already  in  existence 
I'ontaln  In  llie  opinion  of  the  Commission  the 
necessary  Information  in  such  form  that  It  is 
reasonably  available,    these   will   be  accepti-d. 

For  the  puri>ose  of  ascertaining  to  what  extent 
their  iircsent  maps  are  acceptiible  carriers  may 
bring  together  al  their  principal  engineering 
ofllces  s\ich  maps  and  profiles  .is  they  desire  to 
lender.  Thereupon  the  Commission  will  at  once 
examine  the  same  nnil  will  Indicate  in  writing 
what  arc  acceptable  In  their  present  form  and 
what  changes  or  additions  should  be  made  In 
onler  to  make  others  occeptable. 

Except   In  case  of  existing   maps  and   profiles 
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accepted   or   modified   as   above,   these  specifica- 
tions  must   be   strictly   followed. 

II.      MAPS   AND    PROFILES    REQUIRED. 

2.  Classes  and  Titles. — Three  general  classes 
of  drawings  shall  be  made  by  the  carriers  and 
filed  with  the  Commission,  viz.:  (1)  Right-of- 
Way  and  Track  Map.  (2)  Station  Maps,  (a) 
Maps  showing  all  lands,  separately  from  im- 
provements, when  this  is  necessary  for  clear- 
ness, (b)  Maps  showing  tracks  and  struc- 
tures and  external  land  boundaries.  (3)  Pro- 
file. 

3.  Description  and  Purpose. — The  Right-of- 
Way  and  Track  Map  shall  be  a  true  horizontal 
projection  of  the  right  of  way.  tracks,  and  other 
structures,  platted  continuously  between  district 
or  terminal  points. 


show    the    features    of    tlie    railway    track    sub- 
structure   which    can    best    be    indicated    in    ver- 
tical projection;  also  such  other  detail  informa- 
tion as  is  hereinafter  more  fully  set  forth. 
III.     MATERIALS. 

4.  Cloth. — All  maps  and  profiles  shall  be  made 
by  hand  or  by  a  lithographic  process,  approvea 
by  the  Commission,  on  the  best  grade  of  tracing 
cloth    (Imperial  or  its  equal). 

5.  Ink. — The  ink  used  for  making  maps  and 
profiles  shall  be  the  best  grade,  black,  water- 
proof, and  permanent  india  or  printer's  ink. 
The  profile  ruling  shall  be  printed  in  orange 
(colored)  ink  where  hand  tracings  are  fur- 
nished. 

IV.     FORM   OF  MAPS    AND   PROFILES. 
C.      Size    of    Sheets. — The    Riglit-of-Way    and 


shall  be  made  on  a  scale  of  1   in.  equals  4nii  ft., 
or   1    in.    equals   200   ft. 

The  Station  Maps  shall  be  made  on  a  scale 
of  1  in.  e<iuals  100  ft.  or  in  complicated  situa- 
tions  1   in.    equals   ,oO    ft. 

The  Profile  shall  be  made  on  standard  plate 
A,  and  on  scales  of:  Vertical,  1  in.  equals  20 
fl.;   horizontal,   1  in.  equals  400  ft. 

S.  Symbols. — The  symbols  used  on  all  maps 
and  profiles  shall  be  the  standards  recom- 
mended by  the  American  Railway  Engineering 
Association,    insofar   as   they   may   be  applicable. 

9.  Lettering. — All  lettering  on  maps  and  pro- 
files shall  be   in   plain,   simple  style. 

10.  Arrangement  of  Data. — The  Right-ot-Way 
and  Track  Map  sheets  shall  be  made  with  the 
zero  or  lowest  numbered  station  at  tlie  left  side 
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Fig.  3.     Standard  Station   Lands  Map. 


The  Station  .Maps  shall  be  a  supplement  to 
the  above  for  terminals  and  other  locations 
where  the  property  of  carriers  Is  so  extensive 
and  complicated  that  it  cannot  be  clearly  shown 
on  the  Right-of-Way  and  Track  Map.  The 
Station  .Maps  shall  be  made  in  two  separate 
sets,  one  showing  details  as  to  lands  and  the 
other  the  tracks,  structures  and  external  land 
boundaries,  e.xcept  that  where  practicable  to 
show  clearly  on  one  map  all  Information  speci- 
fied   hereinafter    this    may    be    done. 

The  Profile  shall  be  a  vertical,  sectional  view 
on  center  line  of  track  (or  other  railway  base 
line)  on  an  exaggerated  vertical  scale,  and  shall 


Track  -Map  shall  be  made  in  sheets  24x56  ins. 
.■\  plain,  single-line  border  shall  be  drawn  on 
each  sheet,  dimensions  inside  of  which  shall  be 
23X.n.T    ins. 

The  Station  Maps  shall  be  made  in  sheets 
24X5(i  ins.,  with  border  line  as  above.  When 
n'.ore  than  one  sheet  is  reciuired  to  show  a  sta- 
tion property,  the  plat  shall  be  made  upon 
"matched  marked"  sheets  in  such  manner  as  to 
require    a    minimum    number. 

The  profile  shall  be  made  in  sheets  12x.')6 
ins.,  with  border.  The  size  Inside  of  border 
lines  shall  be   10X55  ins. 

7.    Scales. — The  Right-of-Way  and  Track  Map 


of  each  sheet  and  shall  be  platted  continuously 
from  left  to  right.  Where  the  use  of  this  meth- 
od would  Involve  the  abandonment  of  estab- 
lished survey  station  numbers  of  a  railway,  the 
platting  may  be  done  in  such  a  way  as  to  pre- 
serve them,  provided  the  maps  or  profiles  for 
any  given  main  line  or  branch  are  continuous 
in  same  direction  between  termini  of  main  line 
or  branch.  The  general  direction  of  the  center 
line  of  track  shall  be  as  nearly  as  possible  par- 
allel to  and  half  way  between  the  long  sides  of 
sheets,  so  that  the  maximum  space  each  side  of 
platted  right-of-way  lines  may  be  available  for 
showing  adjacent   topography  and  property  lines 
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:uid  for  making  notes  as  tu  physical  property. 
The  maximum  length  of  main  roadway  repre- 
stiited  on  any  one  sheet  (between  "match 
marks")  shall  be  4  miles,  if  scale  is  1  in.  equals 
im)  ft.,  or  2  miles  if  scale  is  1  in.  equals  200  ft. 

The  Station  Maps  shall  be  made  as  prescribed 
al)ove   for   Right-of-Way   and   Track   Maps. 

The  Profile  shall  be  made  so  that  any  serially 
numbered  Sheet  shall  cover  the  same  portion  of 
tlie  railwa.v  as  the  like  serially  numbered  sheet 
oi  sheets  of  the  Right-of-Way  and  Track  Map. 
platting  shall  be  done  as  specified  above.  The 
;'2-in.  space  immediately  above  the  lower  bor- 
•  ier  line  shall  be  used  for  track  alignment  and 
topographic  data.  The  remaining  7V4-in.  space 
shall  be  used  for  platting  the  prcfile  in  such  a 
way  as   to  most   economically   utilize  the  space. 


24XoB  ins.  This  index  map  shall  show  by  out- 
line with  file  numbers  therein  the  sheets  of  a 
series,  the  name  of  main  line  division  or  branch 
line,  the  principal  cities  or  towns,  and  the  be- 
ginning and  ending  station  numbers  of  series, 
and  any  other  information  carrier  may  elect  to 
place  thereon. 

All  Right-of-Way  and  Track  Map  sheets  and 
Profile  sheets  shall  be  numbered  serially,  be- 
ginning with  sheet  1.  The  sheets  representing 
valuation  sections  shall  form  separate  series, 
and  valuation  sections  shall  be  numbered  serial- 
ly with  the  letter  "V"  preceding  the  number. 
The  letter  "P"  shall  precede  the  serial  number 
or  numbers  on  the  profile  sheets.  Index  num- 
bers shall  be  in  lower  right-hand  corner  of  the 
sheet  and    inclosed    in   plain,   single-line  circle  1 


On  the  Right-of-Way  and  Track  Map  sheets 
references  to  all  Station  Maps  shall  be  shown 
by  outlining  limits  of  Station  Maps  and  giving 
the    number   of    the    Station    Map   sheets. 

The  carrier's  file  number  shall  also  be  placed 
on  all  map  and  profile  sheets  in  the  lower  left- 
hand  corner. 

13.  Title.— The  title  shall  be  placed  as  near 
the  lower  right-hand  corner  as  practicable.  The 
following    information    shall    be    given    therein: 


(1) 


12) 
(3) 


Class. 

Right-of-Way  and  Track  Map. 

Station   Map. 

Profile. 
Corporate    name    of   the   railway. 
Name   of   operating   company. 
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Interstate    Commerce    Commission. 


11.  Canlliial  Points.— i)n  all  HiKlil-of  -  Way 
Mnd  Track  Map  sheets  and  Station  Maps  an  ar- 
row showing  the  true  north  and  south  line  (OR 
I'-arly  as  can  be  ascertained  from  cxl.itlng  roc- 
orda)  shall  be  placed.  This  arrow  shall  he  not 
I.SH  than  :i  Inches  In  length  and  shall  linvo  the 
lotter  "N  •  marked  nt  Its  north  end. 

12.  Indexing.— For  each  series  of  Right-of- 
Way  and  Track  Maps  there  shall  be  made  a 
•imnll  skeleton  index  map  on  a  scale  of  not  le«» 
than  one-fourth  Inch  equals  1  mile.  Whero 
practicable  this  Index  may  be  placed  on 
any  vacant  space  of  the  first  sheet  of  a  series, 
.ind  where  made  on  a  separate  sheet  It  shall  be 


In.  In  (lliimetvr.  \'aliiatlnn  luimbers  shall  be 
In  the  upper  half  of  circle  ond  sheet  number 
below   with   11   straight   line  between. 

The  Station  Maps  shall  be  given  the  same 
serial  number  preceded  by  the  letter  "S"  as  the 
sheet  of  .the  RIght-of-Way  or  Track  Map  which 
they   supplement. 

In  case  a  RIght-of-Way  nnd  Track  Map  sheet 
Is  supplemented  by  more  tlmn  one  Station  Map, 
a  subscript  letter  should  be  used  after  the 
number,  e.  g.  S  ^2a.  S  .12b.  etc,  where  land 
and  track  features  ore  combined:  S-L.  .12a,  etc  . 
where  land  only  Is  shown:  and  S-T  32n.  etc.. 
wherf    track    features   only    are    shown. 


(4)     Name  of  railway  division  or  branch  line, 
(.'i)     Heglnning     and     ending     survey     station 
numbers   on    sheet. 

(6)  Scale   or  scales. 

(7)  Date  as  of  which  maps  or  profiles  repre- 

sent  the   facts  shown   thereon. 

(8>     omce    from    which    Issued. 

H.  Certification.— A  certificate  as  to  the 
correctness  of  all  maps  and  profiles  shall  be 
printed  and  executed  on  the  first  sheet  of  each 
aeries,  and  each  of  the  other  sheets  of  the  same 
series  shall  be  Identified  as  a  part  thereof.  The 
certificate  on  the  first  sheet  of  each  series  shall 
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be   placed   as   near   the   title   as  practicable  and 
shall  be  of   the   following  form: 


V.      DATA    REQUIRED. 
15.     On    tlie   Rig-ht-of-Way   and   Track    Map. 


State   of 

County  of   

I.    the    undersigned,   ofHcer  of  the    . 

do  hereby  certify  that  this  is  a  correct. 


(Name  of  railway  company.) 


(Map  or  profile.) 

In  a  series  of    sheets,  of  said   railway   from    survey  station 

to  survey  station 


(Main  line,  division,  or  branch.) 


State   of . 

prepared  from  the  records  of  said   company. 


Engineer. 


Correct: 

(Name  of  officer  authorized   to   certify   records.) 
Subscribed    and    sworn    to    before   me    this day  of   


Notary  public  in  and   for  the 

County   of    

State  of   

My   commission   expires 

The   Identification   on  the  other  sheets  of  a   series    shall    be   of    the    following    foim   ami 
placed  as  near  the  title  as  practicable: 


Sheet  No of  of 

(Series.) 


(Railway,   main  line  or  branch.) 
from  survey  station  to  sui-vey  station   


Engineer. 


On    tlu'    Kight-ot-Way   and    Track    Map    shall    \'v 
shown  the  following  data: 

(a)  Boundary  lines  of  all  right  of  way. — The 
term  "right  of  way"  as  herein  used  includes 
all  lands  owned  or  used  for  purpose  of  a  com- 
mon carrier,   no   matter  how  acquired. 

Show:  Width  of  right  of  way,  in  figures,  at 
each  end  of  the  sheet  and  at  points  where  a 
change  of  width  occurs,  with  station  and  plus 
of  such  points;  boundary  lines  and  dimensions 
of  each  separate  tract  acquired;  a  schedule  of 
deed,  custodian's  number,  the  name  of  f,'rantiir 
.and  griintee,  kind  of  Instrument,  dpte  and  book 
and  page  where  recorded.  Each  tract  of  land 
shall  be  given  a  serial  number  and  listed  serial- 
ly in  the  schedule.  The  schedule  shall  also  in- 
clude reference  to  leases  to  the  company,  fran- 
chises, ordinances,  grants,  and  all  other  meth- 
ods  of  acquisition. 

(b)  Boundary  lines  of  detached  lands. — 
Where  same  can  be  shown  clearly.  The  term 
"detached  lands"   as  herein  used  includes: 

(1^  Lands  owned  or  used  for  purposes  of  .i 
common  carrier,  but  not  .adjoining  or  connect- 
ing with  other  lands  of  the  carrier. 

(2)  Lands  owned  and  not  used  for  pur- 
poses of  a  common  carrier,  either  adjoining  or 
disconnected  from  other  property  owned  by  the 
carrier. 

Show:  Boundary  lines  and  dimensions;  dis- 
tance and  bearing  from  some  point  on  the 
boundary  line  to  some  established  point  or  per- 
manent   land    corner,     where    practicable,     and 
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Sheet  No  3-T  ZOa of  New  York  and 

a  fin} 
San  Francisco  ffo'/rvatt  from  Survey  Station  H>6*^S0 

fo  Svryey  Station  161  *  65. 


Cn^'neer. 


NEW  \ORK  AND  SAN    fRANClSCO    R.R, 
Operated  by  ^^^le 

soir  AMD  nttmoMT  ri 

Station   106*- SO     To  station    161   ♦OS 

iCALC     l-tH-lOOPT  JUNE  10,    1* 

Of».ct  of  0«f  tn^inttr. 


Map,   Interstate   Commerce   Commission. 

separately  on  the  schedule  above,  the  lands  not 
used  for  purposes  of  a  common  carrier. 

(c)  Intersecting  property  lines  of  adjacent 
landowners. — Where  the  Information  Is  In  the 
possession  of  the  carrier  show;  The  iiroperty 
lines  of  adjacent  landowners,  the  station  an< 
plus  of  Important  Intersection  of  property  lines 
wltli  center  line  of  railway  or  other  r.illway 
base  line,  and  the  names  of  owners  of  the  liuul 
adjacent   to    the    right    of   way. 

(d)  Intersecting  divisional  land  llne.s.— Sliow: 
Section,  township,  county,  state,  city,  town,  vil- 
lage, or  other  governmental  lines,  with  names 
or  designations;  the  width  and  names  of  streets 
and  highways  which  inter.>(ect  the  right  of  way; 
and   the  station   and   plus  at   all   such   points  of 

r.issing    or    Intersections    with    center    line    of 
ilwav   or   other   railway  "base   line. 

(e)  Division  and  subdivision  of  lands  lieyond 
tlie  limits  of  the  right  of  way.— Where  the  in- 
formation is  In  tlie  possession  of  carrier  show: 
The  section  and  (luarter-sectlon  lines  for  a 
maximum  distance  of  1  mile  on  each  side  of 
the  renter  or  base  line  of  railway  where  the 
land    has    been    subdivided    Into    townships   and 

■  sections:  such  data  as  to  divisions,  tracts, 
streets,  alleys,  blocks  and  lots,  where  the  land 
has  been  divided  In  some  other  way  than  by 
sections:  the  distance,  where  known,  from  rail- 
way-base line  to  permanent  land  corners  or 
monuments;  and  the  base  litu-  from  wliich  the 
railway's    lands    were    located     (center    line    of 


first,  second,  third,  or  fourth  main  track  or  oth- 
er base  line). 

(f)  Alignment  and  tracks. — Show:  The  cen- 
ter line  of  each  main  and  side  track  when  such 
tracks  are  outside  the  limits  covered  by  the 
Station  Maps  and  center  line  of  each  m.iln 
track,  also  inside  Station-Map  limits:  the 
length,  in  flgures,  of  all  sidetracks  from  point 
of  switch  to  point  of  switch,  or  point  of  switch 
to  end  of  track;  all  other  railways  crossed  or 
connecting,  and  state  If  crossing  is  over  or  un- 
der grade,  and  give  name  of  owner  of  such 
tracks;  survey  station  number  at  even  l,00u 
scale-fcot  intervals,  and  station  .and  plus  at 
points  of  all  main  line  switches  at  points  of 
curves  and  tangents  and  at  beginning  and  end- 
ing points  on  each  sheet;  the  degree  and  cen- 
tral angle  of  curves;  and  Joint  tracks  and  own- 
ership  thereof. 

(g)  Improvements.— Show:  Station  and  ottVv 
buildings,  shops,  engine  houses,  fuel  stations, 
water  stations,  etc.  (owned  by  the  carrier).  In 
general  outline,  where  It  can  be  done  clearly. 
Also  Indicate  conventionally:  Bridges,  trestles, 
culverts,  tunnels,  retaining  walls,  cattle  guards, 
milcposts,  signal  bridges  and  ground  masts, 
fences  by  note  only,  and  other  principal  rail- 
way structures  owned  by  the  carrier,  with  gen- 
eral data  as  to  dimensions:  f.nd,  where  prac- 
ticable, pipe  lines,  sewers,  underground  lon- 
dults,  paving,  curbing,  or  similar  works  located 
on    the   right   of  way   of   the   carrirr   rr   adjoin- 


ing and  owned  by  the  carrier  In  whole  or  In 
part.  Give  station  and  lilus  to  all  important 
structures   which  are  outlined  above. 

(h)  Topographical  features.— Show:  Rivers, 
creeks,  watercourses,  highway  crossings,  etc. 
Gives  names,  where  known,  and  when  highway 
crossings  are  over  or  under  grade,  so  state. 

16.  On  Station  Maps. — The  purpose  of  the 
largo  scale  Station  Maps  Is  to  permit  the  show- 
ing of  Improvements  in  more  detail  than  is 
Practicable  on   the  right-of-way  and  track  map. 

Where  the  station  property  to  be  mapped  Is 
extensive  and  complicated.  It  shall  be  delin- 
eated  on   two  sei»arato   maps. 

tl)  Shall  show  all  data  relating  to  owner- 
ship of  lands. 

(2)  Shall  show  all  tracks  and  structures  and 
external    land    boundaries. 

Where  practicable,  without  sacrificing  the 
clearness  of  the  map,  the  two  may  be  com- 
bined  Into  one   map. 

Show  all  information  set  forth  under  Items 
(a)  to  (h).  Inclusive,  of  section  No.  15,  when 
inside  of  Station-Map  limits,  and  all  other  sur- 
face and  subsurface  improvements  owned  by 
the  carrier  and  not  hereinbefore  noted,  as  far 
as  may  bo  practicable. 

Trucks  shall  be  represented  on  Station  Maps 
either  by    center  lines  or  by   rail   lines. 

17.  On  Profile.— The  following  data  shall  be 
placed   on   all   Profiles: 

(a)     Roadway. — Sliow:     The    vertical    projec- 
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tion  of  the  original  ground  surface  on  center 
line  of  railway;  present  grade  line  (top  of  the 
roadbed  subgrade);  rates  of  grades;  elevations 
(sea-level  datum)  at  all  point.s  of  change  of 
grade,  at  each  end  of  sheets  and  where  profile 
is  "broken."  at  50-foot  (scale)  intervals:  and 
the  station  and  plus  to  points  of  change  of 
grade  and  station  numbers  at  each  1,000-foot 
(scale)   interval  near  lower  border  of  sheet. 

(b)  Structures.— Show:  Bridges,  trestles,  cul- 
verts, retaining  walls,  tunnels,  and  other  road- 
bed structures  in  vertical  projection,  stating 
the  kind  and  general  dimensions  by  figures: 
average  depth  of  penetration  of  piling  in  each 
bent   of  trestles,   or   under  other   structures,    by 


\ertioal  pi-njpction:  character  of.  and  depth  tu 
foundation  bed  of  masonry  structures  by  verti- 
cal projection:  reference  to  railwa.\'  file  num- 
bers of  tile  detail  standard  or  special  plans  by 
which  the  structures  were  built;  existing  mile 
posts;  and  the  station  and  plus  of  each  of  the 
above    indicated    improvements. 

(c)  Quantities. — Profiles  of  railways  built 
after  the  date  of  issue  of  these  specifications 
shall  show  for  each  mile  a  summar>'  of  con- 
struction quantities  to  subgrade.  including  road- 
way, bridges,  and  culverts.  Profiles  of  railways 
built  before  the  issue  of  these  specifications 
may  show,  at  the  option  of  the  carrier,  similar 
quantities  in  the  same  summary  form. 


The  summary  of  quantities  shall  be  in  detail, 
according  to  the  standard  classifications  of 
units    used    by   each    carrier. 

(d)  Alignment  and  track. — Show:  On  the 
lower  2V2x55-in.  space  of  the  profile  sheet,  the 
center  line  of  each  main  track,  developed  into 
straight  line  or  lines,  with  alignment  notes  of 
curves  stated  in  figures:  the  station  and  plus 
at  points  of  curves  and  tangents;  and  other 
data,  such  as  passing  tracks,  depot  buildings. 
water  and  fuel  stations,  highway  crossings, 
railway  crossings,  and  important  watercourses 
that  will  assist  in  interpreting  the  profile.  For 
platting  transversely  a  scale  of  1-iii.  equals  200 
ft.    shall   be   used. 


General    Methods    of    Concrete    Road 

Construction  in  Ohio;  Conclusions 

from  Service  Records. 

The  operation  of  tlie  State  Highvvaj'  De- 
partment of  Ohio  is  confined  to  the  construc- 
tion, improvetnent  and  maintenance  of  certain 
roads,  designated  as  inter-county  highways, 
which  form  a  system  connecting  the  principal 
centers  of  commerce  witliin  the  State.  Being 
thus  the  main  arteries  of  travel,  they  demand 
an  improvement  which  will  bear  the  burden  of 
traffic  of  medium  and  heavy  density.  No  de- 
tailed traffic  census  has  been  undertaken  by  the 
Department  and  the  decision  as  to  the  kind  of 
pavement  to  be  used  is  not  wholly  dependent 
on  the  character  and  amount  of  traffic,  but  in 
a  great  tneasnre  on  tlie  character  of  materials 
easiest  at  hand.  Where  traffic  conditions  are 
the  deciding  factors,  local  authorities  are  con- 
sulted as  to  present  traffic,  and  an  estimate 
made  as  to  the  probable  growth  due  to  the  im- 
provement and  the  increasing  commercial  ac- 
tivities. One  of  the  materials  employed  is 
concrete  and  in  a  paper  before  the  National 
Conference  on  Concrete  Road  Building  Mr. 
H.  D.  Brunning,  Division  Engineer,  Ohio  State 
Highway  Department,  describes  as  follows  the 
methods  and  results  of  concrete  road  construc- 
tion : 

Owing  to  the  wide  availability  of  materials 
suitable  for  fir.st-class  concrete  construction  in 
the  state,  the  concrete  road  has  fouad  its  place 
atnong  the  several  types  of  roads  used  by  the 
Department.  The  total  mileage  of  concrete 
roads  completed  to  date  is  .')0.6.3  miles,  and  the 
mileage  under  construction  and  let  is  25.06 
miles,  making  a  total  of  04.(1!)  miles.  The  first 
concrete  road  constructed  by  the  Department 
was  completed  in  July,  1011,  and  the  total  mile- 
age of  concrete  roads  constructed,  under  con- 
struction and  let,  represents  about  18  per  cent 
of  the  mileage  of  all  classes  of  roads  put  under 
contract  since  that  time.  It  is  thus  apparent 
that  the  concrete  road  has  a  great  prominence 
in  the  road-building  art  in  Ohio,  and  the  de- 
mand for  such  roads  is  growing  day  by  day. 
Such  demands  often  come  from  farmers  and 
other  users  of  horse-drawn  vehicles,  which 
seems  to  eliminate  the  oft  quoted  objection 
that  this  type  of  road,  when  untreated  with  a 
bituminous  mat,  is  hard  on  country-bred 
horses. 

The  materials  for  aggregates  of  concrete  are 
distributed  over  the  entire  state,  and  nearly 
every  mile  of  road  in  the  state  is  within  reach 
of  these  materials  at  a  reasonable  haulage  dis- 
tance. The  western  half  of  the  state  is  an 
area  where  limestone  is  abundant,  and  the 
eastern  part  is  supplied  to  a  great  extent  with 
furnace  slag  clumps,  .'\gain,  the  northern  and 
western  section  of  the  state  is  covered  with  a 
mantle  of  clay,  sand  and  gravel,  resting  di- 
rectly on  the  hard  bedrock.  This  mantle  was 
brought  in  and  deposited  by  the  great  sheet  of 
ice  which  at  one  time  covered  much  of  North 
America.  The  melting  of  this  sheet  of  ice 
formed  waters,  which  assorted  the  glacial  ma- 
terials, and  deposited  it  in  beds  of  clay,  saiid 
and  gravel.  Thus  vast  beds  of  gravel  remain 
in  the  valleys  of  the  Ohio.  Muskingum,  Hock- 
ing, Miami  and  Scioto  Rivers.    Some  l-'iO  quar- 


ries, operating  in  the  limestone  belt,  and  30 
sand  and  gravel  washing  and  screening  plants 
are  shipping  their  products  into  the  markets  of 
the  state.  In  addition  to  these,  local  sand  and 
gravel  deposits  and  limestone  quarries  are 
found  in  sections  where  railroad  facilities  are 
not  at  hand.  Thus  it  may  be  said  that  no  sec- 
tion of  the  state  can  be  found  where  concrete 
materials  of  prescribed  character  are  not  avail- 
able within  reasonable  hauling  distance. 

The  term  concrete  roads,  as  used  heretofore, 
and  used  hereafter  in  this  paper,  means  cement- 
concrete  roads.  Three  types  of  concrete  pave- 
ments have  been  constructed  by  the  Depart- 
ment, namely :  Single  course  plain,  two-course 
plain,  and  single  course  reinforced.  The  stand- 
ard type  is  the  single  course  plain  concrete 
pavement  laid  on  the  natural  foundation,  ex- 
cept in  the  case  of  road  No.  1,  where  on  about 
one-half  of  the  road  a  4-in.  slab  was  laid  on  a 
waterbound  slag  foundation,  which  is  giving 
entire  satisfaction  after  18  months'  use. 

A  two-course  pavement  (Road  No.  9)  12  ft. 
wide  was  constructed  in  Lake  County  during 
the  season  of  1913.  The  aggregate  in  the  base 
course  is  unscreened  second  quality  gravel,  and 
those  in  the  wearing  course  are  crushed 
boulders  and  bank  sand,  all  found  locally.  The 
cost  of  this  improvement  would  have  been  ex- 
cessive had  the  material  been  shipped  in.  on 
account  of  the  long  haul  of  seven  miles  from 
the  nearest  railroad  delivery  point.  The  wear- 
ing course  was  laid  before  the  base  course 
had  begun  to  set,  never  more  than  l-")  minutes 
elapsing  between  the  placing  of  the  two 
courses.  A  very  satisfactory  bond  was  ob- 
tained and  to  date  no  separation  between^the 
course  or  cracks  are  visible  in  the  concrete. 

Two  single  course  reinforced  pavements 
(Roads  Nos.  .5  and  20)  were  constructed  in 
Harrison  and  Pike  Counties  in  1911,  being  the 
first  concrete  roads  constructed  by  the  Depart- 
tiient.  In  both  cases  the  work  is  located  on 
roads  that  are  subject  to  overflow  and  it  was 
jiartly  cjn  this  account  that  concrete  was  se- 
lected. The  concrete  made  in  the  weak  propor- 
tion of  1  part  cement,  2Vi  parts  sand,  and  ■"> 
parts  gravel  was  reinforced  with  No.  11  wire, 
woven  to  a  6-in.  mesh.  The  reinforcing  was 
placed  midway  between  the  upper  and  lower 
surfaces.  Transverse  joints  were  placed  every 
."lO  ft.  at  an  angle  of  45°  with  the  line  of  the 
road.  The  surface  of  the  concrete  was  rough 
floated  with  a  plank  templet  giving  a  safe  foot- 
ing for  horses.  Careful  inspection  of  both 
roads  after  about  214  years'  service  show's  that 
no  cracks  are  apparent  in  the  road  in  Pike 
County,  and  only  four  sections  of  the  1.25 
miles  in  Harrison  County  were  cracked  trans- 
versely, but  the  size  of  the  cracks  is  inappre- 
ciable. The  joints  on  I)oth  roads  show  con- 
siderable wear,  due  largely  to  the  oblique  di- 
rection. In  general  the  concrete,  although  lean 
in  the  proportion  of  cement,  shows  very  little 
wear. 

The  importance  of  a  well-prepared  sub-grade 
in  concrete  road  construction  has  been  recog- 
nized in  all  the  work  done.  The  specifications 
have  been  closely  followed  in  the  matter  of 
uniformly  compacting  the  roadbed  with  a  self- 
propelled  roller,  weighing  not  less  than  (5  tons; 
all  depressions  which  develop  during  the  roll- 


ing are  filled  with  acceptable  material,  and  re- 
rolled  until  the  entire  roadbed  is  uniform  in 
cross-section  and  thoroughly  compacted.  No 
special  provision  for  drainage  of  the  sub-grade 
has  been  found  necessary,  as  in  all  cases  the 
sub-soil  has  not  been  retentive,  and  ample 
drainage  is  .secured  through  the  side  ditches. 
To  date  no  set  standard  cross-section  for  the 
pavement  has  been  adopted.  Three  types  of 
cross-section  have  been  used:  (1)  A  uniform 
thickness  of  concrete  over  tlie  entire  widtli  of 
the  pavement,  forming  the  same  amount  of 
crown  in  the  surface  of  the  sub-grade  as  in  the 
concrete  surface.  (2)  A  greater  thickness  of 
concrete  at  the  center  than  at  the  sides,  leav- 
ing some  crown  in  the  sub-grade.  (3)  A 
greater  thickness  of  concrete  at  the  center  than 
at  the  sides,  built  upon  a  flat   sub-grade. 

No  greatly  differing  results  in  the  types  are 
found  in  the  permanency  of  tlie  pavements 
constructed,  and  it  would  be  difficult  to  select 
the  type  which  would  exceed  the  other  two  in 
qualifications  to  withstand  the  effects  of  heavy 
loads  and  extreme  temperatures. 

The  standard  crown  is  V4  in.  to  the  foot. 
This  has  been  found  suflncient  to  insure  perfect 
drainage  of  a  concrete  road  with  the  usual 
small  imperfections  in  the  surface,  and  after 
the  road  becomes  coated  with  a  mat  of  dirt. 
The  ability  to  drain  itself  with  so  small  a 
crown  at  once  becomes  one  of  the  merits  of 
the  concrete  pavement. 

Defects  in  the  roads  constructed  do  not  point 
to  any  faults  in  the  details  of  the  design  of  the 
cross-section  as  they  do  to  the  details  of  in- 
spection. To  assist  in  the  matter  of  inspec- 
tion, a  well  equipped  laboratory  is  maintained 
by  the  Department,  and  all  materials  entering 
into  the  construction  are  given  thorough  stand- 
ard tests.  A  very  important  requirement  in 
first-class  concrete  construction  is  to  get  a  sand 
of  good  quality,  and  where  sand  of  a  doubtful 
character  is  submitted,  it  is  tested  for  tensile 
strength,  the  requirements  of  the  specifications 
being  that  the  tensile  strength  of  briquettes 
made  with  the  proposed  sand  shall  not  be  less 
than  the  tensile  strength  of  briquettes  with 
standard  Ottawa  sand  and  the  same  cement. 
Cement  is  tested  in  carload  lots. 

The  proportions  now  used  in  all  concrete 
road  construction  by  the  Department  are  1 
part  cement,  1%  parts  of  fine  aggregate,  and 
3  parts  of  coarse  aggregate.  The  proportions 
of  the  mortar  are  maintained  unifortnly  1  part 
cement  to  1%  parts  of  fine  aggregate,  and  the 
atnount  of  coarse  aggregate  is  varied  some- 
what for  the  different  classes  of  material,  so 
that  there  is  an  excess  of  about  10  per  cent 
of  mortar  over  the  voids  in  the  coarse  aggre- 
gate as  an  advantage  in  finishing.  .Mthough 
the  leaner  mix  used  on  the  first  two  roads, 
namely:  1  part  cement,  2%  parts  of  fine  ag- 
gregate and  5  parts  coarse  aggregate,  has  given 
fairly  good  results,  it  was  foimd  necessary  to 
employ  the  richer  mix  to  assure  absolute  sat- 
isfactory results.  A  lean  mix  requires  much 
more  care  in  mixing  and  placing,  and  it  is  in 
these  items  where  causes  of  defects  and  fail- 
ures in  concrete  roads  are  prominent.  At  least 
this  has  been  the  experience  of  the  Depart- 
ment. 

The  mixing  is  done  by  hatch  mixers.  No 
"continuous   mi.xers"  are   allowed   to  be   used. 
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lUlore  an}-  work  of  mixing  and  [ilacing  of 
(  ncrete  is  started,  the  engineer  in  charge  de- 
niiines  the  proper  proportion  of  the  coarse 
Liregate  to  secure  maximum  density  and  the 
\ccss  mortar  of  lU  per  cent  above  the  amount 
;  I  quired  to  till  the  voids  in  tlie  coarse  aggre- 
■^ate.  The  materials  are  measured  by  methods 
.'.  iiich  will  insure  uniform  proportions  at  all 
tunes.  Usually  this  is  done  in  wheelbarrows, 
which  are  gaged  accurately  as  to  capacity;  but 
sn  a  few  instances  the  measuring  has  been 
done  in  cubical  bo.xes  containing  1  cu.  ft.  Our 
greatest  trouble  in  the  past  has  been  to  main- 
tain a  uniform  consistency  of  the  concrete,  but 
this  trouble  has  been  greatly  alleviated  since 
ilio  contractors'  forces  are  becoming  more  ex- 
jicrienced  in  this  class  of  work.  The  concrete 
IS  made  sufficiently  wet  to  require  no  tamping, 
liiit  there  is  a  strong  tendency  among  the  con- 
I  factors  to  make  it  sloppy,  which  necessarily 
results  in  more  or  less  separation  of  the  coarse 
aggregate  from  the  mortar.  This  tendency  has 
risidted  in  the  formation  of  waves  on  some  of 
the  heavy  grades  due  to  the  creeping  of  the 
concrete.  On  the  heaviest  grade  it  is  advisable 
Ui  use  a  somewhat  drier  mixture  and  this  rule 
has  been  carried  out  in  our  construction 
wherever  possible. 

.•\fter  the  surface  of  the  concrete  has  been 
shaped  by  the  use  of  a  templet,  it  is  floated 
with  a  wooden  float  in  such  a  manner  as  thor- 
oughly to  compact  and  seal  the  surface,  and 
produce  a  surface  conforming  to  the  exact 
.Town.  Xo  depression  is  allowed  in  the  fin- 
ished work  which  is  greater  than  %  in.  from 
a  10-ft.  straight  edge  applied  to  the  surface 
of  the  concrete  and  parrallel  to  the  center  line 
■  if  the  pavement. 

The  specifications  provide  that  within  one 
hour  after  the  surface  of  the  concrete  has 
licen  floated,  a  canvas  covering  shall  be  placed 
'i\cr  it  and  left  in  place  for  at  least  twelve 
hours.  This  provision  has  not  been  carried  out 
in  all  cases,  but  instead  the  surface  has  been 
kept  wet  Iiy  sprinkling.  The  sprinkling  is  con- 
tinued for  at  least  five  days  and  in  most  cases 
a  covering  of  sand,  dirt  or  straw  has  been 
ii<ed  to  assist  in  retaining  the  moisture.  This 
precaution  is  absolutely  essential  to  secure  the 
\ery  best  wearing  qualities  of  the  concrete. 

.■\   common   point   of   failure    in    pavements 
thus   far  constructed  is  in  the  expansion-con- 
traction joints,   which   on   most   of   the   roads 
have  been  placed  at  intervals  of  30  ft.,  but  in 
Mine   cases,    for   reasons      unknown      to     the 
liiakcr.  a  greater  spacing  was  made.     How- 
'  r,    this    failure   is    usually    in    cases    where 
ured  joints  were  used,  and  the  speaker's  ob- 
rvation    is    that    this    source    of    failure    has 
'K-n   largely   eliminated   by  the   use  of  tarred 
'■■\l  joints.  '  In  one  mad  CRoad  No.  1-4)  Baker 
lates  have  been   used   antl     the     results     arc 
nrly  satisfactory,  altliough  some  wear  is  ajH 
I  arent,  due  probably  to  the  imperfect  placing 
if  the  plates.     Transverse  cracks  do  not  ap- 
piar,   except   in   rare   cases,   where   joints  arc 
II' .t   more   than  .'^O    ft.   apart,   but   in   all   cases 
these  cracks  occur  in  large  number  where  the 
joints  have  a  spacing  greater  than  30  ft.     On 
Road  .\o.  14,  Sec.  3  of  the  Piqua-Troy  Road, 
ne   00- ft.    section    developed    four   transverse 
racks,    six    sections,   three   such   cracks:    and 
iwenty-one  .sections,  two.     In  no  case  do  these 
racks   show   any   appreciable   wear,   hut    they 
will  douliiless  i)rove  to  be  a  source  of  annoy- 
ance in  maintenance  of  the  road  after  several 
I  ars'  service. 
In  this  connection,  it  may  be  of  interest  to 
'tatc  that  a  twelve-ft.  pavement,  (i,!)10  ft.  long, 
Aras    completed    in    September.     1012.    by    the 
■oiinty  of   Huron  as  a  monolith.     The  aggre- 
ates'wcrc    I'.ellevue    crushed    limestone    and 
anadian   sand.      Six   sacks    of    cement    were 
isctl  per  cubic  van!  of  concrete.     Oyer  one- 
lalf  of  the  roail  the  thickness  is  fi  ins.,  and 
■    he  pavement  rests  on  clay  subsoil.     Over  the 
'>ther  half  the  average  thickness  is  .">  ins.  and 
he   minimum    I    ins.    laid    on    old     san<lslonc 
oimdation.     On   inspection   made  last   month, 
t    was    foiinil   that   8.")    transverse   cracks   had 
ormed,  ranging  in  spacing   from  0   ft.  to   1.59 
t.    The  cracks  are  very  irregular  and  several 
lire  badly  worn.     The  same  general  condition 
inth  as  'to  number  and  spacing  of  the  cracks 
xisted  on  each  half  of  the  road. 


The  much  iliscussed  question  of  the  ad- 
visability of  treating  the  surface  of  concrete 
pavements  with  a  bituminous  mat.  is  being  in- 
vestigated very  carefully  by  the  Department. 
The  results  thus  far  obtained  on  23  roads 
thus  treated  have  rather  discouraged  further 
general  application.  The  method  of  surfac- 
ing the  concrete  with  the  bitumen  is  as  fol- 
lows:  After  the  concrete  is  well  hardened,  a 
period  of  not  less  than  10  days  being  specified 
shall  elapse  after  the  concrete  has  been  placed, 
tar  or  asphalt  heated  to  from  200°  to  2o0°  F. 
is  applied,  in  quantity  equal  to  M  gal.  per 
square  yard,  and  spread  uniformly  over  the 
surface.  While  the  tar  is  still  soft  there  is 
applied  a  layer  of  coarse  sand  or  pea  gravel  in 
amount  of  1  cu.  yd.  to  about  100  sq.  yds.  of 
surface.  This  forms  a  mat  varying  in  thick- 
ness from  Va  to  Vi  in.  Present  specifications 
limit  the  covering  to  tar  products  and  gravel, 
ranging  in  size  from  Va  to  %  in. 

On  inspection  just  made  by  the  speaker  and 
Division  Engineer  Ilarwood  Lersch.  the  date 
obtained  show  that  on  only  four  out  of  23 
roads  treated  has  the  bitumen  given  good  re- 
sults, on  all  other  roads  it  has  peeled  off  in 
varying  degrees.  An  examination  of  the  tar 
mat  that  peels  off  almost  universally  shows 
that  the  tar  has  adhering  to  its  under  surface 
a  film  of  inert  mortar,  from  1/32  to  %  in.  in 
thickness,  that  has  been  separated  from  the 
surface  of  the  concrete.  It  thus  seems  that 
the  peeling  is  not  due  to  failure  of  the  ad- 
hesion of  the  tar  to  the  concrete,  but  the  peel- 
ing is  due  either  to  an  action  of  some  in- 
gredient in  the  tar  on  the  concrete  surface, 
or  more  likely  to  the  nature  of  the  concrete 
itself,  which  makes  it  possible  for  the  tar  to 
pick  up  the  top  film  of  the  concrete.  Where 
the  treatment  is  an  oil  asphalt,  this  condition 
is  not  true,  and  it  is  the  experience  of  the 
Department  that  such  a  product  cannot  be 
successfully  made  to  adhere  to  the  concrete. 

The  life  of  a  bituminous  tar  treatment 
(where  the  same  adheres  to  the  surface)  de- 
pends upon  many  factors.  To  accurately  de- 
termine these  factors  is  somewhat  of  a  prob- 
lem. Examination  of  the  various  roads  re- 
veals that  tar  mat  filled  with  sand  wears  off 
much  faster  than  one  filled  with  pea  gravel, 
which  will  resist  abrasion  to  a  higher  degree. 
The  treatment  of  tar  and  sand  on  Road  No. 
11,  Youngstown-New  Bedford  Road,  indi- 
cates a  probable  life  of  not  to  exceed  two 
years,  same  having  worn  down  to  a  thin  mat 
not  exceeding  l/Ki  in.  after  a  use  of  only 
seven  months  under  heavy  mixed  traffic.  .\t 
a  cost  of  0%  cts.  per  .square  yard  for  such 
treatment,  which  is  an  average  cost  on  all 
roads  treated,  the  maintenance  would  be 
lather  excessive. 

.■\n  interesting  fact  has  revealed  itself  on 
Section  10  of  the  South  High  Street  Experi- 
mental Road  at  Columbus,  constructed  under 
force  account  by  the  maintenance  bureau  <<i 
the  Department.  .\  Dolarway  treatment  was 
applied  at  the  rate  of  0.30  gals,  per  square 
yar<l,  and  covered  with  coarse  sand.  The  33 
ft.  at  the  south  end  of  this  section  was  given 
two  applications  of  the  tar  and  sand.  The 
part  given  one  application  peeled  badly,  while 
the  part  given  two  applications  holds,  and  is 
in  good  condition  after  1.")  months'  use  under 
very  heavy  mixed  traffic.  The  latter  presents 
very  much  the  appearance  of  an  asphalt  pave- 
ment. On  section  20  of  this  same  m.id  where 
Tarvia  was  used,  what  peeling  has  taken 
place  has  been  on  the  parts  which  received 
I  he  least  tar. 

Owing  to  the  apparent  short  life  of  the 
bituminous  wearing  course  as  heretofore  ap- 
plied, it  would  appear  in  the  light  of  present 
knowledge  of  the  subject  to  be  uneconnniica! 
to  apply  such  surfacing,  or  attempt  to  main- 
fain  a  bituminous  top  on  the  pavements  thus 
far  treated  in  this  manner  However,  the 
use  of  tar  for  treating  cracks  which  develop 
in  the  pavement,  and  the  use  <•{  tar  and  min- 
eral aggregate  for  patching  defects  such  as 
worn  joints  and  holes,  is  very  effective,  and 
apparently  the  cheapest  method  of  maintain- 
ing a  good  surface  on  such  a  road.  .Such  re- 
pairs should  be  made  at  least  once  evcrj- 
year.  The  cracks,  joint.s,  or  depression' 
should  he  swept  clean   of  all    foreign   matter 


before  the  heated  tar  is  applied.  The  min- 
eral aggregate  should  be  clean,  thoroughly 
dry,  and  of  a  size  practically  as  large  as  the 
depth  of  the  hole.  If  fine  material  is  used 
the  traffic  will  drive  the  tar  to  the  top.  This 
tar  concrete  should  be  thoroughly  tamped. 
While  asphalt  may  be  used  for  filling  of 
joints  and  cracks,  it  is  usually  advisable  to 
repair  depressions  in  the  surface  at  the  same 
time,  and  for  this  latter  purpose  tar  has  given 
the  best  results. 

There  are,  of  course,  exceptions  and  situa- 
tions that  can  be  cited  where  possibly  some 
advantage  can  be  gained  by  the  use  of  the 
bituminous  surface  treatment  over  the  entire 
pavement,  as  for  example  in  the  case  of 
badly  cracked  and  checked  pavements.  To- 
date,  no  systematic  operation  of  maintenance 
has  been  developed  by  the  Department,  but 
a  complete  organization  for  maintenance,  un- 
der the  immediate  charge  of  superintendents- 
employed  by  the  Department,  is  being  per- 
fected. 

The  average  cost  of  the  concrete  pavements 
completed  to  date  is  $1,128  per  square  yard. 
This  cost  is  the  contract  price  paid  and  does 
not  include  the  cost  and  expense  of  engineer- 
ing and  inspection,  but  does  include  the  cost 
of  grading  and  finishing  of  shoulders  and 
ditches  and  a  small  amount  of  accessories. 
Deducting  from  this  average  cost  the  average 
cost  of  surface  treatment,  which  is  9%  cts. 
per  square  yard,  there  remains  $1,033  as  the 
average  cost  per  square  yard  of  plain  con- 
crete including  grading,  shoulders  and  ac- 
cessories. The  average  cost  of  grading,  fin- 
ishing of  shoulders  and  ditches  and  ac- 
cessories is  $0.1()7  per  square  vard  of  paved 
surface.  Deducting  this  from  $1,033  we  have 
Se.fi  cents  as  the  average  cost  per  square  yard 
of  the  plain  pavement  alone  exclusive  of  en- 
gineering and   inspection  costs. 

Examinations  of  the  details  of  the  29  roads 
completed,  during  and  after  construction, 
gives  information  from  which  we  are  able 
to    draw    the    following   conclusions: 

(1)  That  careful  and  intelligent  inspec- 
tion and  the  use  of  only  first-class  materials 
are  essential  to  the  construction  of  concrete 
pavements   to   insure  permanency. 

(2)  That  the  use  of  bank  run  gravel  or 
crusher  run  limestone  should  not  be  per- 
mitted. 

(3)  That  a  rich  mixture  is  necessary  as  a 
factor  of  safety  against  irregularities  in  the 
mixing  and  placing  of  concrete. 

(-1)  That  the  wearing  quality  of  the  pave- 
ment is  often  greatly  impaired  by  insufficient 
protection  against  too  rapid  drying. 

(5)  That  there  is  no  apparent  difference  in 
the  permanency  of  pavements  constructed  on 
either  a  flat  suhgrade  or  on  a  subgrade  hav- 
ing a  crown. 

(I!)  That  the  weakest  points  in  the  pave- 
ment are  at  the  expansion-contraction  joints 
and  that  tarred  felt  is  preferable  to  a  poured 
joint. 

(7)  That  the  part  of  the  shoulders  next 
to  the  concrete  pavement  should  be  rein- 
forced by  placing  stone  or  gravel  macadam 
on  I  to  2  ft.  of  the  shoulders  next  to  the 
pavement.  This  will  avoid  the  usual  forma- 
tion of  a  rut  in  the  shoulder  which  tends  to 
retain   the   surface   water. 

(H)  That  a  bituminous  surface  treatment 
is  not  essential  to  a  good  concrete  pavement. 

(0)  That  observations  indicate  there  is  no 
speci.il  value  in  roughening  the  surface  of 
the  concrete  preparatory  to  putting  on  the 
surface  treatment,  and  such  roughening  will 
tend  to  increase  the  wear  if  the  surface  coat 
is  worn  away  and  not   replaced. 

f  10)  That  asphalts  used  as  a  surface  treat- 
ment for  concrete  have  peeled  more  thait 
tars. 

(in  That  the  results  secured  in  the  sur- 
face treatment  of  the  present  time  do  not 
warrant  its  use  in  great  quantities,  hut  ex- 
periments should  be  carried  forward  in  suffi- 
cient number  to  learn  further  facts  and  es- 
tablish, or  disprove,  those  already  thought  to 
be  known. 

(12)  That  first-class  concrete  pavements 
have  every  indication  of  ability  to  stand  up 
under    heavy    steel    tire    traffic. 
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Portable    Railways    for    Hauling    Ma- 
terials   for   Road    Construction. 

(.Start    Artick". ) 

Discussion  at  the  recent  national  Confer- 
ence of  Concrete  Road  Building  of  the  com- 
mittee report  on  methods  of  haulins  materials 
for  road  construction  included  reference  to 
the  successful  use  of  portable  railways.  These 
railways,  as  many  of  our  readers  l<now,  con- 
sist of  track  rails  and  tics  made  up  into  units 
capable  of  being  carried  by  two  men,  and  of 
similar  turntable,  switch  and  other  special 
units,  all  of  which  are  laid  down  on  tlie 
ground  and  connected  up  to  form  a  contin- 
uous line.  Transportation  over  these  rail- 
ways is  accomplished  by  special  small  cars 
hauled  either  by  horses  or  by  "dinky"  loco- 
motives. For  roadwork  the  portable  track  is 
laid  along  the  side  of  the  grade  or  along  the 
shoulders,  and  extends  from  the  railway 
siding,  gravel  pit.  stone  quarry  or  other 
source  of  supply  to  the  places  where  work 
is  being  done. 

The  accompanying  engravings  show  two 
views  of  portable  railway  or  road  construct- 
ion and  the  following  information  concerning 
the  method  and  cost  of  operating  such  a  rail- 
way on  road  construction  near  Lockport.  N. 
Y.  We  are  indebted  for  this  information  to 
the  Orenstein-.\rthur  Koppel  Co..  whose 
equipment   was  used. 

The  equipment  used  consisted  of  about  four 
miles  of  narrow-gage  portable  track,  40  Stix 
L'4-in.  dump  cars  and  two  5-ton  dinky  loco- 
motives. The  cars  were  hauled  in  trains  of 
t'J  cars  each,  the  arrangement  being  so  made 
that  there  was  always  one  train  of  loaded 
cars  on  the  way  to  the  site  of  the  work,  one 
train  of  empties  returning  for  material  and 
one  train  of  cars  being  loaded.  The  average 
amount  transported  was  80  cu.  yds.  per  day. 
The  method  of  loading  the  cars  at  the  crusher 
bins  is  shown  Ijy  Fig.  1.  The  construction  of 
the  portable  track  along  the  shoulder  of  the 
road  is  shown  In    Fig.  2. 

While  hauling  stone  three  miles  from  a 
crusher  at  the  quarry  to  the  road  the  cost 
of  operating  the  trains  was  as  follows; 

Per 
Item—  Amount,    cu.  yd. 

Materials: 
Fuel  and  oil   for   locomotives  and 

cars    $  S.OO        $0,100 

Labor:' 

2  engineers  at  $2.75 5.50  0.069 

2   brakemen  at  $1.75 3.50  0.011 

1   tracl<  foreman  at  $3 3.00  0.037 

1  track  laborer  at  11.75 1.75  0.022 

Totals     $21.75        $0,272 


Construction  of  the  Crackless  Concrete 
Pavement. 

Contributed    by   S.    T.    Morse,    Consulting   Engi- 
neer,  Carlinville,   111. 

The  production  of  the  crackless  concrete 
pavement  is  the  thing  most  desired  and  sought 
liy  a  vast  number  of  engineers  now  striving 
toward  its  attainment.  It  is  at  present  mere- 
ly an  idealistic  structure,  the  methods  to  be 
used  for  constructing  which  are  now  under 
large  discussion,  claiming  the  attention  of  all 
specialists   in    the   paving   world. 

.Sufficient  success  has  been  attained  here  and 
there  throughout  the  country  to  indicate  the 
beauty  and  utility  that  will  be  developed  in 
pavements  of  this  class  when  at  last  per- 
fection in  methods  of  construction  has  been 
reached.  The  demonstrations  so  far  made 
have  aroused  such  interest  and  enthusiasm  in 
the  public,  who  do  not  foresee  questions  of 
maintenance  so  quickly  as  engineers,  that  the 
demand  for  more  roads  of  concrete  is  becom- 
ing most  insistent  and  the  amount  of  such 
construction  has  increased  at  a  rate  beyond 
all  precedent.  Until  the  year  1913  the  growth 
has  about  doubled  each  year  and  may  be 
quite  accurately  represented  by  the  curve  2;i 
where  n  represents  the  number  of  years 
elapsed  since  1800.  There  are  a  few  localities, 
however,  where,  according  to  the  records,  the 
high-water  mark  has  been  reached  and  passed, 
such  as  Portland.  Ore. ;  Kansas  City.  Mo. ; 
.Sioux  City,  la.;  Hozeman,  Mont.,  etc.  This 
falling  oft'  is  undoubtedly  mainly  due  to  the 
formation  and  prevalence  of  longitudinal 
cracks  which  have  so  universally  appeared  in 
concrete  pavements  after  the  I'lrst  winter  of 
service. 

A  concrete  pavement  when  first  laid  and  be- 
fore unsightly  cracks  have  formed,  approaches 
nearer  to  the  long-desired  perfect  genera! 
service  pavement  than  any  road  surface  yet 
developed.  It  has  low  tractive  resistance,  is 
not  slippery,  rather  gritty;  is  sanitary;  reas- 
onably durable;  should  require  small  main- 
tenance; is  moderate  in  cost,  and  its  aesthetic 
qualities  add  a  suggestion  of  good  taste  and 
even  luxury  to  the  road,  which  factor  is  to- 
day in  increasing  public  demand.  With  so 
much  of  elegance  and  service  to  be  attained 
it  becomes  imperative  that  engineers  adopt 
methods  of  construction  which  will  insure  a 
much  higher  percentage  of  success  than  is 
now  commonly  secured,  lest  the  public  will 
.shortly  come  to  believe  that  pavements  ot 
concrete  are  a  snare  and  a  delusion  and  turn 
squarely   against  them. 


Fig.  1.      Loading  Narrow-Gage  Dump  Cars    With  Crushed  Stone  at  Crusher  Bin. 


.As  the  material  was  haided  three  miles  the 
unit  cost  was  9  cts.  per  cubic  yard  per  mile. 
The  average  cost  of  grading  the  shoulder 
or  berm  of  the  road  ready  for  track  laying 
and  laying  track  was  between  2  and  3  cts. 
per   foot  of  track. 


Proposed  construction  work  at  I.von. 
France  and  vicinity  includes  sewerage,  $"1,800 ; 
sidewalks  and  sewcrase.  $2,000 ;  drainage  and 
water  filtraticm.  $8(100;  asphalt  streets,  $11,- 
fiOO;    canal    wr,rk,    $.".,?100 . 


Tran.sverse  cracks  arc  of  comparatively 
small  moment,  but  longitudinal  cracks  consti- 
tute the  point  of  vulnerable  attack  made  by 
the  advocates  of  other  forms  of  pavements, 
and  comprise  and  induce  at  least  80  per  cent 
of  the  damage  appearing  in  the  average  pave- 
ment. Within  the  last  twelve  months  the 
writer  has  discovered  the  cause  of  the  diffi- 
cult, ascertained  the  remedy,  and  with  confi- 
dence recommends  such  pavements  to  his 
clientage  and  all  nnmicipalities  and  counties 
who  will  put  away  present  guess  niethi5ds  of 


design    and    adopt    the    true    scientific    system 
which   leaves  nothing  to   uncertainty. 

The  forces  which  cause  longitudinal  crack- 
ing of  a  concrete  roadway  are  now  pretty 
generally  conceded  to  arise  from  slight  ver- 
tical movements  which  occur  in  the  shallow 
foundation  as  the  seasons  change  throughout 
the  year.  The  assumption  has  heretofore 
been   almost   universally   made   that    liy   means 


Fig.     2.     View      of      Narrow-Gage      Portable 

Track    Laid    Along   the   Shoulder    of   a 

Road  for  Construction  Purposes. 


of  much  rolling  and  great  refinement  in  com- 
pacting the  subsoil  absolute  stability  in  the 
foundation  may  be  obtained.  This  is  a  mis- 
take, as  witnessed  by  tlie  fact  that  our  most 
careful  constructors  in  .Michigan,  Maryland, 
Illinois,  Iowa  and  other  states  who  u.s'e  ex- 
treme care  in  all  foundation  and  drainage 
work  are  producing  as  large  a  percentage  of 
hmgitudinal  cracks  as  is  found  in  the  work 
of  the  average  engineer.  In  fact  inore  ver- 
tical movement  is  realized  by  over-compact- 
ing earth  to  a  point  beyond  its  natural  density 
than  by  just  sufl^cicnt  rolling  to  bring  it  to 
a  point  of  natural  density.  Experiments  have 
been  conducted  by  the  writer  and  others  dem- 
onstrating tliis  fact.  The  true  idea  of  per- 
fect construction  is  rather  to  provide  a  pave- 
ment slab  with  sufficient  strength  to  maintain 
its  integrity  iinder  all  probable  conditions  of 
the  foundation,  expecting  it  to  freeze  and 
swell,  dry  and  shrink,  and  expand  again  under 
the  action  of  many  elements.  To  accomplish 
this  requires  the  slab  to  be  a  self-supporting 
structure  over  a  span  of  at  least  two-thirds 
its  width. 

The   writer   has   been    much    interested    in   a 
mathematical   demonstration   showing  the  sup-     . 
porting   power   of   plain   concrete   slabs,   given     | 
in  the  Encinkf.ring  .vnh  CoNTR.xcriNc,  of  Feb.     ! 
11,  IP14.  by  Mr.  J.  W.  Pearl  of  Chica.i;o.     He     ■ 
clearly  demonstrates  the  great  strength  to  be    | 
expected  in  a  concrete  slab  where  circular  ac- 
tion can  be  obtained  ;  whereas  most  designers     i 
of   concrete   pavetnents   have   in    the   past   as-    j 
smned  that  "The  strength  of  a  plain  concrete 
slab  in  acting  as  a  beam  to  carry  the  load  over    i 
a   low  spot  or  soft  place  in  the   fomidation  is 
very  slight."  The  most  surprising  fact  brought 
out  by  the  fornmlas  he  presents  is  that  in  the 
larger   widths   of    (lavement,    I.t    ft.   and    over, 
the  stresses  produced  by  a  large  concentrated 
wheel   load  in  comparison  with  the  dead  load 
weight    of    the    pavement    is    relatively    small. 
The   writer  has   extended   the  development  of 


l.irch  4,  1914. 


Engineering    and    Contracting 


289 


Mr.  Pearl's  equations  to  a  form  more  easily 
, applied  to  the  concrete  pavement  problem  and 
herewith  presents  the  result  for  the  use  of 
those  interested,   as   follows: 

It    is    known    that    the    forces    causing    the 

^rtatest  stress  act  in  a  section  taken  at  right 

ingles   to    the   center   line.     Considering   such 

1   section,   the   slab  supporting  the  live   wheel 

.11(1  dead  loads  is  only  partially  a  continuous 

^iab,   and   the   radius   of   the   supporting  circle 

may   be    taken    to    be   one-half    the   width    of 

-lib.      Letting    /'    represent    the    concentrated 

1 ;  L,  the  width  of  pavement  in  inches :  /, 

thickness  of  slab  in  inches:  w,  the  weight 

I   slab  per  square  foot;  and  /  the  stress  per 

I'lare  inch  in  extreme  fibre  of  concrete,  the 

;:itions  may  be  combined  and  condensed  to 

form  : 

/0.36P  +  0.0026k'L= 

■  r  a  wheel  load  of   IJ.iiOO  lbs.  and  a  unit 

,;cis  of  200  lbs.  per  square  inch,  permissible 

I  m  construction  of  this   class  with  a  concrete 

!  of    the    high    class    now    used,    the    followini; 

thicknesses  of  slab  are  found  to  he  require<l : 

'  Width  of  pavement,  ft.  Thickness  of  slab,  ins 

8     5.5 

10     6.0 

12     6.6 

16     8.5 

20     11.0 

L'ndcr  the  showing  made  in  the  table,  it  is 
not  surprising  that  so  many  pavements  15  ft. 
in  width  and  over  have  cracked  longitudinally: 
that  any  have  withstood  the  strain  is 
due  to  the  fact  that  higher  unit 
■stresses  than  those  herein  assumed  as 
safe  are  brought  into  action.  Accord- 
ing to  the  published  reports,  16  per  cent 
of  the  Wayne  Ccjunty.  Michigan,  pavements 
over  12  ft.  in  width  have  cracked  longitudinal- 
ly. In  order  that  ^ny  pavement  16  ft.  wide 
and  7  ins.  thick  may  remain  unruptured  re- 
quires that  the  concrete  develop  a  modulus 
of  rupture  of  over  300  lbs.  per  square  inc.h. 
In  my  judgment  this  fact  pays  a  liigh  com- 
pliment to  the  quality  of  workmanship  se- 
cured  in   the   above   mentioned   county. 

Under  equivalent  assumptions  the  results 
given  by  the  above  formula  agree  almost 
identically  with  those  obtained  by  the  use 
of  other  formula;  for  thicknes.ses  hereinbefore 
published  (  En-ginkerixc  .\nmi  CoxTRAcriNr. 
,.luly  9,  1913).  Examples  of  pavements  built 
within  the  above  requirements  and  which 
have  not  failed,  but  are  today  the  perfect 
examples  which  it  was  hoped  they  would  re- 
main,  may  be  mentioned   as   follows : 

Eight  miles  of  pavement  6  ft.  wide  and  6 
ms.  thick,  constructed  by  the  Minnesota  High- 
way Commission:  one  street  in  Lima',  O.,  I'i 
ft.  wide  and  9  ins.  thick;  811  sections  in 
Wayne  County.  Michigan,  12  ft.  wide  and  T 
ins.  thick;  one  mile  at  Greenville,  III.,  16  ft 
wide  and  8  ins.  thick.  A  thousand  instances 
of  those  which  have  been  constructed  having 
a  width  manifestly  too  great  for  their  thick- 
ness may  be  cited. 

At  the  recent  National  Conference  on  Con- 
crete Road  Building  held  in  Chicago,  the  facts 
brought  out  by  Leonard  C.  Smith  nf  the  I'ni- 
vcrsily  of   Wisconsin   showing  the  iiu  rferiivc 
iiess  of  steel   reinforcement  to  prevent   longi- 
tudinal   cracking    should    show    all    who    have 
heretofore  placed  their  reliance  on  -.iich  means 
of  safety   that   it   is  only   a  delu-i'>n   "I    ihnsi- 
not  scientilically  informed.     Steel   is   ri"l   Mill- 
ed  for  use  in   strengthening  a  concrete  pavi 
inent   where   the   tirst   requirement  is  that   llw 
concrete   shall    not   crack,   and    partii  ularly    is 
the   0.1    per    cent    now    advocated     I'v     «">nic. 
valueless   in   such    work.     At   x\v 
fcrcnce  the  committee  on  reinf.ir 
to  report   for   the   n.is   ii   'J   i^ 
ber   whri  actually    puii.iK'I 
<lemonstrated    the    iiietrtiM. 
gancc    of    steel    rcinforceni' 
uses  that  others  on  the  com; 
subscribe   to   any    such    rcp'T'. 
expended    for   steel   would    b>     i 
l>ended  in  providing  additioiia!  ihickiiiss  iii  :lic 
concrete. 

In  building  a  wide  pavem.  •  '        >: 
thickness,  there  is  only  mu  !    • 


above  shown  extreme  but  necessary  thick- 
nesses can  be  safely  and  economically  avoided, 
viz.,  by  the  construction  of  a  protected  longi- 
tudinal joint,  which  has  the  effect  of  reducing 
the  width  of  slab  subjected  to  the  active 
stresses.  The  form  of  protector  plate  should 
be  one  suited  to  the  rolling  action  of  wheel 
traffic,  and  will  probably  be  different  from  the 
form  now  used  for  transverse  joints.  By  this 
means  about  $3,000  per  mile  may  be  saved 
on  construction  costs,  together  with  better 
and   more  certain   results. 

When  built  under  the  above  requirements 
for  thickness,  we  may  reasonably  expect  to 
see  a  much  nearer  approach  to  the  attainment 
of    the    crackless    concrete    pavement. 


Methods  and  Cost  of  Constructing  a 

Bituminous       Macadam       Road 

Across  Lava  Flows  on  the 

Island  of  Hawaii. 

Contributed    by    .M.    J.    .Vdanis.    Chief    Engineer 

Hawaii   Loan   Fund   Commission, 

Hilo.  Hawaii. 

.A  road  imprq^vement  which  presented  some 
unusual  features  has  recently  been  executed 
on  the  Island  of  Hawaii  in  the  construction  of 
9.03  miles  of  bituminous  macadam  road 
across  some  of  the  more  recent  lava  tlows, 
including  the  latest  flow  of  1907. 

Before  improvement  the  roadbed  consisted 
merely  of  loose  lava  and  the  conditions  were 
such  that  the  highest  powered  motor  cars 
were  sometimes  stopped  while  trying  to  as- 
cend the  steep  grades.  Although  some 
Pahoehoe  or  smooth  flow  was  encountered 
the  greater  part  was  "A-.-X"  (ah-ah)  or  clinker 
flow.  It  was  not  unusual  to  ruin  a  set  of 
aiitomobile  tires  in  running  the  distance  of  9 
miles.  Some  3  or  4  years  previous  to  the 
construction  of  the  improvement  the  county 
had  covered  a  short  stretch  of  the  flow  with 
an  earth  filler  which  had  coinpacted  and  worn 
very  well.  The  Hawaii  Loan  Fund  Commis- 
sion provided  for  the  making  of  additional 
experiments  with  earth  filler.  One  of  the 
local  transportation  companies  kindly  fur- 
nished an  auto  truck  and  driver,  a  small 
force  of  laborers  was  hired  and  the  work 
was  carried  on  for  two  weeks  to  arrive  at  a 
fair  approximation  of  the  cost  of  applying 
earth  filler.  However,  because  of  the  fact 
that  the  only  available  source  of  supply  was 
beyond  one  end  of  the  contract,  with  a  con- 
sequent long  haul  and  the  fact  that  the  amount 
of  filler  in  sight  was  limited,  comparative 
bids  showed  the  cost  of  earth  filler  to  be 
very  nearly  the  same  as  that  of  bituminous 
binder,  so  the  latter  was  used  throughout. 

.\  short  experimental  section  was  tried 
where  the  bituminous  binder  was  merely 
added  to  the  natural  material  as  it  occurred 
in  the  road.  Owing  to  the  average  large  size 
of  the  stone,  the  rounded  condition  of  that 
in  the  ruts,  the  variety  of  sizes,  and  the  oc- 
casional presence  of  dust  pockets  just  under 
the  upper  layer,  it  was  not  deemed  advisable 
to  continue  this  method.  With  the  exception 
above  mentioned  the  !l.03  miles  were  con- 
structed with  a  3-in,  broken  stone  macadam, 
top   course   only,    biluminmis    binder   grouted. 

The  grading  was  a  diflicult  and  expensive 
piece  of  work.  The  greater  part  of  llie  ma- 
terial handled  was  of  such  a  nature  that  un- 
less handled  with  due  respect  it  would  punc- 
ture the  flesh.  To  walk  over  it  would  chew 
up  a  stout  pair  of  shoes  in  a  very  short  lime. 

The    frequent    ridges    were    found     lo     be 

composc<l.   below   a   depth   of   a    lew    feel,   «i 

!'    1  ,r  '.    '    Mill  ..f  rock,  which  was  diflicult 

111    of   the      frequent      blow 

•    ' •   ■     '       Prac- 

led  and 

.  iinsider- 

:  ivc  it.     The 

1   15  per  cent 

•    oi    9    per    cent.      .\s    the 

.:    :  <<-  road  IS  on  long  tangents 

with   tiif  .'    lengths   of   sight,   and   as 

travel    is  l,    the    width    of    mac.idam 

was  madf   i"  n 

The    materials   and    methods    used    in    con- 


structing  the   macadam   are   described   in   the 
following  specifications : 

After  the  sub-grade  has  been  brought  to 
grade  and  thoroughly  rolled  Xo.  3  stone 
(stone  passing  a  2%-in.  ring)  shall  be  evenly 
spread  to  such  a  depth  that  the  whole  course 
shall  have,  when  completed,  the  required 
thickness.  Blocks  of  wood  of  proper  size 
shall  be  used  to  gage  the  depth  of  loose 
stone.  Care  must  be  taken  to  preserve  the 
grade  and  crown  and  prevent  a  wavy  sur- 
face; and  wherever  irregularities  or  depres- 
sions occur,  the  top  course  must  be  loosened 
up  and  the  N'o.  3  stone  added  to  take  out 
such   irregularities   and   depressions. 

The  course  shall  be  rolled  with  a  self- 
propelled  roller  weighing  at  least  5  tons,  until 
the  surface  is  firm  and  compact,  after  which 
1.5  gals,  of  bituminous  material,  as  here- 
inafter specified,  heated  to  a  proper  tem- 
perature, shall  be  evenly  spread  over  each 
square  yard  of  surface.  Immediately  there- 
after, 0.5  cu.  ft.  of  dry  No.  2  stone  (stone 
passing  a  IH-in.  ring,  but  retained  by  a  %-in. 
ring)  per  square  yard,  shall  be  evenly  spread 
upon  the  surface  to  fill  the  voids,  and  be 
rolled  until  no  more  can  be  forced  into  the 
course.  All  loose  material  shall  then  be 
swept  off.  Next  0.5  gal.  of  the  bituminous 
material,  heated  to  a  proper  temperature, 
shall  be  evenly  spread  over  each  square  yard 
of  surface;  upon  this  shall  immediately  be 
spread  %  cu.  ft.  of  dry  dustless  screenings 
for  each  square  yard  of  surface  and  the  roll- 
ing be  continued  until  a  firm,  smooth  surface 
results,  conforming  with  the  plan  in  longi- 
tudinal and  transverse  section. 

This  wearing  surface  shall  be  maintained 
and  renewed  if  necessary  until  the  entire 
work  has  been  accepted,  and  if  more  than  one 
renewal  is  required  stone  dust  wilt  be  per- 
mitted for  subsequent  renewals. 

It  was  specified  that  the  stone  used  should 
be  the  best  obtainable  from  the  flow.  This 
is  a  light  weight  lava  rock  with  a  number  of 
small  holes.  Because  of  this  the  quantity  of 
asphalt  used  was  raised,  from  the  1.65  gals., 
originally  specified,  to  2.0  gals,  per  square 
yard.  The  asphalt  used  showed  the  following 
characteristics: 

Homogeneous    Tea 

clrtivity     at     77*     K l.OS 

Penetration  at  77°   F 6 

rer  cent   iosa  on  heating  at  S2o* Trace 

Per  cent  bitumen  soluble  In  CSt »9.3 

76  per  cent   naphtha 74.0 

Carbon  tetrachlorides   99.4 

Per  cent   fixed   carbon 19.2 

Open   Hash    560* 

Melting  point  142*F 

All  asphalt  was  poured  from  hand  pots. 
For  a  considerable  portion  of  the  length  of 
the  road  there  was  a  high  wind  much  of  the 
time,    rendering    uniform    applicaiicm   difficult. 

Owing  to  the  condition  of  the  sub-grade 
and  the  fact  that  all  fills  were  retained  by 
slope  walls  a  light  weight  roller  was  speci- 
fied. During  the  progress  of  the  work  it 
was  found,  that,  owing  to  the  light  weight 
of  the  stone  and  its  britllencss  and  the  con- 
dition of  the  sub-grade,  it  was  possible  to  pass 
the  roller  only  once  or  twice  over  the  loose 
•<lone,  before  the  application  .jf  the  bitumi- 
nous material.  If  more  than  this  was  done 
the  roller  worked  down  thrriugh  and  pushed 
the  slone  in  waves.  The  course  was  thor- 
oughly rolled  after  each  application  of  as- 
phalt. 

The  main  features  of  the  contractor's  plant 
were :  One  5-ton  gasoline  dumping  truck  ;  one 
3-lon  gasoline  plaifcirm  truck:  one  light  run- 
about with  '  ■  30-ton  per 
day  jaw  cm  by  a  60-ton 
per  day  ••■  •  .i-i  .  ,  .  ..n.  7-ion  gasoline 
roller;  '                   '    capacity  heating  tank,  and 

store,    C.i:    ,     . 

The  road  was  constructed  by  hauling  over 
the  finished  work.  The  5-ton  truck  was  used 
for  hauling  macadam  stone  and  the  platform 
truck  for  hauling  asphalt  and  supplies,  fre- 
quently working  far  into  the  night.  On  the 
last  3  miles  the  conlra'-lor  hauled  to  a  point 
near  the  enti  of  ll''  'd  work  with  his 

5-liin  truck  and  <l  •  tcmporarv  bins, 

from    which    point    '..•■    !ii.icadam    stone    was 
hauled  to  the  sub-grade  by  wagons.    This  was 
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because  of  the  large  tire  expense  when  the 
truck  was  handled  on  the  sub-grade. 

All  water  for  camp  purposes  and  stock  had 
to  be  hauled  an  average  distance  of  8  miles. 
The  asphalt  and  all  camp  supplies  had  to  be 
hauled  an  average  distance  of  18  miles  from 
the  nearest  port  and  up  a  difiference  in  ele- 
vation of  1.8U0  ft.,  the  most  of  which  oc- 
curs in  a  succession  of  long  grades  of  0  to  8 
per  cent. 

The  contract  prices  were :  .V  little  less  than 
$l.iHi(i  per  mile  for  grading,  macadam  top 
course  $'i.fr,  per  cubic  vard  in  ])lace,  and  bi- 
tuminous  material  $0.28   per   gallon   in  place. 

The  total  cost  of  the  improvement  was 
about  $.54,000  or  about  $1.02  per  square  yard 
of  wearing  surface. 

The  first  few  miles  of  the  road  stood  the 
continuous  traffic  of  the  3-ton  truck  and 
some  traffic  of  the  .5-ton  truck  for  10  months, 
practically  without  a  mark.  Beyond  that, 
largely  owing  to  the  fact  that  there  was  no 
fine  rnaterial  in  the  loose  sub-grade  to  help 
bind  it,  there  was  rutting  and  occasional 
breaking  through  the  road  crust.  These 
places  were  successfully  patched  and  beyond 
a  slight  waving,  which  is  not  objectionable, 
except  to  a  short  bodied  car  moving  at  high 
speed,  the  finished   road  is  in  good  shape. 

Payment  for  the  construction  of  this  road 
•was  made  from  funds  provided  by  the 
Hawaii  Loan  Fund  Commission,  of  which 
Mr.  M.  J.  Adams,  Hilo,  Hawaii,  is  Chief 
Engineer. 


Methods  and  Costs  of  Constructing  a 
Shell   Road  at  the   United   States 
Naval  Academy,  Annapo- 
lis, Md. 

Several  sections  of  road  aggregating  7,052 
ft.  in  length  upon  the  grounds  of  the  United 
States  Naval  .Academy  at  .\nnapolis,  Md., 
were  improved  between  .April  17,  1P1.3,  and 
May  If],  1013,  by  shaping  the  old  road,  a  con- 
siderable part  of  which  had  been  previously 
surfaced  with  shell,  and  constructing  a  new 
oyster-shell  surface.  The  wearing  quality  of 
the  old  shell  surface  was  apparently  not  verv 
pood.  In  I'ulktin  No.  53,  issued  by  the  U. 
S  Department  of  .Agriculture,  the  construc- 
tion of  this  road  is  described  as  follows; 

Grading. — The  land  adjacent  to  these  roads 
is  nearly  level  and  the  soil  has  been  made 
by  filling  with  various  materials,  such  as  clay, 
brick,  shells,  etc.  The  maximum  cut  and  the 
maximum  fill  were  each  about  II..5  ft.,  since 
the  grading  was  essentially  only  a  matter  of 
correcting  slight  irregularities  in  the  grade 
of  the  old  roads.  The  hauling  was  done  in 
'/4-cu.-yd.  carts,  and  the  average  haul  for 
excavation  was  1,000  ft.  and  the  maximum 
haul  2,000  ft.  Material  to  the  extent  of  1,037 
cu.  yds.  was  moved  in  the  excavation.  It  wns 
not  necessary  to  provide  any  additional  cul- 
verts or  other  drains  on  anv  part  of  the  work. 

SurfacinR. — The  surfacing  was  done  in 
seven  sections  havint'  widths  varvini:  from  1.5 
to  20  ft.,  a  total  lenuth  of  7,052  ft.  and  a  total 
surfaced  area  of  11,035  s(|.  yds.  The  depth 
to  which  the  shells  were  spread  varied  from 
2  to  13  ins.  measured  loose,  according  to  the 
condition  of  the  surface,  and  the  compacted 
depth  was  about  one-third  the  loose  depth. 
Shells  for  surfacing  were  brought  bv  water 
for  a  distance  of  about  40  miles  and  hauled 
in  25-l)Ushel  carts  800  ft.  from  the  scow  to 
the  road.  .\  total  of  4(i,12.5  bushels  of  shells 
were  required  for  the  work  of  which  24,.300 
bushels  were  delivered  on  the  road  at  $0.0.35 
per  bushel,  while  the  remaining  21,825  bush- 
els cost  S0.0I5  delivered  at  the  Naval  Acad- 
eu'v   docks. 

Eouipmcni  Used. — The  equipment  used  con- 
sisted of  one  4'/2-ton  tandem  steam  roller,  one 
10-ton  macadam  roller.  1  spike-tooth  harrow, 
1  \<  atcr  wao'on.  one  2-horse  grader,  carts, 
picks,  shovels  and  other  small  tools.  The 
cost  of  labor  was  $1.28.  and  of  1-horsc  teams 
$2  ner  8-hour  dav. 

Cost. — The  total  cost  of  the  work,  '•xclusivc 
of  denrecialion  and  fuel  for  the  roller  was 
$2,803.11,    making    the    cost    per    square    yard 


$0.23.      The    itemized    unit    costs    of    material 

and  labor  were  as   follows : 

Unit 

cost  per 

sq.  yd. 

wearing 

Item—  surface. 

Materials: 

21.300   bu.s.    .siiells  at    $0.03,5 SiO.071 

21,825   bus.   shells   at   $0.045 0.082 

Total  cost  of  materials $0,153 

Labor: 

1.037  cu.   yds.   excavation  at  30  cts $0,026 

Shaping  subgrrade    0.020 

Hauling  21,825   bus.  shells O.OOll 

Spreading  shells    0.013 

Rolling  surface    0.013 

Total   cost   of   labor,    including   incident- 
als            W.081 

Grand  total   0.0234 

Method     and     Cost     of     Constructing 

7,200  Ft.  of  Waterbound  and  9,100 

Ft.  of  Bituminous  Shell 

Road. 

The  road  constructed  extends  from  Ft. 
Myers,  Fla.,  and  was  built  between  May  15 
and  Dec.  11,  1912.  The  following  description 
and  cost  data  are  compiled  from  Bulletin  No. 
53,  U.  S.  Department  of  .Agriculture,  Bureau 
of   Roads: 

Waterbound  Shell  Road. — This  portion, 
7,200  ft.  long,  of  the  road  is  located  within 
the  corporate  limits  of  Ft.  Myers.  It  was 
girded  to  a  width  of  28  ft.  outside  to  out- 
side of  shoulders  and  where  curbs  were  used 
the  width  was  made  36  ft.  The  land  adjacent 
to  the  road  is  approximately  level  and  the 
soil  is  sandy  throughout.  The  shell  surface 
replaced  an  old  surface  of  the  same  kind 
which  had  become  badly  worn,  and  extended 
the  entire  length  of  the  section.  It  was  l(i 
ft.  wide  and  the  surfaced  area  was  12,800 
sq.  yds.  The  shells  were  spread  12  ins.  deep 
and  compacted  to  6  ins.  The  total  amount 
of  shells  used  was  3,8,38  cu.  yds.  Two  hun- 
dred and  five  feet  of  vitrified  clay  culvert 
pipe,  ranging  in  diameter  from  15  to  24  ins. 
was  used.  .A  reinforced  concrete  girder 
bridge,  having  a  span  of  24  ft.,  a  24-ft.  road- 
way width  and  a  6-ft.  height  of  opening,  was 
constructed  by  contract  for  $1,540. 

The  equipment  consisted  of  a  10-ton  steam 
road  roller,  slat-bottom  wagons,  and  hand 
tools.  The  wood  used  for  fuel  for  the  roller 
was  cut  by  a  county  convict  force  and  the 
cost  is  not  included.  The  cost  of  labor  was 
$1.50  per  10-bour  day  and  of  teams  $5  per 
dav.     The  cost  was  as   follows: 

Item.  Per  sq.  yd. 

3.83S  cu.  yds.  shells  at  $1.02 $0.30G 

Clearing,    grading  and   trenching 0.043 

.Scarifvini;  old    road 0.01S 

H,iuIinB  sheHs  at  $0.30!) 0.093 

Spreading  shells  at  $n.0ST 0.02fi 

Rolling  shells  ;it  $0.04 0.012 

Total   $0,491 

Culverts  and   bridge 0.140 

Grand  total   $0,631 

Biiu'uinous  Shell  Road. — This  section  is 
!),]i'0  ft.  lone  and  had  been  partially  graded 
before  the  object-lesson  work  was  bcgim. 
The  available  cost  data  conccrnine  grading 
were,  therefore,  not  complete.  The  width 
pradcd  was  21  ft.  and  the  width  surfaced  Ifi 
ft.,  making  a  total  area  of  21,207  sq.  vds. 
graded  and  10,178  sq.  yds.  surfaced.  The 
shells  were  spread  to  a  depth  of  14  ins.  in 
the  center  and  10  ins.  on  the  sides,  and  com- 
pacted to  7  ins.  in  the  center  and  to  5  ins. 
on  the  sides.  The  shells  were  old  and  rot- 
ten and  ranged  in  size  from  whole  oyster 
shells  to  small  fragments.  .After  this  ma- 
ferial  had  been  spread  and  partially  com- 
pacted, a  thin  bituminous  binder  was  applied 
to  the  surface  cold  at  the  rate  of  i/j  gal.  per 
square  yard, '  ;md  left  undisturbed  until  the 
next  day.  Shell  fines  and  sand  were  then 
spread  over  the  bitumen  and  the  surface  was 
rolled  until  thoroughly  comoacted.  The 
length  of  road  treated  with  bitumen  was 
8.9-50   ft.  and   the   area   15.011    sq.   yds. 

In  constructing  the  culverts  necessarv  to 
carrv  the  road  over  small  streams  108  ft.  of 
24-in.  vitrified  clav  nipe.  50  ft.  of  fiO-in.  half- 
round  corrugated  nine,  and  32  ft  of  48-in.  cir- 
cular corrugated  pipe  were  used. 


The  equipment  used  consisted  of  a  10-ton 
steam  roller,  a  road  girder,  slat-bottom 
wagons  of  2%  cu.  yds.  capacity,  and  hand 
tools.  Labor  cost  $1.50  per  10-hour  day  and 
for  teams  $5  per  day.  The  cost  of  the  sec- 
tion was  as  follows : 

Grading  and  Wearing  Surface. 

Unit 

cost  per 

sq.  yd. 

wearing 

Item —  surface. 

5,608  cu.  yds.  shells  at  $1.0125 $0.3510 

8,089  gals,  bitumen  at  9  cts 0.0458 

Demurrage  on  car 0.0051 

Wood  for  fuel  lor  roHer 0.0092 

Total    materials    $0.4111 

Labor: 

Clearing,  grading  and  ditching $0.1112 

Trimming  shoulders  and  ditches 0,0108 

Shaping  subgrade.   16,178  sq.  yds 0.0006 

Hauling  .-),60S  cu.  yds.  shells  at  $0.446 0.1543 

Spreading  shells   at  $0.0678 0.0236 

Sprinkling  16,178  sq.    vds 0.0051 

Rolling  16,178  sq.  vds 0.0184 

Hauling   bitumen    0.O043 

Spreading  the  bitumen,    15,911   sq.   yds...  0.0061 
Applving  shell    fines   and  sand,   15,911    sq. 

yds O.0078 

Incidentals     0.0004 

Total   labor    $0.3428 

Total  cost  grading  and  wearing  surface     0.7539 
Total   cost  of  culverts 0.0452 

Total  cost  of  road $0.8040 

Brick  Roads  Without  Permanent  Curbs 
or  Edging. — In  a  paper  presented  at  the 
twenty-ninth  annual  meeting  of  the  Illinois  So- 
cietv  of  Engineers  and  Surveyors  by  Mr.  W. 
T.  Blackburn,  Paris,  111.,  tlie  construction  of 
two  brick  roads  built  without  permanent  curbs 
or  edging  was  described  as  follows:  I  have 
in  mind  a  brick  cotmtry  road  9  ft.  in  width 
that  has  been  in  constant  service  since  1899 
(14  vears).  The  roadway  was  constructed  ac- 
cording to  what  is  known  as  the  two-course 
method  and  was  composed  of  brick  on  edge 
for  wearing  surface,  resting  on  a  cushion  of 
sand,  supported  by  a  nnmlier  2  paving  l]lock 
foundation.  Two-inch  boards  were  placed 
.-ilong  both  edges  level  with  the  finislied  brick 
surface  to  act  as  an  edging.  The  earth  was 
graded  un  level  with  the  surface  of  the  pave- 
ment. The  boards  are  almost  all  gone,  either 
l.a\in.g  decaved  or  having  been  lifted  by  frrst 
and  removed.  This  roadway  is  in  excellent 
condition  and  has  demonstr-'ted  that  a  country 
road  can  be  succe^sfullv  built  in  this  manner. 

.An  experimental  section  of  brick  road  about 
300  ft.  long  has  been  recently  constructed  to 
connect  the  above  described  road  with  another 
brick  pavement.  This  section  is  nrovided  with 
a  4-in.  concrete  foundation  made  smooth  by 
the  use  of  a  template  drawn  over  boards  set 
to  gr-'ide  along  the  sides  of  the  foundation.  On 
the  foundation  was  placed  a  well-comnacted 
sand  cushion  1%  ins.  in  depth,  and  on  this  was 
placed  a  brick  surface  made  smooth  by  rolling. 
Care  was  exercised  that  the  joints  were  left 
open  and  tliey  were  afterwards  filled  with  a  ce- 
ment filler  made  of  1  part  cement  to  1  part 
fine  sharn  sand.  The  precautions  were  taken 
to  place  the  fractured  ends  of  the  bats  away 
from  the  edec  of  the  pavement,  and  to  \ise 
nothing  smaller  than  half  brick  at  the  edges, 
leaving  the  edge  of  the  pavement  finished  with 
the  perfect  ends  of  blocks.  The  boards  were 
then  removed  and  the  earth  tamped  along  the 
edees  of  the  pavement. 

This  exoerimeut  bids  fair  to  demonstrate  the 
practicability  of  building  brick  roads  without 
the  added  exnense  of  an  edging.  This  pave- 
ment was  built  9  ft.  in  width  and  should  nec- 
cssitv  require  a  greater  width  a  3  ft.  crushed 
stone  shoulder  can  be  placed  on  each  side. 

Increase  in  Motor  Traffic  on  Oakland, 
California  Streets.— .According  to  the  an- 
nual report  of  tlie  Commissioner  of  .Streets, 
the  most  interesting  result  of  an  extensive 
traffic  census  taken  in  that  city  is  the  discov- 
erv  that  the  motor  traffic  now  exceeds  the 
horse-drawn  traffic  hv  a  substantial  margin, 
a  total  of  09.593  motor  vehicles  having  been 
counted  as  aeainst  fiO.242  liorse-dr.Twn  vehi- 
cles; that  is.  53.0  per  cent  of  all  traffic  passing 
•  25  selected  stations  consisted  of  motor  ve- 
hicles of  all  kinds,  and  40.4  per  cent  of  horse- 
drawn  vehicles. 
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A  Correction. 

Through  t-rrur  the  article,  "Methods  and 
'osts  of  Painting  an  Interiirban  Railway  .Car, 
treen  Bay.  Wis.,"  which  was  published  in 
lur  issue  of  Jan.  14.  1914,  was  not  credited 
j)  "Electric  Traction"  from  which  the  in- 
prmation   was  taken. 


Engineers  as  Public  Speakerb. 

The  Electrical  H'orW  comments  upon  the  de- 
,rability  of  combining  a  knowledge  of  the 
t\.  of  public  speaking  with  a  knowledge  of 
jectrical   engineering.     To   quote : 

'  The  work  of  no  engineer  has  so  great  or  so 
nportant  a  bearing  upon  the  business  and  home 
fe  of  a  community  as  that  of  the  electrical 
ngineer.  Therefore,  it  would  seem  clearly  de- 
rabfe  that  the  electrical  engineer  of  the  imme- 
iate  fut'ire  be  sent  out  into  the  world  with  not 
nly  the  necessary  equipment  of  technical 
nowledge.  but  with  at  least  an  elementary 
'aining  in  the  persuasive  art  of  public  speaU- 
ig.  a  fact  that  progressive  colleges  are  now 
"ginning   to   appreciate. 

i  To  all  of  this  we  heartily  subscribe,  if  one 
•ord  be  changed  in  each  of  the  two  sentences 
.loted.  We  believe  "civil"  should  be  substi- 
ited  for  "electrical,"  for  surely  no  class  of 
igineer  comes  more  frequently  in  contact 
ith  engineering  problems  of  public  interest 
lan  the  class  of  engineers  designated  as 
■ivil." 

The  text  that  furnished  the  interesting  elec- 
ical  preachment  of  our  contemporary  was  aiT 
idress  by  a  civil  engineer,  Mr.  Henry  Matson 
/aite.  city  manager  of  Dayton,  Ohio.  .\t  the 
ftieth  anniversary  of  the  Theta  Xi  fraternit>' 
|i  New  York  City,  Mr.  Waitc  spoke  on  "The 
.ity  as  a  Business  Proposition,"  and  in  the 
■Hirse  of  his  interesting  address  urged  the 
'aining  of  young  engineers  in  the  art  of  pub- 
':  speaking.  He  pointed  out  that  we  are  at 
iie  portal  of  a  new  era  of  engineering,  and 
|iat  the  engineer  of  this  new  era  must  be 
:creasingly  in  the  public  eye.  That  he  may 
I."  able  to  communicate  his  ideas  to  the  puh- 
ic,  whether  the  audience  be  a  board  of  di- 
'■ctors  or  a  meeting  of  taxpayers,  it  is  desir- 
■>le  that  he  be  able  to  think  without  confu- 
,on  and  speak  withoulhalting  in  the  presence 
f  an  assemblage. 

This  is  not  easy  for  a  "high  strung"  man. 
■iless  he  frequently  practices  speaking  before 
irmal  audiences;  and  probably  there  are  few 
■nsitivc  men  who  ever  speak  publicly  without 
)nic  inner  perturbation.  Only  the  other  day 
1  expcriencefl  an<i  able  attorney  of  a  large 
fility  company  told  the  writer  that  he  never 
>se  to  address  a  court  or  a  jury  without  a 
•eling   of   excitement    that   he   had    to   strive 

>  hold  in  check.  Nervousness  is  not,  therc- 
>re.  a  sign  of  natural  inability  to  speak  in 
iblic.  Rather  is  it  a  sign  of  a  keen  sense 
•'  responsibility  a-;  well  as  a  mark  of  ambi- 
on  to  do  the  thing  in  hand  well.  Ovcr- 
ixiety  breeds  a  nervousness  that  often  hob- 
cs   the   tongue   at   first,   but   a  consiimisncss 

/  Ihorough  knowledge  of  the  subiect  soon 
.cci  the   tongue   and   enables   the   speaker  to 

mvince   his    listeners. 

There  is  no  oratory  so  potent  as  sincerity. 

>  rhetoric  so  effective  as  simplicity,  and  no 
gic  so  persuading  as  niarshalled  fa>ts  The 
indamentnls  of  the  art  of  publu-  spc.iking 
e,  therefore,  possesse<l  by  most  engineers 
hen  they  speak  on  engineering  subjects  But 
i-actice  must  be  had  in  this  art  as  in  every 
iher,  if  greatest  effcctiieness  is  to  be  attained. 
''t  urge  all  civil  engineers  to  join  local  cnjji- 
•cring  clubs  and  societies  and  to  practice 
scussing  engineering  subjects  at  the  formal 
eetings  of  such  organizations     Why,  indeed, 


may  not  the  old  debating  society  methods  be 
adopted?  It  is  said  that  many  of  the  orators 
of  the  West,  of  which  Bryan  is  perhaps  the 
most  illustrious  example,  learned  their  art  in 
country  town  debating  societies.  While  engi- 
neers will  not  seek  to  emulate  some  of  the 
methods  of  the  orators  thus  trained,  is  it  not 
likely  that  engineers  could  greatly  profit  by 
adopting  the  underlying  plan  of  the  old-time 
debating  society  ? 

Incidentally  there  might  spring  from  such 
debates  a  public  interest  in  engineers  not 
otherwise   obtainable. 

Suppose,  for  example,  a  question  had  arisen 
as  to  the  desirability  of  purchasing  a  water 
works  owned  by  a  company.  Suppose  the 
local  engineers'  club  were  to  announce  a  de- 
bate on  the  question,  naming,  say  three  engi- 
neers on  each  side.  Is  it  not  probable  tliat  the 
debate  would  be  well  attended  by  the  public? 
Is  it  not  certain  that  the  local  press  would 
report  the  debate  fully  ? 

Engineers  are  now^  prone  to  "let  George  do 
it" —  George  being  the  lawyer — whenever  there 
is  to  be  speaking  on  public  matters.  It  is 
amusing,  in  spite  of  the  serious  side,  to  an 
engineer,  to  listen  to  the  ordinary  lawyer  or 
politician  address  an  audience  on  any  topic  of 
an  engineering  nature — roads,  for  e.xaniple. 
Who  iif  us  has  not  smiled,  and  yet  sat  ill  at 
ease,  while  such  a  man  tried  to  make  a  Patrick 
Henry  oration  on  "good  roads"?  Yet,  if  we 
engineers  will  not  speak  to  the  public,  per- 
haps it  is  well  that  some  one  should  speak, 
even  if  the  speech  be  ridiculous  in  conception 
and  ornate  in  delivery. 

Every  engineering  college  should  teach  pub- 
lic speaking  and  should  give  its  students  much 
practice  in  the  art.  There  can  be  no  serious 
discord  on  this  point.  But  we  who  have  grad- 
uated without  such  training  have  had  to  teach 
ourselves,  as  best  we  could,  how  to  talk  in 
public.  This  self  teaching,  after  all,  would 
not  be  so  diffictdt  if  only  it  were  possible  to 
get  sufficient  practice.  .And  it  is  with  the  idea 
of  securing  practice  that  we  have  suggested 
the   debating  society. 

Larger  debating  clubs  of  engineers  might 
profital)ly  employ  an  instructor  in  elocution. 
But  even  if  no  outside  instructor  were  hired, 
one  or  more  inembers  of  the  club  should 
"coach"  the  speakers.  Few  men  are  good  orig- 
inators but  few  are  poor  critics.  Our 
corneal  lenses  are  wonderful  microscopes  for 
seeing  faults — the  faults  of  others.  We  need 
iudicious  fault  finding  to  hasten  the  elimina- 
tion of  objectirmable  methods.  Fortunately 
the  least  able  of  us  can  perceive  faults  in  the 
most  able,  hut  unfortunately  the  most  able  sel- 
dom hear   the  criticism. 

In  a  properly  conducted  debating  scK-ie(y 
it  is  the  function  nf  some  one  to  point  out 
the  things  that  an  erring  speaker  should  do 
and  especially  the  things  he  should  not  di>. 

.\s  a  youth  the  writer  was  a  member  of  ^i 
debating  society  that  solved  all.  or  nearly  all. 
the  political  problems  that  had  baflWd  .Ameri- 
can, and  indeed  the  world's  slalrsmen.  It  is 
true  that  even  yet  sonic  of  the  most  note- 
worthy decisions  of  thai  society  have  not  been 
written  into  statutes.  Rut  it  is  equally  true 
that  several  mcnil>crs  of  that  society  re.iched 
high  political  positions,  largely  by  the  "polit- 
ical pull"  of  a  rugged  "nerve"  and  <trong  vocal 
cords,  aided  by  a  hit  niore  than  the  average 
of   inlellecliial  ability. 

politics,  however,  is  not  the  aim  of  many 
engineers,  when  politics  means  divorce  from 
engineering  Hut  the  majority  of  civil  engi- 
neers are  in  politics  to  the  extent  that  they 
arc  doing  public  work.  Even  railways  and 
other    public   service    companies   are    fast    be- 
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coming  parts  of  the  great  social  inachine  that 
is  under  the  control  of  public  servants.  We 
are  entering  a  new  engineering  era.  and  with 
the  change  there  will  come  increasingly  greater 
opportunities  for  the  civil  engineer  in  public 
service.  Indeed,  may  we  not  witness — sooner 
than  perhaps  seems  now  credible — the  elec- 
tion of  many  engineers  as  chief  magistrates 
of  cities  and  states,  with  ultimately  a  return  to 
first  principles,  namely,  the  election  of  a  civil 
engineer  to  the  presidency  of  the  United 
States  ? 


Providing  in  Advance  for  Additions  to 
the  Heights  of  Buildings. 

The  increasing  value  of  real  estate  una  the 
changing  requirements  of  tenants  have  caused 
a  constant  demolition  and  replacement  of 
commercial  buildings  in  the  business  districts 
of  our  principal  cities.  In  most  cases  the 
rental  required  to  make  the  investment  a 
profitable  one  has  resulted  in  the  construction 
of  higher  buildings,  but  in  some  cases  an  en- 
tirely different  type  of  building  has  replaced 
•he  old  one.  There  is  an  increasing  tendency 
to  design  and  construct  commercial  buildings 
to  care  for  the  present  requirements  only,  and 
to  make  provisions  for  increases  in  their 
heights  as  conditions  warrant  such  changes. 
In  some  cases  the  problem  is  a  comparatively 
simple  one,  but  in  others  it  is  extremely  diffi- 
cult to  plan  for  the  future.  The  architectural 
.ind  engineering  problems  are  usually  quite 
simple,  provided  a  stable  foundation  material 
■s  readily  accessible.  In  Chicago  and  New- 
York,  where  most  of  the  important  buildings 
are  foimded  on  bedrock,  it  is  not,  as  a  rule,  a 
very  costly  undertaking  to  design  and  con- 
struct a  building  of  medium  height  which  will 
contain  provisions  for  the  future  addition  of  a 
considerable  number  of  stories.  By  slightly 
increasing  the  size  of  the  foundation  and  col- 
unms,  and  by  using  the  same  construction  for 
the  present  roof  as  for  a  typical  floor,  the 
slooe  required  for  drainage  being  obtained  by 
a  temporary  fill  and  rooting  surface,  the  prob- 
lem can  be  solved  at  a  relatively  small  addi- 
tional cost.  If  the  subsoil  and  the  height  oi 
the  building  are  such  as  to  require  spread  or 
floating  foundation  the  problem  may  be  some- 
what more  complicated. 

Even  though  the  engineering  problems  can 
be  easily  and  cheaply  solved,  other  considera- 
tions often  make  a  wise  solution  exceedingly 
dilTicult  .ind  uncertain.  Such  varying  factors 
as  the  future  prrowth  of  the  city,  the  direction 
in  which  expansion  is  likely  to  take  place,  the 
possibility  of  the  passage  of  city  ordinances 
which  will  materially  change  the  height  lim- 
its and  the  minimiuu  si/e  of  .pen  courts,  etc.. 
the  probability  of  .1  change  in  the  character  of 
.1  district  from  an  oflice  to  a  retail,  wholesale 
or  loft  section  are  all  factors  which  must  be 
carefidly  considered  if  one  is  to  avoid  great 
wastes.  The  extra  cost  of  construction  which 
must  be  capitalized  for  an  uncertain  term  of 
years,  the  loss  of  revenue  which  must  result 
if  the  building  is  demolished  aiul  replaced, and 
the  difliculty  of  again  attracting  the  old  ten- 
ants and  of  obtaining  new  ones  also  enter 
into  the  solution  of  the  problem.  The  linancing 
of  the  project  is  always  a  vital   factor. 

We  have  only  to  make  a  brief  investigation 
of  the  conditions  .is  they  exist  in  some  of 
our  leading  cities  to  realize  that  little  serious 
stiuly  has  been  given  in  the  past  to  this  prob- 
lem. In  some  cases  the  architect  has  bcer> 
able  to  impress  upon  those  in  authority  the 
importance  of  securing  an  aesthetic  design  for 
their  structure  or  of  conveying  the  impression 
of  great  wealth  and  exclusiveness.    We  might 
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mention  some  bank  buildings  and  a  few  rail- 
way passenger  terminals  as  e.xamples  of  this 
type  of  building.  In  some  respects,  however, 
conditions  are  changing,  due  in  part  to  a 
change  in  public  sentiment  as  to  the  purposes 
for  which  funds  are  to  be  applied.  Stock- 
holders and  bondholders  are  beginning  to  re- 
alize that  such  structures  make  tirst-class  mon- 
uments and  landmarks,  but  have  a  tendency 
to  reduce  dividends.  \Vc  now  have  a  number 
of  bank  buildings  in  which  provisions  have 
been  made  for  the  addition  of  a  considerable 
number  of  stories  whenever  conditions  war- 
rant such  changes.  We  also  have,  in  one  of 
our  leading  cities,  two  great  railway  passenger 
terminals;  in  one,  considerable  rentable  office 
space  has  been  provided — in  the  other  there 
are  scarcely  a  sufficient  number  of  offices  for 
the  use  of  the  officials.  In  one  terminal  pro- 
vision has  been  made  for  the  addition  of  about 
twenty  stories  to  the  height  of  a  portion  of  it, 
resulting  in  a  structure  which  ultimately  should 
be  at  least  self-supporting — in  the  other,  little 
if  any  consideration  has  been  given  to  its 
earning  capacity,  and  the  terminal  will  always 
be  a  serious  drain  on  the  resources  of  the  rail- 
way company. 


The  Purchasing  of  Cement  for  State 
Aid  Roads  by  Highway  Com- 
missions. 

The  Illinois  State  Highwax-  Commission  has 
decided  to  purchase  all  of  the  cement  which 
is  to  be  used  in  the  construction  of  its  state 
aid  roads.  The  commission  plans  to  furnish 
the  cement  to  the  various  contractors  and  to 
deduct  its  cost  from  their  bids.  The  plan  is 
not  a  new  one,  as  a  similar  procedure  has  been 
followed  in  a  few  states,  but  it  is  nevertheless 
to  be  commended.  The  construction  of  con- 
crete and  brick  roads  is  still  in  its  infancy,  and 
for  the  first  few  years  at  least  it  will  un- 
doubtedly need  constant  supervision  and  ef- 
ficient regulation  if  great  wastes  are  to  be 
avoided.  It  can  hardly  be  expected  that  those 
in  charge  of  the  construction  of  state  aid 
roads  in  the  various  counties  will  be  able  to 
get  the  best  results  at  the  start.  The  work 
will  be  new  to  many  of  iheni,  and  anything 
which  the  commission  may  do  toward  assum- 
ing some  of  their  responsibilities  should  re- 
sult in  the  construction  of  better  roads. 

The  purchasing  of  the  cement  by  the  com- 
mission will  not  only  mean  that  a  "certified" 
cement  will  be  used,  but  it  will  also  tend  to 
develop  competition  as  it  will  give  the  small 
contractor  a  better  chance ;  he  will  not  be 
placed  at  a  disadvantage  simply  becau.se  he 
cannot  purchase  in  large  quantities.  It  should 
insure  a  better  quality  nf  cement  and  better 
handling  and  storage  facilities,  as  cement  man- 
ufacturers then  can  hardly  afford  to  run  any 
risk  of  having  their  product  rejected  by  the 
commission.  The  aggregate  can  often  be  ob- 
tained locally,  and  in  some  localities  the  con- 
tractor may  be  in  a  position  to  buy  it  more 
cheaply  than  could  the  commission.  In  order 
to  buy  efficiently  the  latter  would  necessarily 
need  to  buy  in  large  quantities,  and  this  would 
often    result    in    shipping   the    aggregate    con- 


siderable distances,  thus  resulting  in  heavy 
freight  charges.  The  importance  of  securing 
good  aggregate  is  so  great,  however,  that  an 
ultimate  saving  and  better  construction  might 
result  if  a  certified  aggregate  were  also  fur- 
nished to  the  contractor.  As  a  compromise 
the  commission  might  make  arrangements 
whereby  it  could  furnish  a  good  quality  of 
aggregate  at  a  fixed  price  if  requested  to  do 
so  by  the  contractor.  In  purchasing  mate- 
rials the  contractor  acts  merely  as  a  broker, 
and  he  is  usually  better  qualified  to  construct 
roads  than  to  buy  materials.  Only  the  larger 
companies  can  afford  to  maintain  efficient  pur- 
chasing departments. 


Road  Days  and  Road  Data. 

Two  short  contributions  published  in  our 
roads  section  this  week  came  to  us  in  one 
mail.  Both  contributions  also  came  from  west- 
ern Missouri  counties  barely  a  hundred  miles 
apart  and  both  present  thoughts  well  worth 
attention. 

The  contribution  telling  of  one  incident  of 
Missouri's  ''road  days"  of  1913  may  perhaps 
as  well  be  noticed  first.  This  contribution  is 
a  plea  for,  and  in  a  smaller  way,  a  presenta- 
tion of  evidence  of  the  utility  of  "road  days." 
Missouri's  "road  days"  of  last  .August  were 
a  featured  newspaper  item  at  the  time  and, 
we  doubt  not,  most  road  engineers  are  famil- 
iar with  their  origin  and  object,  and  perhaps  in 
some  measure  with  their  results.  Any  who 
are  not  informed  may  become  so  far  enough 
for  present  need  by  reading  the  article  in 
this  issue. 

Missouri's  "road  days''  and  those  of  Arkan- 
sas, and  those,  perhaps,  of  one  or  two  other 
states,  which  we  cannot  name  out  of  mem- 
ory, are  sublimations  of  the  "road  days" 
universal  twenty-five  years  ago  and  yet  com- 
mon when  neighboring  farmers  gathered  and 
"worked  out''  their  road  taxes  by  improving 
some  contiguous  stony  or  swampy  stretch  of 
highway.  The  method  was  a  modification  of 
the  bee  system  of  more  primitive  days  and  as 
the  writer  recalls  these  road  making  bees  they 
were  but  slightly  less  a  rural  social  occurrence 
than  were  the  quilting  bees  and  husking  bees 
of  more  familiar  knowledge. 
.  Because  of  their  sublimation  the  state  "road 
days"  of  Missouri  and  Arkansas  had  publicity 
value  which  their  commonplace  prototypes 
largely  lacked.  They  fixed  thought  actively 
for  a  day,  or  a  few  days,  of  a  great  number 
of  people  on  the  subject  of  road  making.  They 
temporarily  brought  many  of  these  people 
actively  into  touch  with  road  making  tasks. 
It  is  impossible  to  tell  how  many  minds  were 
by  these  facts  made  more  receptive  to  argu- 
ment for  improved  roads,  or  how  far  those 
facts  exerted  and  concentrated  popular  senti- 
ment favoring  road  improvement,  but  it  is 
reasonable  to  believe  that  there  may  have  re- 
sulted great  gains  in  both  directions.  Indeed, 
we  can  believe  that  the  Missouri  Governor's 
proclamation  of  State  "road  days''  had  full 
justification  in  its  publicity  value  alone. 

But  as  a  method  of  actual  construction  the 
road  making  bee  is  not  often  efficient.  The 
reasons  are  many,  but,  to  name  the  most  ob- 


vious, we  have:  (1)  The  working  force  is 
not  trained  in  its  task;  it  is  unwieldy  and 
cannot  be  cft'ectively  handled ;  it  is  not  serious, 
it  is  playing  at  a  game  and  not  performing  a 
task  for  a  living;  (2)  The  work  lacks  co-or- 
dination, time  is  wasted  by  want  of  a  studied 
plan  of  construction,  by  lack  of  necessary 
materials  provided  for  ready  use,  by  need  of 
labor  saving  road  making  machinery  and  tools, 
One,  we  repeat,  can  name  many  reasons,  but 
those  given  are  enough  for  the  purpose. 

Referring  specifically  to  the  "road  days" 
road  making  at  Tarkio  as  described  by  oui 
contributor:  Consider  the  $7,000  in  labor  and 
money  contributed  last  year  for  road  improve- 
ments. One  can  admire  the  aroused  local 
interest  which  made  this  $7,000  expenditure 
possible,  and  if  this  interest  is  the  result  of 
sentiment  inspired  by  "road  days"  proclama- 
tions one  can  thoroughly  approve  of  the  meth- 
od of  inspiration.  This  is  far  from  concluding 
that  the  $7,000  which  was  expended  produced 
all  in  the  way  of  road  improvements  that  such 
a  sum  of  money  was  capable  of  producing. 
Perhaps  it  did  in  this  specific  instance,  but  the 
chances  are  greater  that  it  did  not,  and  the 
reasons  are  those  that  we  have  named.  .As  a 
means  of  arousing  sentiment  favoring  expendi- 
tures for  road  improvement  the  proclamatior 
of  state  ''road  days"  can  be  justified.  When, 
however,  it  comes  to  the  actual  spending  ol 
the  money  subscribed  for  road  construction 
work  a  road  building  bee  is  as  a  general  rule 
astonishingly  wasteful. 

The  author  of  the  second  of  our  contribu- 
tions has  a  notion  quite  different  from  procla- 
mation of  "road  days"  for  bringing  conviction 
of  the  value  of  road  improvements.  This  no- 
tion is  that  figures  demonstrating  the  valuf 
of  improved  roads  should  be  collected  and  put 
before  the  people,  who  most  use  the  highways 
— before  the  farmers  and  villagers.  The  argu- 
ment is  stated  in  the  article  itself  and  will  nol 
be  repeated,  but  it  suggests  a  turn  of  thought 
which  has  interest. 

There  is  a  multitude  of  statistics  designed 
to  demonstrate  the  value  of  good  roads.  None 
of  these  sets  of  figures  is  of  the  kind  that  car- 
ries conviction  to  the  persons  who  need  most 
to  be  convinced — to  the  resident  user  of  roads. 
Now  the  reason  of  this  fact  is  worth  seeking, 
and  if  we  seek  we  find  that  in  some  cases  the 
figures  are  too  general  and  in  other  cases, 
while  specific,  represent  extraordinary  condi- 
tions. 'The  resident  user  of  roads  regards  the 
first  kind  of  statistics  as  of  little  direct  bearing 
in  his  own  case  and  the  second  kind  he  know; 
does  not  represent  conditions  as  he  has  learnec 
them  in  his  own  community. 

The  thought  is  clear  then,  and  we  believe 
that  this  is  at  bottom  the  thought  of  our  con 
tributor,  that  the  statistics  needed  "are  record: 
of  specific  cases.  To  be  convincing  these  rec 
ords  must  include  a  wide  variety  of  condition; 
and  be  so  authenticated  as  to  be  considerec 
truthful.  It  does  not  serve  to  present  to  thi 
resident  user  of  roads  a  nation  wide  general 
ization  of  losses  due  to  poor  roads  or  gain: 
due  to  good  roads,  nor  does  it  serve  to  quoti 
him  specific  examples  which  he  knows  repre 
sent  other  conditions  than  his. 
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Comment  on  "Initiative — Applied  and 
Misapplied." 

To  the  Editors:  I  have  just  finished  read- 
ing the  editorial  in  the  Jan.  21,  1914  issue  of 
Engineering  and  Contracting,  entitled  "Ini- 
tiative— ■^pplied  and  Misapplied,"  and  as  I 
feel  that  the  word  initiative  is  a  useful  one 
and  that  it  is  misrepresented  in  the  editorial 
I  venture  to  present  herewith  a  gentle  protest 
and  an  explanation. 

It  is  unfortunate  that  a  large  part  of  the 
words  used  in  human  speech  carry  more  than 
a  single  meaning;  naturally  this  leads  to  mis- 
understanding. I  would  accept  the  view,  that 
the   writer   of   this   editorial   and   mvself   dif- 


fered merely  in  a  matter  of  definition  and 
would  not  take  the  trouble  to  express  my 
opinions,  but  for  the  feeling  I  have  that  my 
definition  of  the  word  initiative  is  one  that  is 
more  commonly  accepted  in  this  particular  ap- 
plication of  the  word  than  is  the  definition 
upon  which  the  article  is  based,  and  the  fur- 
ther feeling  that  students  and  young  engineers 
who  accept  the  common  definition  may  be  con- 
fused and  perhaps  harmed  by  some  of  the 
statements  contained  in  the  editorial  if  those 
statements  go  unchallenged.  The  writer  of 
the  editorial  uses  iniliatize  and  inspiration  in 
a  way  that  makes  them  practically  synony- 
mous, probably  basing  his  connection  of  the 
two  terms  upon  that  definition  in  Webster  that 


explains  initiative  as  "Energy  or  aptitude  dis 
played  in  the  initiation  of  action,  especially  o 
action  that  tends  to  develop  or  open  out  nev 
fields."  If  this  were  the  only  definition  o 
the  word,  the  editorial  would  be  less  open  t 
attack.  However,  the  above  definition  of  in 
tiative  is  followed  immediately  by  this  oni 
"self-reliant  enterprise,"  and  this  is  the  meat 
ing  that  I  have  in  my  own  mind  when  I  us 
the  expression,  and.  from  numerous  convers. 
tions  I  have  had  upon  the  subject,  I  believ 
it  to  be  the  meaning  that  is  usually  intendei 
when  the  word  is  applied  to  the  young  engi 
neer. 

There  is  a  great  difference  between  runnw, 
a   bluff  and   having  initiative.   It   would  be 
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egrettable  thing  should  any  young  engineer 
r  student  after  reading  the  article  decide 
hat  there  might  be  a  chance  that  any  exhibi- 
ion  of  self-reliance  on  his  part  would  be  mis- 
»ken  for  bluff  and  that  it  would  be  unwise  for 
im  to  exhibit  initiative  until  he  had  experi- 
nce.  There  is  no  age  limit  upon  initiative, 
elf-reliant  enterprise  is  plainly  evidenced  by 
le  sturdy  two-year-old  lad  I  pass  each  day, 
egotiating  the  difficult  ascent  from  gutter  to 
idewalk  with  a  heavy  go-cart  and  asking  help 
rem  no  one.  If  that  youngster  follows  in  the 
ootsteps  of  his  father  and  lives  to  be  an  en- 
ineer,  no  one  will  have  to  complain  of  his 
ick  of  initiative,  nor  will  he  have  to  wait 
'ntil  the  gray  Hecks  his  temples  before  he 
'ares  to  show  that  he  possesses  the  quality. 

The  editor  expresses  his  belief  that  the 
,oung  engineer  cannot  possess  the  f>ro[>cr  kmd 
f  initiative  until  he  has  acquainted  himself 
vith  the  main  facts  relating  to  the  problems 
t  hand.  That  statement  is  as  illogical  as  the 
'Itimatum  of  the  father  who  forbade  his  son 
b  go  into  the  water  until  he  had  learned  to 
■wim.  The  young  engineer  and  the  old  one 
bo  must  have  initiative,  or  the  ability  to  make 
I  start,  before  he  can  obtain  possession  of  the 
lacts  with  which  he  is  to  become  acquainted, 
fe  must  have  the  ability  to  take  the  problem 
hat  is  given  him  and  without  running  to  his 
hief  for  help  at  every  turn  must  be  able  to 
athcr  his  data  and  obtain  some  sort  of  a 
blution.  The  solution  obtained  by  the  inex- 
erienced  man  probably  will  not  be  the  best 
lossibie;  but  it  w-ill  furnish  a  basis  for  dis- 
ussion  between  him  and  his  chief,  from  which 
I  better  solution  will  result. 
1  A  young  engineering  student  was  spending 
lis  summer  vacation  working'  in  the  drafting 
iffice  of  a  bridge  company.  One  day  his  im- 
iiediate  superior  expressed  his  approval  of 
le  young  fellow's  work  thus :  "You  are  all 
ight.  When  I  give  you  a  job  you  always 
[Ut  something  down  on  paper  for  me  to  look 
It."  There  were  young  graduate  engineers  in 
fie  same  office,  men  of  more  experience  but 
fss  initiative,  who  never  had  the  satisfaction 
if  hearing  such  praise  applied  to  themselves : 
hen  a  job  was  handed  to  them  they  sat 
jTOund  until  someone  told  them  what  to  do 
rst.  They  were  able  to  go  through  the  me- 
hanical  operations  of  drawing  and  lettering; 
■ut  a  fhinkinj;  role  was  too  heavy  for  them.  A 
iirgc  part  of  the  lack  of  initiative  is  plain 
l.ziness. 

1  While   I    was   engaged    in    railroad    work    1 

■ut  an   engineer  at  the  task  of   consolidating 

number  of  maps.  He  was  a  man  about  forty 

:ars  old  and  with  a  fair  amount  of  cxpcri- 

.ice  behind   him ;   but   was  quite  without   the 

/lility  to  help  himself.    Throughout   the  time 

lat   he   was   working   upon   that   drawing  he 

ladc  regular  and   frequent  trips   to  my  desk 

)  whine  for  help.    I  use  the  word  whme  bc- 

iusc  it  describes  accurately  his  tone  of  voice. 

feel  that  I  shall  be  able,  always,  to  recall  that 

)ne  and  the  words,  "I  cant  make  the  azimuth 

neck."    His   manner   implied   that    I   was   re- 

JonsibJc   for  getting  him   into  his   difficulties 

nd  that  it  was  therefore  my  duty  to  get  him 

ut.    In  reality  there  wa<;  no  difliculty  that  he 

)uld  not  have  overcome  by  his  own  efforts. 

The   sturlent   need   not   dehule  himself   with 

le  idea   that   he  can   go   through   his  college 

lursc    without    practicing    self-reliance    and 

len  suddenly,  upon  graduation,  blossom   out 

ito  a  man  of  initiative.    The  student  who  cx- 

:cts  the  instructor  to  point  out  the  page  in 

he  text-book  where  he  will  find  the  informa- 

on  necessary   for   the   solution   of   his   prob- 

m  will,  later,  expect  his  chief  to  think  out 

I  the  details  of  his  work  for  him.    Such  men 

■ttle  to  the  bottom  surely  and  rapidlv    Those 

iho  arc  responsible  for  the  student's  training, 

•alize  this  and  try  to  impress  upon  him  the 

cat  value  of   self-reliance.    We   do   ii'it   like 

'  see  our  work  counteracted  by  such  writings 

•  the  article  in  question.    I   know   from   ob- 

rrvation,    that,    to    the    young    man    who   has 

;)t  yet  learned  to  weigh  all  statemoiits,  print- 

1  or  otherwise,  in  his  own  mind  the  printed 

atemcnt  has  an  authority  not  at  all  in  pro- 

iirtion  to  its  real   worth  "and  quite  outranks 

e  spoken  advice  he  may  receive. 

I  take  issue  with  the  editorial  further,  in  re- 


gard to  the  propriety  or  desirability  of  the 
employer  raising  the  question  of  initiative  at 
the  time  he  engages  the  services  of  a  young 
engineer.  If  the  young  man  has  that  quality 
the  employer  need  not  bother  as  to  whether  or 
not  he  will  continue  his  studies.  That  con- 
tinuance is  a  foregone  conclusion :  every 
problem  the  young  engineer  handles  will  call 
for  study  and  investigation  and  if  he  be  self- 
reliant  he  will  do  that  studying  and  make 
those  investigations  for  himself.  If  he  has  no 
initiative  he  will  expect  the  man  above  to  sup- 
ply the  starting  power.  He  will  deceive  him- 
self with  false  reasoning :  "The  boss  knows 
how  this  should  be  done,  therefore  why  should 
I  worry  and  gn'ow  short-sighted  looking  this 
matter  up  in  some  book.  Verily,  I  will  let 
him  help  me  out;  doubtless  he  will  be  over- 
joyed to  see  how  I  bow  before  his  superior 
knowledge  and  I  shall  grow  great  in  his  eyes." 

There  may  be  employers  who  like  the  man 
without    initiative    but    there    never    will    be 
enough  to  supply  the  demand. 
Very  truly  yours, 

L.  F.  Van   Hagen. 

Assistant  Professor  of  Railway  Engineering, 
Madison.  Wis.,  Jan.  21,  1914. 

(The  above  letter  was  received  as  a  "gen- 
tle" protest  to  our  editorial  "Initiative — Ap- 
plied and  Misapplied."  Evidently  the  differ- 
ence of  opinion  is  due  to  different  meanings  of 
the  word  "initiative"  in  the  minds  of  the 
writers  of  the  editorial  and  the  letter.  Xeither 
derivation  nor  u5age  warrants  the  assumption 
of  our  critic  that  the  accepted  definition  of 
"initiative"  is  "self-reliant  enterprise,"  instead 
of  "ability  to  originate."  Even  the  writer  un- 
consciously follows  the  latter  meaning,  for 
he  says  "The  young  engineer  and  the  old 
one  too  must  have  initiative,  or  the  ahilily 
to  niake  a  start.  The  writer  of  the  letter 
often  uses  the  word  "self-reliance"  and  gives 
it  the  same  meaning  as  "initiative."  Initiative 
is  allied  to  inventiveness  and  many  self-re- 
liant persons  may  be  without  this  faculty.  We 
do  not  care  to  discuss  in  detail  the  examples 
given  by  our  critic,  as  most  of  them  are  for- 
eign to'  a  criticism  of  our  editorial,  due  to 
the  writer's  misconception  of  terms.  The  writer 
of  the  letter  states,  "We  do  not  like  to  see  our 
work  counteracted  by  such  writings  as  the 
article  in  question."  In  answer  to  this  state- 
ment we  reply  that  we  should  not  consider  it 
necessary  to  make  the  above  comments  were  it 
not  for  the  fact  that  our  critic  is  an  assistant 
professor  in  one  of  our  well-known  universi- 
ties and  therefore  has  something  to  do  with 
the  training  of  young  engineers. — Editors'). 


Comparative  Operating  Costs  of  Steam 
Shovels  and  Electric  Shovels. 

There  is  stated  to  be  at  present  from  12 
to  18  electric  shovels  in  use  in  the  United 
States.  From  a  paper  by  H.  W.  Rogers  in 
the  February,  1011,  Bulletin  of  the  .American 
Institute  of  Mining  Engineers  we  condense 
the  following  comparison  of  operating  costs 
of   steam  shovels  and  electric   shovels : 

Consider  a  120-ton  shovel  which  is  ordi- 
narily equipped  with  a  .'i-cu.-yd.  dipper  and 
has  an  average  capacity  of  .ipproximatcly 
2,500  cu.  yds.  per  10-hour  day.  "This  capacity 
is   bascil   on  an   average   working   time  of  .Vi 

Scr  cent  and  an  average  dipper  capacity  of 
^i  cu.  yds.  in  ".')  per  cent.  With  a  good 
grade  of  coal  the  steam  shovel  will  require 
approximately  '\'i  tons  per  H-hour  shift  and 
will  make  an  average  of  two  complete  cycles 
per  minulc.  I-'or  the  purpose  of  comparison, 
however,  the  maximum  rapacity  of  the  shovel 
is  taken  ;  i.  c.  three  cycles  per  minute.  Under 
these  rondilinns  cither  the  steam  or  the  elec- 
tric shovel  will  have  a  total  workini;  time 
during  one  shift  of  8  X  fiO  X  O..Vi  =  2ivl  mins, 
fliirini:  which  lime  it  will  in.ike  2t>-l><3  = 
Icte  cycles,  and  will  handle  702  X 
.11  cu.  yds.  of  material. 
The  direct-current  shovel  would  be 
equipped  with  l«o  SO-HP.  50<"-r.p.m.,  2.30-volt 
scries  motors  on  the  hoist,  one  •lO-h.p.,  550 
r.p.m..  2'U'-voli  scries  motor  on  the  swing. 
one  (io-HP.,  5.'i0  r.p.m.,  230-voU  scries  motor 
on    the    thrust,   and    one    150-kw.,   000    r.p.m.. 


250-volt  direct-current  generator  direct  con- 
nected to  a  225-HP.,  900  r.p.m.,  2.200- volt  in- 
duction motor,  with  four-point  reversible  au- 
tomatic control  on  each   motor. 

The  estimated  power  consumption  during 
each  cycle  will  be  as   follows : 

Kw. -seconds. 

Hoisting    1.379 

Swinging    522 

Crowding    547 

Total    2.448  =  0.68  kw.-hr. 

Now  792X0.68  =  539  kw.-hr.  input  to  the 
motors  per  8-hour  shift,  or,  taking  into  ac- 
count the  efficiency  of  the  motor-generator 
set,  657  kw.-hr.  per  8-hour  shift. 

As  the  shovel  is  working  only  55  per  cent 
of  the  time,  the  motor-generator  set  will  be 
running  light  45  per  cent  of  the  time,  or 
8  X  GO  X  0.45  =  21(5   minutes. 

The  power  consumption  on  the  set  when 
running  light  will  be  approximately  16-77  kw. 
216  X  16.77 

=  60.4    kw.-hr.    loss    per    8-hour 

60 
shift. 

657 -+■  60.4^717.4    kw.-hr.    total    power    con- 
sumption per  8-hour  shift  when  working  un- 
der the  maximum  cycle. 
717.4 

=  0.241    kw.-hr.    per    cubic    yard    exca- 

2,970 
vated. 

The  alternating-current  shovel  would  be 
equipped  with  two  150-HP..  450  r.p.m.,  440- 
volt  motors  on  the  hoist,  one  50-HP.,  720 
r.p.m.,  440-volt  motor  on  the  swing,  one  75- 
HP.,  600  r.  p.  m.,  440-volt  motor  on  the  thrust, 
and  three  125  kilovolt-ampere,  »,200-480-volt 
transformers,  with  five-point  reversible  auto- 
matic control  on  each  motor. 

The  estimated  power  consumption  during 
each  cycle  w-ill  be  as  follows : 

Kw. -seconds. 

Hoisting    2.040 

Swinging    759 

Crowding    750 

Total    3.549  =  0.987  kw.-hr. 

Now  792  X  0.987  =  782  kw.-hr.  input  to  the 
motors  per  8-hour  shift,  or,  taking  into  ac- 
count the  efficiency  of  the  transformers,  796 
kw.-hr.  per  8-hour  shift. 

The  no-load  losses  on  the  transformers  will 
be    approximately 

216  X  3.6 

=13.0  kw.-hr.  loss  per  8-hour  shift. 

60 
79(5  -I-  1.3  =  800.0  kw.-hr.  total  per  8-hour  shift. 
809 

:=  0.273    kw -hr.     per     cubic    vard    cxca- 

2,970 
vated. 
Labor    per  shift—  Steam.  Electric 

Shovel    runner   }  6.00      i  6.00 

Cranemnn     4.00  4.00 

Flrcmnn 2.50  

Six    pitmen    nt    11.75 10.50         10.60 

One    wfttohmiin    1.75  

One    colli    passer 1.60  

Tenmlnic    (H   dny> 2.60  

on    and    waste 1.60  0.75 

Total     .$30.25      $21.26 

Saving,   etectrlc  over  steam 21.25 

Per    shift    $  9.00 

For  convenience  in  comparing  the  costs  of 
operation  on  steam  and  electric  shovels  the 
costs  arc  all  reduced  to  a  day  basis. 

. Electric ^ 

Equiva- 
lent alter- 
Direct     natlng 
Steam    current,  current, 
t  8  pri }  r..;n      )  7.7.'      $10.85 

■  n    Bl    4»i    pet.     AK  ri.OO  8.43 

1    10  pet S.r.i".  

([■I'llr^.    lit   6   pel 7.75  10.86 

LAbor,    per   shift 30.25  21.26  21.25 

Total  cost  per  shift. .   $48.14       $42. 75      $51.38 

It  has  been  assumed  that,  owing  to  weathvr 
conditions,  dclavs.  etc.,  the  shovel  working 
year  consists  of  150  days  and  the  above  fig- 
ures arc  based  on  this  assumption ;  also  that 
the  shovel  is  only  working  one  shift  a  day. 

If  the  shovel  works  three  shifts  a  day  in- 
stead of  one  shift  a  day,  the  interest  and  de- 
preciation will  remain  the  same,  provided  the 
shovel  is  kept  in   repair.    It  is   reasonable  to 
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assume  that  the  repairs  will 
working  three  shifts,  but  not 
portion ;  therefore  this  item 
creased   .50  per  cent. 


Steam. 

Interest  at  6  pet $  5.20 

Depreciation  at  4%  pet.       4.03 

Repairs  at   15  pot 13.00 

Repairs  at  9  pet 

Labor    (three   shifts)...     90.V5 


increase  when 
in  direct  pro- 
has    been    in- 

— --Electric ^ 

Equiva- 
lent al- 
Direct     nating 
current,  current. 
$  7.75       $10.85 
6.00  8.43 


11.63 
63.75 


16.28 
63.75 


schedules  of  the   1901  and   1900  unit  prices  so 
far  as  they  are  comparable : 

COMPARISON    OF    UNIT    PRICES,    1901    AND 

1905    ESTIMATES. 

1901,  1905, 

per  per 

cu.  yd.  cu.  yd. 

Hard    rock   excavation $  1.15  i  1.15 

Soft   rock    excavation 0.80  1.00 

Earth,   dry  excavation 0.45  0.40 

Earth,     dredged 0.20  0.15 

Earth,   hydraulic  excavation 0.25 


ord  for  the  period  ending  June  3(1,  l'J13. 
found  that  the  unit  prices  were  on  cubic  jun 
of  excavation  with  no  classification  or  distill 
tion  other  than  dry  and  wet  excavation.  Ther 
fore  to  arrive  at  some  basis  of  comparison, 
proceeded  to  take  the  total  cost  of  e.xcavatio 
wet  and  dry,  reported  at  that  date  (June  3 
1913),  and  divide  it  by  the  total  yardage  ar 
found  the  average  price  to  be  $0.5777.  (Fi 
details  see  Table  I.)  , 

Taking  the  total  cost  of  dry  excavation  ar 


Total   cost  (3  shifts). $112.98      $89.13       $99.31 

Disregarding  the  cost  of  coal  and  electric 
power,  the  saving  of  the  direct-current  shovel 
over  the  steam  shovel  would  be  $810  per  year 
for  one-shift  operation  and  $3,580  per  year 
tor   three-shift   operation. 

The  alternating-current  shovel  when  work- 
ing one  shift  a  day  would  show  a  loss  of 
$48(i  per  year.  On  the  other  hand,  if  this 
shovel  worked  three  shifts  a  day  it  would 
show  a  saving  of  $2,050.50  per  year.  Any 
greater  saving  than  that  shown  would,  of 
necessity,  depend  upon  the  comparative  cost 
of  coal  and  electric  power,  but  as  this  is 
variable  it  can  only  be  shown  by  means  of  a 
curve. 

Disregarding  the  cost  of  fuel,  it  is  evident 
that  the  electric  shovel  is  a  better  proposition 
than  the  steam  shovel ;  that  the  direct-current 
equipment  is  far  superior  to  the  alternating- 
current  equipment ;  and  that  the  savine  in 
operating  expense  will  warrant  the  increased 
investment. 


TAILE    II.— PAN.A.MA    CANAI^-COMPARISON    OF  COSTS. 
TION    STATEMENT    TO    JUNE    30,    1913. 


1005  ESTIMATES  AND  CONSTRU( 


(Estimate   of 

Cu.  yds.  Price. 

ICarth   dredging    8,300,000  $0.15 

l^arth   dredging   10,000,000  0.25 

iiJarth   dredging   2,030,000  0.70 

Earth   excavation    920,000  0.40 

Earth  excavation    2,740,000  0.70 

Karth   excavation    1,100,000  0.40 

Barth   excavation    480,000  0.70 

Earth   excavation    600,000  0.40 

Earth   excavation    130,000  0.70 

Earth  dredging    12,960,000  0.25 

Rock  excavation    1,160,000  1.15 

Earth   excavation    7,280,000  0.80 

iSarth   excavation    39,650,000  0.80 

Earth   excavation    6,835,000  0.80 

Earth   excavation    650,000  0.40 

Earth   excavation    520,000  1.15 

Earth   dredging    1,460,000  0.2o 

Earth  dredging   220,000  0.25 

Earth   excavation    480,000  0.40 

Rock  excavation    950,000  1.50 

Earth   excavation    950,000  0.50 

Earth   dredging   4.760,000  0.15 

Rock    excavation    200,000  1,50 

Rock    excavation    370,000  2.50 


1905.) 

All  ex- 
cavation. 
$1,245,0011 
2,500,000 
1,421,000 
368,000 
1,918,000 
440,000 
336,000 
240,000 
91,000 
3,240,000 
1,334,000 
5,824,000 
31,720,000 
5,468,000 
260,000 
598,000 
365,000 
55,000 
192,000 
1,425,000 
475,000 
714,000 
300,000 
925,00fi 


Comparison  of  Estimated  with  Actual 

Unit  Prices  on  the  Panama 

Canal. 

To  the  Editors:.  Recurring  to  your  valuable 
paper  on  the  Panama  Canal  in  the  issue  of  Jan. 
7,  when  I  wrote  you  on  that  date  I  forgot  to 
call  your  attention  to  an  error  in  the  statement 
concerning  the  changing  of  the  dimensions  o( 
the  locks.  The  dimensions  recommended  by  the 
minority  of  the  International  Board  of  Con- 
sulting Engineers  were ;  Usable  length,  900 
ft.;  usable  width,  95  ft.  (see  page  83  of  the 
report  of  1906). 

Col.  Goethals  is  quoted  in  your  article  as 
saying  that  the  unit  prices  used  in  the  report 
of  the  International  Board  of  Consulting  En- 
gineers were  those  recommended  by  the  Corn- 


Totals    104,745,000 

Total   drv,    cu.   vds 64.445,000 

Total  wet,  cu.  yds 40,300,000 

.■Average  price  per  cu.  yd 


$61,454,000 


Dry  ex- 
cavation. 


$    368,000 

1,918,000 

440,000 

336,000 

240,000 

91,000 

"i,3'3'4'.o66 

5,824,000 

31,720,000 

5,468,000 

260,000 

598,000 


192,000 

1,425,000 

475,000 


$50,689,000 


Wetej 

cavatic 

$1,245,0 

2,500,0 

1,421,0 


3,240,0' 


365,( 
55,( 


714,1 
300,  ( 
925,1 


$10.76,-1 


$0.5865  , 


$0.7865 


$0.: 


Earth,  hydraulic,  with  cutters, 

Rock  excavation,  under  water...       4.75 

Coral   rock   excavation 

l^ock,  drilled  and  blasted  dry,  re- 
moved by   dredge 

Culebra  Cut: 

Excavation,    all    materia!    above 

-}-10.0     

Excavation,    all    material    below 
-flO.O    

Embankments  and  backfilling 

Rock   in  jetty   construction... 

Concrete,    in   place 

Granite,   finished   60. ou 

Granite  copings   ■■_.■■ 

Brick   culvert    linings I'OO 

Timber' 

In  mitre  sills,  per  1,000  ft.  B.  M.  .   100.00 

In  permanent  cribs    

Bearing  piles,  per  ft 

Single    track    railroad,    complete, 
per  mile  


0.60 
2.50 
8.00 


11.50 
75.000 


0.70 
2.50 
1.50 

1.50 


0.80 
1.25 


8.00 
81.00 
54.00 
15.  JO 

100.00 

55.00 

0.5.' 


TABI>E   I.  — PANAMA   CANAL— COMPARISON    OF  COSTS.     ;I905  ESTIMATES 

TION    STATEMENT    TO    JUNE    30,    1913. 
(Construction  i';xpenditures  to  June  30,  1913,  from  Canal  Record,  Vol.  6.) 


Dry  Excavation — 
Atlantic   Division    . 

<jatun   Locks    

Central  Division  . . 
I'aclfic  Division  ... 
J'edro   Miguel   Locks. 


Cu.  yds. 
2,181,998 
4,660,455 
107,139,181 
4,513,269 
1,133,280 


Total  cost. 
$1,468,700.11 

3,148,830.90 
83,802,494.10 

3,325,393.01 

1,031,422.86 


..\NP  CONSTRUC- 


I'nit 
cost. 
.?0.G73i 
0.6757 
0:7822 
0.73flS 
0.9101 


Total    

Wet  Excavation — 

Atlantic  Division   35,326,363 

Gatun  Locks  38,425 

Central   Division   

Pacific  Division   36,793,215 

Pedro  Miguel   Locks 


119,628,183  $92,776,840.98     $0,775 


$8,422,057.42 
20.041.19 


$0.2384 
0.5210 


9,383,834.83       0.2.o50 


Total    

Hydraulic  Excavation — 

Atlantic  Division    

<  Central   Division    

Pacific   Division    


72,158,003  $17,525,933.44 

29,60; 


1 4 
1,549,904 


S      11,671.32 
10,511.46 
1,120,907.35 


$0.2470  (average) 

$0.3942 
0.1835 
0.7232 


Total 
Total 


wet 


1,636,783  $  1,143,090.13 

excavation 72,158,003     17,825,933.44 


$0.6983  (.average) 


Total  all  wet  excavation. 
Masonry — 
-\tlantic  Division    .  . 

Gatun  Dam    

Central  Division    

Pacific  Division   

Pacific  Division   

Pacific  Division 
Pacific  Division 


73,794,786  $18,969,023.57     $0.2574  (average) 


224,132 

2,011,283 

1,271 

1,567 

906,29:; 

4,403 

64,142 


Pacific  Division   1,476,89 

Total    


$1,780,587.02 

15,206,667.31 

8,353.66 

8,716.96 

5,328,960.40 

21,408.95 

400,912.45 

7,886,115.11 


$7.9711 
7.4496 
6.5725 
5.5628 
5.8800 
4.8C24 
6.2504 
5.3397 


dividing  it  by  the  total  yardage,  the  aver; 
unit  price  is  $0.7755,  and  taking  the  total  c 
of  wet  excavation  and  dividing  it  by  the  to 
yardage,  the  average  cost  is  $0.2574. 

Then  I  took  our  total  dry  excavation   (e- 
mated)  and  divided  our  total  cost  by  it  to 
the  average  per   cubic  yard   of  all   classes 
excavation.     This  gave  as  a  result  $0..5865  ■ 
cubic  yard.     Then  I  took  the  total  cost  of 
of  the   dry  excavation   and   divided   it  by 
total   dry  yardage   and   the   resulting  figuri' 
$0.78f)5  per  cubic  yard.     Then  I  took  the  = 
cost  of  wet  excavation   and  divided  it  by 
total   wet  yardage  and  the  resulting  hgun 
$0.2671  per  cubic  vard.     (For  details  see  T, 
ID 

The  International  Board  of  Consulting  1 
gineers  adopted  $8  per  cubic  yard  for  conn 
masonry.     The   average  cost  of   the   mas; 
reported  June  30,  1913,  was  $6,4i)31.     It  i> 
teresting  to  note  that  the  average  cost  of 
masonry  on  the  Atlantic  Division  was  $7.'i 
and  on   the   Pacific   Division  $5.5628,   show 
an  economy  of  $1.9412  on  the  Pacific  Divi^ 
I    account    to    myself    for    this    diflferenci 
three    favorable    elements.     The    Pacific   1 ' 
sion  masonry  was  closer  to  its  supply  of  s 
taken    from    the    Cliagres    River   at   Matri 
and   to  its  supply  of  crushed  stone   from 
.■\ncon  quarry,   which   reduced  the  transp. 
tion  charge,  and  to  the  superiority  of  the  ' 
tilever    equipment    used    on    these    locks    ' 
the  cableway  used  at  Gatun.     My  observal 
dating  back  to  my  experiences  on  the  Chii 
Sanitary  and   Ship   Canal,  convinces   me  t 
within   its  narrower  range  of  application, 
cantilever  crane  is  far  more  efficient  than  - 
cableway.     The   cableway,    however,    is   nil) 
more   elastic   and   has   a    far   wider   rangc'H 
usefulness  than  the  cantilever  crane. 
Yours  very  truly, 

ISHAM    RaNIiOLPH 

Consulting  Enginct 
Commercial    National    Rank    Building.    ' 
cago.  Til.,  Feb.  25,   1914. 


1.719,986  $30,647,731.75     $6.4931  (average) 


mission  of  1901.  This  is  slightly  in  error.  Mr. 
William  Barclay  Par.sons,  Mr.  j.  W.  Welcker 
and  myself  were  the  committee  on  unit  prices 
for  the  report  of  1906.  (See  page  419,  .'Xp- 
pendix    R.)      I    submit    herewith    comparative 


While  on  this  subject,  it  may  interest  you, 
as  it  did  me,  to  know  how  the  unit  prices  used 
by  the  minority  compare  with  the  actual  cost 
of  the  w'ork.  I  consulted  the  detailed  report 
of  yardage  and   cost  given  in   the  Canal   Rec- 


Time  and  Cost  Studies  of  Electric  ft 
Drills  at  the  Kensico  Dam,  Cats- 
kill  Aqueduct,  New  York. 
To    secure    crushed    and    quarry    stone  >' 
constructing  the  Kensico   Dam   a  quarry  is 
opened  up  about  one-half  mile  from  the  dn. 
From    the    dam    a    service    track    runs   to  ''* 
quarrv    and    tlicre      separates      into      sev*i 


March   11,  1914. 
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branches  cut  into  various  parts  of  the  quarry. 
Rows  of  holes  all  bottoming  at  the  same  level 
are  drilled  parallel  to  the  tracks  and  they  are 
blasted  in   numbers  to   loosen  large   areas  of 
rocks.     The   rock   is   a   clean   and    practically 
flawless    gneiss    having   a     tendency     toward 
granite ;   in   some   places   it   is   seamy   enough 
to  cause  difficulty  in  drilling,  but  in  "the  main 
it  is   hard   and   solid.     It   was  desired  to  de- 
'"rmine   the    cost   and    speed    of    drilling   op- 
rations  at  this  quarry  and  also  in  excavating 
■otings    for   the    dam   and   the    Construction 
rrvice   Co..   New   York   City,   undertook   the 
'  ocssarv    studies.     The      results     are     sum- 


idlc.  The  steels  were  sharpened  by  hand  at 
the  dam  and  by  a  Leyner  drill-sharpening  ma- 
chine at  the  quarry. 

The  smith's  work  consisted  of  sharpeninf^ 
the  drills  and  also  included  other  repair 
work.  He  estimated  that  75  per  cent  of  his 
time  was  devoted  to  the  drill  steels.  The  es- 
timate of  coal  burned  by  the  smith  was  500 
lbs.  per  day. 

Sticks  of  60  per  cent  Dupont  dynamite,  1V& 
ins.  in  diameter  by  about  8  ins.  in  length, 
weighing  12  ozs.,  were  used.  Dupont  explod- 
ers were  employed.  The  blasting  charge  at 
the   quarry    was    calculated   to   average   about 


TABLE  I.— TIME   STUDT  OF  DRIUJNG  PERI-'ORMANCE  OF  ELECTRIC-AIR  TRIPOD  DRILLS 

AT  THE  QUARRY. 


In  Table  II  no  account  has  been  taken  of 
contractor's  overhead  charges,  superintend- 
ence, storage,  repairs,  preparatory  costs,  in- 
surance, charity,  accidents,  legal  or  medical 
expenses,  etc.  The  low  cost  per  cubic  yard 
is  due  to  the  unusually  wide  spacing  of  the 
holes,  which  were  loaded  with  a  heavy  charge 
of  dynamite. 

Table  III  gives  the  time  study  of  drill^ 
at  the  dam. 

Based  on  the  performance,  at  the  dam  pit. 

TABLE  II.— STANDARD  BASIS  OF  COSTS  AT 
THE    QUARRY. 

Cost      Cost 

per        per 

lln.  ft.  cu.  yd. 


ill  cutting 

.  lising  drill  

■i^oosening    chuck    (a). 

L  <»>>■ 

Removin,?  bit   

Bailing  hole    

Putting  bit  in  hole.... 
Inserting  bit  in  chuck. 
Tightening  chuck  (a) . 
(b). 
•netting  started   


de  totals    

-iiifting  drill    

^Miscellaneous  delaysi 


Total 


I'ations 

recorded  in 

minutes   and 

seconds.) 

Actual 

Con- 
sumed 
time  % 

No. 

Minimum. 

Average, 

Maximum. 

time. 

of  total 

of  obs. 

M.  S. 

M.  S. 

M.  S. 

M.  S. 

time. 

If 

5-40 

14-lS 

23-28 

22S-54 

51.1 

i."; 

0-0,'i 

l-0.'> 

1-59 

16-13 

3.6 

i 

0-02 

0-11 

0-45 

1-16 

0.3 

3 

1-06 

1-27 

1-46 

(4-20). 

12 

0-03 

0-32 

1-54 

6-26 

1.4 

11 

0-45 

1-23 

2-00 

•     15-10 

3.4 

12 

0-10 

0-22 

0-55 

4-20 

1.0 

lU 

0-10 

0-23 

0-40 

6-12 

1.4 

C 

0-05 

0-10 

0-20 

1-00 

0.2 

10 

0-38 

0-53 

1-20 

8-46 

2.0 

17 

0-00 
S-44 

1-01 
21-45 

6-23 
41-30 

17-13 

3.8 

305-30 

68.2 

4d 

35-32 

.i2-00 

60-00 

73-181- 

16.4 

U 

0-30 

6-17 

25-40 

69-05 

15.4 

447-53 

100.0 

Linear  feet  drilled,  31  ft.;  average  depth  of  holes,  22  ft.;  total  working  time.  7  hr..  27  min.. 
.  sec.  (a)  Sleeve  chuck,  (b)  Bolted  chuck,  (c)  This  flguro-  is  not  Included  in  "Cycle  Total."  for 
thi.s  operation  wa-s  performed  by  one  man  at  the  same  time  that  the  other  mnn  was  raisin;;  the 
'Irlll.  (d)  During  one  observation  a  nearby  derrick  .assisted  in  moving  the  drill,  saving  several 
Iminutes.  (e)  Inasmuch  as  a  shift  was  made  after  every  22-ft.  hole,  the  time  for  shifting  properly 
jchargeabfe  is  31/22  x  52  =  73  —  18.  Several  obstructions  were  taken  simultaneously  on  different 
drills  to  ascertain  a  fair  average  time  required  to  shift  before  deciding  upon  52  min.  as  the  av 
ierage. 


imarized    in    Bulletin.    American    Institute    of 

[Mining  Engineers,  for  February,  1914,  by  W. 

'L.    Saunders,   and    from   this   bulletin   we   ab- 

■ract  the   following  data: 

The  drills  observed  were  Temple-Ingersoll. 

Type   5-F.     The    depth   of   hole   that   can   be 

klrilled   without   change  of  bit   is  30  ins.,   but 

(during   observation   the     bits     were     usually 

Ichanged  after  about  25  ins.  had  been  drilled. 

'•"he    strokes    per    minute   were   about   400   at 

ill  speed. 

The    drills    were   operated    and    handled   by 

khe   drill   runner  and  one  helper  and   moving 

.vas  accomplished   by   hand.     The  method   of 

-mantling    is    al)out    the    same    as    witl>   the 

'iinary  tripod   drill   except   that  in  the  cas< 

the   electric-air   drills   there   is   the   added 

•  ight  of  the  mounted  motor  and  pulsator  lo 

moved. 

rhe  diameter  of  tlic  starting  bits  was  .'JM; 

■1   ins.  and  decreased   %  in.   for  each   suc- 

fding  length  of  steel  down  to  1%   ins.   for 

f    deepest    holes.     The    steels    varied    from 

ft.  6  ins.  to  28  ft.  8  ins.     The  steels  were 

tagonal    in    section,    from    IVi    to    Wi    ins.. 

ith    square   cross    bits.     The    shorter    stccl< 

crc    handled    by    one    man    and    the    longer 

bnes  by  the  driller  and  helper,  sometimes  with 

'^hc  aid  of  a  hook. 

Two  forms  of  chuck  were  observed,  one  a 

Itcd   chuck,   and   the   other   consisting  of   a 

;=Ueve  sliding  on   a  tapered  key  and   bearing 

Mircctly    on    the    drill    steel.     The     time     rc- 

■    lircd   to    insert    the   steel    in   the   rliiick   and 

tighten  the  rhuck  was  considcrablv  greater 

"  tiic  case  of  the  former  tvpc  than  in  that  of 

ilhc   sleeve   type,   as   noted   in   the   time   stiidv 

nade  at  the  quarry.     Roth  types  appeared  to 

equally  efficient. 

The  spacing  of  holes  at  the  quarrv  varied 
from  15  X  12  ft.  to  2f>  x  20  ft.  The  h.ilcs  were 
'ill  vertical  and  varied  in  depth  fmrn  10  to 
ICt  ft.  The  number  of  holes  shot  M  the 
'luarry  depended  upon  the  quantity  of  rork 
heeded  in  the  constru.-lion  work,  riener.-illy. 
;;he  metho<l  employed  for  cleaning  the  holes 
ivas  to  pour  water  into  them  anrl  bail  out 
'th  sand  pumps  when  changing  ••teels. 
The  sharpening  shod  at  the  quarry  was 
j>ituatcd  some  distanc-  from  many  of  the 
drills  in  operation,  Iicncc  there  were  oc- 
casional delays  in  rccoiving  sharpened  steels, 
luring   whicli    time   s.->mc   of   the   drills   were 


%  lb.  of  dynamite  per  cubic  yard  of  rock. 
Tlie  charge  was  set  off  by  means  of  electricity. 
The  blasting  gang  on  the  day  of  observation 
consisted  of  one  loader  and  two  tampers. 

The  oil  consumption  of  the  drills  was  about 
3  quarts  each  per  shift.  The  power  consump- 
tion was  from  30  to  40  kw.-hrs.  per  drill  per 
shift.     There  was  one  8-hour  shift  per  day. 

Table  I  gives  the  time  study  of  drills  at 
the  quarry. 

From  Table  I  it  appears  that  the  average 
cutting  speed  was  0.135  ft.  per  minute.  The 
ratio  of  cutting  time  to  total  time  was  0.511 


Rate. 

i;  drillers     S2.5C 

6  driller    helpers..  1.75 

1>4  blacksmith    ...  3.00 
Ihi  blacksmith 

helpers    1.75 

2  nippers    1.50 

2  mules    l.oO 

Total  labor 

(drilling)    

Coal.  500  lbs 3.50 

Oil,  3  qts.  per  drill  0.30 
Power.  35  kw-hr..  0.01 


Total   arilling 

cost    

Interest  and  depre- 
ciation, 2  per  cent 
per  month 

3  powdermen    2.00 

1.035  lbs.  dyna.mite  0.12 
25    exploders    0.03 

Total    


Amount. 
$  15.00 
10.50 

$  25.50 
4.50 

2.60 
3.00 
C.OO 

$  13.13 


$  38.63 
0.87 
1.35 
2.10 

t     4.32 


J  42.95 


12.75 


6.57 


19.32 


2.16 


21.48 


1.23 


0.64 


1.87 


0.21 


;.os 


7.70 

3.S5 

0.37 

»  50.65 

25.33 

2.45 

6.00 

124.20 

0.75 

$130.95 

65.47 

6.3: 

$181.60 

90.80 

S.77 

of   one   drill   doing  26.4   lin.    ft.   in   236   mins. 

10  sees,  six  drills  would  accomplish  about  .320 
ft.    per    day. 

During  observation,  the  spacing  of  holes  at 
the  dam  was  very  irregular.  The  drills  were 
at  work  on  the  cut-off  trench  on  the  up- 
stream side  of  the  dam.  The  wide  cut,  at  a 
rough  estimate,  appeared  to  be  nearly  20i' 
ft.  in  width,  but  the  cut-ofT  trench  was  only 
about  15  or  16  ft.  in  width  and  averaged  about 

11  ft.  deeper  than  the  main  cut.    The  spacing 
of   holes   was   very   close   and    the    blasting 


TABLP:  III.    -time  study  of  DRILLI.XG   rKKFOUMANCE  or  ELECTRIC-AIR  TRIPOD 

DRILLS  AT  TIIK   n.\M. 
Ob.servatlons   recorded    in   iiiliiiiles  ,iiid  s.  cimds. 

Consumed 
lime  per 
No.         Minimum       Avenigv         .Maximum        .\ctual  time     cent  of 
ofolis.  MS  MS  MS  MS  tntal  time 

Drill  cutting 12  6-23  11-35  21-24  1S9-00  58.9 

Raising    drill n  n-lO  0-51  2-00  9-22  4.0 

LoosenlriK    '-htick 12  O-OO.-i  ci-03  0-25  1-45  0.7 

Removing     bit i:;  fl-OOli  0-29  1-10  5-42  2.4 

Bailing    h.ile 10  1-43  1-36  -.'-42  16-01  6.S 

Putting  bit  In  hole in  0-lS  0-45  2-09  7-34  3.2 

Inserting  bit  In  chuck Id  0-0.".  0-25  0-55  4-08  1.7 

Tightening    chuck II  0-02  0-14  0-40  2-30  1.1 

netting   started in  0-02  0-i;i  0-45  2-08  0.9' 

Cycle    totals 8-43  16-17  32-10  188-10  79. 7.- 

.Shirting    drill 2  9-03  12-00  15-00  28-48  12. 2d 

Miscellaneous    delayu ■;  0-15  2-24  9-40  19-12  S.l 

Total    236-10  lOO.u 

Linear  feet  drilled.  26.4  ft.:  .nv.-rag.'  di-ptli  of  holes.  11  ft.;  totul  working  lime.  3  his.  .'lO  mIns. 
10  sees.  The  cutting  speed  w.is  0.190  fl.  per  minute;  ratio  of  cutting  time  to  total  time  was 
0.5S9;  ratio  of  Idlr  time  niiclii.ling  shifting  of  drillsl.  tn  r\<  le  tln.i>  was  0.2.'>5.  a  Chuck  loosened 
by  one  man  slmi.ltnnenuRly  with  raising  of  drill  l>v  other,  b  Bit  rrmoved  by  one  man  slmultane- 
ouslv  with  raising  of  drill  by  other,  c  The  peri|.ntag<-  of  "Cycle  Total"  Is  higher  In  this  case  than 
at  the  quarry,  due  mainly  to  the  fact  that  the  delivery  of  sharpened  steels  to  the  drillers  was  more 
jliompt.     d  For  the  same  reasons  as  given  In  the    note   und-^r   "Shifting  Drill"   in   the   quarry    lime 

26.4 

Hliidy.   till'   time   for  slilftlUT  iiropcrlv   chargeable    In  this  rase  is  ~-    12  —  28  —  48. 

11 


and  the  ratio  of  idle  tune  (including  tlie  tunc 
for  shifting  drills)  to  cycle  lime  was  0.467. 
Based  on  the  above  performance  at  the 
quarry,  the  costs  given  in  Table  11  per  linear 
foot  drilled  and  per  cubic  yard  loosened  have 
been  deduced.  One  drill  cut  31  ft.  in  417 
mins.  .Vi  sees. :  c(|uivalcnt  to  200  ft.  by  6  drills 
in  one  dav  of  .1  hours.  The  average  spacing 
of  the  holes  being  17.5  by  16  ft.,  the  corre- 
sponding cubic  vard.s  loosened  was 
200  X  17.5  X  16 

=  2,070    cu.    vd 

27 


cliargo  were  correspondingly  light  The 
outer  rows  of  holes  had  a  spacing  of  only 
6  ins.,  which  resulted  in  practically  smooth 
wall.s. 

The  total  drilling  cost  at  the  quarry  for 
six  drills  per  dav  was  $.50.65.  including  in- 
terest and  depreciation.  On  the  same  basis 
of   costs,   the   performance   at  the  pit   would 

$50.65 
be  at  the  rate  of  =15.8  cts.  per  linear 

320 
foot,  as  against  25.33  cts.  at  the  quarry.     Of 
course,  for  comparative  purposes,  the  blasting 
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costs  should  be  omitted,  inasmuch  as  the 
amount  of  powder  per  linear  foot  would  be 
much  lower  at  the  dam,  due  to  the  closer 
spacing  and  lighter  loading  of  the  holes. 

For  similar  reasons,  and  because  of  the  ir- 
regular spacing  at  the  pit,  there  would  be 
little  value  in  a  comparison  of  costs  per 
cubic  yard  excavated.  The  cost  per  linear 
foot  drilled  is  less  at  the  pit  than  at  the 
quarry  for  the  reasons  that  the  cutting  speed 
was  greater  and  the  ratio  of  cutting  time  to 
total   time  was  greater. 


kept  in  good  repair.  The  question  of  economy 
has  inspired  a  thorough  investigation  as  to  the 
saving   possible    from   a  complete   electrifying 

TABLE   III.— COST   OF    STEAM    POWER    FOR 

GREENRIDGE   MINE,    WITH    A    PRODUC- 
TION   OF    1,500    TONS    IN    8    HOURS. 

Item—  Cost. 

Three   firemen,   8   hours  each,   at  $2.62   per 

shift    $  7.86 

Two    extra    top    men    for    boiler,    coal   and 

looliing    after   pumps 4.48 

16  tons  of  boiler  coal  at  $1.05 16.80 

Repairs   to  boilers   and  machinery 3.34 

Repairs    to    electric    machinery 1.00 


A  Comparative  Cost  Study  of  Steam     Cylinder  oil,  waste,  etc 1.25 

'^  •'  Lubricating    oil 00 

and  Electric  Equipment  for  a  1,500- 


Ton  Coal  Mine. 

The  comparative  power  cost  study  given 
here  contains  figures  of  wider  interest  than 
the  special  case  considered.  They  are  from 
a  report  by  Ralph  D.  Brown,  chief  engineer 
of  the  O'Gara  Coal  Co.,  Harrisburg,  111.  The 
report  in  abstract  follows : 


.50 
6.84 


Repairs  to  buildings  and  conveyors. 
Interest  and  depreciation   (see  Table  I) . . 

Total     $42.57 

200  working   days  per  year  at  a   cost   of  $42.57 
is  a  total   cost  of  $8,514.00. 


of  the  plant  and  also  the  substitution  of  ma- 
chines for  pick  work.  The  plant  at  present  is 
a  going  concern.     The  territory  remaining  to 


TABLE  I.— COST  OF  PRESENT  STEAM  Pl^NT  AT   GREENRIDGE  MINE,   GREENRIDGE,    ILL. 


Item — 


One  pair  Litchfield  hoisting  engines.  20.\30,  8-in.  drum.. 

Four  Erie  boiler.  72  ins.  by  18  ft.,  125  hp 

Two  new  boilers  to  be  added  in  place  of  two  above 

One  Erie  generator,   19x20,  200  hp 

One  fan  engine  belt  connected,  10x12 

One  shaker  screen  engine,  10x20 

One   shop  engine,   8x12 

One  A.  C.  generator,  250  volts,  600  amp.,  150  kw 

Three  boiler  feed  pumps:  two  7x5x6,  one  9x554x10 

One  boiler  house 

Four  smoke  stacks,  60  ft.  high 

One   reservoir    
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$  2.500.00 

$    750.00 

5 

5 

$0,685 

6,500.00 

1,000.00 

10 

5 

3.109 

3,200.00 

5 

1.850.00 

750.00 

6 

5 

.559 

450.00 

125.00 

5 

5 

.128 

350.00 

100.00 

5 

R 

.095 

250.00 

75.00 

5 

5 

.068 

1,850.00 

SOO.OO 

6 

5 

.559 

800.00 

400.00 

5 

.218 

850.00 

50.00 

6 

.■> 

.256 

700.00 

20 

5 

.48 

5,000.00 

5 

.685 

a  complete  substitution  of  electricity  for  steam 
as  in  case  number  one  and  the  additional  sub- 
stitution of  electric  machines  for  the  present 
pick  mining  method. 

In  arriving  at  the  values  in  Table  I.  actual 
costs  have  been  taken  wherever  possible  and 
the  remaining  figures  taken  from  costs  of  simi- 
lar plants.  The  plant  as  taken  refers  to  pro- 
ducers  of   power   and    does   not   include   such 

TABLE    VI.— ESTIMATED    COST    OF    ELEC- 
TRIC   POWER  FOR   l.BOO-TON  MINE 
FOR    IDLE    DATS. 

Cost 

Hours'  per 

Unit  or  item—  duty.  KWH.  day. 

50-KW.   fan   motor,   25   pet.  load  24         300     $  4.50 

150  KW.  motor  generator  set 
for  haulage,  shop  motor, 
pumps,  lights  and  shaker 
screens,  25  pet.  load,  2  hours' 
duty    2  7d 

250-HP.  hoist  motor  with  mo- 
tor generator  set,  30  hoists 
of  3.000   tons   each 8  40 

Electric  repairs,  including  re- 
winding of   armatures,   etc 

Oil  and  miscellaneous  supplies.    .. 

Fixed  rental  for  power  at  $100 
per  month    

Fixed  charged  interest  and  de- 
preciation on  cost  of  electric 
machinery  minus  the  value 
of  the  salvage  of  the  steam 
plant     ,•■;■•    ■ ' 

Fixed  charges,  interest  and  de- 
preciation on  titeam  plant  to 
be  removed  3  iter  taking  out 
the  value  of  the  pond  and  • 
new  boilers  to  be  installed, 
with  interest  at  5  pet.  and 
depreciation    2    pet 


1.13 


O.60 


1.5C 
0.2t 


3.3< 


4.3i 


3.i; 


Total $21,600.00 


$.-..050.00 


$6.84 


The  Greenridge  mine  of  the  Middle  States 
Coal  Corporation  is  locatel  on  the  C.  &  A. 
and  C.  &  N.  W.  Rys.  at  Greenridge,  111.,  in 
the  central  coal  field  of  the  state.  The  present 
rated  capacity  is  near  1,500  tons  per  8-hour 
shift  and  this  is  a  fair  figure  for  future  de- 
velopment.    The  seam  being  mined  will  aver- 

TABLE     II.— ESTIMATED     COST     OF     ELEC- 
TRICAL FJQUIPMENT  FOR  1,500- 
TON   MINE.     . 


0)  45 


I  ^1 1  M 

Item — 
300   hp.    hoist   motor,    1    fly 

wheel  generator  set  with 

drum     control,     switches 

and    wiring    complete $14,000      5       5     $3,808 

150    kw.     motor    generator 

set  for  haulage,  etc.,  with 

switchboard    and    wiring 

complete    4,000      5      5       1.096 

One    fan    motor    with 

switches  and  auto,  start- 
er, 25  to  50  hp 950       6       5         .283 

One    10    to    20    hp.    screen 

motor  with  switches  and 

starter   complete 600       5       5        .164 

One  5  hp.  shop  motor  with 

wiring    complete 100       5       5         .027 

Two    10    hp.    pump    motors 

with    electric    pump   and 

wiring     750       7       5         .244 


Total  cost  per  idle  day .     •■     $18.71 

165  days  at  $18.75  gives  us  an  estimated  cos' 
of  electric  power  on  idle  days  of  $3,093_pe^^toy 

machinery  as  fans,  shaker,  screens,  under- 
ground motors,  and  other  items  which  woulc 
remain  in  operation  after  the  change. 

There  has  been  considerable  difficulty  at  thii 
mine  to  obtain  a  constant  supply  of  water  suit- 
able for  evaooration.  The  cost  of  this  iten 
has  been   from  $.5  to  $1-5  per  day  during  drj 

be  exhausted  at  the  present  capacity  will  last       periods  of   three  months^  duration.^^  In  o^lei 

15  to  18  years,  which  is  the  life  of  the  plant. 
Whatever   improvements    are    made   at    this 

time  are  a  deferred  charge  against  operation 

TABLE  IV.— COST  OF  STEAM  POWER  AT 
GREENRIDGE    MINE    ON    IDLE    DATS. 

Item—  Cost. 

1  fireman  at  8  hours,  at  $2.62  per  shift $  2.62 

Ten  tons  of  boiler  coal  at  $1.05 10.50 

Repairs  to  boilers  and  machinery 3.34 

Repairs  to  electrical  machinery 1.00 

Cylinder   oil    and    waste 0.25 

Lubricating    oil    0.25 

Repairs  to  buildings  and  conveyors 0.50 

Interest   and   depreciation 6.84 

(See    Table    No.    1.) 


Total     $25.30 

165   days  at  $25.30   gives  an    idle  day   cost  for 
the  year  of  $4,174.50. 

and  their  cost  must  be  amortized  at  the  end 
of  18  years.  It  is  evident  that  a  definite 
period  remains  in  which  the  proposed  installa- 
tion  must   show   a  profit  or    be    abandoned. 


to  assure  a  permanent  supply  a  value  of  $5,00( 
has  been  placed  on  ponds  of  ample  capacit) 
which  could  be  constructed  on  company  land 
This  value  includes  the  estimated  value  of  th< 
submerged  lands  as  well  as  the  labor  cost  c 
excavation  and  embankment.  The  averagt 
working  day  was  chosen  for  the  unit  of  com- 
parison and  all  tables  have  been  figured  oi 
this  basis,  unless  otherwise  stated.^  The  elec 
trie  power  required  to  produce  1,500  tons  ii 
eight  hours  is  simply  an  estimate  based  on  the 
re'sult  of  calculations  and  on  tests  made  a 
the  Jefferson  plant  of  the  Middle  States  t  oa 
Corporation  at  Springfield.  A  few  assump 
tions  were  necessary  but  are  based  on  gooi 
practice  AW  power  costs  were  then  figure( 
from  the  charge  of  1'/,  ct.  per  K.  W.  H.  am 
an  additional  fixed  flat  rate  of  $100  per  month 
Certain  premiums  and  deductions  from  thi 
price  were  to  be  allowed  to  be  computed  ii 
the  usual  manner  based  on  the  maximum  de  ^ 
mand.     We  have  considered  however   thai 


TABLE   v.— ESTIMATED   COST   OF    ELECTRIC    POWER     FOR     GREENRIDGE     MINE     WHEI 

PRODUCING     1,500    TONS     PER     DAT 
Hours' 


$5.62 


Total     $20,100 

NOTE— After  deducting  10  per  cent  on  $5,500, 
the  salvage  value  of  the  steam  plant,  we  have 
the  fixed  charge  on  the  electric  InstaFlatlon, 
$4.32. 

age  6  ft,  in  thickness  of  a  good  grade  of  steam 
coal.  The  hoisting  shaft  is  341  ft.  from  the 
ground  to  top  of  coal  and  the  total  hoist  to 
the  dumping  point  is  378  ft. 

At  present  all  coal  produced  is  by  hand,  no 
machines  being  employed.  Electric  motor 
haulage  has  been  installed  and  has  proved  a 
great  saving.  The  top  equipment  and  ma- 
chinery  is   adequate,   thoroughly   modern   and 


Item  or  unit — 

50-KW.   fan  motor,  25   pet.   load 

150-KW.  motor  generator  set  for  haulage,  shop  motor, 
pumps,  lights  end  shaker  screens,  65  pet.  load  for 
8   hours,   20   pet.  load  for  2  hours 

250-HP.  hoist  with  motor  generator  set  900  hoists,  5,000 
lbs.,  each  In  8  hours;  100  hoists,  3,000  lbs.,  each  in 
2^4    hours    

Repairs,   including  rewinding  of  armatures 

OH   and    miscellaneous    supplies 

Fixed  rental  for  power  at  $100  per  month 

Fixed  charges,  interest  and  depreciation,  on  cost  of 
electric  machinery,  minus  the  value  of  the  salvage 
of   the    steam    plant 

Fixed  charges  on  ste.nm  plant  to  be  removed,  t.aklng 
out  the  value  of  the  pond  and  new  boilers  to  be 
Installed,  with  Interest  at  5  pet.  and  depreciation 
2    pet 

Total  cost  per  day 


duty. 
24 


10 


1014 


KWH. 
300 


840 


1,100 


Cost 
per  day. 

$  4.50 


12.60 


Cost 
per  tor 

$0,003 


0.O08 


16.50 

O.OII 

1.75 

0.001 

1.25 

o.ooc 

3.34 

0.00! 

4.32 


3.12 


$47.38 


0.002 


0.001 
$0,031 


Two  hundred  days  at  $47.38  per  day  gives  the  total   cost  of  power   for   working  days   of  $9,471  i 


There  are  two  separate  propositions  to  be  con- 
sidered :  First,  a  complete  substitution  of 
electric  power  for  steam  as  a  prime  mover 
for  all  machinery,  with  operation  continuing 
on  the  pick  and  hand  mining  basis.     Second, 


balance  could  be  struck  and  that  the  fixe 
charge  and  a  rate  of  1;4  ct.  per  K.  W.  ir 
would  be  a  fair  value. 

Taxes  and  insurance  will  be  practically  th 
same   in   either   case   and   have    not   been   ir 
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luded  in  any  of  the  computed  charges.    Fixed 
|:harges   were   figured   considering   the  life  of 
he  plant  to  be  15  to  18  years  and  that  at  the 
I'nd  of  that  period  the  scrap  value  of  the  plant 
vould    simply   pay    for    its    removal    and    the 
Settlement  of  minor  charges  incidental  to  the 
Abandonment  of  the  property. 
■  I    Summing  up   the   results   shown   in   the  va- 
rious tables  we  find  that  the  saving  per  year 
I  In   favor  of   the  electric   installation   amounts 
,\o  only  $122.75.     This  small  profit  would  not 
[Ivarrant  a  change  for  purely  economical  rea- 
(Ons. 

l'  The  economic  value  of  the  mining  machine 
I  Is  beyond  question  in  certain  localities.  Its 
Ualue  in  this  particular  case  can  be  figured 
I  ijnly  as  a  saving  in  power.  Basing  an  esti- 
( 'iiate  on  previous  experience  we  consider  400 
I  -C.  W.   H.   a   fair   figure   for  the   power   con- 


sumed per  day  by  the  electric  cutting  ma- 
chines required  for  this  mine.  The  power 
cost  at  2.2  cts.  per  K.  W.  H.  (the  estimated 
present  cost)  would  amount  to  $8.80  per  day. 
The  power  cost  on  400  K.  W.  H.  at  the  rate 
of  1.5  cts.  per  K.  W.  H.  would  be  $6  per  day. 
The  total  saving  per  year  on  power  required 
for  mining  machines  using  a  200  working  day 
unit  would  be  $560.  This  is  a  very  small  item 
considering  the  capital  invested. 

CONCLUSION. 

There  are  many  small  delays  to  a  small 
steam  plant  which  can  hardly  be  figured  ex- 
actly and  yet  have  a  certain  economical  value. 
For  example,  many  claim  that  the  loss  of  time 
due  to  frequent  repairing  of  a  small  plant  can 
be  eliminated  by  purchasing  power  from  a  cen- 
tral station.     This  is  no  doubt  true,  but  when 


we  consider  that  one  of  many  expensive  arma- 
tures may  become  imfit  for  operation  and  also 
bear  in  mind  the  skill  and  time  necessary  to 
repair  one  of  these  units,  the  margin  of  differ- 
ence does  not  appear  so  great.  Again  others 
claim  that  any  amount  of  power  is  available 
when  necessary,  a  condition  impossible  with 
small  plants.  This  argument  will  not  hold 
in  the  case  of  Greenride  mine,  for  with  the 
present  method  of  mining  all  the  power  re- 
quired is  always  available. 

In  conclusion  it  may  be  said  that  unless  un- 
forsen  conditions  should  develop  the  present 
development  of  power  by  the  use  of  steam 
can  hardly  be  improved  upon,  economically, 
by  means  of  the  substitution  of  electricity 
from  a  central  power  station.  Certain  other 
benefits  may  accrue  from  such  a  change  but 
thev  are  not  worthv  of  consideration. 


Specifications  for  Plant  and  Material  to 

Sterilize  the  Buffalo  Water  Supply 

by    Hypochlorite   of   Lime   or 

Liquid  Chlorine  as  an 

Alternative. 

On   March   18  bids  will  be  received  by  the 
)epartmcnt  of  Public   Works  of   Buffalo,   N. 
L,   for    furnishing  and    installing   a  complete 
ilant  for  the  treatment  of  the  city  water  sup- 
ily   with    hypochlorite    of    lime,    similarly    for 
reatment    with    liquid    chlorine    and    also    for 
urnishing  the  hypochlorite  or  liquid  chlorine 
ecessary  for  the  treatment  of  the  water  from 
ate   of    installation    of   apparatus    to   Jan.    1, 
915.     The   use   of   hypochlorite    of    lime   or 
hlorine  gas  are  alternative  propositions  and 
lie    city    will    determine    which    it    considers 
jost  advantageous  for  its  use.     While  hypo-- 
hlorite   is   now  used   in   GOO  American   cities, 
iqtiid    chlorine    has    not    as    yet    been    widely 
dopted.     The  apolications  of  the  latter  form 
■'  -hlorine  have  been  so  successful,  however, 
the  use  of  the  liquified  gas  possesses  so 
.^iiy  advantages  that   it  is  very  likely  many 
,ities  which  are  not  at  present  sterilizing  their 
'.alcr   supplies,   or   that   now   have  only   tem- 
iry  plants,  will  desire  to  receive  alternate 
-   between  hypochlorite  of  lime  and   liquid 
lil'.rine  when   installing  new  plants  or  when 
■  l^l.icing   present    temporary    with    permanent 
nis.     This  view  of  the  matter  prompts  us 
•ive,    at    this    time,    the    substance   of    the 
■rtcations   under    which    the    bids   at    Buf- 
ivill  be  received.    These  specifications  first 
ribe  the  present  works   for  collecting  and 
eying   the    water    to   the   pumping   station 
then  state  what  the  city  will   furnish,  as 
'    as  what  the  bidder  must   furnish.     Such 
r  general  information  ns  a  bidder  would 
ire  are  given.     While  it  is  unnecessary  to 
It    out    that    conditions    vary,    the    Buffalo 
ifications  are  well  drawn  and  will  doubt- 
prove  helpful   in   a  general   way   to  other 
■  r    department    otlicials    who    conlimplale 
u  ing   bids   of    the   character   here   consid- 
.ul.     Many  of  the  facts  given  relative  to  the 
i!uffalo    supply    works    arc    interesting    aside 
rom   their    special    significance   in   connection 
ith  the  installation  of  a  sterilization  plant. 

DESCRimON    OF    INT.\KE 

Ihe   intake  pier   for   the   water   of  the  city 

f  liutTalo  is  situated  in  Lake  F.rie  at  the  head 

f  N'iagara  River.     It  is  circular  in   form,  120 

.  outside  diameter;  the  walls  are  2il  ft.  thick 

nd    lined    inside    and    out    with     Ij-in.    steel 

late.     This  leaves  an  interior  chiimbcr  70  ft. 

1    diameter    into    which     the     water     enters 

u'lugli    12  ports,  each  6x6   ft.,  controlled  by 

Mte   at   each   port.      In   the   center   of   this 

inlier   leading   to   the   tunnel    is  a   shaft    13 

in    diameter    con>tructe<l    of     Vi-in.    plate 

ve   the  bottom   of   the  chamber,   the   water 

li'i,'   -'2   ft.   in   depth.     The   water  enters  the 

lift   through  four  gates.     The  shaft  extends 

'   ft.  below  the  bottom  of  the  chamber  into 

le    tiuincl      This   part   of   the    shaft    is   built 


in  limestone  rock  and  is  lined  with  concrete. 
The  tunnel  is  12  ft.  in  diameter,  about  6,600 
ft.  in  length  to  the  shaft  on  the  main  land,  is 
built  through  limestone  and  is  lined  through- 
out with  concrete.  From  this  land  shaft  to 
the  new  pumping  station  (a  distance  of  about 
400  ft.)  the  water  flows  through  canals,  partly 
roofed  and  partly  open,  0  ft.  in  width,  28  ft. 
in  depth,  the  water  being  21  ft.  in  depth.  The 
canal  is  lined  with  concrete  and  is  connected 
to  the  suction  wells,  which  are  also  lined  with 
concrete.  From  the  shaft  on  the  main  land 
to  the  present  pumping  station  is  about  4,286 
ft.,  the  water  flowing  through  a  concrete-lined 
tunnel  9   ft.  in  diameter. 

The  intake  pier  has  a  concrete  floor  20  ft. 
in- width  and  about  200  ft.  in  length  surround- 
ing the  well  about  IS  ft.  above  mean  water 
level.  There  is  another  floor  about  25  ft. 
above  mean  water  level  about  the  same  di- 
mensions as  the  lower  floor.  Over  the  tun- 
nel shaft  will  be  an  iron  platform  octagonal 
in  shape  and  about  16  ft.  across. 

There  is  now  installed  in  the  intake  pier 
two  boilers  each  of  100  HP.  There  is  also 
a  10-KW.  generator  and  engine  for  lighting, 
also  cables  extending  through  the  tunnel  giv- 
ing telephone  connection  with  the  pumping 
station. 

The  water  in  Lake  Erie  is  disturbed  by 
windstorms,  so  that  from  60  to  90  days  each 
year  it  is  more  or  less  roily,  the  roil  being 
composed  of  fine  sand  and  clay.  The  remain- 
der of  the  year  it  is  reasonably  clear. 

The  quantity  of  water  used  daily  varies 
from  120  to  200  m.g.d.  The  plant  to  be  in- 
stalled must  be  of  size  to  treat  200,000,000 
gals,  in  24  hours  at  a  maximum  rate  of  1 
part  per  1,000,000  gals,  of  free  or  available 
chlorine,  and  to  be  readily  adjusted  to  reduce 
such  application  to  as  low  as  0.2  part  per 
l,(inO,ii<Mi  gals. 

BIIIDING     CONDITIONS. 

The  city  will  furnish  and  install  any  neces- 
sary steam  pipes  for  heating,  or  power  from 
boilers,  to  a  convenient  point  for  attachment 
to  apparatus.  The  city  will  also  furnish  the 
following :  Pumps  for  water  supply,  piping 
and  storage  tanks;  electric  power  or  wire  at 
a  convenient  point ;  apparatus  for  removal 
and  disposal  of  lime  sludge  from  convenient 
ilischarge;  ;md  all  necessary  housing  around 
apparatus. 

IM..\N.S    AND    DESCRIITIONS. 

F.acli  priiposal  for  apparatus  will  be  ac- 
companied by  plans  and  a  description  of  plant 
and  all  avail.ible  appliances. 

All  applications  of  chlorine  in  solution  must 
be  made  in  the  intake  shaft  at  least  40  ft. 
below  the  mean   water  level. 

All  parts  and  appliances  to  be  in  contact 
with  hydrateil  chlorine  nnisl  be  made  of  such 
material  or  manufacture  as  nut  to  be  cor- 
roded bv  such  snhition.  If  mechanical  parts 
cannot  all  nuet  this  condition  a  statement 
must  be  made  nf  such  and  the  probable  dura- 
tion and  cost  of  replacement,  and  the  construc- 
tion nnisf  lie  such  as  can  readily  be  replaced 
by  spare  parts. 


There  are  lead  covered  telephone  and  power 
cables  passing  through  the  tunnel  and  up  the 
shaft  and  it  is  desired  to  make  application  of 
chlorine  at  such  a  point  as  to  minimize  dan- 
ger to  these  cables. 

.A.11  controlling  appliances  for  controlling 
discharge  between  solution  tank  or  gas  con- 
tainer and  point  of  application  must  be  in 
duplicate  to  admit  ready  use  of  either  set  of 
appliances. 

The  control  of  the  apparatus  must  be  such 
as  to  allow  the  application  of  the  predeter- 
mined amount  of  free  or  available  chlorine 
at  a  certain  rate  per  hour  and  must  be  suffi- 
ciently automatic  to  continue  such  rate  of  ap- 
plication for  8  hours  without  more  than  10 
per  cent  of  variation  from  such  a  rate  or 
such  other  allowable  per  cent  or  variation  as 
the  bidder  may  guarantee.  All  rates  of  ap- 
plication shall  be  capable  of  independent 
check  by  weight  per  8-hour  period,  or  less. 

The  rate  of  application  will  be  controlled 
by  telephonic  advices  from  the  pumping  sta- 
tion as  to  rate  of  pumpage  and  under  advice 
of  the  health  department,  based  on  analysis 
before  and  after  treatment,  but  it  is  expected 
that  there  will  be  on  the  pier  at  all  times  a 
competent  person  to  make  minor  examinations 
and  supervise  apparatus. 

Owing  to  variety  of  apparatus  the  city  de- 
sires full  competition,  but  in  general  will  de- 
mand that  all  material  and  appliances  fur- 
nished hereunder  shall  be  of  the  most  suit- 
able material  and  the  best  quality  used  for 
such  purposes. 

DISINFECTING   MATERIALS. 

.MI  hypochlorite  of  lime  must  contain  at 
least  35  per  cent  of  available  chlorine.  Pay- 
ment will  be  made  in  accordance  with  the 
test  of  the  same,  the  price  paid  to  be  in- 
creased in  proportion  for  any  increase  in  per- 
centage and  reduced  in  double  proportion,  or 
entirely  rejected  for  any  decrease  in  percent- 
age as  the  deputy  water  commissioner  may 
direct.  The  hypochlorite  must  be  shipped  in 
suitable  tight  retainers,  the  bidder  to  state 
the  style  of  container  and  the  weight  of  the 
same. 

Chlorine  gas  must  be  shipped  in  suitable 
containers  and  shall  be  a  highly  purified  and 
especially  prepared  chlorine  for  use  as  a  steri- 
lizing agent.  It  must  be  anhydrous  and  free 
from  all  impurities.  The  bidder  must  state 
Ihe  capacity  of  the  container  in  which  it  will 
be  furnished.  All  containers  must  have  ar- 
rangement for  ready  connection  to  the  ap- 
paratus, and  each  container  must  be  plainly 
and  permanently  numbered  and  marked  with 
its  tare  weight. 

OPERATION. 

The  contractor  will  control  the  apparatus 
of  all  equipments  for  a  period  of  30  days  after 
installation  and  such  operation  must  be  to 
the  satisfaction  of  a  duly  appointed  repre- 
sentative of  the  city.  All  chlorite  or  chlorine 
gas  which  is  required  will  be  furnished  by 
the  city  provi<Ied  there  is  no  careless  waste 
in  its  use. 
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EXAMINATION    OF    WATER. 

On  Feb.  3.  1914,  the  water  was  in  about  its 
niaximuni  turbidity  and  a  test  was  made  as 
follows  ; 

Jr".  p.  m. 

Tin  blditv,    silica   scale....' 60 

Total   solids   211 

Oiganic  and  volatile  matter 19 

Mineral  solids   165 

.\  microscopic  examination  of  the  sediment 
from  this  sample  shows  the  presence  of  di- 
atoms, a  few  algca,  some  decomposed  vege- 
table tissues,  a  few  hydras  and  considerable 
line  clay.  A  small  amount  of  sand  is  also 
present. 

For  the  information  here  given  we  are  in- 
debted to  Mr.  Henry  L.  Lyon,  Deputy  Water 
Commissioner. 


mer  of  1913  the  units  were  hauled  to  the  work 
as  required. 

The  upper  rail  is  6  by  8  ins.  in  cross  sec- 
tion, reinforced  with  two  ->4-in-  rods,  while 
the  lower  rail  is  8  by  12  ins.  and  has  the  same 
reinforcing.  It  is  supported  at  the  middle  by 
a  concrete  post  poured  simultaneously  with 
it.  The  rails  rest  in  insets  in  the  post,  which 
are  lined  with  tarred  felt,  thus  providing  for 


were  placed.  The  back  form  consisted  of  a 
single  piece,  while  the  front  form  was  made 
of  two  pieces  in  order  to  allow  for  pointed 
iron  rods  forming  clusters  that  project  from 
the  top  rail.  These  clusters  consist  of  four 
J/2-in.  bent  rods  10  ins.  long,  and  one  J/i-in, 
straight  rod  8  ins.  long,  which  add  to  the  ap- 
pearance of  the  fence  rind  also  to  the  diffi- 
culty that  would  be  experienced  in  scaling  it. 
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Design    and    Construction    of   a    Rein- 
forced Concrete  Fence  for  Reservoir 
Protection    at    Allegheny    County 
Home,   Woodville,    Pa. 

The  Board  of  Directors  of  the  Poor  of  Alle- 
gheny County,  Pennsylvania,  recently  com- 
pleted a  concrete  lined  reservoir  for  the 
storage  of  water  for  the  institution  at  Wood- 
ville. It  was  thought  wise,  considering  the 
nature  of  the  institution  and  the  infirmities 
of  the  inmates,  to  construct  a  fence  around 
this  reservoir.  Accordingly  a  reinforced  con- 
crete fence  was  designed  for  this  purpose  by 
Mr,  J.  G.  Chalfant,  county  engineer,  to  whom 
we  arc  indebted  for  the  information  here 
given.  The  fence  is  551  ft.  long  and  S  ft.  high. 
It  consists  of  34  panels  of  It)  ft.  each  and 
has  one  ti  ft.  reinforced  concrete  .gate.  .\ 
view  of  a  portion  of  the  completed  fence  is 
shown  in  Fig.  1. 

The  posts  are  12  ins.  square  and  13  ft.  C 
ins.  long,  the  lower  2'/i  ft.  being  reduced  in 
section  to  G  ins.  square.  They  are  reinforced 
with  four  ■>4-in.  rods  placed  one  in  each  corner 
and  extending  from  the  top  of  the  post  to  the 
bottom  of  the  6-in.  x  li-in,  section,  and  four 
}^-in.  rods  extending  from  the  main  body  of 
the  post  into  the  6-in,  x  (5-in.  portion  to  in- 
sure against  breakage  in  handling.  The  panel 
palings  are  3^  ins,  x  5  ins.,  reinforced  with 
two  ^-in.  rods.  These  rods  are  pointed  tin 
the  upper  end  and  are  allowed  to  project  above 
the  top  of  the  concrete.  The  posts  and  palings 
were  built  during  the  winter  in  a  shop  where 
heat  was  available.  The  mixture  used  was 
one  part  Universal   Portland  cement  and  two 


.-■Cor  cref^e  placed 
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Fig,  2.    Detail   of   16  ft.   Section   of    Reinforced   Concrete   Fence   at  Woodville,   Pa. 


expansion  and  contraction  and  for  any  slight 
settlement  that  might  occur.  Each  panel  con- 
sists of  19  palings  spaced  o^4  ins,  in  the  clear. 
The  detail  of  a  Ifi-ft.  panel  is  shown  in  Fig,  2, 
In  the  construction  of  the  fence  the  follow- 
ing method  of  procedure  was  found  to  be  the 
most  satisfactory.  The  work  was  carefully 
staked  out  and  holes  were  dug  for  the  posts 
.'ind  the  intermediate  supports.  The  posts  were 
set  to  line  and  grade,  their  tops  being  10  ft. 
above  the  ground  level.  Concrete  was  poured 
around  the  posts,  encasing  the  li-in,  by  6-in. 
portion  and  securing  the  projecting  ends  of 
the  -l^-in,  reinforcing  rods.  Two  3  by  12-in. 
planks  were  clamped  to  the  posts  to  support 
the  palitigs  and  for  a  form  for  the  upper  rail. 
The  palings  were  then  placed,  being  supported 
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Fig.     1, 


View    of     Reinforced     Concrete    Fence    for    Water    Supply    Reservoir    Protec- 
tion  at  Allegheny   County    Home,   Woodville,    Pa, 


parts  Ligonicr  stone  screenings  passing  a  ^i-in, 
screen.  As  soon  as  the  concrete  was  suffi- 
ciently hard  to  allow  the  forms  to  be  removed 
the  surface  was  finished  by  rubbing  with  a 
block  of  wood.     During  the  spring  and  sum- 


by  short  2x4-in,  pieces  clamped  to  them  and 
resting  on  the  plank.  Two  longitudinal  2x4's 
were  then  placed  and  on  top  of  these  were 
placed  the  half  rounds  that  formed  the  lower 
fillet  In  the  top  rail.     On  these  the  rail  forms 


The  reinforcement  was  then  placed  and  the 
whole  made  ready  for  concreting.  Concrete 
was  mi.xed  in  the  proportion  of  one  part  Uni- 
versal cement  and  two  parts  Ligonier  stone 
screenings  passing  a  J-i-'"-  screen.  The  rails 
were  rubbed  in  the  same  manner  as  were  the 
posts  and  palings.  Upon  completion  of  the 
fence  the  entire  surface  was  rubbed  with  a 
carborundum  brick  and  water.  This  finish 
gives  a  uniform  surface  without  danger  of 
subsequent  hair  cracking. 

The  gate,  which  is  of  reinforced  concrete, 
was  poured  in  a  form  under  a  shed  and  was 
swung  into  place  with  a  derrick.  It  is  of  the 
same  design  as  the  fence,  thoroughly  rein- 
forced with  steel  against  sagging.  The  detail 
of  the  gate  is  shown  in  Fig.  3.  Two  1-in. 
round  rods  secured  in  the  gate  post  terminate 
in  eyes.  Two  similar  rods  run  through  each 
rail  of  the  gate  and  a  bolt  is  dropped  through 
the  eyes  upon  which  tlie  gate  swings.  .'Xn  iron 
wheel  has  been  placed  at  the  free  end  of  the 
gate  which  rolls  on  a  concrete  slab,  thereby 
relieving  the  post  and  gate  of  a  portion  of  the 
strain  resulting  from  the  weight  of  the  gate. 

The  cost  of  the  fence  is  given  below.  The 
only  skilled  labor  required  was  that  of  two 
first-class  mechanics,  a  carpenter  and  a  cement 
finisher,  who  were  employed  on  the  work.  All 
common  labor  was  performed  by  the  inmates 
of  the  institution.  The  actual  cost  of  this 
fence  complete  was  $3.20  per  linear  foot. 

An  estimate  based  on  the  experience  gained 
in  this  work,  and  assuming  labor  at  $2  per 
day  and  m.Tterial  at  the  same  price  as  at 
present,  would  indicate  that  assuming  ."lOO  ft, 
or  more  of  the  fence  were  built,  that  the  cost 
would  be  about  $4,07  per  linear  foot  of  fence, 
as   follows : 

Estimate  of  cost  or  1  panel  16  ft,  long,  includifi*! 
1  post. 

Concrete  materials    $  7,20 

Steel   7.r» 

Two  men.  2  days  at  $5 20. Oi 

Six  men,  2  days  at  ?2 24.0'i 

J58.76 

Per 

lln.  ft. 

$r.s.7fi 

= J3.6T 

16 
All  form.s  rompletr,  $200,00 

=  .     .41 

600 

Total  estlmalfcd  cost  per  foot $1."" 

The  figures  of  actual  cost  given  appear  rela- 
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lively  high  as  compared  with  the  estimated 
cost  of  the  work  if  done  entirely  by  paid  labor. 
This  is  due  to  the  inefficient  labor  of  the  in- 
'niate?  which  can.scd  the  time  of  the  two 
skilled  laborers  to  become  a  much  greater  item 
than  would  have  been  the  case  had  the  fence 
been  built  entirely  by  paid  labor  under  compe- 
tent   supervision. 

CONSTRUCTION    NOTES. 

Forms. — Only  one  post  form  was  required. 
[Ten  paling  forms  were  used,  making  one-half 
,of   one   set   of   palings   at   one     time.     These 
■  small    paling   fortiis    could    be    used     at    least 
twice  in  one  day,  making  with  one  post  a  com- 
plete section  of   fence   16   ft.   long.     .\ll  posts 
land  palings  were  cast  in  a  shop  at  some  dis- 
tance from  the  point  of  erection  and  the  work 
was  done  during  flie  winter.    Upon  assembling 
: these  pieces  at  the  reservoir  in  the  spring,  the 
posts  were  first  set  to  correct  line  and  grade. 
-Ml   alternate   16-ft.   panels   were  left  open  at 
first  and  built  in  after  the  forms  for  the  com- 
pleted  panels   were   removed.     Two   complete 
sets  of  forms  were  required  for  the  top  and 
bottom  rails  and  intermediate  supports.     This 
enabled  one  section  of  16  ft.  to  be  completed 
and  another  section  to  be  set  up  and  ready  for 
concreting  each  day. 

Protection  Against  Too  Rapid  Drying. — The 
most  important  precaution  to  take  in  work 
of  this  kind  is  for  the  proper  protection  of  the 
fence  from  the  direct  rays  of  the  sun,  both  at 
the  time  of  placing  the  concrete  and  after- 
wards while  the  concrete  is  drying  out.  For 
this  purpose  a  light  cloth  screen  set  above  the 
posts  to  keep  off  the  sun  was  used  during  con- 
creting. As  soon  as  possible  after  placing  the 
concrete  in  the  top  and  bottom  rail  forms, 
they  were  covered  with  wet  gunny  sacks  and, 
pftcr  removal  of  forms  on  the  following  day 
these  sacks  were  kept  on  and  thoroughly  wet 
with  a  hose  several  times  a  day.  This  was 
continued  for  a  week.  The  only  trouble  e.\- 
perienced  was  that  in  a  few  instances  proper 
care  was  not  used  in  protecting  new  work 
from  the  sun.  This  resulted  in  hair  cracks 
showing  up  which  were  afterwards  with  diffi- 
culty removed  by  rubbing.  Too  much  em- 
phasis cannot  be  laid  on  *his  feature  in  cx- 
noKil  concrete  work  of  this  kind 


Appointment  of  an  Engineer  as  Master 
in  Chancery  to  Adjust  Dispute  Be- 
tween City  and  Water  Company 
at  Little  Rock,  Ark. 

The  citv  of  Little  Rock  brought  suit  in  the 
Pulaski  Chancery  Court  last  October  against 
the  Arkansas  Water  Co.,  asking  for  the  ap- 
pointment of  a  receiver  on  account  of  the  un- 
satisfactory  condition   of   the   water   supply. 

The  court  appointed  I'.dward  Flad,  hydraulic 
engineer,  St.  Louis,  Special  Master  in  Chan- 
cery, to  investigate  and  report,  with  power 
to  administer  oaths,  to  examine  witnesses  and 
to  require  the  production  of  all  documents, 
books  and  papers  in  the  possession  af  cither 
party   bearing   lipon    the   issues. 

With  the  consent  of  both  parties  the  Master 
m.iili-  a  personal  invc'-tigation  and  study  of 
the  situation.  .Surveys  were  made  under  his 
direction,  aiul  all  available  sources  of  supply 
were  considered.  The  .scope  of  his  investiga- 
tions and  the  nature  of  hts  findings  arc  here 
indicated. 

Shallow  wells  were  considered  as  one  of 
the  possible  sources  of  additional  water  sup- 
ply The  water  furnished  by  the  shallow  wells 
in  the  vicinity  of  Little  Rock  is  generally 
fairly  well  suited  for  domestic  and  manufac- 
turing purposes,  but  some  of  the  wells  de- 
liver hard  water  containing  notin-  ilde  quanti- 
ties of  iron  in  solution.  ,\  shIIk nut  supply 
from  shallow  wells  could  be  rlcMJopcd  only 
by  the  expenditure  of  large  sums  of  money 
and,  at  best,  tlicre  would  always  be  coltiider- 
able  doubt  as  to  the  quality  of  the  water  and 
the  permanency  of  the  supply. 

Deep  wells  were  also  given  some  consider- 
ation as  a  source  of  supply.  The  cost  of  such 
a  supply  could  be  dctcrmincH  only  after  a 
series  of  tests  on  wells  to  br  sunk  for  that 
purpose.  Such  ati  investigation  would  have 
cost   from   S10,00n   to   $15,000      While   it   was 


considered  probable  that  a  sufficient  supply 
could  be  developed  from  deep  wells  within  a 
reasonable  distance  of  the  city,  such  a  supply 
would  always  be  more  or  less  uncertain  both 
as  to  permanency  and  quality.  Since  other 
available  sources  were  free  from  these  objec- 
tions deep  wells  were  not  further  considered. 
In  his  investigation  of  sites  for  the  construc- 
tion of  impounding  reservoirs  Mr.  Flad  ex- 
amined si.\  locations  and  estimated  the  cost  of 
obtaining  the  additional  water  supply  there- 
from. Taking  into  consideration  the  contract 
between  the  city  and  the  water  company  and 
the  cost  of   developing  an   impounded   supply 


water  free  from  objectionable  quantities  of 
chlorine.  These  changes  in  plant  as  recom- 
mended by  Mr.  Flad  and  as  agreed  upon  by 
the  parties  to  the  suit  are  as  follows:  (a)  A 
dam  and  selective  reservoir  to  be  constructed 
at  a  point  about  five  miles  west  of  the  present 
pumping  station.  The  capacitv  of  this  reser- 
voir to  be  approximately  300,000.000  gals,  (b) 
A  pipe  line  of  14,000,000  gals,  daily  capacity 
from  the  reservoir  to  the  pumping  station, 
(c)  .^n  additional  settling  reservoir  of  a  ca- 
pacity of  not  less  than  2..")00,000  gals,  (d) 
.Additional  filters  of  a  capacity  of  not  less  than 
4,0w,000  gals,  per  day. 
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Fig.  3.    Detail   of  Gate  and   Citepottt  of    Reinforced  Concrete   Fence  at   Woodville.   Pa. 


it  was  con.sidered  uiirca.M>nable  to  require  the 
.Arkansas  Water  Co.  to  develop  such  an  im- 
pounileil  supply  except  under  an  agrermcni 
providing  for  a  readjustment  of  the  terms  of 
the  franchise  so  that  a  reasonable  return 
might  br  r\|)rcted  on  the  additional  invcstmeitt 
involvetl  in  excess  of  the  .  w,,  ,,,l,iiircs  re- 
quired to  flevelop  a  proper  '  supply 
from  ihe  Arkansas  River,  ^e  now 
utilized. 

Mr.  Flad  reported  that  a  satisfaciorv  sup- 
ply of  water  can  be  oblaineil  (tiim  the  Arkan- 
•,-lt   River   provided   setlliiit?   baMiis    ,ind   filters 
■  ""  '      '      ,■    '    ;irc>. 

•rd 

••I      .1       -    iin       ■  M •       '■  ■'        .-.     |..i"illK 

the  river  ai  iiiiirs  of  excc^'-ivr  turbidity  it 
chlorine.  <  iriain  additions  to  and  alterations 
in  Ihe  presnil  plant  of  the  Arkansas  Water 
Co.  will  enable  the  company  to  provide  a  sat- 
isfactory supply  of  clear,  pure  and  wholesome 


The  ilale  ol  the  construction  of  the  various 
additions  to  the  present  system,  as  al>ove  out- 
lined, will  depend  upon  the  rate  of  increase  of 
water  consumption  and  upon  the  results  at- 
tained by  the  water  company  in  <M)taining  clear 
water  free  from  excc-sivr  amonnis  of  turbid- 
ity and  chlorine.  The  fimlings  further  provide 
that  the  water  company  shall  have  the  option 
of  constructing  at  this  lime  a  selective  reser- 
voir at  ihc  new  site  with  a  capacitv  of  150,- 
1)00.000  gals,  instead  of  .S00,000,000  gals  upon 
condition  that  the  <lam  be  so  constructed  as  to 
readilv  permit  of  enlargement  to  increase  the 
storage  •  .^IK  1,000.000  gals.     The  res- 

ervoir   1  I    must    begin    within    three 

month*   .••■ ..;hcr  with  the  pipe  line  con- 

slrucljon,  must  be  completed  by  the  middle  of 
lOIfi.  Half  of  the  additional  filters  must  be 
in  service  by  lOlfl  and  the  other  half  four 
years  later.  The  new  settling  basin  must  be 
completed  by  l!)27.    These  dates  arc  contingent 
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upon  the  furnishing  of  pure  and  wholesome 
water  in  the  meantime,  otherwise  the  proposed 
works  must  be  constructed  when  such  water 
can  no  longer  be  furnished  without  them.  Not 
over  400  p.  p.  m.  of  chlorine  will  be  allowed. 
Mr.  Flad  will  pass  upon  all  plans  for  the 
works  here  outlined.  The  new  works  will  cost 
about  half  a  million  dollars.  The  cost  of  the 
report  here  under  consideration  was  shared 
equally  by  the  city  and  the  water  company. 

The  "selective"  reservoir  will  probably  be 
the  first  of  the  kind  to  be  constructed  in  this 
country.  This  reservoir,  as  stated,  will  be 
formed  by  placing  a  dam  across  a  ravine  and 
will  be  tilled  with  rain  water  frorn  a  catch- 
ment area  of  about  2;X  squares  miles.  Pro- 
vision will  also  be  made  to  pump  river  water 
into  the  reservoir,  if  required,  at  times  when 
the  river  water  is  of  satisfactory  quality. 

At  certain  periods  of  the  year  the  Arkansas 
River  contains  noticeable  and  objectionable 
quantities  of  salt  and  at  other  periods  its  tur- 
bidity is  such  as  to  prevent  its  ready  clarifi- 
cation. Both  of  these  objectionable  features 
are  introduced  by  a  tributary,  the  flow  of 
which  is,  at  times,  a  considerable  part  of  the 
flow  of  the  river.  The  object  of  the  selective 
reservoir  is  to  furnish  an  available  supply  of 
pure  water  during  these  periods  of  excessive 
salt  or  suspended  matter,  the  supply  ordinarily 
being  taken  from  the  Arkansas  River,  which. 
excepting  during  the  periods  referred  to,  fur- 
nishes a  very  satisfactory  water  after  being 
settled  and  filtered. 

On  Feb.  11  the  tentative  findings  of  the 
Master,  as  above  outlined,  were  submitted  at 
an  informal  meeting,  with  the  statement  that 
if  the  tentative  findings  were  not  acceptable 
to  both  parties  the  Master  would  proceed  to 
hold  formal  sessions,  and  examine  witnesses 
under  oath,  the  final  findings  to  be  based  on 
the  evidence  so  submitted. 

Both  parties  to  the  case  accepted  the  tenta- 
tive findings,  and  the  Court,  being  notified  to 
that  effect,  issued  a  decree  in  accordance  there- 
with  on   Feb.   13. 

The  appointment  of  an  engineer,  with  tech- 
nical training  and  experience,  as  Master  in 
this  case,  resulted  in  a  speedy  settlement  ac- 
ceptable to  both  parties  and  with  a  minimum 
of  costs.  The  action  of  the  Court  in  appoint- 
ing an  engineer  as  Special  Master  with  power 
to  investigate  and  report,  was  somewhat  un- 
usual ;  the  general  practice  in  such  cases  be- 
ing to  appoint  a  lawyer  with  little  or  no 
knowledge  of  the  technical  questions  involved. 
The  results  in  this  case  would  seem  to  jus- 
tify the  action  of  the  Court  in  departing  from 
established  custom  in  this  respect. 


The  Use  of  Hypochlorite  of  Lime  for 
Disinfecting    Public    Water    Sup- 
plies Now  Firmly  Established 
as  Good  Practice. 

The  adoption  of  hypochlorite  of  lime  for 
disinfecting  public  water  supplies  has  spread 
very  rapidly  since  its  introduction  at  the  Bub- 
bly Creek  filter  plant  in  Chicago  in  1908. 
There  must  be,  .Tt  this  time,  fully  600  cities 
in  this  country  which  use  hypochlorite  for  the 
purpose  here  under  consideration.  The  use 
and  misuse  of  this  germicide  and  some  of  the 
statistical  evidences  of  its  successful  applica- 
tion in  various  cities  were  discussed  by  Mr. 
C.  A.  Jennings,  superintendent  of  filtration 
at  the  Union  Stock  Yards,  Chicago,  in  a  re- 
cent paper  before  the  Illinois  Water  Supply 
Association,  from  which  the  information  here 
given   is  taken. 

Wherever  a  proper  survey  was  made  and 
it  was  decided  by  capable  authorities  that 
hypochlorite  treatment  was  needed  and  the 
chemical  was  properly  applied  thereafter,  good 
results  have  followed.  The  writer  knows  of 
no  city  following  this  procedure  that  has  found 
it  necessary  to  discontinue  the  use  of  this 
treatment.  It  is  true  that  in  some  cities  hy- 
pochlorite treatment  has  come  into  bad  re- 
pute with  the  water  consumers  because  of  a 
taste  in  the  treated  water  at  times.  In  the 
experience  of  the  writer,  such  cases  are 
always  due  to  either  a  poorly  designed  plant, 
improper  application,  cxpcrtiup   n   removal  of 


bacteria  beyond  what  was  practical,  or  to  the 
fact  that  hypochlorite  treatment  was  not 
adapted  to  remedy  the  particular  water  trou- 
bles. 

Hypochlorite  has  its  sphere  of  usefulness 
and  beyond  that  it  is  practically  useless.  It  is 
to  be  used  primarily  to  eliminate  from  a  water 
supply  the  disease  producing  organisms  of  in- 
testinal origin,  such  as  typhoid  fever,  para- 
typhoid, dysentery,  etc.  The  efficiency  of  the 
treatment  will  vary  inversely  with  the  turbid- 
ity of  the  water.     Hypochlorite  is  now  used 


fection  and  five  years  following  its  introduc- 
tion. Obviously  the  latter  figure  is  limited  be- 
cause hypochlorite  was  not  introduced  until 
1908.  Typhoid  death  rates  for  several  cities 
are  given  in  Table  I,  and  Table  II  shows  the 
comparative  death  rates  from  this  disease  be- 
fore and  after  the  introduction  of  hypochlo- 
rite. 

Table  II  shows  that  for  the  11  years  pre- 
vious to  the  use  of  hypochlorite,  Baltimore 
had  a  typhoid  fever  death  rate  of  35.2.  Elim- 
inating   the    year    1911,    during    the    last    six 


TABLE  I.— TYPHOID  FEVER  DEATH    RATES   IN  EIGHT  AMERICAN  CITIES, 

Name   of  City.                              l9il0-05.  1906.       1907.       1908.       1909.  1910.        1911.       1912. 

Baltimore,    Md 36  34            41            31            23  42            26            22 

Clevelland,    Ohio 51  20            19            13            12  19            14              6 

Pes   Moines,    Iowa •18.4         16.7        31.3        19.5        18  32.6        19  9.7 

Erie,   Pa 28  47             78             61             29  39           197.0           8.7 

Evanston,    111 21             32             28  23  27             16 

Jersey   City,  N.    J 19  21.4         14.8         10               9  11.6           8               7.8 

Kan.sas   Cltv,    Mo 4S  38            40            35            23  43            24            12 

Omaha,     Nebr 20  28             24             22             31  89             17             12 

•The  figures  18.4  for  Des  Moines  is  the  rate  for  1905  and  not  the  average  for  the  period 
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in  conjunction  with  rapid  sand  filters,  slow 
sand  filters,  coagulation  and  sedimentation, 
plain  sedimentation,  impounding  reservoirs, 
well  water  and  alone. 

With  the  layman  of  today  so  widely  awak- 
ened to  matters  pertaining  to  health,  more 
and  more  thought  is  being  given  by  him  to  the 
purity  of  his  drinking  water.  He  is  begin- 
ning to  realize  that  the  physical  properties  of 
a  water  do  not  necessarily  denote  the  health- 
giving  properties. 

It  is  acknowledged  that  hypochlorite  treat- 
ment is  not  a  substitute  for  filtration,  but  there 
are  some  water  supplies  that  do  not  need  fil- 
tration because  of  their  physical  condition. 
Within  the  past  two  months  Dr.  Rudolph  Her- 
ing  of  New  York,  reporting  on  the  Buffalo 
water  supply,  said :  "It  is  my  opinion  that 
sterilization  by  either  method  (hypochlorite  of 
lime  or  liquid  chlorine  gas)  will  safeguard  the 
public  health  at  a  very  much  lower  cost  than 
the  adoption  of  filtration  at  this  time.  As 
soon  as  the  city  is  prepared  to  pay  the  cost 
of  giving  the  water  at  all  times  an  excellent 
appearance,  filtration  is  the  system  to  be  adopt- 
ed." It  is  often  a  question  of  whether  the  re- 
sults accomplished  by  filtration  of  a  given 
water  supply  are  worth  the  expenditure,  pro- 
vided, of  course,  that  the  water  as  furnished 
the  consumers  is  free  from  pathogenic  organ- 
isms. Many  lake  cities  are  situated  similarly 
to  Buffalo,  as  regards  water  supply,  Erie,  Pa,, 
and  Evanston,  111,,  are  now  completing  the  in- 
stallation of  rapid  sand  filters,  Cleveland, 
O.,  has  broken  ground  for  the  first  of  two  fil- 
tration plants.  Filtration  has  been  recom- 
mended for  the  water  supply  of  Chicago.  All 
nf  these  cities  have  been  using  hypochlorite 
treatment  for  two  years  or  more,  producing  a 
water  that  is  bacteriologically  safe  and  each 
city  has  reduced  its  typhoid  fever,  death  rate 
very  appreciably, 

Ilypochlorite  treatment  is  now  firmly  es- 
tablished because  it  has  accomplished  what 
its  conservative  advocates  originally  claimed 
for  it.     Its  selective  action   for  the  germs  of 


months  of  which  hypochlorite  was  used,  the 
death  rate  was  reduced  to  an  average  of  22.8 
for  the  years  1912  and  1913  while  using  hypo- 
chlorite, a  reduction  of  35  per  cent,  Baltimore 
uses  chemical  coagulation  and  sedimentation 
and  hypochlorite,  A  rapid  sand  filter  plant  is 
being  installed  at  this  time. 

The  average  typhoid  death  rate  in  Cleve- 
land, O,,  for  the  11  years  previous  to  the  in- 
troduction of  hypochlorite  in  September.  1911, 
was  35.5  as  shown.  The  average  for  1912  and 
1913  while  using  hypochlorite,  was  10,  a  re- 
duction of  73  per  cent,  Cleveland  uses  no 
other  treatment  than  disinfection  at  this  time. 

At  Des  Moines,  la.,  the  water  supply  is  col- 
lected in  filter  galleries  under  the  old  bed  of 
the  river.  Hypochlorite  treatment  was  begun 
in  December,  1910,  during  a  typhoid  epidemic. 
Table  II  shows  that  the  average  typhoid  death 
rate  for  the  years  1905-1910,  inclusive,  was 
22.7  and  for  the  three  years  while  using  this 
process  it  was  18.4  per  100,000,  a  reduction 
of  41  per  cent. 

During  the  winter  of  1910-1911,  Erie,  Pa., 
experienced  a  typhliid  epidemic  of  a  very  se- 
vere form.  The  death  rate  from  this  disease 
was  197  per  100,000  for  the  year  1911.  Hy- 
pochlorite treatment  was  be,gun  in  March,  1911, 
Table  II  shows  the  effect  that  this  treatment 
has  had  in  reducing  typhoid  fever.  The  aver- 
age typhoid  death  rate  for  the  11  years,  1900- 
I9l0.'inclu.sive,  was  38.4  and  for  1912  and  1913, 
while  treating  the  water  supply,  it  averaged 
13,5,  a  reduction  of  65  per  cent. 

Evanston.  111.,  is  another  city  on  the  Great 
Lakes  that  suffered  a  typhoid  fever  epidemic 
in  1911.  but  it  was  prevented  from  assuming 
large  proportions  by  the  introduction  of  hy- 
pochlorite in  December,  1911.  An  average 
typhoid  death  rate  of  26  per  100,000  for  the 
years  1907-1911,  inclusive,  dropped  to  14,5  as 
the  average  for  1912  and  1913,  a  reduction  of 
44  per  cent. 

Jersey  City,  N.  J,,  was  the  first  city  to  adopt 
hypochlorite  treatment  for  a  municipal  water 
supply,   which   was  in   September,   1908.     The 


TABLE  II.— AVERAGE   TYPHOID  FEVER   DEATH  RATES  BEP'ORE  AND  AFTER  INTRODUC- 
TION   OF   HYPi^CHLORITE    TREATMENT. 

Bcpran  hypo.  Before  hypo.  After  hypo. 

Baltimore    Md     I"ne,  WU  1900-1610     35.2  1912-13     22.8 

C  eveland    Ohio  Sept,  1911  1900-1910     35.5  1912-13     10 

Des  Moines    lowi  ...    Dec..  1910  1905-1910     22.7  1911-lH     13.4 

FrIP     Pa  .    Mar.,  Ifll  1900-1910     38.4  1912-13     13,3 

Evanston     111 '.\:'.'.'.'.'.'. nee.  1911  1907-1911     26  1912-13     14,5 

TeVlev   Cltv    N     J  ..      «ept  .  1908  1900-1907     18.7  1909-13       9.3 

Kansas  ritv    Mo.. ...    .Tan,.  1911  1900-1910     42.5  1911-13     20 

Omaha.  N^br.    ::;;::::.:::..... May,  1910 1900-1909  22.5 19H-13  u.« 

water-borne  diseases  has  been  proven  by  bac-  water  is  stored  in  an  impounding  reservoir, 
teriological  analyses  over  a  period  of  almost  and  then  treated  with  hypochlorite.  The  .iver- 
six  years  and  by  typhoid  fever  statistics  dur-  age  typhoid  death  rate  for  the  years  1900- 
ing  "the  same  period.  The  writer  has  collected  1907,  inclusive,  was  18.7  per  100.000.  The  av- 
tvphoid  fever  death  rales  from  a  number  of  cragc  death  rate  since  the  introduction  of 
cities  and  selected  a  few  as  being  representa-  hypochlorite  for  the  years  1909-1913,  inclusive, 
tivc.  The  water  supplies  used  include  lake  has  been  9..34,  which  is  a  reduction  of  50  per 
water     with     only     hypochlorite,    very    turbid       cent, 

river    water    with    coagulation,    sedimentation  Kansas    City   had    a    typhoid    death    rate   of 

and  disinfection,  impoimding  reservoirs  with  13  per  lOfl.OOO  during  1910,  Hypochlorite 
hypnchlorilc,  plain  sedimentation  and  hvpo-  treatment  was  begun  in  January,  1911,  The 
chlorite  and  rapid  sand  filtration  with  disin-  average  typhoid  death  rate  for  the  years  1909- 
fection  The  statistics  cover  a  maximum  1910,  inclusive,  was  42,5  per  100,000,  Durmg 
period    of    eleven    years     previous     to     disin-       1911,   1912  and  1913  the  average  was  only  20, 
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his  was  a  reduction  of  53  per  cent  over  the 
jrmer  rate. 

The  water  supply  of  Omaha,  N'ebr.,  has 
een  coagulated  and  settled  in  basins  and  then 
■eated  with  hypochlorite  since  May,  1910, 
'hen  disinfection  was  installed  because  of  the 
irge  amount  of  typhoid  fever  in  the  city  at 
lat  time.  The  typhoid  death  rate  in  1910 
'as  89  per  100,000.  The  average  tvphoid  fever 
eath  rate  for  190O-1909,  inclusive,  was  22.5. 
or  the  years  1911.  1912  and  19i:?  the  death 
ite  averaged  11.8,  a  reduction  of  47  per  cent. 

Summarizing,   it   is    seen   that    in   each   city 

substantial  reduction  in  tvphoid  fever  was 
ffectcd  following  the  introduction  of  hypo- 
ihloritc.  These  reductions  have  been  consist- 
;nt.  For  the  eight  cities,  the  ma.ximum  re- 
:uction  was  72  per  cent  (Cleveland),  and  the 
^inimum  was  35  per  cent  (Baltimore).  The 
lyerage  percentage  reduction  was  ol,  which 
b  very  satisfactory.  The  total  population  of 
he  eight  cities  is  2,033,000.  With  an  average 
eduction  of  15.8  deaths  per  100.000  popnla- 
ion  for  each  year  and  with  a  value  of  $5.00ii 
or  each  life  saved,  the  saving  to  these  cities 
.mounts  to  $1,606,000  per  year.  Certainly  the 
lypochlorite  treatment  has  proved  a  blessing. 

Formerly  it  was  thought  that  the  water  sup- 
ily  of  any  city  with  a  typhoid  fever  death  rate 
>f  20  or  less  per  lOO.fniO  was  above  suspicion, 
fhis  vie\y  has  changed  recently.  Of  the  eight 
:itics  named  only  one  had  a  typhoid  death 
ate  less  than  20  previous  to  the  use  of  hy- 
)Ochlorite  (Jersey  City  with  18.7).  The  av- 
!rage  was  30.2.  The  average  since  disinfec- 
ion  was  begun  is  14.4  and  only  one  city  (Bal- 
imore,  with  22.8)  has  rate  above  20  per  100,- 

m 

It  is  to  be  noted  in  conclusion  that  of  the 
:ight  cities,  six  showed  a  higher  typhoid  death 
-ate  in  1913  than  in  1912.  It  has  been  said 
hat  191.3  was  a  typhoid  year.  During  1910 
ind  1911  there  were  many  typhoid  epidemics. 
kVhat  the  death  rates  in  these  cities  would 
lavc  been  if  hypochlorite  had  not  been  in 
jse  will  never  be  known.  However,  it  is  safe 
:o  sav  that  hundreds  of  lives  were  saved  dur- 
ne  1913  that  would  otherwise  have  been  sac- 
rificed to  that  preventable  disease,  typhoid 
fever,  had  the  water  sunnlies  not  been  di-- 
nff -ted  with  hypochlorite. 


Discussion  of  Preventable  Destruction 

of  Child  Life,  in  Winter  and  Spring, 

by  Polluted   Water  Supplies. 

In  presenting  arguments  for  safe  water  sup- 
plies it  is  custoniarv  to  noint  out  the  dis- 
fracefitl  rates  of  tynhoid  fever  in  cities  with 
|)olliiied  water  sunnlies  and  to  lay  stress  upon 
the  almost  invariably  marked  and  prompt  re- 
iiictmn  in  these  rates  followint.'  ihr  subslilu- 
tinn  of  a  safe  for  a  polluted  supply.  These  ar- 
jfunicnts  are  unanswerable  and  nsu.illy  to  a 
thinking  community  effective.  We  must  not 
:onrlude,  however,'  that  the  reduction  in  ly- 
phoifl  fever  is  the  only  result  desired  and 
achieved.  There  is,  in  many  instances,  a 
marked  reduction  in  the  general  flealh  rate 
anri  r^pcciallv  in  the  rates  for  diarrhd-a  and 
tntrritis  of  children.  At  the  reieiit  annual 
meeting  of  the  Indiana  Sanilarv  and  Water 
SiwM'lv  .Association,  .\llan  I.  Mcl-iughliii,  Sur- 
iJton  V.  S.  Public  Health  Service  and  <lircctor 
of  field  work  of  llie  International  loinl  Com- 
mission, presented  instances  and  data  liearing 
upon  the  relation  of  •mlhileil  water  supnlie'i 
to  infant  mortalitv.  The  following  inforina- 
lioii  is  from  Dr.  McLaughlin's  paper: 

What  factors  enter  into  the  composition  of 
the  croup  classified  officially  as  diarrhoea  and 
enteritis  imder  two  years?  We  do  not  know. 
Probably  there  are  ■several  entities  involved : 
Typhoid  fever,  various  types  of  dysentery, 
heat  exhaustion  and  inanition  In  spite  of  all 
the  iinsterv  which  still  en'^hrouds  the  etioloiy- 
of  summer  diarrhrca  of  infants,  whether  its 
origin  be  climatic,  dietetic  or  infectious,  one 
fact  stands  out  and  is  admitted  by  all,  it 
should  be  an  insignificant  factor  in  our  death 
rates  for  the  winter  and  spring  months.  Its 
maximum   prevalence   should   be   in   Julv   and 


August  and  even  in  towns  with  an  appalling  KNTERITIS    CNDER    two    YEARS    AT    CO- 
yearly  rate   for  "enteritis";  if  the  water  sup-  HOES,    N.    Y.,    BEFORE   AND   AFTER 

ply  is  safe  there  should  be  little  or  no  mor-  ADOPTING   WATER   FILTRATION, 

tality   from  this  cause  in  the  cold  months.  Year.  ^o%0(f' 

There    is    undeniable    evidence    of    the   part  J^J^ 144 

played  by  heat  in  infant  mortality.    This  infant  ign; '. '.'.['.'.'.'..'.'.'.['.", igS 

mortality  in  summer,  although  its  etiology  is  191:1  ■■..\..\.'...'.'.\\'.'.'.'.'.'.\'.'.\'.'.'.'.['.'.'.'.'.'.'.'.      4o 

still  a   matter  of   discussion,   is  a  clearly  de-  1913 <§ 

lined    entity    which    might    be    called    "legiti-  conclusions. 

mate"  ente'ritis  of  infants  and  seeiiis  to  be  in  i    !„  cities  with  polluted  water  supplies  the 

most  cases  entirely  mdependent  of  the  water  rate    for    diarrhaa    and    enteritis    under    two 

supply.     There  is  another  type  ot  enteritis  of  yg^rs   is   abnormally   high   in   the   winter   and 

children   to   which    I    desire   to  call   attention,  spring  months 

which  may  occur  at  any  time,  which  is  asso-  9.  The  substitution  of  a  safe  for  a  polluted 

ciated    with    and    probably   dependent   upon   a  public  water  supplv  results  in  a  marked  reduc- 

sewage    polluted    water    supply     and     which  ,jon  ^f  j^aths  of'infants   from  diarrhoea  and 

shows  a  very  high  rate  of  prevalence  in  the  enteritis,   especially    during   the   months    from 

winter   and   spring   months.  December  to  June". 

The    public    water    supply     of     Wyandotte,  3.  If   any  argument   other   than   the   record 

Mich.,  is  taken  from  a  grossly  polluted  river.  of  water-borne  typhoid  were  necessary  to  se- 

Xot  only  are  the  enteritis  rates  in  Wyandotte  cure  safe  water  supplies,  the  preventable  de- 

very  high,  but  there  is  an  abnormal  prevalence  struction   of   child    life   in    winter   and    spring 

in  the  spring  months.     For  example,  there  is  months  due  to  polluted  water  would  seem  to 

much   more   fatal   "enteritis"   in   Wyandotte  in  furnish    that   argument. 

March  and  .\pril  than  there  i.s  in  Benton  Har-  

bor  in  Julv  and  .\ugust.     Benton  Harbor  has  •    ,,.  ^  ,      ■     t,        ■   ■  -n,  t-.-i 

a  pubhc  water  supply   from  deep  wells  gen-  A  Mistake  in  Repairing  a  Pressure  Fil- 
crally  conceded  to  be  safe.  ter  and  Its  Lesson. 

St.  Joseph,   Mich.,  has  a  public  water  sup-  -r„  ..^  r;.,.. ,,         .  ,        .    ^  .  ,,  , 

plv    which    is   polluted    at   times.      St.   Joseph  „J°  '^f  lt°l    .,^°"^'^"  "'^'  ",7°"m^^ 

and  Benton  Harbor  are  sister  cities  on  oppo-  °i:f  "L,^i"f  •    '^    ^"f  "f  7    «°"'d    Publish 

site    banks    of    the    St.    Joseph    River,    at    its  '^''   ^fj?,'!"   '^   <^>^«Ment,   but   I   am   afraid 

mouth.     The  only  essential  difTereuce  in   san-  y"P"r''^¥5-     "^"^  'T  '7  .V^'"?""^  ^'^^^    •" 

>itary    conditions"  exists     in     water    supplies.  'Zlt    ^^TTT\°     "'"1,  ^l^^r"^-  '" 

The  "enteritis"  rate  in  St.  Joseph  for  the  win-  ? i^  ,tf'"   ^?P'/''f   "'u-^T^'^''  '"'"''''"''' 

ter  and  spring  months  is  abnormal  compared  ^"l  ,""nrnnr,     "    ,  °     ^l""   'I  ''""'^   T""" 

-.1,    n«„.  .r,    H.,-!,^,  "'^y  '^  prone  to  retain  the  mishaps  of  others, 

with   Benton    Harbor.  j^^^^  -^  „^j,,j^g  ^^_,^^_.^  ^^^  j,^^  education  of 

There  is  a  very  irregular  curve  for     enter-  ti,e  engineer  than  to  be  humiliated  in  his  early 

itis"     in     Ludington,     Mich.      Two    abnormal  javs  by  the  discovery  of  a  more  or  less  dis- 

pcaks  in  Feliruary  and  May  suggest  the  agency  astrous  error. 

of  a  polluted  water  supply.     In   1913  Luding-  T|,e  writer  had  one  of  these  experiences  in 

ton  treated  the  water  supply  with  hypochlorite  ]g()(,  ^hich  beautifully  illustrates  the  point  in 

and   there   was   not   a   single   death    from   en-  consideration,    particularly    as    the    error    was 

teritis    under    two    years    of    age    during    the  one  in  elementary  mechanics  that  should  have 

year.  been   inexcusable. 

Many  more  examples  in  Michigan  cities  A  certain  water  company  bought  in  Pitts- 
might  be  cited — for  instance,  .-Mpena,  Mar-  burgh  a  second-hand  National  pressure  tilter, 
(|uette.  Muskegon,  Bay  City  and  Port  Huron,  which  they  installed  in  the  pumping  station  of 
and  I  have  no  doubt  a  careful  analysis  of  the  a  Georgia  town.  .\s  soon  as  it  was  put  under 
seasonal  prevalence  of  enteritis  in  Hammond,  normal  pressure  it  showed  unmistakable  signs 
Whiting  or  Michigan  City,  Ind.,  for  a  period  of  failure,  and  the  writer  was  called  in  by  an 
of  years  will  show  the  same  phenomena.  officer  of  the  company   to   suggest   a  remedy. 

An   interesting   comparison   of  the   seasonal  ^?L h' n/ f'Tfonl',';!  T"'?  1°  "'\'°'-"?.'  '"''"" 

prevalence  of  enteritis  in  Marquette  and  Sault  "  f  "^;';"'  0.?,^.   fi     r      hn       ""f  '"    '"   ^^ 

Ste.  Mario  .strengthens  the  opinion  that  a  pol-  f!"'TcU      J.  ^h,,    ,       T'f   '"/orn^tion   ob- 

luted  water  supply  bears  a  definite  relatio,'   to  1^7" l']',""';!  fl„  Ln  ,        .';.'"  '^.""m"","' 

diarrba'a  and  enteritis  under  two  years.    Both  '    /'    I'.gh   with  flat  top  ad  bottom  held   to- 

cities  had  water  supplies  which  were  polluted       S<L'''':  f'"'"    ';  ^n  nf "  Jn  r  i       "      '•    ''"'?.'" 

at  times.    The  pollution  of  the  Marquette  sup-      X,  .n-  .«.nifnl,.  .vLn?    T'  ^""'^•"R  "'"= 
If  .1  1    ■      .1  •   .  „  I      effluent  manitola  svsteni,  and  projecting  from 

pv    frequently    occurred    in    the     winter     and       ,,,      ,   „   „f  ,,,■      ,•„„,'  '  ,1      ,■"? 

spring   months.     The    pollution    of    the    Sault      ''I'f  Vr^, .  .       rtin  r        l.l.    rii     '"^    '"'''   '"t"" 
-Ste.  Marie  supply  is  due  entirely  to  boat  traflic,      ^"  ,'!['"'' ^    strainers,    each    Idled    with    quartz 

hence  is  in  evidence  onlv  from  Slav  to  Novem-      ^   .  '■,i„,„i.  „„i„,.i.,,;  „  i,„,  j  .1  , 

1  Ti  .       r  1     •.■  ■  I      •.!  A   s  mple  ca  cii  ation   based  on   the  number, 

her.     The  rates   for  enteritis  correspond  with       ^^  ^„J,;„„  ,„j  ^,,,.„„.i.     e  .1     11.  ",""-'• 

1  •    1  ...  1         '1  cross-section  and  strength  of  the  bolts  showed 

tie'c  fieriods,  and  there  IS  an  abnormal  preva-      ,.^,    ...    ^,.,,    „ 1  ..:„.,„  1    <■„,  i- 

1  ■      \t  ■.     •     .1         •   .  I         ■  that    the    niter    was    (lesigncd    tor    a    working 

ence  in   Marquette  in   the  winter  and   sprini;        . ,?  „k„...  r,,  n  ,  .         •     ,      0° 

.1  1  1     .1  11        .  CI.       pressure  ot  about  .lO    lis.  per  square  inch.    But 

inonis.    while   the   vcrv     ugh    ra  es    in    Sault        ,      „ •    ,  „,„.•„  1,.  ,iJ  .,„,• 

,...,.  •■  1     •     .1  the  pumping  station  hydrostatic  pressure  was 

Ste    M.-irie  are  m  evidence  only  ,n  the   s,„n-       ^,^^J,    ,.j.    „,^      ^^^^  ^-.^.^^.^   therefore   recom- 
mer  and  autumn.  ,„^.,„,^.,|    i„,,,.^r,„^    ,i,<.    ,„„„,,pr   of    bolts,    as 

the  shell  thicknesses  were  ample  to  withstand 
the  working  pressure. 

The  same  officer  of  the  company  objected  to 
the  writer's  recominendations  on  account  of 
the  cost  and  difficulty  of  breaking  through  the 
Concrete  and  otherwise  providing  fittings  for 
the  I>olls,  and  snggestcd  reinforcing  the  fil- 
lers from  the  outside  by  a  system  of  beams 
and  reciuestcd  the  writer  to  make  such  a  de- 
sign .After  showing  the  disadvantages  of 
this  plan  due  to  appearance  and  probable 
greater  cost  than  the  other  plan,  the  design 
was  made  briefly  as  follows :  To  be  on  the 
safe  side  the  beams  were  designed  of  suffi- 
cient slrcnglh  to  carry  the  maximum  work- 
ing pressure,  without  placing  any  dependence 
whatever  on  the  'lO  I -in.  bolts  already  in  place, 
.ind  allowing  for  a  maxinnim  fiber  stress  of 
I.'i.Oon  lbs.  per  square  inch  in  the  steel  I- 
beanis.  It  required  a  flooring  of  5-in.  IO-lb. 
beams  top  and  bottom  and  resting  upon  these 
on  the  top  were  two  pairs  of  l.^-in.  beams 
and  on  the  bottom  two  pairs  of  12-in.  beams. 
These  were  held  togx-ther  by   four  heavy  bolts 


It  is  not  contended  that  a  polluted  water 
supply  is  a  large  factor  in  the  summer  diar- 
rhrca  of  infants,  but  that  in  certain  cities  a 
polluted  water  supply  has  been  responsible  for 
many  ilealhs  in  summer  and  for  almost  the 
entire  ijiorlality  from  enteritis  during  the  win- 
ter and  sprin«  months.  I  will  take  one  in- 
stance from  New  York  Slate  to  show  that 
this  pheut)menon  is  not  confined  to  Michigan. 
The  city  of  Cohoes  took  its  public  water  sup- 
ply from  the  grossly  polluted  Hudson  River. 
Unlil  July,  191 1,  this  water  was  not  purified 
At  that  lime  a  gravity  mechanical  filter  was 
'nstallrd.  The  very  high  ratr  in  Cohoes  for 
enteritis  iinrlrr  two  years  had  been  notorious 
for  years  The  averace  r.tle  per  100,000  for 
the  three  vears,  1909-1911,  was  200.  In  1912 
this  rale  drojiped  In  Wl.  The  seasonal  preva- 
lence of  enteritis  in  Cohoes  had  the  charac- 
teristics of  cities  having  polluted  water  sup- 
plies, vii'. :  very  high  rates  in  the  winter  and 
soring  months  I  low  this  winter  and  spring 
diarrhcea  and  enteritis  of  children  was  re- 
duced  is   shown  by   the   following  tabulation  : 
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from   top   to   boUoni,   usiny    plate   \va.':liers,   all 
on  the  outside  of  the  filters. 

The  work  was  properly  installed  by  the 
loeal  superintendent  and  the  iiressnre  was 
turned  on  gradually,  when  suddenly  one  of 
the  15-in.  beams  broke  through   in  the  center. 

On  receiving  the  letter  from  the  superin- 
tendent giving  the  circumstances  of  the  fail- 
ure, the  writer  went  over  his  calculations 
carefully  and  found  they  were  all  correct, 
but  it  was  some  time  before  he  could  divine 
the  true  cause  of  the  break. 

In  order  for  the  beams  to  deflect  in  the 
center  a  sufficient  amount  to  stress  the  outer 
fibers  to  their  working  load,  it  was  necessary 
for   the   inside   stay   rods   to   elongate   a   suffi- 


cient amount  to  strain  them  beyond  their 
elastic  limit.  The  consequence  was  some  of 
them  broke,  which  caused  a  shock  sufficient 
to  crack  the  beam. 

The  remedy  should  have  been  to  first  cut 
through  all  of  the  interior  stay  bolts. 

Fortunately,  the  loss  was  not  great,  but 
the  lesson  taught  was  as  impressive  as  if  the 
failure  had  been  of  many  times  the  impor- 
tance. Very  truly  yours, 

"Engineer." 
Philadelphia,   Pa.,    Feb.   20,    1914. 
(Aside  from  the  points  brought  out  by  our 
correspondent    in    the    foregoing    communica- 
tion   we   desire    to    call    attention    to    another 
point  relative  to  the  description  of  their  mis- 


takes and  failures  by  designers.  The  opinicui 
has  been  expressed,  and  is  doubtless  widely 
held,  that  an  engineer  endangers  his  reputa- 
tion for  care  and  accuracy  when  he  describes' 
one  of  his  mistakes  for  publication.  In  order 
to  bring  out  the  fact  that  it  is  not  essential 
that  the  name  of  the  contributor  be  published 
we  have  in  this  case  given  our  correspondent 
the  pen  name  "Engineer,"  although  he  was 
willing  that  we  publish  his  name.  His  identity 
is,  of  course,  known  to  the  editors  and  we  will 
say  that  he  is  now  chief  engineer  of  an  im- 
portant engineering  and  construction  company. 
We  feel  that  the  value  to  young  engineers  of 
the  lesson  brought  out  in  this  letter  is  in  n., 
wise  diminished  by  the  suppression  of  the  cor- 
respondent's   name. — Editors.) 


i?(oinim(a^( 


QnmcH  Iipif  SiucaUS' 


Drainage  Ditch  and  Levee  Tables  for 

Level    Section    With    Explanation 

of  Method  of  Computation. 

Contributed    hv    E.    S.    Blaine.    C:i|m-    nirardeau. 
Mo. 

When  we  commenced  estimating  quantities 
for  the  ditches  to  be  excavated  for  the  Little 
River  Drainage  District,  we  encountered  a 
condition  not  uncommon  to  drainage  work, 
but  not  generally  found  in  other  kinds  of 
work :  namely,  a  country  as  nearly  a  plane  as 
is  possible  for  ground  surface  to  be,  with 
gradual  slope  of  1  ft.  to  the  mile  in  a  south- 
westerly direction.  Even  for  the  ditches 
having  a  maximum  base  width  of  123  ft.,  the 
levels  show  so  little  difference  in  elevation 
in  the  width  of  the  ditch  for  a  large  per 
cent  of  the  length  of  the  ditch,  that  this 
portion  may  be  considered  level.  This  made 
it  practicable  to  use  tables  for  level  sections 
for  nearly  all  of  the  ditches  and  levees,  and 
to  use  tables  calculated  to  tenths  of  a  foot, 
not  that  it  is  practicable  to  dig  a  ditch  or  build 
a  levee  with  a  dipper  dredge  or  a  drag  line 
excavator,  within  two  or  three  tenths  of  a 
foot  of  grade,  but  because  the  contractors  ex- 
pect to  receive  pay  for  the  given  prism  for  a 
calculated  depth  as  shown  by  the  grade  line 
on  the  profile  and  no  less,  while  the  district 
expects  to  pay  for  this  calculated  quantity 
and  no  more. 

We  were  unable  to  get  hold  of  tables  cal- 


culated to  tenths  of  feet,  and  as  there  were 
four  levee  sections  with  different  crowns 
and  slopes  and  some  45  dift'erent  size  ditches 
with  base  widths  between  4  ft.  and  123  ft., 
making  tables  for  these  looked  like  a  pretty 
fair  sized  job,  enough  so,  in  our  opinion,  to 
attempt  to  find  the  easiest  and  most  rapid 
method  of  calculating  them.  Mr.  Wm.  MuU- 
holland's  idea  of  using  second  differences  and 
calculating  them  by  addition  clear  through 
within  the  limits  of  the  table,  with  a  check 
on  every  fifth  foot,  appeared  to  be  the  most 
rapid  and  also  the  most  accurate  method  and 
this  method  was  used  for  the  work.  This 
second   difference    was   obtained   as    follows : 

Supposing  the  ditch  section  to  have  slopes 
of  1:1  and  these  slopes  produced  downward 
to  an  apex,  thus  giving  a  triangular  section 
as  shown  in  the  figure  below  : 


fABL-B  I.— VOLUME   OF  EXCAVATION   IN 
LEVEL  SECTION;    SIDE    STOPES    1 
Cut.  0  .1  .2  .3 


ci;bic  yards  per  too  lin.  ft. 

ON   1;    BOTTOM  WIDTHS.  4  TO   i: 

.4  .a  .6  .7 

BASE  4  FT. 


OF   DITCH 

3  FT. 


IN 


8. 

9. 
10. 
11. 


3. 
4. 

.1. 

6. 

7. 

8. 

9. 
10. 
11. 

2. 
3. 
4. 

.■;. 
e. 

7. 


9 

10 

11 

12 

13 

14 1.037 


119 
167 
222 
285 
356 
433 
519 
611 

62 
89 
133 
185 
244 
311 
385 
467 
556 
652 

59 
100 
148 
204 
267 
337 
415 
500 
593 
693 
800 
915 


9. 
10. 
11. 
12. 
13. 


533 
630 
733 
844 
963 

178 
211 


123 
172 
228 
292 
363 
442 
527 
621 

55 
93 
138 
191 
251 
318 
393 
475 
565 
662 

63 
104 
163 
210 
273 
344 
423 
509 
602 
703 
SU 
927 


543 
640 
744 
856 


184 
247 


123 
177 
234 
299 
370 
450 
536 
631 

59 
97 
143 
196 
257 
325 
401 
484 
574 
672 

67 
109 
159 
216 
280 
352 
431 
518 
612 
713 
822 
939 


552 
650 
755 
868 


190 
2.-.4 


132 
183 
240 
306 
378 
458 
546 
640 

62 
101 
148 
202 
264 
333 
409 
492 
584 
682 

71 
114 
164 
222 
287 
360 
440 
527 
622 
724 
834 
951 


561 
660 
766 
879 


196 
261 


FT. 


137 

188 

247 

312 

386 

466 

555 

650 

BASE 

66 

106 

153 

208 

270 

340 

417 

501 

593 

692 
BASE  6  FT. 
75 

118 

169 

228 

294 

367 

448 

636 

632 

735 

845 

963 


142 
193 
253 
319 
394 
475 
564 
660 

69 

110 
l.'->8 
214 
277 
347 
425 
510 
603 
703 

79 
123 
175 
234 
301 
375 
456 
546 
042 
745 
S56 
975 


BASE  7  FT. 
571       581 
670       68] 
777       788 
891       903 

BASE  8  FT.  ' " ' 
202  208 
268       275 


146 
199 
259 
327 
401 
484 
573 
670 

73 
115 
164 
220 
284 
355 
433 
519 
612 
713 

83 
128 
181 
241 
308 
383 
465 
555 
652 
756 
S68 
987 


590 
691 
799 
915 


216 
282 


151 
205 
265 
334 
409 
492 
.-.83 
680 

77 
119 
169 
226 
290 
362 
441 
528 
622 
724 

87 
133 
186 
246 
316 
.391 
474 
564 
662 
767 
880 
1.000 


600 
701 
810 
927 


221 
289 


110 
156 
211 
•272 
341 
417 
501 
592 
691 

81 
124 
174 
232 
297 
370 
460 
537 
632 
734 

91 
138 
192 
253 
322 
399 
482 
573 
672 
778 
891 
1.012 


610 
712 
822 
939 


228 
296 


.9 

114 
161 
216 
279 
34S 
42.-. 
510 
601 
701 

85 
129 
180 
238 
304 
377 
■I5S 
.-,46 
642 
745 

96 
143 
198 
260 
330 
407 
491 
583 
682 
789 
903 
1,024 


620 
723 
833 
951 


234 
304 


.A.rea  Triangle  a  b  i=X" 

Area  Triangle  a  c  1=2XX2X=4X= 

Area  Triangle  a  d  g=3XX3X=9X= 


1st 

2nd 

)iff. 

Diff. 

3X- 

2X' 

.5X= 

2X' 

iX' 


Area    Triangle   a   e    f=4XX4X=16X' 

Letting  X  =  .l; 

Then  2X=  =  .02. 

Volume  of  second  difference   for  prism  lIlO 

.02X100 

ft.  long  and  slopes  1  ;1  as  above  =: = 

27 
.0740744-. 

For  proof  with  actual  example,  take  a  table 
for  a   section   having  20    ft.   base,   slopes   1:1, 
starting  with  !j  ft.  cut.     Calculating  prism  for 
depth  of  5  ft.  and  length  of  100  ft.  gives  us: 
.-..0  Quantity. 

5.0   462.962963 


5.0 


As     will 


474.111111 
485.333333 
be 


First  diff.   Second  dlff. 

11.14814S 
11.222222 


.074074 


seen  by  the  above  solution, 
this  second  difference  not  only-  remains  con- 
stant for  prisms  having  the  same  slope,  but 
also  the  second  difference:^  for  uther 
slopes  are  a  multiple  of  this  quantity  .074074 
if  the  slopes  are  the  same  on  both  sides  of 
the  section.  If  not  the  same  on- both  sides, 
then  it  is  a  multiple  of  the  average  of  the 
two  slopes.  The  meaning  intended  to  be  con- 
veyed here  can  be  made  more  plain  by  an  ex- 
ample, thus:  For  a  section  having  2:1  slopes 
the  second  difference  is  twice  0.0741  or  0.1482. 
for  slopes  of  3:1  it  is  0.2222.  and  for  section 
having  2:1  slope  on  one  side  and  %  :1  on  the 
y2+2 

other    it    is x  0.074074    or    0.0025925,    or 

2 

say    0.0926,    which    proved    close    enough    for 
checking  and  correcting  at  5  ft.  intervals. 

It  will  be  observed  that  after  adding  this 
second  difference  to  itself  a  number  of  times, 
which  varies  for  different  slopes,  the  number 
to  the  right  of  the  decimal  point  repeats  it- 
self. This  simplifies  the  work  a  great  deal  as 
will  be  shown.  Taking  the  1 :1  slope  and 
adding  the  second  difference  successively  and 
discarding  the  integral  numbers. 


.0741 
.1482 
.2222 
2963 
.3704 
.4444 
.5185 
.5925 
.6667 
.7407 
.8148 


.S8S9 
.9629 
.0370 
.1111 
.1852 
.2593 
.3333 
.4074 
.4815 
.5556 
.6296 


.7037 
.7778 
.8518 
.9259 
.0000 


Using  the  table  for  base  width  of  20  ft. 
slopes  1  :1.  which  was  used  as  an  example, 
the  difference  between  yardage  for  5  ft.  cut 
and  cut  of  5.1  was  11.14i'I.  The  decimal  por- 
tion of  this  difference  is  the  second  inimber 
in  the  table  above.  It  will  be  seen  then  by 
using  the  numbers  in  the  above  table  in  their 
order  and  adding  one  to  the  integral  portion 
of    the    difference    when    the    fractions    show 


ij-iigi  ucc  r  iiig    aiiu    *^  u  ii  i  ra  c  c  i  ng 


hc   necessary,   the   work   is   put   in    such 

that  it  may  be  done   on  a   Burrough's  Cut.  ,0 

^    Machine,   taking   sub-totals    for   each  g  3H 

n.     This  makes  it  almost  a  mechanical  7.........  390 

non.     Example:    Using  above   table    for        8 <''< 

it   20  ft.,  slopes   1:1,  vardage    for  5   ft.       ,« lf~ 

mund  to  be  462.9629.    '  

,"0  =  462.9629                        5.4  =  508.0000                     5 2B9 

11.1482                                     11.4444                     « 333 

^                       7 415 

5.1  =  474.11H          5.5  =  519.4444         S 504 

11.2222                11.5186         9 ^OO 

5.2  =  485.3333          5.6  =  530.9629         | 278 

11.2963                11.5925         g 356 

7 441 

5.3  =  496.6296          5.7  =  542.5554         * 533 

11.3704                11.6667        ,g |3S 

6.4  =  508.n00O          5.8  =  554.2221        '1 866 

"•^^O"                     2 104 

5.9  =  565.9628                     } J6| 

"•«^^^  s:::::::;:  lis 

6.0  =  577.7776                     ^ 400 

lomputing  yardage  for  cut  of  6  ft.  as  check  8. '.'.'. '.'.'..'.  593 

finds    it    to    be   577.7778.                                      9 700 

n    the   actual   work   we    only     used     three       Ji  | 937 

imal    places,    finding    this    sufficiently    ac-  12'.'.'.'.'.'.'.'.'.  1.067 

ate    for   intervals   of   5   ft.   and   then   cor-       }3 1.204 

ting  for  next  5  ft.                                                " i-^^* 

or    tables    of    prisms    having    2:1    slopes,        4 267 

operation   was   the   same   except   that   the        5 362 

cessive    adding    of    the    seaond    difference  7.'.'.'.'.'.'.'.'  544 

this    slope    makes    the    decimal    fractions  ..........  632 

ne  in  the  following  order:                                     9 767 

.000,1                             .4815                             .2593                 1? 1019 

.1482                             .6296                             .4074                 ,9 7'l  =  B 

.2963                             .7778                             .5555                10 i'mS 

.4444                             .9259                             .7037                '•* ^■''*"' 

.5925                             .0741                             .8518  5  463 

.7407                             .2222      •                       .0000                  « ??o 

.8889                             .3704                                                       ? ?«« 

.0370                             .5185  S.'.'.'.'..'..'.  830 

.1852                             .6667                                                       q qc7 

■  3333                             .8148                                                      10 1111 

•9629                                                     11 11263 

•"11                                                      12 1,422 

'or  table    for  prisms  having  3:1  slope,  the      }3 1.589 

Ference    has    only    nine    different    decimal       it'/", 1944 

lings  for  any  one  width  crown,  so  the  table 

decimal   endings    previously   given   had    to  .     3 889 

divided    into   three   tables   to   be   used    in-       [q"; I'.ill 

jendcntly  of  each  other  and  the  nine  end-  11.!.!.!!!.  1,344 

;s  repeated   until   the  table  had   been   com-      12 1,511 

faH                                                                                               13 1,685 

'^^                                                                                               14 1,867 

i  slopes  when       3:1  slope  when      3:1  slope  when 

>wn  Is  even        crown  is  mul-       crown  Is  mill-         5 537 

,ultipleof3           tlpleof3-fl.            tiple  of  .1— 1.           6 667 

I  .0000                             .0370                             .0741                   7 804 

1.2222                             .2593                             .2963                  8 948 

;  .4444                             .4815                             .518.-|                  9 1,100 

'6667                             .7037                             .7407                10 1.250 

.8889                             .9259                             .9629                II 1,426 

nil                             .1481                             .1852                12 1,600 

.3333                             .3704                             .4074                 13 1.7S1 

.5555                             .5925                             .6296                14 1.970 

.7778                             .8148                             .8518                15 2,167 

(6  2  371 
Wc   also   calculated    a    set   of    tables    for    n 

ism   having  slope   of  2:1    on   one   side   and        5 656 

:1    on    other.     This    required    a    set   of   54        5 |^J 

Tcrcnt  decimal  fractions.  S..  ..  9*78 

9 1,133 

10 1,296 

DSt    of    Excavating    Drainage    Ditch  \i'.'.'.'.'.'.'.'.'.  i.'4fi7 

12  1  644 

With  a  Drag  Line  Excavator.  \3'.'.'.'.'.'.'.'.'.  _i!s3o 

ntrlbuted    by   Ray   S.    Owen.    Civil    Engineer,       \i ?■??? 

Madison,  Wis.                                      '" '•"'" 

The  following  is  a  statement  of  the  cost  of        5 693 

cavating  drainage  ditches  in   Rock  County,        ' 733 

is      The    machine    used    was    a    drag    line  n'.'.'.'.'.'.'.','.  1,037 

edgf  with  steam  power,  running  on  a  track  9.'....!...  l!200 

d   by   hand   and   propelled   by   pulling   on    :i       j' I'l'is 

ad   man   with   the  hoisting  drum.     The  np-  \2. '.'.'.'.'.'.'.'.  l',733 

ating    crew    consisted    of    1    runner,    I    fire-  \x'. '.'.'. '.'.'.'.'.  l!926 

in.  2  trackmen  and  1   teamster.                             j* |'J2« 

The  flitches  are  in  a  hay  meadow,  the  soil  " 

inp  .-ibotit  2  ft.  of  muck  undcrlairl  bv  sand.        4 504 

ic  ditches  averaged  .'1  ft.  deep  with  1%  to  1        J ^*^ 

)pc.    the    main    ditch,    2.60    miles    in    length.  7  i)r,<) 

ving    a    6-ft.    bottom    with    2I-ft.    ton    .ind  «  1  126 

c  lateral   1..36  miles  in  length,  having  a  4-ft.  ^  >.3J" 

Hom  with   19-ft.  top.     The  total  cxravatinn  n;;;. ;       '  i>7n 

mputed    for   the   ditch    was   .5.3,019   cu.   yds  \2.....  1'"'" 

le  soil  caved  very  badly  and  a  large  amount      j3 

excess  material  had  tn  be  excavated  tn  get  ir, 
e  specified  prism  clear  of  dirt.    The  amoimt 

dirt   actuallv  moved   was   about   75.000  cu. 


T.vtil^l-;  I.   -Cotiiinueil. 
.2  .4  .5 


The  two  ditches  are  not  connected  but 
ipty  into  .Sugar  River  at  points  about  one- 
artrr  mile  apart.  This  arrangement  ne- 
isitated    a   tear   down    rind     move    of    about 


4, 

f. ti>,, 

R 844 

7 1  "M 

a 

9 

10.... 

II  I.T^'J 


319 
398 
483 
676 
677 

266 
341 
423 
513 
610 

285 
364 
450 
543 
644 
752 


110 
173 
244 
323 
409 
502 
603 
711 
827 
950 
1,080 
1,218 


275 
361 
454 
555 
663 
779 
902 
1,032 
1,170 


474 

590 

713 

843 

981 

1,126 

1,279 

1,439 

1,606 

1,781 

1,963 

903 
1,048 
1,201 
1,361 
1,528 
1,703 


650 

680 

818 

963 

1,116 

1,276 

1,443 

1,618 

1,800 

1.990 

2,187 

2,391 

569 

703 

844 

993 

1,149 

1.313 

1.484 

1.663 

1,849 

2,042 

2.243 

606 

748 

897 

1.053 

1,217 

1,388 

t.r.rtc 

1,752 
1,946 
2,146 
2,364 

51S 

663 

816 

976 

1.143 

1.3IR 

1,500 

1,690 

1,887 

2.091 

2.303 


,-.48 
701 
861 
1.02s 
1.203 
I.38K 
1,575 
1,772 


326 
406 
492 
586 
688 

273 
349 
432 
522 
620 

293 
372 
459 
553 
654 
763 


116 
180 
252 
331 
418 
512 
613 
722 
839 
962 
1,093 
1,232 


283 
370 
464 
565 
674 
791 
914 
1,045 
1.184 


485 

602 

725 

856 

995 

1,141 

1,294 

1,455 

1,623 

1,799 

1.982 

917 
1,063 
1.216 
1,377 
1,545 
1.721 


562 

693 

832 

978 

1,131 

1,292 

1,460 

1,636 

1,819 

2,009 

2,207 


582 
716 
859 
1,008 
1,165 
1,330 
1.602 
1,681 
1,868 
2,062 
2,263 

630 
762 
912 
1,069 
1.233 
1,405 
1,686 
1,771 
1,966 
2,167 
2.376 

532 

678 

831 

992 

1,160 

1..336 

1,619 

1,709 

1,907 

2,112 

2,325 


683 
716 
877 
1,046 
1.221 
1.404 
1.694 
1.792 


335 
415 
501 
596 
698 

281 
357 
441 
532 
630 

300 
380 
468 
563 
665 
774 


122 
187 
260 
340 
427 
522 
624 
734 
851 
975 
1,107 
1,246 


291 
379 
474 
576 
686 
803 
927 
1,059 
1,198 


497 

614 

738 

870 

1,009 

1,156 

1,310 

1,471 

1,640 

1,817 

2,000 

931 
1,078 
1,232 
1,394 
1,563 
1,739 


575 

707 

846 

993 

1,146 

1,308 

1,477 

1,654 

1,837 

2,029 

o  2'»7 


595 

730 
873 
1,024 
1,181 
1.347 
1.519 
1.699 
1,887 
2,081 
2,284 

634 
777 
927 
1,085 
1,250 
1,423 
1,603 
1,790 
1.985 
2,187 
2.397 

646 
693 
847 
1.008 
1,177 
1..354 
1.637 
1,72S 
1.927 
2.1.33 
2.346 


578 
732 
894 
1.063 
1.239 
1.423 
1.614 
1.SI2 


342 

422 

510 

606 

709 
BASE  9 

288 

365 

449 

541 

641 
BASE  10 

308 

389 

477 

572 

675 

786 


FT. 


350 
431 
519 
616 
719 

'295 
373 
458 
551 
651 


FT. 


316 
397 
486 

582 
686 
797 


BASE 
128 
194 
267 
348 
436 
532 
635 
74.^ 
863 
988 
1,121 
1,261 


BASE  14  FT. 


12  FT. 

134 

201 

275 

356 

445 

542 

645 

756 

875 

1,001 

1,134 

1.275 


300 
388 
484 
587 
697 
815 
940 
1,072 
1,212 


30S 
397 
494 
597 
708 
827 
953 
1,086 
1,227 


BASE  20  FT. 


508 

626 

751 

8S4 

1.024 

1,171 

1,326 

1,488 

1.658 

1.835 


619 

638 

764 

897 

1,038 

1,186 

1,342 

1,505 

1,675 

1.853 


BASE  22  FT 

946  960 

1.093  I.IOS 

1,248  1,264 

l.'tlO  1,427 

1.580  1,597 

1.767  1.775 


BASE  24  FT. 


588 
721 
861 
1,008 
1,163 
1,325 
1,495 
1,672 
1,856 
2,048 
2,24S 


601 
734 
875 
1,023 
1,179 
1.342 
1,512 
1,690 
1,875 
2,06S 
2,268 


BASE  25  FT. 


608 

744 

888 
1.039 
1.19.S 
1.364 
1.537 
1.71.^ 
1.906 
2.101 

BASK  27 

648 

792 

943 

1.101 

1.621 
1,809 
2.005 
2.208 
2.418 
BASE  30 

561 

708 

S63 
1.02:. 
1.19.-. 
I.37-.' 
i.'..-.r. 
1,74V 
1.947 
2. 1  r.  I 

2.ar.v 


621 
768 
903 
1.0.-.5 
1,214 
1,381 
1,665 
1.736 
1,925 
2,121 


FT. 

662 
806 
968 
1.118 
1.281 
1.45s 
l.iVin 
l.«29 
2.025 
2.229 


FT. 

576 

723 

879 

1.04: 

1.212 

i.nno 

1,.-.T', 

!.7i;< 

I  f'Ss 
2.17.-. 
2.390 


BASE  32  l-T. 


.'■.9:1 

748 

910 

l.nsii 

i.:'.'.7 

1  III 

l.i;.1:! 
1.S3-.' 


608 

764 

927 

1.097 

1  '*7'. 

K4.;" 
i.fir..'! 

1.853 


358 
439 
529 
626 
730 

303 
381 
467 
561 
661 

324 
406 
495 
592 
697 
809 


141 

208 

283 

365 

455 

553 

656 

768 

887 

1.014 

1.148 

1.289 


317 
407 
504 
608 
720 
839 
966 
1.100 
1.241 


531 

650 

777 

911 

1,052 

1,201 

1,358 

1,521 

1.692 

1,871 


975 
1,124 
1,280 
1,444 
1,615 
1,793 


614 
748 
889 
1,038 
1,195 
1.35S 
1.529 
1.708 
1.894 
2.088 
2,288 


63.-. 
772 
918 
1,070 
1.230 
1,398 
1,572 
1,755 
1,944 
2,141 


676 
821 
974 
1.134 
1.301 
1,476 
1.658 
1. 848 
2.046 
2.249 


689 
738 

l.nr.f! 

I.40S 
1.594 
1.787 
I.9KS 
2.196 
2.412 


624 

790 
944 
1.115 
1.293 
1.479 
1.672 
1.873 


366 
448 
538 
636 
741 

310 
390 
476 
570 
672 

331 
414 

505 
603 
708 
820 


147 

215  • 

291 

374 

464 

562 

667 

780 

900 

1,027 

1,162 

1,304 


326 
416 
514 
619 
731 
851 
979 
1,114 
1,256 


543 

663 

790 

926 

1,067 

1.217 

1,374 

1,538 

1.710 

1.889 


989 
1.139 
1.296 
1,460 
1,632 
1.811 


627 
762 
904 
1.054 
1.211 
1.375 
1.547 
1.726 
1.913 
2.107 
2.309 


648 
787 
933 
1.086 
1.247 
1.415 
1.690 
1.773 
1,964 
2.161 


690 
836 
990 
1.150 
1.318 
1.494 
1.677 
1.867 
2.065 
2.270 


604 
764 
911 
1.07:'. 
1.247 
1.426 
1.613 
1.807 
2.008 
2.217 
2.434 


639 
796 
960 
1,132 
1.311 
1.49S 
1.692 
1.894 


.8 

374 
456 
548 
646 
752 

318 
398 
485 
680 
682 

339 
423 
614 
613 
719 


153 

222 

299 

382 

473 

572 

678 

791 

912 

1.040 

1,176 

1,319 


334 
425 
524 
630 
743 
864 
992 
1,128 
1,271 


554 

675 

803 

939 

1.082 

1.232 

1.390 

1,555 

1,728 

1.908 


1.004 
1.154 
1.312 
1,477 
1.650 
1,830 


640 
776 
919 
1,069 
1,227 
1,392 
1,565 
1,744 
1.932 
2  127 
2!329 


662 
801 
948 
1,102 
1,263 
1,432 
1,608 
1,792 
1,983 
2,182 


705 
861 
1,00.'. 
1,167 
1.336 
1,612 
1.696 
1,887 
2.085 
2.291 


619 
769 
927 
1.092 
1.265 
1.446 
1.632 
1.827 
2.029 
2,239 
2,466 


654 
812 
977 
1.150 
1.330 
1..617 
1.712 
1.914 


382 
465 
657 
656 
763 

326 
406 
494 
590 
693 

347 
432 
624 
623 
730 
844 


160 

230 

307 

391 

483 

.i82 

689 

803 

924 

1.053 

1.190 

1.333 


343 

435 

.^.34 

641 

756 

S7S 

1.005 

1.142 

1.285 


566 

687 

S1<J 

953 

1.095 

1,247 

1.406 

1.672 

1.745 

1.926 


1.019 
1.170 
1.328 
1.494 
1.667 
1.848 


653 
790 
933 
1.084 
1.243 
1,409 
1,583 
1.763 
1.951 
2.147 
2.350 


675 
815 
963 
1.117 
1.280 
1.449 
1.626 
1. 811 
2.003 
2  20"> 


719 
S6fi 
1.021 
I.IRS 
1.363 
1.530 
1.714 
1.906 
2.106 
2.312 


633 
784 
943 
1.109 
1.282 
1.463 
1. 651 
1.847 
2.05O 
2.260 
2.478 


670 

82S 
994 
1.167 
1.348 
1.536 
1.732 
1.933 
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TABLE   I.— Continued. 

Cut. 

.0 

.1 

.2 

.3 

.4 

.5 

.6 

.7 

.8 

.9 

12 

...    1,956 

1,976 

1,997 

2,018 

2,039 

2,060 

2.081 

2,103 

2.124 

2.145 

13 

...    2,167 

2,188 

2,210 

2.231 

2.253 

2.275 

2,297 

2,319 

2,341 

2.363 

14 

...    2,385 

2.407 

2,430 

2.452 

2.475 

2.497 

2,520 

2,543 

2.565 

2,588 

15 

...    2,611 

BASE  38 

FT.' 

5 

796 

814 

832 

850 

868 

886 

904 

923 

941 

959 

6 

978 

996 
1,186 

1.015 
1.205 

1.034 
1.225 

1,052 
1,244 

1,071 
1,264 

1,090 
1,284 

1,109 
1,303 

1,128 
1,323 

1,147 

7 

...    1,167 

1,343 

8 

...    1,363 

1,383 
1,587 

1.403 
1.608 

1,423 
1,629 

1,444 
1,650 

1,464 
1,671 

1,484 
1,692 

1.505 
1.714 

1.525 
1,735 

1,546 

S 

...    1.567 

1,756 

10 

...    1,778 

1,799 

1,821 

1,843 

1.864 

1,886 

1,908 

1.930 

1.952 

1,974 

11 

...    1,996 

2,019 

2,041 

2,063 

2.086 

2,108 

2,131 

2,154 

2,176 

2,199 

12 

...    2.222 

2.245 

2,268 

2.291 

2.315 

2,338 

2,361 

2,385 

2,408 

2,432 

13 

...    2,456 

2.479 

2,503 

2,527 

2.551 

2,575 

2.599 

2.623 

2,648 

2,672 

M 

...    2,696 

2,721 

2,745 

2,770 

2.795 

2,819 

2.844 

2.869 

2.894 

2,919 

15 

...    2,944 

2,970 

BASK  40 

FT.' 

5 

833 

852 

871 

889 

908 

927 

946 

965 

984 

1,003 

6 

...    1,022 

1.042 

1,061 

1,080 

1,100 

1,119 

1,139 

1,159 

1.179 

1,199 

7 

...    1,219 

1,239 

1.250 

1,279 

1,299 

1,310 

1,340 

1,360 

1.381 

1,402 

8 

...    1,422 

1,443 

1,464 

1.485 

1,506 

1,527 

1,548 

1,569 

1,591 

1.612 

9 

...    1,633 

1.656 

1.676 

1.69S 

1.720 

1.742 

1,764 

1,786 

1.808 

1,830 

10 

...    1,852 

1,874 

1.896 

1,919 

1,941 

1,964 

1,987 

2,009 

2,032 

2.055 

11 

...    2.078 

2,101 

2,124 

2.147 

2,170 

2,194 

2,217 

2,240 

2,264 

2.287 

12 

...    2,311 

2.335 

2,359 

2,383 

2,407 

2,431 

2,455 

2.479 

2,503 

2.537 

13 

...    2,552 

2.576 

2,501 

2,626 

2.650 

2,675 

2,700 

2.725 

2.750 

2,775 

14 

...    2.800 

2.825 

2,851 

2,876 

2,901 

2,927 

2,952 

2,978 

3,004 

3.030 

15 

...    3,056 

3,082 
3,345 

3,108 
3.372 

3,134 
3,399 

3.160 
3,426 

3.186 
3.453 

3.212 
3,480 

3,239 
3,507 

3,265 
3,534 

3,292 

16 

...    3.319 

3,562 

17 

...    3,589 

3.616 

3,644 

3,671 

3.699 

3.727 

3,755 

3,783 

3,811 

3.839 

18 

...    3.867 

3,895 

3,923 

3,951 

3.980 

4.008 

4,037 

4,066 

4.094 

4,123 

19 

...    4.152 

4,181 

4,210 

4,239 

4.268 

4.297 

4,327 

4,356 

4,385 

4,415 

20 

...    4,444 

4,474 

4,504 

BASE  .=,0 

f't.'  '  ■ 

4 

800 

S22 

843 

865 

886 

9U8 

930 

952 

974 

996 

5 

...    1.019 

1,041 

1,063 

1,085 

1.108 

1,130 

1,153 

1.176 

1,198 

1.221 

6 

...     1,244 

1,267 

1,291 

1,314 

1.337 

1,360 

1,384 

1,407 

1.431 

1.454 

7 

...    1,478 

1.502 

1,525 

1,549 

1,573 

1,597 

1,621 

1,646 

1.670 

1,694 

8 

...    1.719 

1.743 

1,768 

1.792 

1,817 

1,842 

1,867 

1,891 

1,916 

1,942 

9   

...    1.967 

1.992 

2,017 

2.043 

2,068 

2,094 

2,119 

2.145 

2,171 

2,196 

10 

...    2,222 

2.248 

2,274 

2.300 

2,327 

2,353 

2,379 

2,406 

2,432 

2,459 

11 

...    2.485 

2.512 

2,539 

2,566 

2,592 

2,619 

2.647 

2,674 

2,701 

2,72S 

12 

. . .    2,756 

2,783 

2.811 

2,838 

2,866 

2.894 

2,921 

2,949 

2,977 

3,005 

13 

...    3.033 

3.062 

3,090 

3,118 

3,147 

3,175 

3,204 

3,232 

3,261 

3,290 

14 

...    3.319 

3,347 

3,376 

3,406 

3,43.-. 

,3,464 

3,493 

3,523 

3,552 

3,582 

IB 

...    3,611 

3,641 

3,671 

3,700 

3,730 

3,760 

3,790 

3,820 

3,851 

3,881 

16 

...    3,911 

3,942 

3,972 

4.003 

4,033 

4,064 

4.095 

4,126 

4,156 

4,187 

[7 

...    4.219 

4.250 

4,281 

4,312 

4,344 

4,375 

4,407 

4,438 

4,470 

4.502 

18 

. . .    4,533 

4,565 

4.597 

4,629 

4,661 

4,693 

4,726 

4,758 

4,791 

4.824 

19 

...    4,856 

BASE  60 

FT. 

7 

...    1,737 

1,764 

1,192 

1.S20 

1,847 

1,875 

1,903 

1,931 

1,959 

1,987 

8 

...    2,015 

2,043 

2.071 

2,100 

2.128 

2,156 

2,185 

2.214 

2,242 

2,271 

9 

...    2,300 

2,329 

2.358 

2,387 

2.416 

2,445 

2.475 

2,504 

2,533 

2,563 

10 

...    2,593 

2,622 

2,652 

2,682 

2,712 

2,742 

2.772 

2,802 

2,832 

2,862 

11 

...    2,893 

2,923 

2,953 

2,984 

3,015 

3,045 

3,076 

3.107 

3,138 

3,160 

12 

...    3.200 

3,231 

3,262 

3,294 

3,325 
BASE  70 

F^r.'  ■ ' 

9 

...    2,633 

2,666 

2,699 

2,731 

2,764 

2,797 

2,830 

2,863 

2,896 

2,930 

10 

...    2.963 

2,996 

3,030 

3,063 

3,097 

3,131 

3,164 

3,198 

3,232 

3,266 

U 

...    3.300 

3,334 

3,368 

3,403 

3,437 

3,471 

3,506 

3,540 

3,575 

3,610 

12 

...    3,644 

3,679 

3,714 

3,749 

3,784 

3.sin 

3.855 

3,890 

3,925 

3,961 

13 

...    3,996 

4,032 

4,068 
4.428 

4,103 

4,139 

4,175 

4,211 

4,247 

4,283 

4,319 

14 

...    4.356 

4,392 

4.46.=. 

4,501 

4,538 

4,575 

4.611 

4,648 

4,68o 

16 

...    4,722 

4.759 

4,796 

4,834 

4,871 

4,908 

4,946 

4,983 

5,021 

5,059 

l« 

...    5,096 

5,134 

5,172 

5.210 

5,248 

5,286 

5,324 

5,363 

5.401 

5,439 

17 

...    B.478 

5.516 

BASE  73 

FT. 

6 

...    1,756 

1.787 

1,819 

1.850 

1.882 

1,914 

1,946 

1,978 

2,010 

2,042 

7 

...    2.074 

2.106 

2,139 

2,171 

2.204 

2,236 

2,269 

2,301 

2,334 

2,367 

8 

...    2.400 

2.433 

2,466 

2.499 

2,532 

2.566 

2,599 

2.633 

2,666 

2,700 

9 

...    2.733 

2.767 

2,801 

2.835 

2,869 

2.903 

2,937 

2.971 

3.005 

3,040 

10 

...    3.074 

3.109 

3.143  . 

3.178 

3,212 

3.247 

3,282 

3,317 

3,352 

3,387 

11 

...    3.422 

3,457 

3.493 

3.528 

3,564 

3.599 

3.635 

3,670 

3.706 

3,742 

12 

...    S.7-S 

3,814 

3.850 

3,886 

3,922 

3,958 

3,995 

4.031 

4,068 

4,104 

13 

...    4,141 

4,177 

4,214 

4,251 

4,288 

4,325 

4,362 

4,399 

4,436 

4,474 

14 

...    4,511 

4,549 

4,586 

4,624 

4,661 

4.699 

4,737 

4,775 

4,813 

4,851 

15 

. ...    4,889 

4,927 

4,965 

5,004 

5,042 

5,0S1 

5.119 

5,158 

5,196 

5,235 

16 

. ...    5,274 

5,313 

5,352 

5,391 

5.430 

5,469 

5,509 

5,548 

5,588 

5,627 

17 

5.667 

5,706 

5,746 

5.786 

5,826 

5,866 

5,906 

5.946 

5,986 

6,026 

18 

....    6,067 

6.107 

6.148 

6,188 

6.229 

6,269 

6,310 

6.351 

6,392 

6,433 

19 

. . .    6,474 

6,515 

6.556 

6,59S 

6.639 
BASE  71 

6,681 
FT. 

10 

. ...    3,111 

3,146 

3,181 

3.216 

3,251 

3.286 

3,321 

3.357 

3,392 

3.427 

11 

...    3,463 

3,499 

3.534 

3,570 

3.60G 

3,642 

3,678 

3.714 

3,750 

3.786 

12 

. ...    3,822 

3.859 

3.895 

3,931 

3,968 

4.005 

4,041 

4,078 

4,115 

4,152 

13 

....    4.18!l 

4,226 

4,263 

4,300 

4,33S 

4,375 

4.412 

4.450 

4.488 

4.525 

14 

4,563 

4.601 

4,639 

4,677 

4,715 

4,753 

4,791 

4.829 

4.868 

4.906 

15 

. ...    4,944 

4,983 

5,022 

5.060 

5,099 

5,138 

.5,177 

5.216 

5,255 

5.294 

16 

...    5,333 

5,373 

5.412 

5,451 

5.491 

5,531 

5.570 

5.610 

5,650 

5.690 

17 

. ...    .5,730 

5.770 

5,810 

5,850 

5.890 

5,931 

5,971 

6.011 

0,052 

6,093 

18 

. ...    6.133 

BASE   75 

FT. 

5 

...    1,481 

1,513 
1.832 

1.545 
1.865 

1,576 

1,897 

1,608 
1.929 

1.640 
1,962 

1,672 
1,995 

1.704 
2.027 

1,736 
2,060 

l,76,s 

6 

1.800 

2,093 

( 

.  ...    2.126 

2.159 

2.192 

2.225 

2.25,< 

2,292 

2,325 

2,358 

2,392 

2,426 

8 

. ...    2,459 

2,493 

2,527 

2.561 

2.595 

2.629 

2,663 

2,697 

2,731 

2,766 

9 

....    2,800 

2.834 

2,869 

2,904 

2,938 

2,973 

3.00S 

3.043 

3,078 

3,113 

10 

. ...    3.148 

3,183 

3.219 

3.234 

3,289 

3.325 

3,361 

3.396 

3,432 

3,468 

11 

....    3.504 

3,540 

3,576 

3,612 

3,648 

3.684 

3,721 

3,757 

3,793 

3,830 

12 

3,867 

3,903 

3.940 

3,977 

4,014 

4,051 

4,088 

4,125 

4,162 

4,200 

13 

4,237 

4.274 

4,312 

4,350 

4,387 

4.425 

4,163 

4.501 

4,539 

4,577 

14 

4,615 

BASE  80 

FT.' 

0 

. ...    1,574 

1,607 

1,641 

1,674 

1,708 

1.742 

1,775 

1,809 

1,843 

1,877 

6 

. ...    1,911 

1.945 

1,979 

2,014 

2.048 

2.082 

2,117 

2.151 

2,186 

2,221 

....    2.256 

2.290 

2.325 

2,360 

2,395 

2,431 

2,466 

2,501 

2,536 

2.572 

8 

2.607 

2,643 

2,679 

2.714 

2,7.50 

2.786 

2,822 

2.858 

2.894 

2,930 

9 

....    2,967 

3,003 

3,039 

3.076 

3,112 

3,149 

3,186 

3.223 

3.259 

3,296 

10 

3.333 

3.370 

3,408 

3.445 

3,4SJ 

3,519 

3.557 

3,594 

3,632 

3.670 

11 

....    3,707 

3,745 

3,783 

3,821 

3,859 

3.897 

3.935 

3,974 

4.012 

4,050 

12 

4,089 

4,127 

4,166 

4,205 

4,244 

4,282 

4.321 

4,360 

4.399 

4,439 

13 

4,478 

4,517 

4,556 

4,596 

4,635 

4.675 

4.715 

4,754 

4.794 

4,834 

14 

....    4.874 

4,914 

4,954 

4,994 

5,035 

5.075 

5,115 

5,156 

5.196 

5,237 

IS    

S.278 

5,319 
5,730 

5.359 
5,772 

5.400 
5,814 

5,441 

5,855 

5.482 
5,897 

5,524 
5,9.39 

5,565 
5,981 

5.606 
6.023 

5.647 

16 

....    5,689 

6,065 

17 

6,107 

6,150 

6,192 

6.234 

6.277 

6,319 

6,362 

6,405 

5.448 

6,490 

18 

6,533 

6.576 

6,619 

6.663 

6.706 
BASE  81 

6.749 
FT. 

S 

....    2.637 

2.87.'! 
3.037 

2,709 
3.073 

2,745 
3,110 

2.781 
3.147 

2.818 
3.184 

2,8.54 
3,221 

2,890 
3.258 

2.927 
3.296 

2,963 

9.... 

....    3,000 

3,333 

three  miles  from  the  end  of  one  ditch,  after 
it  was  completed,  to  the  other  ditch,  and  a 
set  up. 

The  prices  given  include  freight  on  ma- 
chine from  Madison,  Wis.,  to  Sterling,  111,, 
the  operation,  moving,  repair,  etc.,  of  the 
machine  during  the  work,  and  the  tearing 
down  and  delivery  of  the  machine  on  board 
cars  at  Sterhng,  which  is  about  8  miles  from 
the  job.  The  rent  of  2  cts.  a  yard  included 
the  furnishing,  by  the  owner  of  the  dredge, 
of  sheayes  and  cable,  which  was  a  large 
item  as  the  sand  wore  them  out  very  rapidly. 
The  cost  of  coal,  teaming  and  moving  is  rather 
large,  because  of  very  bad  roads  when  the 
the  outfit  was  moved  out  in  the  spring  and 
the  deep  sand  through  which  the  coal  was 
hauled  during  the  summer.  The  unit  prices 
are  given  for  the  contract  yardage  and  for 
the   actual   yardage. 

Cost  per  cu.  yd. 
Contract    Actual 

Items —  yardage,  yardage. 

Rent  of  dredge $0.0200       $0.0,141 

Labor    0.0535         0.0376 

Coal    0.0090         0.0063 

Express  and   freight 0.0028         0.0020 

Bond  and  liability  insurance 0.0022        0.0015 

Livery   and   carfare 0.0019        0.0013 

on    0.0005         0.0003 

Teaming  and  moving 0.0110        0.0080 

Tools,  supplies,  repairs,  lumber  0.0027  O.0O20 
Miscellaneous    0.0011        O.0009 

Total    cost    ....' $0.1047       80.0740 

Linings  for  Small  Storage  Reservoirs, 

Contributed   by   C.    R.    Sessions,    San    Francisco, 
Cal. 

CLAY    LINING. 

Probably  the  cheapest  and  best  lining  for  a 
small  reservoir  is  a  clay  puddle.  A  fairly 
good  clay  can  nearly  always  be  found  within 
reasonable  hauling  distance.  A  small  amount 
of  clean  sand  or  gravel  will  not  affect  the 
good  quality  of  the  puddle,  but  loam,  roots, 
leaf  mold  and  in  fact  all  vegetable  matter 
must  be  religiously  excluded.  Adobe  is  unfit 
for  a  lining  of  this  kind  because  it  bakes  out 
when  dry  and  deep  shrinkage  cracks  forin, 
which  allow  the  water  to  run  through  carry- 
ing away  the  lining  in  the  neighborhood  of 
the  crack  before  the  whole  surface  can  re- 
form and  be  tight  again.  In  time  adobe  in 
the  presence  of  water  will  be  carried  out  as 
mud    through   the   outlet   of   the    reservoir. 

The  clay  is  hauled  or  scraped  in  and  evenly 
distributed  over  the  surface  of  the  reservoir 
to  a  thickness  of  3  or  4  ins.  or  more,  de- 
pending upon  the  pressure  or  depth  of  water 
in  the  reservoir  and  the  quality  of  the  clay 
used  for  puddle.  Puddling  can  be  accom- 
plished by  merely  filling  carefully  w:th  water 
or  by  rolling  or  tramping  the  surface  with 
horses  or  sheep  after  thoroughly  sprinkling. 
The  largest  item  in  the  cost  of  such  a  lining 
is  the  cost  of  the  clay  and  this  depends  of 
course  upon  the  thickness  that  must  be  used 
and  the  length  of  the  haul.  One  cent  per 
square  foot  will  cover  the  cost  for  ordinary 
conditions  of  say  'a  haul  of  1%  to  1  miles  and 
a  thickness  of  3  to  4  ins.  When  the  reser- 
voir is  exposed  to  the  action  of  the  ,vind  and 
waves  are  formed  which  will  tend  to  cut 
away  the  lining  at  the  water  line,  the  slope 
shoiild  be  covered  with  a  strip  of  rock  or 
rip-rap.  This  protection  will  cost' about  %  ct. 
per  square  foot  in  addition  to  the  cost  of  the 
lining  itself.  Of  course  this  rock  surface  ex- 
lends  only  around  the  slope  at  the  water  line. 
Road  oil  or  crude  oil  may  he  sprayed  uiioil 
the  outer  slope  or  surface  of  the  icvee  to 
prevent  the  growth  of  vegetation  and  the 
activity  of  squirrels,  gophers,  etc.  The  use 
of  oil  as  a  lining  will  he  discussed  later  and 
under  the  head  of  asphaltic  linings. 

PLASTERED  COBBLE  LINING. 

A  lining  is  sometimes  made  by  setting  up 
large  broken  rock,  cobbles  or  river  boulders 
in  a  mortar  and  covering  the  surface  with  a 
thin  layer  of  cement  plaster  of  say  %  in.  in 
thickness.  One  part  of  lime  to  five  parts  of 
clean  sand  m.nkes  a  good  mortar  and  hy- 
drated  lime  added  to  the  cement  niaster  in 
the  proportion  of  10  per  cent  of  the  volume 
of  the  cement  used  will  fill  the  smaller  voids 
not  filled  by  the  cement  and  tend  to  make 
the  mixture  denser  and  therefore  more  nearly 
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.aterproof.     If  the  reservoir  is  anything  but 

very  small  one,  trouble  will  be  experienced  Cut.              .0 

ill    shrinkage  cracks   caused  by  the  setting  jq                  , ,.» 

i   the  plaster  so  that  this  character  of  lining  li! !;.'.".;.'."    3,'748 

E   no   better   than    the    usual    cement    lining  12...!!..'.'.   4!lS3 

ivhere   a   surface    similar   to   sidewalk   is   laid      H i'wn 

ver  the  bottom  and   slopes  of  the  reservoir.  is!!!!!!!!!    5,333 

"lie  only  advantage  of  the  cobble  lining  over  is!! !!!!!!!   5,'748 

he   common    cement    lining    comes    from   the  , 

'  iact  that  the  sides  or  slopes  of  the  reservoir  6!!!!!!!!!   2356 

hay  be  made  steeper  (say  ^2  to  1)  and  deeper  7!!!!!!!!!   2!774 

^nd  therefore  a  smaller  reservoir  is  required.        § 3,200 

Sometimes    also    the    river    boulders    or    cob-  10!  "!!"!'    4074 

lies    are    right    at    hand    or    may    have    been  11!!!!!!!!!    4!522 

,  pthercd  up  in  clearing  the  land  as  was  true      12 4,978 

n   one   case    that    the    author    has     in    mind.      \\ t'tW 

iere    the    soil    was    sandy    and    the    cobbles  15!!!!!!!!!   6!389 

ame  in  very  handy  in  holding  the  slope.     A      16 6.874 

)lastered  cobble  lining  can  be  figured  to  run      }g I'||^ 

bout   1.3  cts.  per  square   foot. 

CONCRETE    LINING.  | I'ito 

'!  For   a    concrete    lining    the    surface    of    the        I ^,826 

•eservoir    should    be     thoroughly     settled     by  9!!!!!!!!!    3!700 

prinkling  and   rolling.     If   the  reservoir  is  a      10 4!l50 

jmall  one  shrinkage  may  be  taken  care  of  by      Jl *'^^| 

wire  mesh  reinforcement  and  the  lining  put  13!!!!!!!!!   5537 

!i  one  piece.     For  larger   reservoirs  the  con-  14.!!!!.!!!    6!oi7 

^rete  should  be  run  in  in  slabs  of  about  200  ,     . 

q.  ft.   separated   by   expansion  joints.     These  7!!!!!!!!!    3!o33 

;oints  are  made  by  laying  wooden  strips,  with  8...!-!..!!    3!496 

leveled  edges   so  that   they  can  be   easily  re-        9 i'444 

noved,  between  the  slabs  and  filling  the  space      jj 4'93q 

vith   asphaltum   when   the   wooden   pieces   are  12!!!!!!!!!   5!422 

aken    out.      The    asphaltum    should    have    as      13 I'lo? 

ligh    a    melting    point    as    is    consistent    with      jj 6944 

iroper  ductility  and  adhesion  to  the  concrete  le!!!!!!!!!   7!467 
;urface.      This    is    accomplished    generally    by 

nixing  with  the  asphaltum  the  proper  amount        g 2'644 

'if    limestone    dust    and    sand.      The    mixture  7!!!!!!!!!    3!lll 

las  the  ultimate  melting  point  of  the  binder —        8 3.585 

he  asphaltum — but  the  sand  and  dust  give  a      ,3 t'tti 

ort  of   mechanical    stiffness   which   keeps   the  u!!!!!!!!!   5!o52 

■oint    filling    from    flowing    until    it    has    been       12 6,556 

horoughly  heated  for  some  time.     Expansion       J^ ^,067 

'oints    should    have   a    substantial   ba>-king   of  15!!!!!!!!!   7!ill 

)roken   rock   so   that   the  water  pressure   will      16 7,644 

lot  force  out  the  asphaltum.     When  the  res-      J' |'1|| 

^rvoir   is   built   in   against   a   hill    or    sloping  

ground    a    broken    rock    or     open     tile    drain        8 3,793 

hould   be   provided   to   carry  off   the  seepage        9 ^'309 

vater  that  may  accumulate  behind  ttie  lining  n!!!!!!!!!    5',337 

ind  cause  an  upward  pressure  when  the  res-      12 5!867 

•rvoir   is   empty.       The     proper     amount     of       13 6,404 

ement.  sand  or  gravel  will  depend  upon  the  g                  435^ 

■naterial   to  be  had   in  the  vicinity.     If  good.  10!!!!!!!!!   4!889 

•lean  material  can  be  got,  one  part  of  cement      11 M19 

0  six  or  seven  parts  of  gravel  or  sand  and  is'!!!!!!!    6!500 
•Qck   will   give  a   concrete  of   ample   strength  14!!!!!!!!!   7)052 

md  dense  enough  to  be  fairly  water  tight.    A      15 7,611 

loncrete   that   is   dense   is   not   only    the   most  ^                  2  370 

mpervious  but  the  strongest  so  that  the  addi-  e!!!!!!!!!    2)867 

ion  of  hydrated  lime  in  the  proportion  of  10        7 3.370 

)er   cent   of   the   volume   of   the   cement   used        J 3,881 

vill    rill    the    smaller   voids   not    filled   by    the  10!!!!!!!!!   4)926 

ement    and    make    the   concrete    more   nearly      11 B,459 

vater  tight.     The  best  proportion  for  the  ma-      12 6.000 

erials   to  be   used   in   any   locality  have   been  14!!!!!!!!!   7,'i04 

letermined  and  can   generally  he  gotten  from  _^ 

he  firms  supplying  the  materials.     If  the  par-  ^j^^^^  lI._VOt.rME  OF 
icular   sand   and   gravel   have   not   been   used 

'ir  the  material  firm  is  not  reliable  a  niechan-  ^               i 
cal   analysis    can   be   made   to   determine   the 

)est  and   most   economical  proportions.     Nine        0 

tents  per  square  foot  in  place  will  about  cover       .1 30 

i  SMi-in.    concrete   lining.  s! !!!!!!!!      183 

When  the  cost  of  numping  is  high  and   the        4 207 

ost  of  the  water   will   warrant   rcfininicnl,  it  g  '■;;!!;.'      tan 

nay   pay   to   plaster   the   above   cement    lining  7!!!!!!!!!       BI9 

vith  a  plaster  coat  of  a  cement  mortar  com-        8 «52 

losed  of  one  part  of  cement  to  two  parts  of      ^J ••      "j,, 

■and   and   applied   to   the  surface   of  the  con- 

rete  as  soon  as  possible  after  the  lining  is  in        2 89 

)lace   and    worked    well   with   a   trowel   to   sc-        3 158 

ure  a  gooti  bond  with  the  concrete  ,iitd  make  r!!!!!!!!!       333 

1  water  tight  surface.     A  plaster  about   \4  in.        6 *** 

hirk   will   cost    about    I    cts.   per   square    foot.        J »jO 

\  thicker  plaster  would  probably  be  no  better  n!!!!!!!!!      867 

md   might  check   badlv.     Concrete   linings   as  10!!!!!.!..    1.037 

hin   as   2   ins.   have   been   used   on    irrigation      11 1.222 

litches  satisfactorily  at  a  cost  of  about  6  cts.  IJ;;;!!!!!!    i;«37 

)er  square  foot,  but   this  is  pretty  thin  work  14!!!!...!!    1,''«7 

md  is  easily  broken  in  the  case  of  settlement      IB 2,ni 

ind  is  almost   impossible  to  repair.     When  a 

■eservoir  can  be  fenced  and  there  is  no  dan-        g san 

ter  of  stock  getting  into  it  and  breaking  the       9 l.ooo 
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.6 


.7 


3,407 

3.445 

3,483 

3,521 

3.558 

3,596 

3,634 

3,672 

3,710 

3,786 

3.825 

3,863 

3,901 

3.940 

3,978 

4.017 

4,056 

4,094 

4,172 

4,211 

4,250 

4,289 

4,329 

4.368 

i.m 

4,447 

4.486 

4.566 

4.605 

4,645 

4,685 

4,725 

4,765 

4.80a 

4,845 

4,886 

4.966 

5,007 

5,047 

5,088 

5,129 

5.169 

5.210 

5,251 

6,292 

5.374 

5,416 

5,457 

6,498 
BASE  100 

5,540 

ft!  ■ 

5,581 

5.625 

5,665 

5.706 

1.985 

2,026 

2,067 

2,108 

2,149 

2,190 

2,231 

2.273 

2,314 

2,397 

2,439 

2,480 

2,522 

2,564 

2,606 

2.648 

2.690 

2,732 

2,816 

2,859 

2,901 

2,944 

2,986 

3,029 

3,071 

3.114 

3,157 

3,243 

3,286 

3,329 

3,372 

3,416 

3.459 

3,502 

3.646 

3,590 

3,677 

3,721 

3,765 

3.809 

3,853 

3.897 

3,941 

3.985 

4,030 

4,119 

4,163 

4.208 

4,252 

4.297 

4,342 

4.387 

4,432 

4,477 

4,567 

4,613 

4.658 

4,703 

4,749 

4,795 

4.840 

4,886 

4,932 

5,024 

5,070 

5.116 

5,162 

5.208 

5.255 

5.301 

5,348 

5,394 

5,487 

5.534 

5,581 

5,628 

5.675 

5.722 

5.769 

5,816 

5,864 

5,958 

6,006 

6,054 

6.101 

6.149 

6,197 

6.245 

6,293 

6,341 

6,437 

6,485 

6,534 

6.582 

6.631 

6.679 

6.728 

6.776 

6,825 

6,923 

6,972 

7,021 

7,070 

7.119 

7.169 

7.218 

7.267 

7,317 

7.416 

7,466 

7,516 

7,566 

7.616 

7.666 

7.716 

7.766 

7,816 

7,917 

7,968 

8,018 

S,069 
BASE  102 

8.119 
FT. 

2,023 

2,064 

2,106 

2,148 

2.190 

2,232 

2.274 

2,316 

2,358 

2,442 

2.485 

2,527 

2,569 

2.612 

2,655 

2.697 

2,740 

2,783 

2,869 

2,912 

2,955 

2,998 

3.042 

3,085 

3.128 

3,172 

3,216 

3.304 

3.348 

3,392 

3,436 

3.480 

3.524 

3.568 

3,612 

3,666 

3.746 

3,790 

3.835 

3,880 

3.925 

3,970 

4.015 

4,060 

4,105 

4.195 

4,241 

4,2Sfi 

4,331 

4,376 

4,422 

4.467 

4,512 

4,668 

4,650 

4.696 

4,742 

4,788 

4.834 

4,881 

4.927 

4,973 

5,020 

5.113 

5.160 

5,207 

5,254 
BASE  110 

5.301 

ft!  ' 

5,348 

6.395 

5,442 

5,490 

2,623 

2.668 

2,714 

2,759 

2,805 

2,850 

2,896 

2.942 

2,987 

3,079 

3.125 

3,171 

3,218 

3,264 

3,310 

3,357 

3.403 

3,460 

3,543 

3,590 

3,637 

3.684 

3,731 

3.778 

3.826 

3,872 

3,919 

4,014 

4,062 

4,109 

4,157 

4.205 

4,252 

4.300 

4,348 

4,396 

4,493 

4.541 

4,589 

4,63S 

4.686 

4,735 

4.783 

4,832 

4,881 

4.979 

5,028 

5,077 

5,126 

5.175 

5,224 

5.274 

5,323 

5,373 

5,472 

5,522 

5,571 

5,621 

5.671 

5,721 

5.771 

6,822 

5,872 

5,973 

6,023 

6,074 

6.124 

6,175 

6.226 

6,277 

6,328 

6,379 

0,481 

6,532 

6,583 

6,635 

6.6S6 

6,738 

6,789 

6,841 

6,893 

6,996 

7.048 

7.100 

7,152 
b!as'e  113 

7.205 

ft!  ■ 

7,257 

7,309 

7,362 

7,414 

2.231 

2.276 

2,322 

2.368 

2.414 

2,460 

2,506 

2.652 

2,598 

2.691 

2,737 

2.7S4 

2,830 

2.877 

2,924 

2,970 

3,017 

3,064 

2.158 

3,205 

3,253 

3,300 

3.347 

3,395 

3.442 

3,490 

3,537 

3,633 

3,681 

3,729 

3,777 

3.825 

3,873 

3,921 

3,970 

4,018 

4.115 

4,164 

4,213 

4.261 

4.310 

4,359 

4,408 

4,457 

4,506 

4,605 

4,654 

4,704 

4,753 

4,803 

4,8.52 

4,902 

4.952 

5,002 

.5,102 

5,162 

5,202 

5.252 

5,303 

5,353 

5.404 

5.454 

6,605 

5,606 

5,657 

5,708 

5.759 

5,810 

5.861 

.5,913 

5,964 

6,015 

6,118 

6,170 

6,221 

6.273 

6,325 

6,377 

6.429 

6,481 

6,533 

6,637 

6,690 

6,742 

6,795 

6.847 

6.900 

6.953 

7,005 

7,058 

7.164 

7,217 

7,270 

7,324 

7.377 

7.430 

7.484 

7,537 

7,691 

7.698 

7,7F,2 

7,806 

7.S60 

7,914 

7,968 

8.022 

8.076 

8,131 

8,240 

8,294 

8,349 

8.404 

8,458 

8.513 

8.668 

8,623 

8,678 

8.789 

8,844 

8,899 

8.955 
BASE  120 

9.010 
FT. 

3.843 

3.893 

3.944 

3,995 

4,045 

4,096 

4,147 

4,198 

4,249 

4,351 

4.402 

4,454 

4,5n.T 

4.556 

4.608 

4.660 

4,711 

4,763 

4.867 

4,919 

4,971 

5,023 

5,075 

5.127 

5,180 

5,232 

6,284 

5,390 

5,442 

5.495 

5,548 

5,601 

5.654 

5,707 

5,760 

6,813 

5,920 

5,973 

6,027 

6,081 

6,134 

6.188 

6,242 

6,296 

6,360 

6,458 

6.512 

6.566 

G.621 
BASE  122 

ft!' 

4,419 

4,471 

4..523 

4,575 

4,627 

4.679 

4,732 

4,784 

4,836 

4.942 

4.994 

5,047 

5,100 

5,153 

5.206 

5,259 

6.312 

6,366 

5,472 

5,525 

5,579 

5,632 

5.686 

5,740 

5.794 

5,848 

5,902 

6,010 

6,064 

6,ns 

6,172 

6.227 

6,281 

6,336 

6.390 

6,445 

6,555 

6,610 

6,665 

6,720 

6.776 

6.830 

6,886 

6,941 

6,996 

7,107 

7,163 

7,219 

7,275 
b'a.=!'e  123 

7,331 

ft!  ' 

7,387 

7,443 

7,499 

7,555 

2,420 

2,469 

2,518 

2,568 

2,618 

2.667 

2,717 

2,767 

2,817 

2,917 

2.967 

3.017 

3,067 

3,118 

3. 168 

3,218 

3,269 

3,320 

0.421 

3.472 

3,523 

3.574 

3,625 

3.676 

3,727 

3,779 

3,830 

3,933 

3,985 

4,036 

4,0,S8 

4,140 

4.192 

4,244 

4,296 

4,348 

4,452 

4,505 

4,567 

4,610 

4,662 

4. 716 

4,767 

4,820 

4,873 

4.979 

5,032 

6.085 

5,138 

5.192 

5,245 

5,299 

6,352 

5,406 

5,513 

.5,567 

5.621 

5,675 

5,729 

5,783 

5,837 

5,891 

6,946 

6,054 

6,109 

6.163 

6.218 

6.273 

6,328 

6.383 

6,438 

6,493 

6,603 

6,659 

6,714 

6,769 

6.825 

6,880 

6,936 

6.992 

7,048 

filj.  in  cubic  yards  per  100  LIN.  ft. 

SECTION. 
.2       .3       .4       .5       .6 
CROWN,  6  FT.;  SLOPES.  2:1. 


OF  LEVEE  IN  LEVEL 


22 

26 

33 

37 

41 

46 

50 

56 

69 

64 

69 

79 

85 

90 

96 

102 

108 

114 

120 

127 

140 

147 

154 

161 

169 

176 

184 

191 

199 

216 

224 

233 

241 

250 

259 

268 

277 

287 

306 

316 

326 

336 

346 

357 

.367 

378 

389 

411 

423 

434 

446 

457 

469 

481 

494 

606 

531 

644 

657 

670 

683 

597 

610 

624 

638 

666 

680 

695 

709 

724 

739 

764 

769 

785 

Rin 

831 

847 

863 

880 

896 

913 

929 

940 

980 

CROw'n,    8 

FT.;' 

SLOPES.    2:1 

95 

101 

107 

Ill 

120 

127 

134 

141 

148 

163 

171 

178 

186 

194 

203 

211 

220 

228 

246 

255 

264 

274 

283 

293 

303 

313 

323 

344 

354 

365 

376 

387 

398 

410 

421 

433 

456 

468 

481 

491 

506 

618 

631 

544 

557 

6R4 

597 

611 

626 

639 

653 

667 

682 

696 

726 

741 

756 

772 

787 

803 

SIS 

834 

850 

883 

nno 

916 

933 

950 

967 

984 

1.002 

1.019 

1.056 

1.073 

1.091 

1,109 

1.128 

1.146 

1,165 

1.181 

1,203 

1.242 

1.261 

1.2S1 

1,300 

1.320 

1.340 

1,361 

1.381 

1,402 

1.443 

1.464 

1.4S5 

L.'.o.; 

1,528 

1.549 

1,571 

1 ,593 

1,615 

1.659 

l.6s; 

1.704 

1.T27 

1,750 

1.773 

1.796 

1.8211 

1,843 

1,890 

1.911 

1.93S 

1.963 

1.987 

2.012 

2.036 

2,061 

2.086 

2.136 

2.162 

2.187 

2.213 

2.239 

2.265 

2.291 

2.317 

2.344 

2.397 

2.424 

2.451 

2.478 

"  ron 

2.633 

2.661 

2,588 

2,616 

CROWN.   12 

FT.:  1 

SLOPES.   2:1 

846 

863 

879 

896 

913 

930 

947 

965 

982 

1.018 

1.036 

1.064 

1.072 

1.091 

1.109 

1.128 

1,147 

1.166 
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Jining  and  when  the  levee  has  been  built  in 
layers  or  some  special  provision  has  been 
Jiiade  to  prevent  settlement,  a  very  thin  lin- 
ing made  entirely  of  cement  mortar  and  re- 
inforced with  a  »ire  mesh  can  be  used.  It 
the  backing  contains  adobe  or  material  that 
may  shrink  or  crack  this  lining  will  not  be  a 
success.  A  layer  of  paper  laid  all  over  the 
surface  will  prevent  the  dirt  from  mi.xing 
with  the  plaster  and  prevent  the  earth  from 
drawing  away  the  moisture  so  fast  ;s  to  pre- 
vent the  proper  setting  of  the  cement.  The 
cost  of  such  a  lining  of  about  %  in.  thick 
and  including  the  layer  of  building  paper  and 
the  reinforcing  mesh  will  cost  about  7  cts. 
per  square  foot. 

A  surface  may  be  also  plastered  with  a 
cement  gun  which  spreads  the  plaster  evenly 
by  air  pressure.  It  is  claimed  that  this  process 
produces  a  very  impervious  plaster  with  as 
many  as  four  parts  of  sand  to  one  part  of 
cement  with  10  per  cent  by  volume  of  the 
cement  of  hydraled  lime.  The  cost  of  this 
type  of  lining  figures  about  15  cts.  per  square 
foot  for  a  plaster  \-2  in.  thick.  The  excessive 
cost  is  due  to  a  royalty  on  a  patented  ma- 
chine. Special  conditions  may  justify  this 
high   cost   however. 

ASPH.\LTUM     AND    OIL    LININGS. 

It  has  been  suggested  that  "Road  Oil" 
might  be  mixed  with  the  surface  earth  of  a 
reservoir  to  form  an  inexpensive  water  tight 
crust.  This  oil  is  a  heavy  by-produ..t  gotten 
by  distilling  the  volatile  oils  from  a  heavy 
crude  of  asphaltum  base.  It  contains  a  large 
percentage  of  asphaltum  and  some  oils  that 
flow  at  ordinary  temperatures.  Road  oil  will 
come  to  the  surface  on  the  slope  of  the  res- 
ervoir under  the  action  of  the  sun  and  when 
the  reservoir  is  empty  and  run  down  to  the 
bottom,  thus  releasing  the  earth  that  was 
bound  in  the  crust  that  is  now  no  longer 
water  tight.  Road  oil  is  shipped  in  tank  cars 
and  must  lie  heated  in  the  car  by  steam  be- 
iore  it  can  be  gotten  out  and  unless  the  job 
is  a  large  one  or  part  of  a  car  can  be  ob- 
tained from  a  road  contractor  in  the  neigh- 
borhood, its  use  may  be  impracticable.  To 
■obviate  these  difficulties  asphaltum  is  dissolved 
in  a  cheap  distillate  to  make  a  sort  of  as- 
phaltum paint.  Asphaltum  is  the  useful  in- 
gredient, the  distillate  evaporating  and  leav- 
ing it  in  a  finely  divided  state  to  bind  the 
particles  of  sand  and  earth  together.  The 
asphaltum  costs  more  applied  in  this  way  but 
there  is  the  advantage  that  it  can  be  handled 
cold  and  can  be  sliipped  and  used  in  small 
quantities.  To  get  good  results,  tlie  earth 
must  be  dry  and  contain  within  certain  limits 
both  sand  and  clay.  When  the  dirt  is  damp 
the  asphaltum  forms  a  film  or  coating  around 
a  ball  or  lump  which  may  break  up  later  and 
leave  a  hole  in  the  crust  which  is  being  made 
water  tight.  A  natural  clayey  soil  should  be 
mixed  with  sand  and  an  exceedingly  sandy 
soil  is  helped  by  the  addition  of  a  little  clayey 
material.  The  idea  is  to  get  the  oil  onto  tlie 
surface  of  the  reservoir  and  let  it  form  a 
water  tight  crust  and  not  let  it  work  its  way 
to  any  great  depth  as  is  the  case  in  oiling 
roads.  If  a  surplus  of  oil  appears  on  the 
surface  it  may  be  absorbed  by  the  addition 
of  a  little  sand  or  road  dust.  Such  a  lining 
is  not  water  tight  and  will  stop  only  about 
50  per  cent  of   the  seepage.     When  3%  gals. 


TABLE  II. 


Cut.  .0 

10 1,185 

11 1,385 

12 1,600 

13 1,830 

14 2,074 

15 2.333 

16 2,607 

17 2,896 

18 3,200 

19 3,5ia 

20 3,852 

21 4,200 

22 4,563 

23    4,941 

24 5,333 

8 94S 

9 1,167 

10 1,407 

11 1,670 

12 1,956 

13 2,263 

14 2,593 

15 2,944 

16 3.319 

17 3,715 

IS 4,133 

19 4,574 

20 5,037 

3 117 

4 178 

5 250 

6 333 

7 428 

8 533 

9 650 

10 778 

11 917 

12 1,087 


1,205 
1,406 
1,622 
1,853 
2,099 
2,360 
2,636 
2,926 
3,231 
3,551 
3.886 
4,236 
4,600 
4,979 
,5,373 

969 
1.190 
1,433 
1,698 
1,9S5 
2,295 
2,627 
2,981 
3,357 
3,756 
4,176 
4,619 
5,085 

122 
184 
258 
342 
438 
544 
662 
791 


.2 

1,224 
1,427 
1,645 
1,877 
2.125 
2,387 
2,664 
2,956 
3,263 
3,584 
3,920 
4,271 
4,637 
5,018 
5,414 

990 
1,213 
1,458 
1,726 
2,015 
2,327 
2,661 
3,017 
3,396 
3,797 
4,220 
4,665 
5,132 

128 
191 
266 
351 
448 
556 
675 
805 


-Continued 
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1,244 
1,44S 
1,667 
1,901 
2,150 
2,414 
2,693 
2,986 
3,294 
3,617 
3,955 
4,307 
4,675 
5,057 


1,263 
1,469 
l,69u 
1,926 
2,176 
2,441 
2,721 
3,016 
3,326 
3,650 
3,98:i 
4,343 
4,712 
5,096 


.0 

1,283 
1,491 
1,713 
1.950 
2.202 
2.469 
2.750 
3.046 
3.357 
3,683 
4,024 
4,3S0 
4.750 
5,135 


1,303 

1,512 
1,736 
1.975 
2.228 
2.496 
2,779 
3,077 
3,389 
3,717 
4,059 
4,416 
4.7S8 
5,175 


1,324 
1,534 
1,759 
1,999 
2,254 
2.524 
2,808 
3,107 
3,421 
3,750 
4,094 
4,453 
4,826 
5,214 


1,344 
1,556 
1,783 
2.024 
2,280 
2,551 
2,837 
3,138 
3,454 
3,784 
4.129 
4.489 
4,864 
5,254 


1,365 
1,67S 
1,80G 
2,04!i 
2,307 
2,579 
2,867 
3,169 
3,4S6 
3,815 
4,166 
4,526 
4,902 
5,293 


CROWN, 

1.011 

1,237 

1,484 

1,754 

2,045 

2,359 

2,696 

3,054 

3,435 

3,838 

4,263 

4,711 

5,180 

CROWN, 

134 

198 

274 

360 

458 

567 

687 

818 
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1,033 
1,260 
1,510 
1,782 
2,076 
2,392 
2,731 
3,091 
3,474 
3,879 
4,307 
4,757 
5,228 


1,055 
1,284 
1,536 
1,810 
2,106 
2,425 
2,765 
3,129 
3,514 
3,921 
4,351 
4,803 
5,277 
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140  146 

205  212 

282  290 

370  379 

469  479 

579  590 

700  712 

832  846 


1,077 
1,308 
1,562 
1,839 
2,137 
2,458 
2,801 
3,166 
3,553 
3,963 
4,395 
4,849 
5,326 

152 
220 
299 
389 
490 
602 
725 
860 


1,099 
1,333 
1.589 
1,86S 
2,168 
2,491 
2,836 
3,204 
3.593 
4,005 
4,440 
4,896 
5,374 

158 

227 
307 
398 
500 
614 
738 
874 


1,121 
1.357 
1.616 

1.897 
2,200 
2,525 
2,872 
3,242 
3,634 
4,048 
4.484 
4,943 
5.423 

165 
235 
316 

40S 
511 
626 

751 


1.144 

1,382 
1,643 
1,926 
2,231 
2,658 
2,908 
3,280 
3,674 
4.090 
4.529 
4.990 
5,473 

171 
242 
325 
418 
52! 
63S 
764 
902 


of  oil  per  square  yard  are   used   the   cost  of 
this  lining  is  about  1%  cts.  per  square  foot. 

If  it  is  possible  to  obtain  bitumen  or  a  pre- 
pared asphaltic  mixture,  a  splendid  lining 
may  be  made  by  covering  the  surface  of  the 
reservoir  with  a  well  rolled  layer  of  crushed 
rock  or  coarse  gravel  and  then  appiying  a 
layer  about  %  in.  thick  of  bitumen  or  as- 
phaltid  mixture  (that  is  asphaltum,  rock  and 
sand  or  gravel  and  limestone  dust).  This  lin- 
ing will  be  water  tight  for  any  pressure  that 
may  be  put  upon  it  in  this  class  of  work  and 
will  not  be  affected  by  any  settlement  in  the 
bottom  or  levee  surface  of  the  reseryfoir.  A 
bitumen  lining  as  described  above  can  be  put 
in  place  for  the  cost  of  about  7  cts.  per  square 
fo(5t.  A  good  asphaltic  mixture  called  "mas- 
tic" contains  9  per  cent  of  asphaltum,  9  per 
cent  of  cement  or  limestone  dust,  20  per  cent 
of  sand  and  62  per  cent  of  gravel  that  w^ill 
pass  a  %-in.  screen.  It  should  be  poured 
and  worked  at  a  temperature  of  275°  F.  and 
if  the  ground  is  firm  it  may  be  laid  without 
a  sub-layer  of  rock,  a  layer  of  paper  being 
used  to  keep  out  the  dirt.  This  lining  is 
water  tight,  elastic,  easily  repaired,  sets  like 
concrete  and  does  not  soften  up  at  ordinary 
temperatures.  Without  the  rock  sub-base  this 
lining  should  cost  about  5  cts.  per  square  foot. 

.■\11  asphaltum  linings  should  be  well  rolled 
and  the  joints  between  successive  pieces  of 
work  should  be  carefully  ironed  hot  to  se- 
cure a  good  bond.  All  cement  linings  should 
be  kept  thoroughly  well  wet  up  for  a  week 
or  ten  days  after  laying  to  get  as  even  a  set 
as  possible  and  prevent  cracks. 


Irrigation  Pumping  Plants  in  South  Africa. 

— The  pumps   in   most   general   use    in     South 
African  irrigation  work,  according  to  a  consu- 


lar report,  are  a  reciprocating  type,  the  adapt- 
ability of  which  to  varying  capacities  and 
heights  largely  accounts  for  its  popularity.  It 
IS  specially  suitable  for  installation  where  the 
water  supply  is  irregular,  demanding  no  mort 
power  than  is  justified  by  the  work  it  is  called 
tipon  to  perform.  For  handling  dirty  water, 
however,  the  centrifugal  pump  is  more  satis- 
factory, owing  to  its  lack  of  valves;  in  addi- 
tion to  which  its  first  cost  is  less,  though  its 
effectual  capacity  is  confined  within  certain 
height  limits— say,  50  feet— and  it  is  most  suit- 
able for  dealing  with  a  regular  supply.  In 
regard  to  motive  power,  fuel  supply  naturally 
governs  the  choice  of  plant  in  most  localities 
throughout  such  a  country  as  South  Africa, 
For  small  pumping  installations  oil  engines 
up  to  6  HP.  are  very  commonly  used,  and 
with  increasing  success  now  that  owners  of 
irrigated  farms  are  less  prone  tlian  formerly 
to  imagine  that  the  simplicity  of  working  these 
motors  extends  to  leaving  them  to  run  them- 
selves without  supervision  and  without  an  oc- 
casional overhauling  and  tuning  up.  For 
larger  installations  suction  gas  plants  are  ex- 
tensively employed,  one  of  the  most  important 
to  date  being  a  108-brake  horsepower  equip- 
ment at  Grahamstown,  while  others  at  Oudt- 
shoorn  and  elsewhere  are  of  nearly  that  ca- 
pacity. In  some  districts  anthracite  coal  is 
available  and  cheap  to  use.  but  suction  gas 
plants  designed  for  wood  fuel  or  charcoal  arc 
more  widely  in  demand.  In  fact,  the  suction 
gas  plant  is  already,  and  is  certain  to  become 
more  so,  the  accepted  type  for  irrigation  works 
of  any  size,  and  this  in  spite  of  the  fact  that 
it  is  easy  to  find  mechanics  and  drivers  pos- 
sessing an  expert  acquaintance  with  steam  en- 
gines, but  with  everything  to  learn  about  ga< 
engines. 


Design    Features    of     the     Reinforced 

Concrete  Viaduct  on  Hopple  St., 

Cincinnati,  Ohio. 

(Staff  Article.) 

In  our  issues  of  Feb.  11  and  Feb.  25,  1914, 
we  described  and  gave  design  drawings  of  the 
principal  features  of  the  approaches  and  su- 
perstructure of  the  reinforced  concrete  viaduct 
on  Hopple  St.,  Cincinnati.  Ohio.  In  this  arti- 
cle we  consider  the  design  features  of  the  re- 
inforced concrete  piers  and  footings  and  give 


<lala  un   the   estimated   quantities   and   cost  of 
ihc  viaduct. 

III.  Substructure. 
The  character  of  tlie  sulisoil  changes  con- 
siderably along  the  line  of  the  viaduct.  At 
pier  No.  2,  75  ft.  from  pier  No.  1  (the  east 
pier),  the  subsoil  consists  of  strata  of  yellow- 
sandy  clay,  yellow  clay,  sandy  clay,  and  blue 
clay,  the  latter  being  encountered  at  a  depth 
of  about  15  ft.  Near  pier  No.  12,  about  795 
ft.  west  of  pier  No.  1,  the  strata  consist  of 
blue  sandy  clay,  blue  clay,  yellow  clay,  and 
rock  mixed  with  yellow  clay,  the  latter  being 


found  at  a  depth  of  about  30  ft.  Piers  Nos 
IG  and  17,  which  are  to  be  placed  in  the  bed 
of  Mill  Creek  and  are  respectively  1,120  fl. 
and  1,190  ft.  west  of  pier  No.  1.  w'ill  rest  on 
shale  which  lies  only  a  short  distance  below 
the  bed  of  the  stream.  Between  piers  Nos 
21  and  22.  about  1.510  ft.  west  of  pier  No.  1. 
the  strata  consist  of  sandy  clay,  sand,  clay  and 
gravel,  and  soapstone,  the  latter  being  found 
at  a  depth  of  about  35  ft.  Shale  is  found  at  a 
somewhat  greater  depth. 

GENERAL    FEATURES. 

The   26   piers    vary   considerably    in    height. 


Alaivli   11.   1914. 
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<iue  partly  to  the  profile  of  the  ground  and 
jjartly  to  the  fact  that  some  of  the  piers  are 
carried  to  shale,  while  others  rested  on  con- 
>  rete  pile  foundations.  In  most  cases  the  foot- 
nps  are  carried  only  a  short  distance  below 
the  surface  of  the  ground,  but  four  of  the 
piers  near  the  west  end  of  the  viaduct  are 
carried  to  a  maximum  depth  of  about  00  ft. 
This  great  depth  is  due  to  the  fact  that  the 
Baltimore  &  Ohio  Southwestern  Railroad  Co. 
oxpects  to  build  a  large  freight  yard  which 
vill  necessitate  the  shifting  of  Mill  Creek 
several  hundred  feet  west  of  its  present  loca- 
tion. 

The  highest  piers.  Nos.  \G  and  17,  are  lo- 
cated in  the  bed  of  Mill  Creek,  the  distances 
from  the  bottom  of  their  footings  to  the  crown 
of  finished  roadway  surface  being  about  98 
.iiid  97.6  ft.,  respectively.  The  next  highest 
iiier  is  No.  23,  with  a  height,  from  bottom  of 
looting  to  crown  of  finished  roadway,  of  about 
^1.8  ft.  This  pier  is  one  of  a  group  of  four 
liiers  of  about  the  same  heights  whose  foot- 

iigs   extend    distances    of    from   40   to   50    ft. 

lelow  the  surface,  to  permit  the  shifting  of 
.Mill  Creek.  The  remainder  of  the  piers  are 
considerably  shorter.  On  account  of  the  angle 
at   which  the  railroad  tracks  and   Mill   Creek 

ross  the  line  of  tlie  viaduct,  all  of  the  piers 
.ire  skewed.  Beginning  at  the  east  end  of  the 
viaduct  the  angles  between  the  longitudinal 
axis  of  each  pier  and  that  of  the  viaduct  are: 
Piers  Nos.  1  to  4,  inclusive,  77°  53';  No.  5,  68° 
i»r,  and  Nos.  6  to  26.  inclusive,  59°  20'. 

Piers  Nos.  1  and  2  have  spread  reinforced 
concrete  footings  resting  on  vellow  sandy 
clay;  piers  Nos.  16,  17,  22,  23,  24  and  25  have 
spread  foundations  resting  on  shale;  all  other 
piers  have  concrete  pile  foundations. 

LOADS    AND   ALLOWABLE    STRESSES. 

Dead  and  Live  Loads. — In  addition  to  the 
weight  of  the  superstructure  and  the  piers,  the 
following  live  loads  were  used  in  designing 
the  piers,  footings  and  piling :  1.50  lbs.  per 
square  foot  on  the  full  width  of  the  roadway, 
and  100  lbs.  per  square  foot  on  the  sidewalks. 

Allozvable  Loads  on  foundations. — The  fol- 
lowing loads  were  allowed  on  the  concrete 
piles  and  on  the  shale  and  earth :  Dead  load 
••er  pile,  23  tons;  dead  load  plus  full  live  load 
;icr  pile,  27  tgns ;  maximum  load  on  outside 
pile  when  one  cantilever  only  is  fully  loaded 
with  live  load,  .35  tons;  average  bearing  on 
shale  6  tons  per  square  foot:  and  maximum 
bearing  on  earth.  3  tons  per  square  foot. 

Allowable  Stresses.— The  allowable  tensile 
stress  in  the  reinforcing  steel  of  the  piers  and 
footings  was  20,000  ibs.  per  square;  the  al- 
lowable compressive  stress  on  the  concrete 
was  700  lbs.  per  square  inch,  and  the  allow- 
able shearing  stress  on  the  concrete  was  65 
lbs.  per  square  inch. 

ASSUMPTIONS    AS   TO   THE   DESIGN. 

Each  pier  with  its  adjacent  cantilevers  was 
.^nsidered  a  unit,  with  no  bending  or  arch 
action  transmitted  from  one  pier  to  another; 
-hear  only  is  transmitted  by  the  joint  between 
ilie  ends  of  adjacent  cantilever  arms.  Since 
each  pier  and  its  cantilever  arms  are  symmetri- 
.al  about  the  center  line  of  the  pier,  there  is 
no  bending  due  to  dead  or  to  full  live  load  on 
both  cantilevers.  Piers,  footings  and  piling 
are  designed  to  withstand  the  overturning 
eflect  produced  by  the  loading  of  a  single 
cantilever  with  the  full  live  load. 

SPEaFIC.\TION.S    FOR    SUBSTRUCTURE. 

The  following  data  were  taken  from  the 
specification^  covering  the  substructure: 

Conerete  Piles.— \t  is  planned  to  use  30-ft. 
concrete  piles  under  the  piers,  but  this  length 
will  not  Becessarilv  be  used.  The  engineer 
will  specifv  the  length  of  pile  m  each  case, 
and  the  entire  length  ordered  will  be  paid  for. 
If  it  is  necessarv  to  cut  ofT  the  pile  to  bring 
the  top  to  the  proper  elevation,  no  extras  will 
be  allowed  for  this  cutting.  The  contractor 
must  test,  at  his  own  expense,  twelve  piles  by 
loading  each  pile  with  a  load  of  45  tons.  I  he 
settlement  under  this  load  shall  not  be  greater 
than  '.  in.,  in  a  period  of  two  weeks. 

The  contractor  was  allowed  to  bid  on  dif- 
ferent kinds  of  concrete  piles.  The  success- 
ful contractor's  bid  was  based  on  the  "sc  of 
Ravmond    piles,    the    specifications    for    whicli 


were :  Raymond  piles  shall  have  a  diameter 
at  the  top  of  20  ins.  and  at  the  bottom  of  8 
ins.,  using  the  30-ft.  pile  as  a  basis.  The  con- 
crete shall  be  composed  of  1  part  Portland 
cement,  2  parts  sand  and  4  parts  crushed  stone 
or  crushed  gravel  1  in.  and  under.     The  con- 


.-yo< 


Piers  and  Footings. — The  concrete  in  the 
piers  and  footings  shall  be  composed  of  1  part 
Portland  cement,  2  parts  sand  and  4  parts 
crushed  stone  1  in.  and  under.  Concrete  shall 
be  paid  for  in  place,  including  all  formwork 
and  reinforcing  steel. 

Tor  S'-O'Pier 

— iJ-^j-  -— —  I^S— 5<r-— -  -  3^ 1 

-«■ S^  — 3-i-   - 

Tor  6'-0'Pier 


r*rf-tn-rr-i-*t  *--*-♦-' : 

ill   I  ,   I   I   I   I   I    I  J   I   I 
.,jllil.nJ   i(l   I   I'll  I   I  ,-  — 

JS^ — 

— 14-    8-' ~-7S 


(d)  Section  B-B 


^Pier 
Ce)  Strut  for  Piers  No»i6.i722.2i2'lifS 


Fig.    1.     Elevations   and    Sections   of   Typical    Reinforced   Concrete   Piers  of  Hopple  St.  Via- 
duct, Cincinnati,  Ohio.    Drawing  also  Shows    Intermediate   Strut   Used   for   High   Piers. 


Crete  .shall  be  a  wet  mix  which  will  readily 
flow.  It  shall  be  ihornughly  mixed  and 
tamped  in  the  shells  as  they  arc  filled.  The 
steel  shell  shall  be  of  No.  20  gage.  The  shells 
shall  be  inspected  after  driving  by  lowering  a 
light  into  them,  and  any  which  are  found  to 
be  defective  shall  be  removed. 


DESIGN    FEATURES    OF    SUBSTRUCTURE. 

Piers. — Figure  1  shows  elevations  and  sec- 
tions of  a  typical  pier.  The  drawing  also 
shows  changes  in  dimensions  due  to  diflfer- 
enccs  in  the  lengths  of  the  cantilever  arms, 
and  gives  a  detail  of  the  intermediate  strut 
which    is    used    to    connect    the    divided    pier 
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shafts  of  the  six  highest  piers.  The  half 
elevation  shown  in  Fig.  1  (a)  gives  the  di- 
mensions of  the  principal  details,  together 
with  the  size  and  arrangement  of  the  rein- 
forcing rods.  It  will  be  noted  that  the  piers 
have  two  14-ft.  arched  openings,  and  that  each 
pier  shaft  is  carried  on  a  separate  footing. 
The  side  shafts  are  each  6  ft.  wide,  and  the 
central  shaft  has  a  width  of  14  ft.  Figure 
1  (b)  shows  a  side  and  an  end  elevation  of 
the  pier.  It  will  be  noted  that  the  pier  has 
a  double  coping  course.  The  thickness  of  the 
piers  which  carry  40-ft.  cantilevers  is  6  ft, 
for  a  distance  of  8  ft.  below  the  lower  coping 
course;  below  this  the  thickness  increases  at 
the  rate  of  54  '"■  per  foot  of  height.  For 
the  piers  which  support  30  and  35-ft.  canti- 
levers the  thickness  of  the  pier  shafts  is  5  ft., 
increasing  at  the   same   rate   as   for   the  6-ft. 


TABLE     I.— DIMENSIONS      AND 


REINFORCEMENT      FOR     FOOTINGS     ON      SHALE.        (See 

Fig.  2.) 
Center  Footing  Scliedule. 


1 
2 
16 
17 
22 
23 
24 
25 


12 
16 
17 
22 
23 
24 
25 


Footing  No. — 


Bottom     A. 
elev.,  ft.  ft.  ins. 


-Dimension- 
B.  C.  D. 


E. 


64.0 
62.0 
15.0 
15.0 
25.0 
22.0 
22,0 
25.0 


62.0 
15.0 
15.0 
25.0 
22.0 
22.0 
25.0 


56-0 
18-0 
17-6 
17-6 
16-0 
lS-0 
18-0 
18-0 


ft.  ins.  ft.  ins.  ft.  ins.  ft.  ins. 


14-0 
26-0 
17-0 
17-0 
17-0 
18-0 
18-0 
18-0 


3-6 
3-3 
4-1 
4-1 
3-9 
4-3 
4-3 
4-3 


3-6 
3-3 
4-1 
4-1 
3-9 
4-3 
4-3 
4-3 


3-8 
6-0 
6-0 
6-0 
6-4 
6-5 
6-5 
6-5 


a. 

ft.  ins 
9-0 
9-0 
9-C 
8-0 
S-0 
8-0 
8-0 


North  and   South  Footing  Schedules, 
b.  c,  d.  e. 

ft.  ins,  ft,  ins,  ft,  ins,  ft,  ins. 


"y"   sq,  bars, 

%-in,  at  7  ins. 

l\i  in,  at  6  ins, 

26,    '/g-in,  eq.   sp, 

26,    %-in.  eq,   sp, 

28,    %-in.  eq.   sp. 

28,   %-in.  eq.   sp. 

%-in.  eq.   sp. 

%-in.  eq.   sp. 


20-0 
14-0 
14-0 
14-0 
16-0 
16-0 
16-0 


3-3 
4-1 
4-1 
3-9 
4-3 
4-3 
4-3 


3-6 

5-0 

5-0 

4-11 

5-5 

5-5 

5-5 


4-5 
4-1 
4-1 

4-8 
5-4 
5-4 
5-4 


1-ln.  at  6%   ins. 

12,  ?4-in.  eq.  sp. 

12,  %-in.  eq.  sp, 

13,  ?i-in,  eq,  sp, 
11,  %-in.  eq,  sp, 
11,  %-in.  eq.  sp. 
11,  %-in.  eq.  sp. 


"x"  sq.  bars, 

>4-in.  at  12  Ins, 

Va-in,  at  12  Ins. 

H-in.  at  12  ins, 

H-in,  at  12  ins, 

V4-in,  at  12  ins. 

%-in.  at  12  ins, 

%-in,  at  12  ins. 

V5-in.  at  12  ins. 


■/i-in,  at  12  ins, 

%,-in.  at  12  ins. 

y2,-in,  at  12  ins, 

Va-in,  at  12  ins, 

Vi-in,  at  12  ins, 

V2,-in.  at  12  ins. 

H.-in.  at  12  Ins, 


<fe  of  Piers  ■ 


ZI.469'For  Pier  I  and  2 

.■59. 297'  For  Piers  16, 17,  Ba,  23.24. 25 


Half  Plan 
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Section  B-B 
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Fig.  2.    Plan  and  Sections  of  Reinforced   Concrete   Footings  on  Shale,  Hopple  St. 

Viaduct. 


shafts.  Figure  1  (c)  shows  a  horizontal  sec- 
tion of  the  pier  alaove  the  spring  line  of  the 
curved  cantilever  ribs.  It  will  be  noted  that 
the  thickness  of  the  shaft  above  the  spring 
line  is  reduced  to  14  ins.  between  the  outside 
and  inside  ribs,  and  that  it  is  reinforced  with 
both  vertical  and  horizontal  rods,  placed  at 
the  center  of  the  section.  Between  the  two 
inside  ribs  this  part  of  the  pier  has  the  full 
thickness  of  the  shaft  below  the  spring  line 
of  the  ribs.  Figure  1(d)  shows  a  vertical 
section  through  the  coping  and  through  a  por- 


tion of  the  pier  shaft.  It  will  be  noted  that 
some  of  the  reinforcement  is  bent  to  follow 
the  outline  of  the  pier  shaft. 

For  the  two  piers  Nos.  16  and  17,  located 
in  the  bed  of  Mill  Creek,  and  for  the  four 
piers  Nos.  22  to  25,  inclusive,  near  the  west 
end  of  the  viaduct  (the  future  bed  of  Mill 
Creek),  the  heights  are  such  as  to  require 
the  bracing  of  the  divided  shafts  at  points 
midway  between  the  tops  of  the  footings  and 
the  tops  of  the  arched  openings.  Figure  1 
(e)    shows    an    elevation   and    section    of   the 


reinforced  concrete  strut  used  to  connect  the 
outside  shafts  to  the  center  one,  for  these 
piers. 

Pier  No.  1  (the  east  pier)  is  low  and  has 
a  continuous  footing.  Piers  Nos,  2,  3  and  4 
are  also  comparatively  low,  but  have  divided 
footings.  These  piers  have  design  features 
somewhat  different  from  those  shown  in  Fig. 
1.  The  arched  opening  shown  in  Fig,  1  is 
replaced  by  a  flat  opening  which  extends  2 
ft,  above  the  top  of  coping  of  these  piers. 
Above  the  opening  there  is  a  heavy  strut 
which  has  a  depth  of  5  ft.  and  a  thickness 
equal  to  that  of  the  pier  shaft.  Above  this 
strut  and  between  the  outside  and  inside  ribs 
the  concrete  has  a  thickness  of  14  ins.  The 
shafts  for  piers  Nos.  1  and  4  are  5  ft,  thick, 
and  those  for  piers  Nos.  2  and  3  have  a  thick- 
ness of  6  ft. 

Footings.— Tvio  types  of  reinforced  concrete 
footings  are  used,  those  supported  on  shale, 
and  those  carried  on  concrete  pile  founda- 
tions. Figure  2  shows  detailed  plans  and  sec- 
tions of  the  side  and  center  footings  for  a 
typical  pier  on  shale.  It  will  be  noted  that 
the  stub  bars,  one  for  each  vertical  reinforcing 
bar  of  the  pier,  are  hooked  around  the  hori- 
zontal bars  in  the  footing  and  project  5  ft. 
into  the  pier  shafts.  These  footings  have 
varying  dimensions,  depending  upon  the  load- 
ing and  soil  conditions.  Table  I  shows  the 
value  of  the  dimensions  which  are  represent- 
ed by  letters  in  Fig.  2,  The  tabulated  data 
also  show  the  size  and  spacing  of  the  rein- 
forcing bars  for  each  footing,  together  with 
the  elevation  of  the  bottoms  of  these  foot- 
ings. 

The  height  of  each  of  the  26  piers,  from 
the  bottom  of  the  center  footing  to  the  crown 
of  the  finished  pavement,  is  given  in  the  fol- 
lowing table,  No,  1  being  the  east  pier  and  No. 
26  the  west  one : 


Pier  No. 

Height,  ft.  Pier  No. 

Height,  ft 

1 

26.40 

14 

57.84 

2 

30.43 

15 

69.23 

3 

36.59 

16 

97.62 

4 

41.62 

17 

98.01 

5 

43.37 

18 

66.40 

6 

45.13 

48.02 

19 

56  51 

7 

20 

54.62 

8 

46.04 

21 

47.73 

9 

49.20 

22 

80.84 

10 

52.36 

23 

81.81 

11 

55.52 

24 

79.65 

12 

55.97 

25 

74.49 

13 

58.42 

20 

47.33 

Figure  3  shows  detailed  plans  and  sections 
for  those  footings  which  have  concrete  pile 
foundations.  It  wiil  be  noted  that  the  1%-in. 
stub  bars,  one  for  each  vertical  reinforcing  bar, 
are  hook  around  the  horizontal  bars  of  the 
footings  and  project  into  the  pier  shafts  a  dis- 
tance of  5  ft.  The  1-in.  bars  of  the  concrete 
piles  project  into  the  footing  a  distance  of 
2  ft.  above  the  tops  of  the  piles.  Table  II 
gives  the  values  of  tlic  dimensions  represented 
by  letters  in  Fig.  3,  and  shows  the  number  of 
piles  required  for  each  pier  having  a  pile 
foundation,  together  with  the  size  and  ar- 
rangement of  the  horizontal  reinforcing  bars. 

OrANTITIES     AND    CONTRACT     PRICES     FOR    ENTIRE 
VIAnUCT. 

The  revised  engineer's  estimate  of  quanti- 
ties and  unit  and  total  costs  of  the  various 
items,  together  with  the  successful  contractor's 
bid  on  each  item  are  given  in  Table  III.  on 
page  310, 

The  work  is  undertaken  jointly  by  the  Bal- 
timore   &    Ohio    Southwestern    Railroad    Co, 


XA  V^   V^    X    111, 
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TABLE  II.— DIMENSIONS,  NL'MBER  OF  PILES    AND    REINFOKCEMENT    FOU    FOOTINGS    ON 


I  Footing  Bottom 

'     No.  elev.,  ft. 

3 58.0 

4 55.0 

5 55.0 

6 55.0 

7 54.0 

8 58.0 

9 57.0 

10 56.0 

U 55.0 

12 55.0 

13 53.0 

14 54.0 

15 43.0 

18 47.0 

19 55.0 

20 55.0 

21 60.0 

26 30.0 

I'uoling 

No.        North.  South. 

3 62.0        53.0 

4 60.0         49.0 

.-, 62.0         49.0 

6 60.0         49.0 

7 60.0         47.0 

S 58.0         58.0 

9 57.0         57.0 

10 56.0         56.0 

11 55.0         55.0 

12 55.0         55.0 

13 53.0         50.0 

14 *.0         54.0 

15 43.0         43.0 

18 47.0         47.0 

19 55.0         55.0 

20 60.0         46.0 

21 65.0         53.0 

26 50.0         50.0 


A. 
ft.  Ins. 
18-0 
lS-0 
18-0 
lS-0 
18-0 
18-0 
18-0 
18-0 
18-0 
18-0 
18-0 
18-9 
18-0 
lS-0 
lS-0 
18-0 
18-0 
18-0 


a. 
ft.  Ins. 
9-0 
9-0 
9-0 
9-0 
9-0 
9-0 
9-0 
9-0 
9-0 
9-0 
9-0 
3-0 
9-0 
9-0 
9-0 
9-0 
9-0 
9-0 


CONCKETE   PILES.      (See  Fig. 

Center  Footing  Schedule. 
-Dimension. 


3.) 


B. 

ft.  ins. 
24-0 
21-0 
21-0 
21-0 
21-0 
24-0 
24-0 
24-0 
24-0 
24-0 
24-0 
21-0 
24-0 
21-0 
21-0 
21-0 
21-0 
24-0 


C. 
ft.  Ins. 
3-3 
3-3 
3-3 
3-3 
3-3 
3-8 
3-8 
3-8 
3-8 
3-8 
3-8 
3-3 
3-6 
3-3 
3-3 
3-3 
3-3 
3-6 


D. 
ft.  Ins 
3-3 
3-3 
3-3 
3-3 
3-3 
3-8 
3-8 
3-8 
3-8 
3-S 
3-8 
3-3 
3-6 
3-3 
3-3 
3-3 
3-3 
3-6 


E.     No.  of 
ft.  Ins.  piles. 


"y"   sq.    bars. 


"x"  sq.  bars. 


6-9 
5-9 
5-9 
5-9 
5-9 
6-9 
6-9 
6-9 
6-9 
6-9 
6-9 
5-9 
6-9 
S-9 
5-9 
5-9 
6-9 
6-9 


44 

37 
36 
39 
39 
46 
48 
48 
48 
48 
48 
42 
46 
42 
41 
42 
39 
46 


Ins. 


North   and   South   Footing   Schedules 


I^   Ins.   at  6% 
1  In.  at  Shi  ins 
I  In.  at  5V4  ins. 
1   In.  at  5>4  ins. 
1  in.  at  b'Z  Ins. 
1  in.  at  6  Ins. 
1  in.  at  6  ins. 
1  in.  at  6  Ins. 
1  in.  at  6  Ins. 
1  in.  at  6  ins. 
1  in.  at  6  ins. 
1  in.  at  5^4  Ins. 
I  In.  at  6  Ins. 
1  In.  at  5V4  Ins. 
1  in.  at  6Vi  Ins. 
1  In.  at  51^  Ins. 
1  in.  at  5%  ins. 
1%   Ins.  at  6%   Ins.. 


b. 
ft.  ins.  1 
18-0 
18-0 
18-0 
18-0 
18-0 
21-0 
21-0 
21-0 
21-0 
21-C 
21-0 
lS-0 
21-0 
18-0 
18-0 
18-0 
18-0 
21-0 


.  Ins, 
3-3 
3-3 
3-3 
3-3 
3-3 
3-8 
3-8 
3-8 
3-8 
3-8 
3-8 
3-3 
3-6 
3-3 
3-3 
3-6 
3-3 
3-6 


d. 
ft.  ins. 
3-6 
3-6 
4-5 
4-5 
4-5 
4-10 
4-10 
4-10 
4-10 
4-10 
4-10 
4-5 
4-7 
4-5 
4-5 
4-7 
4-5 
4-7 


e.     No.  piles 
ft.  ins.  N.   S. 


y"   sq.   bars. 


".\"  sq.  bars. 


5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 
5-3 


16 
15 
14 
15 
15 
17 
18 
18 
18 
18 
18 
16 
17 
17 
16 
17 
15 
17 


1%  Ins.  at  7 
1  in.  at  8  Ins. 
1  in.  at  8  ins. 
I  in.  at  8  ins. 
1  in.  at  8  Ins. 
1  in.  at  6  Ins. 
1  in.  at  6  ins. 

in.  at  6  ins. 

in.  at  6  ins. 

in.  at  6  Ins. 

In.  at  6  ins. 

In.  at  8  Ins. 
at  6  ins. 

in.  at  8  ins. 

In.  at  8  Ins. 

in.  at  8  Ins 

in.  at  8  Ins 


ins. 


1V4  ins.  at  7  ins. 
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and  the  city  of  Cincinnati,  the  former  assum- 
ing one-third  and  the  latter  two-thirds  of  its 
cost. 

PEKSONNEL. 

The  Hopple  St.  Viaduct  was  designed  under 
the  direction  of  Mr.  H.  M.  Waite,  chief  en- 
gineer, and  Mr.  F.  L.  Raschig,  engineer  of 
structures.  Department  of  Public  Service  of 
Cincinnati.  The  construction  will  be  contin- 
ued under  Mr.  F.  S.  Krug,  who  has  succeedecf 
Mr.  Waite  as  chief  engineer,  and  Mr.  F.  L. 
Raschig.  The  Kirchner  Construction  Co.  of 
Cincinnati  has  the  contract  for  the  construc- 
tion of  this  viaduct. 


Fig.   3      Plan   and    Sections   of    Reinforced   Concrete    Footing*   on    Concrete    Pile*,    Hop- 
ple   St.    Viaduct. 


Some    Specifications     for     Reinforced 

Concrete  Highway  Bridges  and 

Culverts. 

The  following  recommendations  were  sub- 
mitted to  the  American  Concrete  Institute,  at 
its  recent  annual  convention  in  Chicago,  by 
the  Committee  on  Reinforced  Concrete  High- 
way Bridges  and  Culverts.  These  recommen- 
dations were  submitted,  not  as  final,  but  merely 
as  preliminary  suggestions,  in  the  hope  of 
bringing  out  the  discussion  of  doubtful  points 
and  information  regarding  questions  which  the 
committee  could  not  answer.  The  members 
of  the  committee  were:  Willis  Whited,  chair- 
man, Lemuel  Holmes,  A.  N.  Johnson,  A.  M. 
Lovis,  and   Henry  H.  Quimby. 

DEAD   LOADS. 

The  following  are  given  as  average  weights 
per  cubic  foot  of  the  materials  mentioned,  but 
if  the  weights  of  the  materials  to  be  actually 
used  are  definitely  known  to  be  different  from 
those  given,  the  correct  weights  should  be 
used : 

Lbs. 

Materials.  per  cu.  ft. 

Earth  filling no 

I'lain   concrete    150 

Reinforced  concrete  155 

Steel     490 

Cast    iron    450 

Vitrified    brick 140 

Common   brick    125 

Granite  and  limestone  masonry 166 

Sandstone    160 

Macadam -Telford    160 

Pine,   fir,   etc 42 

Oak  and  yellow  pine 48 

Creosoted    timber    60 

The  weight  imposed  by  earth  filling  should, 
in  ordinary  cases,  be  considered  as  including 
all  filling  included  between  vertical  planes 
passing  through  the  faces  of  the  abutments. 

If,  however,  the  height  of  the  fill  exceeds 
about  two-thirds  the  distance  face  to  face  of 
the  abutments,  the  live  load  may  be  neglected 
and  a  very  considerable  proportion  of  the 
weight  of  the  filling  considered  will  be  sup- 
ported by  friction  between  it  and  the  approach 
filling.  The  amount  of  load  thus  transmitted 
is  greatly  affected  by  the  cohesion  of  the  soil, 
of  which  there  is  nearly  always  more  or  less. 
(  This  paragraph  is  not  approved  by  Mr.  Lem- 
uel  Holmes.) 

This  whole  subject  requires  further  investi- 
gation. 

LIVE  LOADS. 

Class  '"A"  ^n'rfgri'.— Main  thoroughfares 
leading  from  large  towns. 

In  view  of  the  extensive  introduction  of  the 
heavy  motor  trucks  and  traction  engines,  and 
the  probable  general  use  of  such  vehicles  in 
ihc  future,  it  is  rccomniended  that  bridges  on 
main  thoroughfares  and  other  roads  which 
.iro  likely  to  he  used  for  heavy  hauling,  be 
designed  to  carry  20-toii  trucks,  with  axles 
about  10  ft.  center  to  center.  14  tons  on  rear 
axle  and  6  tons  on  fore  axle;  w^hccls  about 
.'■>  ft.  center  to  center.  Outside  of  the  large 
litics  it  is  recommended  that  only  one  sucn 
vehicle  he  assumed  to  he  on  the  bridge  at  anv 
.ine  time,  the  likelihood  of  more  than  one 
hcinc  on  the  bridge,  in  a  position  to  produce 
maxininm  stresses  at  the  same  time,  is  so  re- 
mote that  this  .Tssumption  is  considered  safe. 
It  is  advised  that  such  very  heavy  loads  be 
i-nnsidercd  as  occupying  only  the  ordinary 
width  of  the  road,  about  8  ft.  in  width  and 
-ibout  .l.'i  ft.  in  length.  Congested  traffic  of 
he.Tvily  lo.ided  wagons  or  motor  trucks  will 
rarely   impose  a   load   of  more   thnn    100   lbs. 
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TABLK  111.— ENGINEER'S  ESTIMATED  QUANTITIES    AND    UNIT   PRICES    AND   SUCCESSFUJ. 
CONTRACTORS    BID    FOR    VARIOUS    ITEMS    (HOPPLE   ST.    VIADUCT.) 

Engineer's 
Engineer's  total     Contractor's 

Item.  estimated  Contractor's  estimate,       total  bid. 

Quantity.       price.       unit  bids,      each  item,  each  item. 

Trench  excavation,   earth,  cu.  yds 11,000  $     1.50  $     2.50  <  16,500  $  27,500 

Trench  excavation,   rock,   cu.   yds 2,000 

Raymond  concrete  piling,  lin.   ft 43,000 

Reinf.  concrete  piers  and  tooting,  cu.  yds 10,000 

Reinf.  concrete  containing  walls,   cu.  yds 700 

Relnf.   concrete   superstructure,   complete* 

Grading   excavation,   cu.   yds 8,700 

Drain  pipe.  lin.  ft 900 

Manholes,   each   . . . . : 3 

Inlets,    each    

Granite  curb,  lin.  ft 

Concrete  base,  cu.  yds 

Granite  pavement,    sq.    yds 1,400 


1,000 
500 


Wood  block  pavement,  sq.  yds. 

Cement  sidewalks,  sq.  ft 

Sand   blast  finish,   complete 


Total  contract  work. 
Field  supervision   


11,000 
S.500 


3.00 

3.00 

6,000 

6,000 

1.00 

0.80 

43,000 

34,400 

9.00 

9.00 

90,000 

90,900 

15.00 

15.00 

10,500 

10,500 

189,000 

188,600 

O.GO 

0.60 

5,220 

5,220 

1.00 

1.00 

900 

900 

00.00 

100.00 

300 

300 

50.00 

50.00 

350 

350 

1.00 

1.00 

1,000 

1,000 

5.50 

4.00 

2,750 

2,000 

2.80 

2.80 

3,920 

3,920 

2.50 

2.30 

■:7,500 

25,300 

0.14 

0.15 

1,190 

1,275 

6,500 

6,500 

Total  contractor's  bids 

Engineering  costs   

Advertising  costs  


3,600 
720 


$403,765 
10.000 

$413,765 


Engineer's  estimate  of  total  costt — 

•Includes  all  reinforced  concrete  work  above  spring  line  of  arched  ribs, 
t^clusive  of  property  and  damages. 


$420,000 


per  square  foot,  over  a  considerable  area.  The 
above  mentioned  20-ton  truck  gives  a  load  of 
about  140  lbs.  per  square  foot  on  the  area 
actually  occupied,  but  it  is  considered  extrava- 
gant to  assume  that  a  large  bridge  is  covered 
with  such  heavy  loads.  A  load  of  100  lbs.  per 
square  foot  is  thought  ample  to  assume  for 
the  loading  of  spans  more  than  60  ft.  long,  in 
designing  the  trusses  or  main  girders.  It  is 
thought  to  be  safe  to  reduce  this  assumed  load 
in  the  case  of  longer  spans,  to  the  following 

values : 

Assumed 

load,  lbs. 

Length  of  span,  it.  per  sq.  ft. 

80 90 

100 '^o 

125 75 

200   and    over 70 

With  all  intermediate  spans  In  proportion. 

The  greatest  load  that  is  liable  to  be  im- 
posed on  a  bridge  sidewalk  occurs  when  there 
is  some  excitement  in  the  neighliorhood,  which 
attracts  a  large  crowd,  and  for  which  the 
bridge  affords  an  especially  good  point  of 
view.  In  that  case  the  crowd  forms  a  com- 
pact mass,  against  the  railing,  not  more  than 
4  ft.  deep,  making  a  load  seldom  exceeding 
100  lbs.  per  square  foot  over  a  very  consider- 
able space.  The  remaining  portion  of  the 
sidewalk  may  be  covered  by  a  moving  crowd 
which  can  scarcely  weigh  more  than  40  lbs. 
per  square  foot.  It  majr  be  advisable,  some- 
times, to  so  design  sidewalk  slabs  that  if  a 
street  car  or  motor  truck  accidentally  gets 
upon  the  sidewalk  it  will  not  go  through. 
Such  accidents  are  so  rare  that  it  is  thought 
safe  to  allow  materials  to  be  stressed  some- 
what beyond  the  elastic  limit  in  such  cases. 

Class  "B"  Bridges, — Although  it  is  impossi- 
ble to  determine  beforehand,  especially  in  the 
newer  parts  of  the  country,  whether  any  given 
road  is  to  be  used  for  heavy  traffic,  it  seems 
extravagant,  at  least  in  the  cases  of  larger 
spans,  to  design  bridges  to  carry  much  heavier 
loads  than  can  be  expected  to  come  upon  them. 
It  is  recommended  that  bridges  of  this  class 
be  r'esitrned  to  carry  1.5-ton  trucks,  with  axles 
10  ft.  apart,  •'>  tons  on  tlie  front  and  10  tons 
on  the  rear  axle.  This  will  allow  for  a  con- 
siderable overloading  of  existing  motor  trucks. 
It  is  further  recommended  that  only  one  truck 
be  assumed  to  be  on  the  bridge  at  one  time, 
in  designing  the  floor  system,  that  it  be  as- 
sumed to  cover  a  width  of  8  ft.  and  a  length 
of  3.5  ft.  and  that  the  remainder  of  the  liridge 
is  covered  with  a  load  of  about  90  lbs.  per 
square   foot  for  spans  up  to  60   ft. 

The  longer  spans,  the  trusses  and  main 
cirders  should  be  designed  for  the  following 
loads: 

Assumed 

load.  lbs. 

Lencth  of  span.  fl.  per  sq.  ft, 

80 80 

inn 70 

125 fi."! 

130 60 

200  nnd  over 55 

With   intermediate  spans  )n  proportion. 

Sidewalks  should  be  designed  to  carry  the 
same  loads  as  in  the  case  of  Class  "A"  bridges. 


Special  Bridges. — City  bridges  and  bridges 
carrying  traffic  connected  with  mines,  quarries, 
lumber  regions,  mills,  manufactories,  etc.,  re- 
quire special  consideration  and  should  of 
course  be  designed  to  carry  and  load  whicli 
can  reasonably  be  expected  to  pass  over  them, 
bearing  in  mind  the  likelihood  of  heavy  trac- 
tion engines  and  motor  trucks  coming  into  ex- 
tensive use  in  the  not  distant  future. 

Stringer  Loading.- — The  maximum  stress  in 
a  stringer,  due  to  a  wheel  load,  occurs  evi- 
dently when  the  wheel  is  directly  over  it.  It  is 
not  thought  proper  to  assume  any  distribution 
of  the  load  tn  adjacent  stringers,  unless  the 
bottom  reinforcement  in  the  slab  is  made  con- 
tinuous. In  that  case  the  distribution  is  pro- 
portional to  the  relative  stiffness  of  the  slal) 
and  the  stringers,  said  stiffness  being  propor- 
tional to  the  moments  of  inertia  multiplied 
by  the  modulus  of  elasticity  of  materials,  and 
inversely  proportional  to  the  cube  of  the  span. 
In  determining  this  distribution,  due  account 
must  be  taken  of  the  fact  that  deflection  of 
the  slab  decreases  toward  the  end  of  the 
stringers,  and  also  of  the  fact  that  whatever 
load  is  carried  to  the  adjacent  stringers  de- 
flects them  also.  It  is  therefore  recommended 
that  wherever  practicable  the  bottom  reinforce- 
ment of  slabs  be  made  continuous  over  the 
stringers. 

Slob  Loading. — The  distribution  in  a  direc- 
tion parallel  to  the  supports  of  a  concentrated 
load  resting  on  a  slab,  supported  at  two  op- 
posite edges  only,  evidently  depends  upon  the 
same  principles  as  those  mentioned  under 
"Stringer  Loading."  The  main  difference  be- 
ing that  what  corresponds  to  the  stringer  in 
the  former  case  is  of  indefinite  width  in  the 
present  case.  .A.dequatc  theoretical  investiga- 
tions of  this  question  appear  to  be  lacking. 
For  the  present  it  seems  fair  to  assimie  that 
the  distribution  each  side  of  a  concentrated 
load  is  equal  to  about  one-third  the  length  of 
the  span,  and  that  the  cross  reinforcement 
should  be  designed  accordingly,  which  would 
require  it  to  have  an  area  of  at  least  one-half 
of  the  principal  reinforcement.-  The  distribu- 
tion of  a  concentrated  load  through  earth  fill- 
ing on  the  tnp  of  a  slab  does  not  appear  to 
be  very  well  understood. 

Bridges  Carrying  Electric  Cars. — F.lectric 
traction  is  still  in  its  infancy  and  nobody  is 
able  to  forecast  its  future  development.  It 
seems  probable,  however,  that  it  will  not  be 
profitable  to  run  cars  weighing  more  than  ,50 
tons  each,  at  a  speed  that  would  be  permitted 
on  any  public  road.  If  very  high  speeds  arc 
desired,  the  traction  company  will  doubtless 
be  required  to  operate  over  its  own  right-of- 
way.  It  is  recommended  that  bridges  carry- 
ing either  \irban  or  interurhan  electric  cars  be 
designed  to  carry  .50-ton  cars  on  two  trucks, 
spaced  30  ft.  center  to  center,  each  truck  hav- 
ing two  axles  spaced  7  ft.  center  to  center. 
The  committee  sees  no  reason  for  changing 
the  customary  practice  of  assuming  that  an 
axle  load  is  distributed  over  three  ties. 

Loading  on  Arches. — The  deflection  of  an 
arch  being  much  less  than  that  of  a  beam  of 


the  same  length,  the  method  recommended  for 
determining  the  lateral  distribution  of  a  con- 
centrated load  over  arch  sheeting  appears  to 
be  different  from  the  distribution  over  flat 
slabs.  It  seems  doubtful  if  the  distribution  in 
each  direction  can  be  greater  than  twice  the 
thickness  of  the  arch  sheeting.  This  question 
should  be  investigated. 

Stresses  in  Arches. — As  all  arches  that  are 
not  provided  with  hinges  act  as  elastic  arches 
until  cracks  are  formed,  due  to  excessive  ten- 
sion at  some  point  or  points  in  the  concrete, 
it  is  manifestly  proper  to  calculate  the  stresses 
in  them  according  to  the  elastic  theory. 

.\i  concrete  is  a  very  poor  conductor  of 
heat,  it  is  not  thought  necessary  in  calculating 
reinforced  concrete  arches  to  assume  so  much 
variation  in  temperature  as  is  usual  in  design- 
ing steel  structures,  although  the  outside  layers 
of  concrete  are  of  nearly  the  same  temperature 
as  the  surrounding  air,  and  those  layers  are 
stressed  more  heavily  than  any  of  the  others. 
It  is  thought  that  an  extreme  variation  of 
about  80°  F.  in  the  northern  states  is  sufficient 
to  allow  for,  in  any  case,  and  that  can  be  re- 
duced if  the  arch  ring  is  thicker  or  if  there  is 
much  earth  filling  in  the  spandrels. 

BEARING    POWER  OF   PILES. 

The  usual  formula  for  the  safe  bearing 
power  of  wooden  piles  is : 

2  W  H 

B  = 

-5-  +  1 
in   which 

If/ =  weight  of  hammer  in  pounds. 

//^weight  of  fall  of  hammer  in  feet. 

.^"  =  penetration  in  inches  per  blow,  average 

of  last  few  blows. 
If  reinforced  concrete  piles  are  molded  be- 
fore being  driven,  the  head  of  the  pile  is  usu- 
ally cushioned  more  or  less,  and  the  pile  is 
generally  much  heavier  in  proportion  to  the 
weight  of  the  hammer  than  is  the  case  with 
wooden  piles.  It  is  recommended  that  the 
hammer  should  be  at  least  as  heavy  as  the  pile. 
If  concrete  piles  are  molded  in  place,  meas- 
ures should  be  taken  to  prevent  damage  to 
them  by  the  driving  of  neighboring  piles  or 
otherwise. 

BE.ARING  POWER  OF  SOILS. 

This  subject  is  under  investigation  by  a 
committee  from  the  American  Society  of  Civil 
Engineers.  It  may  be  some  years  before  their 
final  report  is  submitted  and  even  that  will 
be  subject  to  revision  from  time  to  time,  as 
human  knowledge  is  extended.  In  the  mean- 
time the  committee  would  submit  the  follow- 
ing preliminary  table  : 

Safe  bearing 
power. 

Material.  tons  per  sq.  ft. 

Quicksands   and   wet  soils 0.1  to       l.o 

Dry  earth,  according  to  depth  below 

surface     1      to      3 

Moderately  dry  clay,   confined 2      to      4 

Dry  stiff  clay 4      to      6 

Sand     confined 2      to      6 

Sand   compact  and  cemented 4      to      8 

Gravel    cemented 8      to     12 

Rock 26      to  200 

Foundations  should  be  carried  down  below 
frost  unless  they  are  on  rock  and  thoroughly 
drained.  .Soil  that  contains  the  roots  of  plants 
is  generally  compressible.  Undisturbed  soil  is 
much  less  compressible  than  tilling  or  similar 
soil,  even  though  it  has  been  in  place  many 
years.  The  bearing  power  of  sand,  gravel 
and  dry  clay  increases  rapidly  with  the  depth 
below  the  surface  of  the  ground.  None  but 
the  smallest  structures  should  be  founded  on 
earth    filling. 

The  pressure  of  earth  against  abutments, 
vvingwails  and  retaining  walls  varies  so  widely 
with  the  character  and  condition  of  the  earth 
in  question,  that  nothing  more  than  a  few  gen- 
eral suggestions  can  be  given.  It  is  hoped  that 
the  committee  from  the  .Society  of  Civil  Engi- 
neers, which  is  studying  the  bearing  power  of 
soils,  will  take  up  this  subject  also.  In  ordi- 
nary cases  where  the  filling  is  well  drained 
its  pressure  will  seldom  lie  more  than  that  of 
a  liquid  weighing  25  lbs.  per  cubic  foot,  and  is 
frequently  much  less.  The  pressure  due  to 
land  slides  is  often  several  times  this  amount. 
If  the  filling  is  clayey  and  is  allowed  to  be- 
come   waterlogged,    its     lateral     pressure     is 
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greatly  increased.     The  effect  of  the  freezing 
of  the  tilHng  must  also  be  considered. 

REQUIRED  WATERWAY. 

The  usual  formula  for  a  waterway  for  cul- 
verts is:  T, 
a  =  CA   ' 
in  which 
a  =  required  area  of  culvert  in  S(iuare  feet, 
/J  =  drainage  area  in  acres, 
C  =  a  constant,  depending  on  the  length  and 
character  of  the  drainage  area  and 
may  vary   from   about  0.3  to  2.0  in 
regions  where  the  mean  annual  rain- 
fall is  about  50  ins. 


Some  Features  of  the  Design  and  Con- 
struction of  the  City  Waterway 
Bridge  at  Tacoma,  Wash. 
I  Staff  .Article.) 

The  City  Waterway  Bridge  connects  the 
business  center  of  Tacoma,  Wash.,  with  the 
manufacturing  district  on  the  tide  flats.  It 
occupies  the  line  of  Uth  St.,  and  consists  of 
an  upper  and  a  lower  deck.  The  upper  deck 
has  a  .50-ft.  clear  roadway  and  two  10-ft.  clear 
sidewalks.  It  extends  on  a  slight  up  grade 
from  A  St.  to  Cliff  Ave.,  in  order  to  clear  the 


Fig.  1.     View  of  City  Waterway   Bridge,  Tacoma,  Wash.,  Showing  Method  of  Erecting 
Lift   Span — View  Also  Shows  Temporary    Bridge   With   Old   Swing   Span. 


I'he  capacity  of  the  culvert  will  be  much 
greater  if  the  wingwalls  are  flush  with  the 
abutments  and  flare  about  30°,  the  sides  and 
bottom  of  the  culvert  are  smooth  and  straight, 
and  the  bottom  has  a  good  shape. 

If   reliable   information   covering   a   number 
I  of  years   can   be   obtained   regarding  the  ade- 
quacy  of    the    old    bridge   crossing    the    «;ame 
stream,  it  is  much  more  useful  in  determining 


railroad  tracks  at  Cliff  .Ave. :  thence  on  a 
down  grade  of  from  JV4  to  1  per  cent  over 
the  tracks  of  the  Northern  Pacilic  Ry..  acres.* 
the  City  Waterway  and  down  to  the  surface- 
on  the  north  side  of  the  waterway.  The  lower 
deck  has  a  l!l-ft.  l-in.  clear  roadway  and  a  1"- 
ft.  sidewalk.  It  extends  on  a  heavy  grade  from 
the  top  of  the  hill  at  Cliff  .\ve.  down  to  the 
Citv    Waterway:    and    then    turu.-s    back    on    a 


above  high  tide  of  GU  ft.,  and  when  the  span 
is  up  the  clearance  is  13.j  ft.  The  range  of 
the  tide  at  the  bridge  site  is  about  20  ft. 

A  16-in.  water  main  is  brought  up  the  shore 
piers,  and  is  carried  over  the  top  of  the  trusses 
of  the  fixed  spans;  thence  up  the  back  of  the 
towers  and  over  the  lift  span  on  a  light  truss 
which  was  designed  to  support  it. 

The  upper  deck  is  paved  with  creosoted 
wood  blocks  on  creosoted  planks,  which  are 
in  turn  supported  on  creosoted  stringers.  The 
surface  of  the  sidewalk  is  constructed  of  un- 
treated planks.  The  roadway  carries  a  double- 
track  street  railway  in  addition  to  providing 
for  highway  traffic.  The  roadway  surface  of 
the  lower  deck  of  the  south  approach  consists 
of  untreated  4-in.  planks. 

DESIGN    FEATURES. 

The  piers  are  built  of  concrete  and  rest  on 
pile  foundations.  The  pier  shafts  consist  of 
frustums  of  two  cones,  and  are  connected 
throughout  their  height  by  reinforred  con- 
crete webs.  This  type  of  construction  results 
in  a  considerable  saving  of  material  and  great- 
ly lessens  the  load  on  the  pile  foundations, 
as  the  pier  shafts  vary  in  height  from  72  to 
'Ml  ft.  above  the  bases. 

The  lift  span  consists  of  a  simple  truss  sus- 
pended at  its  four  corners  by  wire  ropes, 
which  arc  carried  over  cast-steel  sheaves  9  ft. 
in  diameter  and  connect  to  the  concrete  coun- 
terweights. Each  corner  of  the  span  is  sus- 
pended by  lli  1%-in.  diameter  plow  steel  wire 
ropes,  connected  rigidly  to  the  span  and  to 
the  counterweight  through  a  system  of  equal- 
izing levers,  by  which  the  load  is  distributed 
equally  over  the  16  ropes.  The  operating  ma- 
chinery is  placed  in  a  house  located  above  the 
center  of  the  lift  span.  This  machinery  con- 
sists of  four  drums  actuated  through  a  train 
'>f  gears  by  two  street  railway  motors,  oper- 
;ited  by  a  500-volt  direct  current.  Elach  drum 
carries  two  ropes,  one  of  which  runs  under- 
neath a  sheave  on  the  corner  of  the  span  and 
lonnects  to  the  top  of  the  tower ;  while  the 
other  passes  from  the  top  of  the  drum  over 
the  same  sheave  at  the  corner  of  the  span  and 
connects  to  the  bottom  of  the  tower.  .All-four 
drums  are  similarly  connected,  and  the  span 
is  lifted  by  revolving  the  drums,  which  wind 
up  the  ropes  leading  to  the  tops  of  the  towers, 
the  ropes  which  lead  to  the  bottom  of  the 
towers  being  paid  out  at  the  same  time.  By 
reversing  the  direction  of  rotation  of  the 
ilrums  the  span  is  brought  back  to  its  seat. 

The  motors  are  operated  by  a  series  mag- 
netic controller  placed  in  the  operator's  cabin 


Fig.    2. 


View    of    Main    Part    of   Completed      City    Watrrw.iv    oringp.    Tacoma.    Wash.,    Showing    Type    of    Bnfigc    .md    Lift    Span    in 
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At  Rcgiiia.  the  capital  of 
utility   and    works    commit: 
capital   cxpcndi'iire   of  ovr; 
I'^'i .    Principal    items     ai' 
^'2"'"'^- •  'lisposal  works  aii'i 
$373,06."! ;   street   railwav   cxli  i 
pavements  and  sidewalks,  n\'- 
.  trie  light  and  power,  $404,0011 


diiwn  grade  to  the  level  of  the  railm.id  tracks 
and  streets  on  the  south  side  of  the  Waterway. 
The  north  :it>pro.ncli  consists  of  nbonl  110  ft. 
of  reinf  rctaininn  wall  construe- 

linn  .Tti  if  steel  vi.iditct,  and  the 

•ioulh    ,!).;■.     1       •    h^i^ls   of   a    limhrr    irosllr 
Thr  main  pnrii^'U  of  ilic  bridRC,  which  iv  nvn 
ilii-     rlv.T      .     inr. rises    two     lOO-fl.    fixed     Iritis 
;  .■  '''-ft.   vertical   lift  iipan  wlivli 

I.    r    .  hanncl   of  200   ft.    When  the 
lift   span   is  down   it  has  a  vertical  clearanre 


at  the  side  of  the  north  sidewalk. 

When  the  span  reaches  the  upper  and  lower 
limits  of  its  travel  the  electric  current  is  auto- 
matirallv  cut  nff  and  the  «olenoid  brakes  arc 
;uiiomatic.illy  .ipplied.  ,A  hand  brake  is  also 
provided  as  a  safeguard. 

In  the  fixed  spans  at  each  end  of  the  lift 
span  there  arc  two  electrically  operated  gates. 
Two  of  these  gates  are  lowered  and  at  the 
same  time  arc  swung  across  to  roadway  to 
prevent   the   traffic    from   entering   the   span; 
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and  wlun  the  span  lias  been  cleared  the  other 
gates  are  closed.  These  gates  are  operated  by 
the  bridge  tender  from  his  cabin. 

CONSTRUCTION    FEATURES. 

The  site  of  this  bridge  was  formerly  occu- 
pied by  a  light  swing  span  with  a  steel  ap- 
proach extending  to  Cliff  Ave.  on  the  south 
and  a  wooden  trestle  extending  to  the  tide 
flats  on  the  north.  It  had  a  much  less  clear- 
ance than  the  old  structure ;  hence  in  order  to 
maintai^i  traffic  during  the  construction  of  the 
new  bridge  a  timber  trestle  was  built  parallel 
to  the  old  bridge.  This  trestle  extended  on 
the  east  from  Cliff  .'Vve.  to  the  end  of  the 
swing  bridge  and  on  the  west  from  the  north 
end  of  the  swing  span  to  the  tide  flats.  The 
old  draw  span  was  then  swung  around  to  meet 
these  temporary  trestles,  and  traffic  was  main- 
tained on  this  structure  during  the  construc- 
tion of  the  new  bridge   (see  Fig.  1). 

The  piers  were  built  by  sinking  timber  cribs 
into  the  river  bed.  The  material  was  then 
excavated  by  the  open  dredging  process.  The 
foundation  piles  were  driven  inside  the  cribs 
to  a  maximum  depth  of  115  ft.  below  low 
water.  These  piles  were  jetted  into  place,  a 
hammer  and  two  jets  being  used. 

The  erection  of  the  viaduct  and  the  two 
fixed  spans  presented  no  unusual  features,  the 
fixed    spans   being   erected   on    falsework. 

The  methods  used  in  erecting  the  lift  span 
were  somewhat  unusual.  By  referring  to  Fig. 
1  it  can  be  seen  that  this  span  was  erected  on 
falsework,  consisting  of  two  wooden  canti- 
lever brackets  which  rested  on  the  piers  and 
were  anchored  at  their  tops  to  the  adjacent 
spans.  In  this  manner  the  lift  span  was  erect- 
ed at  a  sufficient  height  for  the  passage  of 
vessels,  this  span  being  far  enough  above  the 


old  swing  bridge  to  permit  the  operation  of 
the  latter.  The  two  panels  at  each  end  of 
the  lift  span  were  supported  by  this  cantilever 
falsework.  The  central  panels  were  erected 
on  falsework,  which  was  constructed  on  top 
of  the  old  swing  span.  Figure  1  shows  this 
falsework  being  taken  down  after  the  erection 
of  the  lift  span.  It  was  built  on  the  swing 
span  with  that  span  in  the  closed  position. 
When  the  center  panels  were  ready  to  be 
erected  the  swing  span  was  opened,  and  block- 
ing was  placed  on  top  of  the  falsework;  the 
center  panels  were  then  erected  on  this  block- 
ing. As  soon  as  the  lift  span  trusses  were 
self-supporting,  the  falsework  on  the  swing 
.■span  was  removed,  and  the  latter  span  was 
again   put  into  service. 

The  machinery  was  placed  in  position  and 
all  adjustments  were  made  while  the  lift  span 
was  in  its  raised  position.  As  soon  as  this 
span  was  completed  and  paved — it  being  the 
last  portion  of  the  bridge  to  be  completed — 
the  swing  span  was  again  opened,  and  the 
center  members  of  the  tower  were  removed 
so  that  the  lift  span  could  be  lowered  to  its 
traffic  position. 

The  light  truss  span,  which  connects  the 
tops  of  the  towers  of  the  lift  span  and  carries 
the  16-in.  water  main,  was  erected  from  the 
lift  span  when  it  was  in  its  highest  position. 
Figure  2  shows  a  view  of  the  main  portion 
of  the  completed  structure,  the  bridge  being 
finished  during  the  early  part  of   1913. 

OL'.XNTITIES    OF    MATERI.^LS    AND    COST    DATA. 

The  work  was  let  in  two  lump  sum  con- 
tracts. The  cost  of  the  steelwork  and  ma- 
chinery, delivered  at  the  bridge  site,  including 
the  engineering  fee,  was  $236,271.  The  cost 
of   the  substructure  and   that  of  erecting  the 


superstructure,  including  the  engineering  fee, 
was  $298,900.  The  total  cost  of  the  bridge 
therefore  was  $535,171.  This  cost  includes 
such  items  as  painting,  wiring,  street  car 
tracks,  pavement,  machinery  houses,  gates, 
and   incidental   expenses. 

The  following  distribution  of  the  cost  of 
the  bridge  to  the  city,  together  with  the  quan- 
tities and  unit  costs,  are  substantially  correct: 
Superstructure: 

Structural  steel  in  truss  spans,  2,560,000  lbs.  at 
4.1  cts. 

Structural  steel  in  towers,  420,000  lbs.  at  4.1 
cts. 

Machinery  on  lift  spans  and  towers,  182,000 
lbs.  at  13.7  cts. 

Cables  and  attachments,  42.000  lbs.  at  17.5  cts. 

Metal  in  counterweights,  4S,000  lbs.  at  4.1  eta. 

Concrete  in  counterweights,  400  cu.  yds.  at 
$9.35. 

Motors    and    electrical    equipment,    total    cost, 

?s,ooo. 

Creosoted  timber,  at  $48  per  M.B.M. 
Untreated  timber,  at  $28  per  M.B.M. 
Structural  steel  in  approaches,  4  cts.  per  lb. 
Substructure: 
Concrete  in  pier  shafts,  4,300  cu.  yds.  at  $10.00. 
Concrete  in  pier  bases,  6,800  cu.  vds.  at  $17.50. 
Piling  for  foundations,  33.000  lin.  ft.  at  40  cts. 
Concrete  in  pedestals  under  viaduct,  $9.00  per 

cubic  yard. 
Concrete  in  abutments,  $10.00  per  cubic  yard. 

The  City  Waterway  Bridge  was  built  for 
the  city  of  Tacoma,  Wash.,  Mr.  Owen 
Woods,  commissioner  of  public  works,  and 
Mr.  W.  C.  Raleigh,  city  engineer.  The  bridge 
was  designed  and  its  construction  was  super- 
vised by  Waddell  &  Harrington,  Kansas  City, 
Mo.,  to  whom  we  are  indebted  for  the  data 
contained  in  this  article.  The  machinery  and 
steelwork  for  the  superstructure  was  furnished 
by  the  American  Bridge  Co.  The  substructure 
was  built  and  the  superstructure  was  erected 
by  the  International  Contract  Co.,  Seattle. 
Wash. 


Features  of  Design  and  Financing  of 

the  Sanitary  Sewerage  System  and 

Treatment  Works  at  Vincennes, 

Indiana. 

In  November,  1913.  a  new  system  of  sani- 
tary sewers  with  arrangements  for  screening 
and  sterilization  were  completed  at  Vincennes, 
Ind.  Some  of  the  details  of  design  and 
financing  are  out  of  the  ordinary  and  are. 
consequently,  of  general  interest  to  sewerage 
engineers.  The  provision  made  for  sewer 
ventilation,  the  design  of  the  devices  for 
sterilization  and  dispersion  through  a  dis- 
charge pipe  with  multiple  outlets  in  the  Wa- 
bash River,  and  the  construction  by  private 
funds  under  a  municipal  purchase  agreement, 
are  especially  noteworthy.  These  features 
were  made  the  subject  of  a  paper  by  Mr. 
Robert  C.  Wheeler  before  the  recent  annual 
meeting  of  the  Indiana  Sanitary  and  Water 
Supply  Association.  The  major  portion  of 
the  paper  follows : 

Vincennes,  Ind.,  is  located  on  the  east  bank 
of  the  Wabash  River,  about  117  miles  south- 
west of  Indianapolis.  The  topography  is  very 
flat  and  the  land  slopes  gradually  downward 
away  from  the  river.  The  area  inside  the 
city  limits  is  about  2.75  .square  miles  and  the 
total  difference  in  elevation  between  the  ex- 
treme high  and  low  points  is  not  over  13  or 
14  ft.  The  population  in  1910  was  14,895 
and  the  assessed  valuation  about  $8,200,000. 

Vincennes  is  a  railroad  center  and  a  good 
business  town,  but  in  1012,  when  this  work 
was  commenced,  it  did  not  have  more  than 
four  or.  five  miles  of  sanitary  sewers,  pri- 
vately owned,  and  the  greater  part  of  the 
household  waste  was  taken  care  of  by  means 
of   cesspools  and  privies. 

Owing  perhaps  to  the  fact  that  the  city  is 
built  on  a  porous  deposit  of  sand  and  gravel 
and  that  the  public  water  supply  is  taken 
from  the  Wabash  River  and  filtered,  there 
has  not  been  a  serious  epidemic  of  intestinal 
disease  in  recent  years^ 


.SEWERAGE   SYSTEM. 

In  1910,  at  the  request  of  the  State  Board 
of  Health,  a  movement  was  set  on  foot  to  ob- 
tain a  sanitary  sewerage  system,  and  plans 
and  specifications  were  made  for  a  system 
to  cover  the  whole  city.  This  plan  comprised 
about  liO  miles  of  sewers,  but  owing  to  the 
difficulties  in  financing  and  other  reasons,  this 
was  cut  to  about  40  miles,  which  cover  the 
city  very  well,  so  far  as  it  is  built  up  at  pres- 
ent. The  system  as  constructed  consists  of 
about  40  miles  of  sanitary  sewers,  ranging 
from  8  to  30  ins.  in  diameter,  a  pumping  sta- 
tion (as  it  is  necessary  to  pump  the  sewage 
during  the  high  stage  of  the  river),  steriliza- 
tion works,  and  a  submerged  outlet  with  mul- 
tiple orifices  into  the  Wabash  River.  The 
pumping  station  and  outlet  into  the  river 
are  about  1.700  ft.  below  the  city  limits,  on  a 
site  which  will  be  suitable  for  disposal  works 
should    further  treatment  become  necessary. 

The  system  is  designed  to  have  ample  ca- 
pacity, so  that  with  future  extensions  it  will 
serve  tfie  city  when  it  shall  have  a  popula- 
tion of  30,000,  without  paralleling  existing 
sewers. 

Disfypsal  by  Dilution. — The  population  of 
the  larger  towns  and  cities  on  the  Wabash 
River  watershed,  above  and  including  Vin- 
cennes, is  about  175,000,  and  the  dry  weather 
flow  of  the  Wabash  River  is  approximately 
2,000  cu.  ft.  per  second  at  Vincennes.  This 
is  a  dilution  of  11  to  12  cu.  ft.  per  second 
for  each  1,000  of  population  located  in  the 
towns  and  cities  of  the  watershed,  which  pre- 
sumably will  sooner  or  later  have  fairly  com- 
plete sewerage  systems.  This  ratio  of  dilu- 
tion is  considerably  in  excess  of  that  legally 
established  in  the  case  of  the  Chicago  Drain- 
age Canal,  viz.,  3%  cu.  ft.  per  second  per 
I. "00   population. 

This  dilution  is  ample  for  the  disposal  of 
Vincennes'  sewage,  but  care  has  been  taken 
to  prevent  any  possible  nuisance  at  the  nutlet 
and  to  protect  the  people  along  the  river 
below  the  outlet  in  case  of  an  epidemic.  There 
are  no  large  communities  for  some  ten  miles 
below  the  outfall,  and  no  communities  taking 


water  supply  from  the  Wabash  for  more  than 
thirty  miles.  Hence  the  freeing  of  the  sew- 
age from  coarser  solids  and  distributing  it  in 
the  river  in  such  a  manner  as  not  to  cause 
local  nuisance  will  probably  be  sufficient  treat- 
ment  for  many  years  to  come. 

It    seemed    advisable,    however,    as    an    es-     > 
pecial   safeguard  to  the  people  below   in  case     | 
of  an   epidemic   in   Vincennes,  to  provide  ap- 
paratus    for    applying    a    solution     of     hypo- 
chlorite of  lime  to  the  screened  sewage  when 
needed.  i 

Screening  and  Sterilisation. — The  sewage  is  ? 
passed  through  two  sets  of  bar  screens  having 
clear  openings  of  %  in.  and  7/ltJ  in.  re- 
spectively, to  remove  the  coarser  solids  which 
would  tend  to  injure  the  pumps,  clog  the  dis- 
tributing outlet,  to  collect  and  putrify  on  the 
river  banks,  or  be  offensive  in  the  flowing 
stream. 

The  screen  and  suction  chamber  is  so  pro- 
portioned as  to  allow  a  detention  period  of 
from  In  to  15  minutes  or  more.  This  will 
give  time  for  the  hypochlorite  to  react  and 
will  generally  allow  the  sedimentation  of  any 
particles  which  are  so  large  that  they  would 
readily  clog  the  orifices  in  the  outlet  pipe. 

The  apparatus  for  applying  the  hypochlo- 
rite solution  consists  of  a  chemical  mixing 
box,  two  chemical  storage  tanks  with  elec- 
trically-operated agitators,  an  orifice  box  for 
measuring  the  amount  of  solution  to  be  ap- 
plied, and  a  perforated  pipe  for  distributing 
the  solution  in  the  screened  sewage. 

It  is  proposed  to  use  from  75  to  125  lbs. 
of  the  commercial  hypochlorite  of  lime  to 
1.000,000  gals,  of  the  partially  clarified  fresh 
sewage,  depending  upon  the  character  of  the 
sewage.  The  screenings  will  be  burned  in 
an  incinerator  in  the  pumping  station. 

Dispersion  in  Riz'er. — The  distributing  out- 
let consists  of  a  24-in.  cast-iron  pipe,  extend- 
ing into  the  river  about  300  ft.  In  the  last 
120  ft.  are  located  five  double  outlets  6  ins. 
in  diameter  and  about  30  ft.  apart. 

The  purpose  of  this  type  of  outlet  is,  first, 
to  discharge  the  sewage  under  the  wafer  even 
in   time  of  extreme  low  stage,  so  as  to  mix 
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I  the  sewage  thoroughly  with  water  and  pre- 
I  vent  nuisance,  and  second,  to  conduct  the 
1  sewage  to  a  point  in  the  river  where  the  cur- 
rent is  swift  enough  to  prevent  sedimenta- 
tion and  the  formation  of  bars  or  deposits  of 
I  sludge  along  the  shore. 

I  Ventilation. — For  a  number  of  reasons,  in- 
'  eluding  the  flooding  of  some  of  the  streets 
in  time  of  high  stage  in  the  river  and  the 
sifting  in  of  gravel  at  all  times,  due  to  the 
character  of  the  street  surfaces,  it  was  not 
practicable  to  ventilate  the  sewers  through 
perforated  manhole  covers.  The  method  rec- 
ommended was  that  of  omitting  the  trap  in 
each  main  house  connection  and  ventilating 
the  sewers  through  the  main  house  lateral 
and  its  connection  to  the  soil  pipe  extending 
above  the  roof.  This  omission  of  a  trap  on 
the  house  connection  seems  to  provide  the 
best  method  of  securing  clean  and  sanitary 
sewer  connections.  Each  separate  connection 
to  the  soil  pipe  in  the  house  should  as  usual 
be  trapped,  and  if  this  is  done  there  is  no  real 
reason  for  a  trap  in  the  house  connection  to 
the  sewer. 

Flush  Tanks. — A  flush  tank,  with  which  to 
,  keep  the  sewers  clean  by  flushing  them  with 
water  about  once  a  day  to  dislodge  particles 
of  suspended  matter  which  may  have  become 
deposited  on  the  sides  of  the  sewers,  is  locat- 
ed at  the  head  of  nearly  every  sewer  line.  The 
total  number  of  flush  tanks  is  about  260. 
Each  tank  has  a  capacity  of  about  250  gals., 
is  provided  with  a  Miller  6-in.  automatic 
siphon,  and  has  a  connection  to  the  mains  of 
the  water  company.  The  amount  of  water 
.  used  is  controlled  by  a  flow-regulating  device 
containing  a  hard  rubber  disc  with  an  orifice 
of  such  a  size  that  under  the  average  pres- 
sure in  the  mains  enough  water  will  be  dis- 
charged into  the  tank  to  flush  it  once  in  21 
hours. 

Flushing  of  the  larger  pipes,  which  will 
run  at  only  a  small  fraction  of  their  capacity 
for  the  first  few  years,  can  be  effected  by 
putting  temporary  stop  planks  in  the  man- 
holes, thus  backing  up  the  sewage  until  suffi- 
cient head  is  obtained  to  produce  a  velocity 
to  remove  deposits. 

i  FINANCING. 

i  The  most  unusual  feature  of  this  work  is 
the  method  of  financing.  The  ordinary  pro- 
cedure in  the  construction  of  sewers  in  In- 
diana is  in  one  of  three  ways. 

1.  Under  an  appropriation  by  council  from 
the  tax  budget. 

2.  Under  the  assessment  plan,  where  the 
cost  is  assessed  against  the  property  benefited. 

3.  By  a  bond  issue. 

The  estimated  cost  of  the  system  was 
iXMMO.  This  eliminated  the  first  method, 
which  is  only  practicable  for  short  lengths 
of  sewers  such  as  laterals,  etc. 

The  second  method  was  considered  inad- 
visable or  impracticable  under  local  conditions 
where  public  opinion  was  somewhat  at  vari- 
ance as  to  the  relative  importance  of  sani- 
tary sewers,  storm  drains,  flood  protection, 
street   pavements,   etc. 

The  third  method  would  not  have  provided 
enough  money,  since  the  bonded  indebtedness 
of  Vinccnncs  was  limited  to  2  per  cent  on 
an  assessed  valuation  of  about  $8,200,000, 
which   would  only  have  yielded  $11^1.000. 

Finally,  all  the  ordinary  mcthnrls  were 
abandoned  for  one  reason  or  anntlior  and  a 
new  one  was  adopted.  This  plan  in  its  final 
form  was  as  follows : 

The  common  council  granted  an  associa- 
tion incorporated  under  the  laws  of  (lie  slate 
as  the  Vinrennes  Sewer  Association  a  fran- 
Thise  to  liuild,  operate,  mainlnin,  and  extend 
a  system  of  sewers  which  was  fully  defined 
both  as  to  extent  and  quality,  by  plan.'!  ami 
■ipecifications  which  were  made  part  of  the 
franchise.  The  city  agreed  to  proyicji'  com- 
ponsation  to  the  sewer  association  in  one  of 
three  ways,  at  the  option  of  the  city,  as  fol- 
lows : 

(ai  The  city  pays  an  annual  rental 

(b)    The    city    purchases    the    ■■•"■■'"     ><    '■' 
price  which  decreases  each  yea; 
a  schedide  which  is  stated  in  tl; 
;     (c")    The   city   allows   the   ^i".  ii 

to  operate  as  a  public  utility,  ch.i  ii'- 


for  the  services  rendered  according  to  a 
schedule  included  in  the  franchise. 

The  first,  or  rental  basis,  is  the  program 
which  is  being  followed  at  present  and  which 
will  probably  continue  to  be  followed,  unless 
the  city  finds  it  more  advantageous  to  raise 
the  necessary  money  and  purchase  the  system. 

The  third  alternative  was  introduced  to 
protect  the  sewer  association  in  case  the  city 
did  not  purchase  the  system  and  failed  to 
pay  the  rental,  taxes,  insurance,  operating  ex- 
penses, etc.  It  comes  into  operation  auto- 
matically upon  the  continued  failure  for  60 
days  on  the  part  of  the  city  to  pay  any  of 
the  amounts   mentioned  above. 

In  the  first  two  cases  the  cost  of  mainte- 
nance and  operation  is  borne  by  the  city, 
which  also  is  to.  keep  the  system  properly  in- 
sured. In  the  third  case  the  city  assumes  no 
obligation  and  has  no  different  relation  from 
that  with  any  other  public  utility,  maintenance 
and  operation  being  borne  by  the  sewer  asso- 
ciation. 

With  this  franchise  as  a  basis,  bonds  were 
issued  by  the  sewer  association  and  were 
signed  by  the  Mayor  merely  to  identify  the 
bonds  as  being  of  the  issue  which  they  were 
represented  to  be. 

The  bonds  draw  interest  at  6  per  cent  and 
the  annual  rental  is  such  that  it  will  pay  the 
interest  and  retire  all  the  bonds  in  25  years. 
Thus,  the  selling  price  decreases  each  year 
until  at  the  end  of  25  years  it  is  equal  approx- 
imately to  the  rental  due  at  that  time.  Upon 
the  payment  of  this  sum  the  title  to  the  sys- 
tem passes  to  the  city  without  further  pay- 
ment. 

The  annual  rental  is  $26,425,  to  be  paid  in 
equal  semi-annual  installments  dating  from 
Jan.  1.  1912.  except  that  the  first  payment  on 
July  1,  1012,  should  be  $8,.")00.  instead  of 
$13,212..50,  provided  the  system  were  half 
completed  by  that  date,  or  if  it  were  not  half 
completed  there  would  be  due  on  July  1,  1912. 
so  nuich  of  §8,500  as  the  amount  of  work 
done  was  of  50  per  cent  of  the  entire  system, 
the  remainder  of  the  $8,500  being  retained 
until  50  per  cent  of  the  work  was  completed. 

The  city  has  the  right  to  purchase  the  sys- 
tem after  .30  days'  notice  in  writing  to  the 
sewer  company  at  the  following  respective 
prices : 


Year.  Price. 

.Ian.  1.  1914....  $334, 675 

1915....  n28.000 

1916 320.350 

■■   .  1917...,  312,625 

1918....  303.926 

1919 295,200 

1920....  285.476 

1921....  276.725 

1922 264,975 

1923....  253.700 

1924 241,400 

1925 229,100 


Tear.  Price. 

Jan.  1.  1926 $215,200 

1927 200.900 

192S ISG.IOO 

1929 169.650 

1930 152.750 

••       1931....  134,27.-. 

1932....  115,350 

1933 94,850 

1934....  73.300 

1935 50.250 

1936 25.660 

1937 13.00U 


From  this  tabulation  it  appears  that  the  pay- 
ment of  $1.3.000  on  Jan.  1.  1937,  gives  the  city 
the  title   to  the  .system. 

.Xssuming  maintenance,  pumping,  operation, 
insurance,  etc.  to  be  $.5.f>00  per  vcar,  rental 
$2fi,l2.".    annual   cost   will   be  $31,425. 

On  the  basis  of  the  present  pnpulation  of 
15,000  antl  an  annual  cost  of  $:!I.I25  the  per 
capita  annual  cost  will  be  a  trifle  over  $2.  This 
cost  inrliicKs  not  onlv  sewer  service,  but  also 
an  amount  to  be  applied  to  the  purchasing  of 
the  system.  That  is  to  say,  that  at  a  cost 
nf  a  little  more  than  $2  per  capita  annually 
for  2,'i  years  the  citv  may  secure  sewer  serv- 
ice and  at  the  end  of  that  time  own  the 
system  in  a  well-maintained  condition  and  of 
a  size  and  extent  such  that  it  will  not  have 
to  lie  parallelcil  while  the  population  i* 
donhlinu  in  amount. 

pMocrtifRK    AMI  roNrr.fsiov 

So  far  as  I  know,  this  i%  the  first  sewer 
system  in  Indiana  to  be  built  under  this 
method  of  fin.incinR.  but  the  results  on  the 
whole  have  been  and  promise  to  remain  very 
satisfactory. 

Kspecial  ca"-  '■  •nM  '"■  taken  in  drawing 
the   plan*   an  when   proreedinK 

imder  this  m  them   proper  flex- 

ibility and  to  ■ietiiic  ricarlv.  the  exact  pnsilion 
of  (lie  city  as  regards  inspection,  engineering, 
and   overseeing   construction. 

In  the  Vincennes  work  the  city's  only  rep- 


resentative on  the  ground  was  the  resident 
engineer,  acting  under  the  Board  of  Public 
Works.  His  duties  were  to  act  as  advisor 
to  the  board  in  regard  to  suggestions  as  to 
changes  in  the  plans,  to  have  general  over- 
sight of  the  work  and  pass  on  materials  and 
workmanship,  and  to  make  a  final  inspection 
of  the  system  and  recommend  its  acceptance 
or  rejection  by  the  Board  of  Public  Works. 

Estimates  oi'  cost  upon  which  payments  dur- 
ing construction  were  based  were  made  by 
Mr.  George  W.  Sturtevant,  of  Chicago,  act- 
ing as  engineer  for  the  sewer  association. 

The  contractor  furnished  his  own  lines  and 
grades  according  to  the  contract  drawings  or 
supplementar>-  drawings  furnished  by  the 
resident  engineer,  and  at  the  completion  of 
the  work  furnished  the  city  with  record  plans 
of  the  system  as  constructed. 

While  this  arrangement  was  reasonably 
satisfactory  at  Vincennes,  it  would  probably 
be  advisable  as  a  rule  for  the  city  to  have 
more  complete  control  by  furnishing  lines 
and  grades,  keeping  all  records,  making  esti- 
mates of  cost,  and  maintaining  more  thorough 
inspection. 

With  these  points  carefully  considered,  this 
method  of  procedure  may  help  to  solve  the 
problem  for  other  towns  where  otherwise  a 
lack  of  funds  may  prohibit  the  construction 
of  the  whole  sewer  system  at  once,  and  where, 
as  at  Vincennes,  a  relatively  expensive  out- 
fall may  put  too  heavy  a  burden  on  the  first 
section  to  permit  proceeding  by  sections 
under  the  assessment  plan. 

The  plans  and  specifications  were  drawn  by 
Hering  &  Fuller  and  the  work  was  superin- 
tended by  George  W.  Fuller,  Robert  C.  Whee- 
ler being  Resident  Engineer.  The  general 
contractors  were  Stewart  Sheets  &  Co.  Har- 
rv  Watts,  Engineer  for  the  contractor,  gave 
lines  and  grades  and  drew  the  record  plans. 


A  Regulating  Device  for  Insuring  Uni- 
form Distribution  of  Tank  Effluent 
Over  Sprinkling  Filters,    in    Suc- 
cessful Use  at  Pennypack  Creek 
Plant,  Philadelphia. 

A  tapered  dosing  tank  is  usually  emploved 
for  applying  settling  tank  eflfluent  to  percolat- 
itig  filters  with  fixed  sprinkler  nozzles.  The 
aim  of  the  designer,  in  proportioning  this 
dosing  tank,  is  to  shape  it  so  as  to  cause  a 
uniform  distribution  of  the  sewage  over  the 
surface  of  the  beds.  The  shape  of  the  tank 
must  be  calculated  from  data  of  very  doubt- 
ful dependability  and  when  constructed  can 
be  altered  only  at  large  expense.  In  the 
Spring  Garden  sewage  treatment  experiment 
station  in  Philadelphia  a  sprinkling  filter  was 
operated  from  a  constant  head  tank  and  the 
distribution  was  controlled  by  a  butterfly 
valve  the  rate  of  movement  of  which  was 
governed  by  a  cam  driven  by  a  water  wheel 
using  settled  sewage,  under  a  sufficient  head, 
for  power.  By  successive  trials  the  shape 
of  this  cam  was  so  made  that  practically 
every  part  of  the  bed  was  dosed  at  a  uniform 
rale.  The  principle  of  this  experimental  ap- 
paratus was  developed  into  a  machine  for  the 
Pennypack  Creek  sewage  disposal  works 
whirh  is  now  in  successful  operation.  The 
machine  is  here  described,  and  the  results  of 
its  operalinn  are  shown,  fron)  information 
foil'  ',.  !  ;„  ,],p  i.Ttrst  annual  report  of  John 
F.  '•lant,  under  Mr,  W.  L.  Stevcn- 

!0n  i-    Fngineer.   of   die   Sewage   Dis- 

pos.ii    i  iivismn  of  ihe   Bureau  of  .Surveys. 

Before  taking  up  a  detailed  description  of 
the  opcr.iting  machinerv  a  brief  description 
of  thr  Prnnvp.irk  Creek  niant  will  be  given. 
Tb'     ■  of  two  Imhoff  tanks  for  re- 

"V  ible  -inlids  and  digestion  of 

tht  i'MKc;   a   constant   head   lank: 

an  house    containing    the    machine 

for  .  „;..:.:'.«  the  head  upon  the  nozrle  of  an 
acre  bed  of  percolating  filters,  the  effluent  of 
which,  after  being  disinfected,  passes  through 
a  settling  basin  and  over  a  weir  for  measure- 
ment. The  final  eflHuent  discharges  into  the 
Pennypack  Creek  near  its  jimction  with  the 
Delaware    River.     The    TmhofT     tanks     were 
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probably  the  tir.st  full-sized  tanks  of  this  type 
designed  in  this  country. 

DESIGN  AND  OPERATION   OF  REGULATING  MACHINE. 

Butterfly  Valve. — The  eflfective  nozzle  pres- 
sure and  therefore  the  spray  from  the  nozzles 
of  the  percolating  filters  is  controlled  liy  the 
action  of  a  butterfly  valve  in  the  feed  line 
between  the  constant  head  tank  and  the  filter. 

This  valve  consists  of  a  circular  bronze 
leaf  of  tlie  diameter  of  the  pipe  in   which   it 


worm  wheel.     An  emergency  drive  is  provided 
in  an  electric  motor. 

Both  water  wheel  and  motor  are  connected 
to  the  driving  shaft  by  centifugal  friction 
clutches  which  grip  when  a  certain  speed  is 
attained,  so  that  each  attains  considerable 
power  before  being  called  on  to  do  any  work. 
The  motor  is  thrown  into  service  automatic- 
ally when  the  water  wheel  stops  or  slows 
down  from  any  cause,  and,  as  the  stopping  or 


Fig.  1.    View  of  Machine  for  Regulating  Rate   of   Application    and    Distribution    of    Settling 
Tank     Effluent    to    Surface    of     Sprinkling    Filter   Beds,   Pennypack  Creek   Plant,  Phila- 
delphia,  Pa. 


operates,  pivoted  centrally  on  a  vertical  brass 
shaft.  It  has  no  seat  and  is  prevented  from 
making  a  complete  revolution  by  exterior 
stops  at  full  open  and  closed  positions.  The 
bottom  of  the  shaft  turns  in  a  socket  cast  in 
the  pipe  section  and  drilled  to  fit  the  shaft. 
At  the  top  the  shaft  passes  through  an  ordi- 
nary stuffing  box  and  terminates  at  a  bevel 
gear. 

The  weight  of  tlic  shaft  and  leaf  is  taken 
by  a  ball-bearing  beneath  the  gear,  resting 
on  a  frame  which  is  adjustable  vertically  to 
center  accurately  the  leaf  within  the  pipe.  A 
small  by-pass,  controlled  by  a  hand  valve, 
is  connected  around  the  leaf  to  maintain  the 
water  level  in  the  filters  during  a  prolonged 
shut  down  of  the  butterfly  valve. 

The  bevel  gear  on  the  vertical  shaft  is  in 
mesh  with  another  one  on  a  horizontal  shaft 
crossing  above  the  valve,  carried  in  boxes 
supported  on  brackets  which  are  liolted  di- 
rectly to  the  pipe  section.  To  this  horizontal 
shaft  is  attached  the  levers  for  operating  the 
valve. 

The  bronze  leaf  has  no  sharp  edges  aiul 
the  surfaces  are  curved  to  oppose  a  minimum 
resistance  to  the  flow.  It  is  absolutely  bal- 
anced and  will  maintain  itself  in  any  position. 

Operating  Machine. — The  action  of  the 
butterfly  valve  is  controlled  by  a  machine 
driven  by  the  sewage.  This  machine  is  il- 
lustrated'in  Fig.  1.  The  constant  head  tank 
is  tapped  by  a  pipe  which  conveys  a  small 
amount  of  clarified  sewage  to  the  machine, 
where  it  passes  through  a  combination  im- 
pulse and  gravity  water  wheel  and  is  then 
deposited  on  the  surface  of  the  percolating 
filters.  This  water  wheel  transmits  its  mo- 
tion to  a  shaft  which  drives  the  main  shaft 
of    the    machine    by    means    of    a    worm    and 


slowing  down  of  either  one  releases  its  fric- 
tion clutch,  the  one  in  service  does  not  have 
to  carry  the  inactive  one  with  it. 

The  main  sliaft  has  three  cams,  one  of 
which  is  fixed  and  two  are  loose  on  the 
shaft.  The  loose  cams  have  spring  clutches 
which  engage  with  the  shaft  and  are  held 
open  by  arms  actuated  by  electro-magnets, 
wliich  in  turn  are  controlled  by  float  switches 
at  tlie  constant  head  tank.  These  cams  trans- 
mit a  motion,  in  accordance  with  their  par- 
ticular outlines,  to  a  lever  wliich  is  connected 


the  other,  and  therefore  is  used  when  sewage 
reaches  the  works  at  times  of  maximum  flow. 

The  fixed  cam,  with  its  lever,  operates  a 
counterweight  which  closes  tlie  valve  in  con- 
formity with   the   return  side   of  the  cam. 

The  electro-magnets  are  connected  with 
two-way  gravity  throw  switches  at  the  con- 
stant head  tank,  operated  by  a  ball  float  and 
so  adjusted  as  to  maintain  a  constant  water 
level  by  keeping  in  service  the  cam,  which  is 
properly  adapted  to  the  rate  of  incoming 
sewage.  When  no  sewage  is  entering  the 
tank,  the  machine  is  running  idle,  the  cam 
grips  being  held  open  by  the  magnet  arms. 
As  sewage  enters  and  the  water  level  tends  to 
rise  in  the  constant  head  tank,  the  float  causes 
the  magnets  to  operate  and  the  short  play 
cam  comes  into  action.  If  this  is  not  sufii- 
cient  to  care  for  the  quantity,  the  large  cam 
is  thrown  in  by  the  magnets.  If  the  level 
continues  to  rise,  an  alarm  gong  is  rung,  giv- 
ing notice  to  the  attendant  that  additional 
filter  bed  capacity  is  required.  When  the 
water  level  falls,  the  operations  are  reversed 
until   the  machine   is  again   running  idle. 

The  magnets  can  be  operated  either  from 
tlie  line  or  a  storage  battery,  a  mechanical 
make-and-break  contact  being  provided  on 
the  main  shaft,  so  that  current  is  sent  through 
the  circuit  for  an  instant  only  during  each 
revolution  of  the  cams. 

An  adjustment  on  the  valve  operating  lever 
provides  the  varying  opening  of  the  butterfly 
to  compensate  for  the  changing  filter  area  and 
maintains  the  radius  of  action  of  the  spray 
nozzles    under    all    conditions. 

The  machine  is  ball-bearing  throughout  and 
requires  about   1/16  HP.  to  operate. 

Distribution  of  Effluent  on  Beds. — When 
nozzles  were  first  used  for  distributing  sewage 
upon  percolating  filters,  they  were  operated 
with  a  fi.xed  hydrostatic  head.  The  sewage 
was  tlierefore  mostly  applied  to  a  ring  around 
each  nozzle  while  the  other  portions  of  the 
filter  were  very  scantily  dosed.  Thus  a  part 
of  the  bed  was  much  overworked  and  a  part 
was  almost  unused.  Under  these  conditions 
the  net  rate  at  whicli  the  filter  could  be  op- 
erated to  yield  satisfactory  effluents  was 
necessarily  low. 

The  use  of  a  dosing  tank  which  alternately 
filled  and  emptied  its  contents  through  the 
fixed  nozzles  caused  the  spray  to  cover  much 
more  of  the  surface  of  the  filter,  but  exami- 
nations made  of  filters  so  dosed  still  showed 
that  portions  of  the  surface  were  much  over- 
dosed  and  others   under-dosed. 

The  ideal  distribution  on  a  percolating  filter 
would  be  obtained  when  to  every  portion  of 
the  surface  of  the  filter  there  was  applied  the 
same  quantity  of  sewage  at  a  given  time.  This 
would  result  in  the  use  of  much  higher  net 
rates  upon  the  filter,  more  uniform  purification 
and  decreased  area,?  needed,  and  as  the  cost 
of  construction  of  a  percolating  filter  and  the 
cost  of  broken  stone  to  fill  it  is  very  consider- 
able,   any    device    which    will    accomplisli    this 
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Fir.    2.     Result   of  Test   of   Uniformity   of   Distribution   of  Settling   Tank    Effluent   on   Sprin- 
kling   Filters   at    Pennypack   Creek    Plant. 

(Tilt-  iipijiT  iliagram  sliott-.s  the  iimount  uf  .sevvaec.  In  cubic  centiniettMS,  falling  upon  tlie  sur- 
face uf  the  tiller,  at  llie  points  shown,  during  twelve  tli.spl:iys  of  tlie  nozzles.  The  lower  dia- 
Sram  shows  a  cross-seition  of  the  niter  between  two  nozzles,  and  shows  the  overlap  of  the  spray 
iit  maximum  head.) 


directlv   to  the  operating  shaft  of  the  butter- 
fly  valve. 

The  cams  are  so  shaped  as  to  give  a  uni- 
form distribution  of  the  spray  from  the 
nozzles  to  full  plaV  and  return.  The  differ- 
ence in  the  shape  nf  the  two  cams  is  that  one 
has  a  longer  period  of  spray  at  full  head  than 


uniform  distribution  and  consequent  reduction 
of  area  will  increase  its  efficiency  and  will  re- 
sult in  large  economies. 

By  means  of  the  cam  in  the  above  described 
machine  it  has  been  found  possible 'at  the 
Pennypack  Creek  Sewage  Disposal  Works  to 
obtain    practically   perfect    distribution   of    the 
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■Lwage  upon  the  surface  of  the  filters,  as 
, shown  in  the  accompanying  diagram,  Fig.  2; 
|a  result  which  has  not  an  equal  in  any  plant 

in  this  countrv  where  nozzle  distributors  are 

-I 

DISINFECTION. 

Ihe  usual  type  of  disinfection  apparatus  for 
-ewage  eifluents  has  many  features  which 
jmake  it  both  hard  to  operate  and  inefficient; 
iamong  these  may  be  mentioned :  the  carrying 
if  bleaching  powder  to  an  upper  story,  the 
rritating  dust  present  whenever  the  solution 
)^  made,  and  the  waste  of  the  disinfectant 
due  to  the  slowness  of  the  diffusion  of  the 
.-.olution  with  the  sewage.  In  the  design  of 
|the  disinfection  apparatus  of  this  plant  the 
'following  devices  were  used  to  overcome  these 
features : 

The  mixing  tank,  instead  of  being  placed 
jabove  the  solution  tanks,  as  is  the  usual  prac- 
,tice,  is  placed  on  the  floor  and  tightly  cov- 
[cred.  The  irritating  dust  from  the  bleaching 
, powder  will  be  removed  from  the  building 
;hy  an  exhaust  fan  and  the  clear  bleaching  so- 
lution will  be  diluted  with  water  before  being 
jadded  to  the  effluent  of  the  percolating  fdters 
'from  a  length  of  lead  pipe  perforated  with 
very  small  holes  to  effect  diffusion. 

FLOW    RECORDING    DEVICE. 

The    device    for    measuring    and    recording 
the  rate  of  flow  through  the  works  embodies 
I  some    features    novel    in    this    country.      The 
;  sewage  flows  over  a  "V"  notch  weir,  the  up- 
stream side  of  which  is  connected  to  a  well, 
n  which  a  float  operates  an  electrical  device 
vliich    transmits    the   motion    of   the    float    to 
'he    operating    house    where      the      recording 
levice   is   located.     The   operator  can   see  on 
'  dial  the  rate  of  flow  through  the  works  and 
pon   a   clock    driven    drum     the     permanent 
:  record   is   made   for   filing.     The  device  is   in 
I  use  in  the  sewers  of  Paris  and  the  recording 
;>nrt  of  the  machine  has  been  used   for  many 
'  ars  by  the  Philadelphia  Bureau  of  Surveys 
;i  the  combined  sewers  of  the  city  to  record 
-torm  flows. 
The  record   also  serves     as     an     admirable 
heck  on  the  faithfulness  of  the  engineers  at 
he  pumping  station  in  the  discharge  of  their 
iities,  and   from  it  may  also  be  obtained  the 
■tal  pumpagc. 


Notes  on  the  Collection  and  Disposal 

of  Sewage  at  Paris,  France. 

Ihe  appended  intcrcstmg  notes  on  the  coi- 
tion  and   disposal   of  the   sewage  of   Paris 

were   brought   to   our   attention   by   Mr.   John 

\V.   .\Ivord,   consulting  engineer,   Chicago,    111. 

The   information   given   was   compiled   by   our 

■nsular  .^gent  at  Paris,  Mr.  Robert  H.  Uoug- 

.1^,  and  was  obtained  from  him  by  Mr.  H.  H. 

U  alker  of   Chicago  during  his  visit  to  Paris 
i^t  siunmcr. 
.■\s   early   as    1864,   experiments   were   made 


at  Paris  in  the  purification  of  sewer  water 
by  the  soil.  The  "tout  a  1'  egout"  (everything 
to  the  sewer)  system  is  fast  superseding  the 
old  cesspool  and  tinette  (metal  drums)  meth- 
ods, and  is  now  obligatory  in  the  case  of  new 
streets.  There  are  at  present  750  miles  of 
sewers  in  Paris.  .\11  these  sewers  run  into 
"collectors,"  of  which  there  are  about  63  miles 
in  the  city  and  5  miles  or  so  outside  tiie  walls. 
They  vary  in  size  from  16  ft.  in  diameter  up- 
wards, the  largest  galleries  being  3"J;i  ft.  wide  ' 
by  14;/.  ft.  high.  The  water  flows  down  a 
trough  in  the  center  of  the  gallery  and  there 
is  a  fairly  wide  walk  on  cither  side  for  the 
workmen.  On  one  of  the  large  collectors  there 
are  boats,  one  of  which  is  used  for  the  con- 
veyance of  visitors,  the  others  are  employed 
as  dredges.  In  another  collector  electric  trol- 
ley cars  over  the  central  canal  are  used  for 
the  same  purposes. 

With  the  exception  of  a  few  collectors  in 
the  higher  parts  of  the  city,  all  the  water  is 
taken  to  Clichy.  where  there  are  extensive 
works  on  the  banks  of  the  Seine.  The  water 
passes  through  grids  which  arrest  a  great 
portion  of  the  solid  matter.  About  15.000,000 
gals,  of  nuid  are  taken  out  at  Colombes  an- 
nually, and  rather  more  at  Clichy.  The  re- 
mainder is  pumped  by  powerful  machines,  ca- 
pable of  pumping  IW  to  500  gals,  per  second 
to  another  station  at  Colombes,  where  it  flows 
into  six  large  reservoirs,  where  it  remains  un- 
til the  solid  matter  it  still  contains  has  settled 
to  the  bottom.  This  mud  is  lifted  by  box 
dredges  lowered  from  an  overhead  traveling 
platform,  worked  by  electricity  and  dropped 
into  trucks,  which  carry  it  to  boats  which 
convey  it  to  a  depot  on  the  river,  where  it  re- 
mains until  it  is  dry,  when  it  is  sold  for  ma- 
nure. .\s  the  supply  of  this  material  is  con- 
siderably greater  than  the  demand,  a  machine 
has  been  invented  and  is  now  in  course  of 
construction  in  which  the  mud  will  be  dried 
by  hot  air,  and  then  burned. 

The  sewage  water,  freed  from  solid  mat- 
ters, is  pumped  hy  18  powerful  engines,  each 
of  300  or  more  horsepower.  There  are  also 
dynamos  as  supplementary  power  in  case  any 
of  the  steam  engines  are  temporarily  out  of 
order.  The  sewage  is  pumped  into  pipes  which 
convey  it  to  the  sewage  farms.  There  are 
four  of  these   farms,  viz. : 

Oennevllllers     . .  2.011 

.\cheres   S.SBo 

Mery-Plcrrelayo    4,967 

Carrleres   Trlel    2,347 

Total 12.67,-, 

The  farm  at  .'\chcres.  which  was  the  one 
inspected,  is  a  strip  of  land  li'  i  miles  long  by 
1,100  yds.  wide,  on  the  left  l)ank  of  the  Seine, 
bordering  one  of  the  many  windings  which 
this  tortuous  river  takes.  The  water  which 
has  been  pumped  from  Colombes  to  a  point 
on  the  oposite  bank  of  the  river,  about  160 
ft.    above    the    level    of    the    Seine,    descends 


through  a  syphon  under  the  bed  of  the  river, 
and  is  carried  through  a  network  of  pipes 
laid  in  or  around  all  the  fields.  Each  pipe 
has  a  screw  tap.  connected  with  which  is  a 
circular  stone  basin  with  two  or  three  open- 
ings, by  which,  when  the  tap  is  open  the  water 
can  be  directed  into  the  gutters  or  troughs 
which  are  cut  at  frequent  intervals  across  the 
fields.  The  amount  of  irrigation  (which  has 
been  fixed  by  a  committee  of  experts)  must 
not  exceed  3,625,000  gals,  a  year  per  acre. 

The  effect  of  the  sewage  water  on  the  vege- 
tation is  very  remarkable,  the  growth  of  the 
vegetables  raised  being  luxuriant,  or  almost 
rank.  After  watering  the  vegetables,  the  water 
percolates  through  a  sandy  soil  to  drains 
which  are  laid  10  ft.  under  the  surface,  and 
these  drains  lead  to  small  canals  which  lead 
to  the  Seine. 

The  water  which,  when  it  flows  in  the 
fields,  is  of  a  dark  gray  or  almost  black  color, 
is,  after  it  has  filtered  through  the  bed  of 
sand,  of  a  crystalline  transparency.  The  work- 
men and  farm  laborers  drink  this  without 
feeling  any  ill  effects ;  in  fact,  they  are  said 
to  be  remarkably  healthy. 

The  construction  of  the  sewers  of  Paris  has 
cost,  up  to  the  present  time,  $40,000,000,  to 
which  sum  must  be  added  $10,000,000  for  the 
rental  of  land.  The  city  of  Paris  was  lately 
empowered  bv  the  Government  to  raise  a  loan 
of  $180,000,000,  out  of  which  $25,000,000  will 
be  devoted  to  extending  the  present  sewer 
system  and  purifying  the  Seine.  The  total 
cost  for  the  upkeep  during  the  year  1911  (the 
latest  vear  for  which  statistics  are  available) 
was  $898,571. 

Paris  being  somewhat  of  the  form  of  a 
shallow  cup,  with  the  higher  ground  in  the 
north  and  south,  pumping  i,iperations  are  re- 
quired at  several  points  of  the  city  to  raise 
the  sewage  water  to  a  higher  level.  There 
are  several  of  these  pumping  stations;  at 
some  of  them  the  engines  are  worked  by  "poor 
gas" ;  that  is  to  say,  by  the  further  extraction 
of  gas  from  gas  coke,  which  is  effected  in  fur- 
naces or  ovens  built  inside  the  pumping  sta- 
tion. At  one  place  the  pumping  is  effected 
automatically  by  compressed  air.  The  water 
which  flows  in  the  lower  sewer  falls  into  a 
well  and  when  it  reaches  a  certain  level  raises 
a  float  which  turns  on  a  tap  of  compressed 
air,  which  forces  the  water  into  another  sewer 
15  ft.  higher. 

It  should  be  mentioned  in  conclusion  that 
in  the  larger  galleries  there  is  room  for  the 
conduits  of  drinking  and  Seine  water  (which 
latter  is  i»cd  for  washing  the  streets)  and 
which  are  conveyed  in  pipes  of  30-in.  diam- 
eter placed  along  the  arch  of  the  gallery. 
There  are  also  pipes  in  these  galleries  for  the 
lelephone  wires  and  compressed  air,  but  the 
aas  pipes  and  electric  cables  for  lighting  are 
excluded  in  or<Ier  to  avoid  any  danger  from 
explosions. 
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Methods  and  Apparatus  for  Determin- 
ing Effect  of  Climate  on  Road  Sur- 
faces, Scotch  Experimental  Roads. 

lixperinierual  rtiads  are  planned  in  len  dil- 
ircnt  districts  in  Scotland  to  determine  the 
ifect    on    road    crusts    of    climatic    innijilioii- 

ting  in  conjunction  with  Iraflic.  The  expcn- 
iients  are  to  be  prosecuted  under  the  direction 
■  i  the  Scottish  District  of  the  Institution  ol 
Municipal  and  County  Engi'ieers  working 
■lirough  a  special  Road  Cntiiriiitter.  This 
"UiMiittee  has  rep'irted  the  l.ind-  "f  riia<U 
•■I  be  tested  and  prepared  plan-,  i.^r  their  dm - 
-truction  and  for  prosecntmg  the  le-ls,  I'rom 
■lie   plans    and    directions   as    reported    in    the 

Surveyor"  we  take  the  ones  rel.iting  par- 
•icularly  to  the  meteorological  studies  which 
done  are  unique  and  unfamiliar  in  .American 
ixperimcntal    road    practice. 

The  plan  of  the  tests  is  so  to  build  the 
roads  as   to  have  all   conditions  alike  except 


the   meteorological   conditions.     The  kinds  of 
roads  to  be  built  arc : 

(1)  Ordinary  water-bound  ni:icadain  with 
metal  as  generally  used  in  the  hicalily- -pre- 
ferably whinsloiie. 

(2)  The  above,  surface  tarred  with  dis- 
tilled tar  til  Koad   Board  specification. 

(3)  Macadam,  3  ins.  thick,  grouted  with  a 
mixture  nf  pilch  and  sand. 

(4)  Macadam,  3  ins.  thick,  grouted  with 
pitch  alone. 

(5)  The  above  surface  scaled  with  pre- 
pared bituminous  mixture. 

(0)  Macadam,  supcrimposc<l  upon  and 
rolled  into  a  l.iycr  of  tarred  chippings,  thru 
grouted  and  surface  scaled  as  above. 

(7)  Tar-macadam — i.  c.,  tarred  material 
surface  sealed  with  dislillcd  tar. 

(8)  The  above,  surface  scalefl  with  pre- 
l)ared  bituminous  mixture. 

Specifications  arc  given  for  the  construc- 
tion of  each  class  of  road  and  rules  arc  also 


given  for  recording  and  reporting  the  test  re- 
sults as  ihey  appear;  these  wc  omit  as  not 
being  unusual  in  .Xmcrican  test  road  practice. 
The  directions  for  meteorological  observations 
arc,  however,  presented  in  some  detail  as  fol- 
lows : 

Before  any  experimental  lengths  of  road 
are  put  down  the  melcorologicai  instruments 
should  be  installe<l.  Observations  are  to  be 
made  and  recorded  of  the  effects  of  rainfall, 
atmospheric  humidity,  maximum  and  minimum 
shade  temperatures,  solar  and  terrestrial  radia- 
liiin,  winds,  fogs,  mists  and  extremes  of  tem- 
perature   in    the   care   of   the   road. 

OhsiTt-alioii  Slalioii. — Figure  1  shows  in 
plan  and  elevation,  the  instruments  as  they 
arc  to  be  set  up  at  the  meteorological  station. 
Figure  2  shows  the  surface  box  and  tubes  to 
be  placed  in  the  roadway  for  the  reception 
of  thermometers  to  record  road  core  tem- 
peratures. It  is  proposed  to  install  at  the 
station  a  5-in.  Snowdon  rain  gage,  a  Steven- 
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son  thermometer  screen,  a  wet  and  dry  bulb 
hydrometer,  a  self-registering  ma-ximum 
thermometer    and  a    minimum     thermometer. 


ing  to  160°  F.)  is  to  measure  the  amount  of 
solar  heat  near  the  level  of  the  road  surface. 
The  reading  of  the  solar  radiation  thermome- 
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Fig.    1.    Arrangement    of    Meteorological   Station  for  Road  Experiments  in  Scotland. 


The  observing  station  should  be  placed  as 
near  to  the  side  of  the  experimental  road  as 
practicable  and  not  more  than  %  mile  there- 
from. The  area  15  x  9  ft.,  upon  which  the 
instruments  are  to  be  set  up  is  shown  by  Fig. 
1.  It  is  to  be  constructed  of  tar-macadam  or 
pitch-grouted  metal  3  ins.  in  thickness.  The 
level  of  this  area  should  be,  as  nearly  as  pos- 
sible, the  same  as  the  surface  of  the  experi- 
mental road  in  order  that  the  stratum  of  air 
over  the  station  may  be  the  same  as  that  over 
the  roadway. 

The  rain  gage  should  be  set  exactly  1  ft. 
above  the  groimd  level  in  an  open  situation  on 
a  level  piece  of  ground  free  from  air  eddies 
and  currents.  If  a  perfectly  open  site  cannot 
be  obtained,  shelter  is  the  least  harmful  on 
the  northwest,  north  and  east.  The  gage  should 
be  distant  from  the  object  forming  the  shelter 
at  least  twice  the  height  of  the  object.  These 
conditions  should  be  kept  in  view  when  fixing 
the  site  for  the  station.  The  mode  of  read- 
ing the  gage  does  not  require  description,  ex- 
cept that  it  and  all  the  other  instruments 
should  be  read  at  0  a.  m.  each  morning,  and 
the  readings  entered  in  the  record  under  the 
previous  day's  date.  In  the  event  of  a  snow- 
fall, the  snow  in  the  funnel  should  be  melted 
by  adding  a  measured  quantity  of  hot  water, 
and  this  amount  deducted  from  the  gross 
reading.  Approximately  1  ft.  of  snow  is 
equivalent  to  1  in.  of  rain.  The  Stevenson 
screen  should  be  set  up  so  that  the  door  faces 
north.  For  meteorological  observations  the 
general  height  of  the  thermometer  is  4  ft.,  but 
for  road  work  the  temperature  should  be  ob- 
served as  near  the  level  of  the  experitncntal 
road  as  possible. 

The  terrestrial  radiation  thermometer  and 
solar  radiation  thermometer  are  to  be  placed 
inside  a  specially  constructed  metal  box  which 
can  be  supplied  by  Messrs.  R.  &  A.  Main, 
Gothic  Iron  Works,  Falkirk,  at  a  cost  of 
about  25s.  ($6.07).  The  box  which  is  shown 
by  Fig.  3  is  to  be  set  into  the  area  previously 
referred  to,  and  in  the  position  shown  by 
Fig.  1.  The  thermometers  are  placed  in  the 
tubes  provided  for  the  purpose.  The  ter- 
restrial radiation  thermometer  (spirit  filled)  is 
to  measure  the  minimum  temperature  near  the 
level  of  the  road  surface,  and  the  solar  radia- 
tion thermometer   (mercury  filled,  scale  read- 


ter    is    to    be    entered    in    the    proper    column 
in  the  record,  under  the  date  previous  to  that 


deducted  from  it  and  entered  in  the  proper 
column.  The  difference  so  obtained  is  the 
measure  of  solar  radiation  for  the  day.  This 
measurement  however  does  not  give  the  dura- 
tion of  maximum  solar  heat,  and  an  effort  is 
to  be  made  to  get  a  measure  of  this  by  in- 
stalling a  sunshine  recorder. 

The  sunshine  recorder  proposed  to  be  in- 
stalled is  of  the  Jordan  single  cylinder  pat- 
tern, the  principle  of  which  is  that  the  sun 
penetrates  through  two  small  oblong  apertures 
in  the  cylinder,  the  rays  falling  on  a  chart  of 
sensitized  paper  contained  within  the  cylinder, 
leaving  a  trace  resembling  a  bliie  print.  These 
instruments  are  made  by  Negretti  &  Zambra, 
London.  The  position  the  instrument  is  to 
occupy  is  shown  by  Fig.  1. 

"Six"  brand  thermometers,  which  are  com- 
bined maximum  and  minimum  thermometers. 
are  to  be  used  to  ascertain  the  maximum  and 
minimum  temperatures  in  the  body  of  the 
road  at  various  depths.  It  is  suggested  that 
observations  should  be  made  at  depths  of  1, 
2  and  3  ins.  The  thermometers  should  be 
placed  in  the  iron  tubes,  to  be  set  horizontally 
in  the  body  of  the  tar-macadam  or  pitch- 
grouted  road  lengths  at  the  depths  previously 
stated,  access  being  obtained  to  them  from  the 
surface  box,  after  described.  The  maximum 
reading  should  be  entered  under  the  date 
previous  to  that  of  observation,  and  the  mini- 
mum reading  under  the  date  of  observation. 
The  cost  of  the  surface  box  and  tubes  is  about 
22s.  6d.  ($5.47).  The  arrangement  is  shown 
by  Fig.  2. 

In  addition  to  the  records  before  described, 
a  note  should  be  made  each  morning  of  wind, 
its  direction  and  force,  also  of  fogs,  dew,  hoar 
frost,  hail,  snow,  sultry  weather  and  thunder. 
Columns  for  these  entries  are  provided  on 
the  record  sheet. 

The  instruments  named  above  and  also  those 
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Thermometer   Box   to    Be    Embedded  in  the  Surface  of  Experimental  Roads  in 
Scotland  for  Obtaining  Road  Core   Temperatures. 


of  observation,  as  in  the  case  of  rainfall,  and 
maximum  shade  temperature  and  the  reading 
of   the   maximum    thermometer   in   the   shade 


for  measuring  wear,  etc.,  are  listed  by  the 
Committee  under  the  following  names  and 
prices : 


March   11,   1914. 


(1)  Attrition  gage,  etc. — 
At  each  seciion: 
3  sockets  at  8s  6d  each.   £1 
I  heavy  cast-iron  cover.     0 
:■    light   cast   iron  covers 

at  Is  9d  each 0 
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6  6 
6  6 


3  6 


»   sections   at    £1  13  6 


For  general  use: 
Steel    straight-edge    and 

arms    £  5     0  0 

iDavy  and  Maybury  gage  10     0  0 


£14  4  0 


I 


15  0  0 


(2)  Thermometers  (Hutch- 
inson's)— 

2  Instruments,   each   ITs  6d 

(3)  Viscosity  gage  (Hutch- 
inson's or  similar) 

(4)  Meteorological  instrum'ts 
(Negrettl  &  Zambra,  Lon- 
don)— 


£29     4  0 

1  15  0 

2  2  0 


Standard   Street   Monuments  in   Oak- 
land, Calif. 

Prior  to  the  placing  of  the  Street  Depart- 
ment and  City  Engineer's  office  on  a  salary 
basis  in  1911  there  were  not  more  than  30  ex- 
isting permanent  street  monuments  in  Oak- 
land, of  which  six  had  been  set  at  the  ex- 
pense of  the  city.  In  the  course  of  work  con- 
nected with  a  general  resurvcy  of  the  city  by 
the  city  engineer's  forces,  a  work  which  is  so 
extensive  that  it  will  require  several  years 
for  completion,  new  concrete  monuments 
with  cast-iron  tops  are  being  placed  for  mark- 
ing the  street  lines.  During  the  fiscal  year 
ending  June  30,  1913,  164  of  these  standard 
monuments   were   set,  and   the   department  is 
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Fig.  3.   Mounting   of   Radiation   Thermometers   at    Experimental     Road     Meteorological    Sta- 
tions in  Scotland. 
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In  running  preliminary  surveys  for  tlic  Mur- 
frecsboro  Electric  Railway  between  .V.ishvillc 
and  Murfrecsboro,  Tenn.,  recently,  the  tran- 
sit party  engaged  ran  eight  miles  and  3,700 
ft.  in  one  day,  which  is  believed  to  l)c  a  rec- 
ord for  that  kind  of  work.  The  party  was 
composed  of  J.  B.  Mullins,  transitman,  a 
head  cliainman,  and  four  others. 


contmuing  the  work  as  rapidly  as  time  niul 
finances  permit. 

The  standard  monument  adopted  by  the  de- 
partment consists  of  a  concrete  shaft  ti  ins. 
in  diameter  and  3  ft.  clcep,  composed  of  a 
mixture  of  1  part  Portland  cement,  2  parts 
sand  and  4  parts  crushed  stone.  The  top  of 
the  shaft  is  placed  I'J  ins.  below  the  street 
grade,  and  in  the  top  is  set  a  brass  pin  %  in. 
in  diameter.  At  about  tlic  level  of  the  top 
of  the  concrete  shaft  is  set  a  liorizonlal  ring 
of  concrete,  6  ins.  thick,  and  having  an  open- 
ing in  the  center  8  ins.  in  diameter.  This 
opening  is  lined  with  a  cylindrical  iron  band 
which  projects  about  an  inch  below  the  con- 
crete ring.  A  cast  iron  top  having  a  thickness 
of  '/j  in.  of  metal,  and  a  7^:i-in.  opening  is 
supported  by  the  concrete  ring,  and  is  closed 
with  a  -ki-in,  cast-iron  plate  as  a  cover.  A 
sectional  view  of  the  monument  and  cover 
and  the  plan  of  the  'op  arc  shown  by  Fig.  1. 
The  castmgs  cost  $l.f>0  per  set  in   191.3. 

The  List  California  legislature  passed  an 
amenilmeiit  to  the  Map-liling  .Act  of  1907. 
which  rccjuircs.  aninngst  other  thinirs,  tlic 
placing  of  permanent  monnnirnts  on  nil  suh- 
division."!  of  land  offered  for  sale.  When  the 
amendment  goes  into  effect  the  city  engineer- 
ing department  of  Oakland  will  insist,  if  the 
matter  is  left  to  it,  upon  monuments  of  the 
type  shown  by  Fig.   1  being  used  on  all  sub- 


divisions within  its  jurisdiction  coming  under 
the  provisions  of  the  act. 


A  Plea  for  Road  Transportation  Data. 

Contributed     by     Chester     Cooke,     Engineer    of 
Roads  and   Repairs,   Jackson  County,  Mo. 

To  engineers  interested  in  highway  con- 
struction and  maintenance,  it  is  very  gratify- 
ing to  note  the  progress  being  made  through- 
out the  country  in  this  branch  of  the  profes- 
sion ;  the  intelligent,  accurate  and  reliable  com- 
pilation and  publication  of  cost  data  relating 
to  different  designs  and  methods  is  also  prov- 
ing invaluable,  but  it  seems  to  me  that  we  are 
relegating  the  question  of  "Highway  Econom- 
ics" to  a  place  of  minor  importance,  thereby 
retarding  and  retracting  the  advancement  in 
this  branch  of  engineering.  Until  the  theory 
and  economics  of  good  roads  is  thoroughly 
understood  by  the  people  their  unintelligent 
and  half-hearted  co-operation  will  impede  and 
curtail,  to  a  greater  or  less  extent,  the  im- 
provement and  construction  of  highways. 

For  instance  the  majority  of  people  in  this 
country  have  a  general  idea  of  the  cost  of  a 


Plon  of 
Cost  Iron  Top 


rinished     — i-  ij'-,  -'ii'r- 

I   .    !■ — -m^^ — -    i  '  if. ^"ji  ^  Jlhh' .'nmuii  ■, — 


-Ui- 


Fig. 


1.     Section    of    Standard    Street    Monu- 
ment, and  Plan  of  Cast  Iron  Top, 
Oakland,  Calif. 


mile  of  macadam  road,  but  if  they  were  to  be 
asked  the  ;imount  saved  to  them  by  this  mile 
in  the  m.Trkcting  of  tlieir  produce  or  the  en- 
hanced value  of  their  land  due  to  this  saving 
the  question  would  be  unanswered. 

It  occurs  to  the  writer,  therefore,  that  a 
concrrtetl  effort  ought  to  be  made  by  engi- 
neers in  this  branch  of  the  profession,  to  pub- 
lish any  statistics  available  relating  to  the  cost 
of  transportation  on  dirt  and  artificial  roads, 
on  maximum  and  minimum  grades,  condition 
of  roads  and  the  sea.son  of  the  year  when  the 
costs  were  taken  and  all  other  features  per- 
taining  to  the  question.     Just  how  these  sta- 
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tistics  may  best  be  placed  before  the  public 
is  a  detail  to  be  worked  out  later. 

Engineers  are,  of  course,  accustomed  to 
analyze  and  deduce,  and  to  them  the  import- 
ance of  this  question  may  not  be  evident,  but 
is  it  right  that  the  people  should  be  taxed, 
asked  to  vote  bonds  or  appropriate  money,  as 
the  case  may  be,  with  which  to  construct  good 
roads,  when  they  have  only  a  slight  conception 
as  to  whether  such  improvements  will  pay 
them  a  fair  return  on  the  investment  ? 

Doesn't  it  then  devolve  upon  us,  as  engi- 
neers, to  show  that  by  the  improvement  of 
highways  it  is  possible  to  reduce  the  cost  of 
wagon  transportation  a  percentage  that  would 
mean  an  annual  saving  of  millions  of  dollars' 

If  such  statistics  were  published  more  gener- 
ally the  public  would  soon  realize  the  saving 
effected  by  improved  highways ;  we  would 
then  have  the  earnest  co-operation  of  ever_\ 
community  and  the  construction  of  good 
roads  would  not  be  opposed  by  injunctions, 
condemnation  proceedings   and   ill    feeling. 


An    Example    of    "Road    Days"    Road 
Work  Near  Tarkio,  Mo. 

Contributed    b\    W.    R.    Littell,    Tarkio,    Mo 

Governor  Major  of  Missouri,  by  proclania 
fion,  set  apart  two  days  in  .A.ugust,  1913,  for 
all  male  citizens  of  the  State  of  Missouri  to 
give  to  work  upon  the  roads  of  the  State.  In 
response  to  this  appeal  the  County  Courts  over 
the  State  set  apart  the  same  days  and  called 
upon  all  public  spirited  citizens  to  give  two 
days'  work  upon  the  roads  of  the  State  in  the 
interests  of  better  roads.  The  Commercial 
Clubs  and  other  progressive  bodies  over  tin- 


days  and  the  farmers  living  near  it  and  the 
citizens  of  Tarkio  and  the  Tarkio  t'ommercial 
Club  all  combined  to  cut  it  down  to  a  safe 
grade.  The  work  was  all  gratuitous.  Thirty 
teams  and  CO  men  were  employed  on  this  work 
for  live  days  and  tlic  hill  was  cut  to  a  D  per 
cent  grade.  Wagons,  plows,  spades  and  wheel 
scrapers  and  slips  were  used.  The  average 
haul  on  the  dirt  was  about  600  ft.  Two  dis- 
tinct cuts  and  two  fills  were  made  on  the  work 
and  a  crew  worked  on  each  at  all  times,  mak- 
ing practically  two  crevi's  at  work.  This  road 
IS  on  the  line  between  two  road  districts  and 
both  road  bosses  aided  in  the  work,  which  was 
all  the  county  contributed. 

.\bout  2,000  cu.  yds.  of  earth  were  mo\  e<l  ai 
a  cost  of  about  $8.')0.  The  soil  of  this  hill  is 
a  heavy  clayey  Maxwell  soil  and  is  exceedingly 
iiard  to  work  or  handle. 

This  was  the  most  pretentious  piece  of  road 
work  attempted  in  the  vicinity  of  Tarkio,  al- 
though a  good  many  smaller  jobs  were  done. 
The  general  plan  pursued  to  get  the  work  out 
is  to  call  a  meeting  of  all  the  farmers  who 
have  a  piece  of  bad  road  on  which  they  want 
work  contributed  and  then  secure  the  names 
of  those  who  are  willing  to  contribute  work 
and  send  the  number  of  men  asked  for  to  the 
various  jobs  on  the  good  roads  days.  In  all. 
in  the  year  VMS  about  $7,000  was  contributed 
in  work  and  money  by  the  citizens  of  Tarkio 
and  surrounding  country,  upon  the  roads  lead- 
ing into  Tarkio.  In  the  present  year  more  is 
expected.  We  also  found  in  this  work  that 
lists  of  available  road  tools  were  convenient, 
as  more  men  could  be  had  than  tools  could  be 
found  to  work  with. 

The  greatest   asset,   however,  to  good   road 


rolled    with   a   -j-ton    roller   until   a   solid   and 
compact  foundation  was  secured. 

.\  concrete  base  4  ins.  thick  was  laid  on 
the  subgrade.  It  was  composed  of  1  part 
Portland  cement  of  standard  quality,  and  ■> 
parts  of  Platte  River  gravel.  The  gravel  con- 
tained an  average  of  3  parts  large  aggregate 
and  2  parts  sand.  It  was  good,  clean  gravel, 
free  from  quicksand,  and  the  size  varied  froui 
that  of  a  grain  of  wheat  to  that  of  stones 
that  would  just  pass  through  a  ly^-'m.  ring. 

A  sand  cushion  2  ins.  in  thickness  was 
spread  on  the  concrete  base,  the  required 
thickness  being  obtained  by  means  of  a  tem- 
plate cut  according  to  the  crown  co-ordinates 
furnished  by  the  city  engineer.  Vertical  fiber 
lirick  3  ins.  deep,  4  ins.  wide  and  8%  ins.  long, 
having  square  edges,  were  laid  flatwise  in 
-traight  and  parallel  courses  on  the  sand  cush- 
ion. At  street  intersections  they  were  laid 
herringbone  style.  In  both  methods  of  lay- 
ing, the  brick  were  laid  close  together,  all  lug- 
being  placed  in  one  direction.  The  brick  w'en 
subjected  to  the  1911  National  Paving  BricK 
.Manufacturers'  .\ssociation  rattler  test,  and 
those  used  were  of  a  class  that  did  not  lose 
more  than  15  per  cent  under  that  test.  After 
the  Iirick  were  laid  they  were  rolled  with  a 
1-ton  steam  roller,  and  the  brick  broken  b\ 
rolling  were  removed  and  replaced  w"ith  sound 
brick. 

Two  kinds  of  joint  tiller  were  used,  each 
I 'tie  being  used  to  cover  about  one-half  of  the 
pavement.  Some  parts  of  the  surface  were 
covered  \vith  Sarco  asphalt  while  the  other 
sections  of  the  pavement  were  covered  with 
Texico.     The  asphalt  was  spread  by  means  of 


Fig.   1.    Gordon   Hill  2,000  Cu.  Yd.  Cut,  Near  Tarkio,    Mo.,   An    Example   of   State  "Road   Days"   Effort. 


Slate  seconded  these  steps  and  took  up  the 
details  of  the  work  with  the  citizens  in  their 
respective  communities.  Altiiost  every  com- 
munity had  some  bad  piece  of  road  that  had 
long  been  an  eyesore  and  a  matter  of  great 
expense  and  inconvenience  in  pulling  over  it  to 
get  tci  town. 

These  bad  pieces  of  road  were  singled  out 
and  the  good  roads  days  were  spent  on  them 
by  the  public  spirited  citizens  of  the  commu- 
nity near  them.  Such  a  piece  of  road  was  the 
Gordon  Hill,  near  Tarkio,  Mo,  It  was  a  hill 
about  70  rods  in  length  and  of  about  2j  per 
cent  grade  before  work  was  begun  on  it.  Just 
shortly  before  the  good  roads  days,  a  man 
named  White  lost  his  life  on  this  hill  by  an 
accident  in  which  an  auto  truck  loaded  with 
corn  became  unmanageable  on  the  steep  grades 
on  this  hill  and  ran  away,  wrecking  the  truck 
and  killing  White. 

Thi.i   hill   was   marked    for   the  good   roads 


work  is  a  lively  and  aggressive  good  road  sen- 
timent among  the  people  along  the  road  and 
in  the  towns  at  the  end  of  such  road.  If  it  is 
not  present  good  road  work  docs  not  thrive 
well. 


Method  of  Constructing  a  Street  Pave- 
ment with  Flat  Laid  Vertical 
Fiber  Brick. 

ContrilRUcd  l>.v  Iliiil.i  W.  Kilil.iy,  City  Kiijiineor, 
Grand   Isl:uid,   Nel). 

During  the  fall  of  191.'!  approximately  25,000 
sq.  yds.  of  brick  pavement  were  laid  in  Grand 
Island,  Xcbr.  The  pavement  was  made  by 
laying  vertical  liber  brick  flatwise  on  a  con- 
crete foundation.  After  such  excavation  was 
completed  as  was  necessary  to  obtain  the  de- 
sired   grade    and    crown,    the    subgrade    was 


squeegees    and    sand    was    then    spread    on    tii' 
pavement. 

.Although  the  filler  and  sand  were  not  ap 
plied  until  late  in  the  season — Dec.  19,  1913 
and  notwithstanding  the  chilly  weather  dur- 
ing which  much  of  the  spreading  was  done,  i. 
has  cohered  moderately  well.  Better  result - 
would  have  been  secured  had  the  spreading; 
been   done  in   warmer   weather. 

This  pavement  has  not  had  the  test  of  e\ 
tremely  hot  summer  days  and  the  test  of  tinii 
has  not  yet  proved  its  merits.  The  pavemem 
was  constructed  by  the  Tynor  Construction 
Co.  of  Kansas  City,  Mo.,  at  a  contract  price 
of  $1.90  per  square  yard.  The  same  firm  will 
lay  about  13,000  sq.  yds.  of  the  same  kind  of 
iiavcment  in  Grand  Island  in  1914. 


The  U.  S.  Reclamation  Service's  prograni 
for  the  present  vear  calls  for  the  expenditure 
of  over  $23,000,000. 


IimcsorpflffiKisr  enmci  ©®ia"(bip<2i©1^flini( 


Deroted    to    the    Economics    of    Civil    Engineering    Design 
and    to    Methods    and    Cost    of    Construction 


Volume  XLI. 


CHICAGO.  ILL.,  MARCH   18,  1914. 


Number   11. 


An    Instructive    Study    of    Sand-Clay 

Road  Materials. 

One  ui  the  best  of  earlli  roads  is  the  sand- 
clay  road — when  it  is  good.     Like  most  roads 
constructed  of  native  soils  the  sand-clay  road 
is   in    practice    of    all     degrees    of    goodness. 
'There  are  some  whose  surfaces  can  hardly  be 
surpassed  and    which    under     ordinary     rural 
!  traffic   have   notable   durability   and    there   are 
i  others   which   possess  such  qualities  only  in  a 
I  small   degree.     To  a  great  extent  the  reasons 
which  make  one  sand-clay  road  good  and  an- 
I  other  sand-clay  road  inferior  arc  found  in  the 
I  nature  and  composition  of  the  sand-clay  mix- 
iture.      Presented    differently,    mi.xtures     of     a 
I  composition    between    certain    limits    will,    it 
i  foundation   and    drainage   conditions   are   rea- 
I  sonably  good,  make  a  good  road,  while  under 
I  the  same  conditions  other  mixtures  will  make 
I  an   inferior    road.     These   facts   are   not    new 
I  nor  has  it  failed  to  be  noted  what  in  general 

i'  is  the  range  of  sand-clay  mixtures  which  give 
the  belter  results,  but  the  precise  analysis  of 
sand-clay  mi.xtures  having  known  service  rec- 
ords, to  determine  wherein  their  composition 
i  lay  the  property  that  made  one  serve  well  and 
[  another  less  well,  is  for  the  first  time,  we 
,  think,  recorded  in  the  article  published  else- 
;  where  in  this  issue. 

The  studies  referred  to  are  notable  because 
'  they  arc  not  tests  of  artificial  mixtures  but  arc 
analyses  of  natural  mixtures  in  service.  We 
!  have  retained  of  the  original  paper,  though  it 
I  extends  the  length  considerably,  the  rather 
I  careful  directions  for  conducting  sand-clay 
analyses,  but  to  the  practicing  road  engineer 
the  analysis-history  comparison  of  Tables  1 
and  II  and  the  accompanying  diagrani  will 
with  the  conclusions  be  of  most  immediate  in- 
terest. Of  the  conclusions,  the  first  sums  up 
broadly  the  essential  fact  to  be  remembered 
in  .selecting  sand-clay  mixtures.  Incidentally 
it  will  be  noted  how  closely  the  findings  rc- 
.spccting  size  and  grading  of  the  sand  best  for 
sand-clay  rr.ad  mixtures  arc  those  which  are 
well  known  to  be  true  in  producing  the  best 
hydraulic  cement  mortars.  Indeed  one  might 
.-dmost  set  down  as  a  rule  that  sand  which  in 
size  and  grading  nf  particles  makes  the  best 
cement  mortar  will  also  make  the  best  sand- 
clay  mixture  for  roads.  Hy  further  analogy 
we  may  conclude  perhaps  that  the  same  place 
of  importance  which  good  mixing  occupies  in 
the  production  of  cement  mortar  it  also  occu- 
|iie^  in  [iroducing  sand-clay  road  metal. 

Soil  Formations  Underlying  Cities. 

It  is  highly  important  to  economic  building 
construction  to  have  at  hand  data  on  the  char- 
acter of  the  undcrlyine  soil  strata.  In  .lomc 
cities  these  strata  are  somewhat  uniform  over 
comparatively  large  areas,  but  in  general  the 
lub.Hi.il  changes  consiilerably  in  .slmrl  distances. 
In  Chicago  the  distance  to  bedrock  is  com- 
parativelv  uniform  in  most  sections  of  the 
city,  wlii'le  in  New  York  the  rock  'iiitcrops 
in  the  upper  section  of  the  city  and  lies  at  a 
considerable  ricplh  in  the  lower  part,  often 
shelving  considerably  within  the  limits  of  a 
simile  U.I  It  is  true  that  eiu'iin'i-  often  have 
onl\    a    ^'-nir.il    idea   of   lli'  "f   the 

subsoil  iMuliTlying  contempl  "g''.  and 

the  contractor  is  generally  liiiiii^lu.l  few  data 
upon  which  to  base  an  estiniaii-  ■■!'  ibe  founda- 
tion construction  costs.     (*>''  '  's  possi- 
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of  contractors  submitting  bids  it  is  to  be  re- 
gretted that  more  authoritative  data  on  the 
character  of  the  subsoil  in  different  parts  of 
our  principal  cities  are  not  available. 

-As  an  important  contribution  to  the  meager 
published  data  on  subsoil  conditions  wc  wish 
to  commend  a  paper  on  "Boston  Foundations," 
by  Mr.  J.  R.  Worcester,  recently  presented 
before  the  Boston  Society  of  Civil  Engineers, 
and  partially  abstracted  in  this  issue.  Wc  have 
given  most  of  the  data  of  general  application, 
hut  on  account  of  their  bulk  have  not  covered 
the  specific  data  on  the  character  of  the  sub- 
soil in  various  parts  of  Boston  and  the  sur- 
rounding territory.  These  data  have  been 
gathered  from  numerous  sources,  and  the  re- 
sults have  been  tabulated  and  condensed  in 
diagrams.  The  location  of  each  boring  is 
shown  on  maps,  being  represented  by  a  num- 
bered dot,  and  the  soil  strata  arc  given  on 
separate  diagrams.  The  results  of  I.M48  bor- 
ings are  recorded  in  this  paper.  To  facilitate 
the  recording  of  the  combinations  of  mate- 
rials found  in  strata  at  various  depths  a  cer- 
tain combination  is  represented  by  a  number, 
and  in  the  diagrams  this  number  is  recorded 
instead  of  stating  the  materials.  The  system 
upon  which  the  classification  of  the  strata  is 
based  is  interesting  and  represents  much  care- 
ful work,  and  may  well  be  adopted  in  subse- 
quent compilations.  The  materials  are  grouped 
into  ten  headings,  each  heading  stating  the 
material  which  predominates  in  the  combina- 
tion. These  headings  are  subdivided  into 
numerous  combinations,  each  subdivision  be- 
ing represented  by  certain  numbers.  The  prin- 
cipal divisions  and  the  inclusive  numbers  reprc- 
.scnting  the  subdivisions  are  are  follows:  Clay 
or  blue  clay  combinations,  100  to  !!)!•:  yellow 
clay  combinations,  200  to  209 :  sand  combina- 
tions, ■\0i)  to  ."^On ;  gravel  combinations,  100  to 
499 ;  silt  combinations,  .'iOO  to  .'iPO ;  mud  combi- 
nations, tiOO  to  fiOO:  stone  or  rock  combina- 
tions. TOO  to  799;  filling  combinations.  8(iO  to 
899;  hardpan,  900;  and  wood,  1,000.  When  the 
number  of  combinations  rises  about  100  for 
any  group  the  tabic  of  combinations  then  is 
not  in  complete  numerical  sequence,  the  thou- 
sands figure  being  used  only  for  the  purpose 
of  cxtentling  the  groups  which  contain  more 
than  loo  varieties.  For  example,  1101  and 
2101  represent  combinations  Nos  |0l  and  201 
of  the  'clay  or  blue  rlay  combinations";  while 
1300  and  2.100  represent  combinations  Xos. 
100  and  200  of  the  "sand  combinations,"  etc. 

Although  numerous  lest  pits  and  borings 
have  been  made  in  various  cities,  we  find  that 
in  many  cases  complete  records  of  them  have 
not  been  kept,  and  in  most  cases  no  .special 
effort  has  been  made  to  classify  the  different 
combinations  There  is  an  important  field  in 
each  of  our  principal  cities  for  some  engineer 
to  collect  and  record  data  of  a  similar  char- 
acter to  those  reported  by  Mr.  Worcester.  It 
means,  of  course,  a  great  antouni  of  work, 
but  the  service  rendered  to  others  is  note- 
worthy. Wc  believe  that  there  arc  engineers 
in  other  citicn  who  will  volunteer  to  perform 
n  similar  nervice. 


The   New   Mechanical   Filter   Plant  at 

St.  Louis. 

The   new    mechanical    water    tillralion    plant 
at    Si     I.ouis   is   of   immcdiatr   interest    to   all 

wa*' ' rs,    tor   the    reason    that 

it   ■  of   its  gener.Tl  type   in 

till  -iti.  .rt  »ii.-i-    ill  111    ill.     i-    .11 

sid' 
la. 

plant  after  49  years  ot  recurring  agitations  for 

water   filtration,   and   after   trying   out   other 

310 


processes  for  the  purification  of  Mississippi 
River  water  with  only  partially  satisfactory 
results.  St.  Louis  was  the  first  .American  city 
to  give  serious  consideration  to  the  desirabil- 
ity of  filtering  its  public  water  supply.  Fil- 
tration was  first  recommended  in  18G5  and  the 
history  of  the  activities  of  the  city  looking  to 
the  securing  of  a  pure  water  supply  since  that 
date  presents  many  points  of  interest,  chief 
;.iiiong  which  is  the  evidence  of  a  more  lively 
and  appreciative  interest  on  the  part  of  the 
public  in  the  quality  of  the  city  water  supply. 
In  this  issue  we  publish  an  article  which  states 
this  history  in  brief,  gives  a  detailed  descrip- 
tion of  the  design  of  the  new  works  and  also 
describes  some  of  the  more  important  features 
of  the  construction  operations. 

The  new  plant  is  located  within  one  of  the 
basins  formerly  used  for  sedimentation  and 
coagulation  at  '.he  Chain  of  Rocks  plant,  which 
has  been  in  service  for  the  past  ten  years.  The 
design  and  location  of  the  new  plant  present 
many  features  of  interest  to  water  works  en- 
gineers. The  new  plant  will  have  a  rated 
capacity  of  lt)0,000,000  gals,  per  day.  and  this 
.T.itput  can  be  increased  to  200,000,000  gals,  if 
such  a  quantity  of  water  must  be  supplied. 

Of  special  interest  to  our  contractor  readers 
is  the  fact  that  five  additional  contracts  on 
this  plant,  comprising  the  head  house,  the 
waterproofing  of  two  of  the  old  sedimentation 
basins,  the  raising  of  division  walls  and  the 
constructiin  of  a  generator  house  and  a  mi.x- 
ing  chamber,  aggregating  a  cost  of  $530,000, 
will  be  awarded  within  the  next  (!0  days. 


Reliable  Preliminary  Estimates  of  Cost. 

Students  of  the  development  of  engineering 
practice  in  this  country  have  often  comment- 
ed upon  the  inability  of  the  former  genera- 
tions of  engineers  to  make,  consistently,  re- 
liable estimates  of  cost  of  any  character.  The 
same  observers  have  not  failed  to  note  that 
in  this  particular  the  modern  engineer  greatly 
excels  his  professional  forebears.  In  fact 
many  engineers  can  now  be  relied  upon  to 
make  satisfactory  detailed  estimates  of 
cost  of  proposed  works,  based  upon  de- 
tailed plans,  preparatory  to  asking  for 
contractor's  bids.  In  the  matter  of  mak- 
ing preliminary  estimates  of  cost  in  ad- 
vance of  the  preparation  of  detailed  plans  and 
specifications,  howexcr,  an  estimator  is  by 
many  considered  successful  if  the  actual  cost 
of  construction  does  not  exceed  his  prelim- 
inarv  estimate  of  cost  oftener  than  one  time 
in  four.  The  difficulty  of  making  reliable 
preliminary  cost  estimates  is  thus  emphasized 
liy  the  frequency  with  which  such  estimates 
when  prepared  by  successful  estimators  prove 
inadei|iiate. 

The  importance  of  the  preliminary  estimate 
is  at  once  apparent  when  one  considers  that 
many  projects  never  get  beyond  this  stage. 
Such  cslimates  often  dictate  the  decision  to 
go  on  with  a  project  or  to  abandon  it.  and 
the  choice  between  alternative  projects  fre- 
i|iirmlv  turns  upon  the  preliminary  estimate. 

I'.v  ( I  \  engineer  should  endeavor  to  acquire 
ill.  iMlily  to  make  reliable  and  reasonably 
.1  •i.iic  prcliininarv  estimates  of  cost.  The 
;it  ■  <  -.  is  an  art  and  as  such  should  be  studied. 
Ii  should  be  recognized  as  equal  in  importance 
1.1  any  of  the  business  aspects  of  engineering 
practice. 

In   this   issue   we   publish   an   article   which 

:,!..  il,,\vti  ilyj  nriiii-MiIi's  which  liave  been  suc- 

''  ^'   preliminary   cost 

I  M  is  one  previously 

announced  fur  publication  in  our  water  works 

section    but    its    appearance    in    that    section 
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.-.liuiiltl  not  cause  it  to  be  overlooked  by  read- 
ers who  are  not  interested  in  water  supply 
matters.  The  illustrations  given  in  exposition 
of  principles  relate  chiefly  to  water  works  but 
(he  article  is  of  universal  interest  to  engineers 
and  should  be  read  and  studied  by  every  en- 
gineer reader  of  this  journal. 


largely    to    make    flood    prevention    i)r(>blems 
more   clear. 


The    Most    Practicable    and    Effective 

Measures   for   Prevention   of 

Damage  by  Floods. 

We  publish  in  this  issue  a  well-written  and 
most  interesting  discussion  of  flood  preven- 
tion and  protection.  Major  Oakes,  the  author, 
is  a  member  of  the  board  of  army  engineers 
ordered  during  the  period  of  the  distructive 
floods  of  the  Ohio  Valley  in  1913  to  study 
these  floods  and  to  report  upon  the  subject 
specified  in  the  title  to  this  editorial.  Be- 
cause he  speaks  as  a  member  of  this  board 
Major  Oakes'  paper  presumably  and  indeed 
probably  voices  in  general  the  conclusions  of 
the  board  reached  in  their  official  report,  not 
yet  printed.  Engineers  have,  then,  in  the  ar- 
ticle which  we  publish,  a  preliminary  state- 
ment of  the  board's  search  and  findings.  This 
alone  lends  exceptional  interest  to  the  paper, 
l)Ut  we  believe  that  any  careful  reader  will 
will  find  the  paper  of  even  greater  interest  as 
an  engineering  argument  than  as  a  semi-of- 
ficial .statement  from  a  board  of  the  Federal 
Government. 

A  seriatim  review  of  the  arguments  pre- 
sented in  Major  Oakes'  paper  would  lead 
merely  to  repetition  ;  we  urge  only  that  these 
arguments  be  carefully  read  and  considered. 
There  is  one  general  statement  of  fact,  how- 
ever, that  to  us  seems  to  merit  special  em- 
phasis. It  is  the  responsibility  of  the  people 
themselves  through  their  own  creations  for 
flood  damage.  This  is  a  truth  very  seldom 
remembered,  even  if  it  is  often  realized  at 
all  by  the  general  public,  and  it  is  a  truth 
"  that  is  rarely  given  due  prominence  in  expert 
discussion  of  flood  preventation.  The  fact  is 
presented  very  forcefully,  however,  by  Major 
Oakes'  discussion  so  that  we  requote  his  state- 
ment here  as   follows : 

The  board  of  which  I  am  a  member  visited  fifi 
dlfTerent  localities  where  the  greatest  amount 
of  damage  occurred  as  a  result  of  last  year's 
Hood,  and  we  found  at  almost  every  place  vis- 
ited that  the  dairat'e  was  largely  caused  by  ar- 
tificial encroachments  on  the  natural  channels. 
For  instance,  ninny  towns  have  grown  up  on  the 
flood  planes  of  the  streams,  occupying  areas 
that  have  been  overflowed  from  the  beginning: 
people  have  entered  the  bottom  lands  and  erect- 
ed their  structures  with  the  knowledge  that 
those  lands  were  formed  by  silt  deposited  by 
flood  waters;  railroads  have  constructed  earthen 
embankments  across  these  bottoms,  leaving  only 
very  narrow  openings  with  wholly  inadequate 
capacity  for  passing  floods:  city  and  county  of- 
ficials have  built  bridges  with  abutments  pro- 
jecting into  the  streams,  with  many  piers  of 
Insufflclent  height,  thus  reducing  the  discharge 
srea  materially;  individuals  have  dumped  ma- 
terials over  the  banks  to  Increase  the  area  of 
their  property  lor  business  purposes.  These 
structures  and  encroachments  have  reduced  the 
capacity  of  the  streams,  have  formed  partial 
dams  which  raise  the  water  above  previous  lev- 
els and  then  by  the  breaking  of  an  embankment 
or  the  washing  out  of  a  bridge  the  water  held 
back  has  rushed  downstream  under  Increased 
head  and  veloclly.  destroying  everything  in  Its 
path. 

In  thinking  of  these  statements  care  is  es- 
sential not  to  confuse  the  idea  advanced  with 
the  idea  that  the  works  of  man  have  greatly 
aide<l  in  producing  floods.  It  is  a  debatable 
question  whether  any  or  all  of  man's  works 
have  increased  an  atom  the  frequency  or  the 
volume  of  floods.  But  it  is  wholly  certain  that 
man  by  his  works  has  largely  intensified  the 
ilamagc  that  floods  may  work.  He  has  put 
his  structures  in  the  path  of  the  flood,  has 
endeavored  to  usurp  the  rights  of  the  water 
and  every  year  the  water  somewhere  extorts 
payment  for  its  stolen  domain.  Major  Oakes 
in  bringing  out  by  his  paper  this  one  feature 
of   responsibility   for  flood  damage  has  helped 


"Window  Dressing"  by  the  Railways. 

The  Chicago,  Milwaukee  &  St.  Paul  Ry.  is 
svcrely  criticised  liy  the  Interstate  Commerce 
Commission  for  acts  that  financial  journals 
refer  to  as  "window  dressing."  It  is  stated 
that  the  St.  Paul  System  undertook  to  make 
it  appear  that  its  1,400-mile  Puget  Sound  e.x- 
tension  show  much  greater  earnings  imme- 
diately after  its  completion,  three  years  ago, 
than  actually  occurred.  ."Xniong  other  things, 
for  example,  it  is  stated  that,  although-  the 
Puget  Sound  line  was  opened  for  regular 
commercial  traffic  on  Aug.  1,  llX)f>,  nearly 
$r)00,00O  of  interest  on  bonds  that  accrued 
after  that  date  was  charged  to  construction. 
.A.ccording  to  the  accounting  rules  of  the  I. 
C.  C.  all  interest  should  have  been  charged 
to  income  instead  of  to  capital  account  after 
the  construction  period  had  ceased. 

Without  attempting  to  pass  upon  the  vari- 
ous criticisms  of  the  railway  company,  we 
desire  to  call  attention  to  a  very  serious 
criticism  that  may  be  directed  against  the  I. 
C.  C.  accounting  system.  Briefly  stated  it  is 
this :  While  provision  is  made  for  charging 
interest  during  construction  to  capital  or 
IJroperty  account,  no  provision  whatever  is 
made  for  charging  the  sequel  to  interest  dur- 
ing construction  which  is  now  called  "devel- 
opment cost."  Every  civil  engineer  who 
knows  much  about  the  financial  history  of 
railways  knows  that  true  net  earnings  im- 
mediately following  the  construction  period 
are  insufficient  to  pay  all  the  interest  on  the 
capital  invested  in  a  new  railway  line.  Courts, 
in  passing  on  rate  cases,  have  frequently 
recognized  this  fact,  and  several  railroad 
commissions,  notably  the  Wisconsin  Railroad 
Commission,  have  recognized  it  in  appraising 
public  utility  properties.  But  not  a  single 
commission,  including  the  I.  C.  C,  has  as  yet 
prescribed  a  special  account  to  which  devel- 
opment cost  can  be  properly  charged. 

It  will  be  answered  that  the  raiKvays  have 
themselves  not  asked  permission  to  open  an 
account  to  provide  for  development  cost.  But 
why  they  have  not  done  so  is  quite  evident 
to  any  one  familiar  with  present  methods  of 
financing.  Xew  railway  lines  are  built,  for 
the  most  part,  by  old  companies  that  have 
large  surpluses  and  net  earning  capacity 
greatly  in  excess  of  outstanding  bonds.  Un- 
der siich  conditions  it  has  seemed  wisest  to 
provide  for  the  deficits  of  the  new  lines  out 
of  the  surplus  earnings  of  the  old  lines  and 
to  defer  adequate  dividends  until  the  lean 
years  were  passed.  Thus,  intentionally  or 
otherwise,  the  general  public  has  been  some- 
w-hat  deceived  as  to  the  real  earning  power 
of  new  railway  extensions,  and  has  been  more 
readily  induced  to  buy  securities  issued  for 
railway  extensions. 

In  the  early  days  of  railway  construction 
large  land  grants  from  the  government  were 
supposed  to  suffice  to  offset  ihe  development 
cost  of  new  lines,  but,  in  fact,  such  grants 
seldom  did  suffice,  as  many  a  railway  receiv- 
ership bears  witness.  The  era  of  land  grants 
passed  away,  and  there  came  the  era  of 
financing  new  lines  with  the  financial  back- 
ing of  old  lines.  Then,  as  above  staled,  the 
development  cost  of  the  new  lines  w'as  cov- 
ered up  by  the  surpluses  of  the  old  lines.  This 
covering  up  was  done,  in  one  way  or  another, 
even  where  separate  railway  companies  were 
organized,  and  the  public  rarely  knew  how 
long  a  time  elapsed  before  any  new  line  be- 
came  able   lo  carry   itself. 

Within  a  few  vcars  (since  lOOO  the  I.  C. 
C.  has  had  sufficient  pow-er  and  adequate  ap- 
propriations to  study  the  methods  of  financing 
new  railw.\v  extensions,  hut  it  appears  not 
to  have  done  so  to  any  great  extent.  For  if  it 
had  made  such  a  study,  it  would  have  pre- 
scribed a  rational  method  of  charging  to  cap- 
ital the  cost  of  develonmcnt :  that  is,  the 
deficit  in  net  earnings  below  the  interest  and 
dividends  on  the  capitol  invested  in  the  new 
lines. 

Even  in  the  appraisal  of  the  railways  that 
the  I.   C.   C.   has  begun,  not  a  word   has   yet 


been  given  out  as  lo  bow  this  development 
cost  is  to  be  valued.  That  it  exists,  no  one 
of  experience  denies.  The  I.  C.  C.  has  issued 
minute  instructions  to  the  railways  as  to  in- 
ventorying their  physical  property,  but  has 
given  no  instructions  as  to  inventorying  that 
very  great  element  of  cost — the  developmcni 
cost — which  this  St.  Paul  railway  incident 
serves  to  bring  into  the  limelight.  Why,  in- 
deed, was  the  St.  Paul  Railway  so  severely 
criticised  and  no  mention  made  of  the  ex- 
tenuating circumstance  that  no  commission 
has  as  yet  prescribed  an  account  to  which 
early   deficits  in  interest  can  be  charged? 

We  are  not  to  be  understood  as  champion- 
ing the  St.  Paul  Railway,  but  it  seems  to  u; 
that  the  I.  C.  C.  itself  still  lives  in  a  houst 
that  has  at  least  one  very  large  glass  window 

Let  us  be  fair  to  both  sides.  The  railwav 
company  seems  to  have  done  wrong  in  noi 
following  the  accounting  rules  laid  down  b\ 
the  I.  C.  C.  But  the  I.  C.  C.  has  not  dnn( 
entirely  right  in  prescribing  rules  that  fai 
to  provide  a  proper  account  to  which  th< 
sequel  to  interest  during  construction  ma.\  b( 
charged. 

The  fact  that  we  are  in  a  transitional  pcrioe 
of  railway  regulation  is  frequently  forgnttet 
by  all.  New  methods  of  regulation  an( 
financing  are  necessitating  some  importan 
changes  in  accounting,  which  changes  liavi 
been  only  partly  worked  out.  While  the  1 
C.  C.  property  looks  to  the  railways  for  as 
sistance  in  solving  these  problems,  it  shouh 
not  look  to  the  railways  to  take  the  initiativi 
in  departing  from  precedent.  If  the  oh 
methods  of  financing  and  of  "window  dress 
ing"  are  reprehensible  now,  let  us  remem 
ber  that  they  were  largely  the  necessary  re 
suit  of  competitive  conditions  which  it  is  th' 
present  object  to  eliminate. 

It  is  apparently  a  trait  of  human  nalur 
sloivly  to  evolve  a  new ,  code  of  ethics  ani 
then  'suddentv  to  apply  it,  not  merely  to  th 
present,  but  to  the  past.  Nothing  is  mor 
certain  than  that  even  this  new  code  of  our 
will  itself  become  obsolete.  And  we  doub 
not  that  some  day  our  present  ideas  of  jus 
tice  will  look  fantastic  enough  when  late 
codes  of  ethics   shall  be  evolved. 

To  repeat  an  apt  phrase.  "Let  us  have  mor 
light  and  less  heat"  in  these  discussions  o 
railwav  financing  and  accounting.  Let  u 
throw  the  light  on  the  past,  if  we  will,  bu 
never  without  remembering  that  we  hav 
traveled  far  in  a  very  few  years,  and  tha 
what  now  seem  to  have  been  wanderings  fror 
a  well  defined  trail  were  often  but  groping 
where  no  trail  then  existed. 


Suspension  Bridge  with  451-ft.  Span  a 
New  Hazelton,  B.  C— There  has  reccntl 
been  completed  at  New  Hazelton,  B.  C, 
highway  suspension  bridge  with  a  cente 
.span  of  451  ft.  and  a  total  length,  inchidin 
approach  spans,  of  600  ft.  The  bridge,  wImc 
has  a  clear  width  of  9  ft.,  crosses  the  I'.ulk 
ley  River  gorge,  and  is  about  250  ft.  abov 
the  water.  The  towers  supporting  the  su< 
pension  cables  are  65  ft.  high,  and  are  cor 
structed  of  fir  timbers.  One  of  the  tower 
rests  on  a  concrete  pier,  while  the  other  i 
on  solid  rock.  The  floor  of  the  bridge  cor 
sists  of  3x4-in.  fir  plank,  laid  on  4x7  it 
stringers,  which  rest  on  steel  supportm 
pieces.  The  cables  consist  of  Cradock's  locke 
coil  steel  wdre  rope,  2^;  ins.  in  diamctei 
Each  cable  has  an  ultimate  strength  of  35 
tons,  and  is  anchored  by  means  of  two  3-ii 
steel  bolts  into  blocks  of  concrete  wliici 
weigh  approximately  150  tons.  The  bridg 
has  steel  stiffening  girders,  designed  to  cnrr 
a  moving  load  of  18,000  lbs.  The  suspensio 
rods,  which  carry  the  floor  system,  are  %  ii 
in  diameter.  They  arc  spaced  4  ft.  apart,  .m 
are  fastened  to  the  calile  with  clamps.  Th 
bridge  was  designed  and  erected  by  an  I'nc 
lish  company,  all  of  the  steel  parts  havin 
been  imported  from  England.  The  length  o 
time  required  in  actual  construction  wa 
about  two  months.  The  bridge  is  in  a  pra( 
tically  undeveloped  section  of  British  Coluir 
bia,  and  is  at  the  site  of  a  primitive  woode 
cantilever  structure  which  was  built  man 
years   ago   by  the   Indians. 
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\n    Investigation    of    Sand-Clay    Mix- 
tures for  Road  Surfaces. 

laboratory  and  field  investigation  of  sand 
ini.xtures  to  determine  the  characteristics 
i'jse  giving  the  best  results  in  road  sur- 
-  has  been  conducted  by  the  Good  Roads 
IJepartment  of  the  University  of  Arizona. 
The  results  of  these  investigations  are  given 
by  .Mr.  John  C.  Koch  in  a  paper  having  the 
kbove  title  in  Proceedings.  .American  Society 
!)f  Civil  Engineers,  Vol.  XL.  p.  209.  and  frorii 
fhis  paper  we  abstract  and  somewliat  rearrange 
the  following  information: 
[  Sand  and  clay  are  the  most  widely  dis- 
tributed materials  in  Nature,  and,  in  suitable 
|mixtures,  yield  a  road-s-ur facing  material 
•Which  can  be  secured  at  low  cost,  because  so 
readily  accessible,  and  when  nroperly  built  of 
intelligently  selected  material,  it  will  render 
[excellent  service.  Briefly  stated,  the  advan- 
.lages  of  sand-clay  mixtures  for  road  surfac- 
ing are:  (1)  Low  first  cost.  (2)  Low  main- 
tenance. (3)  No  e.xpensive  machinery  for 
construction  or  repairs.  (1)  No  skilled  labor 
'required. 

Mixtures  of  sand  and  clay  in  proper  pro- 
portions for  road  surfacing  often  occur  in 
j Nature,  though  good  results  can  be  secured  by 
imaking  artificial  mi.xtures.  The  principal  ad- 
vantages in  using  natural  mixtures  of  the 
■  proper  proportions,  as  compared  with  artificial 
ii)nes.  are:  (1)  The  expense  of  mixing  is 
'eliminated.  (2)  The  natural  mixtures  be- 
come compacted  in  much  less  time.  (3)  Re- 
pairs are  more  easily  made,  and  new  materials 
unite  more  quickly  to  the  old. 
'  The  firmness  of  the  wet  sand  road  and  the 
smonthncss  of  the  dry  clay  road  are  com- 
bined in  the  sand.clay  type,  and  it  remains  of 
almost  uniform  smoothness  throughout  the 
year. 

There  arc  many  miles  of  sand-clay  roads  in 
Georgia  which  have  cost  less  than  $-)flO  per 
mile  for  the  surfacing  in  place.  They  carry 
heavy  country  traffic,  and  the  repairs,  during 
a  period  of  five  years  have  not  averaged  $o 
per  mile  per  year.  Considering  the  fact  that 
the  first  cost  of  construction  of  such  roads  is 
less  than  the  annual  interest  and  maintenance 
charges  on  almost  every  other  type  which  has 
been  oflfercd  as  an  improvement  on  the  earth 
road,  it  seems  inevitable  that  wherever  sand- 
clay  materials  are  available  and  of  suitable 
rjuality,  it  is  the  best  type  to  use  for  the  av- 
erage country  road. 

Objects  of  Investifialioii. — The  writer's  ob- 
iecls  were  to  determine  :  ( 1")  The  proper  pro- 
portions of  sand  and  clay  in  sand-clay  mix- 
tures to  yield  the  best  results,  namely,  dura- 
bility in  all  weathers  and  absence  of  mud  and 
dust ;  (2)  The  limits  between  which  the  pro- 
portions of  the  two  materials  could  vary  with- 
out affecting  seriously  the  nualitv  of  the  re- 
sulting road  surface;  (3)  The  effect  of  vary- 
mg  proportions  of  different  sizes  of  sand  in 
such  mixtures:  (t)  .'\n  apprnximalc  field 
melhrid  for  the  examination  of  soils,  to  deter- 
mine  their   suitability   for   road   surfacing. 

Basis  nf  ln-Ysli(jalion.—\t  was  determined 
to  base  tncse  studies  on  roads  already  con- 
structed in  various  parts  of  GcnrRia.  and  in 
service  from  one  to  five  years.  In  the  course 
of  this  work  the  writer  has  traveled  over  2,500 
miles  of  roads,  selecting  various  section.^  of 
sand-clay  (including  "lopsoil")  roads  which 
had  been  in  use  for  some  time  nn<l  had  worn 
well,  and  concerning  which  definite  informa- 
tion could  be  secured  as  to  materials  used, 
methods  of  construction,  and  behavior  of  the 
road  in  all  seasons  of  the  year.  From  the  he»t 
sections  selected,  samples  of  the  road  surfac- 
ing in  actual  service  were  chopped  out  with 
a  hatchet  for  a  depth  of  4  ins,  tn  the  whcel- 
I racks.  L'sually,  a  ."ix'ixl-in.  sample  was 
l.ikeu  for  laboratory  study.  Samples  were 
also  taken  from  sections  where  such  roads  had 
not  given  entire  satisfarlion,  on  account  of 
dust  and  mud.  The  writer  has  examined 
more  than  900  samples,  representing  48  coun- 


ties, and  LC'iuprising  every  tvpuai  sana-ciay 
section  of  the  state. 

Mixtures  of  Sand  and  Clay. — Whether  nat- 
ural or  artificial  mixtures  are  used,  the  prop- 
erties of  both  materials  which  are  best  adapted 
to  resist  the  weather  and  the  -wearing  effect 
of  traffic  are  utilized,  and  the  unfavorable 
qualities  of  both  are  largely  eliminated  by 
using  the  two  in  proper  combination.  It  has 
been  shown  that  clay  in  the  pure  state  shrinks 
as  much  as  10  per  cent  when  dried,  and  on 
being  wet  again  will  expand  to  an  equal  ex- 
tent. By  mixing  clay  with  the  proper  quan- 
tity of  sand,  these  contractions  and  expansions 
may  be  eliminated  almost  entirely.  There- 
fore, in  a  sand-clay  mixture  for  road  work,  the 
sand,  being  held  together  by  the  clay,  which 
usually  more  than  fills  the  voids  in  it.  takes 
the  wear  of  the  traffic  in  dry  weather.  Iri  wet 
weather  the  water  quickly  drains  off  this  al- 
■  most  impervious  mixture,  and  the  sand  resists 
the  cutting  action  of  the  traffic,  although  the 
clay  may  become  puddled  to  a  certain  extent. 

The  writer  is  aware  of  the  difficulties  and 
intricacies  introduced  into  the  subject  by  the 
wide  variety  of  clays  available  and  their  differ- 
ent characteristics.  Nevertheless,  he  believes 
that  the  methods  given  in  this  paper,  which 
have  thus  far  proved  highly  satisfactory  in 
the  selection  of  sand-clay  materials  in  many 
parts  of  Georgia,  will  be  of  general  value 
wherever  such  materials  are  to  be  found.  This 
basis  of  study  of  these  materials  has  been  of 
great  service  in  choosing  the  best  of  a  num- 
ber of  equally  accessible  deposits  of  natural 
sand-clay  mixtures.  It  may  with  equal  facil- 
ity be  used  for  determining  in  just  what  pro- 
portions the  different  materials  should  be  used 
in  order  to  get  the  best  mixture  possible  out 
of  the  available  local  deposits  where  it  is 
necessary  to  make  artificial  mixtures.  Most 
clays  contain  varying  proportions  of  sand, 
even  when  they  appear  to  be  almost  pure. 
Clays  are  often  sent  in  from  the  southern  part 
of  Georgia  (where  the  surface  soil  is  very 
sandy  and  it  is  desirable  to  lay  clay  on  top  of 
it  in  order  to  mix  with  it  and  form  a  sand- 
clay  surface),  and  on  analysis  are  found  to 
contain  as  much  as  60  per  cent  of  sand. 

LAnORATORV   PROCEDURE. 

Equipment. — So  much  that  is  useless  is  often 
purchased  for  laboratory  c(|uipnienl  that  the 
following  list  is  given  for  the  benefit  of  those 
who  seek  definite  information  on  this  subject. 
These  have  been  found  to  give  quite  satis- 
factory service,  and  need  not  cost  more  than 
about   $-"iO. 

One  metric  Iwlancc,  lll-;;iamme  cnpnclty, 
reading  to  0.01   Krommc. 

One  metric  iicalc,  2,B0O-grammc  capacity,  rend- 
ing to  5  Krammcs. 

One  not  of  Hiin<l  »lcve«.  ncHtintt  S  ln«.  In  dlnm- 
eter.  Nom.  10.  1i\,  40,  GO,  80  and  100,  witli  dust 
pan  and  lid,  all  bras8. 

Two  »X>e\  mniildi".  braKH  lined,  1  In.  In  dlam- 
C'tor,  i  Inx.  lonK.  with  !i-ln.  rlosc-Ottlng  phinKer. 

One  wooden  mallet. 

Six  .100-ru.  ctn.  evaporating  dlshos,  porcelain. 

Two  Buniien  burners. 

Sevenil   MmitH   trlpodi   for  burners. 

Several  Iron  wire  mats,  4  oy  4  lns.,«ror  Bunncn 
(lame. 

Thormomoler.  "*  to  IJO*  Cont. 

Six  2-qunrt  oinnipled  milk  pans  for  halbn.  ete. 

The  evaporating  dishes  shoidd  be  Roval 
Berlin  porcelain,  as  this  is  the  only  kind  that 
the  writer  has   found   saiisf:i.  i..n 

Separation  of  Mal,-n:  Ics  are  usu- 

ally taken  in  several  pat'  o  enable  one 

to  determine  to  what  depth  the  material  may 
be  used.  In  some  cases  a  sample  may  be  in 
three  or  more  parts,  being  l-in.  layers  taken 
in  sncccssion  from  the  same  hole,  each  being 
kept  .separate  from  the  others,  .\fter  analyz- 
ing each  part  of  a  sample  separately,  the  com- 
position of  the  top  y  8.  12.  or  IG  ins.  can  be 
determinefl  easily.  This  gives  a  clear  idea  of 
the  value  of  the  material  and  of  the  greatest 
depth  to  which  it  may  be  excavated. 


Tile  c^^c^liaI  objects  of  the  laboratory  ex- 
amination are  to  ascertain:  (1)  Relative  pro- 
portions of  sand  and  clay,  (2)  Physical  analy- 
sis of  sand,  (3)  Physical  properties  of  the 
mixture  of  sand  and  clay,  (4)  Determination 
of  presence  of  other  material  which  might 
prove  detrimental,  <5)  Physical  properties  of 
the  clay. 

To  attain  these  objects,  the  following  steps 
are  necessary,  in  the  order  of  their  impor- 
tance, and  to  reduce  the  laboratory  w-ork  to  a 
minimum:     (1)   Separation  of  sand  and  clay. 

(2)  Mechanical  analysis  of  the  sand  content, 

(3)  Slaking    test    on    cylinder    of     sand-clay, 

(4)  Examination   for  mica  and  feldspar,   (5) 
Slaking  test  on  clay  cylinder. 

Separation  of  Sand  and  Clay. — The  sample 
to  be  examined  is  first  dried  thoroughly  in 
the  air;  then  it  is  screened  through  a  No.  10 
sand  sieve  (10  meshes  per  linear  inch),  lumps 
and  clods  being  pulverized  with  a  wooden 
mallet  beforehand.  All  coarse  materials 
caught  on  the  No.  10  sieve  are  considered  ar- 
bitrarily as  gravel,  and  all  smaller  materials 
are  taken  as  the  sand-clay  portion.  Pieces  of 
grass,  roots,  etc.,  are  discarded,  of  course,  be- 
fore weighing  the  two  parts  of  the  screened 
sample.  The  material  held  on  the  No.  10 
sieve  is  regarded  as  being  much  the  same  as 
the  broken  stone  in  a  concrete  mixture,  and 
the  sand-clay  as  the  cement  and  sand  portion 
constituting  the  mortar  in   such  a  mixture. 

The  part  of  the  sample  passing  the  No.  10 
sieve  is  then  examined  as  follows :  By  suc- 
cessive quartering,  about  150  grammes  are 
taken  and  dried  in  the  air  bath  at  100°  C.  to 
constant  weight.  This  may  often  be  dispensed 
with,  and  the  sample  merely  air  dried.  Then 
100  grammes  of  this  material  are  weighed  and 
placed  in  a  porcelain  evaporating  dish;  water 
is  added  and  the  soil  rubbed  well  until  the 
clay  particles  are  in  suspension.  The  clay  in 
suspension  is  then  carefully  poured  out  and 
more  water  is  added ;  the  process  is  repeated 
until  there  is  faint  or  no  coloration  of  the 
water  when  the  residue  is  stirred  up.  By 
washing  the  materials  properly,  practically  all 
the  organic  matter,  silt,  and  clay  are  removed, 
and  only  the  sand  particles  are  left,  with  pos- 
sibly some  mica  and  feldspar. 

Mechanical  Analysis  of  the  Sand. — The 
moisture  in  the  residue  in  the  evaporating  dish 
is  then  evaporated,  leaving  the  sand  dry  and 
ready  to  be  screened,  .\ftcr.  weighing  the 
sand  it  is  screened  through  a  nest  of  five 
sieves  having  20,  40,  (50,  80,  and  100  meshes 
per  linear  inch.  The  weights  of  sand  caught 
on  each  of  these  sieves  are  determined,  and 
a  curve  is  plotteil  showing  the  weights  as  or- 
dinates  and  the  sieve  sizes  as  abscissas,  based 
on  100  per  cent  for  the  total  weight  of  the 
mixture  of  sand  and  clay.  Thus  the  weights 
in  granmies  show  as  percentages  of  the  total. 
l*"igurc  1  was  prepared  in  this  way,  and  shows 
graphically  the  sand  analyses  of  a  number  of 
samples. 

Soil  Slaking  Test. — A  test  cylinder,  1  in. 
in  diameter  and  3  ins.  long,  is  made  of  the 
material  passing  the  No.  10  sieve  by  wetting 
it  sufficiently  t"  make  a  very  stiff  paste  an<l 
after  working  it  thoroughly  together,  placing 
it  in  a  metal  mould,  using  a  tight-fitting 
plunger  to  compact  the  material  as  much  as 
possible  by  tamping  with  a  mallet.  This  cyl- 
inder should  be  ilried  to  constant  weight  in 
the  air  bath  at  100"  C.  When  entirely  cooled 
it  should  be  immersed  completely  in  a  glass 
jar  of  water  at  a  temperature  of  21°  C,  and 
the  time  noted  in  which  if  disintegrates  com- 
pletely. Disintegration  is  assumed  to  be  com- 
plete when  the  cylinder  has  broken  down  until 
the  material  is  standing  approximately  at  its 
natural   slope   of    repose. 

In  sand-clay  mixtures  which  have  given 
satisfactory  service,  the  time  to  disintegrate 
completely  may  vary  from  2  minutes  to  nearly 
1  hour;  usually,  it  will  be  from  5  to  20  min- 
utes. This  test  will  give  a  fairly  good  idea  of 
the  resistance  of  any  sand-clay  mixture  to  the 
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action  of  water,  and,  lor  purposes  of  com- 
parison, is  made  more  easily  and  quickly  than 
that  to  be  described  for  the  slaking  of  clay 
alone.  The  most  durable  mixtures,  in  general, 
are  those  which  take  longest  time  to  disin- 
tegrate. Mixtures  containing  a  coarse,  flaky 
clay  may  hold  their  shape  for  several  days 
before  breaking  down  completely,  but  this  is 
not   a   frequent  occurrence. 

Tests  for  Mica  and  Feldspar. — Mica  is  eas- 
ily recognized,  and  its  presence  need  occasion 
no  alarm  unless  it  exceeds  5  per  cent  of  the 
total  sand-clay  sample.  This  is  especially  true 
of  the  Southern  -Appalachian  region,  where 
mica  is  often  associated  with  the  coarser 
sands,  as  in  the  weathered  gneisses  of  the 
cr>'stalline  areas  of  that  region.  In  excess  of 
about  5  per  cent,  mica  will  cause  considerable 
trouble,  acting  as  a  lubricant  in  wet  weather 
and  crushing  into  a  fine  powder  when  dry. 
It  is  easily  detected  with  the  low  power  of  a 
compound  microscope,  a  magnification  of  from 
30  to  oil  diameters  lieing  large  enough,  in  most 


drying,  the  mica  is  weighed  and   the  percent- 
age of  tile  total  sample  determined. 

The  most  Iiarmful  of  the  feldspathic  mate- 
rials, according  to  the  w-riter's  experience,  oc- 
curs in  the  form  of  small  pebbles,  or  even  in 
large  irregular  masses,  of  an  earthy  appear- 
ance, and  of  a  color  ranging  from  light  yel- 
low to  dark  brown  or  black.  Though  easily 
crushed,  it  will  generally  have  more  coherence 
than  the  clods  of  earth  or  clay  in  the  sample. 
Therefore,  the  larger  pebbles  can  be  separated 
by  screening  the  dried  sample  through  the  No. 
10  sieve.  If  pebbles  of  other  material  are 
also  found,  the  difference  in  color  will  permit 
of  a  separation.  The  feldspathic  materials 
passing  the  No.  10  sieve,  together  with  the 
sand,  clay  and  silt,  will  be  left  with  the  sand, 
as  a  residue  after  washing  out  the  other  ma- 
terials. Separation  of  the  feldspar  can  then 
be  made  in  the  manner  described  for  mica. 
If  this  material  occurs  in  greater  proportions 
than  about  8  per  cent  of  the  total  sample,  by 
dry    weight,    the    road    surface    will    cut    and 
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Fig.  1.  Graphic  Analyses  of  Sand-Clay  Road  Mixtures   Showing  Limiting  Curves. 


cases,  to  make  out  the  characteristic  laminated 
structure. 

The  separation  of  the  mica  is  often  a  diffi- 
cult operation.  This  is  especially  true  of 
soils  in  which  it  is  present  in  a  finely  divided 
state.  In  washing  a  sample  of  such  a  soil, 
the  mica  will  go  into  suspension  in  the  water 
with  the  clay  and  silt.  If  the  clay  and  silt 
precipitate  before  the  mica,  it  is  easy  to  re- 
move the  latter  by  drawing  off  the  wash-water 
and  passing  it  through  a  paper  filter.  Other- 
wise, it  would  be  impossible  to  effect  a  sep- 
aration of  these  materials.  Soils  in  which 
there  is  much  finely-divided  mica  wilt  usually 
present   a   characteristic,   lustrous   surface. 

In  most  cases,  however,  the  mica  can  be 
rcmovcfl  from  the  sample  by  washing  out  the 
clay  and  silt  carefully  (as  previously  described 
under  "Separation  nf  .Sand  and  Clay"),  the 
residue  being  sand  and  mica  particles.  \  sep- 
aration of  these  can  bo  readily  effected,  the 
difference  in  the  specific  gravities  being  suffi- 
cient to  permit  of  a  gravity  separation  when 
covered  with  water  and  gently  shaken.  The 
sand  sinks  to  the  bottom  and  the  overlying 
mica   can   be  removed  with  a   spatula.     .After 


wash  easily.  This  is  a  figure  based  on  actual 
experience  with  a  few  roads,  and  is  probably 
subject  to  modification,  depending  on  the 
characteristics  of  the  other  components  of 
any  given  sample.  The  presence  of  fine 
feldspathic  material  will  be  readily  apparent 
in  the  soil  cylinder  test.  When  the  soil  cylin- 
der is  immersed  the  faldspar  will  almost  im- 
mediately go  into  solution  or  suspension,  and 
in  a  minute  or  so  the  water  will  become  so 
discolored  that  the  cylinder  cannot  be  distin- 
guished. 

The  number  of  cases  in  which  a  separation 
of  either  of  these  materials  is  advisable  will 
vary  considerably.  In  the  writer's  experience, 
about  ft  per  cent  of  all  samples  examined  were 
analyzed  quantitatively  for  mica  or  feldspar. 
Allhough  the  methods  described  are  approxi- 
mate, they  have  given  very  satisfactory  rcsulls. 

Slakinii  Tests  on  Clay  Cylinder. — The  clay 
from  the  100-gramme  sample  can  be  collected 
by  saving  the  wash-water  and  allowing  the 
clay  to  settle.  Usually,  the  quantity  of  clay 
from  such  a  small  sample  is  not  sufficient  to 
make  the  test  cylinder,  so  that  additional  clay 
must   be   removed    from   the   material    passing 


the  No.  10  sieve  to  make  up  the  cylinder. 
This  cylinder  is  made  by  mixing  the  dried 
clay  with  only  sufficient  water  to  make  a  very 
stiff  paste,  which  is  then  moulded  under  suffi- 
cient pressure  to  make  a  compact  mass,  .\fler 
drying  in  air  and  then  to  constant  weight  in- 
the  air  bath  at  100°  C,  the  specimen  is  kept 
at  that  temperature  until  at  least  an  hour 
after  the  last  trace  of  moisture  is  found  by 
condensation  on  a  glass  plate  above  the  cyl- 
inder. It  is  important  that  the  cylinder  be 
thoroughly  dried.  When  properly  dried  it  is 
completely  immersed  in  a  glass  vessel  of 
proper  size  containing  water  at  21°  C.  The 
character  of  the  slaking  and  the  time  required 
for  complete  disintegration  depend  somewhat 
on  the  temperature  of  the  water,  and  the  free- 
dom from  moisture  of  the  dried  cylinder,  so- 
that,  for  a  comparison  of  results,  all  speci- 
mens should  be  thoroughly  dried  and  the 
water  for  the  test  brought  to  the  same  tem- 
perature  in   each   case. 

The  slaking  of  clay  is  similar  to  that  of 
quicklime,  except  that  the  action  is  entirely 
physical  and  not  chemical.  The  time  and 
character  of  the  slaking  give  an  idea  of  the 
value  of  the  clay  as  a  binder  in  the  sand-clay 
mixture.  In  clays  which  have  been  separated 
from  samples  taken  from  road  surfaces  wliich 
have  proved  satisfactory,  the  time  for  the  clay 
cylinder  to  disintegrate  completely  varies 
from  2  to  20  minutes  the  average  being  about 
4  minutes.  The  degree  of  disintegration  of 
the  clay  may  vary  from  finely  divided  particles 
to  flakes  almost  %  in.  long.  In  general,  the 
coarser  the  particles  the  better  the  indication 
for  suitability  for  road  work.  Clays  which 
disintegrate  completely  in  less  than  2  minutes 
may  be  regarded  with  some  suspicion,  but 
need  not  necessarily  be  rejected  entirely,  un- 
less the  sand  analysis  and  the  soil  cylinder 
also  give   poor  tests. 

Typical  Exatnplcs,  zvitli  Analyses  and  Road 
Histories. — It  is  thought  that  a  few  character- 
istic cases  from  actual  practice  may  be  of 
interest.  In  Table  I  is  given  a  list  of  the 
samples,  with  the  locality  from  which  each 
was  taken. 

Figure  1  shows  a  graphic  analysis  of  these 
samples,  with  the  sand  analysis  in  detail. 
This  diagram  also  gives,  graphically,  the  limits 
between  which  the  writer  classifies  his  sam- 
ples, basing  such  classification  on  the  sand 
analysis  as  well  as  .the  clay  content,  both  of 
which   are   shown. 

The  limiting  curves  separating  the  analyses 
into  four  groups  arc  based  on  the  writer's 
experience,  and  are  given  with  full  confidence 
in  their  utility.  They  are  of  sufficient  accu- 
racy to  be  of  considerable  service  in  classify- 
ing sand-clay  mixtures  properly  and  quickly, 
and  arriving  at  a  reasonable  approximation  of 
their  value  as  road  material.  Quite  often  it 
will  be  found  that  the  sand  analvsis  alone 
may  show  that  the  material  is  unsuitable  and 
much  time  may  be  saved  that  might  otherwise 
have  been  lost  in  continuing  the  examination 
and   applying  other   tests. 

The  analyses  falling  in  the  group  marked 
"Hard"  will  usually  give  a  durable,  hard  road 
surface  which  wears  exceedingly  well,  and, 
after  consolidation,  can  be  cut  only  with  great 
difficulty  by  a  road  macliine.  if  at  all.  .Vnaly- 
ses  in  the  "Medium"  group  will  give  an  ex- 
cellent, smooth,  hard  surface,  but  one  which 
may  cut  a  little  in  protracted  wet  weather. 
Such  a  surface  is  too  hard  to  attempt  to  shape 
up  with  a  road  machine,  except  after  very 
long  wet  periods.  This  may  be  taken  as  a 
sort  of   "average"   quality  of   sand-clay. 

The  analyses  grouped  in  the  "Soft"  class 
give  a  surface  which  is  much  superior  to  the 
ordinary  earth  road,  but  which  will  tend  to 
be  somewhat  dusty  in  dry  weather  and  will 
cut  easily  and  tend  to  wash  in  wet  weather. 
Material  of  this  type  requires  rcshapinc,  after 
every  heavy  rain,  with  a  mad  machine  or 
drag.  The  class  "Very  soft"  comprises  all 
materials  which  have  too  large  a  clay  content 
to  give  a  satisfactory  road  surface :  they 
should  not  be  used  at  all,  as  the  expense  is 
scarcely  warranted  for  the  kind  of  road  sur- 
face that  can  be  obtained  with  it. 

Table  II  is  a  summary  of  the  road  histories 
and  the  corresponding  analyses,   for  compari- 
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TABLE   I.— TYPICAL.  SAND-CLAY  ANALYSES. 
(Percentages  of  Total  Weight  of  Sand  and  Clay.) 

Sample   No.—                  106           lOS          124           150          215          223          271'          309  IIG  501 

Suml  Xo.   10 (12.5)       (6.3)       ....        (34.0)       ....          (7.2)  (1.5)  (10.0) 

SaiiJ   Xo.   20 4.5           3.6           2.0         13.7           9.2           C.S           9.2         12.C  10.6  11.0 

Sand  Xo.  40 J0.8           7.C           9.0         16.6         19.5         15.9           8.6         15.7  35.4  21.4 

Sand  Xo.   60 17.5         21.5         30.0         17.7         25.2         23.5         14.5         17.3  11. P  17.8 

Sand  Xo    80 6.7         10.2           9.5           7.5           6.5           2.8         10.3           6.S  3.3  5.8 

Sand  Xo.   100 4.0           4.0           1.0           2.3           1.6           0.4           2.C           2.0  2.1  0.4 

Sand  dust    6.5         13.0           S.5         11.5           9.5           2.1           8.0         10.0  2.0  10.4 

Total  sand  50.0         59.9         60.0         69.3         71.5         51.5         52.6         63.8  65.3  66.8 

Cla.v    .50.0         40.1         40.0         30.7         28.5         48.5         47.4         37.2  34.7  33.2 

nd    20-60    32.8         32.7         41.0         48.0         53.9         46.2         32.3         45.0  57.9  50.2 

Xote.— Sand    \o.   10  is  based  on  gross  sample  =  100    per    cent,    and    Includes    all  gravel, 
iiuimlng   portion  ol'   table   is  an  analysis  of  material  smaller  than  No.   10. 


2S2 


1.4 

4.3 

17.5 

7.3 

2.1 

19.1 

51.7 

48.3 

23.2 

Re- 


I  106. — Bulloch  County.— Had  betn  in  service  3 
i  years  at  time  siunple  was  taken.  Excellent, 
I  hard,  smooth  surlace,  but  occasionally  dusty  in 
'  prolonged  dry  seasons.  Softjns  in  wet  weather 
and  cuts  badly  then.  Re-shaptd  after  heavy 
rains  with  light  drags.     Artificial  mixture. 

lOS. — Dougherty  County. — Good  smooth  sur- 
face In  e.ry  weather.  Road  in  service  about  3 
'  years  at  time  sample  was  taken.  Softens  and 
washes  in  heavy  rains.  This  material,  found 
about  2  ft.  below  natural  surfaco,  is  used  with- 
out addition  of  other  material. 
I  121.— Sumter  County. — Very  good,  smooth 
I  surf.ace.  but  softens  and  washes  badly  in  wet 
•n-eather.  Re-shaped  with  light  drags  after  even 
moderate  rains.  This  Is  generally  true  of  all  the 
roads  in  this  cm-nty,  the  materials  available 
being  very  simil;ir  in  mechanical  analyses.  Nat- 
'  ural  mixture  occurring  2  ft.  below  surface, 
i  l."iO. — Clarke  County. — Road  in  use  4  years, 
with  practically  none  but  the  very  lightest  re- 
pairs, when  sample  was  taken.  Cost  of  maia- 
tenance,  as  given  bj-  superintendent,  averaged 
less  than  $5  per  mile  per  year.  Very  little  dust, 
firm,  hard  road  surface  throufhout  the  year. 
Though  freezing  and  thawing  might  at  times 
soften  the  crust  for  a  depth  of  an  inch  or  so. 
Xo  re-shaping  with  road  machine  possible,  on 
account  of  the  hardness  of  the  compacted  ma- 
terial. This  seems  to  represent  the  best  and 
most  durable  typ?  of  sand-clay  combination  yet 
found  in  Georgia.  Natural  mixture  found  as 
topsoil  of  cultivated   fields. 

215. — Dougherty  (iounty. — Road  In  use  about 
3  years  at  time  .=ample  was  taken.  Good  hard 
surface,  softens  but  little  In  wet  weather,  and 
wears  well,  keeping  good  shape.  Too  hard  to 
re-shape  by  dragging.  Few  repairs.  Natural 
topsoil. 

223. — Richmond  County. — Reports  of  roads  on 
■which  this  material  had  been  used  Indicate  that 
It  produces  very  .satisfactory  results.  This  ma- 
terial is  shipped  by  rail  for  road  construction 
for  distances  as  great  as  100  miles.  The  analy- 
sis in  Table  1  indicates  that  this  Is  really  a  lov,-- 
Xrad*'  gr.i\el  rather  than  .1  .^.and-clay  mixture. 
Yet  It  Is  Interesting  to  note  that  the  mechanical 
analysis  of  the  portion  of  this  material  smaller 
than  X.:).  10  mesh  agrees  very  well  with  the 
mechanlral  analysis  of  the  better  classes  of 
sand-clay  mixtu-es  which,  with  very  small 
•travel  contents,  have  given  results  almost  as 
good.     The  mechanical  analysis  is  shown  on  Fig. 


1,  considering  only  the  portion  smaller  than  Xo. 
10  mesh.  This  .Tiaterial  is  <iug  from  a  large  pit 
near  Augusta,  and  has  been  in  use  for  many 
years. 

272.— Habersham  County.  —  The  road  from 
which  the  sample  was  taken  had  been  in  use  for 
about  S  months.  The  surface  Is  hard  and 
smooth,  and  softens  but  little  in  wet  weather. 
This  material  was  selected  by  the  writer  after 
sampling  a  large  number  of  local  deposits.  Haul, 
about  2,000  ft.  Cost  in  place,  for  16-ft.  width 
of  surfaced  roadway,  about  S500  per  mile.  Local 
officials,  after  using  macadam  at  about  $6,000 
per  mile,  pronounce  this  a  better  road  than 
macadam,  even  If  initial  cost  and  maintenance 
were  equal.  Local  natural  mixture  of  sand-clay 
from  topsoil  of  cultivated  field. 

369.— Clarke  County.— Built  about  3  years  at 
time  sample  was  taken.  Hard,  durable  surface. 
Few  repairs.  Too  hard  to  drag.  Experience 
oulte  similar  to  that  of  No.  150.  Xatural  top- 
soil  sand-clay  mixture,  obtained  from  nearby 
cultivated   fields. 

416. — Hall  County. — In  use  less  than  a  year. 
Replaced  macadam  road  that  cost  $6,000  per 
mile,  and  gives  better  satisfaction  than  the 
macadam.  Cost  SS50  per  mile  for  !ii-ft.  width  of 
roadway.  Material  natural  topsoil  from  nearby 
cultivated  field. 

501. — Clarke  County. — Road  from  which  sam- 
ple was  talten  had  been  in  use  about  3  years. 
This  road  was  surfaced  with  a  very  thin  layer 
of  natural  topsoil  from  adjoining  fields,  so  that, 
after  being  compacted  by  traffic.  Its  thickness 
was  about  3  Ins.  In  seasons  of  prolonged  wet 
weather  traffic  occasionally  cuts  through  and 
mud-holes  are  formed.  The  material  is  excel- 
lent, but  has  not  been  used  In  sufficient  quan- 
tity to  give  the  best  results.  A  comparison  of 
its  mechanical  analysis  with  that  of  other  sam- 
ples indicates  its  high  qu.-ility. 

282.— Decatur  County.— The  road  from  which 
this  sample  was  taken  had  been  In  use  about 
one  year.  This  is  practically  no  improvement 
over  the  ordinary  earth  road,  as  the  sand  con- 
tent is  so  low  as  to  be  of  no  value  in  Improv- 
ing the  qualit.v  of  the  road  surface.  It  is  very 
dusty  In  dry  and  very  muddy  in  wet  weather, 
after  the  traffic  has  been  on  It  a  few  days.  As 
difficult  to  maintain  .as  an  ordinary  earth  or 
clay  road.  Material  used  was  taken  from  ad- 
joining fields  at  a  depth  of  2  ft. 


largely  on  the  analysis  of  the  portion  of  the 
sample  smaller  than  No.  10. 

Material  Smaller  Than  No.  iO, — Based  on 
their  histories,  the  samples  of  Table  II  may  be 
divided  into  four  groups;  1.  Ordinary  earth, 
Xo.  282;  2.  Inferior  sand-clay,  Nos.  lOG,  108, 
124  and  272;  3.  Superior  sand-cl.iy,  Nos.  150, 
21.1,  3(J9,  41t),  and  501;  4.  Low-grade  gravel, 
Xo.  223. 

The  principal  differences  between  the  two 
groups  are:  (1)  The  total  sand  content  in 
inferior  mixtures  averages  about  11  per  cent 
less  than  in  superior  mixtures;  (2)  The  total 
quantity  of  sand  from  Nos.  20  to  GO,  in  the 
former  averages  15  per  cent  less  than  in  the 
latter. 

Considering  only  the  second  and  third 
groups,  the  sand-clay  analyses  may  be  con- 
densed into  Table  HI. 

Effect  of  Size  of  Sand. — .\lthough  the 
quantity  of  clay  is  nearly  the  same  in  Xos. 
IOC  and  282,  the  former  is  a  much  more  du- 
rable material.  Roads  built  of  the  former 
withstand  severe  rains  far  better  than  those 
built  of  the  latter  material.  To  account  for 
this,  it  must  be  remembered  that  the  analy- 
sis of  the  whole  sample  of  Xo.  106  is:  Sand 
No.  10,  0.5  per  cent ;  sand  No.  20  to  dust, 
43.7  per  cent ;  clay,  43.8  per  cent.  The  differ- 
ence in  the  clay  content  is  only  about  4  per 
cent  in  the  two  samples,  which  seems  too  little 
to  account  for  the  great  difference  in  their 
conduct.  By  reference  to  the  sand  analyses 
of  the  two  samples,  it  is  seen  that  No.  lOo 
contains  nearly  three  times  as  much  of  the 
No.  20  and  No.  40  sands,  nearly  the  same 
quantities  of  Nos.  60,  80,  and  100  sand  and 
only  one-third  as  much  dust,  as  No.  282.  This 
considerable  difference  in  the  ratio  of  coarse 
to  fine  sands  explains,  in  large  measure,  the 
difference  in  the  durabilities  of  the  two  ma- 
terials. 

CONCLUSIONS. 

.\  study  of  nearly  a  thousand  analyses,  in 
the  laboratory,  and  a  comparison  of  the  re- 
sults attained  with  such  materials  in  actual 
road  construction,  have  led  the  writer  to 
formulate  the  following  tentative,  working 
rules  for  examining  sand-clay  mi.xtiires  and 
as  a  basis  for  making  up  proper  combina- 
tions   for   artificial   mixtures: 

(11  The  total  relative  sand  content,  disre- 
garding the  size  of  the  sand  grains,  is  no  cri- 
terion   of   the   value  of   the   material. 


TABLE   II.— SUMM. 

Sample  Xo.  106 

Character  of  Road  Service: 

In  dry  weather    Hard 

In  wet  weather Soft 

Cuts 

'  2"-6" 

Cuts 
l2"-6" 


\RY   OF 

108 

H.-.rd 
.Soft 
Cutf 
2".  4" 
Cuts 
2"-4" 

10-2C 
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In  prolonged  weather 

In   freezing  weather  

Kroquenry  jf  re-»h.'"plnB:   Times  per  year 10-20 

Sand,   No.   10.   ii.  r.  •    jtice 12.6  

Sands.  Nh.m,    '  '  titage S2.8  32.7 

Total  Hand,    i  fiO.O  59  !i 

Total  clay,  p.  BO.O  40.1 

Noten: — •Data  for  No.   22:!,   hiiscd  mi  roiuli!  built  near  Augusta, 

No.  272,   Road   In   line  S   inonthii  at   tlmo  of   report. 

No.  41G,  Road  In  use  7  monlhii  nt  time  of  report 

Xo.  282,  practically    an   earth    road. 


Hard 

Soft 

Cuts 

l"-4" 

Cuts 

l"-4" 

15-25 


41.0 
60,0 
40.0 
Ga. 


Hard 
Hard 
Cuts 

\W-V 
Cut.s 


f  X'one 

1     '" 
I  4  yrs. 

6.3 

43.0 

on. 3 

3C.7 


Hard 

Hard 

I  Hard 

Cuts 

V4"-l" 

None 

In 
3  yrs. 

53.9 
71.5 
28.5 


Hard 
Hard 
Hard 

Cuts 

M,"-i" 

Xone 

In 
4  yrs. 
34.0 
46.2 
M.6 
4«  r. 


Hard 

Hnr.l 

1  1--2" 

■  Cuts 


None 

In 
S  mos. 

32.3 
52.6 


309 

Hard 
H.Tid 

y," 

Cuts 
Cuts 
^i" 
None 

In 
3  yrs. 
7.2 
45.0 
63.  S 
37.2 


416* 

Hard 
Hard 

^" 
Cuts 

Cuts 

H" 

None 

In 

7  mos. 

1.5 

57.9 

65.3 

34.7 


501 

Hard 
Hard 

^4* 
Cuts 
Cuts 

^" 
None 

In 
3  yrs. 
10.0 
50.2 
66.  K 
.33.2 


2S2« 

Medium 
Soft 
6"-10" 
Cuts 
Cuts 

e'-io- 


1. 


23  ** 
51.7 

4S.3 


son.  l-'r.r  simplicity,  the  portion  of  the  sam- 
ple larger  than  Xo.  10  will  be  considered 
apart   from  that  smaller  than   No.    10. 

Effect  of  So.  10  Sand — Comparing  Sample 
No.  |(»fi  with  the  others,  it  is  found  to  contain 
a  larger  ((uanlity  fpf  Xa  10  sand  than  any  of 
them,  with  the  cxrcptirm  of  Xi>.  2'2'i.  No.  22.'l 
is  really  a  low-grade  gravel,  and  is  disctissed 
in  .1  succeeding  j.  .i  ...r  .i.h  Tlw  history  of 
No.   Km;  is  nr>t   ii'  a»  lha» 

of  the  remaining  ,  108  and 

0*<2.  Sample  No.  U"*  is  sliKhlly  more  satis- 
factory than  No.  \M.  and  No.  282  is  practi- 
cally an  earth  mad.  Furthermore.  Samoles 
Nos.  121.  2l.'i  and  272,  which  contain  no  No. 
10  sanil  at  all.  have  uiven  much  more  satis- 
factory service  than   N'o    \iV,. 

It  has  been  found  by  the  writer,  in  sam- 
ples nf  gravel  ami  chert  roads  C\ugiist.i 
gravel  being  a  typical  material),  that  the  part 
larger  than  No.  10  varied  consitlerably  in  the 
few  samples  examined,  althniigh  the  composi- 
tion of  the  part  smaller  than  No.  10  was  fairly 


constant  in  the  proportion  of  sand  to  dav. 
The  gravel  part  of  any  sample  may  reasonably 
be  taken  as  an  approximate  measure  of  the 
durability  of  a  road  built  with  such  mixtures. 
In    addition,    if   a   sample   has   a   considerable 


(2)  I'he  sand  smaller  than  No.  60  is  of 
little  v,Tlue  in  the  mixture,  that  smaller  than 
Xo.  100,  except  in  very  small  quantities,  is 
detrimental. 

(."?)    The  greater   the   proportion   of   coarse 


TABLR    III.— COMPARATIVF.    ANALYSES    OF    SAND-CLAY    GROUPS. 

Inferior  Snnd-Clays.  .Superior  Sand-Clays. 

Limits.  Average.  Limits.  Average. 

Percent.  Percent.  Percent.  Percent. 

.Snnd    total    52.6-60.0  56.3  03.8-71.5  67.6 

Snnd  Nob.  20-60   32.3-41,0  36.6  45.0-67.9  51.4 

Snnd  No,    ino  ond  dUBt 10.0-17.0  1.V5  4. 1-13. .S  8.9 

Clny   lotnl   40.0-47.4  4S.7  28.5-37,0  32.7 


proportion  of  gravel  and  is  deficient  in  sand. 
the  presence  of  the  (Travel  will  largely  offset 
such  defect. 

From  the  foregoing  it  is  clear  that  the  effect 
of  No.  10  s.nnd  on  a  mixture  may  be,  cither 
that  of  making  up  a  delicicncy  of  sand  in  the 
portion  of  the  sample  smaller  than  No.  10, 
or  to  increase  durability  when  there  is  no 
deficiency  of  sand.     Hence,  its  effect  depends 


to  fine  sand  the  harder  and  more  durable  will 
the  road   surface  be. 

f4)  For  the  best  possible  results  with  sand- 
clay  mixtures,  the  sand  smaller  than  No.  10 
.and  lartrcr  th.an  Xo.  60  should  not  be  less  than 
■15  per  cetit  nor  more  than  60  per  cent  by  dry 
weight,  of  the  entire  sample.  In  addition,  the 
sand  sttiallcr  than  No.  10  and  larger  than  Xo. 
60   should  be  composed   of  about   equal   parts 
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of  Nos.  20,  40,  and  60.  The  total  sand  con- 
tent should  in  no  case  exceed  70  per  cent  by 
weight,   of  the  total  sample. 

(5)  Test  cylinders  of  the  sand-clay  mix- 
ture, 1  in.  in  diameter  and  3  ins.  long,  should, 
when  thoroughly  dried  in  air  bath  at  100°  C, 
take  at  least  2  minutes,  when  immersed  in 
water  at  21°  C,  to  crumble  down  to  the  nat- 
ural slope  of  the  material,  and  preferably 
should  take  6  minutes.  If  the  cylinder  fails 
in  this  test,  it  should  be  regarded  with  sus- 
picion. If  the  sand  analysis  is  poor  and  th(^ 
cylinder  test  is  also  poor,  the  rnaterial  is  not 
worth  using. 

(6)'  Test  cylinders,  made  from  the  clay  re- 
moved from  the  sample,  1  in.  in  diameter  and 
3  ins.  long,  should  take  at  least  2  minutes  to 
crumble  down  to  the  natural  slope  of  the 
material,  when  immersed  in  water  at  21°  C. 
If  it  fails  in  this  test,  but  passes  the  test  of 
the  preceding  paragraph,  it  may  be  used,  l.nu 
it  indicates  a  poor  quality  of  binder. 


means  of  this  separator.  Such  joints  permit 
contraction  at  lower  temperatures,  but  put 
the  roadway  into  a  state  of  compression  at 
higher  temperatures. 

Diagram  Fig.  1  shows  certain  results  which 
were  obtained,  results  on  two  gaged  lengths 
being  shown,  one  of  which  spanned  a  contrac- 
tion joint  while  the  other  was  on  the  solid 
concrete  slab  adjacent  thereto.  A  range  in 
temperature  of  3o°  F.  was  experienced  dur- 
ing the  period  of  these  observations.  This 
range  refers  to  the  temperature  of  the  sur- 
face of  the  pavement.  The  measurements 
were  generally  made  in  the  early  part  of  the 
forenoon. 

The    gaged    length    on    the    solid    concrete 


zig-zag  curve  representing  the  movement 
across  the  contraction  joint  indicates  clearly 
the  motion  taken  by  the  slab  as  a  whole,  while 
the  regularity  of  the  curve  representing  the 
movement  of  the  solid  concrete  will  also  be 
noted.  Surface  temperatures  do  not  repre- 
sent the  average  condition  of  the  concrete  slab 
and  measurements  on  the  solid  concrete  are 
not  expected  to  follow  in  strict  accordance 
with  the  recorded  temperatures. 

There  were  measurements  of  the  effects  of 
wheel  loads  on  different  types  of  pavements, 
from  water-bound  macadam  to  granite  blocks. 
These  measurements  consisted  in  measuring 
the  changes  in  slope  of  the  pavement  in  im- 
mediate pro.ximity  to  one  of  the  wheels  of  a 


A  Study  of  Thermal  and  Traffic  Ef- 
fects on  Pavements  in  Kansas  City. 

Thermal  effects  on  cement  filled  brick  pave- 
ments at  Cleveland,  O.,  were  illustrated  and 
described  in  our  issue  of  Nov.  27,  1912,  in  a 
paper  by  Mr.  James  E.  Howard,  Engineer- 
Physicist  of  the  Bureau  of  Standards.  The  re- 
sults discussed  were  obtained  from  tests  con- 
ducted by  the  Bureau  of  Standards.  Later 
tests  have  been  conducted  on  Kansas  City 
pavements,  and  those,  with  the  Cleveland  tests, 
are  summarized  in  a  paper  by  Mr.  Howard  be- 
fore the  Ohio  Engineering  Society.  We  give 
from  this  paper  the  new  data  from  Kansas 
City  as  follows : 

Experiments  at  Cleveland  and  vicinity  were 
begun  in  the  summer  of  1911;  those  at  Kan- 
sas City  were  taken  in  the  fall  of  1913.  At 
Cleveland  the  work  was  chiefly  directed  to- 
ward acquiring  data  upon  thermal  effects  on 
grouted  brick  pavements,  in  addition  to  which 
there  were  observations  on  the  depression  of 
trolley  tracks  and  the  general  distribution  of 
wheel  loads.  ,'\t  Kansas  City  tests  were  made 
on  the  effects  of  changes  in  temperature  on 
cement  pavements,  on  local  effects  of  wheel 
loads  on  different  types  of  pavements,  also 
observations  upon  changes  in  slope  of  an 
asphalt  macadam  pavement,  the  latter  a  tem- 
perature effect. 

Referring  to  the  Kansas  City  work,  observa- 
tions were  there  made  on  thermal  effects  on  a 
concrete  paved  street.  East  31st  Street,  which 
had  a  50-ft.  roadway  with  concrete  8  ins. 
thick.     At   intervals  of   about  30   ft.  contrac- 
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Fig.  2.     Diagram   Indicating  Changes  in  Slope    Along    Center    Line    of    Street    in    Progresi 
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showed  a  contraction  with  a  drop  in  tem- 
perature as  indicated,  while  the  measured  re- 
sults show  the  extent  to  which  the  joint  re- 
sponded and  opened  in  consequence  thereof. 
The  maximum  opening  at  the  joint  observed 
was  0.0262  in. 

Other  gaged  lengths  were  established  at 
middle  portions  of  the  pavement  with  refer- 
ence to  the  contraction  joints,  for  the  purpose 
of  judging  the  behavior  remote  from  the 
joints,  the  gaged  lengths  being  placed  both 
lengthwise  and  crosswise  of  the  street.  So 
far  as  now  observed,  the  response  to  changes 
in  temperature  was  substantially  the  same  at 
the  middle  as  at  the  edges  of  the  slabs.  The 
position  selected  for  these  observations  was 
between    two    embankments,     one     of     which 
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tion  joints  were  provided.  Contraction  joints, 
it  will  be  understood,  differ  from  expansion 
joints  in  respect  to  width.  They  arc  made  by 
placing  sheets  of  paper  against  the  forms 
limiting  the  length  of  the  section  and  inter- 
rupting   the    continuity    of    the    pavement    by 


shaded  the  south  side  of  the  roadwaj',  while 
the  other  formed  an  angle  on  the  north  side, 
in  which  exposure  to  the  sun  would  cause 
maximum  variations  in  temperature. 

The    results    plotted   on    the    diagram   were 
obtained  on  the  sunn-y  side  of  the  street.   The 


loaded  truck.  For  this  purpose  the  truck 
carried  a  load  of  .5,600  lbs.  on  four  wheels. 
The  slope  was  measured  on  a  chord  of  12 
ins.,  showing  the  depression  locally  of  the 
wheel  load  and  the  resilience  was  noted  when 
the  load  was  removed. 

On  grouted  granite  blocks,  grouted  brick, 
and  on  concrete  slabs  the  change  in  slope 
ranged  from  0.0002  in.  to  0.001  in.  There  was 
full  recovery  in  the  depression  upon  removal 
of  the  wheel  load  on  these  surfaces. 

On  sheet  asphalt,  rock  asphalt  and  asphaltic 
concrete  the  depression  ranged  from  0.0003 
in.  to  0.0046  in.,  the  older  sheet  asphalt  dis- 
playing the  greatest  rigidity.  Creosotcd  wood 
block  was  rather  more  elastic  and  displayed 
depressions  ranging  from  0.001  to  nearly 
0.009  in. 

On  macadam,  there  was  not  infrequently  a 
sluggish  action,  the  full  depression  not  im- 
mediately taking  place,  and  upon  removal  of 
the  load  there  was  corresponding  lag  in  the 
resilience  and  more  or  less  permanent  set 
There  were  instances  in  which  the  material  of 
the  roadbed  flowed  under  the  wheel  pressure 
and  made  a  ridge  which  showed  a  negative 
depression  at  the  immediate  edge  of  the  tire 
of  the  wheel,  and  when  such  action  occurred 
there  was  an  apparent  depression  at  that 
place  upon  removal  of  the  load. 

The  general  behavior  of  some  of  the  as- 
phaltic macadams  indicated  that  deficiency  in 
binder  caused  irregularities  in  depression  and 
that  the  middle  portions  of  certain  roadways 
were  in  better  condition  to  sustain  tralhc  than 
at  tlie  edges.  The  use  of  a  sensitive  level  in 
this  study  of  the  behavior  of  pavements  and 
roadways  was   found  very  satisfactory. 

Diagrams  Figs.  2  and  3  refer  to  observa- 
tions made  on  changes  in  slope  of  the  sur- 
face of  an  asphalt  macadam,  which  occurred 
during  parts  of  two  days.  Moderate  tem- 
peratures prevailed  during  the  hours  in  which 
the  observations  were  made. 

It  was  found  that  a  gradual  creeping  of  the 
surface  took  place,  tending  to  cause  ridges  in 
the  pavement,  although  the  temperature  dur- 
ing the  time  did  not  get  above  61°  F.  The 
plotted  curve  on  diagram  Fig.  2  shows  the 
changes  in  slope  observed  during  ten-minute 
intervals.  The  curve  represents,  not  the  pro- 
file which  would  be  shown  for  continuous  ob- 
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servations,  but  from  station  to  station  the 
hange  which  occurred  during  these  short  in- 
lervals.  There  were  places  in  the  street 
longitudinally  at  which  the  change  in  slope 
an  chords  of  12  ins.  showed  a  rise  toward 
ihe  west  and  at  other  places  where  the  slope 
changed  and  took  the  opposite  direction. 
These  changes  were  the  result  of  thermal  con- 
ditions apparently,  since  the  traffic  on  the  street 
^it  the  places  observed  was  very  light. 

Transversely,  observations  showed  an  in- 
crease in  slope  toward  the  center  of  the  road- 
way, while  at  the  middle  of  the  street  the 
movement  oscillated  now  in  one  direction  and 
now  in  the  other. 

These  observations  are  of  interest  since  they 
'show  that  creeping  may  take  place  in  an  as- 
phalt surface  tending  to  cause  the  formation 
lof  ridges  both  longitudinally  and  transversely 
at  fairly  moderate  temperatures  and  without 
the  immediate  influence  of  traffic. 

Acknowledgment  is  made  of  permission  of 
the  Director  of  the  Bureau  of  Standards  to 
use  the  advance  results  on  the  Kansas  City 
work. 


Prizes  for  Highway  Study. — To  encouraije 
mvestigation  of  methods  and  materials  for 
road  and  street  construction,  and  to  interest 
engineering  students  in  highway  problems,  the 
Barber  .\sphalt  Paving  Co.  has  offered  prizes 


of  $100  ioT  the  best  paper  written  by  a  mem- 
ber of  the  graduating  classes  of  the  leading 
engineering  schools.  The  title  suggested  is  "As- 
phaltic  Materials  for  Highway    Construction." 


lines  of  investigation.  The  length  of  the 
paper  is  limited  to  3,000  words  and  all  manu- 
scripts must  be  received  not  later  than  June 
1,    1914.     The   purpose   of   this   prize   offer  is  , 
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The  paper  and  its  conclusions  may  be  based 
upon  service  tests  and  the  lessons  of  experi- 
ence; the  physical  qualities  or  chemistry  of 
asphalt ;  or  it  may  combine  any  two  of  these 


to  turn  ilie  attention  of  engineering  students 
to  street  and  road  construction  as  a  held  of 
work  in  which  there  is  great  need  and  great 
opportunity   for  trained   men. 


Some  Features  of  a  Loft  Building  in 
Chicago. 

Contributed  by  Harold  Doerr,  Chicago,  111. 

The  seven-story  loft  building  for  the  Henry 
Bosch  Wall  Paper  and  Paint  Co.,  Chicagi>, 
III.,  which  was  completed  in  the  fall  of  1913. 
covers  an  inside  lot,  with  a  frontage  of  50 
ft.  on  Wabash  Ave.  and  a  depth  of  170  ft. 
A  four-story  apartment  building  adjoins  it  on 
one  side  and  a  two-story  brick  building  stands 
a  few  feet  from  the  property  line  on  the  other 
side. 

The  rough  excavation  to  a  depth  of  12  ft. 
over  the  entire  area  of  the  lot  revealed  a 
dry  soil  made  up  of  a  mixture  of  sand  and 
clay  with  no  trace  of  gravel.  The  linal  ex- 
cavation and  .grading  removed  about  3  ft.  of 
material  to  allow  for  the  peculiar  type  of 
foundation  used.  The  elevation  of  (he  bottom 
of  this  cxcav.-ition  was  almost  exactly  that  of 
the  lake  level.  This  was  evident  from  the 
fact  that  no  ground  water  seeped  in  from  the 
sides  of  the  excavation,  and  as  no  quicksand 
was  encountered  there  could  have"  been  no 
water  coming  up   from   below. 

The  allowable  pres.sure  on  such  soil  is  given 
by  the  Chicago  Building  Ordinance  of  1913  as 
follows:  "If  Ihe  soil  i>  a  nii.xturc  of  clay 
and  sand,  it  shall  not  be  loaded  to  exceed  3,00() 
lbs.  per  s(|uare  foot."  This  unit  pre.s.sure  on 
the  soil  was  usc<l  in  designing  the  foundation 
for  this   building. 

The  Chicago  Building  Ordinance  also  place? 
this  type  of  structure  umUr  "Clas-s  I,"  which 
calls  for  a  live  load  on  all  floors  o''  loo  \h^ 
per  square  fool,  in  ad'lition  lo  the  cleail  load. 
However,  the  owners  of  the  buiMing  foinid  il 
advisable  to  increase  this  loa<I  lo  l.")0  lbs.  per 
square  foot  to  fit  the  conditions  which  would 
exist  in  this  building.  The  columns  and  foun- 
dation were  made  sMfTicienlly  strong  to  c»rry 
throe  additional  stories  in  case  an  increase  of 
Ihe  business  should  warrant  <uch  an  addition 
lo   the  licigbt   of   the  building. 

The  construction  throughout  is  of  fireproof 
inaleriaN;  a  steel  framework,  and  terra  cotta 
hollow  tdc  floors,  with  rimlrr  concrete  fill  and 
maple  flof>ring,  .Ml  elevators  anil  stairwells 
arc  enclosed  in  fireproof  shafts.  The  lide  and 
rear  brick  walls  are  21  ins.  thick  below  grade 
and  12  ins.  thick  above  grade  The  f.icade  is 
constructed  of  cream  colored  gla/rd  terra 
cotta. 

FOINO.NTION     DESir.N. 

The  imique  features  of  this  hnildino  are  the 
Ivpe  of    foundation   u-^ed   and   ihe   use   of   olil 


.-ictl  culunuis  Iroui  aiuitlicr  liuihling  in  tlic 
exterior  walls.  The  foundation  is  of  rein- 
forced concrete,  covering  nearly  the  entire 
area  of  the  lot  and  having  a  maximum  depth 
of  3  ft.  1  in.  (see  Fig.  1).  The  central  paiieli 
shown  in  the  drawing  and  marked  "open"  are 
the  only  parts  of  the  lot  not  covered  by  the 
foundation.  The  coluinn  centers  are  indicated 
by  the  "+"  mark,  and  the  reinforced  panels 
A  and  B  are  surrounded  on  four  sides  by  re- 
inforced concrete  girders.  The  cross  girders 
act  as  cantilevers  to  distribute  the  loads  from 
the  two  central  tiers  of  columns  to  the  soil 
imdcriieath  the  reinforced  concrete  panels  / 
and  H.  Table  I  gives  the  essential  data  for 
each   girder. 

By  noting  the  plan  of  the  foundation  (see 
Fig.  1 )  it  may  be  seen  that,  for  all  interior 
columns,  the  reinforced  concrete  girders  ex- 
tend in  four  directions,  while  for  the  exterior 
columns  they  extend  in  three  directions.  The 
concrete  used  throughout  was  a  1:2:4  stone 
concrete  mixture,  and  the  reinforcement  con- 
sisted of  Ilavemeyer  bars  fif  high  carbon 
steel.  The  girder  bars  are  within  3  ins.  of  . 
the  bottom  of  the  concrete,  directly  imdcr  the 
column,  and  are  bent  up  to  within  3  ins.  of 
the  top  surface  between  coliunns  to  resfst  the 
negative  ben<ling  moment  in  that  section  of 
the  girder.  The  two  exterior  panels  are  re- 
inforced in  iKith  directions  with  bars  placed 
near  the  surface  for  negative  moments;  hence 
it  is  evident  ibat  the  loads  are  widely  distrib- 
uted. 

The  advantages  secured  by  this  type  of 
foundation  are:  First,  a  saving  of  time  and 
monev ;  second,  ureater  safety  lo  adjoinin)." 
buililings;  and  third,  a  good  <listribution  of 
Ihe  column  loads  However,  there  were  sonic 
disailvanlagcs  which  should  be  mcntioncil. 
The  sewer  had  lo  be  carried  ab>ng  Ihe  north 
wall  of  the  building  and  given  a  pilch,  so  that 
il  occupies  some  space  in  the  ba'^ement.  The 
imdcrground  pipe  for  the  sprinkler  system 
also  had  to  run  along  the  ba'<cnient  floor, 
being  put  along  the  south  wall.  In  both  cases 
the  foundation  ma<le  it  impossible  lo  allow  a 
trench  to  lie  dug  in  the  ground  for  ihesc  pipes 

Before  dccirling  upon  ihr  type  of  founda- 
tion lo  bo  used  for  this  bnilding  three  diflcrent 
types  were  considered:  the  isolated  pier  fool- 
ing, the  pile  foundation,  antl  Ihe  type  finally 
adopted.  The  isolated  pier  type  of  founda- 
tion was  rejected  on  account  of  the  fact  that 
it  would  be  necessary  lo  sink  wells  to  hard- 
pan.  A  pile  foundation  was  designed,  but 
when  its  cost  (although  less  than  for  isolated 


piers)  was  compared  with  that  of  a  rein- 
forced concrete  spread  foundation  it  wa.-< 
found  that  the  cost  was  about  twice  that  for 
the  latter  type.  The  cost,  based  upon  the  pile 
foundation,  included  the  required  concrete 
caps  for  the  piles  In  addition  to  the  larger 
cost  there  was  the  possibility  of  damage  to 
the  adjoining  four-story  apartment  building. 
Furthermore,  the  time  required  to  drive  the 
piles  and  to  put  on  the  concrete  capping  was 
estimated  to  exceed  that  necessary  to  build 
the   type  of    foundation   adopted. 

.\   foundation  somewhat  similar  to  this  one 

T.\BLK  I.-NTMBER.  SIZE  AND  SPACING  <)K 
Rdl'.s:   IN   KdfMiATION  GIRDERS 
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was  built  lo  carry  the  loads  of  the  old  Cus- 
toms House  Building  of  Chicago.  In  that 
case,  however,  there  was  no  reinforcement. 
.•\  bed  of  concrete  about  5  ft.  thick  was  placed 
over  the  entire  lot  and  no  attention  was  paid 
to  diflferences  in  the  loading,  the  design  being 
made  as  ihonirh  Ihe  building  was  founded  on 
solid  rock.  That  this  was  not  the  case  l)e- 
came  all  loo  evident  when  the  building  was 
completed,  the  unequal  distribulior.  of  the 
loads  causine  the  foundation  to  crack  and  to 
settle  unevenly  until  not  a  straight  sill  course 
or  lintel  remained  on  the  building. 
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Fig.  1.     Foundation  Plan  and  Sections  of  the    Bosch    Loft    Building,  Chicago,    III.,  Showing 


USE    OF    OLD    STEEL   COLUMNS. 

.A.nother  interesting  feature  of  tine  Bosch 
Ruilrling  is  the  use  of  old  steel  for  the  ex- 
terior columns.  These  columns  came  from 
the  old  Trude  Ruilding  which  was  demolished 
to  make  room  for  the  new  Marshall  Field 
Building,  located  at  the  corner  of  Randolph 
.St.  and  Wabash  Ave.  That  this  use  for  steel 
from  buildings  which  are  demolished  and  re- 
placed by  larger  structures  is  a  practical  solu- 
tion for  its  disposal  can  hardly  be  disputed. 
The  steelwork  in  the  Trude  Building  at  the 
time  of  its  demolition,  as  well  as  that  from 
other  buildings  which  have  recently  been  torn 
down,  has  been  found  to  be  free  from  corro- 
sion or  other  serious  defects.  Some  damage 
was  done  in  taking  down  the  steel  structure 
during  the  cutting  of  riveted  connections,  but 
this  was  the  only  cause  for  injury  to  the 
metal.  The  columns  were  all  scraped  and 
carefully  inspected  before  being  repainted  and 
delivered   to  the  site  of  the  new  building. 

One  peculiarity  of  these  old  columns  de- 
serves mention.  At  the  time  that  the  Trude 
Building  was  designed  many  structural  engi- 
neers did  not  deem  it  advisable  to  make  the 
lengths  between  splices  for  the  dififerent  col- 
ums  the  same,  the  contention  being  that  the 
strength  of  the  building  would  be  greatly 
weakened  at  the  floors  where  the  spices  oc- 
curred. In  order  to  overcome  this  supposed 
weakness  the  columns  were  made  of  various 
lengths,  no  more  than  one  or  two  adjacent 
columns  having  sections  of  the  same  length. 
Tn  adopting  these  columns  to  the  new  Bosch 
Ruilding  some  difficulty  was  experienced  in 
detailing  the  old  platc-and-channel  columns, 
due  to  these  odd  lengths.  On  account  of  the 
space  required  by  the  old  box  columns  they 
were  used  only  in  the  exterior  walls.  The 
plate-and-angle  columns  proved  to  be  much 
more  compact  and  were  therefore  used  as  in- 
terior supports  where  the  maximum  amount 
of   floor   space   was   required. 

.As  originally  designed,  all  structural  steel 
members  of  the  framework  were  to  be  of  new 
material.  The  steel  contractor,  however,  was 
given  permission  to  substitute  old  steel  col- 
umns from  the  Trude  Building  provided  they 
were  made  as  strong  as  those  in  tlie  original 
design.  -As  it  was  further  specified  that  the 
material  must  pass  a  close  inspection,  the  con- 
tract price  was  not  changed  on  account  of  this 
substitution.  The  exterior  columns  \yerc  de- 
signed as  plate-and-angle  columns,  while  those 
actually  used  were  plate-and-channel  columns 
and  had  a  much  heavier  section  than  those 
originallv  designed.  .Mthough  this  greatly  in- 
creased "the  tonnage  furnished  by  the  steel 
contractor,  it  evidently  caused  a  saving  to 
the  contractor  and  at  the  same  time  provided 
larger    sections. 

EQUIPMENT    .XNn    FINISH, 

As  mentioned  before,  the  seven  stories  now 
liuilt  mav  later  be  made  part  of  a  ten-story 
building;'  hence  the  foundation  and  cnlunins 
are  stronger  than  are  actually  required  lo 
meet  the  present  conditions.  The  present  roof 
beams,  which  arc  to  form  the  framework  for 
a  future  eighth  floor,  have  been  set  level.  The 
liik-h  of  %'in.  in  I  ft.  required  for  the  roof  is 
■litained  bv  means  of  a  graded  cinder  lill,  over 
which  is  built  a  1-in.  layer  of  cement  mortar, 
mixed  in  the  proportions  of  1  part  cement 
to  2  parts  sand,  on  top  of  which  was  laid  a 
tar-and-aravel  roof.  There  arc  three  pent 
houses  on  the  roof  for  the  tanks  and  two 
.levators  in  addition  to  a  stair  hatch.  The 
■iiilding  contains  a  larcc  six-ton  high-speed 
freight  elevator,  large  enough  to  allow  a  truck 
lo  drive  onto  it  from  the  alley,  and  a  tcn- 
passcngcr  elevator  located  in  the  front  part 
of  the  building.  A  sprinkler  system  of  the 
wet  tvpe  is  installed  complete,  with  pumps  for 
water  and  air,  and  n  o.nOO-gal.  pressure  tank 
and  a  2'>,on0-cal.  gravity  tank  being  provided. 
The  floors  throughout  the  building  are  of 
maple,  the  best  quality  being  used  on  the  first 
three  floors  and  first-grade  factory  maple  on 
the  upper  floors.  The  10-in.  tile  floor  arches 
arc  covered  with  a  3-in.  cinder  concrete  fill. 
.\1I  columns  are  fircproofed  with  a  1:2:4  mix- 
ture of  stone  concrete,  the  minimum  protec- 
t;,^r.  ^ff.-irHprl  hc\nsr  1'^A  ins.  .Ml  ceilings,  stair 
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lalls.  stair  wells  and  toilet  rooms  are  plas- 
ered.  The  walls  of  the  tirst  three  stories  only 
ire  plastered.  Two  cast-iron  sectional  boilers 
;uppl>  the  steam  for  the  vacuum  heating  sys- 
em. 

ERECTION    METHODS. 

The  steel  was  erected  by  means  of  a  single- 
Kiom    derrick,    placed    in    the    middle    of    the 
uilding  near  the  north   wall.     The  swinging 
>oom  had  a  length  of   105   ft.  and  a  capacity 
(if  40  tons.     For  raising  materials  two  electric 
jioists   were   used,   one,   located    in    the    front, 
ricing  used  by  the  masons  and  later  for  hoist- 
ing the  cinder  concrete,  and  the  other,  located 
|m  the  rear,   for  hoisting  the  terra  cotta  tiles 
and  for  the  use  of  the  plasterers.     .\  planked 
driveway  through  the  central  bay  of  the  build- 
ing permitted  materials  to  be  delivered  at  the 
hoists  and  also  allowed  the  empty  wagons  to 
ilrive    straight    out    through    the   alley    at    the 
rear,  thus  traveling  in  a  continuous  direction 
.11.1  avoiding  all  necessity  of  barking  out.     A 
.    vacant  lot  in  the  rear  served  as  an  ideal 
•    for  the  storage  of  the  floor  tiles,  which 
«crc   all   delivered   before  the   first   floor   was 
laid. 

CONTRACT    PRICE    AND    UNIT    COST. 

The   contract   prices   of   the   principal   items 
are : 

.>^»»p|work,  703   Ions  at  160.00 %  42.180.00 

"     n'latlon  and  sidewalk 11,300.00 

■.rooflni?    16.000.00 


■nry     

■nter  work   

•kler   system    

iiors     

1 1'  itinc:    

I  iinamental  Iron   

P!ristf rlriK    

1  itectiiral   terra   cotta. 

•  r  concrete   

.vatlon    


14.000.00 

8, .500.00 

7,.i00.00 

7.000.00 

6,r,7o.00 

4. 800. CO 

4..n00.00 

3.979.70 

3.900.00 

2,637.50 

Total   for  above  Item.s  »132. 872.20 

Other  contracts  increase  tlie  total  cost  of  the 
building  to  about  ?ll7..'*ii8.  The  cubic  contents 
of  the  building,  including  foundations  and 
fient  houses,  are  1,010.96.5  cu.  ft.,  making  the 
cost  approximately   H.'i  cts.  per  cubic   foot. 

Docrr  Brothers,  Chicago,  were  the  archi- 
tects, and  L.  J.  Mcnch  was  the  contractor  for 
this  l)uilding. 


Design    Features    of    a    220-Ft.    Rein- 
forced Concrete  Block  Chimney 
at  Penarth,  Wales. 

An  unusual  type  of  reinforced  concrete 
chimney  ha<  recently  been  built  at  Penarth. 
near    Cardiff,    Wales,     for     the     new     rotary 

'  ■•    of    the    South    Wales    Portland 
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within  12  ft.  of  the  top,  and  to  provide  a 
substantial  air  space  between  the  concrete 
and  the  brickwork  as  a  special  protection  to 
the  brickwork.  Figure  1  (c)  shows  a  detail 
of  one  of  the  reinforced  concrete  blocks  used 
in  the  construction  of  the  outer  shell;  Fig. 
I  (d)  shows  a  detail  of  the  top  part  of  the 
chimney;  and  Fig.  1  (e)  shows  a  detail  at  M, 
near   the    base. 

DETAILS     OF     BLOCKS,     LINING     AND     FOUNDATION. 

The  concrete  of  which  the  blocks  of  the 
outer  shell  are  made  is  composed  of  materials 
in    the    following    proportions:      9   cu.     ft.     of 


vertical  reinforcement  consists  of  steel  rods 
fi.xed  in  the  end  joints  of  the  blocks,  being 
further  protected  by  concrete  "necks"  which 
are  molded  as  a  part  of  the  blocks  and  which 
form  vertical  shafts  on  the  finished  chimney 
(see  Fig.  1  c).  Each  vertical  rod  projects  a 
distance  of  t!  ft.  into  the  concrete  foundation, 
and  is  attached  there  to  a  horizontal  steel 
ring  which  lias  a  diameter  equal  to  that  of 
the  chimney  at  its  base.  Special  reinforce- 
ment is  used  around  and  over  the  flue  opening 
and  for  the  molded  cornice  and  necks. 
The  lining  is  built  throughout  of  hard,  red 
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PERSONNEL. 

.•Ml  reinforced  concrete  work  was  carried 
out  hy  Messrs.  Monoshaft,  under  tlioir  pat- 
ented methods.  The  chimney  was  built  under 
the  direction  and  supervision  of  Mr.  Jolin  W. 
Kudger,  acting  as  architect  for  the  South 
Wales  Portland  Cement  and  Lime  Co.,  Ltd., 
associated  with  Mr.  W.  J.  Cooper,  managing 
director  of  the  company. 


( 


;. 


Some  Data  on  Boston  Foundations  and 

Results  of  Some  Tests  to  Decer- 

mine  the  Bearing  Power  of 

Soils  and  of  Piles. 

It  is  highly  desiralile  in  constructing  the 
foundations  for  buildings  to  have  correct  data 
on  the  character  of  the  subsoil,  yet  few  are 
available.  These  data  may  be  obtained  by 
borings  or  test  pits,  but  in  many  cases  owing 
to  the  necessity  for  rapid  construction  this 
part  of  the  work  is  slighted.  The  following 
data  were  taken  from  a  paper  presented  be- 
fore the  Boston  Society  of  Civil  Engineers  by 
Mr.  J.  R.  Worcester.  The  original  paper  con- 
tains considerable  data  on  tlic  character  of 
the  subsoil  at  many  points  in  Boston  and  the 
surrounding  district.  In  our  abstract  we  have 
omitted  most  of  the  specific  data,  and  have 
considered  those  of  somewhat  general  applica- 
tion. The  author  contributed  a  paper  before 
the  same  society  on  "Boston  Foundations,"  in 
llMi;j,  and  this  paper  supplements  the  informa- 
tion given  in  the  previous  paper. 

GEOI.OCICAL  FORM.MION. 

Further  experience  with  the  .general  nature 
of  the  formation  of  the  ground  in  this  vicinity 
has  drawn  attention  to  three  important  condi- 
tions not  well  described  in  the  earlier  paper : 

First,  to  the  composition  of  the  underlying  bed 
of  earth  upon  which  most  of  our  foundations 
rest.  This  was  described  as  "clay,  free  from 
grit,  but  containing  a  large  proportion  of 
quartz  flour,  with  occasional  thin  layers  and 
streaks  of  very  fine  sand,  and  with  occasional 
angular  fragments  of  rock."  In  many  places 
this  description  fairly  describes  the  material 
encountered,  but,  within  the  original  shore 
line,  there  appears  to  be  more  of  the  fine  sand 
formation  than  would  be  expected  from  this 
statement.  In  the  deep  excavations  under  the 
I'ilenc  Building,  at  the  corner  of  Washing- 
Ion  and  Summer  Sts..  a  stratum  of  clay  and 
gravel  from  10  to  20  ft.  in  thickness  was  en- 
countered, below  which  the  material  was  most- 
ly sand  of  varying  degrees  of  fineness.  Most 
of  it  was  very  fine,  the  grains  having  a  diam- 
eter of  from  0.003  in.  to  0.005  in.  When  in  its 
natural  bed,  saturated  with  water,  it  had  much 
the  appearance  of  blue  clay,  showing  similar 
color,  hardness  and  toughness.  It  would  gen- 
erally stand  for  some  time  with  a  vertical  face, 
even  at  considerable  depth,  but  in  most  places 
it  would  slowly  flow,  and  in  some  places  it 
flowed  with  quite  a  rush.  It  would  not  stay 
long  in  suspension  in  water,  but  would  quick- 
ly settle  when  allowed  to  stand.  When  dry, 
il  became  light  gray  in  color,  and  when  mag- 
nified the  particles  appeared  as  nearly  clear, 
round  crystals.  Under  the  Jordan  Marsh 
Co,  Annex,  between  .Avon  PI.  and  Bedford 
St.,  a  similar  sand  was  encountered,  but  it 
was  much  yellower  in  color.  The  Cambridge 
subway  tunnel  under  Beacon  Hill  was  driven 
through  an  extremely  hard  bowlder  clay,  with 
occasional  thin  streaks  of  sand  in  its  deepest 
part,  but  as  it  approached  the  surface  the 
material  changed  to  fine  sand. 

Second,  to  the  consistency  of  the  deep  clay 
formation:  This  appears  to  vary  in  different 
parts  of  the  Boston  basin.  Under  the  Bos- 
ton peninsiila  it  is  generally  fairly  hard,  even 
near  the  shore  line.  In  the  deep  foundations 
under  the  Custom  House,  although  fine  sand 
was  encountered  in  places,  the  greater  part  of 
the  depth,  down  to  the  bowlder  clay  .?.3  ft. 
hick,  overlying  ledge,  that  is  to  about  grade 

S't  (referred  to  Boston  base,  which  is  0.64 
ft.  below  mean  low  tide),  the  material  was 
blue  clay,  which  gradually  increased  in  hard- 
ness with  the  depth.  On  the  other  hand,  un- 
der a  section  of  Cambridgcport  and  a  part  of 
the  Back  Bav  the  material  is  extremelv  soft. 


so  soft  in  fact  that  il  apparently  is  quite  free 
to  flow  from  heavily  loaded  areas  towards 
places  where  the  load  is  less.  It  is  not  defi- 
nitely determined,  so  far  as  the  writer  knows, 
whether  such  a  flowing  actually  takes  place,  or 
whether  the  clay  is  gradually  being  com- 
pressed. It  is  certain,  however,  that  widely- 
spread  settlements  have  occurred,  in  some  in- 
stances to  a  very  marked  extent.  A  section 
of  Canibridgeport  covering  about  O.o  square 
mile,  centering  rougldy  on  Massachusetts  Ave. 
.111(1  .Albany  St.,  has  had  a  maximum  settle- 
ment of  about  2  ft.  (This  statement,  based  on 
tilt  authority  of  Mr.  L.  M.  Hastings,  city  engi- 
neer, is  at  variance  with  the  findings  of  Prof. 
W.  ().  Crosby  in  a  recent  report  on  the  land 
on  which  the  new  buildings  of  the  Massachu- 
setts Institute  of  Technology  are  being 
erected.)  In  Boylston  St.,  between  Berkeley 
and  Clarendon  Sts.,  the  Transit  Commission 
found  the  well-preserved  remains  of  a  weir 
or  fence  at  about  grade  — 18.  It  does  not 
seem  possible  that  this  could  have  been  con- 
structed below  low-tide  level  or  grade  0. 
Near  Church  St.  was  found  a  well  preserved 
stump  of  a  tree  with  roots,  at  about  grade  — lo. 
.\notbcr  instance  of  subsidence  is  found  in 
tlie  depth  at  which  peat  is  encountered.  This 
material  must  have  been  formed  above  water, 
but  is  now  found,  overlaid  with  silt,  far  below 
grade  0.  On  Tremont  St.,  above  Dover,  it 
was  found  at  about  grade  — 12,  and  on  Boyl- 
ston St.  it  has  been  found  at  grade  — 10.  This 
tendency  to  settle  will  have  to  be  taken  into 
consideration  in  locating  heavy  structures  in 
the  future.  It  is  not  enough  to  gain  the 
necessary  support  in  piles  which  may  rest  in 
a  gravel  crust,  hut  the  settlement  of  the  crust 
may  seriously  injure  important  structures,  as 
it  is  believed  to  have  already  done  in  the  case 
of  the  Public  Library  and  the  new  Old  South 
Church. 

Third,  to  the  danger  in  mistaking  silt  for 
clay:  In  many  places  in  the  city  the  filling 
has  been  put  upon  a  bed  of  silt  from  10  to 
20  ft.  deep.  This  silt  is  very  easily  mistaken 
for  blue  clay.  It  has  nearly  the  same  color, 
although  a  little  more  bluish  and  not  so 
green  in  hue.  It  is  tough,  nearly  impervious 
to  water,  soft  and  smooth  to  the  touch,  and 
when  dry  is  very  hard.  It  usually  contains 
small  shells,  which  are  not  found  in  the  clay, 
but  otherwise  it  is  dangerously  similar.  The 
danger  lies  in  the  two  facts  that  the  silt  is 
compressible  and  that  it  is  generally  underlaid 
with  peat.  Both  of  these  causes  render  it  un- 
safe for  supporting  foundations. 

GROUND    VV.\TER    T.EVEL. 

.Another  important  change  which  has  oc- 
curred in  the  conditions  surrounding  Boston 
has  lieen  caused  by  the  construction  of  the 
Charles  River  Dam,  by  wdiich  the  river  above 
the  dam  is  maintained  at  a  constant  level  of 
;ibnut  grade  -f-8.  This  would  seem  to  warrant 
a  higher  level  for  cutting  piles  in  those  parts 
r!  the  basin  which  drain  into  the  (^harles 
River  above  the  dam.  The  writer  is  of  the 
opinion  that,  except  where  leaky  sewers  at  a 
lower  level  drain  the  ground,  or  where  the 
ground  water  is  being  pumped,  it  is  safe  to 
count  f)n  its  never  standing  at  a  lower  level 
than  it  docs  in  the  basins  into  which  the  sur- 
plus must  drain.  This  theory  is  not  backed 
by  .nny  comprehensive  scries  of  experiments, 
although  the  long  experience  in  Boston  of 
rutting  piles  at  the  average  tide  level  with 
entire  safety  gives  some  evidence  of  its  sound- 
ness. The  main  argument  in  its  favor,  how- 
ever, is  that  the  rainfall  is  always  in  excess 
of  the  evaporation,  and  the  surplus  water  in 
order  to  escape  must  have  some  head  above 
its  outlet.  Against  this  theory  it  has  been 
argued  that  in  a  closely  built  city  so  much  of 
the  surface  is  covered  with  buildings  and 
nearly  waterproof  paving,  only  a  small  pro- 
portion of  the  rainfall  can  soak  into  the 
ground,  the  most  being  carried  away  by  storm 
drains.  The  answer  to  ibis  line  of  reasoning 
is  that  though  the  waterproofed  areas  keep 
water  out  of  the  ground,  they  also  keep  it  in 
by  preventing  evaporation. 

Certain  instances  have  been  noted  where  the 
ground  water  level  appeared  to  be  far  below 
tlio    cutlet,    but    the    writer    believes    that    the 


cause  can  be  explained  without  invalidating 
the  theory.  One  of  the  most  marked  cases 
was  \vhen  the  borings  were  made  in  the 
vicinity  of  the  old  Custom  House,  where  it 
was  reported  that  the  water  would  not  rise 
in  the  pipes  above  about  grade  —30.  It  was 
found,  however,  that  when  excavations  were 
allowed  to  fill,  the  water  rose  fully  to  mean 
tide  level.  The  writer  believes  that  the  trou- 
ble with  the  borings  was  that  sufficient  time 
was  not  allowed  for  slow  seepage  through 
nearly  impervious  ground.  Another  case  was 
reported  in  Brimmer  St.,  where  in  an  open 
excavation  the  ground  water  level  for  many 
months  was  as  low  as  -+-3,  or  5  ft.  below  the 
surface  in  the  nearby  basin.  This  case  has 
seemed  to  the  writer  to  be  one  of  leaky 
sewers.  At  any  rate,  ancient  piles  recently 
uncovered  in  this  immediate  neighborhood 
h;ive  been  found  to  be  well  preserved  as  high 
.IS  grade  -|-10.  In  numerous  cases  the  ground 
water  level  has  been  lowered  over  considerable 
areas  by  pumping  from  deep  e.xcavations.  This 
has  been  very  noticeable  in  Boylston  St.  and 
vicinity  during  the  construction  of  the  subway, 
!)Ut  here,  as  elsewhere,  it  has  been  found  that 
the  normal  grade  is  reached  after  a  time  when 
pumping  is  suspended.  It  also  sometimes  oc- 
Lurs  that  in  an  open  excavation  no  trouble  is 
experienced  with  water  until  a  depth  is 
reached  considerably  below  what  might  be 
a.'isumed  to  be  the  normal  level.  This  has 
given  the  impression  that  the  water  level  had 
not  been  reached,  although  the  cause  is  simply 
that  the  material  is  impermeable  and  that, 
though  damp,  there  is  no  flowing  water.  Un- 
der such  conditions,  if  time  enough  is  allowed 
without  pumping,  water  will  appear  and  will 
rise  to  the  expected  grade.  In  the  construc- 
tion of  the  Corpmonwcalth  Pier.  Mr.  Hodgdon 
has  adopted  -|-li  as  the  grade  at  which  to  cut 
buried  piles.  While  this  may  seem  to  be 
rather  high,  where  the  mean  tide  level  is  +5, 
it  would  seem  unlikely  that  near  the  shore  line 
the  ground  could  ever  dry  enough  at  this  level 
to  endanger  the  piles.  In  view  of  present 
knowledge,  we  may  ask  whether  grade  -1-8 
would  not  be  a  reasonably  safe  assumption  for 
low  ground  water  level. 

The  writer  hopes  that  this  point  will  be 
fully  discussed  and  that  all  facts  bearing  upon 
the  subject  will  be  brought  out.  It  is  impor- 
tant not  only  in  determining  the  safe  eleva- 
tion for  cutting  piles,  but  also  to  determine  the 
possible  head  that  may  act  on  a  waterproof 
floor  at  low  grade. 

n.VSEMEXT    FLOORS. 

The  subject  of  basement  floors  is  perh.aps  a 
little  apart  from  that  of  foundations,  though 
so  closely  allied  that  we  may  be  pardoned  for 
going  into  it  briefly.  One  of  the  most  com- 
mon mistakes  in  building  construction  has 
been  to  rest  walls  and  columns  on  piles,  where 
the  soil  is  soft,  and  to  place  the  basement  floor 
(tl''cctly  on  the  ground.  The  usual  reasons  for 
doing  this  are  that  it  is  a  great  saving  in  first 
cost,  that  it  is  not  cxnccled  that  the  basement 
will  be  used  extensively,  and  that  it  is  thought 
that  the  weight  of  the  ba.scmcnt  floor  will  be 
so  little  that  it  will  not  settle  even  on  very 
soft  ground.  The  results  are  that  in  a  few 
\ears  the  ground  shrinks  through  the  decom- 
position of  organic  matter  and  the  floor  must 
necessarily  follow.  When  it  is  partly  attached 
to  walls  and  columns,  as  is  usually  the  case,  it 
will  crack  and  drop  in  the  center,  forming 
hoppcr-Iike  depressions.  The  writer  has  seen 
numerous  cases  where  the  settlement  has  been 
from  (i  ins.  to  I  ft.  W'here  the  basement  floor 
is  below  ground  water  level  these  settlements 
are  sure  to  produce  leaks :  where  above  water, 
they  may  not  be  so  serious,  but  it  is  very 
desirable  to  have  such  floors  cut  free  from 
the  pile  supports  liy  liberal  vertical  joints  so  that 
the  floor  may  settle  in  all  parts  alike.  The 
best  wav  is  to  give  the  floor  strength  enough 
to  sustain  itself  and  its  live  load,  carrying  this 
weight  to  the  piles.  If  this  course  is  pursued, 
however,  we  have  a  condition  where  full  ac- 
count must  be  taken  of  hvdrostalic  head  act- 
ing on  the  under  side  of  the  floor,  for  a  space 
will  soon  he  left  between  the  floor  and  the 
earth  which,  if  the  water  level  is  higher,  will 
be  filled  with  water,  and  it  then  becomes  im- 
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portant  to  know  the  maximum  head  which 
can  occur. 

HYDROSTATIC    PRESSURE. 

There  have  been  many  examples  of  water 
pressure  raising  floors,  showing  that  it  is  an 
victual  not  a  theoretical  condition  with  which 
wc  have  to  deal.  The  maximum  head  has  not, 
so  far  as  the  writer  knows,  been  definitely 
ascertained.  In  the  Back  Bay  district  the 
.■streets  arc  at  grade  !•!  or  17.  and  as  the  ground 
water  level  does  not  rise  to  the  street  grade 
we  have  an  upper  limit  and,  if  the  forego- 
ing reasoning  is  correct,  a  lower  limit  be- 
tween wliich  it  is  to  be  located ;  but 
they  are  8  ft.  apart,  and  this  range  of 
uncertainty  should  be  reduced  consider- 
ably. The  writer  has  assumed  grade  12 
as  the  highest  water  level  in  many  instances, 
and  has  not  learned  of  a  case  where  this 
height  has  been  exceeded  on  the  basin  side  of 
the  city.  Near  tide-water,  provision  must  be 
made  for  extreme  tides,  which  may  reach  to 
about  grade  14. 

In  this  connection  it  may  be  well  to  consider 
how  large  a  proportion  of  a  floor  resting  on 
the  soil  need  be  assumed  to  be  exposed  to 
water  pressure,  .^s  has  been  said  above,  if 
thi?  floor  is  supported  on  piles,  practically  the 
whole  area  is  liable  to  be  so  exposed,  but 
when  the  floor  rests  directly  on  the  ground, 
obviously  less  than  the  whole  area  is  exposed 
to  water,  for  part  must  bear  on  the  soil.  Ex- 
periments reported  bv  J'.  C.  Meem  (Trans. 
.Am.  Soc.  C.  E..  \'oI.  l-XX,  p.  3ti-_>)  would  in- 
dicate that  with  a  sandy  soil  not  over  50  per 
cent  is  so  exposed.  The  writer  has  been  in 
the  habit  of  making  this  assumption  in  Boston, 
although  realizing  that  it  is  purely  an  assump- 
tion, and  has  yet  to  hear  of  its  not  proving 
adequate. 

COXCRF.TE. 

Since  1003,  concrete  has  almost  completely 
taken  the  place  of  stone  for  foundations, "ex- 
cept where  exposed  to  sea-water  between  high 
anrl  low  tide.  Its  cheapness  and  convenience 
.ind  the  ease  with  which  it  can  be  reinforced 
to  resist  tensile  stresses  have  given  it  the  place 
formerly  occupied  by  other  forms  of  masonry 
and  have  also  nearly  driven  out  of  use  .steel 
beams  and  girders  in  grillages  and  cantilevers. 

Reinforced  concrete  is  wonderfully  adapt- 
able to  foundations  in  many  ways.  Its 
strength  permits  the  use  of  thinner  walls  and 
slenderer  piers.  Its  density  and  freedom  from 
joints  make  waterproofing  much  easier  and 
more  effective.  Its  application  in  a  plastic 
condition  against  a  vertical  excavation  in  hard 
ground  fives  an  easy  method  of  pr.ictically 
filling  viiiiis  in  the  earlli  which,  if  left  oiien, 
might  cause  future  settlement  of  surrounding 
buildings.  Without  concrete,  the  caisson  sys- 
tem of  fiiundations  would  be  scarcely  possible. 

While  concrete  is  an  admirable  material  in 
every  way  when  it  is  all  right,  it  has  not  be- 
come so  well  known  that  it  can  safely  be  u.scd 
without  caution  I'niikc  rolled  steel,  it  is  not 
maniifai  lured  by  standard  processes  in  mills 
doing  nr. thing  else,  but  it  is  nut  together  on 
(he  ground  in  relatively  small  i|uaniities  and 
cDmp'Kid  of  whatever  materials  can  be  easily 
fiblainrd.  The  seleilifin  nl  maleri.ds.  espe- 
cially the  sand,  is  of  grciil  imp'rt.cir  <■.  .md  rc- 

•'"''•■•-   ^'  ■••'"■"'  •  ■'      ■'     It  re<|uires 

.in  any  other 

CAISSOM   FO.UND.v 

I  lie  ii.sr  of  cai« '•■-  —   -■ 

tensive  as  yet    in 

!>ecn   adopteil    in 

lions  for  the  new 

the  most  notable 

was  supported  up  !<•.! 

piles  which  cxlni''  'be 

clay.     The  consr<r 

casion   when   the 

to  a   li)w    level    ill 

trarteil  an<l  llir  b 

the  Fa«f  Ro^i 

it  was  found  ■ 
of  level,   the 

lower  than  the  ii nhrrly  or  State  St.  side. 
The  construction  "i'  the  tunnel  caused  a  set- 
tlement of  the  northerly  side  which  brought 


all  parts  nearly  to  the  same  level.  The  weight 
of  the  new  tower  was  considered  too  great  to 
place  on  ihis  kind  of  a  foundation,  and  the 
architects  decided  to  carry  the  support  down 
to  ledge  or  the  hardpan  immediately  over  it. 
To  do  this,  it  was  determined  to  carry  down 
concrete  caissons  by  means  of  compressed  air. 
Considerable  difficulty  was  experienced  in 
lorcing  the  caissons  down  on  account  of  the 
:riiiion  of  the  soil  against  the  sides,  even 
when  the  ground  was  completely  excavated 
under  the  cutting  edge,  but  it  has  been  success- 
fully accomplished  and  the  caissons  filled  with 
concrete. 

The  sinking  of  the  caissons  under  the  cen- 
tral portion  of  the  building  produced  further 
settlements  of  the  original  building  in  spite  of 
the  use  of  compressed  air  to  control  the  water, 
but  it  is  thought  that  no  more  trouble  will  be 
experienced  now  that  the  soil  has  come  to  rest. 

Foundations  resembling  caissons  but  con- 
structed in  a  different  way  have  been  used  in 
many  instances.  Examples  of  these  are  in 
the  Filene  building.  Here  cylinders  12  ft.  in 
diameter  were  sunk  under  each  column.  The 
excavations  were  sheathed  with  vertical  plank 
supported  by  bent  steel  hoops  on  the  inside. 
Compressed  air  was  not  used  and  no  trouble 
was   experienced   with   water  except   in  a   few 


.s,  that  when  a  limited  area  is  loaded,  the  soil 
has  a  chance  to  flow  out  in  every  direction 
and,  as  the  area  of  the  load  increases,  the  op- 
portunity for  flow  is  relatively  decreased.  The 
first  error,  which  would  be  liable  to  giVe  too 
high  capacities,  is  important  in  the  case  of  a 
harder  ground  over  a  softer.  The  second, 
which  may  give  too  low  results,  is  more  likely 
to  be  found  in  the  case  of  a  soft  plastic  ma- 
terial, like  clay,  immediately  under  the  loaded 
point. 

Jt  has  been  found  diflicult  to  prepare  for  a 
lest  of  clay  so  as  to  apply  the  load  to  soil  in 
its  natural  condition.  The  best  way  that  the 
writer  knows  is  to  excavate  a  pit,  large  enough 
to  work  in,  down  to  a  level  about  1  ft.  above 
the  grade  at  which  the  load  is  to  be  applied. 
From  the  bottom  of  this  excavation  a  small 
pit  is  carefully  dug  by  hand  to  the  desired 
ilepth  just  the  size  of  the  plunger  at  the  bot- 
tom and  with  a  slight  batter  to  the  sides  so 
as  not  to  touch  the  plunger  above  the  bottom. 
On  the  top  of  the  plunger  a  platform  can  be 
constructed  to  receive  the  load  and  this  must 
lie  held  firmly  in  horizontal  position  to  allow 
no  rocking  motion.  This  can  be  done  satis- 
factorily by  means  of  boards  laid  horizontally 
and  nailed  to  the  platform  and  to  stakes  driven 
into  the  ground  at  the  level  of  the  platform. 


T.ABLE   I.— RESI.'LTS   OF  TESTS  TO  DETER.MIXE  THE  BE.ARIXG   POW 

Load. 
I*ef.  Inns  p«.'r 

No.         Location.  Nature  of  soil.  so.  ft 

1.     Kneeland   St Quite  soft  clay 174 

.I.S.I 


ER  OF  SOIL. 
Settle- 
ment.     , Time ^ 

ns.         Days. Hours. 


HaivaiU    .St.  ..  Rather  soft  olay. 


3.     Bennet  St.    . . .  . .  Hard   clay 

.'..     .Milk  and  Hawley  Sts.    (A) Qu^te  soft  clay. 

(LoiJ  removed  and  ai^aln  applied.) 
."..  •  Milk  and   Hawley  Sta.   (B) Ilalher  «oft  clay 

(I^ud  removed  and  acaln  applied.) 
rt.     Milk  and   ilawli<y  Sta.   (C) Itatlier  soft    elny 

tLoud  removed  and  u^uln  apiitlod.) 
7.     Boiiton  A  Maino  R.  R.,  Charleatown.  .Medium  <, 


ly  clay. 


6.92 
S.02 
9.11 
L'.fiO 
.■(.(« 
.=;.24 
«.38 
7.52 
8.66 
9.79 
10.96 
12.12 
4.72 
S.S2 
li.91 
K.OO 
9.23 
10.18 
2.75 
Xlt, 
2.00 
3.20 
4.80 
.-..l.'-. 
•>  -- 

:1.'7.5 

2.00 

3.20 

4  S(t 

■•  1.1 

.lis 

2.00 
3.20 
4.80 
5.15 

.1  II 


0.38-0.47 

0.64-1.21 

?.62-3.10 

3.70-4.1.S 

4  30-4.70 

0.02 

9.08 

0.12 

0.19 

0.32 

0.3S 

0.44 

0.59-0.S7 

0.74-1. 2fi 

0.04S-0.10g 

0.144-0.18 

O.IS  -0.:'88 

0.288-0.36 

0.36  -0.492 

0..'>.i  -0.74 

0.31 

O.34-0.3S 

O.BO 

0..';0-0.53 

1.00 

1.59 

0.31 

0.34 

0.40 

0.10 

0.47 

0.63 

0.2J 

0.28-0.31 

0.37 

0.37-0  47 

O.'iO 

o.sa 

0  25 


1 
1 

23 
6 
6 
6 
6 
6 

10 
7 
2 
2 
3 

3 
7 
2 


places,  although  a  rather  large  pumping  outfit 
was  re<iuircd  wlicn  a  number  of  foundations 
were  going  down  at  once. 

A  .nimilar  .sy.stcm  has  been  used  bv  Mr. 
Charles  R.  (iow  in  many  places,  where  lie  has 
excavated  holes  about  .')  ft.  in  diameter  within 
mrlal  plate  f>>rnis  made  sn  that  they  c.in  be 
rtniovrd  as  the  concrete  is  lilleil  in.  In  many 
of  these,  where  the  ground  pirniilted,  the  bot- 
tom   111    these    hides    liai    licni    .  ••'   • i    ^n    a 

conical    form   to  increase   the   In  .  on 

the    grouiKl       When     t',.  il    /  rn 

water   freely,  a», 

with  the  Imttotn   ' 

hat  been  found  vi  rcunuinical. 

PHI 

In    the    earlier    paper    i':  in« 

were  tcnialivrlv  ■iutrni  ,fr.!   ■  the 

"nil.  but  no  '  red 

I,.   ni|i|...rt    |l  .If, 


nt- 

of 

t  a 

;icy, 

^^IikIi  rei>d«(<.  tlieiii  unreliable.     Tins  condition 


It  is  to  l)e  regr.,,,.,  i.,.,i  there  are  not  more 
tests  on  record,  for,  in  spite  of  the  allowances 
which  must  be  made  for  misleading  condi- 
tions, lliev  furnish  valuable  information.  Table 

I  gives  the  results  of  the  few  which  arc  ac- 
cessible. It  is  hoped  that  more  may  be  added 
ill  the  di«cii««ion  The  lir'i  three  were  made 
i>.v  the  n  ; ,,,,  .It  itie  bot- 
tom <i!  iu-1  The  last 
was  a  tr^i  ■■!  .1  T'.iiiiH.i;i.  11  iinii  by  Charles  R. 
Gow  &  Co.  for  the  Boston  &  Maine  R.  R 

'     —  "'  the   last   test   these 

■I    1   sij.    ft.  of   soil. 

i-.ii:  .T  ft.  in  diameter. 

en'  1   to  4    ft    in   diameter 

It  Tile    -.i-il    iltniri    which 

II  '  low- 

isli  ^;ray 

sand,      rill-  :i   its  nalui.i)  si.iie  was 

plainlv    well  with    moisture,   and    in 

Iv    than    its    subsc- 

be.    The  soil  sur- 

'1   of   the  pile   was 

'  for  2  ft.  of  com- 

sandy  clav.     The 

•e'  ithin  the  first  day 

•if 

I  1    to   be  drawn    from    these   tests 

Wi  lo  be  that,  even  with  light  loads, 

clay  uxM  appears  hard  is  likely  to  settle  slight- 
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ly  in  reaching  a  beariny,  and  tliat  for  addi- 
tions to  the  load  temporary  increases  in  set- 
tlement may  occur,  it  is  probable  that  where- 
larger  areas  are  covered  and  the  chance  of 
escape  of  material  laterally  is  reduced,  these 
slight  settlements  are  less  noticeable.  It  ap- 
pears that  with  "quite  soft  clay"  it  requires 
from  8V4  to  -J  tons  per  square  foot  to  produce 
%  in.  of  settlement.  With  "rather  soft  clay' 
it  requires  from  3  to  10  tons  to  produce  the 


fact  that   111)   trouble   has   been   e.\perienced   in 
very  many  buildings  designed  on  this  basis. 

I'lI.E    TESTS. 

.\  number  of  pile  tests  have  been  observed, 
the  results  of  which  are  embodied  in  Table  II. 
The  first  experiment  in  the  table  was  that 
reported  by  the  late  VVm.  Parker  in  his  discus- 
sion of  the  I1J0.3  paper;  the  second  was  con- 
ducted by  the  late  Geo.  B.  Francis  in  connec- 
tion with  the  construction  of  the  South  Sta- 


TABLE    II.— Ri:sri.TS    OF    TliSTS    TO 


Ref  I^ength  in 

No.'        I.ocallty.  ground,  ft. 

1.  B.  &  A.  Warehuuse,  E.  Boston 40 

2.  South   Station    27 

3.  India   St 20  long; 

I  in  clay 

4.  Homeopathif     Hospital.     E.     Con- 

cord   St ^0 

Note:       Loadii     were     applied 
continuously.         During       test, 
,-inother      hammer      was      at 
worlv  within  30  ft.  of  the  test 
pile. 


Same  as  No.   4. 
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6.     Wentworth    Institute.    Huntington 
Ave.   and   Ruggles  St 


7.     Sumner  St.,  E.   Boston. 


8.  Copley-Plaza  Hotel.  c;opley  Square 

9.  Union    Park    and   Albany    Sts 


Note:  The  interval  between 
last  two  observations  was 
one  day. 


10.     CambridBe.      Site    of    new    Mass. 
Inst,   of  Technology  buildings... 
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28.- 


11.     Same  as  No.  IC. 


12.     Same  as  No.   10. 


13.     Same  as   No.   '.0. 


H.     Same  as   No.    KJ 


32.  OS 


41. G 


26.7 


23.(1 


II.N'E 

THK    SUFFORTING    POWER    OF    PILES. 

Penetra- 

Tip 

Wt.  of 

Fall  of     tlon. 

diam 

-     ham- 

ham-      last 

Test 

ftter. 

mer, 

iner,       blow. 

load. 

Settle- 

ins. 

lbs. 

ft.           ins. 

lbs. 

ment,  ins 

e, 

2,050 

£0            1.92 

60.000 

0 

2,000 

16         3  to  4 

40,000 

0 

6 

1.900 

22-23        3 

41,740 

0 

e% 

1,800 

IE            2 

20.000 
2C,000 
30,000 
35,000 
40,000 
45,000 
50,000 
55,000 
60,000 
65,000 
70,000 
75,000 

0 

Vs 

Vi 
5/16 
7/16 

1 
1% 

3  *5/16 

c 

1,800 

15            2% 

20,000 
25,000 
30,000 
35,000 
40,000 
50,000 
60,000 
70,000 

0 

l/lfi 

1 

3/16 

5*/. 

2,000 

2.1            G 

2,000 

0 

7,500 
12,500 
17,500 
22,500 
27,500 
32,600 
42,500 
48,000 
52,500 

1/16 

^3/16 
5/16 

I 
% 
17/32 

% 

VV2 

2,2.')0 

10            2 

12,650 
26,900 
35,450 
44,000 

0 
% 

6 

2,300 

17            3 

77,000 

7/10 

2,100 

.S.6         3V4 

10,860 
20,860 

1/16 
3/16 

• 

30,860 
40,860 
50,860 
60,860 
70,860 
70,860 

V4. 

5/16 
% 
11/lG 

1% 
17 

0V2 

2,;!00 

;i         2 

7,570 
12,710 
22,850 
28,140 
33,240 
48,480 
53,350 
58,330 
61,910 

5/32 

7/32 

9/32 

19/64 

27/64 

35/64 

% 

13/16 
31/32 

6 

2,300 

10         2 

9,2S0 
15,150 
27,700 
46,210 
51,190 
56,480 
61,690 

2,?m 

0 

1/16 

^5/32 
^^7/32 

5/16 
3/32 

S'^ 

2,300 

11          iVi 

5,020 
15,290 
20,010 
30.330 
56,970 
62,790 
68,000 

2,300 

5/15 
13/32 

7/16 
15/32 
21/32 
15/32 

fi 

2,300 

10..';       2 

7.070 
18,080 
28,550 
34,010 
Sl.-'OO 
58,070 
62,800 

2.300 

1/32 
1/16 
3/32 

3/16 

17/64 

7/32 

5/32 

6 

';.300 

6.3           % 

11.000 
14,900 
20,400 
25,700 
30,670 
35,780 
40,350 
46,220 
51,580 
61.560 
2.300 

3/64 
5/64 
3/32 

^3/16 

9/32 
13/32 

7/16 
17/32 

3 '16 

same   settlement.     With    "hard   clay''    10   tons 
has  also  been  found  to  produce  this  effect. 

These  results  would  seem  to  show  that  the 
recommendations  of  the  former  paper,  of 
from  2%  to  4  tons  as  proper  allowances,  were 
conservative,  and  the  same  is  indicated  liv  the 


tion,  and  the  ninth  was  made  by  the  Sewer 
Department  of  the  city,  under  Mr'.  E.  S.  Dorr. 
The  last  five,  made  for  the  Massachusetts  In- 
stitute of  Technology,  were  contributed  by 
Mr.  F.  N.  Bushnall,  vice-president  Stone  & 
Webster  Engineering  Corporation. 


CONCLUSIONS    FROM    PILE   TESTS. 

These  tests  are  too  few  to  warrant  any  very 
sweeping  conclusions,  but  some  interesting 
deductions  may  be  drawn  from  them.  In  each 
case  it  will  be  observed  that  the  ground  was 
comparatively  soft,  that  is,  the  piles  were 
mainly  supported  by  "suction"  or  "friction," 
the  end  bearing  not  being  much  of  a  factor. 
In  ten  instances  it  appears  that  small  settle- 
ments occurred  under  comparatively  light  loads 
and  that  succeeding  increments  of  loads  pro- 
duced gradually  increasing  settlements.  The 
writer  is  inclined  to  believe  that  more  accurate 
observations  of  levels  would  have  detected  the 
same  condition  in  the  other  tests,  but  of  this 
we  cannot  be  certain.  If  we  assume  that  %  in. 
motion  is  allowable  and  that  more  would  have 
been  observed  and  recorded,  we  could  condense 
Table  II  into  the  form  shown  in  Table  III. 

TABLE   HI.— DATA    CONDENSED    FROM  TA- 
BLE   II    AND    RE-ARRANGED. 

Wh 

Test  No. —         P.         W.  h.          p.  p-fl.  C 

1  -^O.OOO  2,050  20  1.92  14,000  4.3 

2  40,000  2,000  16  3.5  7,100  5.6 

3  41,740  1,900  22.5  3  10,700  3.9 

4  35,000  1,800  15  2  9,000  3.9 

5  70,000  1,800  16  2.75  7,200  9.7 

6  20,000  2,000  20  6  5,700  3.5 

7  30  000  2,250  in  2  7,500  4.0 

.S  44, COO*  2,300  17  3  9,800  4.5 

9  30,860  2,100       S.6  3%  4,000  7.7 

10  22,850  2,300       9  2  6,900  3.3 

11  56,480  2,300  10  2  7,670  7.4 

12  15,290  2,300  11  IV-  10,120  1.5 

13  58,070  2,300  10.5  2  8,050  7.2 

14  35,780  2,300       6.3  %  8,920  4.0 

♦Interpolated. 

In    Table    HI— 

P  =  the   load    carried    in   pounds, 

W  =  weight  of  hammer  in  pounds, 

h  =  drop   in   feet, 

p  =  penetration  under  last  blow  in  inches,  and 

C  =    coefficient  which,  apolied  to  the  formula 

Wh  ^ 

,    will    bring    the    theoretical    capacity    into 

P+1 

agreement    with    the    observed    load,     that    Is: 
CWh 

P  = . 

P-H 

If  we  disregard  test  No.  •"),  which  developed 
unusual  capacity,  and  test  No.  12,  which  set- 
tled %  in.  at  a  light  load,  but  was  afterwards 
all  right,  we  find  that  the  value  of  C  appears 
to  be  nearly  constant  at  about  4.  The  "Engi- 
neering News  formula,"  so  generally  followed, 

TABLE     IV.  —  DATA     CONSIDERING     THAT 

PILES    SUSTAIN   THEIR   LOADS  BY 

BEARING  AND   FKICTION. 


d 

v: 

a 

1" 

M 

^1 

c 
o 

en 

afe 

C 

-t^ 

s» 

K 

fc 

Ha 

A 

as. 

fe 

< 

UH 

1    . 

..   60.000 

6 

40 

1,980 

58,020 

104.8 

553 

2     . 

..    40,000 

6 

27 

1,980 

38.020 

61.3 

620 

3     . 

..   41,740 

6 

20 

1,980 

39,760 

41.8 

ybu 

4     . 

.  .   35,000 

6-)i 

20 

2,500 

32,500 

45.S 

710 

i)    . 

..   70,000 

6 

31 

1,980 

6.5,020 

73.5 

930 

6     .. 

..   20,000 

51/. 

37 

1,660 

18,340 

89.4 

205 

7     . 

..   30,000 

^v, 

11 

3,060 

20,940 

27.7 

970 

8    . . 

..    44,000 

() 

33 

1,980 

42,020 

70.7 

mn 

9     . 

..   50,860 

6 

25 

1,980 

28,880 

55.7 

518 

10     . 

..   22,850 

oV. 

28.7 

1,660 

21,190 

62.8 

■m 

11     . 

..   56,480 

6 

32.0> 

i,9.-;o 

54,500 

77.0 

706 

12    .. 

..    15,290 

5V- 

41.6 

1,660 

13,630 

104.8 

130 

13     .. 

..  58,070 

6 

26.7 

1,9S0 

56,090 

60.6 

91b 

14     . 

..   35,780 

6 

23.6 

1,980 

Si, 800 

51.5 

633 

is  identical  with  this,  with  a  value  of  2  for  C, 
for  safe  loads.  It  would  appear  from  these 
tests  that  the  formula  is  in  satisfactory  shape 
for  correlating  varying  elements,  although  it 
does  not  appear  always  to  have  a  factor  of 
safety  of  6,  as  it  is  supposed  to  have.  If  we 
use  it  with  the  understanding  that  it  gives  a 
factor  of  safety  of  2  as  regards  the  load  which 
may  be  expected  to  cause  a  settlement  of  V4  in., 
it  would  seem  to  correspond  quite  closely  with 
the  experimental  knowledge  thus  far  attained. 
Considering  the  same  piles  as  sustaining 
their  load  by  end  bearing  and  by  "friction"  or 
"suction,"  Table  IV  may  be  arranged.  The 
area  of  pile  is  estimated  on  the  assumption 
that  the  taper  would  increase  the  diameter  4 
ins.   in  20  ft.     Where  the  tip  diameter  is  not 
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known   it  is  assumed  as  0   ins.,   and  the  end  the  recommendations  based  on  the   foregoing  for  the  higher  and  grade  8.00   for  the  lower 

bearing  is  assumed  at  5  tons  per  square  foot.  aata  and  arguments:                                 ;  '™^-     ^^  tentative  suggestions  for  safe  bear- 

The    variation    in    coefticients    is    not    very  (i)     !„  designing  foundations,  prehminary  ;„'  pressures  on  soil    the  writer  proposes  the 

great,  except  in  the  case  of  tests  No.  b  and  -No.  borings  are  of  great  value  to  assist  in  deter-  f -,ii,f,.,ine  • 

12.     The   reason   that  the  coefficient    for  test  fining-   (a)  At  what  level,  if  at  all,  firm  soil        "' "       *"                                                       Safe 

No.  6  is  so  low  is  that  while  the  pile  was  long.  ^^  reached;   (fc)  whether  piles  are  likely                                                                            toLTp^r 

the    greater    part    ot    the    length    was    driven  ^^  >^  ^^  advantage,  and  if  so,  about  how  long                   Material.                                          wns  p 

through  a  silt  which  adds  little  to  its  carr.ung  ...       ^^^    be-  (c)  in  case  a  hard  crust  Drv.  hard,  yellow  clay,  "bowltier  clay."  dry 

Ha^id  ^p^n'et^tio!;'  aT  ^t^^^'^  '^  encoun  ered.  it^s  thickness  and  the  nature  of  ^^n.  or  ^.rav.^.^^.  ,^^,.^^,,. ,,,,,;  ,,,, 

later      Disregarding   these   tests,   the   average  the  underlying  material  Memum   bye•■cl•a^\ -wheiher  ornotmVxed 

coefficient  is  628 .     If  we  use  a  coefficient  of  (2)     It   is   of  great   importance   to  support  ^'^Th  flni  Lnd     • •• ?J* 

300.  we  would  have  about  the  same  factor  of  all   parts   of   structures   on   a   stratum   of   soil  soft  clay.  runnliiE  sand  (conHned) ^V2 

safety  as  with  the  Engineering  News  formula  l,elow  the  silt  and  peat.                                                   (5)     Yot  the  safe  supporting  power  of  piles, 

and  'apparently    about    equally    consistent    re-  ^g-j     -j-j^g  maximum  and  minimum  levels  of  the  formula 

suits.     It  is  well  to  note,  however,  that  it  is  ^^^^  „round  water  should  be  determined.     The               3ir/i 

not  alwavs  safe  to  take  into  account  the  por-  |„3j.|^„,n   to  obtain   the   hvdrostatic   head  on  P  = (Engineering    News   formula   +   oO 

tion  of  the  pile  which  is  embedded  in  an  in-  ^^.^^Qof^j  basements  arid  the  minimum  to              /.  + 1                                                 percent.) 

ferior  material,  and  the  objection  to  the  use  ,  ,     i,:             s-f„    jgvel    for    cutting    wooden        P  =  supporting  power  in  pounds, 

of  this  method  is  the  uncertainty  as  to  how  "eie        ^^           ^^  ^^^.^^^  .^  ^^^^  ^^^  discussion       II '  =  weight  of  hammer  in  pounds. 

much  length  to  '^o"^'""- ^,^,^.^.„^„„^.,  should   prove  inaccuracy,  the  writer   suggests        /.  =  fall  of  hammer  in  feet  and 

suxiM.XRV  AND  RECOMMKNDATIONS.  siiou'^    P         (referred   to   Boston   Citv   Base)         /-  =  penetration  in  inches. 

In  conclusion  it  mav  be  well  to  summarize  grade   l-.uu    (.reierreu   lo      us              .                              ^ ^ 


The  Art  of  Making  Rapid  and  Reliable 
Preliminary  Estimates  of  Cost. 

Contributea     b.v    All.-n    H.i/..n.    ConsultinK    Civil 
Engi.neer,   Xew   York  City. 
Estimating    the    cost    of    constructing    pro- 
DOsed  or  existing  structures  rapidly  and  sure- 
Iv  is  an  art.    It  is  a  valuable  art  and  deserves 
Cultivation.     The   success   of   many   undertak- 
ings depends  upon   its  use.     Some  men  have 
the    knack    of    estimating:    others    can    never 
learn  it     But  good  methods  are  essential  and 
these   can   be   studied   and   perfected   and   ap- 
I     plied  to  special  problems. 

Estimates  made   for  different  purposes,  are 
ireparcd  in  quite  different  ways  according  to 
.     circumstances.       They      may     be     convicntly 
classified  under  three  headings: 

(1)  Preliminary  estimates,  being  estimates 
made  in  advance  of  the  preparation  of  de- 
tailed plans  and  specifications  for  the  purpose 

■  t  discussing  a  project  for  deciding  as  to  its 
r.doption,  and  for  making  the  necessary  finan- 

ial   arrangements   for   carrying   it  out. 

(2)  Detailed  estimates,  being  estimates 
based  upon  detailed  plans  for  the  execution 
of  the  work,  and  usual!)  made  shortly  before 
,,ids  are  asked  for  the  particular  work  cov- 
.  red.  or  in  advance  of  undertaking  to  carry 
It  out  bv  day  labor. 

(3)  Final    estimates,    being    the    estimates 
,o   the   contractor   at   contract   prices    for   the 
ictual  work  done.     The  term  "final  estimate 
uiav   also  properly  be  applied   to  a  statement 

■  fthe  cost  of  a  completed  work  based  upon 
actual  expenditures  made  for  carrying  it  out. 

That  which  follows  relates  only  to  prclim- 
marv  estimates.  i.  _  ,„ 

Preliminary  estimates  arc  made  much  nrnrc 
irrqucntlv  than  others  because  only  a  trac- 
tion of  the  projects  for  which  estimates  arc 
made  are  carried  out.  Less  precision  is  ex- 
pected in  preliminary  estimates  than  in  de- 
tailed or  final  estimates,  but  on  ihr  o,l,or  hand 
all  reasonably  attainable  accuracy  is  desirable. 
fnr  manv  important  matters  depend  upon  it. 
The  decision  as  to  which  of  two  "r  "lore  al- 
.ern.ite  projects  is  to  be  .ndopted  /requentb 
turns  upon  the  preliminary  estim:.tes  of  the 
respective  costs.  The  derision  as  to  who  her 
or  not  to  undertake  a  certain  enterprise  usual- 
ly turns  upon  the  preliminary  estim.ite  of  the 
cost  of  the  work  .\  certain  dcKrec  of  re- 
li.-.bility  is.  therefore,  essenti.il  m  Prc  m  n- 
arv  estimates.  On  the  other  lian.l,  prdin  in- 
arv  estimates  must  be  made  lor  many  enter- 
prises that  will  never  be  carr,e<l  out  and  it  s 
necessary  that  they  should  be  made  rap.dh 
and  without  undue  expense  to  the  client. 

nASt<;    FOR    TRKtlMIKARV    rSTtMATES. 

There  is  onlv  one  real  reliable  basis  for 
preliminary  estim.ites.  It  is  the  cnns.dera- 
fiono    final  estimates  of  work  prev.ot.sly  ear- 


ned out,  of  a  character  and  magnitude  as 
nearly  as  may  be  similar  to  that  of  the  pro- 
posed work.  The  more  nearly  the  work  rep- 
resented by  these  final  estimates  approaches 
in  all  the  conditions  that  for  which  estimates 
are  being  made,  the  more  reliable,  m  general, 
are  the  perliminary  estimates  based  upon  it : 
and  the  more  numerous  and  greater  the  points 
of  divergence,  the  less  reliable  is  the  basis 
and  the  greater  is  the  probable  error  in  the  re- 
sulting preliminary  estimate. 

ESTIMATES    I^f   VALUATION    PROCEEDINGS. 

When  a  property  such  as  a  water  works 
property  is  to  be  valued  for  the  purpose  of 
sale,  it  is  common  for  engineers  to  make  es- 
timates of  the  cost  of  reproduction  for  the 
structures.  These  estimates  may  be  in  the 
nature  of  final  estimates  when  the  structures 
were  recently  completed  and  the  actual  (;osts 
are  shown  by  records.  They  may  be  in  the 
nature  of  detailed  estimates  when  full  plans 
and  quantity  schedules  are  available.  More 
often  they  are  in  the  nature  of  preliminary  es- 
timates because  such  detailed  information  and 
cost  are  not  available.  Preliminary  estimates 
made  in  this  way  are  commonly  subject  to 
comparison  with  like  estimates  made  by  en- 
gineers representing  the  other  party  to  the 
transaction,  and  it  is  frequently  necessary  to 
harmonize  such  estimates  by  arbitration  or 
otherwise.  If  they  are  presented  as  evidence 
in  court  the  engineers  who  made  them  must 
support  them  through  a  searching  cross-ex- 
amination. The  criticism  of  preliminary  es- 
timates made  in  this  way  is  likely  to  be  more 
searching  than  that  of  estimates  made  in  the 
ordinary  course  of  business,  where  the  esti- 
mates are  made  for  the  purpose  of  construc- 
tion and  comparison  only.  For  this  reason 
the  experience  gained  in  valuing  properties 
for  the  purpose  of  sale  and  in  condcmn.ition 
cases  is  more  u.seful  than  any  other  experience 
that  an  engineer  can  have  in  training  him  in 
the  first  elements  of  sound  procediin-  in  mak- 
ing  preliminary   estimates. 

METlinilS    l)F    rilMrARISON. 

The  problem  presented  in  making  preliminary 
estimates  is  this:  given  the  final  estimates 
of  a  certain  number  of  works,  more  or  less 
comparable  to  the  one  proposed,  and  a  gen- 
eral outline  of  the  works  for  which  an  esti- 
mate is  to  be  made  to  find  the  probable  fair 
reasonable  cost  of  constriirlion  of  the  pro- 
p.ised  works.  The  gcner.il  procedure  is  to 
find  the  elcnunts  of  cost  in  the  work  th.it  is 
to  be  cirried  out,  and  the  actii.al  cost  of  those 
elemenls  in  the  work';  for  which  final  esli- 
males  are  available,  and  to  apply  the  latter 
to  the  former  In  doing  this  .ill  known  difTer- 
ences  that  would  afTect,  to  an  important  ex- 
tent, the  probable  cost  of  the  work,  must  be 
taken  into  account  and  allowerl  for  to  the 
best  of  the  estimator's  ability. 


BASIS  OF  EST1M.\TE. 

An  estimate  may  be  said  to  be  low,  fair,  or 
liberal,  according  to  the  methods  used  in  mak- 
ing it.  A  fair  estimate  may  be  defined  as  one 
such  that  with  the  work  carried  out  in  a  busi- 
ness-like way  under  average  conditions,  there 
is  somewhat  more  than  an  even  chance  that 
the  work  could  be  completed  within  the  es- 
timate. In  the  case  of  structures  of  types  that 
have  been  built  frequently,  and  of  which  the 
elements  of  cost  have  been  well  determined, 
experience  indicates  that  it  is  possible  in  most 
cases  to  approximate,  in  preliminary  estimates, 
the  cost  of  new  structures  within  10  per  cent 
of  the  actual  cost.  With  such  structures  a 
fair  estimate  would  be  somewhere  between 
the  most  probable  cost  and  10  per  cent  more 
than  this,  or,  in  a  general  w.iy,  -5  per  cent 
above  the  most  probable  cost.  With  an  estimate 
made  in  this  way.  it  should  be  possible  to  keep 
the  actual  cost  of  construction  within  the  es- 
timate three  times  out  of  four,  and  this  is 
figuring  as  closely  as  an  engineer  can  be  ex- 
pected to  do. 

In  the  case  of  structures  of  greater  novelty, 
or  structures  involving  undetermined  under- 
ground conditions,  greater  fluctuations  must 
be  anticipated  and  the  above-mentioned  per- 
centages should  be  increased. 

ERROXEOIS     METHODS    OF    REACHING     ESTIMATES. 

In  a  valuation  proceeding,  it  is  frequently 
surprising  that  reputable  engineers  will  present 
on  difTerent  sides,  estimates  differing  so  much 
for  the  same  item.  These  differences  must 
frequently  grow  out  of  the  use  of  erroneous 
methods  of  procedure  by  the  respective  en- 
gineers. It  may  be  well,  therefore,  to  con- 
sider some  of  the  commonest  methods  that 
are  erroneous.  s.nd  to  point  out  the  reasons 
why  they  should  not  be  used. 

The  CoHlract  Pri,-,-  Mclliod.—The  columns 
of  the  technical  journals  contain  a  record  of 
the  prices  at  which  many  contracts  are  award- 
ed. By  going  through  these  columns  and 
selecting  the  low  bids  and  applying  them  to 
the  proposed  work,  an  estimate  may  be  pre- 
pare<l  which  will  proliably  be  much  below  a 
fair  estimate  for  the  work.  Among  the  rea- 
sons that  it  would  probably  be  low  are  the 
following : 

First,  many  of  the  low  bidders  have  under- 
estimated the  <lifficultics  of  the  work,  and  their 
bi<ls  arc  really  too  low.  That  is.  they  are  not 
sufficient  properly  to  carry  out  the  work  and 
make  a  fair  profit  The  contractor  may  not 
be  able  to  complete  the  work  under  the  con- 
tract and  additional  expense  to  the  owner  will 
have  to  be  met. 

Second,  in  applying  the  bid  prices,  or  con- 
tract prices  to  new  work,  it  is  very  easy  to 
overlook  entirely  some  items  in  the  work.  A 
price  that  relates  to  a  part  of  the  work  may  be 
t.iken  as  applyine  to  the  whole  of  it  through 


Zi2 


Engineering    and    Contracting 


Vol.  XLI.     No.  11. 


ignorance  or  failure  to  make  a  fair  and  full 
comparison. 

Third,  the  scliedule  of  quantities  prepared 
by  the  engineer  for  use  in  the  specifications  on 
which  bids  were  obtained  may  be  inaccurate 
and  may  not  correspond  with  the  final  quan- 
tities when  the  work  is  completed. 

Fourth,  the  items  of  e.xtra  work  growing 
out  of  conditions  that  either  were  not  anti- 
cipated, or  that  were  intentionally  excluded 
from  the  contract  by  the  engineer  as  a  mat- 
ter of  policy,  are  overlooked  and  ignored. 

For  these  and  similar  reasons,  estimates  pre- 
pared from  contract  prices  or  from  low  bids 
reported  are  almost  invariably  too  low  and 
frequently  may  be  too  low  by  a  very  large 
percentage.  An  estimate  made  in  this  way 
is  a  low  estimate.  The  figures  may  be  ar- 
ranged to  make  a  very  convincing  showing  in 
support  of  it,  but  it  remains  notwithstanding 
a  low  estimate. 

Estimates  Based  on  Averages. — In  many 
municipal  and  corporate  reports  one  may  find 
records  of  the  monies  actually  e.xpended  in 
carrying  out  certain  developments.  It  is 
easy  to  find  such  records  and  to  compile  them 
and  to  deduce  from  them  a  figure  which  may 
be  used  as  representing  the  probable  cost  of 
a  proposed  work  of  similar  character.  Some 
works  represented  by  such  figures  may  have 
been  done  in  an  efficient  and  economical  man- 
ner, and  the  figures  so  obtained  may  be  re- 
liable and  proper  ones  for  use.  Frequently, 
some  or  all  of  the  work  taken  for  use  in  this 
way  was  done  under  conditions  that  were  not 
efficient,  and  the  cost  of  doing  it  may  include 
other  items  than  those  relating  to  the  con- 
struction work.  It  is  easy  to  select  data  in 
this  way  to  back  up  a  high  estimate,  and  to 
make  a  showing  that  is  convincing  to  those 
not  familiar  with  the  methods. 

A    F.MR    BASIS    OF    ESTIMATK. 

A  fair  basis  of  estimate  does  not  exclude 
either  of  the  above  methods,  but  will  take 
into  account  data  secured  under  either  for 
what  it  is  worth,  and  will  make  allowances 
for  the  conditions,  or  supposed  conditions, 
under  which  the  bids  were  received,  or  the 
work  was  done.  A  fair  basis  of  estimate  will 
also  give  much  greater  weight  to  final  esti- 
mates of  work  as  comparable  as  may  be  to 
the  work  that  is  proposed  where  the  work 
was  done  under  conditions  known  to  be  care- 
ful and  economical.  -The  engineer  in  making 
such  estimates  will  naturally  and  rightly  give 
greatest  attention  to  work  done  under  his  own 
direction,  and  will  give  second  place  to  work 
done  by  his  friends  and  acquaintances  with 
which  he  is  reasonably  familiar  as  to  condi- 
tions met  and  methods  used  in  the  construc- 
tion. 

THE    WFJGHTED    PRICE    METHOD. 

The  number  of  different  kinds  of  work  for 
which  unit  prices  may  be  obtained  is  very 
great.  If  an  effort  is  made  to  keep  track  of 
the  amount  of  work  of  each  kind,  and  to  es- 
timate the  amount  of  it  in  the  proposed  work, 
the  schedule  will  be  too  complicated  and  the 
labor  of  applying  the  figures  will  be  unduly 
increased.  Moreover,  if  the  schedule  used 
for  comparison  is  too  complicated,  some  items 
are  sure  to  be  overlooked,  with  the  result 
that  too  low  a  final  figure  will  be  reached. 
In  order  to  prevent  both  of  these  conditions 
it  is  frequently  best,  in  preparing  preliminary 
estimates,  to  take  only  a  limited  number  of 
the  main  items  of  work  that  arc  involved  in 
the  kind  of  construction  that  is  contemplated, 
and  to  weight  the  unit  prices  for  them  in 
such  a  way  that  they  will  include  the  whole 
cost  of  all  the  incidental  items  naturally  asso- 
ciated with  them. 

In  proceeding  in  this  wav  one  selects  first 
the  items  that  are  to  be  used.  These  items 
should  be  so  selected  as  to  include  directly  the 
major  part  of  the  work.  The  final  estimates 
that  are  to  be  used  as  a  basis  are  then  taken 
for  analysis.  The  whole  cost  of  the  work  rep- 
resented by  each  is  then  distributed  among 
the  selected  items.  Considerable  judgment  is 
required  in  the  distribution,  and  each  part  of 
the  construction  should  be  included  with  the 
item  to  which  it  is  most  nearly  related.  The 
most  important  point  is  that  every  dollar  spent 


should  be  charged  under  some  one  of  the 
selected   headings. 

The  sum  of  the  costs  reached  in  this  way, 
divided  by  the  quantities  in  the  final  estimate, 
gives  new  unit  prices  which  are  weighted  to 
include  all  the  minor  items.  Applying  these 
unit  prices  to  the  main  items  of  the  proposed 
work  gives  a   basis   for  preliminary   estimate. 

As  illustrations  of  these  methods,  take  the 
case  of  pipe-laying.  The  trenching,  the  lead, 
the  cast  iron  pipe,  the  teaming  and  incidental 
expenses  may  all  be  represented  by  separate 
items  in  the  final  estimate  that  serves  as  a 
basis.  These  can  obviously  be  consolidated 
into  a  single  item  per  lineal  foot  of  pipe  of  a 
given  size.  In  this  process  the  price  for  pipe 
is  weighted  to  include  the  other  expenses  that 
naturally  go  with  it'.  The  process  may  be 
carried  further  and  the  pipe  still  further  load- 
ed to  include  the  gates,  the  hydrants  and  all 
auxiliary  structures. 

In  a  similar  way  the  cost  of  the  reinforcing 
and  of  the  forms  for  concrete  construction 
first  stated  as  separate  items,  may  be  consol- 
idated, and  all  the  different  classes  of  concrete 
may  be  brought  into  one  so  that  a  unit  price 
for  masonry  includes  reinforcing  and  forms, 
and  all  the  appurtenances  that  go  with  the 
masonry   structures. 

In  estimating  the  cost  of  sand  filters  the 
writer  has  for  years  divided  the  whole  cost 
of  the  construction  into  four  parts,  as  follows : 

(1)  Excavation  and  earth  work. 

(2)  Masonry. 

'(3)     Filtering  materials. 

(4)     Piping  and  auxiliaries. 

The  cost  of  each  plant  built  worked  out  in 
this  way  on  a  uniform  basis  affords  a  basis 
for  rapid  and  accurate  comparisons,  and  al- 
lows the  data  to  be  applied  in  making  prelim- 
inary estimates  for  new  work  where  the  prime 
conditions  of  construction  are  known  with 
comparatively   little    chance   of   large   error. 

Weighted  unit  prices  of  this  kind  must  be 
carefully  obtained  and  can  only  be  used  with 
caution.  The  amount  of  weighting  must  al- 
ways be  kept  clearly  in  mind  by  those  who 
use  them.  When  properly  deduced  and  used, 
they  afford  an  extremely  useful  and  rapid 
method  of  appro.ximating^  the  cost  of  many 
structures. 

THE    RATIO    METHOD. 

There  arc  many  cases  where  the  system  of 
weighted  unit  prices  cannot  be  used  because 
the  schedules  in  the  final  estimates  that  serve 
as  a  base  are  in  such  form  that  unit  prices 
cannot  be  deduced  from  them.  For  example, 
there  are  many  cases  where  the  amount  and 
character  of  work  are  known  and  the  total 
cost  of  the  work  is  known,  but  there  is  no 
way  of  sub-dividing  it  between  the  different 
items.  To  compare  the  costs  of  different 
pieces  of  work  with  each  other,  and  to  get  a 
basis  for  estimating  the  probable  cost  of  other 
similar  work  is  then  much  more  difficult. 

A  method  of  reaching  an  approximate  and 
useful  solution  of  this  problem  is  one  which 
may  be  called  the  ratio  method.  A  schedule 
is  made  of  a  limited  number  of  items  of  work 
which  represent  the  greater  part  of  the  con- 
struction in  the  several  cases.  A  simple 
schedule  of  unit  prices  is  then  formed  cor- 
responding to  the  units.  One  fi.xed  price  is 
assumed  for  each  kind  of  work.  The  price 
assumed  should  be  a  reasonable  one,  and  as 
nearly  as  is  known  an  average  one,  but  pre- 
cision is  not  to  be  expected  and  a  round  figure 
may  always  be  used.  The  amount  of  work 
under  each  item  in  each  job  is  ascertained 
and  the  assumed  prices  arc  applied  to  them. 
The  sum  of  the  amounts  for  each  job  repre- 
sents what  that  job  would  have  cost  at  the 
assumed  prices.  A  comparison  between  the 
actual  cost  and  the  cost  at  the  assumed  prices 
gives  an  idea  of  the  relative  economy  of  the 
work.  It  may  be  found,  for  example,  that  one 
piece  of  work  cost  20  per  cent  more  than  the 
amount  obtained  by  applying  the  assumed 
prices;  another  piece  of  work  cost  12  per  cent 
more  and  a  third,  7  per  cent  less.  When  the 
records  of  a  number  of  known  pieces  of  work 
are  compared  in  this  way,  it  furnishes  a  basis 
for  making  a  preliminary  estimate  for  work 
of   the   same  class.     In  doing  this  the  quan- 


tities for  the  proposed  work  are  ascertained, 
the  base  prices  are  applied  to  them  and  a  ratio 
by  which  the  sum  so  reached  is  to  be  increased 
or  diminished  is  ascertained  by  consideration 
of  the  ratios  actually  found  to  have  been  ob- 
tained in  the  jobs  for  which  cost  records  are 
at  hand. 

In  arriving  at  the  ratio  to  be  used  the  en- 
gineer will  compare,  perhaps  in  his  mind  and 
without  written  schedules,  the  ease  or  difficulty 
of  the  proposed  work  as  compared  with  the 
ease  or  difficulty  of  the  various  works  which 
served  as  a  base;  will  take  into  account  differ- 
ences in  labor  conditions,  in  freights  and  de- 
liveries ;  will  take  into  account  the  known  or 
assumed  efficiency  or  lack  of  efficiency  in  the 
execution  of  the  several  pieces  of  work  from 
which  his  basic  data  were  derived,  and  will 
reach  an  estimate  of  the  addition  or  subtrac- 
tion to  be  made  to  or  from  the  base  price  in 
each  case. 

This  method  is  commonly  combined  with 
the  preceding.  That  is  to  say,  the  base  prices 
are    usually    loaded    prices. 

This  method  affords  a  convenient  and  effi- 
cient method  of  comparing  the  relative  costs 
of  different  works  where  the  loaded  unit  price 
method  cannot  be  applied  and  in  experienced 
hands  it  affords  a  rapid  and  reliable  method 
of  making  preliminary  estimates  upon  many 
classes  of  structures. 

EXTR.'^   COST  OF   NOVEL   DESIGNS. 

Work  on  novel  designs  commonly  costs 
more  than  work  following  standard  designs. 
This  is  true  even  when  well  tried  methods  are 
first  introduced  in  new  places.  Such  work 
may  be  too  small  to  attract  bidders  from  a 
distance.  The  unit  cost  will  then  overrun  an- 
ticipated prices,  .^n  under  estimate  of  cost 
is  frequently  made  on  work  because  the  es- 
timator fails  to  realize  what  a  great  effect 
familiarity  with  the  methods  of  performing 
work  has  upon  the  cost.  To  realize  this  one 
has  but  to  think  of  the  difference  between 
present  methods  and  costs  of  building  tun- 
nels and  subways  and  deep  foundations,  and 
the  methods  and  costs  of  only  1.5  or  20  years 
ago.  Not  only  is  the  risk  which  the  con- 
tractor takes  now  less,  but  methods  which 
have  been  thoroughly  tried  out  are  at  his  dis- 
posal as  well  as  experienced  foremen  and 
laborers  to  do  the  work  more  economically. 
For  a  structure  of  new  or  novel  design  much 
caution  in  using  prices  that  may  be  standard 
on  other  kinds  of  work  must  be  used. 

SMALL    JOBS     COST     MORE    IN     PROPORTION     THAN 
LARGE   ONES. 

Another  common  cause  of  under  estimating 
costs  is  the  use  of  figures  on  large  pieces  of 
work  for  estimating  small  work.  The  en- 
gineer often  overlooks  the  large  cost  of  over- 
head charges,  the  waste  of  labor  and  the  cost 
of  plant  caused  by  organizing  a  force  to  per- 
form a  small  piece  of  work.  He  too  often 
forgets  that  for  small  work  the  work  must 
be  done  by  less  efficient  methods  or  the  cost 
of  plant  prohibits  the  use  of  expensive  ma- 
chines. Perhaps  the  most  common  case  of 
such  underestimating  is  where  the  job, 
although  a  large  one  in  the  aggregate,  con- 
sists of  many  small  pieces  of  work  of  widely 
varied  character.  Such  a  job  is  troublesome 
and  costly  for  the  contractor  and  the  ex- 
perienced man  knows  it  and  puts  in  a  corre- 
sponding bid. 

It  must  be  remembered  that  bids  follow  the 
law  of  supply  and  demand  ;  that  general  slack- 
ness in  construction  work  calls  out  bidders 
and  low  prices.  The  condition  of  the  money 
market,  the  cost  of  materials  and  the  general 
opinion  of  the  condition  of  contract  work 
are  of  course  matters  of  much  importance. 
It  seems  scarcely  necessary  to  say  that  the 
engineer  should  know  where  and  how  tlie  con- 
tractor is  to  obtain  his  materials  and  have  a 
fairly  definite  idea  of  the  cost  either  in  dol- 
lars and  cents  or  as  a  comparative  figure  to 
other  work. 

The  engineer  in  estimating  should  try  to 
look  at  the  work  from  the  standpoint  of  the 
contractor,  should  try  to  remember  that  no 
work  runs  as  smoothly  along  as  the  contractor 
wishes,  that  labor  conditions  and  other  mat- 
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■  often  spoil  the  best  laid  plans.    He  should 

■avor  to  keep  in  mind  the  various  work  he 
watched  or  performed  and  the  numerous 

rs    when    unexpected      conditions      added 

-.ily  to  the  cost. 

'  nerr.lly    speaking,   estimates   on   proposed 

k   by   men   of   limited   e.xperience  are  too 

yet  it  is  not  unusual   for  an  engineer  to 

-  p  impressed  with  the  difficulty  of  a  piece 

.vork  that  he  overestimates  the  actual  cost 
it  is  more  common  to  tind  that  he  has 
estimated  the  bids  of  the  contractors, 
is  of  much  value  to  have  two  methods 
irriving  at  estimates.  If  an  independent 
k    method    can    be    made    even    though    a 

4h  one,  a  failure  of  the  two  results  to 
u  often  leads  to  the  discovery  of  serious 
rs  in  the  application  of  one  or  the  other 
lod. 

ONDITIOXS    OF    SUCCESS    IN    ESTIM.^TIN'G. 

lie   of    the   first   requisites    for   successful 
jcsliniating    is    a    fair    and    unprejudiced,    and 


Design  and   Construction   of  the   New 
160,000,000  Gallon  Mechanical  Wa- 
ter Filtration  Plant  at  St.  Louis, 
Mo.,  the  Largest  in  the  World. 

In  his  paper  before  the  recent  annual  con- 
vention of  the  Illinois  Water  Supply  .-Vssocia- 
tion,  Mr.  Edward  E.  Wall.  Water  Commis- 
sioner of  St.  Louis,  Mo.,  traced  briefly  the 
interesting  history  of  water  purification  in  his 
city,  and  described  the  design  and  construc- 
tion of  the  mechanical  filtration  plant  now 
under  construction  at  the  Chain  of  Rocks. 
The  paper  is  here  given  in  full,  owing  to  the 
great  importance  of  the  works  to  which  it 
relates. 

St.  Louis  was  probably  the  first  city  on  the 
Western  Continent  seriously  to  contemplate 
filtration  as  a  method  of  purifying  its  water 
supply.  In  18t).5  Mr.  James  P.  Kirk  wood,  then 
chief  engineer  of  the  water  works,  was  sent 
lo  Europe  with  instructions  to  investigate  and 


mentation  only,  four  settling  basins  being 
built,  each  277  ft.  wide  by  600  ft.  long,  and 
holding  about  20,000,000  gals.  each.  The  city 
at  this  time  was  using  about  14,000,000  gals, 
of  water  per  day,  so  that  the  basin  capacity 
was  more  than  t\\e  times  the  average  daily 
consumption. 

In  187.5,  when  the  average  daily  consumption 
was  slightly  above  20,000,000  gals.,  an  increase 
of  settling  capacity  was  deemed  an  immediate 
necessity.  Two  years  later,,  under  the  new 
charter  of  the  city,  the  water  works  were 
placed  in  charge  of  a  water  commissioner, 
Thomas  J.  Whitman,  who  at  once  called  at- 
tention to  the  inadequate  settling  capacity, 
recommending  the  passage  of  legislation  to 
reduce  the  waste  of  water,  which  he  estimat- 
ed at  5o  per  cent  of  the  total  pumpage.  Year 
after  year  Mr.  Whitman  emphasized  the  ne- 
cessity of  enforcing  ordinances  prohibiting 
the  waste  of  water,  but  found  the  people  un- 
convinced by  his  logic,  just  as  succeeding 
water  commissioners  in   later  vears  have  met 
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Fig.   1.     General   Plan   of  Old  Coaguliition   and    Sedimenl.if ion   B.isins  of  the  St.   Louis  Water    Works    Showing    Location    of    New     Mechan- 
ical   Filler    Plant   in    B.isin    No.   7. 


moderately  pessimistic  mind.  The  estimator 
muKt  be  alert  for  new  and  cheaper  processes 
and  mrlhnds,  and  con.iervatively  sceptical 
ooncrrninR  their  mcriu.  Moreover  a  success- 
ful estimalur  must  have  had  experience  in 
actual  cimstniction.  .Xs  a  general  rule  an  cn- 
Kineer  ■.hmilil  not  make  an  estimate  for  :i 
structvire  that  he  would  not  know  how  to 
build. 

!     Next,  as  a   requisite  to  successful  cstimat- 
'tnv,  may  be  mentioned  a  broad  basis  of  cost 
records  of  actual  work,  more  or  less  similar 
,  to  that  for  which  estim.Ttes  are  to  be  made.    .^ 
I  Rood  and  safe  method  of  using  the  cost  data 
.ind  adjusting  it    for  application  to  new  con- 
ditions  is   equallv   important. 
I     .\nd.   finally,    the   estimator   must   have   the 
will    to    refuse   to   make    estimates    (or   work 
I  that  he  does  not  iindertsand. 


study  the  processes  of  clarifying  river  waters 
there,  so  that  some  similar  method  might  be 
adapted  to  the  Mississippi  River  water  at  St. 
Louis.  Mr.  Kirkwood  reported  to  the  Hoard 
of  Water  Commissioners  the  results  of  his 
investigations  in  IHthl,  and  recommended  slow 
sand  fillers,  nultining  a  tentative  design  for 
their  construction. 

The  fiilliiwinK  year  the  work  of  building 
new  water  works  for  the  city  was  started  at 
Hisscll's  Point,  although  .Mr.  Kirkwood  does 
not  seem  to  have  altogether  lost  hope  for  the 
adoption  of  his  filter  project  until  ISCP,  when 
he  writes :  "The  public  mind  of  St.  Louis, 
so  far  as  it  has  been  expressed,  does  not  yet 
seem  inclined  to  consider  filtration  impor- 
tant." 

The  new  works,  completed  in  1871,  were  de- 
signed   to    proviilr     lr>r     rl.Trifir.itinn    liv     srdi- 


wilh  the  same  unreasonable  opposition  on  the 
same  subject.  So  that  against  his  better 
judgment  he  was  forced  to  build  more  pumps 
to  keep  up  with  the  consumption.  No  more 
settling  basins  were  built  and  in  \SSi,  during 
the  extremes  of  temperature  the  water  sup- 
plied the  consumer  w.ts  practically  pumped 
ilirectly  from  the  river,  since  it  passed  through 
the  basins  so  rapidly  that  little  or  no  settle- 
ment took  place.  These  conditions  contin- 
ued, increasing  year  by  year  in  length  and 
frequency  of  period  until,  in  188".  it  was  de- 
cided to  locate  new  works  at  the  Chain  of 
Rocks. 

In  IfC'i  the  Board  of  Public  Improvements 
recommcmled  building  new  works  at  the 
Chain  of  Rocks,  and  the  construction  of  filter 
beds  in  the  existing  basins  at  Bissell's  Point, 
with   an   alternate  proposition   of  building   the 
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filters  at  the  Chain  of  Rocks  at  an  increased 
cost  of  $350,000.  The  filters  proposed  at  that 
time  were  of  the  slow  sand  type,  estimated 
to  filter  2,000,000  gals,  per  day  per  acre,  and 
of  sufficient  size  to  supply  50,000,000  gals. 
per  day. 

From  Aug.  18,  1885,  until  Feb.  23,  1887, 
tests  were  run  on  e.xperimental  filters  to  de- 
termine the  comparative  value  of  the  upward 
and  downward  systems  of  filtration  as  ap- 
plied to  the  Mississippi  River  water  at  St. 
Louis.  The  raw  water  was  applied  to  the 
filters  without  the  use  of  any  coagulant. 

The  data  obtained  in  these  experiments  do 
not  seem  to  have  encouraged  the  authorities 
to  undertake  filtering  tlie  river  water,  so  that 
the  construction  of  the  Chain  of  Rocks  low 
service  pumping  station  was  designed  with 
six  settling  basins,  each  070  ft.  by  400  ft.  in 
plan,  and  with  a  combined  capacity  of  18(1,- 
(Miil,()Oo  gals.  This  plant  was  put  in  service 
in    1894. 

.\gain  in  1900  plans  for  mechanical  filters 
with  a  rated  capacity  of  120,000.000  gals,  per 
day    were    prepared,    but    the    administration 


ago  it  became  evident  that  the  capacity  of 
the  purification  plant  in  use  was  too  small  for 
the  treatment  of  the  quantity  of  water  con- 
sumed by  the  city.  The  eight  years  of  op- 
eration of  the  purification  process  had  also 
forced  all  of  us  who  had  been  connected  with 
the  installation  and  development  of  the  proc- 
ess, to  admit  reluctantly  that  it  was  not  as 
efficient  as  filtration;  that  there  were  diffi- 
culties of  operation  that  had  not  been  satis- 
factorily overcome;  that  there  were  objec- 
tions that  could  not  be  altogether  removed. 
Whether  to  increase  the  capacity  of  the  sys- 
tem by  perpetuating  the  method  in  use,  or 
by  utilizing  the  machinery  and  basins  for  the 
preliminary  treatment  of  the  water,  and  then 
passing  it  through  rapid  sand  filters,  became 
principally  a  question  of  economy  in  first  cost 
and  operation.  Careful  estimates  on  the  cost 
of  increasing  the  capacity  to  150,000,000  gals, 
per  day  showed  that  to  build  additional  ba- 
sins, conduits,  etc.,  to  enlarge  the  present  sys- 
tem would  cost  at  least  $250,000  more  than 
to  build  a  rapid  sand  filter  plant  to  supple- 
ment the  treatment  in  existing  basins.     It  was 


proceed  more  rapidly  since  no  e-xcavation  was 
necessary,  better  and  more  convenient  ar- 
rangements for  utilizing  existing  conduits  and 
making  new  basin  connections  could  be  had, 
and  on  the  wdiole  the  cost  would  be  decreased 
by  such  a  location. 

DESIGN    OF    NEW    WORKS. 

The  design  provides  for  40  filter  units,  each 
50  by  28  ft.  in  plan,  supported  on  concrete 
columns  20  ins.  square,  spaced  11  ft.  centers 
north  and  south  and  10  ft.  3  ins.  east  and 
west. 

On  the  original  basiti  floor  inverted  con- 
crete arches  were  laid  to  distribute  the  foun- 
dation loads  of  the  columns.  The  filter  boxes 
rest  on  the  reinforced  concrete  floor  formed 
by  leveling  up  the  groined  arches  joining  the 
tops  of  the  columns.  Each  filter  box  is 
poured  as  a  monolith,  the  concrete  mixture  be- 
ing 1:2:4,  with  25  lbs.  of  hydrated  lime  added 
for  each  barrel  of  cement,  for  the  purpose 
of  making  the  boxes  water-tight.  The  con- 
crete in  the  columns  and  arches  is  composed 
of     a    mixture     of      1  :2%  :5.       Screened    and 


Fig.   2.      Construction    View   of    Substructure    of  New   IVlechanical  Water  Filtration   Plant  at    St.    Louis. 


was  not  favorable  to  the  scheme,  principally 
because  the  people  of  the  state  of  Missouri, 
as  well  as  of  the  city  of  St.  Louis,  had  been 
prejudiced  against  the  use  of  alum  in  baking 
pow'ders,  and  the  proposed  use  of  alum  as  a 
coagulant  in  the  preliminary  treatment  of  the 
water  supply  was  sufficient  to  kill  the  project. 
Thus  filter  construction  in  St.  Louis  was  de- 
feated  for  the  third  time  in   35  years. 

In  3903  the  Water  Commissioner,  Mr.  Ben 
C.  .\dkins,  with  the  writer  as  his  principal 
assistant,  was  appointed  by  Mayor  Rolla 
Wells  with  the  express  understanding  that 
before  the  opening  of  the  World's  Fair  in 
May,  1904,  some  scheme  must  be  designed 
and  put  in  operation  to  clarify  the  water  sup- 
ply. It  is  unnecessary  to  enter  upon  any 
history  or  description  of  the  experiments  and 
methods  used  during  that  year,  since  the  fact 
has  been  well  advertised  and  is  generally 
known,  especially  among  water  works  engi- 
neer.c.  that  the  St.  Louis  water  supply  was 
clarified  and  purified  without  the  use  of  filters 
and  by  a  process  of  coagulation  and  sedi- 
mentation. .Mso  if  is  equally  as  well  known 
that  the  process  has  been  in  successful  opera- 
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also  estimated  that  the  cost  of  treatment  and 
operation  would  be  less  with  the  filters.  Con 
sidering  also  the  unquestioned  fact  that  the 
general  quality  of  the  water  would  be  im- 
proved, and  that  a  uniform  clarity  of  water 
would  be  insured  by  filtration,  there  could  be 
no  hesitation  in  making  a  decision  in  favor 
of  the  construction   of  the  rapid  sand   filters. 

In  January,  1912,  the  Water  Commissioner 
was  authorized  to  prepare  plans  and  specifi- 
cations for  changes  and  additions  to  the  ex- 
isting works  at  the  Chain  of  Rocks,  including 
the  filter  plant,  .so  as  to  bring  the  working 
capacity  up  to  150,000,000  pals,  per  day. 

The  general  layout  of  the  Chain  of  Rocks 
works,  giving  the  location  of  the  filter  plant, 
head  house,  mixing  chamber,  conduits  and 
connections,  with  reference  to  existing  struc- 
tures, is  shown   in   Fig.  1. 

The  filters  arc  located  in  the  western  por- 
tion of  basin  7,  occupying  a  space  approxi- 
mately 700  by  140  ft.  the  filters  were  located 
in  the  basins,  rather  than  on  ground  outside 
for  several  reasons.  For  example,  the  space 
taken  from  the  basin  could  be  readily  spared, 
since  amnic  basin  capacity  for  coagulation  anr 
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washed  gravel  has  been  used  throughout  for 
the  coarse  aggregate. 

The  strainer  system  consists  of  the  chaimel 
type,  in  which  the  drains  are  formed  by  and 
between  concrete  ridges,  and  covered  by 
perforated  strainer  plates  anchored  to  the 
concrete  by  bronze  bolts  and  bars.  .'Mong 
the  center  of  each  half  of  each  filter  unit  i.*; 
formed  a  collecting  channel, '2s  ins.  wide  by 
5  ins.  deep,  into  w-hich  all  the  small  l.Tteral 
drains  3  ins.  wide  by  5  ins.  deep  empty.  Four 
10-in.  openings  in  the,  bottom  of  each  col- 
lecting channel  are  connected  by  cast-iron 
pipe  to  the  cfilucnt   conduit. 

The  water  will  be  filtered  through  30  ins. 
of  sand  and  12  ins.  of  gravel.  The  gravel 
will  be  placed  on  the  filter  bottom  in  three 
layers,  the  bottom  layer  of  5  ins.  in  diptb 
composed  of  gravel,  ranging  in  size  from  ^4 
to  iVi  ins.  in  diameter;  the  second  layer  I 
ins.  in  depth,  size  from  %  to  %  in.,  and  the 
top  layer  3  ins.  deep,  size  from  3/lf!  to  %  in 
The  sand  will  have  an  efTective  size  from  O.li* 
to  0..50  mm.,  and  a  uniformity  coefficient  not 
greater  than  1.05. 

The  callcrv  between  the  filters  contains  the 
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3ver  which  lies  the  36-in.  cast  iron  wash  water 
pipe,  and  above  that  is  the  influent  tlunie,  15 
ft.  wide  and  10  ft.  deep,  into  which  the  water 
is  drawn  at  each  end  of  the  filter  house  from 
Iwsins  7  and  8.  Both  the  influent  and  effluent 
flumes  are  built  of  reinforced  concrete.  The 
cover  of  the  influent  flume  will  be  the  operat- 
ing floor  of  the  filter  house.  Each  filter  has 
la  24-10.  connection  to  the  wash-water  pipe. 
'■.V.  drainage  and  wash  water  from  the  filters 
arried  through  30-in.  sewers  to  the  main 
.  ers   and  thence   to   the   river. 


head  houses  and  for  operating  motors  will 
be  furnished  from  a  generator  house,  located 
at  the  south  end  of  the  pumping  engine  house. 
This  generator  house  will  be  a  brick  building 
i)8  ft.  by  60  ft.  conforming  architecturally  to 
the  existing  buildings  at  the  pumping  station. 
The  machinery  will  consist  principally  of  two 
•250-K\V.    steam-driven    units. 

The  head  house  is  to  be  a  four-story  con- 
crete building  located  34  ft.  south  of  the  filter 
house.  On  the  first  floor  will  be  three  150- 
HP.  tubular  boilers,  four  alum  solution  tanks, 


Fig.  3.    Construction  View  of  New  Mechanical    Filter   Plant  at  St.   Louis   Showing   Substruc- 
ture.  Filter   Boxes  and   Concreting    Tower    System. 
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two  alum  solution  pumps,  three  12-in.  cen- 
trifugal pumps  for  filling  the  wash  water 
tanks,  two  li-in.  pressure  pumps  for  operating 
hydraulic  valves,  a  four-ton  rcfrigeratin,:; 
plant  for  manufacturing  ice  for  the  depart- 
ment, a  store  room  for  hypochlorite  of  lime 
and  liquid  chlorine,  and  a  small  machine  shop: 
on  the  second  floor  will  be  located  an  office, 
a  small  laboratory,  six  alum  mixing  tanks 
wash  rooms,  lockers  and  store  room :  twi 
wash  water  tanks,  each  oO  ft.  in  diameter  an^ 

containing   175,iiiiii  gals,  of  water,  will  oc 

the  greater  part  of  the  third  and  fourth  li 
The  dome-shaped  covers  of  these  tank.^ 
form  a  portion  of  the  roof  of  tlie  buildmj; 
There  will  lie  space  on  the  third  floor  for  th> 
solution  tanks  for  hypochlorite  of  lime  an. 
for  the  liquid  chlorine  apparatus,  and  on  thi 
fourth  floor  the  space  will  be  utilized  fo. 
hypochlorite  mixing  l'.'xc<,  and  storaee  fo. 
alum.     .Alum,  coal  and   other  <'■     '  "   ' 
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tity  of  water  being  pumped,  so  as  to  maintain 
the  velocity  sufficiently  high  to  prevent  set- 
tlement in  the  channels. 

The  effect  of  the  passage  of  the  water 
through  the  mixing  chamber  is  to  insure  the 
thorough  mixing  of  the  milk  of  lime  with 
the  water  and  also  to  allow  a  longer  time  for 
the  softening  action  of  the  lime  before  the 
sulphate  of  iron  is  added.  This  will  result 
in  an  estimated  saving  of  probably  .3(1  per  cent 
in  chemicals,  because  of  the  elimination  of 
loss  due  to  incomplete  chemical  reactions. 
The  water  on  leaving  the  mi.xing  chamber  and 
entering  the  filling  conduit,  will  receive  the 
charge  of  sulphate  of  iron.  The  inlets  from 
the  tilling  conduit  to  each  basin  will  be  baf- 
fled to  prevent  direct  flow  across  the  basins. 
The  water  will  be  drawn  from  the  primary- 
basins  into  a  concrete  collecting  conduit,  lo- 
cated between  the  two  sets  of  basins.  From 
this  conduit,  it  will  be  delivered  and  meas- 
ured through  two  Venturi  meters,  with  5C-in. 
throats,  into  a  chamber  '-J  ft.  wide,  extend- 
ing the  full  distance  across  the  north  end  of 
basin  7.  As  the  water  enters  this  chamber,  it 
will  receive  any  secondary  treatment  that  may 
be  necessary  before  it  is  drawn  into  basins  7 
and  S.  The  addition  of  hypochlorite  of  lime 
or  liquid  chlorine  when  necessary  may  be 
made  just  before  the  water  goes  to  the  filters 
or  these  chemicals  may  be  applied  to  the  fil- 
tered water  as  it  leaves  the  filter  house. 

The  rated  capacity  of  each  of  the  40  filter 
units  is  4,000,000  gals,  per  24  hours,  or  160,- 
"lOO.OOO  gals,  per  day  for  the  plant.  This  out- 
put may  be  increased  to  200,000,000  gals,  per 
day.  should  it  become  necessary  to  supply  this 
amount  of  water. 

The  contract  for  the  concrete  substructure, 
filter  boxes,  conduits  and  connections  was 
awarded  to  the  McCormack-Coombs  Con- 
struction Co.  of  St.  I^uis  on  .\pril  18,  1913, 
for  the  sum  of  $22.j.023.10.  Because  of  the 
location  of  the  filters  in  basin  7,  it  was  possi- 
ble for  the  contractor  to  design  a  compara- 
tively simple  plant  for  mixing  and  placing 
concrete.  .\  switch  track  was  laid  along  the 
basin  wall,  so  that  material  could  be  dumped 
from    car?    into   h'n«    above   the    mixer   which 


Fig.  4.     View  of  Filter    Boxes   and   Wash 
vVater  Line  of  New  Filters  at  St.  Louis,  from 
Concreting  Tower. 
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of  the  filters,  a  total  of  about  700  ft.  Con- 
crete can  be  taken  from  the  main  chutes  at 
any  one  of  the  twelve  towers  and  carried  to 
any  part  of  the  work.  The  grade  of  the  main 
chutes  is  20  per  cent.  They  are  made  of 
wood,  lined  with  sheet  iron,  are  12  ins.  in 
width  and  depth  and  span  45  ft.  between 
towers.  The  moveable  chutes  are  made  of 
steel  in  one  piece,  and  are  12  ins.  wide  by  lU 
ins.  deep. 

The  velocity  with  which  the  concrete  flows 
from  the  main  tower  to  its  destination  is 
about  480  ft.  per  minute. 

The  mixing  and  placing  of  concrete  was 
begun  on  July  17,  1913,  and  up  to  Feb.  1. 
1914,  a  total  of  165  working  days,  14.4'J8  cu. 
yds.  of  concrete  have  been  poured.  This  in- 
cludes the  entire  substructure,  88  I'lltcr  boxes, 
the  effluent  conduit  and  the  greater  portion 
of  the  influent  conduit.  Twenty-four  filter 
boxes  were  poured  during  27  consecutive 
days  in  December  and  jamiary,  each  bo.x  con- 
taining  107   cu.  yds. 

The  cost  of  erecting  form  work  for  the 
walls,  columns  and  arches  was  $1.65  per  cubic 
yard  of  concrete,  and  for  the  effluent  con- 
duit $1.55  per  cubic  yard. 

Following  is  the  list  of  contracts  let.  and 
the  estimated  costs  of  the  work  necessary  to 
complete    the    plant : 

1.  Filters.    McCoimack-Coomhs    Con- 

struction   Co $    ;2.'.,02:!.00 

2.  Filter    equipment.     Pittsburg    Fil- 

ter Mfg.    Co 398.200.00 

3.  Filter    house,    McCormack-Coorabs 

Const.    Co 89,730.00 

4.  Head  house,   estimated  cost 185.000.00 

5.  Waterprooflna  Basins  7  and  S,  es- 

timated  cost    SO. 000.00 

C.  Raising    division    walls,    estimated 

cost    S.-,. 000.00 

7.  Generator  houFp.  estimated  cost..  50,000.00 
S.  Mixing   chami.er,    estimated   cost..      160,000.00 

Total     $1,243,053.00 

Contracts  for  the  last  five  items  will  be  let 
within  60  days,  and  it  is  intended  to  have  the 
plant  ready  for  operation  by  Nov.  1.  ."Ml  con- 
tracts will  require  completion  before  that  date 
under  heavy  penalties  for  overtime.  Th-.s 
plant  when  completed  will  be  the  largest  me- 
chanical filter  plant  in  the  world. 

Method  and  Cost  of  Repairing  the  Ce- 
dar River  Wood  Stave  Pipe  Line 
of  the  Seattle   Water   Works. 

The  follownig  brief  statement  of  the  meth- 
ods employed  in  repairing  the  Cedar  River 
wooden  pressure  pipe  line  of  the  .Seattle 
water  works,  and  giving  the  corresponding 
actual  field  costs  has  been  compiled  from  in- 
formation furnished  by  Mr.  L.  B.  Youngs, 
superintendent  of  the  Seattle  water  depart- 
ment. 

Cedar  River  Water  Supply  Pipe  Line  No. 
1  was  put  in  commission  in  January,  lildl. 
The  pipe  is  mainly  42  in.s.  inside  diaincter, 
though  some  parts  are  44  ins.  It  is  built  of 
(i-in.  staves  made  from  the  native  Douglas 
fir.  These  staves' are  cut  from  2-in.  x  6-in. 
scantling  dressed  outside  and  inside  to  true 
circumferential,  and  on  the  edges  to  radial 
lines. 

After  13  years  the  steel  bands  do  not  seem 
to  be  seriously  corroded.  The  staves,  bow- 
ever,  or  more  accurately  speaking,  individual 
staves  here  and  there,  began  to  show  evidenc--' 
of  serious  decay  as  early  as  seven  years  after 
installation.  Other  staves  right  alongside  of 
them  have  remained  practically  sound.  It  has 
been  necessary,  therefore,  to  renevv  certain 
staves,  rather  than  to  renew  the  pipe  as  a 
whole.  .'\t  some  places  where  the  pressure 
is  light  and  where  the  covering  is  of  loose 
gravel  which  readily  admits  the  air  and 
changes  of  temperature  sections  from  a  few 
hundred  to  a  few  thousand  feet  have  been 
fully  replaced,  after  a  use  of  12  years,  with 
new  pipe,  using,  of  course,  the  old  steel  bands. 

The  method  of  repair  is  simple.  It  consists 
of  uncovering  the  pipe,  loosening  the  bands, 
taking  out  the  decayed  stave,  inserting  the 
new  stave  in  its  place,  and  cinching  the  pipe 
up  again. 

.^ftcr  the  slaves  have  liecn  planed  to  form 
in  the  mill  they  arc  1%  ins.  thick.  These 
staves    will    hold    water    verv    often    imtil    in 


only  a  shell  V4  in.  thick.  Of  course  this  is 
where  the  pressure  is  comparatively  light,  and 
the  backfilling  compact.  Sapwood  naturally 
decays  rapidly  and  the  department  specifies 
that  not  more  than  one-fourth  of  the  thick- 
ness of  the  stave,  and  then  only  on  the  in- 
side, shall  be  sap.  The  accompanying  view- 
shows  the  state  of  two  of  these  staves  that 
have   been    replaced. 

I'ollowing  is  a  detailed  statement  of  the 
actual  cost  of  replacing  1,600  lin.  ft.  of  44-iu. 
pipe  in  1913.  Common  labor  was  $2.75  per 
day. 

The  work  was  done  by  day  labor  imder  de- 
partmental  direction. 

(.'O.ST    OF    REBUILDING    1.600    FT.    OF    44-IN. 
WOOD   STAVE    PIPE  AT    SEATTLE, 
WASH.,   IN   1913. 
Cost  of  Labor: 

Item;  Cost  pei- 

Excavation —  .\mt.         Cost.      lin.  it. 

130  days   labor $    357.50 

281,4    days  team 141.25     $198.75     SO. 31 

Wrecking  pipe — 

30   days   labor S2.50         82.50       0.05 

Painting  staves  - 

17  days   labor 16.75         46.75       0.03 

Erecting  pipe — 

72   days   labor 198.00       19S.00       0.12 

Cinching  pipe — 

58    days  labor 159.50       159.50       0.10 

Tamping  pipe— 

78  days  labor 214.50 

26  days  team 130.00       344.50       0.22 

Total    cost    of    labor, 

1,600  ft.  pipe $1,330.00 

Total  cost  of  luboi,   1   ft.  pipe,  40.83. 


means  of  just  and  equitable  rates.  While  a 
more  perfect  agreement  is  being  reached  by 
experts  as  to  some  of  the  subjects  above 
named,  it  is  well  to  take  up  simultaneously 
some  of  the  unsettled  points  in  the  construc- 
tion of  rate  schedules.  Attention-  was  called 
to  this  fact  by  Messrs.  Morris  Knowles  and 
.Maurice  R  Scharff,  consulting  engineers  of 
Pittsburgh,  Pa.,  in  their  paper  before  the  re- 
cent annual  meeting  of  the  Illinois  Water 
.Supply  Association.  In  their  paper  they  dis- 
cussed briefly  the  relation  to  rate  making  of 
one  element  which  they  call  "out-of-pocket 
cost."  The  treatment  of  the  subject  refers 
to  water  rates  although  a  similar  line  of  rea- 
soning is  equally  applicable  to  some  other 
public  utilities,  and  to  some  measure  applicable 
to  all.  The  major  portion  of  the  paper  fol- 
lows : 

Owing  to  the  difficulty  of  recognizing  in- 
equalities in  rate  schedules  and  to  the  rela- 
tively sa.tisfactory  results  attained  by  the  cus- 
tomary unscientific  methods  of  framing  them, 
there  has  not  been  so  much  study  given  to 
this  portion  of  the  general  problem  of  valua- 
tion and  rate  making  as  to  some  others.  And 
yet.  all  who  give  the  matter  thought,  must 
recognize  it  as  one  of  the  most  important  and 
complex  portions  of  that  problem.  Indeed, 
so  complex  is  it,  involving  as  it  does  many  yet 
unanswered  questions  of  accounting  and  of 
commercial  and  economic  policy,  and  touching 
at  many  points  the  human  element,  which  c^ui- 


View   of   Wood    Staves    Removed    from    Cedar    River   Pipe    Line,    Seattle,   Wash. 


Cost  of  Materhil 


Cost  per 
Cost.      lin.  ft. 


Item:  .\nii 

42,551    ft     stave    lumber 
at   $31.25   per   M $1,329.72     $1, 320. 72     $0.83 

Hauling  staves — 

n   days   labor 16.50 

13%  days  team 68.75  85.25       0.05 

155  gals.  C.  A.  wood  pre- 
server at  65  els 100.75  100.75       0.06 

Total  cost  of  material. 
1,600  ft.  pipe  (exclu- 
sive   of     Iron     bands 

and   shoes)    tl.515.72 

Total  co;5t  of  m.-iterial  per  lin.   ft.  of  pipe. ..  .$0.05 
Total  cost  of  labor  per  lin.   ft.  of  pipe S3 

Total  cost  of  pipe   rebuilding  per  lin.  ft..$1.7S 
The   painting    mentioned    imder   labor   is   an 

experiment.      The    department    nflicials    cannot 

say  just  what  its  effect  will  be 

The  Relation  of  "Out-of-Pocket  Cost" 

to  Water  Rate  Making,  With  an 

Illustrative  Example. 

Nimierous  discussions  by  experts  of  such 
topics  as  valuation,  depreciation,  rate  of  re- 
turns, etc.,  e.\tending  over  a  period  of  sev- 
eral years,  promise  a  substantial  agreement 
on  some  of  the  perplexing  problems  affecting 
the  determination  of  a  fair  (/rnss  return  for 
a  public  utility  corporation.  It  should  not 
lie  forgotten,  however,  that  the  determination 
(>f   such  a  ffross  return   is  only  a  preliminary 


nut  lie  matlicnialically  estimated,  ihat  it  may 
well  be  said  to  be  incapable  of  exact  solution. 

The  perfect  sxstcm  of  rates  cannot  be  de- 
termined n  f''i">'i:  it  must  come,  rather  as  the 
result  of  evolution,  of  gradual  improvement 
as  the  outcome  of  human  experience.  It  is. 
however,  possible,  with  an  understanding  of 
such  principles  as  have  already  been  worked 
out.  and  using  the  best  judgment  we  can  briiiH 
to  iiear  to  attain  results  far  preferable  to 
those  based  on  the  belief  that  it  is  useless  to 
compute  rates  at  all.  For  the  former  method 
is  bound  to  reach  by  experience  a  closer  and 
closer  approximation  to  the  truth;  while  the 
latter  can   never  advance  a  single  step. 

Now  in  spite  of  the  comple.xities  and  1111- 
certainlies  in  the  computation  of  reasonable 
rates,  their  delinition  is  fairly  well  agreed 
upon.     Reasonable  rates  have  been  defined  as 

Sucli  as  win.  in  an.v  efficiently  operated  utility, 
yield  sufficient  revenue  to  permit  .satisfactory 
service,  and  to  pa.v  In  addition  to  operating  and 
maintenance  expenses  and  depi'eciation  a  fair 
return  upon  the  fair  value  of  the  propert.\'  used 
and  useful  for  the  public  service — nil  without 
discrimination  ■ind  with  due  regard  for  the  pub- 
lic Interest. 

I'ortunatcly,  we  are  not  concerned  at  this 
time  with  the  meaning  of  satisfactory  service, 
reasonable  expenses,  depreciation,  fair  return, 
or  fair  value.  We  may.  therefore,  assume 
them  all   satisfactorily  settled,  and  the  proper 
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i   11  to  lower  terms  in  somewhat  the  follow- 
ing  form  : 

Reasonable  rates  are   such  as   will  assess  the 
proper    gross    income    upon    consumers    without 
discrimination,  and  with  due  regard  for  the  pub- 
interest. 

With  these  preliminary  remarks,  let  us  con- 
!cr  the  meaning  of  the  terms  "without  dis- 
mination"    and   "with    due    regard    for   the 
,   ililic  interest." 


prevent  the  localization  of  industry  near  the 
coal  fields,  with  resultant  evil  social  effects. 
.■\§ain,  it  is  argued  that  water  should  be  sup- 
plied free  to  charitable  institutions  and  to  new 
factories  or  industries,  on  account  of  the  pub- 
lic interest  therein ;  and  that  water  should  be 
supplied  to  small  consumers  at  excessively 
low  rates,  so  as  to  favor  liberal  use  and  pro- 
mote public  health.  But  we  see  no  force  in 
these  arguments  as  applied  to  rate  making.  In- 


would  certainly  not  be  in  excess  of  $1,000  per 
year,  and  would  probably  be  a  great  deal  less. 
So  the  gross  income  to  be  raised  might  be 
reduced  to  say  $34,000,  all  of  which  would 
have  to  be  raised  from  other  consumers.  Now 
if  all  other  conditions  remained  the  same,  and 
the  rate  for  the  large  consumer  were  reduced 
so  as  to  just  hold  his  custom,  when  paying 
$2,500  per  year,  the  total  gross  income  would 
still  be  $;Jo,000,  and  the  portion  to  he  raised 


T.\BLE  I.- 

-ALLOCATION  OK  E.STIMATED  TOTAL  REVENUE. 

Pet.  division 
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Pet   di\ 
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readiness 
to  serve. 

Division  readi- 
ness to  serve. 

Division  output. 
Remain- 
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put. 

serve. 
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vices. 
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pocket. 
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20 
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50 
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50 

50 

1,750.00 

1,750.00 

SO 

20 

1,400.00 

350.00 

100 

750.00 

1,400.00 

350.00 

1.750.00 

Telep.   &  telegr. 

200 

100 

200.00 

50 
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10 

90 
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1.100.00 

2,100.00 
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50 

M 
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50 
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100 
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3,963.00 
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30 

70 
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14 

86 
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10 
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20 
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63.30 
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50 

50 
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100 
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141,140.00  $3,802.30 

J.-..405.70 

{9.613.40 

"Discrimination"  is  defined  in  the  Standard 
Dictionary  as  "differential  treatment,"  and  the 
literal  application  ot  this  definition  w'ouhl 
seem  to  require  that  rates  "without  discrim- 
ination" should  be  based  strictly  on  cost  of 
service,  without  differential  treatment  accord- 
ing to  amount  of  use.  hours  of  use,  kind  of 
use  or  any  other  distinction.  It  has  been  re- 
peatedly decided,  however,  that  this  term  does 
not  preclude  the  classification  of  consumers 
and  differential  treatment  of  the  classes,  on 
?ny  reasonable  basis.  Some  e.stension  must 
therefore  be  given  to  the  literal  meaning  of 
the  term,  in  order  to  make  it  workable,  and 
while  it  has  not  been  clearly  formulated  by 
the  authorities,  the  "rule  of  reason"  would 
appear  to  require  that  discrimination  be  de- 
fined  as  "differential   treatiiient,  except   in   so 

r  as  public  interest  retjuires." 

I'lirsuing  this  line  of  thought  a  step  further, 
we  have  come  to  the  conclusion  that  there  arc 
but  two  grounds  on  which  "public  interest" 
may  require  differential  treatment  of  consum- 
ers, namely,  fir^t,  in  orrler  to  secure  some 
rontribiiti'in  to  the  public  welfare— a  method 
of  indirect  taxation  of  llmse  aRainst  whom 
the  iliffcrcntial  treatment  militates,  and  scconil, 
in  order  to  lower  the  cost  m  other  consumers 
liv  retaining  or  securing  liisIoiu  which  would 

'  crwisc  be  lost. 

>omc  will  no  doubt  contend  th.nt  "wilh  due 
regard  for  the  public  interest"  has  reference 
»n  the  general  welfare   in   such   a  way  as  to 

jnstifv   the   lowering  of   rates  i   "<"- 

ressitics  to  certain  onsiimer';.  clow 

cost,  for  the  sake  of  extending  '..  ■  con- 

nected with  their  use,  or  in  orilcr  to  en- 
courage biisine'is.  or  for  some  similar  reason. 
The  argument  appears  ti  Ic  th.nt,  while  soch 
steps  have  the  effect  rif  < 
tionate  share  of  the  ■ 
ices,  or  upon  other  i 
less  justifiable  as  a  kind 
as  in  the  public  interest.  Thus  it  may  be  held 
that  freight  rates  on  coal  should  be  low  so  as 
to  permit  the  cheap  movement  of  fuel,  and  to 


Ming  a  clispropor- 

■n  other  scrv- 

:t  is  neverthe- 

indirect  tax.  and 


direct  taxation  is  a  useful  part  of  our  system 
of  raising  govermental  revenue,  and  on  ac- 
count of  the  relative  ease  of  administration 
and  collection,  may  well  be  retained  until 
equitable  methods  of  direct  taxation,  such 
as  income  taxes,  arc  more  thoroughly  worked 
out.  But  we  are  inclined  to  believe  that  its 
use  should  be  confined  to  raising  public  rev- 
enue and  that  it  should  never  take  the  place 
of  actual  governmental  appropriation  as  a 
method  of  subsidizing  any  industry  or  service, 
no  matter  how  desirable  the  encouragement  of 
the  latter  is  from  the  point  of  view  of  public 
welfare.  We  believe  that  President  Wilson 
is  deserving  of  the  highest  commendation  for 
refusing  to  compromise  with  a  principle  in 
order  to  carry  out  an  ill-considered  plank  of 
the  Haltiinorc  platform,  and  lor  demanding  of 
Congress  that  if  coastwise  shipping  is  to  be 
sul>sidi7cd,  it  be  done  in  the  open  and  above 
board  by  congressional  appropriation,  and  not 
bv  the  underhanded  method  ol  remitting  tolls 
for  passage  through  the  Panama  Canal. 

PKFIXITIO.V    OF  "OI'T-OF-POCKET"   COST. 

There  remains,  then,  only  the  second  basis 
which  seems  to  us  proper  as  a  reason  for  dif- 
ferential treatment  of  consumers — in  order  to 
lower  ihe  cost  to  other  consumers  by  retain- 
ing ciistmn  which  would  otherwi.sc  be  lost. 
How  this  works  out  mav  be  vcrv  readily  ex- 
plained. .\ssiinii  kc.  with  a 
gross   income,  w'  ted   when 

it   ■■    ■ ' '  ■  .  ..,-    i..  ,    .^.\,  of  $.'l."i,. 

'I'  '•  larger  consumer,  using 

I"  .i,    and    p.iving  $3,.'(00   per 

liiid   that   hr  could   secure  water 
I    a   cost   of   $'2,.'iii0  per  year,   and 
liM-oimect     from     the     mains.       The 
wouhl   rlrop  to  imn.ono  gals. 
'ion  and  main- 
illy   the    same: 
^.iry   !•■  have  the   same 


Xc 

cl  ■ 

should 

anKMint   «ttpr>li 

p. 

trt 

it    uc'iici    ^• 

number    ol 

only  saving 


and    firemen :    and    the 

.  _  ^  -a  small  amount  on  fuel. 

aiiim,  hypochlorite,  oil  and  waste,  etc.,  which 


from  consumers  other  than  the  large  one 
would  lie  $.'?-_».."ii.iO  or  $1,500  less  than  in  the 
other  case.  Their  rates  could,  of  course,  be 
correspondingly  lower  than  would  be  neces- 
sary if  the  large  consumer  were  lost.  The 
advantage  of  such  an  arrangement  to  all  of 
the  consumers  is  obvious,  and  such  difi'crential 
treatment  if  necessary  to  secure  this  advantage, 
would  not  only  not  constitute  discrimination 
as  we  have  defined  it.  but  would  appear  to  be 
a  plain  duty  of  the  water  works  as  a  public 
utility. 

In  brief,  it  is  to  the  advantage  of  all  con- 
sumers that  large,  long  hour,  high  loail- factor 
consuuTcrs  be  retained.  Differencial  treat- 
ment of  them  does  not  constitute  discrim- 
ination, so  long  as  it  will  result  in  advantage 
and  saving  lo  oilier  consumers.  .Such  conces- 
siiiiis  in  rates,  however,  must  not  be  greater 
than  actually  necessary  to  meet  the  competi- 
tion of  oiher  sources  of  supply.  .\nd  in  any 
case,  they  must  not  be  so  great  as  to  increase 
instead  of  decreasing  the  income  to  be  col- 
lected troni  other  cmsumers.  Thus  in  the 
case  cited  above,  if  it  were  possible  to  get  the 
liusincss  at  SS.'iOO.  any  rale  less  than  that  sum 
would  constitute  discrimination.  While  if  it 
were  really  necessary  in  order  to  meet  com- 
petition, any  rate  greater  than  $1.00o  per  year 
would  effect  Some  saving  for  other  consum- 
ers, and  would  be  justifiable.  .^  rate  less  than 
$1,000,  however,  would  make  the  amount  to 
be  collected  from  other  consumers  greater 
than  if  the  large  consumer  ceased  entirely  to 
lake  service.  This  would  certainly  be  dis- 
crimitiation  under  our  definition. 

The  lower  limit  ($1,000  in  the  above  case) 
below  which  rate  concessions  cannot  be  made, 
even  if  necessary  to  secure  business,  without 
constituting  di.scrimination.  and  which  repre- 
sents the  actual  expense  which  would  be 
saved  if  the  consumer  in  question  were  dis- 
connected, we  have  called  the  "out-of-pocket  ' 
cost."  We  have  found  its  estimation  of  value, 
not   only   for  determining  the  lower  limit  of 
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the  proper  total  annual  charge,  but  also  prac- 
tically,  in   framing  rate  schedules. 

The  cost  of  supplying  water  may  be  said 
to  be  made  up  in  the  first  analysis,  of  the  cost 
of  readiness  to  serve,  or  costs  which  result 
from  providing  the  plant  and  standing  ready 
to  serve  and  which  are  wholly  independent  of 
the  amount  of  water  supplied ;  and  output 
costs,  which  result  from  operating  the  plant, 
and  which  vary  more  or  less  closely  with  the 
amount  of  water  supplied. 

The  cost  of  readiness  to  serve  may  be 
further  sub-divided  into  capicity  cost,  of  which 
interest  is  the  best  example,  which  varies  di- 
rectly as  the  capacity  of  the  plant,  and  ttiay 
equitably  be  di.stributed  to  consumers  in  pro- 
portion to  their  demands,  which  together  re- 
quire this  capacity ;  and  the  service  cost, 
which  varies  with  the  number  of  services,  and 
may  equitably  be  assessed  equally  upon  all 
services.  Meter  reading,  billing  and  collect- 
ing are  typical  of  this. 

.Similarly,  the  output  cost  may  be  divided 
into  two  parts,  the  out  of  pocket  cost,  defined 
as  above,  and  including  all  expenses  for  ma- 
terials and  lal)or  used  in  small  units  and  vary- 
ing closely  with  the  consumption  such  as  coal 
and  alum :  and  the  remaining  output  cost, 
which  includes  expenses  occurring  in  large 
•  units  and  varying  somewhat  with,  but  not  di- 
rectly as  the  consumption.  Typical  of  these 
are  the  wages  of  pumping  engineers  and 
firemen. 

In  computing  a  rate  schedule,  it  seems  rea- 
sonable to  divide  the  gross  income  into  these 
four  parts,  and  to  combine  the  demand  charge, 
equal  to  the  demand  of  the  consumer  (as 
measured  l)y  the  size  of  meter)  over  the  total 
demand,  times  the  total  demand  cost,  and  the 
consumer  charge,  equal  to  the  consumer  cost, 
divided  W  the  number  of  consumers,  in  a 
minimum  charge.  If  nn  differential  treatment 
were  necessary,  all  the  remaining  costs  would 
then  be  assessed  by  a  uniform  meter  rate,  ob- 
tained by  dividing  the  total  output  cost  by  the 
total  annual  metered  sale  of  water.  Differen- 
tial treatment,  in  order  to  secure  the  business 
of  favorable  consumers  w'ho  would  not  take 
water  under  these  circumstances,  might  then 
be  effected  by  relieving  such  consumers  either 
of  a  portion  or  all  of  the  minimum  charge. 
or  of  a  portion  or  all  of  the  remaining  outpiit 
cost,  or  of  a  portion  or  all  of  both.  But  it 
happens  that  the  minimum  charge  so  calcu- 
lated is  ordinarily  a  small  part  of  the  cost  of 
water  to  the  larpc.  lung  hour,  highload  factor 
consumer  to  whom  concessions  must  be  made. 
Moreover,  it  would  unduly  complicate  rate 
schedule  computations  to  attempt  to  divide  the 
necessary  concession  between  the  minimum 
charge  and  the  meter  charge.  And  we  have 
not,  in  our  experience,  met  with  any  such  case 
in  which  the  possil)le  concession  in  the  meter 


rate  was  not  sufficient  or  more  tlian  sufficient 
to  get  the  business. 

Conceivably  it  might  be  possible  to  classify 
consumers  into  groups  by  quantity  used,  loca- 
tion, or  whatever  reasonable  basis  made  differ- 
ential treatment  necessary,  determining  for 
each  group  the  cost  of  an  alternative  supply 
to  which  they  would  turn  if  concession  were 
not  made,  and  fixing  in  this  way  the  extent  to 
which  it  would  be  necessary  and  proper  to  re- 
lieve eacli  group  of  a  portion  of  the  charge. 
But  ordinarily  this  would  be  difficult  or  im- 
possible, and  it  will  usually  be  preferable  to 
group  all  such  large  consumers,  whose  loss  is 
threatened,  into  one  group,  dctermming  the 
extent  to  which  it  will  be  necessary  to  relieve 
the  consumer  most  favorably  situated  with  re- 
spect to  an  alternative  supply  and  either  apply 
his  rate  to  all  large  cmsumers,  or  if  he  is  the 
largest  (as  is  likely)  taper  the  rate  to  this  in 
uniform  steps  from  the  smaller  consumer's 
rate. 

These  computations  cannot,  of  course,  be  es- 
tablished as  theoretically  precise,  but  improved 
accounting  and  good  judgment  will  lead  to  re- 
sults in  which  confidence  may  be  had  as  closely 
approximating  the  ideal.  As  an  example  of 
the  method,  we  present  below  in  skeleton  the 
computation  involved  in  its  application  to  a 
rate  schedule  prepared  for  a  small  water  com- 
pany in  the  East. 

T.\BLE      ]  I. —COMPUTATION  OF  DEMAND 

CHARGES. 

Size  of                               Demand  Demand 

metei".               Nos.  of  per  meter.  Tctal  charge  per 

ins.  meters,  c.  f.  p.  m.  demand,     meter. 

%    1   spigot      5fiC              1  50n  $     4.00 

%     1,909               2           3, SIS  8.00 

%     2211               4  SSO  l.i.90 

1      ion               8  o72  31. .SO 

1%    1             12  12  47.80 

2"    1             20  20  80.00 

3      8             40  320  ICO.OO 

4      4              SO  320  320.00 

6      3           120  3P0  4S0.00 

5      2           160  S20  640.00 

Total    2,7n7  7,42:- 

The  fair  normal  gross  income  for  the  period 
to  which  the  rates  were  to  apply  was  first  de- 
termined as  $til', !)().").  This  was  then  distributed 
in  the  manner  shown  in  Table  I. 

The  fair  fire  protection  payment  to  be  made 
by  the  city  was  then  computed  as  $14,500  (the 
method  need  not  concern  us  at  this  time).  De- 
ducting this  from  the  total  capacity  cost,  we 
have  $29,.')74  left  to  assess  on  consumers  as 
demand  charges. 

The  estimated  number  of  meters  and  the  as- 
sumed demand  of  each  having  been  agreed 
upon,  the  demand  charge  for  each  size  of 
meter  was  then  computed  as  shown  in  Table  II. 

The  service  charge  was  then  comiuited  by 
dividing  $3,R02,  the  total  service  cost,  by  the 


total  assumed  number  of  meters,  and  w;is 
equal  to  $1.40. 

The  total  annual  metered  consumption  was 
then  estimated  at  4.52,.5U0,UO0  gals.,  of  which 
270,000,000  gals,  would  be  taken  by  a  single 
large  industry — the  one  consumer,  if  any,  to 
whom  concession  would  have  to  be  made.  Di- 
viding the  total  output  cost  by  the  total  con- 
sumption, we  arrive  at  $0,033  per  l.Ono  g;ds. 
as  the  average  meter  rate  at  which  all  water 
would  be  sold  if  no  differential  treatment  were 
necessary.  Dividing  the  out  of  pocket  cost 
by  the  total  consumption,  we  have  $0,012  per 
1,000  gals.,  as  the  out  of  pocket  meter  charge, 
or  the  lower  extreme  to  which  the  meter  rate 
of  the  large  consumer  could  properly  be  re- 
duced, if  the  maximum  concession  had  to  be 
made.  And  dividing  the  remaining  output  cost 
by  the  consumption  of  all  except  the  one  large 
consumer,  and  adding  the  quotient,  $0.0-J3,  to 
the  out  of  pocket  meter  charge,  $0,012,  we  get 
$0.0(1-5  per  1,000  gals,  as  the  meter  rate  which 
small  consumers  would  have  to  pay  if  the 
maximum  concession  were  made  to  the  largest 
consumer. 

In  any  particular  case  of  this  kind,  the  next 
step  would  be  to  determine  to  what  extent  con- 
cession would  be  necessary  in  order  to  retain 
the  custom  of  the  large  consumer,  and  so  to 
fix  between  these  limits  the  rates  for  the  sev- 
eral classes  of  service.  It  happened  in  this 
case  that  it  was  determined  that  there  would 
be  no  danger  of  losing  the  large  consumer 
even  at  the  average  meter  rate,  so  that  the  lat- 
ter was  recommended  for  adoption.  It  was 
also  considered  advisable  in  this  case  to  in- 
clude in  the  minimum  charge,  for  %-in.  meters, 
only  a  charge,  at  the  average  meter  rate,  for 
30,000  gals,  per  year,  in  order  to  forestall  the 
criticism  that  metering  would  curtail  the  use 
of  water  by  the  poor  to  a  point  below  the  min- 
imum requirements  of  hygiene.  The  resulting 
schedule  of  net  charges,  together  with  the 
gross  rates  made  necessary  in  order  to  apply  a 
10  per  cent  discount  for  prompt  payment,  and 
the  rounded  figures  recommended  for  actii.il 
use,  are  shown  in  Table  III. 

TABLE    m.— NET.     GROSS.    AND    ROUNDEn 
R.A^TES   COMPUTED  AS   ABOVE. 
Size  of 

meter.     Net       Gross  Rounded 
Item.  ins.     ch.arge.  charge,     rate. 

Minimum  charge*.  %t  $  G.40  $  7.10  $  7.00 
Minimum    charge*.     %  10.40         ll.f.O         12.00 

Minimum    charge..     %  17.30        19.20        20.00 

Minimum    charge..       1  33.20         36.90         40.00 

Minimum    charge..     V/t-  49.20         .".4.70         ,^5.00 

Minimum    rhar,-;r..       2  81.40         90.40         90.00 

Minimnm    charge..       3  161.40       179.30       ISO.OO 

Minimum    char.ge..       4  321.40       3.-i7.10       360.00 

Minimnm    charge..       6  481.40       ,'")34.90       .ilO.OO 

Minimum    charge..      8  641.40      712.70      720.00 

Meter     —  .033  .037  04 


•Minimum   charge   for    %-in     meter    only    '"• 
eludes  charge  for  30,000  gals,  of  %vater  per  .vear 
tl  spigot. 


Flood  Prevention  and  Protection  From 

the  Point  of  View  of  the  Federal 

Government. 

During  the  period  of  great  floods  last  year, 
the  Secretary  of  War  directed  the  Chief  of 
Engineers,  U.  S.  .Army,  to  appoint  a  board  of 
officers  to  make  a  thorough  in(|uiry  and  ex- 
amination into  existing  conditions  and  "re- 
port upon  the  most  practicable  and  effective 
measures  for  prevention  of  damage  by  floods 
to  works  constructed  for  the  improvement  of 
navigation,  of  interference  with  interstate 
commerce  and  of  other  disastrous  results 
thereof."  .As  a  member  of  the  board  created 
in  accordance  with  that  order.  Major  J.  C. 
Oakcs.  Corps  of  Engineers,  U.  S.  A.,  presented 
a  patier  before  the  Indiana  .Sanitary  and  Wa- 
ter Supply  .Association  which  we  reprint 
slightlv  condensed  as   follows ; 

I  wish  to  take  this  opportunity  to  affirm 
that  1  am  v.ot  advocating  one  method  of  pro- 
tection to  the  exclusion  of  any  other,  but 
wish  to  show  that  all  methods  should  be  used 


as  circum.stances  dictate;  and  above  all,  I  wish 
to  emphasize  the  immensity  of  the  problem 
of  flood  protection  for  a  large  river  system 
like  the  Mississippi,  or  even  one  of  its  main 
tributaries,  such  as  the  Ohio.  I  also  desire  to 
acki-'owledge  my  indebtedness  for  information 
to  an  unpublished  report  of  the  Board  on 
Ri\er  Floods. 

Fl.OOnS   AND    Fl.Oon   PREVENTION    ME.\StJRES. 

Before  discussing  the  government's  attitude 
toward  this  question,  I  desire  to  discuss  the 
subject  of  floods  and  the  methods  of  preven- 
lion  now  commonly  under  discussion. 

b'loods  are  caused  by  excessive  rainfall, 
quick  melting  of  a  tbic'<  blanket  of  snow  or  a 
comhimtion  of  the  two.  quick  runoff,  and 
channels  inadequate  to  take  care  of  the  re- 
sulting flow  of  water.  The  runoff  may  be 
hastened  by  frozen  ground,  or  a  ground  sat- 
urated by  previous  rainfall  so  that  all  of  the 
precipitation  escapes  rapidly.  The  natural 
channel  capacities  may  be  and  usually  are  re- 
duced by  artificial  obstructions  which  prevent 
free  ami  easv  runoff. 


Flood  prevention  measures  must  reduce  pre- 
cipitation, retard  runoff,  or  increase  the  capac- 
ity of  the  channels.  1  think  that  it  is  generally 
agreed  that  it  is  beyond  the  possibility  of  hu- 
man ingenuity  to  control  precipitation.  The 
only  incthod  that  has  been  seriously  advanced 
is  by  forestation,  and  even  for  that  method  I 
am  not  aware  that  its  advocates  claim  that  for- 
ests decrease  precipitation.  It  is  certain  that 
for  all  practical  purposes  the  control  of  pre- 
cipitation by  forests  or  other  ineans  is  at 
present  impossible.  Flood  prevention  must 
deal,  therefore,  with  the  other  causes  of  floods. 

RETENTION    OF    PRECIPITATION    IX     GROUND, 

Runoff  may  be  retarded  by  the  retention  of 
jirccipitation  on  or  in  the  ground,  or  by  the 
use  of  reservoirs.  Several  means  of  holding 
the  precipitation  where  it  falls  have  been  pro- 
posed, such  as  deep  plowing,  contour  plowing 
and  forestation.  The  term  deep  plowing  is 
self-descriptive  and  the  method  is  advocated 
not  only  for  the  purpose  of  retarding  runoff, 
but  also  as  a  means  of  improving  the  yield  of 
agricultural  land.     If  all  cultivated  land  could 
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e  plowed  deep  and  the  material  well  broken 
ip,  a  considerable  amount  of  precipitation 
L'ould  be  retained  by  the  soil.  However,  as 
an  be  readily  seen,  as  a  means  of  flood  pre- 
ention.  it  is  hardly  within  the  control  of 
ither  the  federal  government  or  the  states, 
•urthermore,  with  a  storm  like  that  of  last 
.larch  and  April,  where  in  ccrt.iin  localities 
n  Ohio  over  11  ins.  of  precipitation  occurred. 
It  is  very  doubtful  .if  more  than  a  very  small 
portion  could  be  held  in  the  soil,  even  if 
flowed  deep.  Again,  a  large  part  of  the  coun- 
;ry  is  uncultivated  and  covered  by  forests, 
killside.<^  and  towns.  This  method,  therefore, 
p  very  limited  in  its  application  and  apparently 
impossible  of  control. 

I  Contour  plowing  is  a  term  applied  to  the 
Jicthod  of  plowing  which  creates  ridges  fol- 
fiwing  the  contours  of  the  land  and  forms,  as 
!t  were,  terraces  in  such  a  manner  that  water 
(vill  be  held  where  it  falls.  This  method,  or 
oerhaps  a  modification  of  it  by  the  use  of 
(mall  dikes,  is  used  extensively  in  foreign 
(ountries.  such  as  Japan  and  the  Philippines. 
Khere  there  is  an  excess  of  rain  in  one  sea- 
ion  to  be  followed  later  by  a  season  of  drouth. 
;.'ndcr  such  climatic  conditions,  holdin;;  the 
vater  on  the  lands  becomes  necessary,  else  no 
rrop  can  be  raised. 

;  In  the  eastern  and  middle  western  states 
iliese  measures  are  not  necessary  for  agricul- 
ii'ral  purposes,  and  while,  if  used  extensively, 
ihey  would  retard  runoff  to  some  extent,  they 
^rc  impossible  of  control. 
I  Both  of  these  methods,  therefore,  seem  to 
|nve  advantages  within  certain  limits,  and 
\ould  seem  desirable,  but  they  arc  not  feasi- 
ble means. 

1  FOREST.\TIO\. 

This  brings  us  to  forestation.  This  subject 
vas  treated  at  some  length  in  the  report  of 
lie  National  Waterways  Commission,  and  the 
Fallowing  is  quoted  from  their  report : 

It  Is  generally  admitted  that  forests  exercise 
iuch  reservoir  characteristics  and  under  favor- 
ible  conditions  to  a.  sufflclent  extent  to  Improve 
he  regularity  of  stream  flow.  There  is.  how- 
.•ver.  a  decided  limit  to  the  quantity  of  water 
.vhleh  a  forest  cover  can  absorb.  The  capacity 
'or  absorption  varies  greatiy  under  different 
'ondltlon.s,  depending  upon  tlie  depth  and  char- 
eter  of  the  forest  litter,  as  well  as  of  the  .soil 
inderneath,  whether  pervious  or  Impervious; 
.loo  upon  the  -.mdltlon  of  the  ground,  whether 
roxen  or  not,  upon  tlie  ste*^pne8s  of  the  slope, 
ind  numerous  other  factors.  Where  the  forest 
liter  I*  destroyed  by  forest  tires,  or  Is  removed 
-o  prevent  them,  the  absorptive  capacity  Is 
hereby  nduced. 

Varloua  experiments  have  been  made  to  ns- 
ertnln  the  amount  of  water  which  dirforent 
Kinds  of  forest  litter  could  absorb  and  hold. 
The  results  show  that  In  general  an  amount 
•nuni  to  a  perclpltation  of  O.lii  In.  ran  ordinarily 
iie  retained,  while  under  favorable  condition* 
the  abHorption  of  an  amount  equal  to  0.21  In.  .ir 
i-ven  more  Is  possible.  The  soil  beneath  the  hu- 
mus may  also  l>e  capable  of  some  absorption. 
As  soon  f.B  the  i-aturatlon  point  Is  rearhed.  nd- 
.ntliinal   i.ilnfall  irust  necessarily  run  off  on  the 

■<uifa jMt    iis    If    the    grijunil    wire    deforestcil. 

This  i-xiiljilns  w  I'v  forests  ire  powerless  to  pre- 
vent ll.ifxl-,  :iltli'  iii;h  to  th.'  .xi'-nt  ihiit  they 
.1(1  absorb  (li--  jn.  .  Ipllallmi.  Ihi-y  may  iiiitlKBta 
them. 

KfTects  of  Forests  fpon  ;.'loods.— Klo«<l«  nre 
■  iiused  primarily  by  n  heavy  and  prolonited  pre- 
•  Ipltntion.  iimnundng  oftentimes  to  sevcrni 
■<  within  21  hours.  Imrlnic  the  tienvy  rnlns 
'.  caused  the  dlsastrniis  llimii"  In  the  I'as- 
Hii.    vall<-y  In  rut. .her,   \9M.   U  '■"     ■■■■■r.l. 

Ing  to  re..ir<lH  i.il  .ii  at   New   ^  ^ !«. 

The     wnvsl      ll.i.i  Ih     iisuillly     .1.'  "ft 

when  these  h"!!'.  \    r:iln»  fall  ui  'le 

nrcuniiilallon  i>f  ."now,   which    ■  'id 

niigmenia  the  amount  of  water  ..i  fl- 

tated.      M   this  lime  the   eroiin.!    I>  In 
I.e  froxen  or  saturate. I     i.                      '    li>    '"i 
Korptlon   to   that   ext-ml 

Korests    retard    the    ml  n                 snnn-    In  il.. 

spring,    and    ny    nllowlnL!    H"     "i-r    from  (his 
f">iirre   to   be  nMsorlied.   c\rj' !...'■   .'i    I't.ri.l.it    !n 
tliience    upon    stream    How.     but 
.-prlng  rains  fall  upon   the   snow   ti 

ind    cnuse    It    to   melt    within   a    few    hours  lh« 


effect  of  the  forest  Is  in  such  a  case  to  aggra- 
vate raUier  than  ameliorate  flood  conditions. 
It  thus  appears  that  under  one  set  of  condi- 
tions forests  may  exercise  a  beneficial  Influence 
upon  stream  now  and  floods,  while  under  another 
their  Influence   would   be  haimful. 

Assuming  that  the  above  is  a  fair  statement 
of  the  eflfects  of  forests  on  stream  flow,  it 
will  be  noted  that  an  amount  of  precipitation 
equal  to  O.lti  in.  can  ordinarily  be  retained, 
'.vhile  under  favorable  conditions  the  absorp- 
tion of  an  amount  equal  to  0.24  in.  is  possible. 
.\pplying  the  factor  of  0.16  in.  to  the  state  of 
Ohio,  and  to  the  storms  which  created  the 
flood  of  March  and  April,  1913,  if  the  whole 
state  of  Ohio  could  be  reforested  and  could 
retain  O.IC  in.  of  rainfall,  only  2%  per  cent  of 
the  total  rainfall  w'ould  have  been  retained  by 
the  storage  eff'ect  of  this  forest.  The  present 
forest  area  of  Ohio  is  about  9,000  square 
miles,  or  a  little  less  than  one-quarter  of  the 
state  of  Ohio.  If  we  could  change  an  addi- 
tional 10,000  square  miles  of  present  culti- 
vated land  back  into  forest,  this  additional  for- 
est under  the  most  favorable  hypothesis  would 
retain  only  %  of  1  per  cent  of  the  rainfall  of 
such  a  storm  as  that  of  March  2-3-27,  1913. 

This  subject  was  very  thoroughly  discussed 
in  the  Transactions  of  the  .Vmerican  Society 
of  Civil  Engineers  in  connection  with  an  arti- 
cle by  Brigadier-General  H.  M.  Chittenden. 
Corps  of  Engineers.  U.  S.  Army,  on  the  sub- 
ject of  "Forests  and  Reservoirs  in  Their  Rela- 
tion to  Streamflow,  with  Particular  Reference 
lo  Navigable  Rivers."  As  illustrating  the  bad 
irfl'ience  that  forests  may  have  upon  runoff, 
he  states : 

In  the  first  place,  forests  break  the  wind,  pre- 
vent the  formation  of  drifts  and  distribute  the 
snow  in  an  even  blanket  over  the  ground.  •   •  • 

The  water  from  the  first  melting  of  the  snow 
blanket  does  not  sink  into  the  ground,  but  into 
itself.  The  forest  shade  thus  holds  the  snow, 
which  gradually  becomes  saturated  from  its  own 
melting  until  the  heat  and  warm  rains  of  late 
spring  and  early  summer  arrive.  •  •  • 

The  result  is  that  when  the  final  melting  be- 
gins the  whole  body  of  snow  disappears  very 
rapidly,  rushing  from  every  direction  into  the 
streams.  £wellln»;  them  to  their  limit  and  often 
causing  disastrous  freshets.   •  •   • 

The  delay  In  melting  caused  by  the  forest 
shade  has  simply  operated  to  concentrate  it  into 
.1  shorter  period  and  increase  the  Intensity  of 
the  resulting  freshet. 

I  believe  that  all  of  us  will  agree  that  the 
above  statements  arc  correct  under  certain 
conditions,  and  that  by  retarding  the  melting 
of  the  snow,  forests  have,  on  occasions,  con- 
tributed to  disastrous  floods.  luirthermore. 
even  if  it  could  be  proven  that  forests  exert 
on  the  whole  a  very  beneficial  elTcct.  it  is  im- 
practicable to  convert  line  agricultural  land 
into  forests.  This  country  is  certain  to  be 
more  thickly  settled  than  at  present,  greater 
crops  will  be  needed  for  the  support  of  the 
people  and  all  tillable  land  will  be  ultimately 
used  (or  the  cultivation  of  crops  until  timber 
becomes  so  scarce  that  its  value  will  pay  the 
farmer  to  set  aside  a  porlioii  of  his  farm  for 
its  cultivaliiin.  .\nnthcr  .ibjeclicui  lo  this 
methiiil  is  that  the  fnrmation  of  a  humus  svifli- 
cirnt  lo  have  its  maximum  effect  in  absiirbing 
r.-iinfall  reiiuircs  a  long  period,  probably  at 
least  a  century. 

I'fir  these  reasons  it  seems  to  mc  inexpedi- 
ent to  advocate  reforestation  as  a  means  of 
prevention  of  flixids. 

RKSERVOIHS. 

The  la>l  mentioned  and  most  feasible  meth- 
od of  retarding  runofT  is  by  the  use  ni  reser- 
voirs. We  have  heard  much  on  this  subjcci 
within  the  List  few  years,  and  it  has  becnmc 
a  popular  mtirtlv  fnr  the  prevrniinn  nf  floods. 
If  a  c  :  '    ■  -  down- 

stream, '  w,  it  is 

■ '  :ireni  ti.  -oi    ■...    m.u   m   in.u    .\.n.i   can  be 
■    in    a    rcirrvoir    and    allowed    to    csc.ipc 
r    II  I   .1.111  iL.p  would  o.-.  "r      Tlicrcforc. 
ling   the  of   the 

ir\    m.iu    ■  '     !ices  a 

.lis  to  become  an 
to  be  known   as 
the  reservoir  iiiclhud  of  lluod  prevention. 


I  desire  to  dwell  on  this  subject  at  some 
length,  for  the  purpose  of  showing  that  the 
problem  is  not  as  simple  as  stated  above. 
There  are  without  doubt  many  localities  that 
may  be  protected  by  a  reservoir  or  reservoirs. 
I'or  instance,  in  the  study  of  flood  protection 
for  the  city  of  Columbus,  Ohio,  the  engineers 
were  able  to  show  that  there  were  available 
sites  immediately  upstream  from  that  city, 
which  could  be  converted  into  holding  reser- 
voirs sufficient  to  take  care  of  a  flood  similar 
to  that  of  March  and  .\pril.  1913.  If  such 
reservoirs  had  been  in  operation  and  had  been 
controlled  properly,  releasing  only  surticient 
water  to  fill  the  channel  and  not  overflow  the 
banks,  no  serious  damage  would  have  occurred 
in  Columbus.  It  is  also  reported  that  the  con- 
sulting engineers  for  the  city  of  Dayton  have 
-hown  that  not  only  that  town  but  several 
others  in  the  immediate  vicinity  may  be  pro- 
tected in  like  manner.  The  Pittsburgh  Flood 
Commission  has  studied  the  subject  in  con- 
nection with  flood  protection  for  their  city, 
and  they  have  evolved  a  plan  which  appears 
!o  be  ample  to  provide  against  future  disas- 
trous floods  at  Pittsburg,  if,  however,  the 
control  of  the  reservoirs  is  possible  to  obtain 
results  in  accordance  with  the  plans. 

When  one  comes,  however,  to  consider  the 
prevention  of  floods  in  a.  river  system  like  that 
of  the  Mississippi,  the  problem  becomes  ex- 
ceedingly difficult.  In  the  first  place,  reservoir 
sites  are  not  generally  found  close  to  the 
points  where  the  damage  will  occur,  and  this 
is  particularly  true  of  the  Mississippi. 

Colonel  C.  McD.  Townsend,  Corps  of  Engi- 
neers. U.  S.  .Army,  president  of  the  Missis- 
si|.|ii  River  Commission,  in  an  address  before 
the  Drainage  Congress  in  the  spring  of  1913, 
slated : 

To  have  retained  the  Mississippi  flood  of  1912 
within  Its  banks  would  have  required  a  reservoir 
in  the  vicinity  of  Cairo.  111.,  havlns:  an  area  of 
7.000  square  miles,  slightly  less  than  that  of  the 
state  of  Xew  .Jersey,  and  a  depth  of  about  15 
ft.,  a.ssuming  that  the  reservoir  was  empty  when 
the  river  attained  a  bankful  stage.  Cairo  is  the 
logical  location  for  a  reservoir  to  regulate  the 
discharge  of  the  lower  Mississippi.  It  will  not 
only  control  tha  floods  from  the  Ohio,  but  also 
the  dlscharse  from  the  Missouri  and  upper  Mis- 
sissippi. But  if  the  reservoirs  be  transferred 
from  the  mouths  of  the  tributaries  to  the  head- 
waters, their  c.ipacitles  must  be  largely  In- 
creased. 

It  is  not  to  be  supposed  that  the  people  of 
Illinois  and  Missouri  would  be  willing  to  have 
a  portion  of  their  territory  as  large  as  the 
state  of  New  Jersey  turned  into  a  reservoir 

In  this  connection  it  should  also  be  rcmem- 
bc.id  that  at  the  headwaters  of  the  Mississippi 
•here  is  the  largest  artificial  system  of  reser- 
voirs in  the  world,  with  a  capacity  of  93.000,- 
...ii.iHi.i  cu  ft.  These  reservoirs  have  been 
il  in  slightlv  increasing  the  low  water 
.  .■  of  the  Mississippi  River  above  St. 
Taiil.  and  also  in  reducing  floods  in  that  por- 
tion of  the  river:  but  a  hundred  miles  farther 
ii...\i>^treafi  it  is  impossible  to  detect  their 
iiillun  -c  iliiring  cither  high  or  low  water. 

Tlu   (  iliio  River,  in  which  we  are  more  par- 
ti.iil.nlv   interested,  has  a  very  large  flood  dis- 
ch.irv .      .\t  Louisville,  for  instance,  the  maxi- 
imiiu    li-charpe  is  TlMi.iiOO  cu.  ft.  sees.    At  the 
1    the  dhio   the   estimated   maximum 
amounts  to  1,-"iU0.immi  cu.  ft.  sees.  Let 
•  li;.t    effect   the   system   of   reservoirs 
for    the    protection    of    Pittsburgh 
\e  had  at  Louisville  during  the  flood 
1  April.    IP13.     The    Pittsburg    Flood 
■>n  proposed  ilv  ronstruction  and  op- 
'    ■  •  ■ whose   total 

■■■:'■■-  "U.OOO   CU.    ft. 

.;  past  Louisville 
•11  height  was  ap- 

.11.    ft.     The   pro- 

therefore.  would  have 

:  ..i;;    .111  1    liy    one    day's    flow   at 

If  we  .issiimc  that  the  dangerous 

clif   at    Ijiuisville    is   .51    ft.,   then,  to 

have  kept   the  river  below  that  height  during 

that  floo.l.  a  storage  capacity  ".300  square  mile 

feet,  equal  to  20n,000,0on,f>nn  cu.  ft.  would  have 
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Iicen  required,  or  over  tlircc  times  the  capacity 
of  the  proposed  Pitt-sljurg  system. 

If  there  had  been  a  reservoir  just  above 
Louisville,  with  a  capacity  of  7,300  square  mile 
feet,  and  if  such  reservoir  had  been  empty 
when  the  flood  stage  of  the  Ohio  River  oc- 
curred, the  Ohio  River  at  Louisville  could 
liave  been  kept  below  the  flood  stage.  But 
anyone  can  see  that  it  would  not  be  feasible 
to  construct  a  reservoir  of  such  capacity  be- 
tween Pittsburg  and  Louisville  because  of  the 
great  value  of  the  land,  towns,  improvements, 
etc.,  that  would  be  submerged. 

Another  illustration  may  be  taken  from  the 
Wabash  River.  The  office  of  which  I  have 
charge  had  just  completed  the  field  work  of  a 
.survey  of  this  stream  between  Terre  Haute 
and  '.he  mouth  at  the  time  of  the  191.3  flood. 
At  Mt.  Carmel,  95.7  miles  from  the  mouth,  dis- 
charge records  had  been  kept  and  discharge 
curves  had  lieen  constructed,  and  while  no 
actual  measurements  were  taken  at  the  crest 
of  this  flood,  assuming  that  the  curves  pro- 
longed are  correct  above  actual  measurement 
points,  we  are  able  to  arrive  at  an  approximate 
value  for  the  discharge  of  that  stream  at  Mt. 
Carmel  during  the  period  of  flood.  To  have 
reduced  the  flood  height  1  ft.  during  10  days 
would  have  required  a  reservoir  capacity  of 
26,000,000.000  cu.  ft.,  or  a  reservoir  approxi- 
mately 100  square  miles  in  area,  with  an  aver- 
;ige  depth  of  10  ft.  To  have  kept  the  Wabash 
River  within  its  banks  at  Mt,  Carmel  between 
the  date  of  March  25  and  April  21  would  have 
required  a  storage  capacity  of  260,000,000.000 
cu.  ft.,  amounting  to  9,300  square  mile  feet. 
This  would  have  required  a  reservoir  or  reser- 
voirs having  an  area  of  930  square  miles  with 
water  a:  average  depth  of  10  ft.  It  is  apparent 
to  anyone  who  knows  the  territory  along  the 
Wabash  River  that  it  would  be  impossible  to 
find  any  such  reservoir  site  in  the  vicinity  of 
Mt.  Carmel,  and  even  if  foimd,  the  cost  of 
such  site  would  be  prohibitive. 

It  is  evident,  therefore,  that  on  the  large 
rivers,  like  the  Mississippi  and  the  Ohio,  there 
will  be  few  reservoir  sites  close  to  the  main 
streams  that  can  be  used  to  control  floods  and 
that  sites  must  be  found  on  the  tributaries  and 
generally  at  their  headwaters.  This  compli- 
cates the  problem  and  makes  necessary  large 
numbers  of  reservoirs  of  immense  capacity. 
Speaking  of  this  point  with  reference  to  the 
Mississippi   River,   Colonel   Townsend   stated : 

When,  en  April  2.  the  ?auge  at  Cairo  attained 
a  height  of  54  ft.,  there  was  flowinsr  down  the 
Mississippi  River  at  least  2,000,000  cu.  ft.  of 
water  per  second.  It  requires  about  11  days  for 
a  flood  wave  to  be  transmitted  the  966  miles 
between  Plttsburp,  Pa.,  and  Cairo.  On  March 
22  the  Pittsburg  gage  read  5.3  ft.,  which  is  pro- 
duced by  a  flov/  in  the  Ohio  River  at  that  lo- 
cality of  about  15,000  sec. -ft.  In  10  days  a  flood 
travels  the  S53  miles  between  St.  Paul.  Minn., 
and  Cairo.  On  March  2  the  reading  of  the  St. 
Paul  gage  was  0.5  ft.,  corresponding  to  a.  dis- 
charge of  the  Mississippi  of  about  2.500  sec.-ft. 
In  8  days  the  effect  of  a  flood  at  St.  .loseph,  Mo.. 
Is  felt  at  Cairo.  On  March  25  the  gage  at  St. 
Joseph  read  minus  0.1  ft.,  representing  a  dis- 
charge of  the  Missouri  River  of  about  17,000 
sec.-ft.  If  a  system  of  re.servoirs  had  been 
constructed  whi"h  would  have  prevented  ail  How 
from  the  Allegheny,  the  Monongahela,  the  Mis- 
sissippi above  St.  Paul,  and  tlie  Missouri  above 
St.  .Toseph,  It  would  have  reduced  the  2,000.000 
sec.-ft.  discharged  by  the  Mississippi  River  at 
Cairo  on  April  2  less  than  35,000  sec.-ft. 

The  water  wiikh  passed  Cairo  on  April  2  came 
principally  from  the  White  and  Wabash  and 
the  lower  tributaries  of  the  Ohio,  and  after  the 
water  of  these  rivers  started  to  subside  the  flood 
from  Cincinnati,  though  increasing  from  57  to 
69  ft.  on  the  gage,  could  incicase  flood  heights 
at  Cairo  less  than  1  ft.  The  flood  of  30  ft.  at 
Pittsburg  on  March  28  produced  its  effect  on 
the  Cairo  gage  on  April  S.  It  has  prolonged  thij 
Hood  without  Increasing  its  height. 

If  reservoirs  are  to  be  located  on  the  head- 
waters of  the  tributaries,  then  sufticient  capac- 
ity must  be  provided  on  each  of  the  tributaries 
to  allow  for  its  maximum  flood.  This  capac- 
ity will  be  many  times  the  capacity  estimated 
from  the   discharge   of   the   main  stream,   be- 


cause floods  are  generally  caused  by  the  flow 
from  a  number  of  tributaries,  but  seldom  from 
the  flow  of  all  the  tributaries  at  their  maxi- 
mum stage.  Thus  each  individual  tributary 
must  be  treated  and  reservoirs  must  be  so 
operated  that  they  will  be  empty  when  needed 
and  when  full  they  must  be  emptied  slowly 
so  as  to  prevent  the  piling  up  of  water  in  the 
main  stream. 

.\  marked  defect  of  this  system  is  the  possi- 
bility that  one  storm  may  follow  another  so 
closely  that  at  the  time  of  the  second  the 
reservoirs  will  be  full  and  not  available  for 
storage  purposes. 

Besides  the  points  mentioned  above,  there 
enters  the  question  of  costs.  Reservoir  sites 
are,  in  general,  extremely  costly.  The  Pitts- 
burg Flood  Commission  estimated  the  cost  of 
its  proposed  system  at  $21,000,000,  but  a  Board 
of  Engineers,  U.  S.  Army,  in  reviewing  the 
report  found  that  land  and  property  damages 
were  underestimated  by  $13,000,000,  so  if  their 
other  estimates  were  correct,  the  cost  would 
be  $34,000,000.  If  a  complete  system  were 
practicable  for  the  Ohio  River,  sorne  idea  of 
its  probable  magnitude  may  be  gained  from 
the  fact  that  the  area  of  the  basin  of  the  Ohio 
Valley  is  204,320  square  miles,  while  the  drain- 
age area  of  the  rivers  above  Pittsburgh  just 
referred  to  is  but  10,152  square  miles,  or  5  per 
cent  of  the  whole.  Assuming  that  the  cost 
per  square  mile  would  be  the  same  as  that  for 
the  Pittsburg  system,  the  total  cost  of  provid- 
ing reservoirs  for  the  Ohio  River  would  be 
$608,000,000.  It  is  probable,  however,  that 
these  costs  would  be  greater,  for  the  territory 
in  question  abcjve  Pittsburg  is  not  nearly  as 
valuable  as  in  such  states  as  Ohio,  Indiana  and 
Illinois. 

The  advocates  of  reservoirs  for  flood  pre- 
vention recognize  the  enormous  cost  of  this 
method  of  protection  for  a  large  river  like  the 
Ohio,  and  to  offset  this  very  pertinent  objec- 
tion they  claim  that  the  water  stored  in  reser- 
viors  may  be  used  to  produce  power  which 
may  be  sold  to  the  public,  thereby  reducing 
the  cost  of  flood  prevention,  and  may  also  be 
used  to  increase  the  low  water  flow  of  streams, 
thereby  improving  navigation. 

It  is  true  that  reservoirs  may  be  used  for 
flood  prevention  and  the  wa'ter  held  therein 
used  for  power,  or  for  increasing  the  low  wa- 
ter flow  of  a  stream,  but  the  full  capacity  of  a 
reservoir  may  not  be  used  for  all  three  of 
these  purposes  at  the  same  time.  Reservoirs 
to  be  used  for  flood  prevention  must  retain 
the  water  during  the  possibility  of  floods,  but 
the  instant  that  possibility  passes  the  water 
must  be  allowed  to  escape  as  rapidly  as  pos- 
sible without  doing  damage,  in  order  that  they 
may  be  empty  at  the  time  of  the  next  possible 
flood.  The  use  of  reservoirs  for  increasing 
the  flow  of  streams  at  low  water  stages  is 
just  the  reverse  of  this.  They  must  be  kept 
full  as  long  as  possible  and  the  water  only  al- 
lowed to  escape  when  it  is  absolutely  neces- 
sary to  increase  the  low  water  flow.  The  use  of 
reservoirs  for  power,  on  the  other  hand,  requires 
a  constant  flow  with  a  constant  head  to  ob- 
tain the  best  results,  and  the  more  nearly 
these  conditions  are  met,  the  more  efficient  is 
the  plant  and  the  greater  income  obtainable 
from  a  given  expenditure. 

A  little  thought  on  this  subject  will  con- 
vince a  reasonable  man,  that  the  three  uses  of 
reservoirs  proposed  by  their  advocates  arc 
incompatible  one  with  the  other,  and  in  my 
opinion  if  an  endeavor  w-ere  made  to  use  the 
fame  reservoirs  for  these  three  purposes,  it 
would  not  be  long  before  the  power  interests 
woidd  obtain  control,  and  it  would  be  prac- 
tically impossible  for  a  Government  agent  to 
cmply  a  reservoir  in  anticipation  of  a  flood 
when  the  power  interests  desired  the  reser- 
voir to  be  kept  full  in  order  to  provide  uni- 
form power   for  their  plant. 

In  any  case,  it  will  be  seen  from  the  above 
that  to  prevent  floods  by  the  use  of  reservoirs 
will  re([uire  a  certain  definite  capacity;  that 
if  these  reservoirs  are  to  be  used  for  any 
other  purpose,  their  capacity  must  be  vastly 
increased,  thereby  increasing  the  costs  of  the 
system.  For  these  reasons  it  is  believed  that 
it    would    be    extremely    inadvisable    for    the 


Government  to  attempt  to  provide  reservoirs 
for  flood  prevention  combined  with  other 
uses  incompatible  with  that  object. 

The  cost  of  any  system  of  reservoirs  suf- 
ficiently extensive  to  have  a  radical  effect  on 
Ohio  river  floods  will  be  very  great,  but  owing 
to  the  scarcity  of  reliable  information  no  es- 
timate of  cost  can  be  m.ade  at  present.  Be- 
fore undertaking  or  even  advocating  such  a 
system  the  subject  should  be  thoroughly 
studied,  all  necessary  information  collected, 
and  estimates  submitted  based  on  knowledge 
rather  than  guesses.  The  Board,  of  which  I 
have  the  honor  to  be  a  member,  has  devoteil 
nearly  a  year  to  the  compilation  of  all  avail- 
able information  with  reference  to  the  Ohio 
and  Erie  basins,  and  it  is  remarkable  to  find 
bow  little  information  there  is  upon  which 
to  base  authoritative  computations.  Prac- 
tically the  only  maps  upon  which  reservoir 
sites  can  be  located  are  those  of  the  Geolog- 
ical Survey,  and  their  sheets  cover  only  4."i 
per  cent  of  the  Ohio  River  basin,  exclusive 
of  Cumberland  and  Tennessee  rivers.  No  lo- 
cation surveys  have  been  made  except  in  very 
few  cases ;  rainfall  and  run-off  records  are 
incomplete  and  discharge  records  of  floods 
stages  of  the  tributaries  are  almost  non-ex- 
istent. Before  the  feasibility  of  protection  by 
reservoirs  in  any  particular  case  can  be  af- 
firmed, available  information  must  be  supple- 
mented by  extensive,  reliable  data  as  to  run- 
off, flood  heights  and  discharges,  available 
sites  and  costs. 

INCRE.\SED     CHANNEL    CAP.\CITV. 

The  capacity  of  streams  may  be  increased 
by  the  use  of  levees,  dredging,  or  auxiliary 
channels. 

With  reference  to  levees  it  should  not  be 
necessary  to  discourse  at  length.  This  means 
;if  flood  protection  has  been  used  for  many 
hundreds  of  years.  It  is  a  means  available 
for  the  immediate  protection  of  sites  or  areas 
of  varying  size.  Large  areas  of  the  Missis- 
sippi basin  are  protected  by  levees  as  well  as 
many  towns  on  that  and  other  rivers.  New 
Orleans  and  Cairo  are  so  protected.  With 
this  method  the  solution  is  simple,  and  the 
only  important  questions  are  to  determine  the 
size  of  the  levees  and  the  cost.  An  area  rnay 
be  made  secure  against  any  flood  of  similar 
height  to  those  we  have  had  in  the  past,  or 
that  may  be  expected  in  the  future.  The 
method  is  smiple  and  direct  and  is  the  only 
method  extensively  used  for  protection  in 
cases  of  large  river  systems.  The  levee 
system  on  the  Mississippi  has  been  in  process 
of  construction  many  years,  and  while  it  is 
true  that  breaks  occur  which  cause  vast  dam- 
age, it  is  due  to  the  fact  that  such  levees 
have  not  been  constructed  to  the  height  nec- 
essary for  protection  against  the  greatest 
floods.  Where  a  community  felt  itself  too 
poor  to  provide  against  the  highest  floods  they 
have  built  their  levees  as  high  as  their  funds 
would  allow,  with  the  expectation  and  knowl- 
edge that  when  a  higher  flood  came  the  levees 
would  be  topped.  Shawneetown  on  the  Ohio 
is  an  example  of  this  policy.  The  Mississippi 
River  Commission  has  elaborated  a  plan  for 
levees  which  if  carried  out  should  make  the 
lower  Mississippi  valley  absolutely  safe 
against   overflow. 

Dredging  may  be  used  for  increasing  the 
capacity  of  channels  where  the  increase  re- 
quired is  very  moderate,  but  a  radical  increase 
in  the  capacity  of  a  large  stream  m.ay  not  be 
accomplished  by  this  method  without  the  ex- 
penditure of  enormous  sums  of  money.  A 
point  oftentimes  forgotten  is  that  drc<lgcd 
material  must  be  placed  outside  of  the  nvcr 
channel  if  the  dredging  is  to  do  any  perma- 
nent good.  This  requires  the  purchase  of 
lands  upon  which  such  material  may  be  de- 
posited, and  increases  the  cost  of  actual 
dredging  very  materially. 

No  instance  is  known  where  a  radical  in- 
crease by  dredging  of  the  flood-carrying  ca- 
pacity of  a  river  channel  has  been  attempted 
on  any  large  stream.  The  low  water  channels 
in  streams  like  the  Mississippi  oftentimes  are 
dredged  to  facilitate  navigation,  but  it  is  be- 
lieved that  the  limited  application  of  this 
method   should  be  apparent  to  all  thoughtful 
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uinds.     In  this  connection  I  am  reminded  of 
he  remark  frequently  heard  that  it  would  be 
idvisable    to    bring    the    machinery    from    the 
Panama   Canal   to  the    United   States  to  per- 
form   the    necessary    work    of    dredging    the 
Mississippi    and   Ohio   rivers.     The   machines 
formerly    in    use    on    the    Panama    Canal    arc 
idapted  to  the  special  conditions  at  Panama, 
.vhich  are  very  different  indeed  from  the  con- 
Jitions  to  be  met  on  the  Ohio  and  Mississippi 
i>ers.     Most  of  the  excavating  plant  consists 
^teani  shovels,  locomotives,  flat  and  dump 
!  ~.   unloading   machines,  etc.     The   dredges 
n  use  were  built  for  deep  draught  work  and 
ire  wholly   unsuited   to   river  work.     In   any 
asc,  the  dredges  will  be   required   for  main- 
cnance  work  on  the  canal  and  the  other  nia- 
hines    are    not    suitable    for    river    dredging, 
nd  if  brought  to  these  rivers  would  be  ex- 
remely  inefficient. 

Auxiliary  channels  have  been  suggested, 
loth  paralleling  long  stretches  of  streams  and 
ilso  to  form  cut-offs.  The  cost  of  providing 
idditional  channels  for  a  stream  like  the  Ohio 
jr  the  Mississippi,  of  sufficient  capacity  to 
arry  off  the  flood  waters,  is  absolutely  pro- 
libitive.  For  the  protection  of  a  particular 
ocality  short  auxiliary  channels  or  cut-offs 
may  be  used,  but  these  have  the  disadvantage 
^hat  while  they  may  benefit  the  locality  in 
'luestion,  by  facilitating  the  runoff  past  that 
particular  locality  they  pile  the  water  up  more 
rapidly  below,  thereby  creating  more  damage 
ill  other  points,  as  they  necessarily  cause  steep- 
er slopes,  higher  velocities,  and  greater  ero- 
sion. 

'    The  methods  of  prevention  of  floods  have 
n    discussed    at    some   length,   and    it   must 
realized  that  the  subject  is  one  of  great  ex- 
it enl   and    the    problem    in    the   case    of    large 
streams  very  diflicult   of   solution. 

PREVENTION    OF    FLOOD   DAMAGE. 

We  now  come  to  the  question  of  the  pre- 
Sention  of  damage  by  floods.     (The  Board  of 
iiliich  I  am  a  member  visited  06  different  lo- 
llies where  the  greatest  amount  of  damage 
iirred  as  a  result  of  last  year's  flood,  and 
(we   found   at   almost   every  place  visited   that 
•the   damage   was   largely   caused   by   artificial 
roachments  on  the  natural  channels.     For 
lancc,  many  towns  have  grown  up  on  the 
d  planes  of  the  streams,  occupying  areas 
t    have   been    overflowed    from   the   begin- 
ning;  people  have   entered   the   bottom   lands 
,md  erected   their  structures  with  the  knowl- 
^-dge   that    those    lands    were    formed    by    silt 
idepositcd  by  flood  waters ;  railroads  have  con- 
-•tructcd    earthen    embankments    across    these 
^lottoms,   leaving   only   very   narrow   openings 
•ivith   wholly   inadequate   capacity    for   passing 
■ds ;    city    and    county    officials    have    built 
■Iges    with    abutments    projecting    into    the 
-tream.  with  m.nny  piers  of  insufficient  height, 
thus   reducing  the   discharge  area   materially; 
[individuals   have    dumped    materials   over   the 
Jianks  to  increase  the  area  of   their   property 
for  business  purposes.     These   structures  and 
i-ncroachmcnts    have    reduced    the   capacity   of 
the  streams,  have  formed  partial  dams  which 
raise    the    water    above    previous    levels    and 
[then  by  the  breaking  of   an   embankment   or 
fhe  washing  out  of  a  bridge  the  water  held 
'lack  has  rushed  downstream  under  increased 
id    and    velocity,    destroying   everything    in 
path.)      In    our    report    just   submitted    to 
'lie   .Secretary   of    War,   numerous   quotations 
'irc  made    from   the  various   reports   of  com- 
imittccs  of   the   Flood   Bo.ird   who  visited  the 
ilics  daniaged  by  the  late  floods,  giving  cx- 
implcs  rif   the  conlr:iction  of   the  waterways, 
j-ncronchmcnts   on   the   channels   .ind    the    rc- 
pulting   damage.     Aside      from    the     damage 
ilonc   by   the   inundation   of    property,    which, 
'while  serious,  was  not  destructive,  almost  all 
"  the  damaiK  at  the  points  visited  was  caused 
increased  velocities  of  current  due   to  the 
I'.icking   up   of    the    water,   by    embankments, 
fSridges,  and  other  structures,  the  subsequent 
^ireaking  of  these  partial  dams  and  the  ru-sh 
if  the  released  waters  under  increased  heads 
md  velocities. 

The  measures  to  be  taken  to  prevent  such 
damage  arc:  wherever  possible,  to  remove 
structures    from    the    flood    planes    and    river 


bottoms,  or  to  elevate  such  structures  abose 
possible  high  water;  to  protect  by  levees  val- 
uable property  which  it  is  impossible  to  re- 
move ;  to  prevent  the  construtcion  of  heavy 
earthen  embankments  across  flood  planes  by 
railroads  or  counties ;  to  increase  the  capacity 
of  channels  by  removing  encroachments  there- 
on in  the  shape  of  bridges,  buildings,  etc., 
and  to  remove  all  artificial  and  natural  filling 
or  deposits. 

The  work  of  the  national  Government  along 
this  line  up  to  the  present  time  has  been  lim- 
ited. The  principal  work  has  been  the  con- 
struction of  the  levees  on  the  Mississippi  river. 
No  other  extensive  work  has  been  carried  on 
for  flood  protection  or  flood  prevention  alone, 
although  many  of  the  works  for  improvement 
of  navigation  have  tended  to  improve  con- 
ditions with  reference  to  floods.  At  the  time 
of  the  great  flood  of  last  year  the  question 
arose  as  to  the  powers  and  duties  of  the  gen- 
eral Government,  and  while  it  is  probable  that 
the  power  of  the  Government  is  sufficiently 
extensive  to  enable  vast  works  to  be  carried 
on,  there  are  at  the  present  time  no  laws 
authorizing  such  works,  unless  they  can  be 
combined  with  works  of  the  improvement  of 
navigation. 

.-\s  is  well  known;  the  national  Government 
derives  its  authority  for  its  various  activities 
from  the  provisions  of  the  constitution  of  the 
United  States.  It  is  a  principle  in  the  inter- 
pretation of  the  constitution  that  all  rights 
are  reserved  to  the  states  except  those  which 
a-^e  specifically  and  clearly  given  to  the  na- 
tional Government,  but  once  it  is  determined 
that  the  right  obtains,  it  is  possessed  to  its 
fullest  extent,  is  superior  to  state  rights,  and 
is  paramount  even  to  the  minutest  details. 
Among  the  powers  given  to  Congress  by  the 
constitution  is :  "To  regulate  commerce  with 
foreign  nations  and  among  the  several  states, 
and  with  the  Indian  tribes" ;  and  "to  estab- 
lish post  offices  and  post  roads."  Under  the 
foriner  of  these  provisions  the  Government 
has  assumed  control  of  navigable  waterways 
and  regulates  navigation.  Insofar  as  floods 
interfere  with  navigation  there  is  no  question 
as  to  the  right  of  Congress  to  pass  laws  for 
till-  control  of  such  floods  or  the  prevention 
of  damage  which  may  affect  navigation.  It 
matters  not  whether  the  laws  have  for  their 
purnose  the  lowering  of  flood  heights  or  the 
previ-ntion  of  the  wrecking  of  bridges,  boats, 
etc.,  or  the  deposit  of  material  washed  from 
the  upper  parts  of  the  stream  mto  the  lower 
and  navigable  portions.  This  power  has  been 
exerci.sed  in  the  past  through  the  engineer  de- 
partment of  the  .Army  in  charge  of  river  and 
harbor  rlistricls,  but  has  been  limited  in  gen- 
eral tn  those  stretches  of  the  streams  that  are 
actually  navigable.  At  the  present  time  we 
are  regulating  the  heights  and  widths  of 
bridges,  preventing  deposit  of  material  over 
the  banks  of  the  streams,  or  placing  obslruc- 
(ions  in  the  stream,  etc..  and  on  special  oc- 
casions where  it  has  been  shown  that  ma- 
terial deposited  in  the  stream  above  the  nav- 
igable sections  has  been  washed  downstream, 
affecting  navigation,  the  b"ederal  Govern- 
nirnt  has  interfered  and  preventeil  such  de- 
posit. In  gener.il,  however,  its  jurisdiction 
l.iis  licrn  confined  to  the  navigable  portions  of 
the  streams.  It  would  seem  perfectly  pos.si- 
ble  and  within  the  powers  of  Congress  de- 
rived from  the  conslilulion  to  authorize  the 
extension  >if  jurisdiction  tn  all  portions  of  nav- 
igable stre;inis,  whether  actually  navigable  or 
not. 

rurthermore.  Congress  in  its  power  to  es- 
tablish post  olticcs  and  post  roads  must  nat- 
urally have  the  power  to  protect  svtch  roads, 
and  to  make  regulations  regarding  them.  As 
almost  all  the  ro.ids  are  uscil  for  carrying  the 
mails.  ,-11.1.  -.iiK  ('..luTivs  has  the  power  to 
conlriil  bridges  over  near- 

ly all   '•  '  prevent  encroach- 

ments tlirrruii,  on  the  groimds  that  such  roads 
arc  used  ar  post  routes  and  must  be  so  con- 
structed iiiid  so  protected  as  to  be  without 
danger  of  obstruction  or  interruption  due  to 
flcod.-i. 

It  would  seem,  therefore,  that  Congress  has 
in    the    two    provisions    of    tlic    constitution 


quoted  above,  ample  power  to  control  these 
matters  and  to  take  such  action  as  may  be 
deemed  wise  for  such  control.  At  the  pres- 
ent time,  however,  the  executive  departments 
whose  powers  are  definitely  determined  by  law, 
have  no  coiilrel  over  streams  unless  they  are 
navigable,  and  no  control  over  the  action  of 
individuals,  corporations  or  communities  to 
prevent  the  obsfuction  of  such  streams,  un- 
less it  can  be  definitely  shown  that  such  ob- 
structions do  interfere  with  navigation;  and 
as  soon  as  one  of  the  departments  attempts 
to  exercise  its  power,  unless  the  case  is  sim- 
ple, objection  is  made  and  suit  entered  in 
the  courts  to  determine  whether  under  the 
laws  that  department  has  the  right  to  deinand 
correction   or  not. 

It  would  seem  that  the  measure  most  need- 
ed at  the  present  time  is  an  act  definitely 
authorizing  some  department  of  the  Govern- 
ment to  prevent  the  encroachments  on  the 
streams,  and  if  the  Federal  Government  does 
not  take  up  this  question,  it  is  within  the 
power  of  the  states  to  do  so,  and  some  meas- 
ure or  measures  should  be  taken  in  each  of 
the  states  to  enable  some  department  of  their 
Government    to    control    such    matters. 

There  are  numerous  cases  where  the  peo- 
ple of  the  community  have  recognized  the 
great  danger  involved  in  the  construction  of 
a  bridge  for  instance,  and  where  protests  have 
been  made  but  without  avail,  because  of  the 
lack  of  'aws  finder  which  any  authority  could 
act  v.ith  hope  of  successful  enforcement.  It 
is  a  remarkable  fact  that  in  one  of  the  towns 
of  Indiana  certain  county  commissioners  are 
constructing  bridges  across  a  stream  in  di- 
lecl  opposition  to  a  large  proportion  of  the 
citizens  of  the  town,  the  latter  feeling  confi- 
dent that  the  bridges  in  question  will  cause 
great  damage  in  the  case  of  another  flood, 
yet  these  citizens  have  been  unable  to  find 
any  power  that  would  enable  them  to  prevent 
the  construction   of   such  bridges. 

If  the  Congress  of  the  United  States  should 
take  up  this  matter  and  should  extend  its 
jurisdiction  to  the  headwaters  of  all  trib- 
utaries of  navigable  streams,  it  would  be  pos- 
sible for  the  agents  of  the  Federal  Govern- 
ment to  determine  whether  or  not  proposed 
structures  are  dangerous  to  life  and  property 
during  floods,  and  to  require  reasonable  and 
safe  construction.  In  the  meantime  the  Board 
of  Ofiicers,  of  which  I  am  a  member,  is  study- 
ing all  conditions  alTecting  flood  protection  of 
the  Oliio  River  basin,  and  has  collected  prac- 
tically all  of  the  information  available.  It 
has  recently  recommended  in  its  report  that 
an  appropriation  be  made  for  carrying  on 
this  work  and  for  making  surveys  and  plans 
for  definite  improvements  of  localities  and 
streams. 

The  Board  feels  that  the  problcin  of  pre- 
vention of  floods  in  the  Ohio  River  basin  is 
an  immense  one.  whose  difficulties  are  little 
understood  by  the  mass  of  the  people.  A 
great  deal  of  information  is  being  dissem- 
inated, whose  most  remarkable  quality  is  the 
lack  of  stibslantiation  by  definite  facts.  News- 
paper and  magazine  articles  arc  describing  and 
,advocating  measures  without  knowledge  of 
what  they  will  ultimately  mean  to  the  pei'plc 
and  we  feel  that  the  tirst  duly  of  the  I!  mi  I 
is  to  iiblain  definite  and  precise  inliiriuaiiou 
on  all  these  sulrjccts,  so  that  the  people  may 
know  what  can  be  done  and  what  it  will  cost. 
We  are  not  opposp<l  to  any  method  that  will 
give  relief,  and  as  I  have  shown  in  the  .ibove 
discussion,  there  arc  many  methods  and  mcas- 
>ircs  that  mav  be  of  assistance.  It  is  prob- 
able that  when  the  matter  is  stiflicicntly 
studied  it  will  be  found  that  all  of  the 
methods  described  above  may  be  used  to  ad- 
vantnge.  and  that  each  locality  and  each 
••tream  is  a  problem  bv  itself,  whose  solution 
depends  nn  local  conditions  and  can  only  be 
determined  when  adequate  knowledge  is  ob- 
tained. 


The  Western  Railway  of  Buenos  Ayres  will 
eliminate  all  existing  grade  crossings  and  will 
electrifv  its  suburban  zone  for  a  distance  of 
alKiut  2.5  miles  from  the  terminal,  according  to 
a  recent  report. 
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A    Pneumatic    Concrete    Mixing    and 

Conveying  Plant  Mounted  on  a 

Railroad  Car  for  Tunnel 

Lining. 

(Staff  Article.) 
A  new  type  of  portable  concrete  mixing 
plant  will  be  used  by  the  Chicago,  Burlington 
&  Quincy  Railroad  for  hning  the  .-Mkali  Sum- 
mit Tunnel  near  Arminto.  \Vyo.,  a  station  19 
miles  west  of  Pow-der  River  on  the  Sheridan 
Division  recently  constructed  between  Powder 
River  and  Thermopolis,  Wyo.  The  tunnel  is 
on  a  grade  and  has  a  length  of  about  1,000  ft. 
On  account  of  the  nature  of  the  rock  strata 
through  which  the  tunnel  penetrates  it  has 
been  decided  to  line  the  tunnel  with  concrete. 

-.:-£'■        .  :.  ■■  4"'B"Lagging 
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Fig.      1.     Cross-Section      Showing      Concrete 
Lining   and   Track   Gutters  to   Be  Con- 
structed   in   Alkali   Summit  Tun- 
•  nel,  C.  B.  &  Q.  R.  R. 

The  cross  section  of  tlic  tunnel  and  lining, 
as  shown  by  Fig.  1,  is  the  standard  single- 
track  tunnel  section  of  the  C,  1?.  &  Q.  R.  R. 
used  where  timbering  cannot  be  removed,  with 
the  exception  of  the  concrete  gutters  or  ditches 
parallel  to  the  track  to  be  constructed  in  this 
case  on  account  of  the  water  flowing  in  one 
direction    through    the    entire    length    of    the 


for  the  aggregate,  which  will  consist  of  bank 
run  gravel.  These  bins  slope  to  the  center 
of  the  car  and  discharge  through  chutes  into 
a  measuring  hopper.  The  cement  is  stored 
in  bags  under  one  of  the  bins.  This  bin  is 
18  ins.  narrower  than  the  car,  which  leaves 
space  for  a  man  to  carry  cement  bags  from 
the  bins  up  a  slight  incline  to  the  mixer  plat- 
form. A  description  of  the  pneumatic  concrete 
mixer  and  conveyor  and  of  its  use  for  lining 
the  La  Salle  St.  tunnel  in  Chicago  was  given 
in  Engineering  and  Contracting,  June  14,  1011. 

The  measuring  hopper  is  lifted  and  tilted 
to  discharge  into  the  mixer  by  means  of  a 
cable  operated  by  a  small  air  cylinder.  The 
pipe  which  conveys  the  concrete  from  the 
mixer  to  the  tunnel  forms  is  8  ins.  in  diameter 
and  runs  from  the  mixer  under  the  car  and 
up  the  end  to  the  top  of  the  bins,  which  are 
14  ft.  above  the  rail,  and  then  on  an  incline 
above  the  car  to  a  point  about  24  ft.  above 
the  rail,  where  it  enters  through  a  bulkhead 
of  the  tunnel  form.  This  incline  pipe  is  raised 
and  lowered  in  order  to  clear  the  braces  of  the 
tunnel  forms  which  only  give  about  16  ft. 
of  clearance.  This  pipe  is  raised  and  lowered 
between  guides  by  a  cable  attached  to  an  air 
cylinder.  When  the  pipe  is  lowered  to  its 
resting  place  on  top  of  the  bins  the  guides  fold 
down  and  are  out  of  the  way.  Figure  3 
shows  an  end  view  of  the  car  and  the  con- 
\eying  pipe  folded  down  out  of  the  way  so 
that  the  car  can  be  moved.  The  incline  up 
wdiich    the    cement    is    carried    is    also   shown. 

The  water  barrel  is  located  on  the  car  and 
the  water  is  discharged  from  it  through  a 
pipe  to  the  mixer  and  the  barrel  is  supplied 
by  a  small  hose  connecting  with  a  pipe  line 
along  the  floor  of  the  tunnel. 

The  car  is  run  into  the  tunnel  with  enough 
material  for  about  2.5  cu.  yds.  of  concrete 
and  is  connected  to  an  air  supply  line  laid 
.along  the  track  at  whatever  point  the  work  is 
to  be  carried  on,  and  may  be  unloaded  in  one 
hour,  mixing,  conveying  and  placing  2-5  cu 
yds.  of  concrete  in  the  tumiel  forms  with  a 
crew  of  four  men.  The  crew  required  is  as 
follows :  One  operator  who  operates  the 
mixer  and  all  the  valves ;  one  man  to  carry 
cement;  one  man  to  untie  the  cement  bags 
and  dump  the  cement  into  the  hopper,  and 
one  man  to  operate  the  gates  for  filling  the 
measuring  hopper  with  aggregate.  The  air 
pressure  used  to  operate  the  mi.xer  and  con- 
vevor  is  80  lbs.  per  square  inch.  The  concrete 
lining  will  be  placed  in  sections  having  a  length 
of  from  5  to  10  ft.  along  the  axis  of  the  tun- 
nel. The  sequence  of  concrete  placing  opera- 
tions for  each  .5  to  10  ft.  section  is  as  follows  : 
One  side  wall  will  be  built  up  to  a  height  of 


forces.  Mr.  T.  E.  Calvert  is  Chief  Engineer 
of  the  C,  B.  &  Q.  R.  R.  The  concrete  mixers 
and  conveyers  are  manufactured  by  the  Con- 
crete Mixing  &  Placing  Co.,  Chicago,  III 


Fig.    2.     Side    View/    of    Pneumatic    Concrete    Mixing  and  Conveying  Plant,  C.  B  &  Q.  R.  R. 


tunnel.  Cast  iron  grates  will  Ije  placed  every 
10  ft.  along  the  track  side  of  eacli  gutter  to 
allow  the  water  to  flow  from  the  track  and 
ballast  into  the  gutters. 

The  pneumatic  mixer  and  conveyor  to  be 
used  on  this  work  is  mounted  on  a  standard 
40-ft.  flat  car,  as  shown  by  Fig.  2.  The  bins 
erected  on  the  car  contain  TO.")  cu.  ft.  of  space 


5  ft.;  then  the  other  siilc  wall  will  be  brought 
up  to  the  same  height;  next  the  first  wall  will 
be  brought  up  to  the  10-ft.  level.  This  alter- 
nate huildin.g  of  the  side  walls  continues  until' 
concreting  has  reached  points  well  up  onto 
the  haunches  of  the  tunnel  arch.  Finally  the 
remaining  top  section  of  the  arch  is  placed. 
The  work  will  be  done  by  railway  company 


Principles  and  Methods  for  the  Valua- 
tion  of    Railroad    Property    and 
Other  Public  Utilities. 

A  committee  of  the  American  Society  ol 
Civil  Engineers  was  appointed  in  September. 
1911,  to  formulate  principles  and  methods  for 
the   valuation   of    railway   property   and   other 


Fig.    3.      End    View    of    Pneumatic    Plant  for 
Tunnel   Concrete   Work,   Showing    Con- 
veyor   Pipe    and    Incline    to    Mixer 
from  Cement  Storage   Under 
Bins. 

public  utilities.  This  committee  consisted  o! 
Frederic  P.  Stearns,  Leonard  Metcalf,  Thoma* 
H.  Johnson,  Alfred  Noble,  William  G.  Ka> 
mond  and  J.  P.  Snow.  At  the  annual  meetin.i^ 
held  in  January  the  committee  presented  tin 
report  on  Valuation  for  the  Purpose  of  Rate- 
Making.  This  report  slightly  condensed  fol- 
lows : 

Valuations  of  the  property  of  public  service 
corporations  may  be  made  for  a  variety  of 
purposes,  the  most  important  of  w-hich  arc  the 
furnishing  of  a  basis  for  the  regulation  ot 
rates  and  for  taxation,  capitalization  and  pur- 
chase. 

It  is  sometimes  held  that  valuations  for  all 
nf  these  purposes  should  give  identical  result.'' 
This  view  cannot  prevail  if  the  laws  of  thi 
(iif^'erent  states  and  certain  decisions  of  tlii 
courts  are  complied  with.  For  instance.  tluT' 
are  in  many  states  laws  indicating  how  tin 
property  of  public  .service  corporations  slial' 
lie  valued  for  taxation  and  these  hnvs  <liffi'' 
radically  in  their  requirements.  There  an 
other  reasons  why  the  valuation  for  different 
purposes  should  differ,  but  this  feature  will 
not  be  discussed  at  present  as  this  report  wilt, 
as  stated,  relate  to  valuation  for  the  puriios< 
of   rate-making. 

It  is.  of  course,  true  that  the  principles  atin 
methods  of  valuation  for  rate-making  are  in 
most  respects  the  same  as  those  involved  in 
the  valuation  for  other  purposes. 

The  valuation  of  public  utilities  has  attained 
special    importance   in    recent   years    and    most 
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kf  the   literature   relating   to  this   subject  has 
peen  issued  within  the  last  thirteen  years.  The 
principles    and    methods    involved    are     now 
leing    carefully    considered     by    many    public 
ervice  commissions  and  the  courts,  as  well  as 
y     engineers,     lawyers,    and     committees     of 
arious  societies  having  to  do  with  public  util- 
ities.    The  subject  is   clearly  in   the  develop- 
mental  stage,  and  any  conclusions  reached  at 
the  present  time  must  be  considered  as  tenta- 
five. 

I  Until  recently  there  were  few,  if  any,  en- 
gineering or  legal  works  devoted  exclusively 
to  the  valuation  of  public  serv'ice  properties, 
hut  during  the  year  1012  and  since,  several  ex- 
tended and  valuable  works  upon  this  subject 
have  issued  from  the  press.  Rspccially  note- 
iworthy  is  a  comprehensive  work  of  Mr.  Robert 
M.  Whitten*,  a  book  of  nearly  800  pages, 
Nvhich  contains  a  well  arranged,  clear  and 
concise  discussion  of  the  various  principles 
[involved  in  the  valuation  of  the  properly  of 
Ipublic  service  corporations  and  is  replete  with 
(extended  quotations  from  the  opinions  of  the 
krourts.  Your  committee  has  been  greatly 
laided  in  its  work  by  Mr.  Whitten's  conlribu- 
kion  to  the  solution  of  this  difficult  problem. 
I  It  is  obvious  that  a  valuation  for  use  before 
ia  court  or  public  service  commission  must, 
Sn  order  to  be  sustained,  be  made  in  conform- 
Hty  with  existing  laws  and  the  decisions  of  the 
.higher  courts.  It  is  recognized,  however, 
'tiiat  the  whole  subject  is  in  a  developmental 
jstage,  and  while  your  committee  has  been 
Iguided  largely  liy  the  decisions  of  the  higher 
courts  and  public  service  commissions,  it  rec- 
ommends what  seem  to  be  sound  views  and 
desirable  changes  in  practice,  even  though  not 
wholly  in  accord  with  such  decisions. 

rENERAI,  PRINCIPLES   INVOLVED  IN  VALUATION   FOR 
R.\TE-MAK1NC. 

The   primary    requirement   in    the   valuation 

a    public    service   property   is     that     justice 

>;iall  be  done  both  to  the  owner  of  the  prop- 

'erty  and  to  the  public.     The  valuation  is   for 

jthe'  purpose  of  determining  rates  which  shall 

|be  a  limitation  of  charges  to  those  which  will 

give   a   fair    return    and   no   more.      In    some 

degree   the   power   assumed    by   the   public   to 

liniit  rates  implies  a  guaranty,  in  the  case  of 

a  properlv  managed  normal  property,  of  such 

fair  return,  and  an  assurance  to  the  public  of 

satisfactorv    service    in    consequence    of    such 

implied  eu'arantv.     The  exercise  of  the  power 

to  regulate    rates   should   be   based   on    equity 

|to  both   Parties. 

It  has  been  well  settled  by  the  highest  courts 
that  (he  owner  of  such  property  is  entitled  to 
a  fair  return  upon  a  fair  value  of  the  prop- 
[erty  uti'ized  in  or  reasonably  necessary  to 
■the  service. 

These   general    principles    do    not    enlighten 
.inc  as  to  how  the  fair  value  and   fair  return 
are  to  be  determined,  hut  they  indicate  a  pur- 
:pose,  and  it   is  often  helpful  to  test  any  pro- 
'poscd    method    of    determining    value    by    the 
application  of  these  principles 
'     Justice  and  equity  require  that  in  aiiy  regu- 
lation of  rates  fixing  the  amount  which  may 
be  earned  bv  a  public  service  corporation  there 
.shall  be  taken  into  consideration  two  dislmct 
features. 

First,  the  annual  return  covering  interest 
.md  profit,  to  wdiich  the  corporation  is  eiiti- 
iled  for  the  use  of  its  capital,  having  in  view 
the   risks    incidental    to   the    investment. 

Second,  an  allowance  sufficient  to  Prj'V'l'c 
tor  the  net  depreciation  in  the  value  of  al  the 
'ims  of  phvsical  property,  whether  resulting 
■  om  decav,  wear  and  tear,  or  other  cause,  the 
nnonnt  of  such  depreciation  allowance  to  be 
MiTuient  to  amortize  all  such  items  of  prop- 
.  rlv  bv  the  time  they  cease  to  have  value. 

the"  principles  are  similar  to  tlmsc  involycrt 

,  where  one  man  loans  money  to  another.     It  is 

not  enough  in  such  a  case  that  the  borrower 

I  should  nav  interest  on  the  money  loaned    but 

he  must  also  pay  the  principal  to  cancel  his 

Indebtedness.  ,  ., 

Ill  manv  instances  there  has  been  a  tailurc 
..  recocni/e  this  principle  in  iho  ca^c  nt  pun- 
lice  service  properties  by   reason  of  the  con- 

•■•Valimtlon  of  Pm.llr  Service  Corporatlonii,- 
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sideration  of  the  property  as  a  whole  and  not 
as  the  sum  of  its  parts,  and  the  situation  be- 
comes much  clearer  when  one  considers  sep- 
aratelv  each  item  of  property  having  a  lim- 
ited life.  Each  such  item  may  be  said  to  have 
a  value  when  new  equal  to  the  capital  in- 
vested in  it,  and  by  the  time  such  item  ceases 
to  have  value,  the  corporation  is  entitled  to 
have  received  from  the  public  the  full  amount 
of  its  capital:  at  least  this  is  the  general  prin- 
ciple  involved. 

It  is  obvious  that  a  fair  return  must  include 
not  onlv  the  items  above  mentioned,  but  must 
include  sums  sufficient  to  cover  operating  ex- 
penses, taxes,  and  all  other  current  expenses, 
and  such  portion  of  the  cost  of  maintaining 
the  property  in  good  condition  and  of  replac- 
ing portions  of  the  property  as  are  not  cov- 
ered under  the  head  of  the  depreciation  allow- 
ance. The  line  of  separation  between  main- 
tenance and  replacement!;,  on  the  one  hand, 
and  the  deoreciation  allowance  on  the  other, 
will  be  discussed  later  in  one  of  the  sections 
under   the  head   of   Depreciation. 

Public  policy  requires  that,  in  the  absence 
of  anv  plan  for  public  ownership  of  public 
service  property,  the  earning  capacity  of  such 
properties  be  made  sufficiently  attractive  to 
induce  capital  to  provide  the  works  needed 
for  the  public  welfare  and  corivenience,  to 
maintain  them  in  proper  condition  for  pro- 
viding good  service  and  to  extend  them  rea- 
sonably in  advance  of  the  needs  of  the  com 
munitv.  The  public  may  be  as  injuriously  af- 
fected' by  too  low  as  by  too  high  rates. 

If  the  public  regulation  of  rates  to  be 
charged  by  public  service  corporations  is  to 
become  general,  the  fairness  and  uniformity 
of  methods  of  valuation  for  rate-making  will 
have  an  important  influence  upon  the  supply 
of  capital  for  such  enterprise,  and  upon  their 
maintenance  and  development  so  that  they  will 
furnish  satisfactory  service  to  the  public. 

F.MR    VALUE    FOR    RATE-MAKING. 

.\s  already  indicated,  no  complete  and  defi- 
nite rules  have  been  laid  down  for  the  de- 
termination of  the  fair  value  of  a  public  serv- 
ice property.  The  matter  is  so  difficult  that 
courts  and  commissions  have  in  the  majority 
of  cases  stated  that  they  have  given  weight  to 
valuations  determined  by  several  different 
methods,  and  that,  after  due  consideration, 
have  reached  a  certain  conclusion  which  they 
announce  without  disclosing  definitely  the 
method  by  which  the  conclusion  has  been 
reached.  This  appears  to  have  been  a  wise 
course  to  pursue  during  the  developmental 
stage  of  this  subject,  in  view  of  the  weight 
as  a  precedent  given  to  important  court  de- 
cisions. 

In  all  private  transactions  the  controlling 
feature  in  the  valuation  of  a  property  which 
has  a  capacity  for  earning  is  the  jirobable 
future  earning  capacity,  and  this,  while  con- 
sidered from  manv  points  of  view,  is  ileter- 
mined  mainlv  from  the  financial  history  and 
present  phvsical  condition  of  the  plant.  The 
value  obtained  in  this  way  is  substantially 
what  would  be  the  market  value  of  the  prop 
erty  were  there  conditions  creating  a  market, 
and  is  the  amount  which  a  willing  and  intelli- 
gent buyer  desiring  such  property  would  give 
for  it  to  a  willing  and  intelligent  seller. 

During  the  former  periods  when  rate  regu- 
lation was  rarely  enforced,  the  value  of  the 
public  service  properties  was  determined  in 
snbstantiallv  the  same  way  as  the  value  of 
private  properlv,  and  at  the  present  lime  the 
stocks  and  bonds  of  such  properties  are  val- 
ued to  a  large  extent  on  the  basis  of  their 
earning   capacities. 

As  the  future  earning  capacities  of  such 
properties  under  rate  regulation  by  commis- 
sions will  to  a  large  extent  depend  upon  rates 
to  be  established  as  a  result  of  valuations  of 
the  properties,  it  is  clearly  illogical  to  base 
the  valuations  on  present  or  past  rates.  Siic.i 
valuation  would  be  reasoning  in  a  circle.  The 
value  uicd  for  rate-making  shouhl  he  deter- 
mined in  such  a  way  as  to  lead  to  equity  as 
between  the  owner,  on  (he  one  hand,  and  the 

^.„,tf,, ...    iIi,    t.nl.l',-   (in  the  other. 

-]•),,  vherc,  on  account  of 

|,j,,),  1  and  operation,  com- 


petition, or  other  reasons,  public  service  prop- 
erties will  not  furnish  an  adequate  return  on 
the  investment  whatever  rates  may  be  fixed. 
In  such  abnormal-  cases  there  cannot  be  what 
is  usually  regarded  as  a  fair  return  upon  what 
would  under  ordinary  conditions  be  considered 
the  fair  value  of  the  property.  Such  a  prop- 
erlv may  be  classed  as  a  losing  venture,  to 
which  many  of  the  principles  and  methods  ap- 
plicable to  normal  properties  will  not  apply. 

METHODS    OF    DETERMINING    PHYSICAL    V.\LUE. 

Two  methods  are  in  use  and  have  the  qual- 
ified approval  of  the  courts;  the  first  of  these 
is  based  on  the  actual  cost  of  the  work,  with 
suitable  provisions  for  the  cost  of  developing 
the  business  in  the  earlier  and  unprofitable 
years  of  its  life,  and  with  <leductions  for  de- 
preciation, etc. ;  the  second  method  consists  of 
an  estimate  of  the  cost  of  reproducing  the 
properlv  with  similar  adjustments. 

In  the  case  of  a  property  recently  created, 
with  accounts  kept  properly,  the  best  basis  for 
a  valuation  is  the  actual  reasonable  cost  as 
shown  by  the  accounts:  in  such  case  the  dif- 
ference between  the  two  methods  is  nominal, 
because  the  best  data  for  an  estimate  of  cost 
of  reproduction  will  be  furnished  by  the  ac- 
counts: but  it  will  be  necessary  to  scrutinize 
the  accounts  and  to  examine  the  property  to 
ascertain  whether  the  construction  was  car- 
ried out  in  a  judicious  manner.  The  criterion 
should  be  whether  the  cost  was  reasonable. 
The  public  should  not  be  required  to  pay  a 
return  upon  extravagant  or  injudicious  ex- 
penditures; on  the  other  hand,  the  rates  should 
secure  to  the  owner  a  fair  return  on  his  rea- 
sonable outlay.  .     . 

In  the  case  of  an  old  property,  it  is  gen- 
erally impracticable  to  ascertain  what  the 
reasonable  cost  was.  If  the  accounts  can  be 
found  at  all  thev  are  likely  not  to  represent 
fullv  the  cost  of  the  proOerty,  owing  to  the 
failure  of  such  accounts  to  properly  separate 
charges  for  the  construction  of  new  work 
from  those  for  operation  and  maintenance. 
Moreover,  if  the  books  include  only  cash  pay- 
ments, thev  may  exclude  the  value  of  interest 
on  capital  and  the  value  of  important  services 
where  such  services  were  not  paid  for  in  cash. 
The  difficultv  of  determining  the  value  of 
an  old  properlv  from  the  accounts  is  greatly 
augmented  bv  the  fact  that  the  cost  has  been 
continuous  from  the  first  construction  to  the 
present  time,  and  that  portions  of  the  cost 
are  being  extinguished  each  year  by  earnings 
offsetting  'the  depreciation  of  the  perishable 
properlv.  The  cost  at  the  time  'he  work  was 
first  put  in  service  may  have  little  relation  to 
present  value  or  to  the  present  investment. 
This  can  best  be  shown  by  an  illustration: 

Take  the  case  of  a  railroad  fifty  year.s  old, 
built  at  first  as  a  cheaply  constructed  single- 
track  line,  including  as  a  part  of  the  original 
properlv  cheap  land,  light  iron  rails,  wooden 
bridges!  wooden  trestles  over  low  ground, 
small  stations  of  wood,  and  light-weight  lo- 
comotives. In  the  co«rsc  of  fifty  years  some 
of  the  land  has  increased  greatly  in  value, 
other  parts  have  been  abandoned  for  rail- 
road purposes  owing  to  the  relocation  of  the 
railroad  with  easier  curves;  the  iron  rails  have 
been  replaced  from  time  to  time  with  heavier 
iron  rails,  and  subsequently  with  still  heavier 
steel  rails:  the  wooden  bridges  have  been  re- 
placed with  iron  and  steel  bridges:  the  trestles 
liave  been  replaced  by  solid  embankments;  the 
roadbed  has  been  widened  from  time  to  time, 
first  in  places  for  the  building  of  turn-outs 
or  side-tracks,  and  later  continuously  for  the 
laying  of  one  or  more  additional  main  tracks; 
Ihe  station  buildings  have  been  enlarged  and 
suhsequcnllv  replaced  with  modern  structures 
of  stone  or  brick,  and  the  locomotives  have 
been  replaced  from  time  to  time  by  heavier 
and   more   powerful   mnchines. 

It  is  easy  to  se*  that  under  such  circum- 
stances the  artual  cost  of  the  original  rail- 
road has  verv  little  relation  to  the  value  of 
the  correiiponding  part  of  the  present  rail- 
road. The  present  value  on  the  basis  of  actual 
cost  should,  of  course,  include  all  additions, 
but  when  one  considers  the  manner  in  which 
such  additions  are  made  it  will  be  seen  that 
wonderfullv  good  bookkeeping  would  be  re- 
auired  to  supplv  intelligibl»  af"*   --eliahle  data 
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for  a  complete  ascertainment  of  cost.  For  in- 
stance, rails  of  greater  weight  have  been  put 
into  use  as  they  were  replaced  from  time  to 
time,  those  now  in  the  track  weighing  about 
twice  as  much  as  the  original  rails.  What 
railroad  manager  or  accountant  could  have 
been  expected  in  past  years  to  discriminate 
between  replacements  and  betterments  so 
closely  as  to  make  the  accounts  represent  the 
added  value  of  the  property  due.  to  such 
changes  with  a  reasonable  degree  of  accuracy? 
In  addition  to  these  difficulties,  there  is  the 
further  one  of  writing  off  correctly  the  value 
of  those  items  of  property  which,  instead  of 
being   replaced,   have   become   obsolescent. 

The  result  obtained  after  making  deduc- 
tions for  obsolescence  would  be  the  value  of 
the  existing  items  of  property  new,  which 
should  be  further  diminished  by  the  net 
amount  of  the  depreciation  of  the  existing 
property. 

The  total  amount  which  would  have  to  be 
deducted  for  obsolescence  and  depreciation 
would  be  better  appreciated  if  one,  instead  of 
dealing  with  the  method  of  accounting  above 
indicated,  in  which  the  depreciation  of  prop- 
erty is  partly  offset  by  charging  replacement! 
to  operation  had  a  set  of  books  showing  the 
cost  of  construction  and  equipment,  including 
every  item  of  property  built  or  purchased, 
whether  the  original  item  or  a  replacement. 

If  the  property  under  consideration  were  a 
railroad  fifty  years  old,  there  would  be  a 
very  few  items  of  the  original  plant  that 
would  not  have  gone  out  of  use,  so  that  if  the 
cost  of  all  obsolete  items  were  written  off. 
including  all  overhead  charges  appertaining 
directly  thereto,  there  would  remain  only  the 
cost  of  a  few  long-lived  items  and  the  other 
existing  items  of  property  to  be  considered. 

Attention  is  called  to  this  phase  of  the  ques- 
tion because,  if  the  assumption  is  correct  that 
the  total  cost  of  all  obsolete  items  should  be 
deducted,  there  remains  to  be  considered  only 
the  actual  cost  of  the  existing  items  of  prop- 
erty. This  method,  too,  would  eliminate  the 
uncertainties  inherent  in  accounts  which  at- 
tempt to  charge  replacements  to  operating  ex- 
penses and  maintain  the  cost  of  the  original 
items  of  property  on  the  books  as  charges 
against  capital. 

If  the  value  of  a  very  old  property,  made 
up  of  long-lived  items,  were  ascertained  from 
the  accounts,  it  would  contain  the  feature  that 
similar  parts  of  the  property  would  be  valued 
at  widely  different  rates  in  accorllance  with 
prices  at  the  times  when  furnished.  For  in- 
stance, in  an  existing  water-works  property 
the  pipes  laid  45  years  ago  cost  $G5  a  ton, 
those  laid  15  years  ago,  $18  a  ton,  and  those 
laid  during  the  past  year,  $24  a  ton.  Such  a 
divergence  in  the  estimated  value  of  essen- 
tially identical  items  of  property,  although  ap- 
parently anomalous,  is  not  necessarily  inequi- 
table in  a  valuation  for  rate-making  purposes. 

For  reasons  given,  the  committee  believes  a 
valuation  of  an  old  property  based  on  its 
actual  cost  to  be  generally  impracticable,  mak- 
ing it  necessary  to  adopt  the  cost-of-repro- 
duction  method.  Many  questions  remain  to 
be  settled  in  the  application  of  this  method 
which  cannot  be  treated  in  a  general  state- 
ment and  will  be  discussed  at  length  in  sub- 
sequent portions  of  the  report  under  the  heads 
of  Identical  versus  Substitute  Plant,  Unused 
Property.  Present  or  Original  Conditions,  Unit 
Prices,  Overhead  Charges,  Development  Ex- 
penses.   Depreciation    and    Appreciation. 

ACTUAL  COST   METHOD  OF  VALUATION   FOR  FUTURE 
PUBLIC   SF.RVICE    PROPERTIES. 

In  the  opinion  of  the  committee  it  would  be 
entirely  just  and  equitable,  and  it  is  highly 
desirable  to  provide  by  law  that  future  public 
service  properties  should  be  valued  on  the 
basis  of  their  actual  reasonable  existing  in- 
vestment, and  to  determine  or  limit  rates  upon 
such  a  valuation  if  the  service  rendered  per- 
mits. 

In  this  case  the  corporation  would  and 
should  be  relieved  from  the  risk  of  gain  or 
loss  due  to  the  rise  or  fall  of  prices  of  labor 
and  materials,  which  is  sound  public  policy, 
since  to  reduce  the  risk  of  investment  is  to 
lower  the  rate  at  which  money  can  be  ob- 
tained.   A  valuation  based  upon  book  accounts 


can  be  kept  up  to  date  by  adding  to  the  orig- 
inal valuation  the  cost  of  additions  and  re- 
placements made  from  time  to  time  to  the 
property,  and  by  deducting  the  amounts  which 
the  corporation  is  permitted  to  earn  aimually 
to  offset  the  net  depreciation  of  the  property. 
By  this  method  the  considerable  expense  in- 
volved in  the  revaluation  of  the  property  from 
time  to  time  by  the  reproduction  method 
would  be  avoided,  and  the  value  obtained 
would  not  fluctuate  with  the  variation  in  the 
prices  of  labor  and  materials.  It  would  also 
be  feasible  through  changes  in  the  deprecia- 
tion allowance  to  amortize  abnormal  but  legit- 
imate costs  and  to  keep  the  book  value  of  the 
property  reasonably  commensurate  with  its 
cost  of  reproduction  value,  even  in  the  face 
of  rising  or  falling  prices  or  permanent 
change    in    conditions. 

IDENTICAL  VERSUS    SUBSTITUTE    PLANT. 

In  applying  the  cost-of-reproduction-less- 
depreciation  method,  the  question  has  some- 
times been  raised  as  to  whether  the  property 
to  be  reproduced  is  substantially  the  identical 
existing  property  or  a  substitute  hypothetical 
property  of  modern  design,  capable  of  pro- 
ducing the  same  results  as  the  plant  to  be 
valued. 

In  considering  this  question  from  the  stand- 
point of  equity  to  both  the  corporation  and 
the  rate-payer,  it  is  necessary  to  take  into 
account  the  amount  which  the  corporation 
should  be  permitted  to  earn  annually  for  de- 
preciation. 

If,  in  computing  the  annual  allowance  for 
depreciation,  account  is  taken  only  of  the  les- 
sening of  worth  of  the  various  items  of  prop- 
erty due  to  physical  decay  approaching  inade- 
quacy or  obsolescence,  it  would  not  be  fair 
to  the  corporation  to  further  depreciate  the 
value  of  its  property  because  some  new  de- 
sign of  works  would  produce  the  results  ob- 
tained by  the  old  plant  at  a  smaller  cost. 

To  illustrate,  a  water  company  may  have 
laid  main  pipes  from  time  to  tiriie  from  its 
sources  of  supply  to  a  city,  until  it  has  three. 
In  such  a  case  one  or  two  pipes  having  the 
same  aggregate  capacitv  as  the  three  might 
be  laid  at  a  considerably  smaller  cost,  but  it 
would  be  unfair  to  the  corporation  to  dimin- 
ish the  value  of  its  pipes  for  this  reason,  un- 
less it  had  been  permitted  in  previous  years 
to  earn  an  annual  sum  for  deureciation  suffi- 
cient to  cover  the  lessening  of  worth  due  to 
improvement  in  desi.gn  in  addition  to  the  sum 
required  to  cover  phvsical  decay,  inadequacy 
and   obsolescence.     (See   Depreciation.) 

Practically  it  is  not  good  policy  to  provide 
this  further  depreciation  allowance  or  to 
adopt  this  theory  of  value.  It  is  desirable  to 
adopt  a  uniform  method,  and  there  are  many 
reasons  whv  the  method  of  valuing  the  sub- 
stantially   identical   property   is   preferred. 

First,  the  weight  of  court  decisions  favors 
this  method,  although  no  decision  has  been 
given  bv  the  United  States  Supreme  Court. 

Second,  it  is  much  less  difficult  to  detertuine 
the  reproduction  cost  of  an  identical  plant 
th.in  of  a  substitute  plant  which  will  produce 
equal  results.  Different  engineers  would  un- 
doubtedly differ  greatly  in  their  views  as  to 
the  location,  design  and  cost  of  a  substitute 
plant,  so  that  the  results  might  be  regarded 
as  speculative  and  the  cost  of  making  the  val- 
uation would  be  largely  increased. 

Third,  allowances  for  depreciation  in  the 
past  have  generally  been  too  small  to  make 
it  just  to  apply  the  substitutional  method  to 
existing   properties. 

Fourth,  the  adoption  of  this  theory  would 
substantially  increase  the  depreciation  require- 
ments and  the  charges  to  be  met  in  the  early 
stages  of  plant  development. 

UNUSED    PROPERTY. 

It  is  frequently  the  case,  especially  in  con- 
nection with  water  works  properties,  that  land 
is  acquired  with  reference  to  its  future  use,  as 
for  instance  for  storage  or  distributing  reser- 
voirs, or  that  water  rights  are  bought  to  meet 
future  needs ;  and  in  nearly  all  old  plants 
there  is  property  which  has  cither  been  wholly 
discarded  or  is  maintained  for  use  in  cases 
of  emergency.  The  courts  have  generally  in 
theory,  and  soinetimes  in    practice,    excluded 


property  which  is  unused,  and  in  some  cases 
parts  of  that  used  on  the  ground  of  unneces- 
sary  size   or  capacity. 

The  following  language  has  been  used  in 
the  decisions  of  the  United  States  Supreme 
Court  referring  to  the  property  to  be  valued: 

Value  of  property  used  »  «  »  for  the  coi.- 
venience  of  tlie  public. 

Value  of  the  property  actually  used  for  thf 
purpose  of  supplying  water. 

The  fair  value  of  its  property  devoted  to  thi 
public  use. 

United  States  District  Judge  Farrington,  i;i 
a  San  Francisco  water  rate  case,  in  1911,  ruled 
that: 

Only  that  property  is  to  be  considered  which 
was  then  used  and  useful  in  supplying  »  •  • 
water. 

In  view  of  these  decisions,  an  engineer  in 
ascertaining  a  value  for  rate-making  must 
take  into  account  wdiether  or  not  the  property, 
although  owned  by  the  corporation,  is  in  use. 
He  should  also  consider  whether  portions  of 
the  plant  are  unnecessarily  large,  as  a  Ncm 
Jersey  Chancery  Court  in  1905  deducted  ncarb 
$130.()00  from  a  total  cost  of  $1,400,000,  in 
view  of  the  fact  that  certain  portions  of  the 
plant  were  larger  and  more  expensive  than 
was  reasonably  required.  A  part  of  the  de- 
duction was  made  because  a  36-in.  main  was 
used  where  a  30-in.  main  would  have  been 
sufficient,  and  because  a  dam  was  made  of 
excessive  width  for  present  purposes  in  order 
that  it  might  be  subsequently  raised. 

Judge  Savage  of  the  Maine  Supreme  Court 
used   this   illustration  :* 

Suppose  that  a  five-hundred  horse-power  en- 
gine was  used  for  pumping  when  a  one-hundred 
horse-power  engine  would  do  as  well.  As  prop- 
erty to  be  fairly  valued,  the  larger  engine  might 
be  more  valuable  than  the  smaller  one.  yet  it 
could  not  be  said  that  it  would  be  reasonable  to 
compel  the  public  to  pay  rates  based  upon  the 
value  of  the  unnecessarily  expensive  engine. 

It  seems  rather  unfair  and  against  good 
policy  that  a  corporation  wisely  purchasing, 
for  example,  land  which  has  special  fitness 
for  its  purposes  while  it  is  available  at  a  price 
far  below  its  probable  future  value,  should  be 
required  to  hold  such  property  without  any 
return  on  the  investment,  and  to  make  such 
returns  would  be  entirely  reasonable  and  fair 
to  both  parties,  provided  the  net  income  of 
such  land,  including  its  appreciation  in  value, 
were  credited  to  the  public.  On  the  other 
hand,  it  is  obvious  that  a  ruling  of  the  court 
which  permitted  the  corporation  a  return  on 
all  land  purchased  might  lead  to  abuses,  a"- 
the  corporation  might  purchase  land  for  spec- 
ulative purposes  and  subsequently  dispose  of 
it,  so  that  the  comtuunity,  although  paying  a 
return  upon  its  value  for  a  time,  might  receive 
no  benefit   from   such  land. 

While  the  rulings  of  the  court  in  regard  to 
such  unused  property  are  not  unjust,  because 
the  corporation  may  defer  its  purchase  unless 
it  is  willing  to  take  the  risk  that  the  advance 
in  value  will  furnish  sufficient  compensatior 
for  holding  the  property,  it  is  very  desirable, 
in  some  cases,  in  the  interests  of  economy, 
that  the  corporation  should  anticipate  future 
needs.  For  instance,  by  purchasing  a  site  on 
the  top  of  a  hill,  where  a  distributing  reservoir 
may  be  placed,  before  such  a  hill  property  is 
subdivided  into  streets  and  house  lots,  and  by 
acquiring  water  rights  when  they  can  be  ob- 
tained at  small  cost,  lest  it  may  later  have 
to  pay  substantially  monopoly  prices.  This 
last  instance  is  particularly  applicable  to  the 
semi-arid  and  arid  regions  in  the  western 
and   southwestern   United    States. 

It  is  clear  that  if  a  corporation  does  pur- 
chase land  and  water  rights  before  they  are 
required  for  use,  and  they  are  excluded  from 
valuation  as  a  basis  for  rate  determination, 
later,  wdien  they  do  come  into  use,  their  cost 
should  not  be  the  criterion  of  value  but  the 
then   value  of   the  property. 

While  a  community  should  not  be  required 
to  pay  rates  upon  the  full  valuation  of  a 
plant,   which   through   negligence   or  very  bad 
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udgment  has  been  built  of  an  unreasonably 
irge  size,  care  should  be  taken  in  the  ap- 
lication  of  this  rule  not  to  omit  any  por- 
lon  of  the  plant  on  account  of  large  size,  if 
rdinarj-  and  reasonable  judgment  has  been 
sed  in  the  designing  of  the  works.  Ulti- 
late  economy  and  the  convenience  of  the 
ublic  require,  for  instance,  that  the  main 
.ater  pipes  in  the  streets  be  made  adequate 
or  a  considerable  period  in  the  future.  On 
he  same  srounds,  a  pumping  station  may 
yisely  be  made  large  enough  for  the  addi- 
tional pumping  engine  which  will  be  required 
ti  the  future,  or  the  lower  part  of  a  dam  may 
iroperly  be  built  with  reference  to  a  subse- 
juent  increase  in  height  of  the  dam. 
I  The  public  service  corporation  should  not 
»e  subjected  to  the  hazard  of  having  a  part 
bf  the  value  of  its  plant  omitted  on  account 
pf  large  size,  unless  it  has  been  clearly  negli- 
gent; and  the  opinion  of  intelligent  engineers 
»s  to  the  provision  which  should  be  made 
or  the  future  differs  materially,  therefore  de- 
luctions  for  the  reasons  stated  should  be 
nade  only  in  extreme  cases,  if  at  all. 

The  opinions  of  the  courts  contain  discus- 
.ions  upon  the  exclusion  of  unusual  property, 
)r  that  in  excess  of  present  needs,  which  re- 
;trict  the  amount  of  such  property  to  be  val- 
ued to  a  greater  extent  than  seems  to  the 
j:ommittee    to   be   desirable. 

PRESENT  OR  0RIGIN.\L   CONDITIONS. 

i  In  the  application  of  the  cost-of-reproduc- 
iion-less-depreciation  method  a  very  impor- 
tant question  arises  as  to  whether  the  repro- 
'luction  cost  should  be  based  on  the  present 
j;onditions  or  on  those  existing  at  the  time 
^he  works  were  built.  A  very  similar  ques- 
tion arises  with  regard  to  the  valuation  of 
(and.  whether  present  or  original  conditions 
should  be  used. 

I  The  committee  believes  it  to  be  a  general 
basic  principle  that  where  money  has  been 
expended  with  due  discretion  for  a  public 
/service  property,  the  company  is,  in  the  case 
of  a  newly  created  normal  property,  entitled 
to  a  fair  return  upon  a  value  which,  subject 
to  modifications,  equals  the  amount  of  money 
invested. 

As  the  same  property  becomes  older  some 
portions  depreciate  in  value  as  the  result  of 
decay  and  wear  and  tear,  and  others  appre- 
[ciate;  there  may  also  be  a  further  deprecia- 
tion or  appreciation  due  to  the  fall  or  rise  in 
the  prices  of  labor  and  materials,  and  some 
jparts  of  the  property  may  cease  to  exist. 

Except  for  these  changes,  which  are  often 
of  great  importance,  and  similar  changes,  all 
of  which  result  from  age,  there  is  tittle  if  any 
diflfcrcnce  between  the  physical  valuation  of 
an  old  and  a  new  property,  and  the  reason- 
able investment  in  one  should  be  protected 
las  well   as   in   the  other. 

I     In  view  of  these  and   other  considerations, 
!the  committee   is  of   the   opinion   th.-it   valua- 
tions should  be  based   upon  the  physical  con- 
Iditions  existing   at  the   time  the   various   por- 
tions  of   the   property   were   built,   but   at   the 
jpriccs   prevailing  at   or  near  the   time  of  the 
'valuation.     The  discussion  of  the  subject  may 
'be.^t  be  approached  by  taking  specific  cases. 
'     Take    first    the    VVachusctt    Reservoir,   con- 
'structed   to  supply  water  to  the   Metropolitan 
nistrict    of     Massachusetts.      Fn     constructing 
this  reservoir  it  was  necessary  to  arquirc  land 
upon    which    were   many    biiiidintr>i    and    mills 
with  their  water  power.     Included  in  the  rcs- 
'ervoir    site,    also,    wore    many    highways    and 
jtwo  railroads.     As  a  substitute   for  the  high- 
ways obliteratcfl,  others  had  to  be  built  around 
the  margins  of  the  reservoir,  anri  some  were 
•  raised  above  the  water  level. 
'     One  of  the  railroads  was  relocated  for  many 
miles  at  one  side  of  the  reservoir  and  another 
( was   raised.     To  make  the   reservoir  a  better 
!  receptacle    for    water,    the    surface     soil     was 
{stripped  from  its  whole  area.     One  main  dam 
'and   two   subsidiary  rlanis   were  necessary    for 
holding  the  water.     Iiu-id(  nlrillv.  under  special 
laws,  damages  had  tii  1><-  p.ii'i   tor  real  est.Ttc 
I  which   was   not   acquired   but   which   was   said 
I  to  be  indirectly  damaged  by  the  construction 
of  the  reservoir. 

How  should  such  a  reservoir  be  valued  on 
the  basis  of   the  cost  of   reproduction? 


As  a  newly  created  reservoir,  there  seems 
to  be  no  question  but  that  its  value  should 
be  substantially  its  reasonable  cost,  including 
engineering,  legal  expenses,  interest  during 
the  construction  period,  and  all  other  over- 
head charges  and  incidental  expenses.  An 
estimated  cost  of  reproduction  should  pro- 
duce the  same  result  except  as  the  value 
would  be  modil'ied  by  changes  in  prices  and 
by  the  effects   of   age. 

At  present  there  are  in  the  reservoir  no 
buildings,  mills,  water  powers,  highways  or 
railroads  except  the  highways  and  railroads 
which    were   raised. 

The  title  to  the  highways  and  the  new  rail- 
road outside  the  reservoir  vests  in  the  adja- 
cent municipalities  and  in  the  railroad  com- 
pany, so  that  they  would  not  appear  in  a 
schedule  of   reservoir  property. 

The  only  way  to  do  justice  in  such  a  case  is 
apparently  to  estimate  the  cost  of  reproducing 
the  reservoir  on  the  basis  of  the  original 
physical  conditions,  that  is,  with  a  knowledge 
of  the  buildings,  mills,  and  water  powers  de- 
stroyed and  the  new  roads  and  railroads  nec- 
essarily built  to  take  the  place  of  those  oblit- 
erated. 

In  other  words,  due  allowance  should  be 
made  in  estimating  the  cost  of  reproducing 
such  a  reservoir  for  every  reasonable  ex- 
penditure required  by  the  conditions  under 
which   the  work  was  done. 

For  other  examples,  consider  the  great  ter- 
minal works  recently  built  in  New  York  for 
the  New  York  Central  and  Pennsylvania  rail- 
roads. 

The  New  York  Central  terminal  has  been 
constructed  in  a  piecemeal  manner  so  as  not 
to  interfere  with  the  operation  of  the  trains, 
and  consequently  has  cost  much  more  than 
it  otherwise  would. 

The  Pennsylvania  terminal  has  been  con- 
structed without  much  interference  with  the 
work. 

It  would  obviously  be  necessary  to  take  into 
account  the  different  conditions  under  which 
the  work  was  done  in  these  two  cases  in  order 
that  the  respective  roads  might  have  a  fair 
return   on   money   reasonably  expended. 

In  some  cases  it  mav  be  difficult,  if  not  im- 
possible, to  ascertain  the  original  physical  con- 
ditions, although  such  information  should  be 
available  except  in  the  case  of  very  old  prop- 
erties. Where  such  conditions  arc  not  clearly 
known,  the  person  making  the  valuation 
should,  on  the  basis  of  such  information  as 
is  available,  determine  as  well  a.s  he  can  the 
probable  conditions.  For  instance,  it  would 
be  inequitable  to  assume  that  a  large  reser- 
voir site  in  a  settled  district  had  no  highways 
passing  through  it  which  required  relocation 
and  no  buililings  upon  these  highways,  or  to 
assume  that  the  land  taken  for  a  terminal 
in  a  large  city  did  not  have  buildings  upon 
it.  Kquitv  requires  that  no  real  element  of 
value  shall  be  omitted  because  it  is  not  capable 
of  precise  determination. 

If  the  conuiiittec's  view  that  the  estimated 
cost  of  reproducing  a  property  should  be 
based  upon  the  original  phvsical  conditions  is 
correct,  many  controverted  features  of  the 
co»t-of-rcproduction  method  will  be  settled 
and   other   features  will  be  established. 

For  instance,  the  cost  of  laving  a  water 
pipe  in  a  street  with  an  asphalt  pavement  is 
much  crealer  than  in  an  unpaved  street,  ami 
there  has  been  much  disc\ission  as  to  whether, 
in  a  case  where  the  pipe  was  laid  before  the 
pavement,  the  reproduction  cost  should  in- 
clude the  cost  of  taking  up  .ind  rcpl.icing  the 
pavement.  The  adoption  of  the  view  that 
original  phvsical  conditions  govern,  necessarily 
excludes  the  cost  of  the  pavement. 

If  after  a  pijie  has  been  laid  in  a  street  new 
grades  were  adopted,  the  reproduction  cost  of 
the  pipe  should  be  estimated  on  the  basis  of 
the  original  pr.irles.  and  if  the  retrrading  re- 
quired a  raising  or  lowering  of  the  pine  al- 
ready laid,  the  cost  of  such  work,  if  not 
charged  against  the  rale-pavers  as  a  part  of 
the  current  expenses,  should  be  included  in 
the  reproduction  cost. 

It  is  frequently  the  case  that  the  greater 
part  of  a  water  works  pipe  system  is  lai'l 
from  year  to  year  as  the  population  increases 


and  the  streets  are  extended.  Where  this  has 
been  the  case,  the  greater  cost  of  piecemeal 
construction  should  be  included  in  the  valua- 
tion to  the  extent  that  the  method  has  been 
used. 

It  will  also  be  seen  from  what  has  been 
stated  that,  if  the  ori.ginal  conditions  govern, 
it  is  necessary  in  valuing  a  property  to  con- 
sider the  required  expenditures  irrespective  of 
the  title  to  the  property.  One  example  is  that 
already  given  where  the  committee  has  held 
that  the  cost  of  relocating  highways  and  rail- 
roads, necessitated  by  the  construction  of  a 
reser\oir,  should  be  included  in  the  valuation 
of  the  reservoir  even  though  the  title  to  these 
properties  does  not  vest  in  the  owner  of  the 
reservoir.  Another  example  is  furnished  in 
the  case  of  gas  or  water  works  systems  where 
the  consumers  are  required  to  pay  the  cost  of 
the  service  pipes  leading  from  the  mains  to 
their  property.  These  service  pipes  are  owned 
by  the  company,  but  it  would  be  unfair  to  in- 
clude them  in  the  valuation  and  require  the 
rate-payers  to  pay  rates  on  property  for  which 
they  had    furnished   the  capital. 

On  the  same  grounds,  a  street  railway  com- 
pany which  has  been  required  to  lay  pave- 
ments in  connection  with  its  track-laying  in 
the  streets  should  have  such  pavement  included 
in  the  inventory  when  a  valuation  is  made. 

In  the  construction  of  works  required  for 
the  separation  of  highway  and  railroad  grades, 
the  cost  is  sometimes  paid  by  the  railroad  arid 
in  other  cases  it  is  divided  between  the  rail- 
road and  the  municipality  and  state.  In  all 
such  cases  the  original  conditions  under  which 
the  separation  of  grades  was  accomplished 
should  be  considered  and  the  valuation  based 
upon  the  property  created  at  the  expense  of 
the  corporation  and  not  upon  the  present 
ownership  of  the  property. 

In  determining  what  are  often  called  the 
overhead  charges,  including  preliminary  ex- 
penses, incidental  expenses  during  construc- 
tion, and  development  expenses,  the  commit- 
tee ijelieves  that  the  original  conditions  should 
control,  as  in  the  case  of  other  items.  The 
adoption  of  the  view  that  original  rather  than 
present  conditions  should  control  in  determin- 
ing these  charges  will  have  an  important  bear- 
ing upon  their  amount,  because  the  expense 
of  promoting  and  developing  the  original  plant 
is  generally  a  much  larger  percentage  of  the 
total  cost  than  of  promoting  and  developing 
the  additions  and  extensions  made  from  time 
to  time.  The  cost  of  engineering  and  admin- 
istration for  additions  may  be  as  large  as  for 
the  original  plant. 

.Mthough  the  committee  believes  that  in 
such  cases  as  those  cited  the  property  to  be 
valued  is  that  which  the  corporation  has  paid 
for  rather  than  that  to  which  it  holds  the 
title,  there  are  obviously  many  c.nses  in  which 
property  donated  to  the  corporation  should  be 
included  in  the  valuation.  As  an  instance  of 
this  kind,  land  and  money  may  have  heen 
donated  for  the  construction  of  a  railway  in 
a  location  where  otherwise  it  could  not  have 
been  constructed  or  would  have  resulted  for 
a  long  period   in  a  losing  venture. 

\PfUC.\T10.V   OF   RErROnUCTION    .METHOD  OF  VALU- 
ATION. 

For  making  a  valuation  by  the  cost-of-re- 
production-lcss-deprcciation  method,  the  eng'- 
neer  lirsi  obtains  or  prepares  an  inventory 
(see  Inventory)  of  the  several  items  making 
up  the  physical  property  devoted  to  the  public 
use  (see  ('nuscd  Property).  To  each  of  these 
he  affixes  a  price  or  estimated  cost  based  upon 
prices  prevailing  at  or  near  the  time  of  valu- 
ation (see  Unit  Prices).  These  prices  whether 
based  upon  the  experience  of  the  engineer  or 
upon  prices  furnished  by  manufacturers  or 
contractors,  do  not  cover  the  cost  of  promot- 
ing, organizing  and  financing  a  rul'lic  service 
property  (see  Preliminary  Kxpcnscs),  nor  the 
cost  of  engineering,  administratioii,  contingen- 
cies, and  interest  during  construction  (sec  In- 
cidental Expenses  During  Construction),  and 
it  is  therefore  necessary  to  add  sums  or  per- 
centages   to   cover    these   items. 

During  the  early  years  of  the  operation  of 
most  public  service  properties  a  deficiency  of 
income  accumulates,  which  should  be  included 
in  the  valu.ition  (see  Development  Expenses), 
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and  working  capital  is  at  all  times  needed  fdv 
the  operation  of  the  property,  which  should 
also  he  so  included   (see  Working  Capital). 

While  many  of  these  costs  are  sometimes 
classed,  erroneously,  as  intangfblc.  they  are  in 
fact  actual  and  necessary  expenditures  for  the 
creation  of  the  physical  property,  and  should 
therefore  he  included  the  same  as  other  neces- 
sary and  proper  expenses. 

In  order  to  complete  the  valuation  by  this 
method,  it  is  necessary  to  make  a  deduction 
from  the  values  obtained,  as  above  stated,  for 
the  net  accrued  depreciation  of  the  physica' 
property  due  to  age  and  other  causes  (see  De- 
preciation). 

After  such  deduction  has  been  made,  the 
result  is  the  value  of  the  physical  property 
by  the  cost-of-reproduction-less-deprecialion 
method.  Whether  and  how  far  it  is  or  is  not 
a  reasonalile  measure  of  the  fair  value  of  the 
property  upon  which  a  fair  return  should  be 
made  will  be  considered  later  (see  Should 
Rates  be  Based  on  Physical  Value  Only?) 

INVENTORY. 

The  inventory  should  be  made  in  much  de- 
tail and  with  much  care  in  order  to  obtain  the 
best  results.  Even  under  such  circumstances 
the  quantities  of  material  will  generally  be  too 
small  imless  those  making  the  inventory  recog- 
nize that,  in  practice,  the  actual  quantities 
nearly  always  over-run  the  theoretical  or  geo- 
metrical quantities.  Take,  for  an  extreme  in- 
stance, the  dredged  channel  of  the  Panama 
Canal  leading  from  the  deep  water  on  the 
.Atlantic  side  to  a  short  distance  beyond  the 
shore  line.  The  Annual  Report  of  the  Isth- 
mian Canal  Commission  to  June  30,  1912. 
states  that  the  geometrical  quantity  represented 
by  the  excavation  of  this  channel  to  that  date 
was  10,169,000  cu.  yds.,  while  the  actual  quan- 
tity taken  out  of  the  channel  amounted  to 
22,886,000  cu.  yds.,  an  excess  of  125  per  cent. 
The  excess  in  this  case  was  due  to  the  quan- 
tity of  material  washed  into  the  channel  by 
waves  and  currents. 

In  the  building  of  an  earthen  dam  across  a 
river  of  considerable  size,  it  is  the  rule,  rather 
than  the  exception,  that  floods  occur  which 
damage  coffer-dams  and  wash  away  consider- 
able material.  If  the  prices  are  predicated 
upon  the  quantity  of  earth  excavated  to  make 
the  dam,  due  allowance  should  be  made  for 
the  material  washed  away  or  otherwise  un- 
avoidably  wasted. 

Under  the  specifications  usually  adopted,  the 
actual  weight  of  cast-iron  water  pipes  and 
much  other  metal  work  is  in  excess  of  the 
geometrical  quantity,  and  due  allowance  should 
be  made  for  such  overweight. 

Where  contracts  are  made  at  a  given  price 
per  cubic  yard,  it  is  frequently  necessary  dur- 
ing the  progress  of  the  work  to  make  changes 
which  require  the  taking  down  and  rebuilding 
of  certain  parts  of  the  work,  and  this  increases 
the  quantity  of  work  for  which  the  contractor 
is  paid  beyond  the  quantity  actually  in  the 
final   structure. 

It  is  also  the  case  that  in  the  valuation  of 
many  public  service  properties  it  is  practically 
impossible,  within  the  limits  of  reasonable 
cost  of  valuation,  to  make  the  inventory  com- 
plete. Under  such  circumstances  it  has  been 
customary  and  is  proper  to  allow  a  small  per- 
centage, varying  inversely  with  the  complete- 
ness of  the  inventory,   for  omissions. 

UNIT   PRTCKS. 

The  rulings  of  the  highest  courts  indicate 
quite  clearly  that  it  is  the  present  rather  than 
the  original  prices  that  are  to  be  used  in  de- 
termining the  cost  of  reproduction;  for  in- 
stance, in  the  Consolidated  Gas  Company 
case,*  decided  in  1909,  it  is  stated : 
that  the  value  of  the  property  Is  to  be  deter- 
mined as  of  the  time  when  the  Inquiry  Is  made 
reKardinpf  the  rates.  If  the  property  which 
legally  enters  Into  the  consideration  of  the  ques- 
tion of  rates  has  Increased  In  value  since  It  was 
acquired,  the  company  is  entitled  to  the  benefit 
of  such  increase.  This  Is,  at  any  rate,  the  gen- 
eral rule. 

Different  views  have  been  held  as  to  whether 
the  prices  used  should  be  the  current  prices 
at  the  exact  date  of  the  valuation,  the  prices 

•Wilcox  v.  Consolidated  Gas  Co..  212  U.  S.,  19, 
January  i,  1909. 


current  prior  to  the  date  of  valuation  for  the 
time  necessary  for  the  construction  of  such 
works,  or  the  average  or  ''normal"  prices  for 
a  term  of  years  before  the  valuation,  the  last 
method  tending  to  equalize  the  fluctuations  in 
prices  and  thereby  produce  a  more  stable  val- 
uation. 

Valuation  for  rate  purposes  is  generally 
made  to  serve  for  a  term  of  years,  and  it 
seems  clear  that  the  prices  should  not  be 
fixed  with  reference  to  occasional  fluctuations 
in  the  prices  of  labor  and  materials  but  rather 
at  the  general  or  prevailing  price  for  labor 
and  materials,  which,  as  a  rule,  can  be  de- 
duced by  taking  the  average  or  prevailing 
price  for  a  term  of  years  preceding  the  date 
of  the  valuation.  From  five  to  ten  years  has 
been  adopted  as  a  satisfactory  period  in  many 
cases,  but,  where  charts  are  available  show- 
ing the  fluctuations  of  prices  of  labor  and  the 
principal  materials  entering  into  a  plant,  it  is 
well  to  select  the  length  of  the  period  with  a 
view   to  obtaining  a  fair  prevailing  price. 

In    some    cases,    where    there    is    an    evident 


The  sections  when  connected  with  these  joints 
have  almost  a  continuous  rail.  The  old  strap 
connections  make  such  a  loose  joint  that  the 
wheels  of  the  tracks  will  often  climb  the  rail 
when  moving  up,  unless  great  care  is  taken. 
This  is  the  case  where  the  sections  are  down 
in  the  mud  or  covered  with  water. 

These  joints  are  also  valuable  where  shovels 
are  working  in  slides,  where  it  is  often  neces- 
sary to  back  the  shovel  out  of  the  pit  very 
suddenly,  without  sufficient  time  available  to 
line  the  sections  up  in  proper  shape." 

The  construction  and  operation  of  the 
Thull  joint  are  indicated  by  the  drawings.  It 
consists  of  a  male  casting  A  and  a  female 
casting  B.  These  castings  are  bolted  to  the 
rail  ends  and  are  hinged  by  a  bolt  C  as 
shown  by  the  drawings.  The  hinge  C  pro- 
vides for  joint  rotation  in  the  vertical  plane; 
lateral  flexibility  is  provided  by  the  beveling 
of  the  socket  and  other  parts  by  which  the 
two  castings  engage.  A  track  spike  dropped 
into   each   of   the   notches  D  and   E  prevents 
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Fig.   1.     Side  Elevation  and    Horizontal   Sectional   View  of  Thull    Rail  Joint. 


trend  toward  higher  or  lower  prices,  as  for 
instance,  the  tendency  of  lumber  to  increase 
in  price  by  reason  of  the  diminished  supply, 
and  the  tendency  in  the  past  for  cement  and 
aluminum  to  decrease  in  price,  because  of  im- 
provements in  the  methods  of  and  facilities 
for  manufacturing,  the  prices  adopted  should 
be  more  nearly  the  price  at  the  time  of  the 
inquiry  rather  than  an  average  of  the  prices 
for  a  period  of  years. 


lateral  movement  while  allowing  vertical  ro- 
tation. The  other  structural  details  are  plain 
from  the  drawings.  This  joint  has  been 
patented. 


A  Flexible  Rail  Joint  for  Steam  Shovel 
Track. 

(Staff  article.) 

Steam  shovel  track  must  have  considerable 
flexibility  at  the  joints  to  meet  irregularities 
in  grade  and  alignment.  Ordinary  strap  joints 
give  this  flexibility  at  the  sacrifice  of  strength 
and  security.  The  joint  illustrated  by  the  ac- 
companying drawings  is  an  improvement  over 
the  strap  joint;  it  was  devised  by  Mr.  P.  J. 
Thull,  a  steam  shovel  operator  at  Panama, 
and  since  about  the  middle  of  1913  has  been 
installed  on  the  track  of  ten  steam  shovels — 
a  total  of  some  220  joints.  An  official  report 
on  the  service  of  these  joints  to  Dec.  30,  1913, 
is  as   follows: 

These  Joints  have  been  in  use  for  several 
months   and   are   still   glviUK   satisfaction. 

They  are  much  better  than  the  ordinary  strap 
connection  under  all  conditions,  but  are  espe- 
cially so  in  cases  where  shovels  are  working  on 
a  soft  bottom  or  whfre  there  is  considerable 
water  In  the  shovel  pit. 


Discussion   of   Rate   Determination. — The 

Western  Society  of  Engineers  held  an  extra 
meeting  Monday  evening,  ISlarch  16,  for  the 
consideration  of  the  question,  "Factors  De- 
termining a  Reasonable  Charge  for  Public 
Utility  Service,"  which  subject  was  discussed 
at  the  aimual  dinner  of  the  society  recently 
by  Mr.  M.  E.  Cooley,  dean  of  the  engineering 
school.  University  of  Michigan.  Three  short 
talks  were  given  on  various  phases  of  pub- 
lic regulation.  Mr.  .Andrew  Cooke  discussed 
"Public  Regulation  from  the  Investor's 
Standpoint."  Mr.  Samuel  O.  Dunn,  editor  of 
the  Railway  .'\gc  Gazette  discussed  "Pub- 
lic Utility  Valuation  from  the  Railway  Point 
of  View,"  and  Mr.  Harold  .\lmert  dis- 
cussed "Rate  Determination  of  Public  Utili- 
ties from  the  Standpoint  of  the  Student  of 
Public  Regulations." 


Scientific  means  of  accident  prevention  will 
be  illustrated  at  the  Panama-Pacific  Inter- 
national Exposition  by  an  extensive  display 
in  the  Palace  of  Machinery  of  every  device 
ever  invited  to  protect  workingmcn.  Nego- 
tiations have  been  entered  into  by  the  De- 
nartment  of  Machinery  of  the  exposition  with 
William  H.  Doolittlc.  'Safety  Inspector  of  the 
National  Trades  .Association,  and  the  exhibit 
will   be  prepared  under  his  direction. 
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Credit  for  the  Dam  at  Gatun,  Panama 
I  Canal. 

Dead  Homer  was  claimed  by  seven  cities. 
^ot  as  many  worthy  contestants  appear  for 
he  honor  of  fathering  the  Gatun  Dam.  but 
imong  those  who  claim  to  have  begotten  the 
dea  and  those  who  helped  to  nurture  its 
jrowth  this  great  work  can  choose  a  proud 
ncestry. 

In  our  Panama  Canal  article  of  Jan.  7.  1IJ14. 
vc  stated  briefly  the  names  of  those  who  had 
uggested  the  Gatun  site  for  damming  the 
rhagres.  Editorially  we  credited  Mr.  John 
•".  Stevens  with  much  of  the  work  performed 
n  securing  the  adoption  of  this  site.  In  our 
•Issue  of  Jan.  11,  lilll,  Mr.  Ishani  Randolph, 
Ime  of  the  International  Board  of  Consulting 
Engineers  appointed  to  report  upon  the  type 
|)f  canal  to  be  built  at  Panama,  questioned  the 
Uistice  of  our  editorial  claim  of  credit  for 
kir.  Stevens.  His  recollection  was  tliat  in 
jhe  deliberations  of  the  board  the  first  and 
tiost  urgent  advocate  of  the  Gatun  site  was 
kir.  Frederic  P.  Stearns,  who  himself  ac- 
knowledged obligation  to  Mr.  C.  D.  Ward. 
The  same  statement  of  the  proceedings  within 
he  board  has  come  to  us  from  another  mem- 
ler  whose  name  we  are  not  at  liberty  to  puli- 
jish.  This  evidence,  as  we  have  before  ac- 
powledged,  unquestionably  settles  the  assign- 
ment of  credit  for  securing  the  interest  of  the 
ininority  members  of  the  IJoard  of  Consulting 
itngineers  who  finally  reported  in  favor  of  a 
:.  lock  canal  with  a  dam  at  Gatun. 
I  The  part  played  by  Mr.  C.  D.  Ward  in  con- 
jeiving  and  nurturing  the  plan  for  a  dam  at 
Ijatun  is  explained  by  letter  by  Mr.  Ward 
;:imself  in  anotlicr  part  of  this  issue.  Only 
ne  statement  of  this  letter  seems  to  call  for 
iny  further  e.xplanation  and  then  only  because 
jn  the  article  of  Jan.  7,  101 1,  we  credited  Mr. 
\shbel  Welch  with  an  original  suggestion  of 

Gatun  Dam  in  1880  when  the  fact  seems 
be  that  Mr.  Welch  at  this  time  merely 
ke  in  support  of  the  plan  as  previously  sug- 
■ested  by  Mr.  Ward.  l-"xcepting  then  Mr. 
|jodin  de  Lepinay.  whose  paper  before  the 
international  Scientific  Congress  at  Paris  in 
,879  proposed  a  lock  canal  with  a  dam  at 
iatun,  Mr.  Ward  seems  to  have  been  tlie  first 
f(  record  to  suggest  damming  the  Chagres 
'{iver  at  Gatun  in^^tead  of  at  some  point  much 
i'arther  inland.  Conditions  were  not  propitious 
•n  1879-80  for  much  consideration  to  be  given 

0  X<pinay  or  to  Ward  or,  in  fact,  to  anyone 
Vho  differed    from   l.esscps.       By    lHOl,   ho»- 

ver,  Lesseps  was  dead  and  his  sea-Ievcl  canal 
;t'as  a  by-word.     Then  Mr.  Ward's  contention 

or  a  lock  canal  with  a  dam  at  Gatun,  plans 
'or  which  he  elaborated  in  a  formal  paper  bc- 

ore  American  Society  of  Civil  iMigineers.  was 
Ine  likely  to  impress  engineers,  anrl  it  (h<l,  as 
Ivc  have  quoted   evidence. 

1  But  the  International  Bureau  of  Consulting 
kngincers'  minority  report  advocating  a  lock 
■anal  with  a  dam  at  Galun  did  not  a|>pcar  until 
^906.  Meanwhile  three  engineers  "f  national 
jeputation  had  been  in  charge  d  work  at 
i'anama.     Major   Cassius   E.  Gillette   was  the 

rst  and  he  was  stationed  at  Panama  only 
uring  the  interval  between  the  departure  of 
Jie  French  authorities  and  the  taking  over  of 
'he  work  bv  the  second  Isthmian  Canal  Com- 
lission.  Mr.  John  F.  Wallace  was  the  en- 
incer  of  this  commission  during  its  one  year 
f  life.  Then  followed  the  third  commission, 
/ith  Mr.  John  V.  Stevens  as  engineer.  Mr. 
Vallate  was  rather  an  advocate  of  a  sea  level 
Nan  of  a  lock  canal  and  he.  like  the  engineers 
f  the  first  commission  (1800-llHin  looked 
pon   Bohio   or   Gamboa  as   the  only   suitable 


sites  for  a  dam  to  control  the  Chagres. 
Major  Gillette  and  Mr.  Stevens  both,  how- 
ever recorded  their  preference  for  a  dam  at 
Gatun.  and  we  give  in  another  column  Major 
Gillette's  own  account  ot  his  conception  of  a 
Panama  Canal  plan. 

Mr.  Stevens'  own  statement  of  his  advo- 
cacy of  the  Gatun  site  has  been  found  by  us 
only  in  his  testimony  before  the  Senate  com- 
mittee having  under  consideration,  after  the 
report  of  the  Board  of  Consulting  Engineers, 
the  selection  of  the  type  of  canal  to  be  built 
at  Panama.  On  June  2.'?.  1900,  Mr.  Stevens 
stated  before  the  Senate  conunittee : 

The  first  time  I  went  over  the  canal  route  I 
could  see  the  force  of  the  argument  very  readily 
about  taking  care  of  the  Chagres  River.  I  had 
understood  from  various  writings  that  Bohio 
was  the  lowest  point  in  the  valley  where  the 
dam  could  be  built.  The  first  thing  that  oc- 
curred to  me  was:  Is  it  a  fact  or  is  it  an  as- 
sumption? And  on  my  way  down  I  noted  the 
narrow  place  in  the  valtey  at  Gatun.  I  imme- 
diately asked  some  of  my  assistants  why  Bohio 
had  been  chosen  for  a.  dam-site  Instead  ot 
Gatun.  They  said  the  foundations  at  Bohio 
were  better  than  at  Gatun.  I  found,  however, 
that  there  were  no  borings  at  Gatun.  and  that 
they  did  not  know  anything  about  it  and  I  com- 
menced to  get  ready  to  find  out.  About  that 
time  the  Consulting  Board  cabled  down  instruc- 
tions to  go  on  with  borings  at  Gatun — just  what 
I  was  prcp.iring  to  do — with  the  result  that  wc 
have  explained,  that  in  the  opinion  of  everyone, 
I  think,  Gatun  has  proved  tn  be  the  better  site. 

With  the  adoption  by  Congress  of  the  lock 
canal  plan,  the  designing  of  a  dam  at  Gatun 
was  undertaken  by  the  engineers  of  the  fourth 
and  the  present  Isthmian  Canal  Commission. 
The  dam  as  then  designed  is  the  dam  that  now 
stands  completed.  One  naturally  thinks, 
therefore,  of  the  minority  report  of  the  Board 
of  Considting  Engineers  as  having  definitely 
settled  the  practicability  of  the  Gatun  site. 
But  did  it?  ft  was  not  until  Dec.  1,  1907,  that 
the  foundation  studies  were  iiegun  which  proved 
the  suitability  of  the  Gatun  site  for  a  dam  and 
perhaps  it  was  not  until  the  special  Board  of 
Engineers  was  appointed  to  investigate  the 
proofs  and  to  confirm  them  that  the  Gatun 
Dam  became  a  finally  determined  part  of  the 
Panama  Canal  plans.  We  are  aware  that 
these  last  considerations  are  straining  the 
point,  but  we  introduce  them  to  show  that  it 
is  not  so  simple  a  thing  as  might  be  supposed 
to  allot  specifically  to  any  one  person  the 
credit  for  this  one  unii|ue  engineering  feature 
of  the  .^merican  Panama  Canal — the  (jatun 
Dam  and  I^ke  Galun.  .Still  further  when  it 
comes  to  apportioning  the  credit  due  who  is 
entitled  to  the  greatest  share?  Is  it  the  one 
who  originally  cmiceived  the  plan,  or  the  one 
who  advocated  the  plan  unlil  recognition  was 
accorded,  or  t!ie  one  who  provideil  inalenal 
proof  that  the  plan  was  structurally  practic- 
able, or  the  one  who  designed  ami  built  ihe 
striicliires  required? 

The   Ornamentation   of    Bridges    Built 

As  a  Part  of  Track  Elevation 

Work. 

In  a  few  ol  our  cities  we  now  have  some 
good  examples  of  what  can  be  accomplished 
toward  l)eaulif>ing  bridges  built  in  connection 
with  track  elevation  work.  In  many  cities, 
however,  little  attempt  has  been  made  to  im- 
prove the  appearance  of  the  bridges,  and  some 
unsightly  structures  are  the  result.  The  addi- 
tional cost  of  bridges  which  will  at  least  com- 
pare favorably  in  aesthetic  design  with  com- 
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mercial  buildings  is  not  so  great  as  to  war- 
rant the  construction  of  bridges  such  as  are 
to  be  found  in  some  of  our  cities.  The  mu- 
nicipalities can  well  afford  to  pay  a  part  of 
the  cost  of  improved  structures,  although  in 
most  cases  the  railroads  bear  the  entire  cost. 
The  increasing  use  of  concrete,  a  material 
which  lends  itself  well  to  ornamentation  pro- 
vided sufficient  care  is  used  in  its  construction, 
has  done  much  toward  improving  the  appearance 
of  such  bridges.  If  poorly  constructed,  how- 
ever, the  good  eflfects  produced  by  the  use  of 
concrete  are  soon  lost,  and  the  structures  soon 
present  an  unsightly  appearance.  In  some 
cases  the  demands  of  residents  have  resulted 
in  more  aesthetic  structures,  but  in  many 
cases  the  railroads  must  be  credited  with  hav- 
ing taken  the  initiative. 

On  account  of  the  difficulty  of  securing  suf- 
ficient clearance  without  excessive  track  ele- 
cation  the  through  plate  girder  type  of  bridge 
has  been  commonly  used.  In  their  attempts 
to  improve  the  appearance  of  these  structures 
engineers  have  resorted  to  various  treatments 
of  the  steelwork.  In  some  cases  each  girder 
has  been  encased  in  concrete  (partly  to  in- 
crease its  life),  using  a  paneled  effect;  in  other 
cases  only  the  outside  lines  of  girders  have 
been  encased.  For  some  bridges  a  concrete 
fascia  and  parapet  has  been  attached  to  each 
outside  girder.  In  most  cases  this  fascia  has 
had  the  form  of  a  rectangular  beam,  while 
in  oilier  bridges  its  bottom  has  been  curved 
to  give  the  structure  the  appearance  of  an 
arch,  the  abutments  having  been  so  construct- 
ed as  to  carry  out  the  deception.  Various 
finishes  have  been  used,  such  as  a  picked  sur- 
face, a  cement-gun  finish,  a  bush-hammered 
surface  and  a  sand-blast  finish. 

In  some  of  the  bridges  built  by  the  Pennsyl- 
vania Railroad  Co.  for  track  elevation  work 
in  Philadelphia,  scroll  work  and  figured  de- 
signs have  first  been  cast  in  concrete  and 
then  inserted  in  panels  left  in  the  abutments. 
In  one  plate  girder  bridge  which  is  encasetl 
in  concrete  and  which  is  adjacent  to  a  sub- 
station colored  tiles  have  been  inserted  in  the 
concrete  surf.ice  to  form  various  <lesigns.  In 
general,  we  believe  that  this  form  of  orna- 
mentation is  out  of  keeping  with  concrete 
bridges,  but,  due  to  its  proximity  to  the  sta- 
tion, the  effect  in  this  case  is  pleasing.  In 
plate  ginler  bridges  encased  in  concrete  great 
care  must  be  taken  to  prevent  cr.acks  in  the 
concrete  casing,  as  the  formation  of  rust  re- 
sults in  streaks  on  the  concrete  surface  which 
greatly  detract  from  its  good  appearance.  The 
design  of  effective  expansion  joints  between 
the  ends  of  the  girders  and  the  ahutments  i-i 
absolutely  ncces.sary  if  cracks  and  rusi 
streaks  arc  to  be  prevented  at  the  ei;ds  of 
girders. 

In  ibis  issue  there  appears  an  article  de- 
scribing the  bridges  used  for  the  elimination 
of  grade  crossings  on  the  Nickel  Plate,  in 
Cleveland.  Here  the  problem  of  ornamenta- 
tion has  been  given  careful  consideration,  with 
the  result  that  some  pleasing  bridges  have 
been  designed  and  constructed.  The  views 
which  accompany  this  article  give  an  idea  of 
the  different  treatments  used  for  bridges  in 
various  localities,  the  surroundings  iiaving 
much  to  do  with  the  type  of  structure  adopt- 
ed. The  following  types  have  been  used : 
Three-hinged  steel  arches  with  concrete  abut- 
ments; concrete  arches:  plate  girders  with 
concrete  fascias  and  with  the  supporting  col- 
mnns  encased  in  concrete ;  and  a  composite 
bridge  consisting  of  a  concrete  arch  and 
plate  girders  with  a  concrete  fascia  and  a 
false  soffit.  In  some  cases  the  concrete  fascia 
girder  is  in  the   form  of  a  rectangular  beam 
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with  an  ornamental  iron  railing,  and  in  other 
cases  its  bottom  is  curved  to  give  tlie  structure 
the  appearance  of  an  arch  and  is  surmounted 
by  a  concrete  parapet  wall.  The  ornamental 
iron  railings,  however,  do  not  give  a  good  ap- 
pearance as  the  lines  are  too  fine. 

In  the  East  Boulevard  Bridge,  which  carries 
two  tracks  of  the  Nickel  Plate  and  two  of  the 
Short  Line,  there  is  a  difference  of  elevation 
between  the  two  lines  of  3.i"2  ft.  There  was 
sufficient  clearance  on  the  Short  Line  side 
for  an  arch,  but  the  clearance  on  the  Nickel 
Plate  side  was  insufficient.  The  problem  was 
solved  and  an  aesthetic  bridge  has  been  ob- 
tained by  using  a  reinforced  concrete  arch 
for  the  portion  carrying  the  Short  Line 
tracks  and  a  plate  girder  bridge  for  the  other 
half  of  tlie  structure,  the  plate  girders  being 
masked  with  a  concrete  fascia  and  a  false 
soffit.  The  structure  is  faced  with  a  matrix 
of  red  granite  set  in  mortar  colored  with  iron 
oxide,  and  part  of  the  surface  is  bush-ham- 
mered. 

Even  though  the  principal  function  of  a 
bridge  is  to  carry  the  loads  to  which  it  may 
be  subjected,  nevertheless  its  appearance 
should  be  given  careful  study,  especially  in 
view  of  the  fact  that  engineers  are  now  de- 
signing bridges  in  whicli  "life''  is  an  important 
factor.  In  connection  with  track  elevation 
work,  where  the  spans  are  usually  quite  small, 
bridges  which  are  pleasing  in  appearance  can 
be  constructed  at  a  relatively  small  additional 
expense 


Influence  of  the  Engineering  Society  in 
Civic  Affairs  of  an  Engineer- 
ing Nature. 

Of  late  certain  actixities  have  come  to  be 
recognized  as  among  the  legitimate  functions 
of  the  engineering  society,  such,  for  example, 
as  the  endeavor  to  secure  publicitv  through 
newspapers  for  such  portions  of  the  proceed- 
ings of  the  society  as  are  known  to  be  of  poten- 
tial interest  to  the  public.  It  is  our  purpose 
here  to  discuss  briefly  another  proper  function 
of  the  engineering  society  which  has  seldom 
been  performed — namely,  the  endorsement  or 
condenmation  by  the  voting  majority  of  a  soci- 
ety of  well-defined  projects  before  a  city  and 
of  interc^t  to  all,  or  a  considcralile  number,  of 
its  citizens.  It  would  appear  that  as  a  rule 
such  action  can  be  taken  by  a  society  to  advan- 
tage only  with  reference  to  projects  before 
the  city  in  which  the  society  headquarters  are 
located. 

An  editorial  bearing  in  part  upon  the  sub- 
ject here  under  consideration  appears  in  the 
current  issue  of  the  monthly  journal  of  the 
Engineers'  Club  of  Baltimore.  We  quote 
from  it  as  follows  : 

Our  club,  instead  of  being  an  active  body, 
unquestionably  representing  tlie  best  engineer- 
ing talent  in  the  state,  and,  on  many  subjects. 
In  the  country,  has  remained  passive.  Tliis  is 
one  of  the  conditions  that  .should  at  once  be 
corrected.     .    .    . 

When  you  stop  to  consider  the  great  number 
of  questions  of  deep  interest  to  the  engineer 
and  citizen  that  the  city  is  trying'  to  solve,  it 
would  seem  but  natural  that  this  club  would 
let  Itself  be  heard  and  voice  some  opinion. 
Surely  we  are  as  well  qiialiliert  to  pass  on  engi- 
neering problems,  the  question  of  taxation,  the 
fixing  of  freight  rates,  the  Calvert  Street  Ter- 
minal, the  extending  of  the  city's  limits,  the 
problem  of  lighting,  the  co-ordination  of  the 
City  Department,  safety  devices  for  railroads, 
etc.,  as  are  the  Merchants'  and  Manufacturers' 
Association,  East  Baltimore  Business  Men's 
Association,  Chamber  of  Commerce,  etc.,  and 
yet  we  are  never  heard  from  and  very  seldom 
heard  of,  unless  it  is  some  little  notice  to  the 
effect  that  Mr.  Blank  read  a  paper  on  "For- 
estry," etc.  We  cannot  expect  to  grow,  either 
in  size  ur  importance,  unless  wc  show  our  hand 
and  let  our  voice  be   heard. 

We  should  use  our  gifts  as  a  power  for  good 
In  the  city  and  establish  for  our  club  the  high- 
est respect  of  the  people  of  Baltimore  and  be  a 
leading  spirit  in  all  public  measures.  If,  when 
questions  are  being  considered,  affecting  the 
welfare  of  our  city,    the  president  would   select 


committees  of  from  five  to  se\'en  members  to 
report  on  such  questions,  and  the  club  at  tlie 
regular  or  special  meeting  either  adopt  or  dis- 
approve the  findings  of  sucli  committees,  we 
would  soon  be  recognized  as  one  of  the  most 
important  organizations  of  the  city  and  come 
into  the  position  to  which  we  are  rightfully 
entitled. 

What  is  said  in  the  foregoing  quotation 
relative  to  the  Engineers'  Club  of  Baltimore 
can  be  stated  with  equal  truth  of  other  engi- 
neering societies  and  clubs  in  all  the  larger 
cities  of  the  country.  In  saying  this  we  do  not 
endorse  the  expressed  views  in  full,  for  we 
consider  that  perhaps  too  many  matters  are 
enumerated  as  of  sufficient  interest  to  the  club 
as  a  whole  to  warrant  their  consideration  by 
the  full  membership.  The  general  principle 
laid  down — namely,  that  the  local  engineers' 
club  should  seek  to  exert  influence  as  an  or- 
ganization in  certain  selected  engineering  pro- 
jects before  the  city — is  sound  and  is  worthy 
of  a  thorough  trial  by  such  organizations 
throughout  the   country. 

In  speaking  of  selected  projects  we  have  in 
mind  the  necessity  of  limiting  the  censorship 
of  the  society  to  projects  of  major  importance 
and  of  very  wide  public  interest.  It  seems  to 
us  that  when  a  complete  and  formal  report  is 
made  upon  such  a  project  to  the  city's  govern- 
ing body  that  the  society  would  do  well  to  dis- 
cuss the  report  in  open  meeting,  in  the  pres- 
ence of  the  authors  of  the  report  if  that  be  de- 
sired, and  then  take  action  either  in  endorse- 
ment or  condemnation  of  the  project  in  its 
liroad  engineering  and  economic  aspects.  Per- 
liaps  the  directors  or  a  special  committee  of 
the  societ\'  should  pass  upon  the  importance 
of  various  engineering  projects  before  the  city, 
with  a  view  of  sulimitting  those  of  greatest 
importance  to  the  society  for  the  character  of 
consideration  here  under  discussion. 

We  believe  that  the  composite  judgment  of 
the  society,  as  indicated  by  a  vote,  would  not 
only  give  a  true  estimate  of  the  worth  of  a 
project,  but  would  be  so  accepted  by  the  most 
influential  people  of  the  community. 


Adam    Smith    vs.  Henry    George    On 

Wages. 

The  father  of  political  economy,  Adam 
Smith,  says  in  "The  Wealth  of  Nations": 

Ensland  is  certainly,  in  the  present  times 
[ITTG],  a  much  richer  country  than  any  part  of 
North  America.  The  wages  of  labor,  however, 
are  much  higher  in  North  America  than  in  any 
part  of  England.  In  the  province  of  New  York, 
common  laborers  can  earn  three  shillings  six- 
pence currency,  equal  to  two  shillings  sterling 
[or  50  cts.]  a  day;  house  carpenters  and  brick- 
layers,   four    shillings    and    sixpence    for    $1.10]. 

*  •  •  The  price  of  provision.s  is  everywhere 
In  North  America  much  lowsr  than  in  England. 

•  •  •  Eighteen  pence  [32  cts.l  a  day  may  be 
reckoned  the  common  price  of  labor  in  London 
and  Its  neighborhood.  A  few  miles  distance  It 
falls  to  fourteen  and  fifteen  pence.  Ten  pence 
[20  cts.]  may  be  reckoned  its  price  in  Edin- 
burgh and  its  neighborhood.  At  a  few  miles 
distance  it  falls  to  eight  pence  [IG  cts.],  the 
usual  price  of  common  labor  through  the  great- 
er part  of  the  low  country  of  Scotland. 

From  this  it  appears  that  common  laborers 
in  America  in  177G  received  two  to  three  times 
as  high  wages  as  in  England  and  Scotland. 
.\bout  the  same  ratio  still  exists.  We  noted 
in  our  issue  of  March  4  that  bricklayers  in 
New  York  City  are  asking  an  advance  to  $6 
a  day,  the  present  wage  being  $5.60.  Inci- 
dentally let  it  be  noted  that  this  is  five  times 
the  daily  wage  of  bricklayers  "in  the  province 
of  New  York"  in  177fi.  Frequently  it  is  said 
a  dollar  went  so  much  farther  a  century  or 
more  ago  that  no  fair  comparison  can  be  made 
between  wages  then  and  now.  There  is,  how- 
ever, little.trnth  in  this  belief.  Adam  Smith 
gives  tables  of  the  price  of  wheat  in  Great 
Britain  from  the  year  1'200  down  to  1764,  show- 
ing a  remarkably  constant  price  of  about  $1.'25 
per  bushel  (or  higher  than  in  1914),  the  gen- 
eral tendency  being  toward  a  lower  price.  He 
says  : 

During  the  course  of  the  last  century,  taking 


one  year  with  another,  grain  was  dearer  in  both 
parts  of  the  United  Kingdom  than  during  that 
of  the  present.  •  *  *  In  the  last  century 
the  most  usual  day-wages  of  common  labor 
through  the  greater  part  of  Scotland  were  six 
pence  [12  cts.]  in  summer  and  five  pence  [10 
cts.]   in  winter. 

He  comments  on  the  much  improved  status 
of  the  laborer  in  1776  as  compared  with  pre- 
vious times. 

In  1877,  almost  exactly  a  century  after  Adam 
Smith's  great  work  was  published,  another  re- 
markable book  on  political  economy  was  writ- 
ten. We  refer  to  Henry  George's  "Progress 
and  Poverty."  Although  Henry  George  was 
unquestionably  wrong  in  his  contention  that 
the  average  workman  had  not  benefited  by  the 
progress  of  invention,  he  was  right  in  his 
criticism  of  Adam  Smith's  "wage  fund 
theory."  Ignoring  the  testimony  of  wage  and 
price  statistics,  Henry  George  fancied  that 
poverty  was  steadily  increasing  amid  advanc- 
ing wealth.     To  quote : 

In  England  there  were  [1S77]  over  a  million 
paupers.  In  the  United  States  almshouses  are 
increasing  and  wages  are  decreasing. 

Wages  in  New  York  have  increased  from 
50  cts.  for  laborers  in  177G  to  $2  in  1914,  and 
from  $1.10  for  bricklayers  in  1776  to  $5.60  in 
1014.  The  working  day  has  two-thirds  as 
many  hours  now  as  it  had  a  century  ago. 

.\dam  Smith  repeatedly  recognized  the  in- 
fluence of  invention  as  an  important  factor 
in  raising  wages,  but  he  put  much  greater 
stress  on  the  "division  of  labor." 

Henrv  George,  curiously  enough,  mentioned 
neither  of  these  two  factors,  but  cxplicity  lim- 
ited the  means  of  securing  higher  wages  to 
the  following  methods : 

I.  From  greater  economy  in  government. 

II.  From  the  better  education  of  the  working 
classes  and  improved  habits  of  industry  and 
thrift. 

III.  From  combinations  of  workmen  for  the 
advance  of  wages. 

IV.  From  the  co-operation  of  labor  and  cap- 
ital. 

V.  From  governmental  direction  and  inter- 
ference. 

VI.  From  a  more  general  distribution  of  land. 

Under  these  six  heads  I  think  we  may  in  es- 
sential form  review  all  hopes  and  propositions 
for  the  relief  of  social  distress  short  of  the  sim- 
ple but  far-reaching  measure  which  I  shall  pro- 
pose. 

George  reviews  each  of  the  six  methods 
and  dismisses  them  in  turn  as  being,  at  best, 
palliatives.  ''Wc  must  make  land  common 
property,"  he  reasons,  if  wages  are  to  rise. 

Land  has  remained  private  property,  yet 
wages  have  risen  enormously  in  the  37  years 
that  have  elapsed  since  Henry  George  wrott- 
Moreover  there  must  be  some  cause  for  tlu 
rise  in  wages  other  than  any  of  the  six  that 
(jeorge  mentions.  The  last  century,  and  par- 
ticularly the  last  fifty  years,  differs  mainh 
from  all  previous  periods  in  the  devclopmcn; 
of  industries  wherein  engineering  plays  a 
prominent  part.  Transportation  costs  have 
decreased  greatly,  and  nowhere  to  such  a  dc 
gree  as  in  America.  The  cost  of  power  !ia- 
decreased  quite  as  rapidly.  Only  the  othci 
day  quite  a  tempest  of  discussion  was  caused 
among  electrical  engineers  by  the  reading  of 
a  paper  in  which  a  cost  of  one-quarter  cent 
per  kilowatt  hour  was  given  as  being  attain- 
able with  steam  power  and  modern  turbo- 
generators. While  this  low  cost  is  undoubt- 
edly not  within  reach  as  yet,  except  under 
abnormal  conditions  and  probably  not  then, 
it  may  possibly  be  attained  within,  say,  twcnt> 
years  if  progress  shall  continue  at  its  present 
pace. 

The  very  growth  of  power  consumption- 
which  has  been  about  as  the  square  of  the 
growth  of  population — is  an  important  factor 
in  lowering  the  cost  of  power.  Not  only  do 
large  turbo-generators  yield  power  at  lower 
cost  than  small  units,  but  higher  load  factors 
further  reduce  the  fixed  charges  per  unit  of 
power.  Inventions  multiply  on  every  hand, 
and  they  are  able  to  multiply  because  there  is 
little    resistance,    on    the    part    of    American 
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workmen,  to  the  introduction  of  labor  saving 
devices.  But  inventions  are  not  the  sole 
;ause  of  rising  wages.  American  managers 
have  been  foremost  in  recognizing  the  great- 
est single  economic  principle  in  fixing  wages, 
namely  that  if  men  are  paid  in  proportion  to 
their  efficiency  they  will  steadily  increase  their 
^>utput.  In  this  connection  it  is  interesting  to 
jnote  the  century  old  remarks  of  Adam  Smith 
Ibearing  on  this  point : 

]  The  wages  of  labor  are  the  encouragement  of 
(industry,  v.hlch,  like  every  other  human  quality, 
Improves  in  proportion  to  the  encouragement  it 
jrecelves.  •  •  •  Where  wages  are  high,  ac- 
Icordingly,  we  shall  always  find  the  workmen 
more   active,     diligent     and     expeditious,     than 


where  they  are  low.  •  •  •  Workmen,  when 
they  are  liberally  paid  by  the  piece,  are  very  apt 
to  overwork  themselves  and  to  ruin  their  health 
and  constitution  in  a  few  years. 

This  last  statement  about  piece-work  applies 
more  particularly  to  men  who  have  been  very 
meagerly  paid  on  a  wage,  and  whose  work  in- 
volves heavy  muscular  effort.  Neither  of 
these  conditions  exists  to  any  great  extent  in 
America.  Hence  piece-work  and  bonus  pay- 
ments are  becoming  progressively  more  popu- 
lar in  this  country. 

It  is  interesting  to  conjecture  what  Henry 
George  would  have  thought  of  his  prediction 
of   progressive   diminution    in   wages   had   he 


lived  to  read  the  recent  announcement  that 
an  American  automobile  factory  pays  even  its 
office  boys  $5  a  day.  This,  while  an  unprece- 
dented and  economically  unfair  wage  for  such 
service,  at  least  points  the  goal  toward  which 
common  labor  wages  in  .\merica  are  trending. 
The  final  cause  of  the  higher  standard  of 
wages  is  engineering  invention  which  has 
made  such  a  standard  possible.  Higher  wages 
prevail  and  portend  not  because  of  labor 
unions,  nor  because  of  "single  taxes."  nor  be- 
cause of  public  ownership  of  capital,  but 
mainly  because  of  engineering.  We  use  the 
term  engineering  in  the  broad  sense  that  the 
modern  development  of  engineering  science 
justifies. 
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^Credit  for  the  Dam  at  Gatun  in  Plan- 
ning the  Panama  Canal. 

To  the  Editors :  1  thank  you  for  having  sent 
me  a  copy  of  your  valuable  paper  of  Jan.  Ihh 
;oontaining,  what  was  to  me,  a  very  interesting 
'article  on  "Credit  for  conceiving  the  plan  of 
|the  dam  at  Gatun  for  a  Panama  Canal.' 
j  It  might  be  interesting  in  this  connection 
Ito  look  over  an  article  on  the  "Gatun  Dam" 
:in  the  sixth  edition  (1911)  of  Edward  Weg- 
I man's  Book  on  Dams.  On  page  4J3  he  says, 
;  "The  fact  that  the  construction  of  the  Gatun 
i  Dam  had,  at  last,  been  decided  upon — J7 
lyears  after  it  had  been  proposed  by  Lepinay, 
■  and  so  soon  after  Mr.  Ward's  forceful  argu- 
ment in  its  favor — would  indicate  that  con- 
'  siderable  credit  is  due  to  Mr.  Ward  for  the 
jllnal  adoption  of  this  very  important  feature 
of  the  Panama  Canal." 

I  "Engineering  News''  of  Mar.  8,  1906,  page 
,267,  also  discusses  the  same  subject. 
I  The  Isthmian  Canal  Commission  of  1899- 
1901,  appointed  by  the  government,  after 
(studying  tlie  canal  question  for  two  years  and 
eight  months,  recommended  in  their  report, 
'the  Panama  Route  for  the  canal  with  a  dam 
'at  Bohio  to  hold  the  water  of  the  Chagres 
[River  at  a  mean  summit  elevation  of  85  ft. 
above  tide.  They  also  in  their  report,  without 
[reservation  or  qualification,  said  that,  "No 
[location  suitable  for  a  dam  exists  on  the 
I  Chagres  River  below  Bohio. 
!  In  1901  my  paper  was  read  before  The 
I  .'Vmerican  Society  of  Civil  Engineers  of  New 
j  York,  entitled  "'The  Gatun  Dam,"  which  was 
I  virtually  a  criticism  of  the  1901  report  as  to 
ithe  proposed  location  of  the  dam  at  Bohio, 
land  in  it  I  strongly  advocated  the  advantape 
I  of  the  Gatun  location  instead  of  Bohio,  with 
llhc  same  summit  elevation  and  urged  that  ex- 
:aminations  of  th.it  site  should  be  made  before 
.deciding  on  the  linal  plans. 
I  The  effect  of  that  sliort  paper  was  to  lead 
Ito  a  very  thorough  examination  of  the  site 
,' by  borings,  etc.,  by  the  Isthmian  Canal  Com- 
,  mission  to  determine  its  suitability  for  the  ."iilc 
I  of  the  great  dam.  The  result  of  this  examina- 
.  tion  was  so  favorable  that  the  plan  received 
I  consideration  and  recommendation  from  the 
i  minority  (5  out  of  l.'l)  of  tin-  Hoard  of  Con- 
;  suiting  Engineers  of  190">.  The  adviu-acy  of 
iihe  lock  plan,  based  upon  the  dam  being  built 
at  Gatun,  by  the  Secretary  of  War  .ind  the 
I  President,  and  its  linal  adi'pliim  by  ('(inKrcss 
I  followed  duly  and  the  dam  has  been  built  f>n 
that  location' making  a  lake  of  li'il  square 
miles  instead  of  a  much  smaller  "nc  of  ^!*.'i 
'  sq.  mile.s,  as  it  would  have  been  if  the  dam 
I  had  been  built  at  Bohio,  nine  miles  farther  up 
stream. 

A  dam  at  Gatun  had  been  sitR«c?ited  to  dc 
I  I.e!iscps'  Paris  Congress  in  1S7''  '  ■"  '  ■l■•• 
I  Lepinay,  and  also  to  the  .\meri 

I  Civil  Engineers  by  Mr.  .Ashbcl  \ 

]  in  which  Mr.  Ward  concurred,  tbl.ll^h  neither 
I  had    then    heard    of    I.epinav  s    plan,    but    the 
I  plan  had  never  been  followed  up  and  was  soon 
I  dropped,  cither  as  impractic.ible  or  supplanted 
by  the  project  for  llic  dam  at  Bohio.     The  re- 
vival of  this  dead  and   forgotten  plan,  in  the 
opinion  of  at  least  four  members  of  the  Con- 


sulting Board  of  Engineers  of  1905,  was  due 
to  my  paper  of  1904.  As  has  been  said  by  one 
well  fitted  to  judge,  "While  it  is  impossible  to 
say  that  the  Gatun  location  would  not  have 
been  adopted  had  Mr.  Ward's  paper  not  been 
written,  the  facts  that  the  first  suggestion  to 
this  end  was  dropped  and  remained  unheeded 
except  by  him  for  more  than  20  years  and  that 
its  revival  was  due  to  him  exclusively  make  it 
most  probable  that  but  for  his  persistant  ef- 
forts the  excellent  plan  of  canal  now  adopted 
would  not  have  developed  and  either  an  in- 
ferior lock  plan  or  a  far  moie  costly  sea-level 
plan  adopted." 

The  difference  in  cost  between  a  sea-level 
canal  and  the  one  built  would  have  been  about 
two   liundred   niilliou   dollars. 

The  paper,  "The  Gatun  Dam,"  of  1904,  was 
I  believe  the  first  to  advocate  the  location  of 
the  dams  and  locks  at  the  south  end  of  the 
canal,  so  near  to  the  Pacific  Ocean  at  La  Boca, 
later  called  Balboa,  thus  forming  a  lake  there 
five  miles  long.  Tliis  location  was  also  adopted 
by  Congress  but  was  later  changed  for  mili- 
tary reasons  and  anticipated  difficulty  in  con- 
struction, to  Miraflores,  where  the  1899  report 
had  located  them.  The  Special  Board  of  En- 
gineers of  1909  say  in  their  report,  among 
other  things,  that  they  were  unanimously  of 
the  opinion  that  the  dams  could  have  been 
constructed  at  La  Boca  and  that  the  change 
of  location  would  involve  an  additional  ex- 
pense of  not  less  than  $10,000,000.  (See  "Canal 
Record"  of  Mar.  H.  1909). 

Gatuti  Lake,  with  its  area  of     ItU     square 
miles,   is   believed   to  be   the   largest  artificial 
lake  in  the  world,  if  this  is  not  the  case,  should 
be  glad  to  know  of  the  larger  one. 
Vours  respectfullv, 

C.  D.  \V.\KO. 

702   St.   Nicholas   Ave.,   New   York,   Feb.   5. 

To  the  l'!dilors :  I  note  yiiur  very  excellent 
article  on  the  Panama  Canal  in  a  recent  num- 
ber. 

May  I  ask  that  you  devote  a  little  time  to 
investigating  who  is  responsible  for  the  adop- 
tion of  the  key  of  the  .situation,  the  Gatun 
Dam?  If  you  will  read  with  some  care  my 
article  in  the  "Engineering  News'"  of  about 
July  27,  PHVi,  the  first  article  in  the  number, 
I  think  you  will  note  thai  the  plan  tliirc 
recommended  was  essentially  the  one  adopted 
and  I  believe  was  the  determining  factor  in 
the  situation. 

The  (inly  essential  changes  made  in  the  mi- 
nority report  and  the  plan  tinally  adopted 
were : 

(1)  To  reduce  the  crest  from  100  ft.  to 
85  ft.  They  were  needlessly  iicr\oii'i  «vcr 
gnlcs  much  beyond  llir  lieiKbt  lh">  adopted 
and  it  has  since  been  claimnl  that  f<5  ft. 
carried  out  the  principle  for  which  1  con- 
tended, that  there  should  be  slack  water  a 
mile  up  every  tributary  to  the  narrow  part 
of  (ialiin  Lake  to  help  take  care  c*/  the  sedi- 
ment. This  question  of  sediment  is  amplified 
in  my  paper,  the  first  lime  I  think  on  record, 
the  subject  having  been  previously  dismissed 
by  the  statement  tliat  the  (.ib-igres  was  a  clear 
water  stream,  yet  Colonel  Goelhals  built  one 
or  two  locks  out  of  the  sand  and  gravel  ru 
one  of  the  bars  of  that  clear   water  stream. 


renewed  in  great  quantities  after  every  llood. 
The  sediment  would  have  been  a  tremendous 
obstacle  to  a  sea-level  canal.  As  to  the  rela- 
tive merits  of  85  and  100  ft.  elevation  for 
the  dam,  I  think  the  last  15  ft.  excavation 
in  Culebra  Cut  developed  many  millions  of 
yards  of  slide,  which  could  have  been  avoided. 
1  also  recommended  caisson  gates  instead  of 
the  mitering  lock  gates,  to  which  latter  propo- 
sition can  be  atributed  the  fear  of  greater 
lift. 

(2)  I  recommended  a  single  flight  of  three 
locks  at  Gatun  with  space  arranged  for  a  sec- 
ond flight  on  larger  dimensions  as  shipping 
developed.  Ease  of  enlargement  is  the  im- 
portant element  in  the  canal.  Puting  in  the 
double  flight  of  abnormally  large  locks  now  I 
think  is  something  of  a  mistake  vastly  in- 
creasing the  cost,  making  inconvenient  future 
enlargement  and  only  saving  a  few  hours, 
which,  in  a  o.oOO-mile  journey,  does  not 
amount  to  much. 

(3)  My  plan  provided  for  a  2,000-ft.  self- 
regulating  concrete  spillway  with  the  locks  on 
the  rocky  "island"  in  the  midst  of  the  alluvial 
plain.  The  adopted  plan  moves  the  locks 
ashore,  puts  a  man-regulated  spillway  on  the 
"island"  with  a  longer  dirt  dam  replacing  the 
dirt  dam  of  my  plan  and  extending  it  in  place 
of  the  2,000-ft.  concrete   spillway. 

These  are  all  minor  changes,  none  of  them 
I  think  to  the  benefit  of  the  proposition. 

If  you  will  read  carefully  the  various  re- 
ports, you  will  find  that  they  adopted  essen- 
tially my  plan,  but  have  for  some  reason 
which  1  have  never  discovered  sidestepped 
giving  me  credit  for  it,  although  they  gave 
me  specific  credit  for  two  very  import.int  mat- 
ters: the  straight  canal  from  Gatun  through 
the  center  of  Limon  Bav  instead  of  the 
crooked  channel  that  the  I'^rench  had  started, 
and  the  deinonstralion  of  the  futility  of  the 
high  dirt  dam  with  concrete  core  which  the 
sea-level  canal  people  proposed  at  Gamboa. 

I'pon  my  verlial  recommendation  Secretary 
Taft  threw  out  bids  which  the  commission 
had  obtained  to  spend  $8,000,000  for  the  im- 
provement of  the  crooked  canal  in  the  vicinity 
of  Colon. 

Your  article  gives  credit  to  Mr.  John  F. 
.Stevens  for  discovering  the  value  of  the 
tialiin  site  but  if  you  will  get  the  dates  on 
the  subject  you  will  also  see  this  sui:i;cstion 
was  long  after  my  paper  was  published.  In 
that  paper  I  gave  credit  to  Mr.  C.  D.  Ward 
for  having  expressed  an  early  thought  on  the 
subject  and  I  believe  the  .'\mcrican  Society 
of  Civil  Engineers,  for  sonic  curious  reason, 
gave  full  creilit  in  the  matter  to  one  of  its 
former  presidents,  Mr.  ,'\shbcl  Welch,  who 
gave  some  approval  as  I  recall  it  to  Mr. 
Ward's  ide.T,  but  I  believe  I  am  correct  in 
staling  that  neither  of  them  ever  saw  the  site 
or  made  any  plans  for  a  dam  or  did  anything 
really  to  get  that  site  adopted.  So  far  as  I 
know,  if  anybody  is  accepted  as  "Godfather" 
to  that  interesting  subject,  I  think  it  should 
be  your  humble  servant. 

Very  truly  yours, 

Ca.ssius  E.  Gillette. 

2.'12(i  So.  Twentieth  St.,  Philadelphia,  Pa., 
Ian  31,  1914. 
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Waterproofing  of  Masonry  and  Bridge 
Floors. 

Waterproofing  materials  and  methods  have 
been  subjects  of  careful  investigation  for  sev- 
eral years  by  a  committee  of  the  American 
Railway  Engineering  .'\ssociation.  This  com- 
mittee lias  from  year  to  year  presented  com- 
pilations of  data,  but  its  final  report  on  water- 
proofing masonry  and  bridge  floors  has  only 
recently  been  completed  and  presented  to  the 
association.  We  believe  that  the  final  report 
is  one  of  the  best  summaries  of  practical  wa- 
terproofing materials  and  methods  that  is 
available  to  engineers  and  we  therefore  pub- 
lish it  slightly  condensed  as  follows: 

Structures  should  be  waterproof  when  it 
is  necessary:  (1)  To  prevent  dampness  in 
walls  above  gfade,  and  in  walls  and  floors 
below  grade.  ((2)  To  prevent  flooding  of 
basements  and  pits  w'hich  are  at  all  times  or 
occasionally  below  the  ground  water  level.  (3) 
To  prevent  percolation  or  leakage  of  water 
througli  the  masonry  and  the  formation  of 
unsightly  deposits  on  exposed  surfaces.  (4) 
To  prevent  the  dripping  of  water  through  a 
bridge  floor  over  a  street,  and  in  the  cases 
of  solid  floors  of  steel  or  reinforced  concrete 
bridges,  to  protect  the  steel  from  corrosion, 
(o)  To  prevent  the  entrance  of  water  into 
tunnels,  eitlier  above  or  below  ground  water 
level,  or  subaqueous  tunnels.  (6)  To  prevent 
leakage  from  reservoirs.  (7)  To  prevent  the 
penetration  of  water  into  the  masonry. 

The  following  outline  includes  the  ordinary 
methods  of  waterproofing: 

(1)  Coatings:  (1)  Linseed  oil  paints  and 
varnishes.  (2)  Bituminous:  Asphalt  coal 
tar.  (3)  Liquid  hydrocarbons.  (4)  Miscel- 
laneous compounds.     (.5)   Cement  mortar 

(IT)  Metnbranes :  Felts  and  burlaps  in 
combination  with  various  cementing  com- 
pounds. 

(Ill)  Integrals:  (!)  Inert  fillers.  (2) 
Active  fillers. 

(IX)   Watertight  concrete  construction. 

Walls  above  grade  are  waterproofed  by 
coating  with  paints,  varnishes,  or  waterproof- 
ing washes,  or  by  plastering  with  cement  mor- 
tar. The  coating  or  plaster  may  be  applied 
either  on  the  inside  or  outside  of  the  wall. 

The  w-alls  of  basements  and  pits  are  water- 
proofed, either  by  the  application  of  coatings. 
membranes,  integral  or  watertight  concrete 
construction.  Membranes  are  usually  protect- 
ed  with  concrete,  brick   or  bituminous  binder. 

Where  basement  or  pit  walls  and  floors  are 
below  the  ground  water  level,  they  must  be 
so  designed  as  to  resist  the  existing  hydro- 
static head  in  order  to  prevent  cracks  and 
leakage.  .Such  walls  may  be  waterproofed  by 
the  integral  method  or  by  watertight  con- 
crete construction.  When  e.xterior  water- 
proofing is  employed,  the  membrane  method 
is  generally  used  properly   protected. 

Stone,  brick  or  concrete  arches,  retaining 
walls,  abutments,  subway  walls  and  culverts 
are  waterproofed  by  any  of  the  methods  men- 
tioned in  the  preceding  paragraph.  l'"or  im- 
portant structures,  the  membrane  method  is 
most  generally  used. 

When  surface  coatings,  integral  waterproof- 
ing or  watertight  concrete  construction  is 
used,  particular  attention  must  be  paid  to  re- 
inforce the  work  against  cracks  due  to  ex- 
pansion, contraction  or  settlement.  The  ex- 
pansion joints  must  be  waterproofed  by  sheet 
copper  or  lead  built  into  the  adjoining  sec- 
tions. 

The  solid  floors  of  steel  and  reinforced  con- 
crete bridges  probably  present  the  most  diffi- 
cult problems  of  waterproofing.  In  steel 
troughs  or  I-beam  floors  a  concrete  filling  may 
be  used  to  bring^  the  deck  up  level  with,  or 
above  the  top  of  the  steel  in  the  floor.  The 
floors  of  this  class  of  structure  are  usually 
waterproofed  by  the  membrane  method. 

Tunnels  in  which  the  groimd  water  level 
is  below  the  invert  may  be  waterproofed  by 
anv  of  the  aforementioned  methods. 

Subaqueous  tunnels  present  a  different  and 
distinct  problem  of  waterproofing;  usually  re- 
inforced concrete,  or  plain  concrete,  with  iron 
or  steel  lining  is  used.  The  structures  are  de- 
signed to   resist  the  hydrostatic  head. 


The  walls  and  floors  of  reservoirs  may  be 
waterproofed  by  any  of  the  four  methods  be- 
fore mentioned. 

CO.\TINGS. 

Linseed  Oil  Paints  and  Varnishes. — Linseed 
oil  paints  and  all  coatings  containing  linseed 
oil  are  reactive  to  atmospheric  conditions  and 
to  alkaline  water,  .'\pplied  as  a  damproofing 
to  the  surface  of  a  concrete  wall  which  may 
be  permeable  to  moisture,  the  paint  is  likely 
to  be  of  short  life  unless  the  surface  is  spe- 
cially prepared.  To  secure  the  best  results, 
the  wall  must  be  dry  and  clean  before  applica- 
tion. The  paint  is  applied  with  a  brush  in  the 
ordinary  manner.  The  coating  power  of 
paint  is  approximately  200  sq.  ft.  of  wall  per 
gallon  of  paint,  but  varies  with  the  thick- 
ness of  the  paint  and  the  nature  of  the  sur- 
face. The  prices  of  the  paints  sold  for  damp- 
proofing  masonry  and  concrete  surfaces  vary 
from  about  $1  to  $3  per  gallon  for  the  ma- 
terial. 

Bituminous  Coatings. — This  class  includes 
asphalt,  petroleum  residiuum,  coal  tar  and  coal 
tar  pitch.  As  used  for  waterproofing  pur- 
poses, they  are  solid  at  ordinary  temperatures 
and  are,  therefore,  often  applied  while  hot.  As 
they  are  soluble  in  benzine  and  coal  tar  naph- 
tha, they  are  frequently  mixed  with  these  sol- 
vents and  applied  in  a  liquid  form.    Two  coats 


painting  the  surface  to  be  treated  with  a  prim- 
ing coat  of  asphalt  cut  with  naphtha  or  ben- 
zine and  then  applying  the  hot  asphalt  over 
this  coat. 

In  applying  hot  asphalt  directly  to  steel,  dif- 
ficulty is  found  in  getting  the  asphalt  to  ad- 
here to  the  steel,  and  no  dependence  can  be 
placed    upon   adhesion   to   vertical    surfaces. 

The  asphalt  should  be  heated  in  a  suitable 
kettle  to  a  temperature  not  exceeding  that  al- 
lowed in  the  specifications  for  any  particular 
structure  depending  upon  the  material  used. 
If  this  temperature  is  exceeded,  it  may  re- 
sult in  pitching  the  asphalt.  Before  the  pitch- 
ing point  is  reached,  the  vapor  from  the  ket- 
tle is  of  a  bluish  tinge,  which  changes  to  a 
yellowish  tinge  after  the  danger  point  is  ex- 
ceeded. The  asphalt  has  been  cooked  suffi- 
ciently when  a  piece  of  wood  can  be  put  in 
and  withdrawn  without  the  asphalt  clinging 
to  it.  Care  should  always  be  taken  not  to 
prolong  the  heat  to  such  an  extent  as  to  pitch 
the  asphalt.  Should  it  become  necessary  to 
hold  the  heated  asphalt  for  any  length  of 
time,  the  fire  should  be  drawn  or  banked  and 
a  quantity  of  fresh  asphalt  should  be  intro- 
duced into  the  kettle  to  reduce  the  tempera- 
ture. Excessive  heat  converts  the  petroliiie  or 
cementitious  constituents  of  the  asphalt  into 
asphaltene.     which     is     devoid     of    cementing 
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cost  about  1  ct.  for  material  and  %  ct.  for 
labor  per  square  foot. 

Asphalt. — Waterproofing  by  the  application 
of  li(|uefied  asphalt,  as  a  paint  applied  with  a 
brush  or  mop.  has  been  used  on  practically 
all  kinds  of  engineering  structures  as  a  sur- 
face  coating. 

Bituminous  coatings  applied  cold  by  dis- 
solving in  naphtha,  instead  of  hot,  do  not  set 
instantly,  therefore  are  much  easier  to  apply. 
The  work  can  be  done  by  an  ordinary  laborer, 
care  rather  than  skill  being  required  in  its 
handling.  All  w-alls  that  arc  to  be  water- 
liroofed  must  first  be  allowed  to  dry. 

If  the  waterproofing  is  made  by  dissolving 
the  liitumcns  in  a  v<il.atile  solvent  with  a  dryer 
so  that  it  may  be  applied  cold  like  a  paint, 
it  is  difficult,  if  not  impossible,  to  prepare  a 
paint  that  will  dry  to  the  right  consistency 
.•ind  then  slop.  The  usual  result  is  that  the 
ilrying  and  hardening  continues  until  it 
reaches  a  point  w-here  its  waterproofing  quali- 
ties are  destroyed. 

Hot  asphalt  will  not  adhere  to  cold,  damp 
concrete.  Several  difl'ercnt  methods  of  heat- 
ing the  surface  of  the  concrete  have  been 
used.  Gasoline  has  been  poured  over  the  sur- 
face and  burned ;  hot  sand  has  been  spread 
over  the  surface  and  swept  hack  as  the  water- 
proofing proceeds.  It  is  claimed,  however, 
that  heating  the  surface  draws  up  moisture 
and  prevents  the  asphalt  from  adhering.  It  is 
necessary  that  the  concrete  be  thoroughly  dry 
before  the  asphalt  mixture  is  laid  upon  it.  as 
the  steam  caused  by  placing  the  hot  material 
upon  a  damp  foundation  will  prevent  adhe- 
sion.    Good  results  have  been  obtained  bv  first 


properties  and  by  so  much  reduces  the  ce- 
menting quality — the  vital  element — of  the  as- 
phalt. The  fire  should  not  be  allowed  to  come 
into  direct  contact  with  the  melting  kettle  or 
tank.  Asphalt  coatings  cost  about  ()"i  cts. 
per  gallon  for  material  and  3/10  ct.  for  labor 
per  square  foot,  a  gallon  covering  about  100 
sq.   ft.  per  coat. 

Asphalt  Mastic. — Various  results  have  been 
been  ol>tained  by  the  use  of  asphalt  mastic, 
and  it  is  jirobablc  that  much  is  dependent  upon 
the  quality  of  the  mastic.  The  requirements 
of  a  sand  for  asphalt  mastic  are  much  the 
same  as  those  for  cement  mortar.  It  is  com- 
mon practice  to  mix  a  certain  amount  of  lime- 
stone screenings  with  the  sand,  with  the  in- 
tention of  securing  an  aggregate  with  the 
least  percentage  of  voids.  The  strength  and 
compactness  of  the  mastic  will  depend  consid- 
erably upon  the  percentage  of  voids,  and  the 
proportion  of  asphalt  used  in  the  mastic  should 
be  sufiicient  to  fill  the  voids  and  completely 
coat  each  particle  of  sand  and  screenings. 
Too  nnich  asphalt  will  produce  a  mastic  that 
is  soft  and  easily  indented,  does  not  offer  a 
good  prcitection  against  the  ballast  on  a  bridge 
floor  and  flows  more  readily  than  a  well-pro- 
portioned  mixture. 

The  asphalt  and  sand  are  separately  heated 
to  from  32.J  to  3.W  degrees.  The  proper  pro- 
portions are  measured  out  simultaneously, 
poured  into  a  mixing  vessel  and  thoroughly 
mixed.  The  operation  of  mixing  the  asphalt 
mastic  requires  care  in  heating  the  ingredient'; 
to  secure  uniform  temperature,  not  to  over- 
heat the  asi)halt.  to  proportion  the  mixture 
accurately,    and    to    mix    the    materials    thor- 
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)Ughly.  The  mixture  is  dumped  in  place  and 
pread  evenly  over  the  surface  with  wooden 
ioats,  shovels  or  rakes.  After  being  com- 
iressed  with  tampers,  the  surface  is  tinished 
vith  hot  smoothing  irons. 

Asphalt  mastics  are  usually  applied  in  lay- 
•rs  not  e.xceeding  %  in.  in  thickness.  Usually 
wo  coats  are  applied,  the  coats  to  break 
oints  not  less  than  one  foot.  The  cost  of  as- 
ihaltic  mastic  IM  in.  thick  is  about  $30  for 
naterial  per  net  ton,  a  ton  covering  about  375 
;q.  ft.;  the  cost  of  labor  is  about  2  to  5  cts. 
ler  square  foot,  depending  upon  location 
ind  conditions. 

Coal  Tar  and  Coal  Tar  Pitch. — Tar  pro- 
luced  by  the  distillation  of  bituminous  coal  is 
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Cement  Mortar. — The  method  of  water- 
proofing masonry  structures  by  the  applica- 
tion of  a  plaster  coat  has  proved  efficient  when 
the  plaster  has  been  properly  applied.  The 
surface  to  be  waterproofed  must  be  clean  to 
insure  bond  between  plaster  and  masonry.  Old 
surfaces  may  be  cleaned  by  chipping  off  a 
thin  layer  from  the  face  or  by  the  use  of  a 
sand  blast  or  steam  jet.  The  surface  must 
then  be  kept  wet  until  it  has  absorbed  water 
to  its  full  capacity.  A  wash  of  neat  cement 
mortar  should  then  be  applied  with  a  brush. 
This  wash  should  be  mi.xcd  to  the  consist- 
ency of  cream  and  should  never  be  used  after 
it  is  45  minutes  old.  The  plaster  should  be 
applied  over  the  cement  wash  before  the  lat- 
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Fig.  2.    Method  of  Waterproofng  Concrete 
Arch   Bridges. 

ised  in  waterproofing,  either  applied  cold  as 
i  paint  by  di.ssolving  in  naphtha  or  benzine  or 
ipplied  hot.  It  is  also  mixed  with  sand,  gravel 
pr  screenings  to  form  a  mastic.  It  is  general- 
y  found  to  be  difficult  to  obtain  coal  tar  of 
[jTOod  fiuality.  Good  coal  tar  compares  favor- 
ably with  asphalt  as  a  waterproofing  material. 
iThe  present  price  of  coal  tar  pitch  used  for 
W-aterproofing  i.^  about  $17..50  per  net  ton. 
i  Coal  Tar  Paint. — .Annapolis  mixture  is  a 
|:oal  tar  paint  composed  of  1  part  kerosene  oil, 
|t  parts  Portland  cement  and  16  parts  refined 
-"oal  tar.  The  mixture  is  put  on  with  a  paint 
Srush  in  the  same  way  as  ordinary  paint  is 
ipplied.  The  compound  not  only  covers  the 
surface,  but  sinks  into  and  bonds  with  it,  so 
hat    two    or    three    coats    arc    sometimes    re- 


luired.     It  has  been  found  to  adhere  to  moist 


luiren.  II  nas  nccn  loun 
^"ir  even  wet  concrete.  The  cost  for  three 
ioats  is  about  14  ct.  for  material  and  alxjut 
,H  ct.  for  labor  per  square  foot. 
\  liquid  Hydrorarhons — Paraffin  and  Pelro- 
•'<*Mi».- -Waterproofing  by  the  application  of  a 
■ing   of   melted    f>ara(rin   has   been   used    on 

iiry  in  much  the  same  manner  as  hot  as- 
•  lilt.  I'aralTin  is  also  applied  cold  as  a  paint 
made  by  dissolving  the  jiaraflin  with  naphiha 
!'■  irolfum  oil  is  sometimes  applie<l  to  the  sur- 

of  masonry  as  waterproolitig.  The  cflTi- 
■y  oi  these  materials  depends  u[ion  their 
jilisorptioM  into  the  surface  of  the  masonry. 
|Applie(l  to  clean,  dry  surfaces  of  porous  ma- 
■.onry,  tlicy  arc  fairly  efficient  as  damp-proof- 
ing. 

j  Soap  ICaslti-.t. — Solutions  of  soap  applicti  as 
,»  wash  for  waterproofing  or  damp  profifing 
Vnasonry  surfaces  arc  not  recommended,  as  no 
l>ernianriit  waterproofing  effect  can  he  dc- 
;iended  upon. 

I  Soaf  and  .■Hum  /Krt.f/ic.f.— Walrrpro.ifiiiK  b,v 
;ilternate  washes  of  snap  and  alum  is  one  of 
i!hc  oldest  melhorls  of  irealinit  masonry  sur- 
|faces.  anil  has  given  fair  results  when  prnp- 
.n\y  Used  on  surfaces  sufliclrntly  dense  and  im- 
permeable to  afford  support  for  the  voiil-fill- 
jmg  .material  Inferior  materials  and  work- 
manship cannot  be  atoned  for  by  the  use  of 
jilum  and  soap  washes.  The  alum  and  soap 
.■ombine  and  form  an  insoluble  nnnabi'irptive 
pompound  in  the  pores  of  the  masonry  s«r- 
ifacc.  The  cost  of  applying  two  coat»  each 
bf  soap  and  alum  washes  is  about  V4  ct.  per 
square  foot  of  surface. 


tcr  has  commenced  to  dry.  The  sand  to  be 
used  in  the  mortar  should  receive  careful 
attention.  It  should  be  well  graded  from  fine 
to  coarse,  the  maximum  size  of  particles  be- 
ing that  passing  a  No.  8  sieve.  Portland  cem- 
ent and  sand  should  be  mixed  in  the  propor- 
tion of  1:1%.  The  mortar  should  be  applied 
in  layers  about  %  of  an  inch  thick  if  more 
than  one  coat  is  used.  Each  coat  should  be 
applied  before  the  preceding  one  has  attained 
its  final  set.  Good  workmanship  is  essential 
and  the  use  of  a  wooden  float  is  necessary  in 
order  to  obtain  a  dense,  impermeable  coating. 
.As  ordinarily  applied,  the  finished  coating  is 
about  %  of  an  inch  thick.  The  cost  of  %-in. 
plaster,  applied  as  above,  will  be  about  6  cts. 
per  square  foot. 

MEMBR.ANES. 

Membrane  waterproofing  consists  of  the 
formation  of  a  mat  or  covering  of  water- 
proofing material  over  the  surface  to  be  wa- 
terproofed, made  up  of  a  number  of  layers  of 
membrane  united  by  a  cementing  material. 
Heing  somewhat  elastic  and  independent  of 
the  movement  of  the  surface,  this  method 
offers  a  protection  from  the  seepage  of  water 
through  expansion  or  contraction  joints  and 
cracks   in   the   masonry   which   cannot   be   se- 


structure  is  frequently  the  greatest  drawback 
to  the  life  of  the  waterproofing.  The  greater 
the  number  of  projections  and  irregularities 
in  the  surface  to  be  waterproofed,  the  more 
the  liability  of  leaks.  Many  times  the  design 
of  the  structure  is  such  as  to  make  it  im- 
practicable to  waterproof  in  a  permanent 
manner.  Sudden  slopes  or  deep  drops  be- 
tween the  different  elevations  of  the  floor 
often  cause  the  protection  to  slide,  with  a 
consequent  tearing  of  the  waterproofing. 
Often  on  railroad  bridge  floors  the  water- 
proofing is  destroyed  by  the  creeping  of  its 
protection  under  traffic ;  on  arches  or  sharply 
inclined  surfaces  by  its  movement  due  to  the 
settlement  of  the  fiil.  In  many  cases  the  labor 
employed  is  quite  unskilled  and  the  results 
are  obviously  poor.  Another  factor  in  the 
success  or  failure  of  waterproofing  is  the 
state  of  the  weather.  In  cold  weather  the 
heated  materials  cool  too  rapidly.  In  very 
damp  or  rainy  weather  it  is  impracticable  to 
make  a  good  job  of  waterproofing,  unless 
some  protection  from  the  weather  is  provid- 
ed. Other  causes  of  failure  arc  the  lack  of 
free  working  space  and  interruption  by  traffic. 
.\ny  of  these  causes  may  lead  to  failure,  even 
with  the  best  materials. 

Materiats.—The  materials  of  membrane  wa- 
terproofing and  the  combinations  that  have 
been  used  most  successfully  by  the  various 
railroads  are  as  follows : 

Wool  felt  impregnated  with  either  asphalt 
or  coal  tar  pitch. 

Wool  felt  impregnated  with  either  asphalt 
or  coal  tar  pitch  and  skin  coated  with  the 
same   material. 

Wool  felt  impregnated  with  coal  tar  pitch 
and  reinforced  with  a  thickness  of  cotton 
drilling  cemented  to  the  felt  with  coal  tar 
pitch. 

.Asbestos  felt  impregnated  with  asphalt. 

Burlap  both  plain  and  impregnated  with 
either  coal  tar  pitch  or  asphalt. 

Mined  or  lake  asphalts. 

Petroleum  asphalts. 

Coal  tar  pitch. 

Two  to  three  layers  of  felt  cemented  to- 
gether, used  generally  for  damp-proofing  and 
for  the  backs  of  retaining  walls  or  founda- 
tions where  no  provision  for  a  head  of  water 
is  necessary. 

Four  to  six  layers  of  felt  cemented  together, 
used  generally  for  railroad  bridge  tloors, 
arches,  tunnels,  subways  and  for  a  protection 
from  a  head  of  water. 
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Fig.   3.     Method   of   Waferprooting   Steel    Beam    Bridge    Floors. 


cured  by  anv  other,  l-or  this  reason  it  is 
largely  used  for  walcrprooliiig  subwavs, 
arches,  solid  floor  bridges,  retaining  walls, 
basements,  pits,  cic.  It  is  also  largely  used  in 
iniporlant  structures  in  connrrtion  with  some 
integral  form  of  waterproofing  as  a  prccau- 
lion  against  seepage  of  water  through  cavities 
that   may  occur   in   the   masonry. 

Although  waterproofing  by  the  membrane 
mrihod  has  been  nnsurcessdil  in  many  cases 
and  many  reports  of  failures  arc  returned  by 
the  r.iilro.id  companies,  the  better  methods  of 
membrane  watcrpronting  now  in  use  are  giv- 
ing excellent   results.     The  character  of  the 


To  add  tensile  strength  to  the  waterproof- 
ing, the  following  combinations  arc  commonly 
used : 

One  midille  layer  of  ircinforccd  felt  or  bur- 
lap and  four  layers  of  felt,  all  cemented  to- 
gether. 

One  layer  of  felt,  two  layers  of  burlap  and 
two  lavcrs  of   felt   cemented  together. 

T" i.-rs  of   burlap  and  one  top  layer 

of   :  led  toRclher. 

t  lis  of  coal  tar  pitch  and  asphalt 

treated  lelt  or  asphalt  and  coal  tar  treated 
felt  should  not  be  used  as  the  materials  will 
not  combine. 
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In  using  burlap  it  is  recommended  that  Dur- 
lap  impregnated  witli  either  asphalt  or  coal 
tar  pitch  be  used,  otherwise,  owing  to  its  na- 
ture, it  is  impracticable  to  prevent  the  ab- 
sorption of  moisture  when  the  material  is  ex- 
posed to  the  weather.  Moisture  promotes  rot 
and  also  greatly  reduces,  or,  if  present  in  any 
quantity,  prevents  the  bond  of  the  hot  cement- 
ing material  and  its  penetration  of  the  pores 
of  the  burlap.  On  the  other  hand,  the  treat- 
ing of  burlap  promotes  the  l>ond  and  pene- 
tration as  the  treating  materials  in  the  burlap 
are    softened    on    the    application    of    the    hot 
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Fig.   4.     Method    of    Waterproofing   Concrete 
Lined    Subway. 

cementing  material,  and  the  whole  becomes 
united  in  one  mass. 

The  use  of  burlap  witli  cementing  material, 
whose  temperature  on  application  exceeds 
4o0°  F.,  is  not  recommended,  as  the  higher 
temperatures  are  likely  to  result  in  burning 
and   destruction   of   the  burlap. 

In  many  cases  it  is  desirable  to  bond  the 
waterprooiing  to  the  surface.  This  is  not  de- 
sirable in  the  vicinity  of  expansion  joints  or 
where  there  is  likely  to  be  a  movement  of 
the  surface.  .\\.  such  points  special  provision 
must  be  made  in  the  waterproofing  to  allow 
for   expansion. 

Protection. — To  protect  the  membrane  from 
injury  it  is  necessary  to  provide  a  covering  of 
some  hard  material  that  cannot  be  penetrat- 
ed by  ballast,  tam(iing  picks  nor  by  sharp 
stones.  Of  the  various  methods,  the  follow- 
in.g  three  have  Iieen  the  most  widely  used  : 

(1)  Brick  laid  Hat  in  the  hot  cementing 
material  with  joints  poured  with  the  same 
material,  or  brick  laid  in  cement  mortar.  On 
comparatively  flat  surfaces,  brick  is  practicable 
w-ith  a  bituminous  binder,  but  on  steep  sur- 
faces or  slopes,  the  tendency  to  creep  in  hot 
weather  makes  it  unsuitable.  One  great  ad- 
vantage of  brick  is  that  it  can  be  laid  quickly 
and  easily  under  traffic.  Brick,  if  used  on 
large  areas  or  on  the  extrados  of  an  arch  or 
on  steep  slopes,  should  be  laid  in  cement  mor- 
tar to  prevent  creeping. 

(2)  A  cement  mortar  coating  about  2  ins. 
thick,  reinforced  with  wire  mesh,  forms  a 
good  protection  and  can  often  be  used  to  bet- 
ter advantage  where  there  is  a  tendency  of 
the  protecting  materials  to  creep.  This  pro- 
tection is  recommended  for  arches  and  tun- 
nels. 

(SI  A  bituminous  binder  not  less  than  Wt 
ins.  thick,  consisting  of  asphalt  or  pitch  mixed 
with  sand,  gravel  or  fine  crushed  stone  and 
applied  over  the  waterproofing,  has  often  been 
successfully  used.  If  this  is  used,  it  should 
l)c  of  such  consistency  in  hot  weather  as  to 
prevent  runs  and  the  stones  forcing  through 
the  protection  to  the  waterproofing.  It  is  not 
recommended   on   steep   slopes. 

Specifications. — The  followin.g  specifications 
for  five-ply  waterproofing  is  typical  of  those 
in  use  by  the  various  railroads,  and  applies 
equally  well  to  combinations  of  felts  and  bur- 
laps or  felts  and  reinforced  felts: 

The  surface  on  which  the  waterproofing  is  to 
be  applied  shall  be  dry  and  free  from  all  sharp 
projections  or  Irregularities  of  any  character 
other  than  those  shown  on  plans. 

If  It  is  desired  to  secure  the  waterprooflng  to 
the  surface  this  surface  shall  he  given  one  coat 
of  hot  cementing  material  mopped  on  uniformly, 
whldi  coating  sliall  l)e  thin  enough  to  penetrate 
the  recesses,  and  In  the  case  of  concrete,  to 
form  a  bond  for  the  subsequent  waterproofing 


coating.  In  order  to  insure  tlie  adftering  of  this 
coating  it  is  advisaljle,  in  cold  weatlier,  to 
lirst  heat  the  surface  with  liot  sand,  which  is  to 
lie  swept  oft  as  the  cementing  material  is  ap- 
plied, or  a  priming  coat  of  the  cold  cementing 
material  whicli  lias  been  tliinned  with  a  suit- 
alile   solvent  may   be   applied. 

On  this  first  coat  .shall  be  applied  a  heavy 
coating  of  hot  cementing  material,  into  whicii 
shall  be  laid,  shingle  fashion,  two  layers  of 
felt  lapped  one-half  the  width  of  the  felt  and 
cemented  together  with  cementing  material. 
Tile  surfaces  of  tile  two-ply  felt  thus  formed 
shall  be  mopped  uniformly  with  hot  cementing 
material  and  followed  with  three  layers  of  felt 
laid  shingle  fashion  in  this  material  and  lapped 
two-thirds  of  its  width.  The  surface  of  the 
five-ply  felt  thus  formed  shall  be  given  one 
heavy  coat  of  cementing  material,  making  a 
five-ply  waterproofing  membrane  all  thoroughly 
saturated,   cemented  and  bonded  together. 

In  the  courses  thus  built  up  it  is  important  to 
have  the  moppings  of  cementing  material  uni- 
form, so  that  felt  shall  not  touch  felt  at  any 
point  and  to  insure  a  surface  free  from  all  folds 
and  pockets. 

At  girder  webs  or  around  gusset  plates,  cor- 
ners, or  over  column  connections  and  expansion 
.ioints,  the  waterproofing  membrane  shall  be 
reinforced  with  at  least  two  thicknesses  of  felt. 

Over  the  surface  of  the  membrane  shall  be 
placed  a  protection  of  either  brick,  bituminous 
binder  or  concrete,  plain  or  reinforced. 

Cost. — Cost  of  membrane  waterproofing 
varies  greatly  with  conditions.  A  five-ply 
membrane  waterproofing",  with  asphalt-treated 
felts  cemented  with  asphalt,  will  cost  from 
■_'■")  cts.  to  45  cts.  per  square  foot,  including  a 
liituminous  binder  or  brick  protection  and 
labor.  A  five-ply  membrane  waterproofing, 
using  four  layers  of  coal  tar  pitch-treated  felt 
and  one  layer  of  felt  reinforced  with  cotton 
drilling,  cemented  with  coal  tar  pitch,  will 
cost  from  20  cts.  to  35  cts.  per  square  foot, 
including  bituminous  binder  or  brick  protec- 
tion and  labor.  A  four-ply  membrane  water- 
proofing, using  one  layer  of  asbestos  felt  and 
three  layers  of  impregnated  burlap  cemented 
with  asphalt,  including  1%-in.  thick  asphalt 
mastic  protection  and  labor,  will  cost  from 
■20  cts.  to  30  cts.  per  square  foot;  cost  of 
asphalt  about  $30  per  gross  ton;  cost  of  coal 
tar  pitch  about  $17.50  per  gross  ton;  cost  of 
asphalt  treated  felts  from  $1  to  $1.25  per  100 
sq.  ft.;  cost  of  coal  tar  pitch  treated  felts 
about  25  cts.  per  100  sq.  ft.;  cost  of  reinforced 
felt  from  $2  to  $2.25  per  100  sq.  ft.;  cost  of 
asbestos  felt  about  70  cts.  per  100  sq.  ft.;  cost 
of  brick  $8  to  $12  per  thousand. 

INTEGRALS. 

The  use  of  some  material  in  small  quan- 
tities, mixed  with  the  concrete  materials  in 
order  to  make  concrete  watertight,  is  gener- 
ally called  the  integral  method  of  waterproof- 
ing. 

Inert  Fillers. — The  addition  of  a  small 
amount  of  fine  material  to  a  rich  concrete 
mixture  with  a  well-graded  aggregate,  de- 
creases the  strength  of  the  concrete.  The  ef- 
fect upon  leaner  mixtures  is  to  increase  the 
impermeability  of  the  concrete  without  de- 
creasing its  strength.  Fillers  used  should  not 
only  be  inert  toward  the  action  of  the  cement, 
but  also  to  atmospheric  conditions  and  to 
water.  Material  containing  organic  matter 
should  be  avoided,  owing  to  its  deleterious 
effect  upon  the  strength  of   the  concrete. 

In  using  inert  fillers  in  mixing  concrete 
only  such  materials  should  be  used  as  have 
lieen  thoroughly  analyzed  as  to  their  chemical 
properties  and  effect  upon  the  concrete  both 
as  to  strength  and  chemical  action.  The 
amount  of  inert  fillers  used  tnust  be  deter- 
mined  by   careful    tests. 

The  waterproofing  effect  of  inert  fillers  de- 
pends upon  the  void-filling  quality  of  the 
material  used  .ind  upon  the  grade  of  work- 
manship insisted  upon;  the  addition  of  a  wa- 
terproofing compound  to  the  concrete  material 
coupled  with  poor  workmanship  will  not  as- 
sure  watertight   concrete. 

It  is  an  open  question  whether  it  is  good 
engineering,  especially  on  important  struc- 
tures, to  omit  precautions  and  methods  of 
workmanship,   which    improve   the   quality   of 


the  resulting  concrete  in  any  respect,  in  order 
to  reduce  the  cost  and  produce  a  somewhat 
inferior  concrete  which  meets  the  present 
needs.  There  is  a  possibility  that  in  gaging 
the  amount  of  money  to  be  spent  in  making 
concrete  by  the  strength  required,  other  fac- 
tors may  iSe  lost  sight  of  which  may  in  time 
prove  harmful  to  a  structure  which  was  sup- 
posed to  be  of  the  most  durable  construc- 
tion. 

There  are  numerous  examples  on  record 
where  structures  have  been  built  of  concrete,  in 
the  too  often  used  haphazard  method  of  select- 
ing proportions  and  aggregates  and  by  in- 
ferior workmanship,  due  to  lack  of  proper  su- 
pervision, or  lack  of  judgment,  and  feeling 
of  responsibility,  with  the  idea  that  concrete 
is  concrete,  which  will  withstand  any  usage 
as  good  masonry  construction.  This  is  ;i 
wrong  conception  of  the  importance  of  this 
class  of  work.  The  selection  of  proper  pro- 
portions and  well-graded  aggregates  of  good 
quality,  coupled  with  good  workmanship,  the 
proper  consistency  of  the  mix  and  the  thor- 
oughness of  the  mixing,  depositing,  compact- 
ing and  spading  are  factors  which  must  be 
considered  and  insisted  upon  if  a  good,  dense, 
strong  and  durable  concrete  is  to  be  obtained. 

With  such  precautions  employed,  inert  fill- 
ers or  compounds  used  in  the  proper  propor- 
tions, impermeable  and  good  concrete  should 
be    obtained. 

In  presenting  results  of  tests  .of  waterproof- 
ing materials  added  to  the  ingredients  of  con- 
crete, the  proportions  of  the  mixture  are  atj 
times  stated  in  two  different  ways.  One: 
method  is  to  state  that  a  certain  proportion 
of  w-aterproonng  material  was  mixed  with  tlie 
cement  and  then  the  proportions  of  the  test 
specimens  are  given  as  so  much  of  the  cement 
mixture  to  aggregate.  Other  tests  are  de- 
scribed in  which  an  amount  of  waterproofing 
material  equivalent  to  a  certain  percentage  of 
the  cement  used  is  added  to  the  crmcrete  ma- 
terials. The  results  of  such  tests  cannot  be 
correctly  compared  without  reducing  them  to: 
a  common  ratio  between  cement  and  aggre-j 
gate.  I 

When  dry  compounds  are  used  from  1  tot 
2Vi  per  cent  of  the  cement  used  is  recom- 
mended by  the  manufacturers,  while  for  tlic 
liquid  compounds  from  4  to  8  per  cent  of  the, 
amount  of  water  used  is  recommended  by^ 
them. 

The  cost  of  concrete  is  increased  by  the  ad- 
dition of  such  materials  from  80  cts.  to  $1.2'', 
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Fig.    5.     Method    of   Waterproofing 
Expansion    Joints. 

per  cubic  yard  for  dry  compounds  and  fron, 
50  cts.  to'$l  for  the"  liquid  compounds,  pc 
cubic  yard  of   concrete. 

Active  7'i7/(?w.— Compounds  which  are  andei 
to  tlie  concrete  mixture  and  which  react  witl 
certain  of  the  constituents  of  the  cemetit  t' 
form  other  compounds  which  will  be  iner 
and  fill  the  voids  are  included  in  this  cias! 
In  general  these  materials  are  soaps  am 
saponifiable    oils.      Inasmuch     as     the    water 
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proofing  effect  of  these  materials  depends 
upon  a  reaction  which  may  or  may  not  take 
place,  oliiection  has  been   made  to  their  use. 

WATERTIGHT  CONCRETE  COXSTRVCTIOX. 

The  results  of  laboratory  experiments,  sup- 
plemented  by   many   examples    from   practice, 
have   shiiwn   that   \vatertic;lu   concrete   can   be 
made  without  the  use  of  coatings,  membranes 
or   integral    compounds.     It    is    reasonable    to 
issunie   that   the  porosity  of  concrete  in  cer- 
tain cases  is  due  to  the  fact  that  it  contains 
■imall  air  spaces  or  voids  throughout  its  mass, 
which   are   connected   to   each   other   more   or 
less    irregularly,    and    through     which     water 
passes,  due  either  to  the  presence  of  the  hy- 
ilrostaiic   head  or  to  capillary   attraction.     M 
the  time  of  placing  the  concrete,   some  space 
is  occupied   by   water   carrying   in    suspension 
Ime  particles  of  cement.     It   is  not  necessary 
10  assume   that  continuous'  capillary  passages 
must  be  left  in  the  concrete  in  order  that  as 
it  dries  the   water  may  get  out.     It  is  prob- 
able that   the  excess   of  water   passes   out  of 
the  concrete  in  drying  in   such   a  state  as  to 
leave   behind   no   pores   through    which   water 
could  again  find  access  to  the  interior  of  the 
Loncretc  or   penetrate  the   structure. 
I     The  t|UeStion  of  watertight  concrete  is  then 
a  problem  of  reducing  the  size  and  number  of 
JNoids.      Sands   contain     voids     ranging    from 
lahout  2-5  to  40  percent  of  the  total  voluiue  of 
dry  loose   sand.     The  proportions   of  cement 
to  aggregate  required  to   make  a  mixture  of 
the    maximum    density    with    sands    of    these 
extreme  values  are  about  1  :1'/^  to  1 :2V4.    Ex- 
perience has  demonstrated  that  mortars  lean- 
jcr  than  this  are  not  suitable  for  work  requir- 
:ing  considerable   strength  or  density,   so   that 
jthe  proportions  used   in  ordinary  engineering 
Iwork  are  sufficiently  rich  to  produce  a  water- 
(tight   concrete,   provided   the   aggregates   pos- 
sess the  requisite  qualities. 

Samples  of  crusher  run  limestone  show  .'i7 

per  cent  V'iids  for  each  of  two  specimens,  one 

jhaving  a  maximum  size  stone  passing  2%-in. 

.sieve,    the    second    passing    lV4-in.    sieve      .V 

[broken   stnne   passing   a   "JVi-in.    ring   and   re- 

•'ined  on  a  %-in.  screen  had  IG  per  cent  voids. 

't  found  about  52  per  cent  voids  in  sam- 

consisting   of   stones   of   about   one   size, 

liur  e.nch  >>f  three  different   sizes.     A   similar 

Knrialion    in    the    percentage    of    voids    with 

"hiation  in  sizes  of  particles  is  found  with 

■  cl.   for  screened  gravel  of  approximately 
size   of   particles    lo   per   cent   to    1.")    per 

■,  f'lr  .1  well-graded  gravel  containing  saiul 
-  ■  per  cent. 

I     The  amount  of  voids  in  a   mixture  of  ag- 
vrciiate  and  cement  is  the  least  when  the  cem- 
;^  just  sufficient  to  lill  the  voids  in  the  ag- 
ate, since  the  cement   paste  itself   is  less 
1-  than  the  coarse  material  of  the  aggrc- 

slicht   deficiency   in   cement    produces    a 

in    concrete    because    the    imfilled    voids 

iM-    large    enough    to    permit    the    passage    <>f 

water,   while   |)ropcrly-madc  concrete   rotu.-iin 

'""  ■■"  ■  -   •       of  cement,  though  it  umv  lie  of 

than  the  former,  is  itnpernieahic 

ng  since  the  voids  in  the  cement 

■  are  too  small  to  permit  the  passage  of 
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v  of  the  rcnuMT  '  ii-h 

between    tin  if 

.    iiriicc   it   is   niii    1.1  i.\..i    mat 

inip:  IS    regards    imperiuralidily    of 

'"""'-I  ....lining    sufficieni   ccmeni    can   he 

made  by  the  addition  of  any  material  to  the 

nnrrete   mixttirc. 
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impermeability   and    arc     -I. 'ri nt.il     |n    the 

julrength  of   the  concreir 

j    While  it  is  true  that  ■-  n  r,  ir  in  which  the 
amount  of  cement  iisi'l  1  July  in  cxcc««  of 

the  voids   in   the  ag^jn  .:  md   in  which   the 

'aggregate  is  so  graded  as  to  contain  a  min- 


imum amount  of  voids,  is  an  ideal  mixture  as 
regards  density  and  strength,  the  require- 
ments for  watertight  concrete  do  not  demand 
the  maiiuenance  of  exact  proportions  of  this 
nature. 

Experience  has  proved  that  materials,  as 
supplied  for  large  works,  run  uniformly 
enough  to  permit  the  proportioning  and  grad- 
ing to  be  maintained  at  such  a  degree  of  ex- 
cellence as  to  insure  watertight  construction 
at  a  very  small  expense  for  testing. 

The  following  abstract  from  the  results  of 
laboratory  tests  made  by  the  United  States 
Bureau  of  Standards,  Technologic  Paper  No. 
3.  are  here  quoted  ; 

These  tests  show  that  the  permeability  of 
concrete  was  not  dependent  entirely  upon  the 
quantity  of  cement  used  in  proportion  to  the 
total  aggregate,  but  depended  also  upon  the 
ratio  of  coarse  aggregate  to  fine  aggregate.  It 
will  lie  observed  in  the  case  of  sand  Xo.  4,  that 
the  1:1%:7^4  proportion  was  decidedly  more 
impermeable  than  the  ::2:l  proportion,  although 
the  former  contains  considerably  less  cement 
in  proportion  to  aggregate. 

Tests  designed  to  show  the  effect  of  water- 
proofing materials,  especially  such  as  arc  add- 
ed as  fillers,  should  present  a  granulometric 
analysis  of  the  aggregate,  as  con^parisons  are 
valueless  without  such  information.  It  is  to 
be  expected  that  tests  on  mortar  in  which  a 
sand  was  used  having  a  deficiency  of  tine 
particles  would  show  increased  impermeability 
and  increased  strength  upon  the  addition  of  a 
small  amount  of  line  material.  On  the  other 
hand,  if  the  aggregate  already  contains  as 
much  fine  material  as  it  requires,  addition  of 
a  fine  material  as  waterproofing  may  be  ex- 
pected to  decrea.se  the  strength  and  have  no 
beneficial  effect  as  a  waterproofing  material. 
The  method  of  proportioning  the  aggre- 
gate by  mechanical  analysis,  which  is  de- 
scribed liy  Taylor  &  Thompson  as  exact  and 
scientilic,  is  recommended.  The  granulo- 
metric analysis  requires  a  very  inexpensive 
equipment,  and  a  complete  analysis  of  an  ag- 
gregate may  l>c  made  in  less  than  one  hour's 
tiiTie.  By  its  use  definite  data  may  be  ob- 
tained upon  which  to  base  conclusions  as  to 
the  necessity  of  and  method  of  improving 
the  concrete  mixture. 

In  discussing  the  use  of  exterior  coatings 
as  against  impermeable  construction,  the  point 
is  often  advam-ed  that  although  there  is  no 
iloubt  that  watertight  concrete  can  be  made, 
the  watcrtightness  is  of  no  avail  when  cracks 
occur  in  the  structure. 

The  subject  of  cracking  is  one  of  design. 
Cracks  are  caused  by  failure  to  properly  pro- 
vide for  primary  stresses  to  which  the  struc- 
ture is  subjected,  by  faulty  details,  by  settle- 
ment of  foundation,  by  shrinkage  of  concrete 
when  hardening  in  air,  and  by  stresses  devel- 
oped in  the  concrete  due  to  temperature 
changes. 

Wiicre  concrete  is  to  be  de|)osiled  under 
circumstances  which  make  it  impracticable  to 
construct  watertight  concrete,  a  special  form 
of    w.-ilerprooljiig    should   be    provided. 

Draiiiaije. — The  lirst  requisiie  in  designing 
any  striiclurc  when  water  is  to  be  kept  out 
from  the  interior  or  from  beneath,  is  to  pro- 
vide means  of  gelling  rid  of  the  water  as 
directly  and  as  ipnckly  as  jiossible.  Methods 
of  providing  drainage  iliffcr  with  the  class 
of   the  .siructure. 

During  the  coiMiriiction  of  basements  ami 
pit»,  drainage  can  he  maintained  by  pumping, 
and  permanent  drainage  should  be  provided 
whenever  a   free  outlet  can  be  obtained. 

!'•  '         '         ind  culverts  is  provid- 

ed I  Ion  to  the  b.i.k  of  the 

ahull;..;...     ...    ,,,,     piers,    planng    <lown- 

spouts  .It  piers  and  drain   pipes  lu-hind   abut 
mcnis. 

Drainage  of  rriaining  walls,  aluilmenls  and 
subway  wills  is  provided  by  one  or  more  lines 
of  drain  piprs,  pl.icol  at  difTcrent  elevations 
along  the  bark  of  the  walls. 

In  tunnels  the  exirados  of  the  arch  may  be 
proviilcd  wtth  MiftT-triif  t\r.'^ir  \.-.  fnrilit.Hc  the 
flow  of   «  file 

back  fillip  ,.  which 

will   pernii-   inc   r.  i.|y   pa,->aKc   ui    ilic   water. 


Side-drains      and      connecting      under-drains 
should   be   provided. 

The  drainage  of  subaqueous  tunnels  differs 
from  the  general  problem  of  drainage,  and  is 
not  concerned  with  waterproofing,  in  that  it 
is  a  problem  of  handling  water  on  the  inside 
of  the  tunnel.  This  is  usually  accomplished 
by  pumping   from   sumps. 

The  foundations  of  masonry  reservoirs 
should  be  drained  to  insure  the  stability  of  the 
structure. 
The  solid  floors  of  steel  or  reinforced  con- 
crete bridges  may  be  drained  by  sloping  the 
finished  surface  of  the  floor  from  the  center 
to  each  end.  and  carrying  the  water  away  back 
of  the  abutments,  or  the  water  can  be  car- 
ried away  by  downspouts  at  the  intermediate 
points  or  supports. 

Probably  the  commonest  method  of  drain- 
age solid-floor  bridges  is  to  slope  the  deck  to 
one  abutment  or  from  a  summit  to  both  abut- 
ments. A  continuous  waterproofing  layer  ex- 
tends over  the  deck  and  the  top  of  the  abut- 
ments and  extends  down  over  the  back  of  the 
abutments  to  prevent  the  seepage  of  water  at 
the  bridge  seat. 

The  surface  of  the  waterproofing  and  its 
protection  must  have  sufficient  grade  to  carry 
away  surface  water.  lit  the  case  of  bridge 
floors,  it  is  recommended  that  this  grade  be 
not  less  than  G  ins.  in  lOii  ft.  It  is  customary, 
when  bridges  are  on  sufficient  grade,  to  have 
the  waterproofed  surface  at  the  same  grade, 
the  water  being  carried  down  over  the  back 
wall  of  ihe  lower  abutment  where  drainage 
is  provided  by  coarse  backing  and  open-joint 
ilrains. 

\n  objection  to  this  method  of  drainage  is 
made  by  some  who  find  that  in  the  spring, 
when  the  surface  ice  and  snow  melt  and  the 
filling  back  of  the  abutments  is  still  in  a 
frozen  condition,  the  water  does  not  escape 
freely,  but  accumulates  and  eventually  seeps 
through  at  the  end  of  the  bridge  and  flows 
over  the  face  of  'he  abutment.  .Another  ob- 
jection is  that  in  bridges  having  supports  at 
curb  lines  and  in  the  middle  of  the  street, 
whether  of  flat  slab  construction  or  of  steel 
troughs  filled  with  concrete,  cracks  in  the 
waterproof  covering  and  in  the  concrete  fill- 
ing are  likely  to  appear  where  joints  arc  not 
provided  over  these  supports,  and  where  joints 
arc  provided,  trouble  is  likely  to  be  experi- 
enced in  preventing  the  seepage  of  water. 

When  the  troughs  of  steel  bridges  run 
transversely  to  the  track  and  the  filling  in  the 
troughs  is  omitted,  the  individual  troughs  may 
be  drained  lliroiigh  outlets  in  the  bottom  of 
the  troughs  into  a  drainage  gutter  suspended 
beneath  the  deck.  These  gutters  may  empty 
into  pipes  which  run  through  the  abutmenis 
and  empty  outside  the  embankment.  Ditliculty 
is  found  in  obtaining  a  seal  between  the  wa- 
ter-proofing and  the  drain  pipe  or  opening  in 
the  trough. 

When  the  troughs  of  solid  floor  steel  bridges 
run  p.irallcl  wilh  the  tracks,  the  water  is  usual- 
ly carried  over  the  abutments  as  in  the  con- 
crete floor  briilges. 

.\  method  sometimes  used  on  solid-floor 
bridges  in  which  the  ileck  is  filled  up  above 
the  top  of  the  steel  with  cement  or  bituminous 
concrete  is  to  divide  the  floor  of  the  bridge 
into  rectangular  sections,  each  of  which  is 
sloped  to  a  drain  pipe  at  one  corner  which 
carries  the  water  ilirnuRli  a  <lown-spoul  at  one 

of    1' 

>'  experienced   with     • 

all  on    steel    bridges 

in   •  ;    water  along  the 

wcl'  lie  concrete  filling 

of  the  ■:  up  above  the  top 

of  the  I ..  may  be  taken  in 

providing  .1  Joint  uiili  .t  waterproofing  ma- 
terial liftweeii  the  girder  web  and  the  con- 
crei'  ■•      ■  along  the  girder. 

S  built  in  which  a 

spei:.i.  n  .-in  k  .intli  .1  /AiAV  eMcnding  the 
full  li-nalh  has  been  riveted  to  the  inside  of 
the  girder  to  prevent  the  flow  of  water  down 
the  web  of  the  girder.  Ry  carrying  the  con- 
crete filling  up  underneath  the  outstanding  leg 
of  the  flashing  angle  or  Z-bar  an  efficient 
flashing  is  obtained.  Good  results  have  been 
obtained  in  the  case  of  through  girder  bridges 
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by  carrying  the  concrete  tilling  up  under  the 
top   flange   of   the   girder. 

In  considering  the  conclusions  presented  in 
Bulletin  64  in  regard  to  reinforcing  over  sup- 
ports, the  following  remarks  of  President 
Armstrong,  of  the  Western  Society  of  Engi- 
neers, are  of  interest : 

In  large  railroad  structures  it  is  impracticable 
to  reinforce  concrete  so  that  there  will  be  no 
cracks  over  a  line  of  supports:  good  engineering 
would  not  permit  such  practice.  It  would  be 
better  to  allow  the  concrete  to  crack  or  to 
leave  a  joint  there,  and  then  provide  some 
means  of  keeping  out  the  water.  In  the  lighter 
structures,  it  is  practicable  to  reinforce  the 
concrete  so  that  the  reinforcement  will  prevent 
cracks  at  supports. 

A  joint  in  the  waterproofing  which  will  al- 
low of  movement  of  the  ends  of  adjacent 
spans  at  supports  is  believed  to  be  necessary. 
The  use  of  a  metal  flashing  between  concrete 
slabs   over   joints   has   been   used. 

When  the  steel  troughs  run  transversely  to 
the  track,  a  slight  movement  under  traffic  is 
to  be  expected  at  the  connection  of  the  troughs 
to  the  girders.  Consequently,  it  would  seem 
necessary  to  keep  the  water  away  from  these 
connections  by  means  of  flashing  and  provid- 


ing  sufficient   slope  toward  the  center   of   the 
floor,  adjacent  to  the  girders. 

Figures  show  methods  of  waterproofing  va- 
rious  structures. 

CONCLUSIONS. 

(1)  Watertight  concrete  may  be  obtained 
by  proper  design,  reinforcing  the  concrete 
against  cracks  due  to  expansion  and  contrac- 
tion, using  the  proper  proportions  of  cement 
and  graded  aggregates  to  secure  the  filling  of 
voids  and  employing  proper  workmanship  and 
close   supervision. 

(2)  Membrane  waterproofing,  of  either  as- 
phalt or  pure  coal-tar  pitch  in  connection  with 
felts  and  burlaps,  with  proper  number  of  lay- 
ers, good  materials  and  workmanship  and  good 
working  conditions,  is  recommended  as  good 
practice  for  waterproofing  masonry,  concrete 
and   bridge   floors. 

(3)  Permanent  and  direct  drainage  of 
bridge  floors  is  essential  to  secure  good  re- 
sults  in   waterproofing. 

(-1)  Integral  methods  of  waterproofing  con- 
crete have  given  some  good  results.  Special 
care  is  required  to  properly  proportion  the 
concrete,  mix  thoroughly  and  deposit  properly 
so  as  to   have  the  void-filling  compounds   do 


the  required  duly;  if  this  is  neglected,  the 
value  of  the  compounds  is  lost  and  their  wa- 
terproofing effect  destroyed.  Careful  tests 
should  be  made  to  ascertain  the  proper  pro- 
portions and  effectiveness  of  such  com- 
pounds. 

Integral  compounds  should  be  used  with 
caution,  ascertaining  their  chemical  action  on 
the  concrete  as  well  as  their  effect  on  its 
strength ;  as  a  general  rule,  integral  coin- 
pounds  are  not  recommended,  since  the  same 
results  as  to  watertightness  can  be  obtained 
by  adding  a  small  percentage  of  cement  and 
properly  grading  the  aggregate. 

(5)  Surface  coatings,  such  as  cement  mor- 
tar, asphalt  or  bituminous  mastic,  if  properly 
applied  to  masonry  reinforced  against  crack- 
produced  by  settlement,  expansion  and  con 
traction,  may  be  successfully  used  for  water- 
proofing arches,  abutments,  retaining  wall-, 
reservoirs  and  similar  structures;  for  impor 
tant  work  under  high  pressure  of  water  theM 
cannot  be  recommended  for  all  conditions. 

(6)  Surface  brush  coating,  such  as  oil 
paints  and  varnishes,  are  not  considered  re- 
liable or  lasting  for  waterproofing  of  ma- 
sonry. 


The  Necessity  for  State  Supervision  of 
Water  Works  Operation. 

This  journal,  in  common  with  others  in  its 
field,  has  frequently  emphasized  the  desir- 
ability of  state  supervision  of  the  design,  con- 
struction and  operation  of  engineering  works. 
In  previous  issues  we  have  called  attention, 
particularly,  to  the  need  of  such  censorship  in 
connection  with  the  design  of  dams  and  the 
operation  of  sewage  treatment  plants.  The 
present  article  takes  up  the  same  general  sub- 
ject with  special  reference  to  water  works 
operation.  The  discussion  and  data  following 
are  reprinted  from  the  paper  before  the  Illi- 
nois Water  Supply  .-Xssociation  by  Allan  J. 
McLaughlin,  Surgeon,  United  States  Public 
Health  Service,  and  director  of  the  field  work 
of  the   International  Joint  Commission. 

State  supervision  of  water  works  plants 
should  not  be  a  nominal  duty  performed  in  a 
perfunctory  n)anner.  It  should  be  a  very  close 
supervision  of  the  operation  of  the  plant. 

In  many  states  there  is  a  lack  of  law  giving 
the  necessary  specific  authority  to  the  .State 
to  control  water  supplies  and  even  when  such 
law  exists  in  some  instances  the  State  officials 
depend  upon  the  local  authorities  for  results. 
with  few  inspections  and  very  little  actual 
control  of  the  water  supplies. 

Obviously,  in  large  cities  like  New  York, 
Chicago,  or  Philadelphia,  which  are  rich 
enough  to  employ  efficient  operators  for  thei;- 
plants  and  competent  bacteriologists  to  make 
daily  analyses,  there  is  no  great  necessity  for 
close  state  supervision,  but  even  here  the  in- 
spection by  state  authorities  has  a  salutary 
effect  in  keeping  up  the  maximum  efficiency. 
It  is  in  the  smaller  cities  and  towns,  however, 
that  state  supervision  and  control  will  have 
its  greatest  effect.  In  order  to  show  the  cry- 
ing need  ef  state  inspection  and  control  of 
water  plants,  certain  instances  which  came 
under  my   personal  observation   may   be   cited. 

The  first  thought  in  municipalities  wdien 
they  get  away  from  the  "old  oaken  bucket"  is 
to  secure  a  s;«pply  which  shall  be  adequate  in 
quantity.  The  next  public  demand  is  prob- 
ably for  a  clear  water  if  the  water  is  taken 
from  a  muddy  river.  It  is  only  in  the  .last 
few  years  that  the  demand  for  safe  water  has 
been  made  the  paramount  issue  in  public  wa- 
ter  supplies. 

Improvement  in  water  supplies  which  were 
grossly  polluted  with  sewage  has  been  effected 
frequently  to  eliminate  the  taste  of  manufac- 
turing wastes.  Gradually  municipal  officials 
are  beginning  to  recognize  the  insistent  public 
demand  for  safe  water.  Even  now,  however, 
with  the  lessons  of  our  past  epidemics  before 


us  it  is  a  diflicult  task  to  convince  many  mu- 
nicipal officials  that  money  should  be  spent  to 
purify  a  polluted  water  supply  which  is  ade- 
quate in  quantity  and  reasonably  clear  in  ap- 
pearance. It  is  obvious  that  the  water  board 
or  water  works  superintendent  must  consider 
the  economic  side  of  this  question  but  they 
should  be  just  as  much  interested  in  furnish- 
ing a  safe  water  every  day  in  the  year  as  in 
the   heat  efficiency  developed   from  their   fuel. 

The  greatest  delusion  in  water  supply  his- 
tory is  that  the  Great  Lakes  water  needs  no 
purification.  Practically  without  exception  the 
cities  taking  water  from  the  Great  Lakes 
should  install  purification  plants  to  protect 
their  citizens,  yet  many  of  them  persist  in 
furnishing  polluted  water  without  treatment 
of  any  kind.  It  is  not  alone  in  the  use  of  un- 
treated water  that  disaster  occurs.  Many 
cities  have  plants  which  are  structurally  im- 
perfect or   inefficiently  operated. 

Ashland,  Wisconsin,  is  a  notorious  instance 
of  a  small  city  with  a  slow  sand  filter  plant 
and  a  typhoid  fever  rate  of  31.5  per  lOO.OfHl 
in  1910.  In  spite  of  their  lesson  the  typhoid 
rate  since  1910  has  averaged  72  deaths  per 
100,000.  Inquiry  as  to  the  improvement  fol- 
lowing the  calamity  which  befell  this  city  in 
1910,  elicited  the  following  from  the  Health 
Oflicer: 

Your  letter  wanting  to  know  of  the  ihauges 
in  our  water  works  system  is  at  hand.  Since 
ISIO  a  new  filter  has  been  installed.  This  was 
Jn  the  winter  of  1911-1912.  In  tlie  winter  of 
igiS-lSl.l  the  intake  pipe  was  taken  up  and 
moved  and  it  was  shortened  about  900  ft.  In 
the  early  winter  of  1912  a  chlorine  plant  was 
installed  and  they  have  been  using  it  evi>r 
.■^ince  except  when  the  taste  and  smell  of  the 
water  became  .oo  noticeable,  then  it  would  be 
cut  out  for  a  few  days  until  the  taste  and  smell 
had   disappeared. 

These  are  all  the  changes  that  have  been 
made  that  I  know  of  and  If  there  is  anything 
more  that  I  can  help  you  with  or  anything  that 
you  want  to  know  that  needs  looking  into,  I 
will  be  very  glad  to  do  it  for  you. 

The  "new  filter  plant"  said  to  have  been  in- 
stalled in  the  winter  of  1911  and  1912  did  not 
prevent  the  winter  and  spring  outbreak  Jan- 
uary to  .Vpril,  1913.  Tlie  "chlorine  plant" 
which  is  said  to  have  been  in  use  since  1912. 
"except  when  the  taste  and  smell  became  so 
noticeable."  seems  to  have  been  equally  inef- 
fective in  reducing  .-Vshland's  typhoid  fever 
rate. 

The  idea  seems  to  be  prevalent  that  when  a 
public  water  supply  is  finally  conceded  to  be 
grossly  polluted  that  the  installation  of  a  filter 


plant  settles  the  problem.  It  is  supposed  : 
be  a  miraculous  fool-proof  mechanism  which 
will  operate  itself  even  wdiile  the  operator 
sleeps  or  goes  to  dinner.  I  know  several  ex- 
cellent gravity  mechanical  filter  plants.  Mvi 
perhaps  this  type  more  nearly  approaches  tlu 
fool-proof  than  any  other  which  are  operated 
b}-  a  kind  of  a  promoted  coal-passer  or  stnker. 
The  only  attempt  at  bacteriologic  contful  i- 
the  sending  of  a  sample  to  the  state  capital  "; 
the  state  university  once  or  twice  a  year. 

One  plant  in  a  small  New  York  town  was 
inspected  by  one  of  my  Canadian  coUeagUf- 
It  was  a  mechanical  filter  plant  with  alum  ,i- 
a  coagulant.  The  man  in  charge  was  using 
no  alum.  He  said  it  looked  to  him  as  if  the 
alum  was  unnecessary  as  the  water  was  pretty 
good  anyway. 

Perhaps  the  least   fool-proof  of  any  of  the 
purification  processes  is  the  administration  of 
hypochlorite     of     lime.      The     dosage    of    the  ,, 
chemical    to    be    effective    without    imparting 
offensive    taste    to    the    water    requires    very 
careful  and  skillful  attention.     Yet  commonly 
there  has  been  an  effort  to  dose  the  water  by 
set   rule  of   so  many   pounds  per  million  gal- 
lons  regardless  of  the   flucuations   in  the  raw 
water.     The   result   is   that   in   order  to  avoid 
taste  in  times  of  low  organic  content  the  dose  - 
is  fixed  too  low  to  be  eft'ective  when  the  pol- 
lution   and    organic    matter    increases    at   cci 
tain    seasons    due    to    floods    or    other   causes 
Cleveland    installed    hypochlorite   and    in    191- 
the    first    year    of    operation    had    the    loweM 
typhoid   rate   in   the   history   of   the   city.     1" 
1913,    the    tendency    to    tamper    with    and   cut 
down    the    dose    became    more    mainfest    and 
there  was  a  sharp  rise  in  typhoid  in  Cleveland 
follow'ing  the  spring  freshet  in  the  Cuyahoga 
River.     In  one  of  the  smaller  Michigan  cities 
I  asked  the  stoker  in  charge  liow  much  "hypo 
he  was   using.     He   s.iid   thc\-  had   been  u.sinR . 
about  6  lbs.  "per   1,000.000  gals,  but  the  mayor; 
telephoned  him  that  he  could  taste  the  "hypo- 
and  to  cut  it  down.     He  said  he  guessed  he; 
was  using  about  4  lbs.  per  l.iiOO.OOO  gals.  now.  | 

It  is  to  correct  these  defects  that  state  con- j 
trol  is  necessary.     Those  states  which  have  no, 
law  covering  this  should   lose  no  time  in  sc-j 
curing  such  a  law.     Where  sufficient  law  I'-^'^'j  | 
the  function  of  supervision  and  control  should  i 
be    exercised    by    the    state    with    frequent   in- j 
spections    and    definite    rules    and    regulations 
covering  the  needs  of  each  municipality.     D'^ ' 
fects    in    construction    or    operation    could   be 
thus   corrected   and    efficient   maintenance  and 
operation  secured.     Daily  bacteriologic  control ; 
is  a  necessity  and   should   if   possible  be  car- 
ried out  in  the  plant  itself. 

The    greatest    obstacle    to    proper    opcrati- 
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nd  control  of  plants  has  been  the  difficulty 
f  securing  the  right  man  to  place  in  charge 
f  the  plant.  The  best  type  of  man  for  this 
osition  is  a  graduate  in  sanitary  engineering, 
■fe  will  not  only  be  conversant  with  the  me- 
hanical  details  of  the  plant,  but  will  be  able 

0  adjust  his  chemicals  according  to  the  con- 
tituents  and  needs  of  the  raw  water.  Most 
mportant  of  all,  he  will  be  able  to  make  daily 
acteriological  e.xaminations  to  determine  the 
fficiency  of  purification.  Nearly  all  the  dis- 
sters  due  to  sewage  polluted  water  supplies 
.hich  have  occurred  were  due  to  lack  of  daily 
lacteriological  knowledge  of  the  public  sup- 
ly  or  the  inefficient  operation  of  plants  by 
nskilled  men.  Personally,  I  believe  the  em- 
loyment  of  such  a  graduate  is  economy  even 

1  small  cities.  I  can  conceive,  however,  of 
ases  where  it  is  impossible  for  economic  rea- 
ons  to  pay  the  necessary  salary.  In  these 
ases  local  men  must  be  employed,  and  trained 
o  do  the  work.  Here  the  State  Board  of 
health,  or  as  in  Illinois  the  State  Water  Sur- 
ey,  will  find  a  very  useful  function.  The 
itate  authorities  could  supervise  the  installa- 
ion  of  a  small,  inexpensive  laboratory  equip- 
nent  in  small  plants  and  give  instruction   to 


Filter  No  4  IZ  '15 

^^;o^ 


p.  m.  Considerable  trouble  has  been  found 
at  various  times  with  the  growth  of  cren- 
othrix  in  the  mains  and  at  other  places,  and 
the  dripping  of  water  gave  a  stain  to  porce- 
lain and  other  material.  The  collection  of 
sediment  in  mains  at  dead  ends  and  in  con- 
nected lines  having  little  movement  of  water 
has  been  such  as  to  give  trouble  when  a  cur- 
rent was  formed  by  the  opening  of  fire  hy- 
drants or  by  other  large  drafts  of  water  and 
the  sediment  was  stirred  up  and  carried 
through  the  service  pipes.  The  small  amount 
of  iron  in  the  water  w-ould  not  be  so  trouble- 
some, if  it  were  distributed  through  the  sup- 
ply in  the  way  it  comes  from  the  wells,  but 
when  a  large  amount  of  iron  and  the  accom- 
panying growths  are  concentrated  at  particu- 
lar times  and  in  special  localities  in  the  city 
the  difficulties  are  emphasized.  Under  these 
circumstances  the  company  decided  to  con- 
struct an  iron  removal  plant  along  lines  which 
follow  the  methods  used  in  an  experimental 
plant  at  this  place.  The  iron  removal  plant 
finally  built  for  this  purpose  is  here  described 
from  information  taken  from  the  paper  by 
Prof.  A.  N.  Talbot,  of  the  University  of  IIH- 
nois,  who  designed  the  plant,  before  the  an- 
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mension,  giving,  with  the  space  taken  out  at 
the  corners,  a  cross-section  of  178  sq.  ft.  The 
filter  walls  extend  9  ft.  above  the  floor  of  the 
filter.  The  walls  are  built  of  concrete  rein- 
forced with  steel  rods,  but  their  thickness  is 
probably  sufficient  to  resist  the  head  of  water 
without  the  reinforcement.  The  walls  and 
floor  arc  of  1 :2 :4  concrete  and  the  founda- 
tions of  1 :3 :6  concrete.  A  fill  of  concrete 
made  of  one  part  cement,  four  parts  of  sand, 
and  eight  parts  of  cinders  was  placed  under 
part  of  the  floor.  The  foundation  was  first 
put  in  to  the  height  of  the  middle  of  the  depth 
of  the  floor.  The  walls  were  then  built,  the 
north  two  filters  being  constructed  first  and 
the  south  two  filters  next,  the  work  in  each 
case  being  completed  in  a  working  day.  .•^ 
thickness  of  floor  was  next  put  in  up  to  the 
level  of  the  strainer  system  and  after  the 
strainer  system  was  in  place  the  floor  was 
completed. 

The  strainer  system  and  air  system  were 
furnished  by  the  American  Water  Softener 
Co.  of  Philadelphia.  The  main  collector  is  a 
cast-iron  pipe  10  ins.  in  diameter  which  re- 
duces to  8  ins.  in  the  wall  of  the  filter.  This 
size  gives  a  velocity  of  5.7  ft.  per  second  with 
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Fig.   1.     Plan   of   Filters   and    Piping   of   Champaign-Urbana    Iron    Removal    Plant. 


IJie  local  man  in  making  the  necessary  water 

■laminations.      Whenever    possible,    however, 

iiig     graduates     of     sanitary     engineering 

■ols    should    be   employed;    and    such    men 

well    worth    their    salary   considering   the 

mg  in  the  economical  adjustment  of  chcni- 

E'.als  and  fuel  costs  made  po<-'.iblc  by  intclli- 
cnt  supervision.  The  Kri:ii<'^t  asset  to  be 
■reditcd  to  skilled  operation  is     '  :  of 

jiiman   life   cflfcctcd   and   tin-    ^  of 

i' no  wing  that  safe  water  is  bci..i.,  lied 
very  day. 

iDesign,  Construction  and  Operation  of 
'   the    Iron    Removal    Plant    of    the 
Champaign  and  Urbana  (111.) 
Water    Company. 
The  Champaign  and  Urbana  W.ntcr  Co.  ob- 
lins  its  supply  from  wells  MO  to  l.'iO  ft.  deep 
'hich  draw  their  water  from  line  s.md  in  the 
rift.     This  water  contains  about   2  parts  of 
|0n  per  1,000,000.    As  pumped  from  the  wells, 
le  water  holds  about  '10  parts  of  carbon  diox- 
le  per  1.000,000,  and  practically  no  dissolved 
xy^en.     The  aeration  obtained  as  the  water 
1  discharged   from   the   wells   into  the  rcscr- 
oir  adds  oxygen  to  an  amount  of  about  ••  p. 


nual  convention  of  the  Illinois  Water  Supply 
.\ssociation. 

The  process  used  involves  aeration  and  fil- 
tration through  a  sand  filter,  no  coagulants 
being  applied.  The  filter  is  much  like  the 
ordinary  rapid  sand  filter  except  that  coarser 
sand  is  used.  .'Nsido  from  removing  the  iron 
from  the  water,  among  the  special  features 
of  this  plant  are  the  method  of  measuring  the 
raw  walcr  as  it  is  discharged  into  the  filters, 
and  the  provision  for  variable  level  of  water 
on  the  filter  as  a  means  of  regulating  the  rate 
of  flow  through   the  filter. 

The  walcr  is  pum|icd  from  ihc  wells  into  a 
rrreiving  ^e^ervoir,  which  will  be  termed  the 
raw  water  reservoir.  Some  aeration  is  ob- 
tained as  the  water  is  discharged  into  the 
reservoir.  The  water  is  pumped  from  the  raw 
water  reservoir  upon  the  filters,  and  the  filters 
discharge  bv  gravity  into  the  clear  water 
reservoir.  'Fhe  twri  reservoirs  named  have 
been  in  use  f^r  ni.niv  vears 

The  filter  f  four  units  of  a  nom- 
inal capacity              gals,  each  per  24  hours. 

located  in  suili  a  way  that  the  number  of 
units  may  be  incrrasc<l  when  needed.  Fig.  I 
shows  Ihc  plan  of  the  filter  and  piping  sys- 
tem. Fig.  2  is  a  transverse  elevation  of  the 
filter  house.     Mach  filter  is  12  bv  l.'i  ft.  in  di- 


a  wash  of  1,400  gals,  per  minute,  equivalent 
to  a  rise  of  one  vertical  foot  per  minute.  Two- 
inch  tecs  are  connected  with  this  main  col- 
lector and  branch  into  2-in.  extra  heavy 
wrought  iron  pipe  in  opposite  directions.  Hod- 
kinson  brass  strainers  with  a  throat  opening 
0.25  in.  in  diameter  are  used.  The  spacing 
of  the  strainers  is  6  ins.  center  to  center  in 
each  direction.  Fig.  3  shows  the  loss  of  liead 
through  these  strainers  for  a  throat  diameter 
of  0.2.i  in.   for  different  rates  of  discharge. 

A  separate  air  system  is  used.  The  main  is 
4-in.  wrought  iron  pipe  which  branches  to  :i 
in.  in  two  directions  at  the  level  of  the  gravel. 
Onc-lialf-inch  brass  tees  and  brass  pipe  feed 
from  these  branches.  The  holes  are  l/lG-in. 
in  di.imctcr  spaced  '.\  ins.  apart  an<i  pKiced  at 
45°  points.  The  drilling  of  the  brass  pipe  is 
shown  in   F"ig.  2. 

Each  filter  has  two  wash  troughs  which  rest 
upon  supports  set  into  the  end  walls.  The 
wash  troughs  have  for  the  bottom  a  10-in. 
|.5-lb.  steel  ch.innel,  for  the  sides  %-in.  steel 
plate,  and  have  2xl%-in.  angles  at  the  top 
set  Vi  in.  below  the  edge  of  the  plate.  They 
arc  tied  across  by  angle  braces  at  five  points 
in  their  length.  The  wa.sh  troughs  are  10  ins. 
deep  at  the  iipper  end  and  14  ins.  deep  at  the 
lower  end.     These  wash  troughs  have  proved 
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to  be  very  satisfactory.  The  two  wash  troughs 
discharge  into  a  channel  placed  along  the  ledge 
in  the  front  wall  of  the  filter,  the  wall  being 
recessed  2  ins.  to  give  a  larger  cross-section, 
and  the  cliannel  slopes  both  ways  to  an  open- 
ing in  the  wall  which  connects  with  the  10-in. 
discharge  line.  This  10-in.  drain  connects 
with  the  sewer  and  there  is  a  by-pass  which 
permits  a  discharge  into  the  raw  water  res- 
ervoir. 


ter  washing  process,  and  the  layers  of  fine  par- 
ticles which  formed  on  the  surface  were  then 
removed.  .Although  this  sand  is  not  as  uni- 
form in  size  as  is  the  filter  sand  which  is 
usually  specified,  the  saving  in  cost  was  so 
much  that  it  was  thought  best  to  use  it. 

Two  8-in.  American  centrifugal  pumps  are 
used  for  pumping  the  raw  water  and  wash 
water,  being  installed  in  such  a  way  that 
either  pump  may  be  used  for  the  raw  water  or 
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Fig.  2.    Section  Through   Filter   House  of  Champaign  Urbana   Iron   Removal   Plant. 


The  raw  water  is  discharged  into  the  filter 
through  an  orifice  in  the  vertical  pipe,  rising 
as  a  jet  and  dropping  vertically  to  the  sur- 
face of  the  water  in  the  filter.  The  result  is 
an  increased  aeration  and  the  water  is  prac- 
tically saturated  with  oxygen  when  it  reaches 
the  filter.  Fig.  4  shows  the  arrangement  of 
the  orifice.  The  vertical  pipe  shown  has  a 
connection  with  the  glass  tube.  .\  scale  along 
the  tube  properly  graduated  indicates  the 
quantity  of  water  which  is  being  discharged. 
and  the  raw  water  valve  is  regulated  until  the 
desired   rate  of   filtration   is   indicated   nn   this 
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Fig.    3.    Diagram    Showing    Loss    of    Head    in 

Hodkinson  Filter  Strainer  With  Different 

Rates   of   Filtering   and   Washing. 

Filterlns  125,000.000  gals,  per  acre  per  day  1.^ 
c(|uiv!ilent  to  0.001 11  cu.  ft.  per  second  per 
strainer  when  placed  G  ins.  center  to  center  in 
each  direction.  Rise  of  wash  water  1  ft.  per 
minute  is  ecpiivalent  to  0.00116  cu.  ft.  per  second 
per  stralntr  when  pliired  Ij  Ins.  center  to  center. 


scale.  The  apparatus  forms  a  simple,  accur- 
ate and  sensitive  method  of  determining  the 
quantity  of  water  discharged  upon  the  filter. 
Figure  4  also  gives  the  discharge  of  the  orifice 
at  different  heads. 

The  filter  bed  consists  of  about  -10  ins.  of 
sand  and  8  ins.  of  gravel.  The  gravel  ranges 
between  %  and  V-i  in.  The  sand  is  washed 
hank  sand  from  Covington,  Ind.  .After  put- 
ting it  in  place  in  the  filter,  the  sand  was  thor- 
oughly washed  several  times  by  the  usual  lil- 
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the  wash  water.  The  pumps  are  run  by  15  H.P. 
induction  motors  (with  wound  rotor),  belt 
driven.  Drum  controllers  and  rheostats  permit 
the  speed  of  the  pump  to  be  changed  20  per  cent 
or  more.  This  arrangement  gives  conditions 
of  variable  speed  adequate  for  the  range  Qt 
discharge  desired,  and  has  proved  a  very  sat- 
isfactory one.  Care  was  taken  in  advance  to 
estimate  carefully  the  head  pumped  against 
and  the  speed  necessary  for  the  difi^erent  rates 
(if  discharge.  The  blower  was  furnished  by 
the  Connorsville  Blower  Co.  and  has  a  ca- 
pacity of  3G0  cu.  ft.  of  air  per  minute. 

The  operating  platform  runs  along  the  front 
uf  the  filters  at  a  height  of. about  8  ft.  above 
the  floor  of  the  building.  The  various  valves 
fnr  the  several  filters  occupy  the  same  places 
relatively  and  are  operated  from  this  platform. 
.-Ml  the  principal  valves  of  the  piping  system 
except  those  on  the  suction  lines  are  also 
operated  from  this  platform,  as  arc  the  motors. 

The  east,  north,  and  south  walls  of  the  fil- 
ters form  part  of  the  enclosing  building.  The 
remainder  of  the  walls  of  the  building  arc 
brick  covered  with  stucco. 

0PER.\TI0N. 

.'\s  ordinarily  operated,  three  filters  have 
been  in  service  and  the  normal  amount  of  wa- 
ter used  has  been  about  1,500,000  gals,  per 
day.  .After  a  filter  is  washed  the  raw  water 
discharge  valve  is  set  to  give  a  discharge  of, 
say,  '■\hO  gals,  per  minute.  This  is  ilonc  when 
the  water  over  the  filter  stands  at  a  medium 
level,  say  2  ft.  below  the  overflow.  The  ef- 
fluent valve  is  set  so  as  to  show  the  amount  of 
lost  head  which  experience  tells  is  the  usual 
amount  just  after  the  washing  of  the  filters. 
If  the  head  of  water  on  the  filter  at  starting 
is  more  than  suflicient  to  produce  the  desired 
rate  of  filtration,  the  level  of  the  water  lowers, 
and  if  it  is  not  sufficient  to  give  the  desired 
rate  the  level  rises,  until  the  level  adjusts  it- 
self to  .give  a  filtration  rate  through  the  filter 
equal  to  the  discharge  upon  the  filter.  .As  the 
the  filter  clogs,  the  level  of  the  water  in  the 
filter  will  rise  to  give  the  necessary  additional 
head.  .A  range  of  4  ft.  in  the  level  of  the 
water  is  available.  A  change  in  the  effluent 
valve  two  or  three  times  between  periods  of 
washing  is  sufficient  to  keep  well  within  this 
range  and  to  prevent  overflow  from  the  filter 
to  the  raw  water  reservoir.  It  has  been  found 
that  the  regulation  of  the  rate  of  filtration  is 
very  easily  managed,  and  the  method  has 
proved  to  he  satisfactory.  It  has  advantages 
liver  the  use  of  a  controller  on  the  effluent 
pipe  whose  operation  is  hidden  and  uncertain. 


and  the  amount  of  lost  head  is  less  with  this 
device  and  the  filter  need  not  be  rai.^cd  to 
provide  for  such  lost  head.  It  also  gives  an 
accurate  measurement  of  the  water  discharged 
upon  each  filter,  which  the  ordinary  controller  ' 
does  not  do.  The  pumping  arrangements  work 
very  smoothly  and  the  piping  s\stem  ha; 
proved   convenient   and    satisfactory. 

When  the  filters  were  first  put  in  operation 
and  while  the  sand  was  new,  the  filtration  re- 
sults were  fully  satisfactory.  Only  a  trace  of 
iron  was  found  in  the  effluent.  The  runs  were 
.'iO  hours  or  luore  and  washing  of  the  filter 
seemed  to  remove  all  sediment  and  restore 
the  sand  to  its  first  condition,  and  no  higher 
losses  of  head  at  starting  were  found  than 
at  the  beginning  of  operation.  After  a  niomli 
or  si.x  weeks  of  service,  however,  there  was 
such  an  accumulation  of  sticky  material  in  the 
filter  bed  and  the  sand  grains  had  become  so 
coated  with  this  sticky  substance,  that  ade- 
quate washing  over  the  whole  area  of  a  bed 
was  impracticable,  and  the  loss  of  head 
through  the  filter  immediately  after  the  bed  ; 
had  been  washed  became  very  high.  The  in- 
tervals between  necessary  washing  was  re- 
duced to  a  few  hours.  While  the  filters  were 
in  this  condition,  large  cracks  would  appear 
over  the  surface  of  the  filter  running  well 
down  into  the  sand,  the  appearance  being 
much  the  same  as  that  of  mud  cracks  after 
drying.  The  effluent  became  poorer  and  poorer 
until  at  one  time  not  half  of  the  iron  was 
removed  by  the  process.  To  remedy  this  con- 
dition the  sand  from  a  filter  was  removed  ami 
given  a  thorough  washing,  and  returned  to  it- 
place  in  the  filter.  The  result  was  that  the 
operation  of  the  filter  became  as  satisfactory 
as   wdien   it   was    first   put   in   operation.     The 
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Fig.  4.  Diagram  Showing  Discharge  from 
Orifice  with  Different  Piezometer  Read- 
ings, and  Arrangement  of  Aerating  Sup- 
ply Pipe  and  Piezometer  at  Champaign- 
Urbana    Iron    Removal    Plant. 


other  filters  were  then  given  the  same  treat 
ment.  .As  show-ing  the  condition  of  the  sam' 
layer,  it  may  be  said  that  pumping  the  sani' 
through  a  centrifu.gal  jnimp  cleans  it  and  sty 
arates  the  sticky  material  from  the  sand  sati> 
factorily,  and  that  the  foreign  matter  will 
then  float  off  and  drain  away.  Further  work 
is  required  to  perfect  the  process  of  this  occa 
sional  thorough  washing  of  the  sand.  It  '■ 
thought  that  the  sand  of  a  filter  may  1« 
washed  by  running  it  through  a  centrifugal 
pump,  and  returned  to  its  place  directly,  with- 
out using  much  more  water  than  is  require! 
for  the  ordinary  daily  wash  of  the  filter.  Tin 
sand  of  the  bed  has  been  washed  twice  i" 
eight  months. 
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At  present  the  occasional  use  of  a  lire  liose 
1  the  bed  in  stirring  and  wasliing  the  sand 
rains  has  been  found  to  be  effective,  and  this 
ill  extend  the  length  of  the  interval  between 
ie  times  when  it  will  be  necessary  to  scour 
ie  sand.  The  amount  of  water  so  used  is 
ot  more  than  that  required  for  the  ordinary 
ally  wash. 

Changes  have  been  made  in  the  practice  in 
le  usual  washing  of  the  filter.  The  air  wash 
used  as  a  means  of  stirring  and  is  not  gen- 
rally  put  on  while  the  wash  water  is  being 
asted.  The  bed  is  stirred  manually  by  means 
f  a  garden  rake.  Two  washes  are  given  each 
ay,  as  that  has  been  found  to  give  better  re- 
iilts  and  not  to  increase  the  amount  of  wash 
ater  required. 

During  this  time,  experimental  work  has 
cen  carried  on  through  the  co-operation  of 
le  State  Water  Survey,  with  one  or  more 
f  the  filters  to  learn  if  the  application  of 
lemicals  to  the  water  would  lessen  the  dif- 
culties  in  the  washing  of  the  filters.  Rela- 
ve  to  the  use  of  these  chemicals  suffice  it  to 
ly  that  no  advantage  was  found  by  the  ap- 
lication  of  any  of  the  chemicals  used. 
This  clogging  of  the  filters  was  the  only 
ifficulty  which  had  been  feared  and  now  that 
lis  obstacle  in  the  operation  of  the  filter  has 
:en  overcome  the  results  are  entirely  satis- 
ictory.  The  removal  of  iron  from  the  water 
ithont  the  use  of  chemicals  is  found  to  be 
very  simple  process.  It  seems  probable  that 
le  same  process  is  applicable  to  many  of  our 
rift  well  waters. 

The  entire  work  of  constructing  the  filters 
as  done  by  the  water  company's  force  and 
K  day  labor,  no  contracts  being  let.  Mr.  F. 
Amsbary,  manager  of  the  water  works 
)mpany,  was  in  general  charge  of  the  work. 
Ir.  Marquard,  engineer  of  the  water  com- 
aity,  superintended  the  installation  of  the 
Sping,  pumping,  and  strainer  systems  and  of 
e  filter  materials.  Mr.  G.  C.  Habermeyer. 
ade  details  of  the  plans  and  inspected  the 
bnstruction   for  the  writer. 
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)uty  Test  Data  of  the  New  Triple  Ex- 
pansion   Pumping    Engine  of  the 
Springfield,  111.,  Water  Works. 

The  city  of  Springfield,  111.,  in  the  year  of 
'H  cninmcnced  the  reconstruction  of  its 
ping  station  at  a  cost  of  approximately 
'"Ml,  and  also  contracted  for  a  pumping 
lie  at  a  cost  of  $52,30!).  These  improvc- 
its  have  all  been  made  under  the  direction 
W.  J.  Spaulding,  commissioner  of  public 
;ierty. 

:ie  pumping  engine  is  of  the  Molly  vertical 

f  expansion  crank  and  flvwhcel  type  of  a 

ual    capacity     of     10,000.600    gals,    per    24 

rs.     The  engine  was  erected  by  the  Holly 

anufacturing  Co.  at  the  city's  pumping  sta- 

\>n  four  miles  north  of  the  cily  on  the  banks 

the  Sangamon  River.     .As  a  check  nn  the 

i.iTiUed    duty    of    Ihi.s    pump    an    efficiency 

■   wa^;  niride  directly   following  its  installa- 

11.     The  test  data  observed  arc  here  given 

(■rcsentcil  by  Mr.  Walter  Kcid,  supcrintend- 

of   the    .Springfield   water   department,    in 

recent    paper    before    the     Illinois    Water 

Illy    .\ssociation. 

lie  dimensions  of  the  cylinders  arc;   Migh 

^urc,   20    ins.;    intermediate,   -18   ins.;    low 

<urc.   72   ins;   stroke,   '12   ins.     All   of   the 

'■am  valves  arc  of  the  Corliss  type ;  also  the 

AhauM  v.tIvcs  of  the  high  pressure  .ind  intcr- 

jcdialc,    while   the   low    pressure   are   of   the 

|ippct  type. 

'he  diameter  of  the  steam  pipe  is  C  ins.; 

iu«t    pipe,   20   ins. ;    .suction.   30    ins. ;    dis- 

.iigc   pipe.   21   ins.     There   arc   three   water 

ungers   23   ins.   in    dianulcr.   '12   iu.s.   stroke. 

ic  plungers  arc  oiitside-pnckcd  and  arc  di- 

ctly  under  the  steam  lyluub  r<.     The  pump 

d  contains  l.C^iO  rubber   v.ilvcs  3%   ins.   in 

amctcr,   and   are   so   located   that   they   arc 

adily  accessible.     The  condenser  is  of  the 

rfacc    type    and    is    located    in    the    suction 

()c,  and  has  1,000  sq.  ft.  of  cooling  surface. 

The    duty    guaranteed    by    the    builder    per 


l.OuO  lbs.  uf  dry  steam  consumed  by  engines, 
its  jackets  and  attached  au.xiliaries  at  nor- 
mal capacity  and  pressure  (277  ft.)  w-as  170,- 
1100,01.10  ft. -lbs. ;  dutv  three-quarter  capacity, 
105,000,000  ft.-lbs. ;  'dutv  one-half  capacitv. 
100.000,000  ft.-lbs.  The  normal  capacity  rated 
at  7,000  gals,  per  minute  based  on  plunger  dis- 
placement and  a  total  head  of  277  ft.,  maxi- 
mum 375  ft.  Steam  pressure  at  throttle,  150 
lbs.,  32  R.P.M.  which  equals  a  piston  speed  of 
224  ft.  per  minute. 

On  Jan.  21,  1914,  the  necessary  gages  were 
connected  to  the  discharge  and  suction  pipes, 
tanks  for  collecting,  and  scales  for  weighing 
the  water  from  the  jackets,  receivers,  and  dis- 
charged from  condenser  were  all  placed  and 
tested  and  corrected  previous  to  the  final  test. 
A  number  of  preliminary  tests  were  run  and 
adjustments  of  steam  valves  for  the  most  effi- 
cient distribution  of  steam  and  equalization  of 
load  for  each  cylinder  was  made. 

The  actual  test  at  full  speed  during  twelve 
hours  was  as  follows : 

TEST    AT    FULI.,    SPEED. 

Stoam  pressure  at  throttle,  150.5  lbs.  per 
square    Inch. 

Vacuum  In   exhaust  pipe.   27',4  ins. 

Average  revohitlons  per  hour.  1959  (or  32.5 
R.P.M.) 

Average  discharge  pressure,  11S.5  lbs.  per 
square  inch  (273. .'iS  ft.) 

.Vverage  .suction  lift.  12  ft. 

Dilterence   In   elevation   of  gages,   2.5   ft. 

Total  water  pressure.  2S7.85  ft. 

-Average  total  steam  consumption  per  hour, 
0.314    lbs. 

Condensation  from  jackets  and  receivers,  13.15 
per  cent. 

Moisture   in  steam,   2  28  per  cent  (145   lbs.) 

Total  dry  steam  per  hour,  C.199  lbs. 

Duty  per  1,000  lbs.  dry  steam,  171,830,000 
ft-lbs.   (I.H.P.  459.G.) 

TEST  FOR  Tlir.EE-QUAUTER  CAPACITY. 

Duration  ot  test,  4   hours. 

Steam   pressure,   149.8   lbs.   per  square   inch. 

Vacuum  in  exhaust  pipe,  27 Vi   Ins. 

.\verage  revolutions  per  hour,  1,461  (or  I'l.l 
It.l'.M.) 

Average  discharge  pressure,  117.2  lbs.  per 
8(iuare  inch  (271  ft.) 

Suction  lift,  11  ft. 

Didercnce  in  elevation  of  gages,  2.5  ft. 

Total  water  pressure,   284.5  ft. 

Average  steam  consumption  per  hour,  4,77G 
lbs. 

Moisture  in  steam,   2.8  per  cent   (134  lbs.) 

Condensation  from  Jackets  and  receiver,  12.75 
per  cent. 

Average  dry  steam  per  hour.   4.C42  lbs. 

Duty  per  1,000  lbs.  dry  steam,  1G9,25G,000 
ft.-lbs.    (MM-.   34G.3.) 

DUTY  FOR  ONE-HALF  SPEED  TEST. 

Duration  of  test,   4  hours. 

Stenm   pressure,    150.3   11)8.   per   square   Inch. 

Vacuum  In  exhaust  pipe,   27>4   Ins. 

Average  "revolutions  per  hour,  1,068  (or  IC.  I 
U.P.M.) 

Average  dlHchargc  pressure,  116. 1  lbs.  per 
square    Inch    (269    ft.). 

Avcnige  nuction  lift,   10.5  ft. 

nirTercnco   In  clevniion  of  gnecs,   2.5   ft. 

.\vornKe  total  water  pressure,  2S2  ft. 

Average  steam  ronMiimptlon  per  hour.  3.5S0  lbs. 

MoUture  In  steam,  2.34  per  cent  (83.7  llw.). 

Condensation  from  JackviN  nnti  rccolvoni,  12.S 
per  cent. 

Avornge  Rtenm  corrected  for  moisture,  3,496.3 
Ibp. 

Duty  for  1.000  lb«.  dry  (team,  162,810,000 
ft. -lb*.   (I.H.I'.  2S2.2). 

In  order  to  insure  accurate  results  readings 
were  taken  of  the  water  pressure  every  ten 
minntrs  from  a  lest  g^ge  i>n  the  force  main. 
Readings  were  then  rcduccil  to  hourly  averages 
ill  order  to  check  the  performance  of  e.ich 
consecutive  hour  while  the  test  was  being 
made.  Indicator  diagrams  were  taken  every 
hour  from  each  of  the  steam  cylinders  in  or- 
der to  show  the  steam  distribution,  the  speed 
Iwing  kept  constant  by  a  tly  ball  governor  at- 
tached to  the  engine. 


We  have  in  our  plant  in  addition  to  the 
Holly  triple  pump  an  old  Worthington  triple 
pump,  18  in.  .\  29  ins.  x  46  ins.  x  24  in. — 
26%  in.  x  24  in.,  of  8.000,000  gals,  capacity 
and  a  compound  pump,  24  ins.  x  43  ins.  x  36 
ins.— 20  ins.  x  36  ins.,  of  4,000,000  gals,  ca- 
pacity. .At  the  conclusion  of  the  pumping 
test  we  ran  a  comparative  fuel  test.  The  new 
Holly  triple  pumping  engine  consumed  3,900 
lbs.  of  coal  to  pump  780,000  gals,  of  water, 
which  is  equivalent  to  1  lb.  of  coal  per  200 
gals,  of  water  pumped.  The  Worthington 
triple,  0,105  lbs.  of  coal  per  800.000  gals,  of 
water,  which  is  equivalent  to  1  lb.  of  coal  to 
131  gals,  of  water.  The  compound  pump, 
7,800^  lbs.  of  coal  per  080,000  gals,  of  water, 
which  is  equivalent  to  1  lb.  of  coal  to  87.7 
gals,  of  water.  Screenings  was  the  fuel  used 
for  these  tests. 

The  diflterence  between  200.  131,  and  87.7 
gals,  of  water  pumped  per  1  lb.  of  coal  indi- 
cates the  economy  realized.  All  of  the  boiler 
room  auxiliaries  were  in  use  during  the  coal 
test. 


Economic  and  Service  Advantages  of 
Pumping  Public  Water  Supplies 
by  Electricity. 
In  many  of  the  smaller  cities  throughout 
the  country  water  supply  systems  would  be 
installed  if  the  cost  of  operation  could  be 
brought  within  the  means  of  the  community. 
Even  in  many  of  the  larger  cities  where  sys- 
tems are  now  in  operation  there  is  room  for 
distinct  improvement  in  the  operating  costs. 
For  the  steam  driven  pumping  station  the 
large  items  in  the  operation  expenses  are 
those  for  fuel  and  attendance.  Both  of  these 
items  are  either  absent  or  lowered  materially 
in  the  electrically  driven  station.  Mr.  J.  ^i. 
Rryant.  assistant  professor  of  electrical  engi- 
neering at  the  University  of  Illinois,  recently 
read  a  paper  before  the  Illinois  Water  Sup- 
ply .\ssociation  on  the  economic  and  service 
advantages  of  pumping  city  water  by  elec- 
tricity which  we  reprint  herewith.  Prof. 
Bryant's  paper  also  contains  helpful  sugges- 
tions on  the  selection  of  suitable  equipment 
for  this  service. 

Xearly  all  of  these  small  communities  of  the 
class  above  mentioned  are  within  easy  reach 
of  a  transmission  system  or  have  one  or  more 
electrical  plants  in  their  midst.  Power 
can  be  produced  in  one  large  power  plant  lo- 
cated at  a  water  power  privilege  or  within 
easy  reach  of  a  coal  supply  than  in  several 
smaller  stations  to  some  of  which  coal  may 
have  to  be  hauled  by  wagons.  The  problem  of 
electrifiying  a  pumping  plant  becomes  an 
analysis  of  the   following  items: 

1.  First  cost  of  the  equipment. 

2.  Cost  of  operation  including  power,  re- 
pairs and  labor. 

3.  Reliability  of  the  equipment. 

In  this  di-cussion  of  the  question  it  will  be 
assumed  that  electric  power  is  available  for 
driving  the  pumps,  and  that  this  may  be  ob- 
tained at  a  fair  rate  since  the  pumping  com- 
pany or  the  city  has  recourse  to  the  Public 
riilitics  Commission  (in  several  states)  at 
any  lime  for  an  adjustment  of  rates. 

Cost  of  the  Piiiiifing  Units. — A  comparison 
of  the  cost  for  steam  and  electrically  driven 
pumps  of  the  same  capacity  reveals  the  fact 
that  the  electric  equipment  costs  from  one- 
fourth  to  one-half  that  of  the  steam  driven 
units.  Considering  that,  for  new  installa- 
tions, a  savi'"'  '-  ''-1  made  in  the  first  cost 
for  boilers,  '  etc.,  it  certainly  is  fair 

lo   assume   t  st  of   the   power   plant 

portion  of  the  water  works  equipment  is  re- 
duced to  one- fourth  that  for  steam-driven 
stations. 

In  order  to  analyze  the  effect  of  this  re- 
duction on  the  annual  fixed  charge  the  data 
given  in  Table  I  arc  taken  from  an  average 
of  22  cities  in  Wisconsin  from  the  reports  of 
the  Wisconsin  Railway  Commission.  (7  W. 
R.  C.  R.  301 ;  S  W.  R.  C.  R.  341.) 

Adding  together  items  5  and  6  of  Table  I 
it   may   be   seen   that  the  total  cost  in   power 
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plant  equipment  and  buildings  represents  15.23 
per  cent  of  the  total  cost  new  of  the  equip- 
ment. Lowering  this  to  one-fourth  of  its 
present  value  bythe  use  of  electrically  driven 
machinery  will  effect  an  annual  saving  in  the 
ti.xed  cha'rge,  which  may  be  taken  as  15  per 
cent  of  the  cost  new,  by  0.1523X0.75=0.114, 
or  11.4  per  cent.  This  will  in  turn  afifect  the 
cost  of  operation  by  0.15X0.114=0.017,  or  1.7 
per  cent  of  the  present  cost  of  operation  of 
the  steam  driven  station.  This  means  that, 
for   the   conditions   above   assumed,   the   fixed 

TABLE  I.— AVERAGE  COST  NEW  OF  WATEll 
WORKS    SYSTEM    IN    22   WIS- 
CONSIN  CITIES. 

Per  cent  ot 
total  cost  new. 

1.  Land    3.10 

2.  Wells,   intakes  and  suctions !s.o9 

3.  Filters,    reservoirs,    standpipes 6.28 

4.  Distribution    system ^^-Z^ 

."i.     Power    plant    equipment 8.86 

i;.  Buildings  and  miscellaneous  structures.  6.37 
T.     Office  furniture,  appliances,  tools,  etc...   O.SO 

charges  necessary  to  cover  the  initial  invest- 
ment is  reduced  to  1.7  per  cent  of  that  invest- 
ment, or  for  the  same  income,  and  with  other 
operating  expenses  constant,  an  increase  in  the 
annual  profit  of  1.7  per  cent  of  the  invest- 
ment. Other  items  in  the  operation  cost  will 
be   discussed   under  the  next   heading. 

Cost  of  Ofieralion. — Items  in  the  annual  cost 
of  operation  which  are  less  in  the  motor 
driven  station  than  for  either  steam  or  gaso- 
line driven  pumps  are  the  following: 

1.  Interest  on  the  investment  on  account 
of  lower  investment  as  explained  under  the 
last  section. 

2.  Depreciation  is  less  for  the  centrifugal 
pump  and  electric  motor.  Depreciation  in  the 
motor  is  ahnost  negligible  if  the  motor  is 
properly  housed  and  cared  for.  The  motor 
may  have  to  be  laid  aside  on  account  of  obso- 
lescence due  to  improvements  in  electrical 
equipment  which  would  secure  additional  sav- 
ing in  cost  of  operation  at  a  later  date  rather 
than  on  account  of  the  wearing  out  of  any 
of  the  motor  parts. 

3.  Cost  of  motor  repairs  is  negligble  in 
comparison  with  those  for  a  steam  or  gasoline 
driven  unit  on  account  of  the  absence  of  steam 
and  heated  gases  and   of  reciprocating  parts. 

4.  Cost  of  motor  attendance  may  be  made 
very  small.  If  the  pumps  can  be  located  nejr 
the  plant  which  furnishes  the  power  no  at- 
tendance need  be  provided  outside  of  that 
which  the  power  company  is  willing  to  fur- 
nish for  the  privilege  of  cutting  olT  the  de- 
mand of  the  large  motors  at  the  time  of  their 
station  peak  loads.  For  large  stations  and 
for  isolated  plants  one  attendant  can  care  for 
a  large  number  of  motors  and  pumps.  Nearly 
all  the  attention  that  is  required  is  that  neces- 
sary to  start  and  stop  the  motors  at  the 
proper  time  and  to  stand  by  in  case  of  fire 
to  connect  in  enough  pumps  to  supply  the 
necessary  volume  and  pressure. 

5.  Practically  no  cost  for  lubricating  oils 
since    the   pumps   and   motors   are   nearly   al- 


ways self  lubricating,  using  the  same  oil  over 
many   times. 

(!.  Very  low  maintenance  cost  compared 
with  a  steam  or  gasoline  driven  plant.  The 
fires  in  a  steam  plant  have  to  be  kept  banked 
at  times  of  no  load  and  ready  to  take  on  fire 
pumps  if  necessary.  This  item  of  fuel  cost 
for  hanked  fires  forms  one  of  the  large  items 
in  the  annual  operation  sheet  of  small  plants. 
Maintenance  for  tlie  motors  and  pumps  is  also 
a  much  lower  item  than  for  steam  and  gaso- 
line driven  pumps. 

Reliability. — Reliability  in  city  water  pump- 
ing is  of  the  utmost  importance.  In  many  in- 
stallations, even  in  large  cities,  this  factor  has 
been  sacrificed  in  order  to  lower  the  first  cost 
of  the  equipment.  There  may  result  from 
this  neglect  low  pressure  in  the  water  mains, 
and  lack  of  volume  for  fighting  fires  causing 
excessive  fire  losses  and  also  high  insurance 
rates  on  real  estate  for  such  cities.  The  elec- 
trical motor  is  more  reliable  than  the  steam 
or  gasoline  engine.  In  order  to  increase  the 
reliability  of  the  whole  system  the  following 
suggestions   are  given. 

1.  The  inotors  should  be  located  above  all 
possible  flood  levels.  Although  a  few  cases 
are  known  of  motor  driven  mine  pumps  oper- 
ating under  water  and  pumping  the  mine  dry 
the  insulation  is  not  usually  guaranteed  to 
stand  such  treatment. 

2.  Instead  of  installing  one  large  motor 
and  pump  to  furnish  the  total  amount  of  wa- 
ter for  the  high  pressure  service  at  least  two 
units  and  preferalily  three  should  be  installed. 
When  installing  three  units  the  combined  ca- 
pacity of  any  two  should  be  able  to  supply 
the  peak  load  of  the  station.  This  method  of 
design  allows  the  unit  or  units  in  operation 
to  run  without  throttling  and  at  their  full  ca- 
pacity. Throttling  a  centrifugal  pump  or 
running:  it  below  speed  lowers  the  efficiency  of 
the  equipinent  and  raises  the  cost  of  power  by 
requiring  a  greater  number  of  kilowatt-hours 
to  pump  the  same  amount  of  water. 

When  the  pumping-station  is  situated  at 
some  distance  from  the  power  plant  duplicate 
pole  lines  should  be  installed  and  over  routes 
widely  separated.  When  the  wires  pass 
through  city  streets  a  fire  in  a  given  quar- 
ter may  destroy  one  pole  line  but  service 
may  be  maintained  over  the  other  line.  Re- 
pairs may  also  be  made  on  either  line  and  at 
any  time  without  interrupting  the  operation 
of  the  station. 

4.  Proper  lightning  protection  should  be 
provided  at  both  ends  of  the  transmission  line 
to  the  pumping  station,  to  protect  all  electrical 
apparatus.  The  electrolytic  arrester  has  been 
found  to  be  the  most  reliable  tyjie  now  in 
use.  Its  first  cost  is  slightly  higher  than  that 
of  other  forms,  but  it  gives  better  protection 
in  all  cases  of  lightning  or  high  voltage  dis- 
turbance from  other  causes.  It  operates  on 
the  principle  of  a  safety  valve,  discharging 
excess  electrical  pressure  from  the  line  and 
then  stopping  the  discharge  at  normal  pres- 
sure, automatically  setting  itself  for  the  next 
discharge. 

Choice   of  Motor.- — The   electric    motor   can 


be  adapted  to  drive  any  type  of  pump.  The 
greatest  efficiency  of  mechanical  transmission 
is  of  course  secured  by  the  least  amount  of 
gearing  or  belting.  The  centrifugal  pump 
lends  itself  best  for  motor  drive  since  it  runs 
most  efficiently  at  the  higher  speeds.  The  ' 
higher  the  speed,  the  lower  the  cost  of  the 
motor  and  pump.  Information  in  regard  to 
the  proper  choice  of  speeds  can  always  be  ob-  , 
tained  from  the  pump  and  motor  manufac- 
turers. 

The  squirrel  cage  induction  motor  is  a  little 
more  simple  and  reliable  than  the  wound 
rotor  types.  It  is  suitable  for  starting  cen- 
trifugal pumps  of  small  capacities  without 
too  great  a  starting  current  by  the  addition 
of  a  compensator  if  the  pump  outlet  is  closed 
when  starting.  The  wound  rotor  motor  with 
slip  rings  and  external  resistance  is  preferable 
for  sizes  above  50  HP.  in  order  to  secure  the 
higher  starting  torque  with  low  line  current. 
Resistance  in  the  primary  or  line  side  of  the 
motor  for  starting  should  not  be  used,  since 
the  motor  then  draws  from  two  to  five  times 
full  load  current  from  the  line  at  the  start. 
This  is  avoided  by  the  use  of  the  compensator 
starter  or  the  slip  ring  motor. 

When  large  pumps  are  to  be  driven  at  a 
considerable  distance  from  the  power  plant, 
transmission  line  losses  may  be  reduced  by 
the  use  of  one  or  more  synchronous  motors 
in  the  pumping  station.  These  motors  can 
now  be  secured  with  sufficient  starting  torque 
for  this  purpose.  By  the  proper  use  of  syn- 
chronous motors  a  large  saving  may  sonic- 
times  be  made  in  power  consumption. 

Cost  of  Poiver. — Electrical  power  for  pump- 
ing should  receive  the  lowest  rate  of  nearly 
all  classes  of  service  furnished  by  a  power 
plant.  With  water  storage  facilities  in  reser- 
voirs and  standpipes  capable  of  taking  care 
of  the  peaks  in  the  pumping  demand  and  also 
supplying  the  water  for  the  two  or  three 
hours  in  the  day  wdien  the  commercial  load  • 
on  the  station  is  the  greatest,  the  power  for 
the  pumps  may  be  supplied  without  any  in- 
crease in  the  station  maximum  demand.  The 
increase  in  the  station  output  incident  to  this 
load  will  then  improve  the  load  factor,  lower- 
ing the  cost  of  producing  unit  power  and  de- 
livering it  to  the  switchboard.  The  proper 
rate  to  be  charged  in  any  community  should  , 
be  properly  determined  by  a  competent  engi-  . 
neer  or  by  the  Public  Utilities  Commission,  ' 
and  not  left  to  the  governing  body  of  the 
community  and  the  public  utility  without  ex-  ' 
pert  advice.  The  public  utility  should  be  en- 
coura,ged  to  seek  the  pumping  load  and  the 
city  to  co-operate  in  securing  a  price  giving  ' 
justice  to  all  consumers.  This  co-operation 
should  extend  not  only  to  the  matter  of  se- 
curing rates,  but  also  in  installing  the  equip- 
ment best  for  all  concerned  and  of  operating 
it  at  times  when  the  company  can  best  afford 
to  supply  the  power.  This  same  rule  should 
also  apply  to  combined  municipally  owned 
plants ;  each  part  of  the  service  should  bear 
its  proper  portion  of  the  fixed  and  variable 
charges. 


Design  of  the  531-Ft.  Truss  Spans  of 

the  North  Side  Point  Bridge, 

Pittsburgh,  Pa. 

(.Stafif  Article.) 

The  North  Side  Point  Bridge  spans  the 
Alleghany  River  at  its  mouth,  and  connects 
the  old  city  of  Pittsburgh  with  that  part 
known  as  the  North  Side  (formerly  the  city 
of  Allegheny).  The  bridge  consists  of  two 
main  spans  of  .531  ft.  each  ;  a  north  approach, 
consisting  of  about  424  ft.  of  arch  spans  of 
varying  length  and  about  441  ft.  of  reinforced 
concrete  retaining  wall  construction  on  a  4.94 
per  cent  grade ;  and  a  south  approach,  con- 
sisting of  about  659  ft.  of  reinforced  concrete 
retaining  wall  construction  on  a  5.02  per  cent 
grade  and  about  254   ft.    of    reinforced    con- 


crete retaining  wall  construction  and  arches 
on  a  4.94  per  cent  grade.  The  work  was  let 
under  three  contracts,  the  prices  being  $297,792 
for  the  two  truss  spans,  $182,780  for  the 
three  river  piers,  and  $204,003  for  the  north 
and  south  approaches,  making  a  total  cost  of 
$744,635.  The  truss  spans  have  a  clearance 
of  70  ft.  above  high  water.  The  bridge  is  a 
highway  structure  with  a  36-ft.  roadway,  pro- 
viding for  two  car  tracks,  and  a  sidewalk 
cantilevcred  from  each  truss.  The  floor  con- 
struction for  the  truss  spans  consists  of  wood 
block  paving  on  a  buckle-plate  floor,  sup- 
ported by  steel  stringers  and  floorbeams.  The 
sidewalk  floor  consists  of  a  reinforced  con- 
crete slab,  supported  by  the  fascia  girder,  curb 
girder  and  cross  beams.  The  bridge  has  an 
ornamental  iron  railing.  The  shore  ends  of 
the  truss  spans  are  arranged  to  support  orna- 


mental stone  portals.    The  three  piers  and  the  ■ 
steel   work  of   the   two  truss  spans  are  com-  ; 
plcted,    and    the    approaches    are    to    be   com- 
pleted  by  July   1,   1915. 

I.0.\DS     AND    ALLOWABLE    STRESSES. 

Dead  Load.— In  estimating  the  dead  load 
the  wood  block  paving  was  taken  at  18  lbs. 
per  square  foot :  concrete  at  144  lbs.  per  cubic  i 
foot :  track  rails  and  fastenings  at  160  lbs. 
per  linear  foot  of  bridge;  sidewalk  slabs  at 
50  lbs.  per  square  foot :  sidewalk  rail- 
ing at  50  lbs.  per  linear  foot  each  ;  24-in.  water 
mains,  one  under  each  sidewalk,  500  lbs.  per 
linear  foot  each;  16-in.  gas  mains,  one  under 
each  sidewalk,  45  lbs.  per  linear  foot  each ;  I-- 
in.  gas  mains,  one  under  each  sidewalk,  .33  lbs. 
per  linear  foot  each ;  and  wire  conduits  200 
lbs.   per  linear   foot   for   each   sidewalk.     The 
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otal  dead   load    for   linear   foot  of  span  was  on  the  car  tracks  was  used  for  the  trusses  as  square   foot  on   the  exposed   surface  of  both 

aken  at  14,C00  lbs.  for  the  floor  system,  except  that  alternate  cars  trusses  and  on  the  bridge  floor  as  seen  in  ele- 

Lkc  Load  for  Floor  System. — The  live  load  were  omitted.    The  uniform  live  load  on  that  vation  was  used,  this  load  being  treated  as  a 

er  car   track  consisted   of  a  continuous  line  part  of  the   roadway  not   covered  by  the  car  moving  load. 

f  52-ton,  double-truck  cars,  each  45  ft.  long,  tracks  was   taken  at  75  lbs.   per  square   foot.  Allowable    Stresses. — The    following   allow- 

"he  wheels  of  each  truck  were  spaced  5   ft.  and  on  the  sidewalks  it  was  taken  at  50  lbs.  able  stresses  were  used ;   Tension,  net  section, 
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Fig.   1.    General    Dimensions,  Strettes  and   Section*    for  531-rt.  Trusses  of   North  Side  Point  Bridge,    Pittsburgh,  Pa. 


centers,  trucks  of  cars  were  ."iiMccil  -5   ft. 

centers,  and  trucks  of  adjncciii  .ars  were 
aced  l,'i)  ft.  on  centers,  the  two  trucks  occupy- 
I?  18  ft.  width  of  roadw.iy.  The  live  load 
r  the  roadway  on  each  side  of  the  track.i 
nsisted  of  a  concentrated  load  of  Jo  tons  on 
o  axles  spaced  10  ft.  apart  with  a  5-ft.  gage, 
ciipying  a   floor   space  of  9  ft.   wide  by    18 

long,  and  a  uniform  load  of  100  lbs.  per 
uare  foot  for  all  of  the  roadway  surface 
t  covered  by  the  cars  and  the  ciurntratcd 
id.  The  live  load  for  the  sidewalk  was 
ken  at  100  lbs.  per  square  foot. 
Live  Load  for  Triis.u-s.— The  s.ime  live  load 


per  square   loot.    The  total  live  loail  per   foot 
of  span  was  taken  at  5,3,'lii  lbs. 
Impact. — The    impact    stresses    were    com- 

150 
puie<l      from     the      formula     I «» S  . 

L  +  300 

where  I  =  impact  stress,  S  =  maximum  live 
load  stress,  and  I.  -  loadcil  Icnijlh  in  feet  to 
produce  the  maximum  live  load  stress.  Im- 
pact stresses  were  not  added  to  lateral  or  wind 
forces,  nor  to  the  live  loads  on  the  sidewalk 
brackets. 
H'ind  Load.— A  wind  pressure  of  30  lbs.  per 


10,000    lbs.     per     square     inch :     compression, 

/ 
16,000  — 70— (with  a  maximum  of  14,000  lb.s. 

r 
per  square  inch),  where  /  =  length  of  member 
m  inches  and  r=  least  radius  of  gyration; 
bending  on  extreme  fibers  of  rolled  shapes, 
Ifi.OOO  lbs.  and  on  pins,  '.M.OOO  lbs.;  shearing 
value  for  shop  driven  rivets,  12.000  lbs.  per 
"square  inch,  and  for  field  driven  rivets  and 
turned  bolts,  10.000  lbs.  per  square  inch : 
shearing  value  for  plate  girder  webs,  gross 
section,  10,000  lbs.  per  sr|uare  inch;  bearing 
value   for  shop  driven  rivets,  24,000  lbs.,  and' 
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for  field  driven  rivets  and  turned  bolts  20,000 
lbs.  per  square  inch.  Members  subjected  to 
alternate  stresses  were  proportioned  for  the 
stress  requiring  the  larger  section.  If  the 
alternate  stresses  occurred  in  succession  dur- 
ing the  passage  of  one  load,  as  in  stiff  count- 
ers, each  stress  was  increased  50  per  cent  of 
the  smaller  stress.  The  connections  in  all  cases 
were  proportioned  for  the  sum  of  the  stresses. 
In  designing  counters  only  70  per  cent  of  the 
dead  load  stress  was  considered  effective  in 
reducing  the  live  load  stress.  For  stresses 
produced  by  lateral  and  wind  forces  com- 
bined with  tliose  from  live  and  dead  loads  the 
allowable  unit  stress  was  increased  25  per 
cent. 

TYPE    OF    TRUSS    AXP    GF.NKR.VL    DIMRXSIOXS. 

The  two  truss  spans,  which  are  alike,  are  of 
the  modii'ied  Baltimore  truss  type  with  sub- 
divided panels  (see  Fig.  1).  The  length  of 
span  is  -VU  ft.,  center  to  center  of  end  pins, 
this  length  bein,g  made  up  of  18  sul)-panels, 
each  20  ft.  (i  ins.  long.  Tlie  depth  of  the  truss 
at  its  center  is  92  ft.  10%  ins.  and  at  the  hip. 
■58  ft.  1  15/16  ins.  The  trusses  are  spaced  40 
ft.  on  centers,  giving  a  3G-ft.  roadway.  The 
width  of  each  cantilevered  sidewalk  from  curb 
to  outside  of  fascia  is  12  ft.  0  ins.,  and  from 
center  of  truss  to  outside  of  fascia  it  is  10  ft. 


this  strut  consists  of  2%x%-in.  bars,  and  the 
single  side  lacing  consists  of  3x2%x5/16-in. 
angles.  The  members  of  the  top  lateral  system 
are  composed  of  two  angles  placed  back  to 
back,  these  members  being  riveted  at  their  in- 
tersections. The  members  of  the  bottom  lat- 
eral system  consist  of  a  single  angle,  and  are 
riveted  at  their  intersections.  A  heavy  lower 
lateral  system  is  not  required  as  a  buckle- 
plate  floor  is  used. 

The  stringers  have  a  depth  of  30%  ins.,  the 
intermediate  floorbcams  a  depth  of  53%  ins., 
the  curb  girders  a  depth  of  40%  ins.,  and  the 
fascia  girders  a  depth  of  33%  ins.,  all  dimen- 
sions being  from  back  to  back  of  flange 
angles.  In  computing  the  required  areas  for 
the  flanges  of  the  stringers  and  floorbeams 
one-eightli  of  the  area  of  the  web  was  con- 
sidered effective  area  for  the  bottom  flange 
and  one-sixth  for  the  top  flange. 

Figure  2  shows  a  transverse  section  of  the 
bridge.  This  drawing  shows  the  type  of  con- 
struction used  for  the  sidewalk  brackets  and 
intermediate  floorbeams.  and  gives  the  sizes 
of  the  members  and  the  general  dimensions. 
Tlie  sidewalk  bracket  is  very  heavy,  as  it  car- 
ries gas  and  water  mains  in  addition  to  the 
floor  loads.  One  of  the  top  cover  plates  of 
the  floorbeam  is  20  ins.  wide  and  is  punched 


weiglit  of  the  paint  ready  for  use  shall  not  be 
less   than  24  lbs.  per  gallon. 

The  first  coat  of  field  paint  shall  be  mixed 
in  the  proportions  of  85  lbs.  of  pure  white 
lead  ground  in  oil  to  15  lbs.  of  pure  American 
white  zinc  ground  in  oil,  mixed  with  pure  raw 
linseed  oil.  The  weight  of  the  paint  ready  for 
use  shall  not  be  less  than  18  lbs.  per  gallon. 

The  second  coat  of  field  paint  shall  be 
mixed  in  the  proportions  of  85  lbs.  of  pure 
white  lead  ground  in  oil  to  15  lbs.  of  pure 
American  white  lead  ground  in  oil,  with  suf- 
ficient pure  French  yellow  ochre  ground  in  oil 
and  pure  carbon  black  ground  in  oil  to  give 
the  color  desired  by  the  director,  the  pigment 
to  be  added  to  the  pure  raw  linseed  oil  in  such 
proportions  that  the  paint  when  ready  for  use 
will  weigh  not  less  tlian  10  lbs.  per  gallon. 

Xo  drier  shall  be  used  in  the  shop  paint  and 
only  in  limited  quantities  in  the  field  paint,  all 
drier  to  be  shipped  to  the  site  in  separate 
packages  and  added  to  the  paint. 

All  red  and  white  lead  to  be  90  per  cent 
pure,  all  American  white  zinc  to  be  09  per 
cent  pure,  and  all  carbon  black  to  be  08  per 
cent  pure  carbon.  All  yellow  ochre  to  be  pure 
French  ochre  and  to  contain  not  less  than  \'J 
per  cent  ferric  oxide  and  not  more  than  5  per 
cent  of  lime  in  any  form.    Driers  used  shall 
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Fig.  2.    Cfoss-Section   of   North   Side   Point   Bridge,    Pittsburgh,   Showing   Type  of   Floor    Construction,   Sizes  and   Dimensions. 


0  ins.    The   total  width  of  the  bridge,  out  to 
out  of  steelwork,  is  60  ft.  0  ins. 

STRESSES    AXD    SECTIOXS. 

Figure  1  shows  the  stress  sheet  for  the  531- 
ft.  spans.  This  drawing  shows  the  dead  load, 
live  load,  impact  and  maximum  stresses  for 
each  member  of  the  truss,  together  with  the 
section  used. 

By  noting  the  material  given  for  the  upper 
chord  section  it  will  be  seen  that  the  section 
has  three  webs.  The  top  flange  consists  of 
four  angles  and  a  cover  plate,  and  the  bottom 
flange  of  four  angles  latticed  with  5x%-in. 
bars.  The  three  webs  are  braced  by  dia- 
phragms placed  near  the  ends  of  each  mem- 
ber. The  intermediate  posts  are  subdivided, 
and  are  braced  by  an  eflicient  system  of  sway 
bracing  and  by  longitudinal  struts.  The 
largest  eye  bars  used  in  the  lower  chord  have 
a  section  of  12x2%  ins.  The  maximum  size 
of  pin  (at  Ln  and  U:)  has  a  diameter  of  12% 
ins.  The  lower  chord  is  cambered  as  shown 
in  Fig.  Ha),  the  maximum  camber  at  the  cen- 
ter being  2  ft.   1%  ins. 

The  prirtal  consists  of  a  heavy  box-section 
top  strut,  with  curved  knee-braces  consisting 
of  four  angles  latticed  together.  The  gusset 
plates  extend  to  the  knee-braces,  thus  affording 
a  rigi<l  portal.  The  members  of  the  sway 
bracing  system,  consisting  of  four  angles  with 
double  lacing,  have  a  width  equal  to  that  of 
the  intermediate  posts.  This  systetn  braces  the 
posts  at  two  intermediate  points.  The  fop 
lateral  street  consists  of  four  4x4x%-in. 
angles.    The  double  top  and  bottom  lacing  for 


to  provide  a  connection  for  tlie  %-in.  buckle- 
plate  floor. 

The  wearing  surface  for  the  sidewalk  con- 
sists of  a  4%-in.  concrete  slab,  reinforced 
with  triangular  wire  fabric  having  a  4-in. 
mesh.  This  wire  mesh  is  placed  1%  in.  below 
the  top  of  the  slab  at  the  su|)ports  and  1  in. 
above  the  bottom  of  the  slab  at  the  center  of 
the  span.  The  8-in.  ]8-lb.  I-beam  supports  are 
spaced  4  ft.  11  ins.  on  centers. 

The  shoes  for  the  fixed  end  of  the  bridge 
are  built-up  members  and  rest  on  O0xl%-in. 
X  4-ft.  9%-in.  base  plates.  Their  height  from 
center  of  pin  to  top  of  base  plate  is  2  ft.  6  ins 

The  shoes  and  roller  nests  for  the  expansion 
end  arc  shown  in  Fig.  3.  Tliis  drawing  also 
shows  the  connections  for  the  sidewalk  bracket 
and  for  the  end  floorbeam.  The  roller  nest 
consi''ts  of  eight  segmental  rollers,  each  12  ins. 
in  di'imeter  x  (i  ins.  wide  x  5  ft.  long.  A 
conmendable  feature  of  the  roller  nest  is  the 
cast-.ron  reservoir  which  surrounds  the  seg- 
rrental  rollers.  This  reservoir  is  to  be  filled 
\  :tli  oil,  thus  insuring  jierfect  action  of  the 
rollers.  It  will  be  noted  that  the  bed  plate 
rests  on  an  I-beam  grillage  imbedded  in  the 
top  of  the  pier. 

COMPOSITION    OF     r.MNTS    USEP     FOR     STEELWORK. 

The  following  specifications  covered  the 
composition  of  the  paint  used  for  this  bridge: 

The  shop  paint  shall  be  mixed  in  the  pro- 
portion of  SO  lbs.  of  pure  dry  red  lead  to  2'> 
lbs.  of  ptire  French  yellow  ochre  ground  in 
oil.    mixed   with    pure    raw    linseed   oil.     The 


be  pure  turpentine  free  from  resin,  benzine  or 
any  mineral  oils.  All  pigments,  oils,  driers 
and  mixed  paints  to  be  subject  to  analysis  In 
tlie  City's  chemist. 

IIETIIOD    OF    P.W'MENT. 

In  making  payments  to  the  contractor  tho 
value  of  the  steelwork  fabricated,  inspcctcil 
and  accepted  at  the  contractor's  shop  wa> 
taken  at  60  per  cent  of  the  total  price  per 
pound:  the  value  of  the  fabricated  steelworl. 
delivered  at  the  bridge  site  was  taken  at  d" 
I)cr  cent:  and  that  of  the  steelwork  erected 
Init  not  riveted  or  painted  was  taken  at  85  per 
cent  of  the  total.  It  was  estimated  that  tin 
tntal  weight  of  steel  in  the  two  truss  spanv 
exclusive  of  sidewalk  railing,  was  4,800  ton;-. 
In  determining  tlie  price  per  pound  for  making 
estimates  it  was  specified  tliat  this  was  to  be 
determined  by  dividing  the  lump  sum  price  by 
iri.000,000.  It" was  further  specified  that  80  per 
cent  of  tlie  current  montlilv  estimates  were  to 
be  paid  to  the  contractor  after  the  making  of 
these  estimates :  that  00  per  cent  was  to  be 
paid  upon  the  completion  of  one  span  to  the 
satisfaction  of  the  director;  and  that  the  re- 
m;iinin.g  10  per  cent  was  to  be  paid  to  the 
contractor  upon  the  completion  and  final  ac- 
ceptance of  the  entire  work,  all  pavmcnts  to 
be  made  within  30  days  after  making  siidi 
estimates  and   acceptances. 

PERSONNEL. 

The  Xorth  Side  Point  Bridge  was  desiuned 
under  the  direction  of  the  Department  of  Pub- 
lic  Works  of   Pittsburgh,   Mr.  John  G.   Arm- 
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strong,  director,  and  Mr.  N.  S.  Sprague,  super- 
intendent. Mr.  Eniil  Swensson  was  consult- 
ing engineer  for  the  bridge,  and  the  American 
Bridge  Co.  was  the  general  contractor  lor  the 
superstructure  of  the  truss  spans. 


Bridge  Work  in  Connection  with  the 

Elimination  of  the  Grade  Crossings 

of  the  Nickel  Plate  at  Cleveland, 

Ohio. 

The  New  "^ork,  Chicago  &  St.  Louis  R.  R., 
commonly  called  the  "Nickel  Plate,"  travers- 
es the  city  of  Cleveland  and  its  suburbs   for 
a  distance  of  16.94  miles.     Its  course  is  inter- 
sected  by   120  highways,   20   of   which   either 
did  not   cross   at  grade,   when   the   road    wa.'; 
constructed    in    1882,    or    had    been    separated 
from  the  grade  of  the  railroad  prior  to  1!H)9. 
In  the   latter  year  operations  were  begun   to 
eliminate  the  grade  crossings,  and  this  article 
!  treats   of   the   bridge   work    required    for   the 
I  elimination    of    these    crossings.    The    orna- 
I mental  features  of  the  bridges  are  of  special 
I  interest.     The    data   contained    in   the    article 
were  taken  from  a  paper  by  Mr.  .A.  J.  1  limes, 
engineer    of    grade    elimination,    in    Vol.    l-O, 
'  .\'o.    ICO,    Bulletin   of   the   .\merican    Railway 
Rngineering   .Association. 

GENERAL. 

In  Cleveland  it  was  arranged  that  all  street 
I  work    and    liighway    bridges    should    be    con- 
I  structed   by   the   city   through   its   engineering 
[  department.     In  East  Cleveland  all  work  was 
'  done    by    the    railroad    company.      The    ordi- 
nances requiring  the   work   provided    for   the 
elimination    of    all    grade    crossings    between 
!  East    Ninety-third    St.,    Cleveland,    and    Ivan- 
1  hoe  Road,  East  Cleveland,  a  distance  of  4.ii7 
miles.    Of  this  distance  the    four-track   road- 
bed covers  2.4  miles  and  a  double-track  road- 
I  bed   was   built   the   remaining   distance.     The 
j  work    required    63,000    cu.    yds.    of    concrete. 
j  -^SOO    tons    of    steel     for     the     bridges,    and 
I  7,'500    lin.    ft.    of    temporary    and    permanent 
wooden  trestles.     In  general  the  concrete  was 
a  1 :3 :0   mixture.    For   the   bridge   floors   and 
j  for  reinforced  concrete  work  a  1;2:4  mixture 
i  was  psed.     The  steel   bridge   work   was   per- 
'  formed  entirely  by  contract. 
I      Very    strong    opposition    to    the   ordinances 
I  developed   among  the   residents   of   the   terri- 
tory where   the   road   was   to  be  built,  which 
'  resulted   in   the   final   adoption   of   some   very 
I  unusual  bridge  designs  to  make  the  structures 
less  unsightly  than   the  usual  steel  construc- 
tion. 

STEELWORK   OF   BRIDGES. 

The  bridges  were  all  designed  according 
I  to  the  New  York  Central  Lines'  specifications 
:  of  1910.  The  Cleveland  bridges  were  the 
'  first  to  be  constructed  under  these  specifica- 
tions, and  a  large  part  of  the  writer'^  work, 
'  as  a  member  fit  tlic  New  York  Central  Linc~ 
I  Bridge  Committee,  was  to  secure  the  ailop- 
.  tion  of  a  joint  specification  in  order  that  it 
!  might  be  available  for  these  bridges. 
I  The  traflic  of  the  Short  Line  |)roniiscd  to 
'  be  as  heavv  a;  anv  in  .America,  while  tliat 
;  of  the  Nickil  Plate  is  lighter.  The  Nickel 
Plate  is  operated  whollv  indepemlonlly  of 
'  the  New  York  Central  Lines,  but  its  rela- 
tions with  the  latter  are  .so  cinsc  lli.ii  ' 
I  build    any    portion    •>(   the    four-track    In: 

I  for     less     than     the     maximum     r' 

i  seemed     very     •.liort-siKlncd.     Joiir 
.  tions   seemed    the   easiest    means    !■:  :    :._: 

I  authority    for  proper  bridge'^. 
I      The    live    load     in     these    spi' iiicalion« '  i« 
i  Cooper's  E-(!0,  with  an  alternate  load  of  H-I.OO" 
Ihs,   equally   distributed   nn   tw.>   axles   spared 
"  ft.  center  to  center. 

The  unit   stresses  arc :     Tension,   IS.OOO  lbs. 

per  sipiare  inch;  compression.    Iil.i'i"' — "0  |/r. 

!  hut  not  to  exceed   l."i,0O()  lbs.  per  square  inch: 

i  /    ■'0"    \      ,.., 

I  and  the  impact  1=5  [j^^'-^^^J  ■    The  use  of 

unit  stresses  somewhat  liiRber  tli.r 

is  in  recognition  of   the   apparent 

ity  of  any  material  increase  of  live  lu.nl  .Mth 

out  p    general    reconstruction   of  all   roadway 

structures. 
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The  bridge  floors  are  of  I-beams,  either  en- 
cased in  concrete  or  bearing  a  concrete  slab 
above  the  beams. 


The  steelwork  of  the  highway  bridges  con- 
sisted mainly  of  lattice  columns  and  longi- 
tudinal   beams,    the    whole    being    encased    in 


Fig.  1.    Old  East  Boulevard  Three-Hinged  Steel   Arch,  Cleveland,  O. 


Fifteen  of  the  bridges  were  plate  girders; 
seven  of  them  were  three-hinged  arches. 

The  former  East  Boulevard  Bridge  of  the 
Nickel  Plate  (Fig.  1)  was  considered  a  very 
handsome  structure,  and  the  people  of  East 
Cleveland,  in  the  hope  of  beautifying  their 
city,  demanded  the  construction  of  similar 
arch  bridges.  To  this  the  company  objected 
strongly,  but  it  was  finally  arranged  to  build 
such  bridges  on  a  few  particular  streets. 
There  was  no  material  difference  in  weight 
between  the  plate  girder  and  arch  bridges. 
There  was  a  considerable  difference,  however, 
in  the  volume  of  masonry  in  the  foundations. 
The  rock  surface  was  about  12  to  16  ft.  below 
the  surface  of  the  streets,  and  the  foundations 
of  the  arch  bridges  were  designed  to  carry  the 
arch  thrust  to  the  rock.  This  increased  the 
volume  of  concrete  materially  above  what 
was  needed  for  the  plate  girder  bridges. 

No  lateral  bracing  was  used  in  any  of  the 
bridges,  it  being  left  for  the  floor  slabs  to  fur- 
nish lateral  rigidity.  Before  the  construc- 
tion of  the  floor  slabs  temporary  wooden 
stringers  were  laid  on  the  I-beams  to  support 
the  track  to  grade,  and  the  trains  caused  con- 
siderable motion  in  the  arch  bridges  and  the 
girders  having  curb  supports.  In  all  such 
cases  temporary  wooden  bracing  was  used  to 
check  the  motion. 

At  Euclid  Ave.  a  combination  of  long 
span,  sharp  skew,  curve  and  heavy  loading 
made  it  necessary  to  use  curb  supports.  Curb 
supports  were  likewise  used  at  the  Mayfield 
Road. 


concrete.     The  tonnage  of  tlie  railroad  bridges 
was   4,870,   and' that   of   the   highway   bridges 


630— a  total  of  5,500. 


The  revised  grade  of  the  railroad  contem- 
plated a  lowering  of  the  Nickel  Plate  track 
over  the  boulevard  of  6.39  ft.  The  grades  of 
the  two  roads  separate  just  east  of  Cedar  Ave., 
the  Nickel  Plate  descending  sharply  to  the 
westward  on  a  0.5  per  cent  grade,  and  the 
Short  Line  ascending  westward  on  a  0.3  per 
cent  grade.  The  effect  of  this  divergence  at 
the  boulevard  is  to  produce  a  difference  in 
the  elevation  of  grade  lines  of  3.72  ft. 

The  city  ordinance  provided  for  a  plate 
girder  bridge  with  concrete  abutments,  but 
when  the  time  came  to  detail  the  work  the 
park  department  entered  a  protest.  It  de- 
sired that  the  bridge  be  rebuilt  on  lines  ex- 
actly similar  to  those  of  the  former  bridge. 
It  was  impossible  to  do  this,  as  was  reluct- 
antly admitted  after  a  careful  study.  A  stone 
arch  was  then  proposed,  with  abutments  simi- 
lar to  those  of  the  old  bridge.  This  was  im- 
practicable because  of  insufficient  space  from 
top  of  rail  to  soffit  on  the  Nickel  Plate  side. 
The  negotiations  continued  a  whole  year  with- 
out results.  It  was  finally  proposed  by  Mr. 
Hoffman,  chief  engineer  of  the  Board  of  Pub- 
lic Service,  that  a  composite  bridge  be  built; 
that  a  reinforced  concrete  arch  be  built  for 
the  Short  Line  tracks  where  there  was  plenty 
of  room,  and  that  plate  girders  be  used  for 
the   Nickel   Plate  tracks.     The  present  bridge 


Fig.  2,    New  East  Boulevard  Bridge,  Cleveland —  Combination  of  Arch  and  Plate  Girders 

with    False   Parapet  and   Soffit. 


DESCRIPTION   OF  EAST   BOULEVARD  AND  EUCLID 
AVE.    BRIDGES. 

East  Boulevard  Bridge. — The  original  East 
Boulevard  Bridge  was  a  three-hinged  plate 
girder  arch  with  ornamental  stone  abutments. 


Fig.  3. 


Euclid  Ave.  Bridge — Plate  Girders  with  Concrete  Fascias — Steel  Columns  Encased 

in   Concrete. 


The   old    bridges   at   Cedar   Ave.   and  Eas( 

Boulevard    were     dismantled,     and     all  new 

bridges  were  erected  with  derrick  cars.  All 
bridge  work  was  done  by  contract. 


It  was  built  for  two  tracks  and  had  a  clear 
span  of  57  ft.  4  ins.  The  floor  consisted  of 
I-beams  with  a  deck  plate  to  which  the  rails 
were  fastened  directly  by  clips  and  bolts. 


(see  Fig.  2)  is  the  outcome  of  that  suggestion. 
It  was  designed  to  meet  the  requirement  that 
it  have  sometliing  of  the  appearance  of  the 
old  structure,  except  that  the  arch  should  be 
concrete  instead  of  steel.  To  carry  out  the 
idea  as  well  as  possible  the  writer  offered  to 
surround  the  plate  girder  with  a  parapet  and 
false  soffit,  so  as  to  present  the  appearance  of 
a  simple  arch  structure  and  to  face  it  with  a 
matri.x  of  red  granite.  Later  it  was  decided  to 
color  the  mortar  with  iron  oxide — not  a  for- 
tunate proceeding,  for  the  color  is  much  in- 
ferior to  that  of  tlie  granite.  The  granite  is 
now  exposed  in  the  rough  panels  and  along 
tlie  moldings,  pilasters  and  bases  where  it  is 
bush-hammcrcd.  The  smooth  surfaces  are 
weathering  gradually  and  after  a  time  the  dif- 
ference of  color  will  be  less  pronounced. 

The  design  of  the  structure  is  of  interest. 
The  arcli  is  solid  and  perfect  in  condition, 
except  for  a  fine  vertical  crack  in  the  parapet 
over  the  haunches.  This  is  a  shrinkage  crack 
and  it  occurred  soon  after  construction.  Its 
position  could  have  been  predetermined  by  a 
joint.  Tlie  wliole  arch  was  formed  continu- 
ously without  any  intermission  night  or  day, 
and  has  thus  far  been  wholly  impervious 
to  water,  although  no  waterproofing  was  used. 

Because  of  the  deflection  and  vibration  of 
the  plate  girder,  a  longitudinal  joint  was  con- 
structed along  the  face  of  the  arch  and  ad- 
jacent to  the  plate  girder  to  avoid  cracking. 
The  joint  was  filled  with  oakum  and  an 
asphalt  mixture,  but  it  will  not  stay  in  place. 
The  motion  of  the  steel  span  causes  it  to  work 
upward  out  of  the  joint. 

The  false  sofiit  under  the  plate  girder  is 
divided  into  three  sections.    The  center  is  a 
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part  of  the  concrete  floor  slab.  There  is  a 
transverse  joint  10  ft.  8  ins.  each  side  of  the 
center.  From  the  joint  to  the  springing  line 
the  soffit  is  a  sheet  of  mortar  3  ins.  thick, 
plastered  on  woven  wire.  The  wire  is  sup- 
ported by  a  framework  of  light  channels.    Pro- 


the  city  olticiais  a  long  time  before  the  passage 
of  the  ordinance,  even  before  the  live  load  and 
vmit  stresses  were  determined,  and  before  the 
type  of  bridge  had  been  selected.  When  the 
design  of  the  structure  came  up  for  considera- 
tion it  was  soon  found  tliat  the  depth  of  floor 
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■An  ot  Center  of  Bridge  Sloping 
Uniformly  to  lO'neor  Znd  of  Bridge 


Fig.  4.    Section   of  Typical    Bridge    Floor — Concrete    Slab  and    l-Beams. 


vision  is  made  for  motion  at  the  transverse 
joints.  The  concrete  parapet  or  face  of  the 
false  arch  is  separated  from  the  concrete  floor 
slab  by  a  vertical  joint.  This  joint  has  thus 
far  prevented  any  damage  to  the  concrete  due 
the  the  vibrations   from  passing  trains. 

Euclid  Ave.  Bridge. — .■Xt  Euclid  Ave.  the 
tracks  cross  the  street  on  a  4°  curve,  the  tan- 
Igent  making  an  angle  of  37°  29'  with  the  cen- 
ter line  of  the  street.  The  street  was  de- 
pressed 3  ft.  6  ins.,  and  the  railroad  grade 
was  elevated  14  ft.  4  ins.  This  street  was 
made  a  controlling  point  in  the  grade 
line,  tlie  prime  object  being  to  avoid  as  far  as 
possible  any  obstruction  to  the  view  along  the 
avenue.  In  this  respect  the  result  is  quite 
satisfactory  as  may  be  seen  in  Fig.  3. 

Preliminary  studies  indicated  that  a  plate 
girder  bridge  with  curb  supports  was  the  only 
feasible  design.  Sketches  were  made  for 
trusses  spanning  the  wnole  street,  but  they 
were  objected  to  as  unsightly.  The  clear  span 
measured  on  the  skew  is  140  ft.  3  ins.  Be- 
cause of  the  curve  it  was  necessary  to  space 
the  girders  19  ft.  center  to  center.  The  heavy 
live  load  and  the  enormous  dead  load,  to- 
gether with  the  lateral  clearance  needed  be- 
cause of  the  curve,  made  the  use  of  curb  sup- 
ports imperative.  Solid  shale  was  found  27 
ft.  below  the  old  street  surface.  It  was  over 
jlaid  with  water-bearing  sand,  the  depth  oi 
] water  varying  with  the  season — generally  bt- 
iing  about  tj  ft.  .\  concrete  pier  was  construct- 
icd  under  each  of  the  girders  on  the  curb  line, 
ten  piers  in  all  being  provided.  The  inside 
[piers  are  GVixtJ  ft.  in  plan,  and  carry  an  esti- 
mated maximum  load  of  17  tons  per  square 
'foot.  The  sidewalk  spans  are  so  short  that 
he  abutments   are  little   more  than   retaining 
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Ig.  5.     Detail    of   Joint    in    Floor    Slab    for 
Arch    Bridge. 

walh.  Their  load  is  small,  but  to  insure 
against  any  settlement  which  miRlit  damage 
:he  concrete  superstructure  they  arc  founded 
on  piles.  «  ,    «  •       t 

The  thickness  of  the  floor,  3  ft.  6  ms.  from 
top  of  rail  to  the  underside,  was  agreed  to  by 


allowed  was  very  scant.  A  minimum  thick- 
ness of  ballast  of  8  ins.  had  been  agreed  to 
as  necessary  to  prevent  noise  and  avoid  dam- 
age to  the  concrete.  The  summit  of  the  grade 
had  been  located  on  the  bridge  so  it  was  not 
desirable  to  raise  the  grade.  These  condi- 
tions are  stated  in  detail  because,  even  though 
investigations  had  indicated  that  the  water- 
proofing of   the   floor   slabs   was   in   ordinary 


pear  to  work,  and  it  was  naturally  assumed 
that  the  crack  was  occasioned  by  the  tendency 
of  the  wing  walls  to  part  from  the  head  wall 
in  the  angle,  which  is  a  common  occurrence  in 
abutment  masonry.  To  remedy  this  the  wing 
wall  was  cut  loose  from  the  head  wall  during 
the  following  summer  by  drilling  entirely 
through  the  abutment,  and  the  crack  in  the 
pilaster  was  filled  to  a  depth  of  2  or  3  ins. 
In  the  winter  of  1912-13  the  crack  again 
opened,  and  further  repairs  were  required. 
The  portion  of  the  pilaster  below  the  bridge 
seat  and  between  the  crack  and  the  joint  near 
the  end  of  the  abutment  has  been  removed  and 
rebuilt,  using  reinforcing  bars  and  dowels  in  the 
old  concrete.  At  the  bridge  seat  two  grillages 
made  of  rails  have  been  placed,  one  bearing 
upon  the  other,  the  rail  heads  being  in  contact 
with  each  other.  In  this  way  we  have  endeav- 
ored to  provide  a  sliding  surface  of  less  resist- 
tance,  it  being  thought  that  the  pull  of  the 
bridge  in  cold  weather  was  the  cause  of  the 
crack.  The  portion  of  concrete  which  was 
removed  from  the  pilaster  showed  a  projec- 
tion from  the  face  of  about  I/IG  in.  in  ex- 
treme cold  weather. 

Another  crack,  and  one  which  should  have 
been  avoided,  occurred  in  the  outside  columns. 
The  bridge  proper  is  carried  on  steel  columns 
encased  in  concrete.  These  rest  on  concrete 
piers,   carried   to   the    rock    foundation.     The 


Fig.   6.    Cedar   Ave.    Bridge — Plate   Girders    Masked   by  Concrete. 


cases  unnecessary,  there  was  no  fall  to  take 
water  away  from  the  bridge  in  this  case,  and 
cracks  in  the  floor  were  bound  to  occur  over 
the  curb  supports.  Had  there  been  sufticiont 
depth  of  floor  available  to  waterproof  the 
slab  and  give  it  a  protective  covering,  such  a 
course  might  have  been  followed.  Under 
existing  conditions  the  leakage  at  tlie  curb  line 
is  considerable. 

The  bridge  was  constructed  without  at  any 
time  closing  the  street,  only  one  street  car 
track  and  one  side  of  the  roadway  being  aban- 
doned at  a  time  while  depressing  the  roadway. 
The  inside  girders  weighed  70  tons,  and  meas- 
ured !»1  ft.  3%  ins.  over  all.  They  were  placed 
with  a  derrick  car   from  above. 

The  form  of  the  bridge  in  plan  is  a  rhom- 
bus, the  diagonals  bcin«  respectively  S3'/4  ft. 
and  21."i',i  ft.  Both  ends  nf  ihe  striuture  were 
left  free  on  the  abutments.  The  tops  uf  tlie 
abiumcnis  were  linished  smooth  and  were 
well  painted  with  heavy  asphalt  paint.  The 
floor  slab  was  thru  extended  over  the  .ibut- 
mcnts.  Some  trouble  was  expected  from  tcm- 
pcraturo  changes,  and  trouble  diil  later  de- 
velop. There  has  been  a  little  motion  on  the 
top  of  each  abutnirnt— just  enough  to  crack 
the  mortar  in  the  angle  brtwccn  tlie  floor  and 
the  abutment  face.  The  grcatc-t  motion  has 
occurred  at  the  extreme  api(c<  of  the  rhom- 
bus. At  the  northerly  apex  the  motion  has  re- 
sulted thus  far  in  a  few  cracks  that  are  hardly 
noticeable.  .\t  the  southerly  apex,  in  Febru- 
ary, 1012.  a  crack  appearc<l  in  the  face  of  the 
pilaster  extending  from  the  upper  right-hand 
corner  to  the  lower  left-band  corner,  although 
two  expansion  joints  had  been  constructed  in 
the  abutment.     One  of  the  joints  did  not  ap- 


concrcte  fascias  which  conceal  the  bridge  rest 
on  t!ie  outside  colimms,  but  the  columns 
were  suflicicntly  elongated  in  cross-section 
with  concrete  to  carry  the  load.  In  each 
of  the  four  outside  columns  the  concrete 
has  parted  from  the  steel,  although  the  crack 
i',  as  yet,  barely  visible.  It  is  now  evident 
that  steel  reinforcement  should  have  bound 
the  concrete  under  the  fascia  to  the  steel  col- 
umn under  the  girder,  even  though  the  com- 
posite column  docs  have  a  solid  rock  founda- 
tion. 

nRIIX:E    FLOORS. 

It  was  required  that  the  railroad  bridge 
floors  be  relatively  noiseless  and  waterproof. 
In  former  years  every  effort  has  been  put 
forth  to  buiid  shallow  floors  so  as  to  minmi- 
uc  the  change  of  grade.  Such  floors  have 
always  permitted*  the  muddy  water  to  seep 
through  upon  pi.'"ii  n.^^in..  Ii.l.w  and  have 
operated  as  dm  cry  sound 

from  llic  pa'-siii  ime  these 

defects  the  floors  were  made  oi  l-beams  and 
lonrrctc  slabs,  upon  which  tracks  were  laid 
and  ballasted  as  upon  the  ground.  Such  a 
design  recjuires  a  greater  depth  of  floor,  which 
means  a  greater  change  of  grade,  and  more 
■ilccl  to  carry  the  adtled  weight  of  concrete. 
The  bridge  is  therefore  more  expensive.  But 
in  cities  where  the  noise  is  troublesome  the 
ballasted  floor  is  a  great  improvement.  Trains 
passing  over  such  floor  are  noticed  but  little 
more  than  when  passing  over  the  solid 
ground. 

A  concrete  floor  slab  can  also  be  made  rea- 
sonably water-tight.  Both  observation  and 
experience  indicated  that  wafer-tightness  could 
lie  secured  either  by  concrete  alone  or  in  com- 
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bination  with  waterorooling.  The  requisite 
.seemed  to  be  that  the  material  and  workman- 
sliip  should  be  the  very  best.  If  poor  water- 
jiroohng  were  placed  over  poor  concrete   the 


to  the  girder  webs  and  malleable  cast  tiash- 
ings  were  htted  around  the  stiffeners  to  cover 
and  seal  the  edge  of  the  concrete  (see  Fig.  4). 
This   design   was   very   successful.     At   points 


Fig.  7.    Mayfield  Road  Bridge — Plate  Girders  Masked    by  Concrete. 


structure  would  leal<.  If  the  concrete  were 
good  it  would  hold  water,  either  with  or  with- 
out the  waterproofing. 

In  order  to  confirm  these  opinions  before 
construction  an  investigation  of  concrete  prac- 
tice on  otlier  roads  and  in  building  work  was 
undertaken  by  Mr.  G.  11.  Tinker,  bridge  engi- 
neer, New  York,  Chicago  &  St.  Louis  R. 
R.  Later  as  chairman  of  the  Committee 
on  Masonry  of  the  American  Railway  Engi- 
neering Association  he  had  exceptional  oppor- 
tunities for  continuing  the  study.  The  result 
of  this  work  was  in  harmony  with  the  above- 
stated  views,  and  the  bridge  floors  were  ac- 
cordingly designed  without  waterproofing.  .\ 
paper  by  Mr.  Tinker,  setting  fortii  briefly  the 
information  he  has  accumulated,  appeared  in 
Vol.  "i,  No.  3,  of  the  Journal  of  the  Cleveland 
Engineering  Society.  The  following  extract 
is    quoted    therefrom  : 

In  the  liridges  recently  built  in  Cleveland  by 
the  Nickel  Plate  no  foreign  waterproofing  sub- 
^st;lnce  has  been  used.  An  attempt  has  been 
made  to  construct  a  concrete  slab  which  would 
be  in  Itself  as  nearly  waterproof  as  is  practic- 
able or  desirable  to  make.  Thi.s  has  proved  sat- 
isfactory. When  the  Cedar  Ave.  bridge  floor 
was  built,  the  ends  of  the  bridge  were  dammed 
up,  and  the  trough  so. formed  was  tilled  with 
water  and  allowed  to  stand  for  several  days. 
No  water  whatever  came  through  at  any  pouu 
of  the  slab.  A  little  w.-vter  ran  through  the  dam 
and  down  over  the  l)ack  wall  and  seeped  tlirougli 
the  .ioint  between  the  bridge  seat  and  Hour  slab. 
At  the  center  bent  there  is  a  drainage  .system 
provided  to  carry  what  water  might  percolate 
through  at  that  point  down  to  the  gutters. 
Through  some  slight  defect  in  the  formation  of 
this  drainage  some  water  seeped  through  there 
and  dampened  the  concrete,  but  at  no  point  of 
the   bridge   did  any   water  drip. 

Special  efforts  were  made  to  avoid  the  en- 


of  contraflexure  over  curb  supports  and  at 
Cedar  .Ave.  over  the  center  columns  it  was 
realized  that  cracks  would  develop,  and  an 
attempt  was  matle  to  forestall  their  appear- 
ance by  the  construction  of  joints.  The  joints 
were  carefully  provided  with  gutters  and 
drainage  pipes,  and  it  was  hoped  that  no  trou- 
ble would  be  experienced  with  the  water. 
The  cracks  were  successfully   forestalled,  but 


but  there  came  a  great  rush  of  \\ork  at  a 
critical  time  and  the  floors  suffered.  In  Eas.t 
Cleveland  at  a  later  date  it  became  necessary 
to  build  waterproof  joints  at  the  hinges  of 
the  arch  bridges.  This  was  successfully  ac- 
complished in  the  manner  shown  in  Fig.  5. 

The  concrete  in  the  floor  slabs  cost  about 
$12  per  cubic  yard  in  place. 

Now  that  the  bridges  are  completed  and 
liave  been  two  or  more  winters  in  service,  the 
conclusions    are    as    follows: 

(1)  Concrete  can  be  made  water-tight,  un- 
der low  'heads,  for  all  practical  purposes. 

(2)  The  mixing,  placing  and  ingredients 
'■f  concrete  are  subject  to  such  a  great  num- 
l>er  and  variety  of  defects  that  only  the  keen- 
est attention  will  secure  an  impervious  struc- 
ture. 

(3)  Contraflexturc,  temperature  changes 
and  settlements  will  produce  cracks. 

(4)  It  is  best  to  forestall  cracks  with  pre- 
determined  joints. 

(5)  Joints  can  be  sealed  against  water  if 
well  designed. 

The  highway  bridges  were  paved  witli  brick. 
I'he  gutters  have  a  good  fall,  and  the  water 
runs  off  quickly.  On  the  under  side  of  the 
liridge  floors  the  concrete  is  protected  from 
locomotive  blasts  by  cast-iron  plates  %  in. 
thick  and  36  ins.  wide.  They  weigh  71  lbs 
per  linear  foot,  and  cost  $.5.23  per  foot  in 
place. 

ORNAMENTATION     OF    BRUGES. 

Both   cities   insisted   that   the  bridges   be  of 
an   ornamental   character.      In    Cleveland  that 
idea  seemed  to  mean  that  the  structures  must 


Fig.  8.    Three-Hinged   Steel    Arch   at   Eddy    Road,   Cleveland. 


the  drainage  was  unsuccessful.  The  channels 
soon  became  clogged  with  cinders,  and  the 
tlctails  of  the  steelwork  in  the  cross-girders 
did  not  leave  room  for  a  sufficient  body  of 
concrete,  and  in  some  instances  the  concrete 
proved  imperfect.     Therefore,  while  the  slabs 


Fig.   9. 


Shaw   Ave.    Bridge,    East   Cleveland — Flat    Beam  Fascia  with  Ornamental   Iron 

Railing. 


trance  of  water  between  the  steel  and  con- 
crete and  at  point-,  of  contraflexure  and 
where  cracks  might  develop  from  temperature 
changes.    Bevel  flashings  of  steel  were  riveted 


proved   generally   tight,    there   has   been   some 
leakage  at  points  of  contraflexure. 

Much   reliance   has  been  placed  on   the  use 
of  direct  labor  and  carefully  selected  foremen. 


be  masked  with  concrete.  Steel  was  held  t. 
be  unsightly,  but  concrete  was  in  high  favor 
The  bridges  over  East  Boulevard  and  Cedar 
Ave.  were  surrounded  bv  park  land  of  consid- 
erable beauty.  In  Ea.->t  Cleveland  the  nninici- 
pal  artist  pinned  his  faith  to  a  steel  arch. 

A  study  of  the  bridges  shown  in  Figs.  1, 
3,  0,  7,  8  and  9  furnishes  sufficient  evidenci 
that  bridges  can  be  constructed  which  '•>'• 
artistic  and  which  do  not  detract  from  tli 
beauty  of  the  surroundings.  The  bridges  ai 
East  Boulevard  and  b'uclid  .\vc.  are  shown  in 
l'"igs.  2  and  3  res])eclivcly,  both  of  whicli  hayc 
already  l)een  dcscrilied  somewliat  in  detail 
The  Cedar  .Xvc.  Bridge  (sec  Fig.  0)  was  tir-' 
designed  and  planned  as  a  type.  It  dnisisl- 
of  a  set  of  plate  girders  masked  in  concrcli 
The  aim  in  its  design  was  to  secure  a  plea< 
ing  effect  from  general  lines  and  wilhoiii 
fineness  of  detail.  The  restrictions  of  spac( 
for  the  roadway  prevented  that  freedom  o' 
treatment  which  is  necessary  to  secure  tb' 
best  results. 

The  writer  has  always  felt  a  strong  repug- 1 
nance  to  the  use  of  stone  as  a  beam.  Such  | 
;i  beam  is  not  self-supporting  and  can  never 
be  more  than  a  symbol  of  deception.  Ac- 
cordingly he  tiied  to  relieve  the  "curse"  '"' 
giving  the  fascia  the  form  of  an  arch.  bin. 
while  the  curve  of  the  softu  is  somewhat  plea-- 
ing,  the  required  clearance  of  the  roadway  pro- 
vented  a  rise  that  wotdd  afford  much  resemb- 
lance to  an  arch. 
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The  reddish  color  of  the  East  Boulevard 
Bridge,  designed  about  a  year  later,  resulted 
from  some  criticism  of  the  glaring  whiteness 
of  concrete. 

The  elevation  of  the  concrete  fascia  of  the 
Maytield  Road  Bridge  (see  Fig.  7)  was  de- 
signed in  the  office  of  Robert  Hoffman,  chief 
•engineer.  Department  of  Public  Service.  In 
this  case  the  concrete  fascia  is  built  directly 
upon  the  outer  girder,  and  it  was  desired  to 
cover   the    stiffener    angles    and    to    secure    a 


pleasing  etYect  without  the  use  of  too  large  a 
mass  of  concrete. 

In  East  Cleveland  the  artists  were  not  so 
active.  The  attitude  was  rather  a  stubborn 
opposition  to  everything  proposed  by  the  com- 
pany. Steel  arches  were  demanded  because 
of  the  one  formerly  used  at  East  Boulevard, 
and  a  type  of  iron  railing  was  designed  and 
adopted  by  the  council.  The  company  was 
finally  able  to  avoid  all  but  seven  of  the  arches. 
It  had  little  interest  in  the  railings. 


Figure  8  shows  a  view  of  the  Eddy  Road 
Bridge,  which  consists  of  a  three-hinged  steel 
arch  with  an  ornamental  iron  railing. 

A  band  of  concrete — a  concrete  beam — was 
used  to  conceal  the  plate  girder  spans  of  the 
Shaw  Ave.  Bridge  shown  in  Fig.  9.  This 
bridge  also  has  an  ornamental  iron  railing; 

Since  the  bridges  have  been  completed  the 
consensus  of  opinion  locally  is  in  favor  of  the 
plate  girders,  and  it  is  admitted  that  the  lines 
of  the  railings  are  too  fine. 
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Principles  and  Methods  for  the  Valua- 
tion   of    Railroad    Property    and 
Other  Public  Utilities. 
(Cominued  from  Page  340. ) 

0VERHE.\D    CHARGES. 

When  the  items  contained  in  the  inventory 
are  multiplied  by  the  corresponding  unit 
prices  and  the  products  are  added,  the  result  is 
only  a  part  of  the  cost  of  creating  the  physical 
property,  for  the  reason  that  the  unit  prices 
used  are  generally  based  upon  the  direct  cost 
of  similar  works,  and  do  not  include  the  in- 
direct or  incidental  expenses.  For  instance, 
in  fixing  a  price  for  a  building,  the  unit  price 
under  most  circumstances  would  be  the 
jamount  for  which  a  contractor  would  under- 
itake  to  build  and  complete  the  building,  or  it 
imight  be  the  estimated  cost  of  supplying  the 
ilabor  and  materials  for  the  building,  with  a 
;due  allowance  for  the  profit  and  expenses  of 
the  contractor  and  sub-contractors.  In  order 
to  obtain  the  full  cost  of  a  building,  it  would 
he  necessary  to  include  the  fees  of  architects, 
the  amount  paid  inspectors,  the  cost  of  grad- 
ng  the  grounds,  the  amounts  expended  for 
interest,  taxes,  insurance,  and  legal  expenses, 
and  a  fair  sum  for  the  value  of  the  time  de- 
voted by  the  owner  to  the  planning  and  con- 
struction of  the  building. 

If  the  person  making  the  valuation  had  in- 
formation as  to  the  cost  of  a  similar  building 
which  included  all  these  items  there  would  be 
little,  if  anything,  to  be  added  to  obtain  the 
reproduction  cost  of  the  building,  but  if,  a^ 
■s  usuallv  the  case,  the  unit  cost  does  not  in- 
rludc  such  items,  material  additions  must  be 
made  in  order  to  determine  the  true  reproduc- 
tion cost. 

'  The  amount  of  the  overhead  charges  ap- 
Iplicablc  to  anv  property  should  be  determined 
Ion  the  basis  of  the  prices  prevailing  at  or  near 
(the  time  of  the  valuation,  but  under  the  con- 
'difions  existing  when  the  plant  was  created. 
The  accurate  determination  of  the  amount  of 
•the  overhead  charges  presents  such  difticulty 
'that  reasonable  actual  costs  should  be  used  as 
fa  basis  in  the  case  of  fairly  new  properties 
Iwherc  such  costs  can  be  determined. 
I  The  allow.ince  for  overhead  charges  has 
fecnerallv  liccn  substantially  un<lcrcstimatcd  by 
commissions  and  the  courts,  as  well  as  by  cn- 
sinccrs  of  limited  pmctical  experience  in  con- 
•«truction  work.  The  latter  arc  prone  to  as- 
Isume  that  unit  prices  bid  by  contractors  or 
tlrtermincd  .luring  the  progress  of  the  work 
the  inspector  are   fair  measures  of  its  tinal 

-t  to  the  owner,  but  such  is  rarely  the  rasr. 

The  character  and  amount  of  overhead 
Charges  are  discussed  in  the  following  scc- 
'i^ns: 

rRF.I.I.MINARY    I.XPKNSES. 

Before  a  public  service  properly  can  be 
ibrouRht  into  existence  or  even  its  construc- 
'lion  begun,  a  cnnsiderablc  amount  of  money  i* 
nccesiiarilv  cxpen.lcd  for  promnliiig  invcsti- 
lating,  organiziuB  and  fnian.-mir.  and  tins  ex- 
pense, together  with  the  \  i'  '' 
•>f  those  promoting  and  ■ 
should  be  inclmled  in  the 
motion    of    projects,    pub] 

o   often   been    accompli-' 
fraudulent  methods  that  • 

arries  with  it  unpleasant 
be    recognized,   however,    that    wiii-;'.u 
nan  or  bmlv  of  men  to  promote  public  f 
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projects  they  would  not  exist  except  under 
public  ownership,  and  that  the  services  of  the 
promoter  are   therefore  valuable. 

The  preliminar>'  stage  of  important  devel- 
opments is  often  long  continued  and  expen- 
sive. For  instance,  in  the  case  of  a  large 
hydro-electric  development  it  is  necessary, 
first,  that  someone  should  discover  a  situation 
favorable  for  the  development  of  power  and 
near  enough  to  a  market  to  warrant  the  con- 
sideration of  the  project.  With  such  a  project 
several   steps  are  usually  taken. 

First,  there  is  the  preliminary  study,  which 
must  be  carried  to  the  extent  necessary  to 
warrant  expenditures  for  a  further  investiga- 
tion and  for  obtaining  a  charter  or  franchise. 
\ext  there  is  usually  a  further  investigation, 
with  engineering  and  legal  assistance,  options 
arc  obtained  upon  tlic  land  required  for  reser- 
voirs and  other  purposes,  reports  arc  pre- 
pared, and  in  general  the  project  is  put  in 
shape  for  presentation  to  those  who  may  be 
willing  to  finance  such  an  undertaking. 

At  this  stage  of  the  proceedings  experts  are 
frequently  employed  to  make  investigations 
(if  the  various  features  of  the  project,  and  ii 
their  reports  are  sufficiently  favorable,  the  or- 
ganization of  the  corporation  is  perfected, 
the  bonds  are  offered  for  sale,  all  necessar> 
permits  from  public  authorities  are  obtained. 
the  acquisition  of  land  and  rights  is  begun, 
the  final  surveys  and  investigations  arc  made, 
and  the  preparation  of  plans  and  specifica- 
tions for  the  construction  of  the  work  is  car- 
ried  forward. 

If  the  reports  of  the  experts  are  unfavor- 
able, the  project  is  usually  abandoned,  with  a 
considerable  loss  to  those  promoting  the 
project.  Promotion  is  a  hazardous  undertak- 
ing, and  this  feature  should  be  considered  in 
determining  the  value  of  the  services  of  the 
promoter. 

The  issuing  and  marketing  of  bonds  in- 
volves the  payment  of  a  commission  to 
brokers  as  well  as  various  other  expenses,  all 
of  which  should  be  included  in  the  valuation, 
but  the  discount  on  bonds  due  to  fixing  the 
interest  rate  so  low  that  the  bonds  will  not 
sell   at   par,   should   not   be   so   included. 

The  amount  of  the  preliminary  expenses 
for  different  projects  varies  both  with  the 
character  of  the  works  to  he  built  an<l  the 
degree  of  care  and  skill  used  in  the  prepara- 
tory work. 

The  preliminary  expenses  in  connection  with 
ordinary  additions  anil  extensions  are  gcner- 
ally  much  less  than  those  incurred  in  connec- 
tion with  the  original  plant,  but  they  still 
i-xisi,  as  for  instance,  for  invrsti«,iticiiis  and 
designs,  for  issuing  and  marketing  bonds,  and 
for  many  other  things. 

The  principal  incidental  expenses  during 
coiislriulion  may  be  classified  under  the  heads 
Ivngineering,  ficneral  I'"xpenses,  Contingcni-ies, 
anil   Interest  and  Taxes. 

!-.$niiiu-.-iiiiii  I'ndcr  the  head  Engineering 
iv  "  ....     ,-|^.  strictly  cnginccr- 

iii,  other  technical  em- 

!•     ;,     ,l.Tt",...'.     :.. 

the   line   between   l! 
:.  .iiv!    lb. it    iliuim- 

lv  to   incllidr    ibc 

[  cring  expenses 

..1    »iib    ibc    |(rci..ir.iiion   of    the    final 

'if  the  worVi  with  those  incurred  dur- 

tlirir  construction. 

The   perccnlage    of    the    cost   of    the    work 


represented  by  engineering  differs  with  the 
character  of  the  works  and  with  the  amount 
of  care  and  skill  exercised  in  their  design 
and  construction.  On  railroads  it  is  com- 
monly estimated  that  the  engineering  cost 
will  amount  to  5  per  cent  of  the  physical  val- 
uation of  the  property,  exclusive  of  overhead 
charges.  Statistics  of  the  cost  of  engineering 
are  available  in  connection  with  several  mu- 
nicipal  and   other  works,   as  follows: 

Nletropolitan  Water  Works,  Massachusetts. 
This  property,  costing  to  the  end  of  1912,  $42,- 
iKW.OOO,  is  to  the  extent  of  $1.3,.300,U0rt  made 
up  of  old  works  purchased  from  the  City  of 
Boston  and  others,  on  which  the  engineering 
charge  is  not  known,  leaving  $2li,73tj,000,  of 
which  the  engineering  charge  was  $2,077,000. 
equal  to  7.77  per  cent.  Based  on  the  total  cost, 
exclusive  of  engineering,  the  percentage  is 
8.42.  These  amounts  include  both  the  prelim- 
inary engineering  and  that  during  construc- 
tion. 

Boston  Subways.  Table  I  has  been  com- 
piled  from   official   reports. 

tabu::  I.— boston  transit  comjiission. 


(1895-1912.) 


Total  cost. 

Subway: 

Engineering   )    407.475.{S 

Gen.   exoense  (Inc. 

commission)     ...      131.6S1.S7 
Construction    3,586,002.33 

Total    14,125, 159.6S 

East  Boston  Tunnel: 

Enslneerint;   i    191,466.57 

Oen.  expense  161,134.7S 

Construction    2,894,693.01 

Total    $3,247,196.36 

Boston  Tunnol  and  Subway: 

Enslncerlns    S    417,866.2.". 

Gen.  expense   226,441.57 

Constnicllon    7,623,206.56 

Totiil    J8,267.514.3S 

CaiiibrUlKO  Connection: 

KnKlne.TliiK    $      96,57i;.46 

Gen.  expense   62,355.20 

Construction    1,199,904.39 

Total   Sl,358,S35.l.5 


Pctg.      Pets, 
of       of  con- 
total  struction 
cost.        cost. 


9.S8 


3.19 
S6.93 


100.00 


11.34 


3.68 
100.00 


5.90  6.62 

4.96  5.57 

89.14  100.00 

100.00        


.'..05 

2.73 

92.22 

100.00 

7.10 

4.59 

88.31 

loiTo^ 


.5.48 

3.58 

100.00 


8.05 

5.20 

lOO.OO 


.\'ew  York  Water  Works,  now  in  process  of 
construction.  The  disbursements  upon  this 
work  to  the  end  of  September,  IPIH,  amounted 
to  Slu.'t.K.i.OOO.  The  engineering  expense  di- 
rectly altributable  to  the  work  under  construc- 
tion amounted  to  SlO.iViO.ooO,  equal  to  9.7S  per 
cent  of  ihc  total  disbursements  for  this  work. 
In  :iddttion,  there  were  engineering  expenses 
relating  to  investigations  of  other  drainage 
areas,  which  are  only  indirectly  altributable  to 
the  work  under  construction,  amounting  to 
$:19.|.000  or  0.:J.S  per  cent  of  the  tola!  disburse- 
ments, m.aking  tiic  total  for  engineering  lil.Ifi 
per  cent.  It  is  to  he  noierl,  however,  that 
there  is  included  in  this  case  under  the  head 
"cnBinccrinR"  lb-  '  ■■•■  unusually  extensive 
lx->riiics  and  in\  ■  which  were  not  in- 

,  Ii;  !.  .1    ,1^    an    •  <    charge    upon    the 

11  water  works.  There  is  not  in- 
■■  ever,  the  cost  of  expensive  inves- 
iiK.iti..iis  by  sinking  shafts  at  the  Hudson 
Ki\rr,  which,  although  originally  charged  to 
i:  account,    has    been    deducted 

1  I'ts    afterward   became   a  part 

oi    trir   iiii.ii   .  •iii>truction. 

Charles    River   Basin    Commission,   Boston. 
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Dam,   lock,   embankments,   marginal    conduits, 
etc.,  completed  1909.     Table  II. 


TABLE    II. 


Pctg.      Pctg. 

of        of  con- 
total  structioii 
cost.        cost. 

2.6  3.2 

12.4  15.5 


0.3 

73.1 

6.6 


SO.O         100.0 
5.0  6.2 


Total  cost. 
.•\dministration  ...$  04,011.97 
iJngineerjng   446,096.03 

Construction: 

Freliminaiy    10,783.86 

Contracts    2,629,671.95 

Additional   237,433.22 

Total   const'cfn.   2,877,889.03 
Real   estate    179,730.77 

$3,597,727.80       100.00  

Pennsylvania  Railroad  Tunnels.  The  cost 
of  engineering  for  the  East  River  Division  of 
the  Pennsylvania  Railroad  tunnels  amounted 
to  5.8  per  cent  of  the  total  cost  of  the  work, 
including  excavation,  retaining  walls  around 
the  station  area  in  New  York,  the  tunnels 
eastward  under  the  streets  and  East  River  to 
the  surface  in  Long  Island,  terminal  yard  in 
Long  Island,  and  engineering.  This  is  equiva- 
lent to  a  ti.l  per  cent  of  the  cost,  exclusive 
of  engineering. 

Kennebec  Water  District,  Maine.  New 
gravity  water  supply,  with  auxiliary  steam 
pumping   plant,   1906.     Table   III. 

TABLE  III. 

Pctg.      Pctg. 
of        of  con- 
total  struction 
Total  co.st.         cost.        cost. 

Administration    $     6.161.20  2.30  2.53 

Engineering   17,872.35  6.69  7.35 

Construction; 

Rights   of   way 962.97  0.36  1 

Pumping   station...      20,833.39  7.80 

Steam    plant    6,275.59  2.34  }■    100.00 

China     Lake     Pipe  I 

Line   215,302.93        80.51  J 

Total    $267,408.13       100.00         

Louisville,  Ky.,  Sewerage  Works,  1906  to 
1912.  This  work  consisted  of  intercepting 
sewers,  trunk  sewers,  and  a  small  proportion 
of  lateral  sewers.  Table  IV.    This  total  is  ex- 

TABLE   IV. 

Pctg. 
Pctg.  of  pay- 
of  total  ments 
expen-  to  con- 
Total  cost,     dilures.  tractors. 
Administration    ...$      78,025.03         2.09  2.37 

Engineering    336.544.87         9.00  10.23 

Rights  of  way 12,319.36        0.33  0.37 

Castings  and  other 

metal   work    15,461.29        0.41  0.47 

Damage  suits  (exc. 

of  rights  of  way)          8,307.52        0.22  0.25 
Amounts    of    pay- 
ments  to  contr's  3,289,330.89       87.95  100.00 


$3,739,988.96     100.00 


elusive  of  the  cost  of  preliminary  engineer- 
ing, which  involved  an  e.xpense  of  approxi- 
mately $57,000,  equivalent  to  1.7  per  cent  of 
the  construction  cost  ($3,289,330.89)  shown 
above. 

Watertown. — Mechanical  filters,  built  in 
1903;  cost,  $97,065;  engineering  cost,  5.9  per 
cent. 

Ogdensburg. — .Sand  filters  built  in  1010:  cost 
of  work,  $167,69'! ;  engineering  charges,  7  per 
cent,  excluding  cost  of  preliminary  report, 
which  amounted  to  $500. 

Hudson  River  State  Hospital. — Sand  filter 
plant  built  in  1904;  cost,  $.30,000;  total  cost 
of  engineering,   lOVz  per  cent. 

Peekskill.— Sand  filters  built  in  1908;  total 
cost,  $63,304;  cost  of  engineering,  7.1  per  cent. 

Yonkers. — Open  sand  fdters,  built  1903; 
total  cost,  $50,165;  total  cost  of  engineering, 
7.3  per   cent. 

Yonkers: — Covered  sand  fdters,  built  in 
1907;  tot.il  cost,  $106,708;  cost  of  engineering, 
8.7  per  cent. 

Ithaca,  N.  Y.— Filters  built  in  1903  on  a 
percentage  basis  under  rusli  conditions;  cost, 
$192,114;   engineering  cost,  7  per  cent. 

Springfield,  Mass. — Water  works  built  in 
1910;  construction  of  additional  supply  from 
Little  River,  including  diversion  works,  res- 
ervoir, filters,  and  pipe  lines;  cost,  $1,465,393; 
cost  of  engineering,  10  per  cent.    The  basis  of 


computation  does  not  include  the  sum  of 
$26'8,00l>  paid  for  land,  legal,  and  other  ex- 
penses. 

Springfield,  Mass. — Ludlow  filters;  built  in 
1906  at  a  cost  of  $43,306,  to  meet  an  emer- 
gency, and  requiring  very  rigid  inspection  to 
secure  proper  grade  of  sand  and  proper  sani- 
tary conditions  during  construction;  cost  of 
engineering,  including  board,  livery,  cots,  bed- 
ding, and  provisions  for  inspectors  on  work, 
17  per  cent. 

It  is  obvious  that  the  cost  of  engineering 
varies  with  the  character  of  the  work.  For 
instance,  the  construction  of  an  important 
dam  or  aqueduct,  built  in  place  and  requiring 
skill  in  designing,  and  a  careful  inspection 
of  every  part  of  the  work  as  it  is  built,  re- 
quires a  larger  expenditure  for  engineering 
than  a  large  cast-iron  pipe  line  where  the  cost 
of  laying  the  pipes  in  a  trench  is  but  a  small 
percentage  of  the  total  cost  of  the  line,  and 
the  work  progresses  so  rapidly  that  the  in- 
spection cost  is  small  in  proportion  to  the  total 
cost. 

The  cost  of  engineering  varies  not  only  with 
the  class  of  work  but  with  the  character  of 
the  design  and  execution.  For  instance,  works 
may  be  built  with  little  inspection,  from  crude 
designs  prepared  by  unskilled  engineers,  with 
the  result  that  the  cost  of  works  may  be  large 
although  the  percentage  paid  for  engineering 
may  be  small.  Work  skillfully  designed  and 
efficiently  constructed  necessarily  involve  a 
larger  cost  for  engineering,  which  should  be 
recognized  in  any  v.nluation  when  the  works 
.give   evidence   of   such   skill   and   efficiency. 

The  cost  of  engineering  for  additions  and 
extensions  of  a  property  may  be  as  large,  or 
even  a  larger  percentage  of  the  total  cost  than 
for  the  original  plant,  but  under  a  continuous 
system  of  regulation  engineering  for  addi- 
tions and  extensions,  if  charged  to  current  ex- 
penses, should  not  be  included  in  the  valua- 
tion. 

It  is  sometimes  suggested  that  no  engineer- 
ing charge  should  be  made  in  connection  with 
the  acquisition  of  real  estate,  and  there  may 
be  some  cases  where  such  a  view  would  be 
substantially  correct.  It  is  frequently  the 
case,  however,  especially  where  strips  of  land 
are  to  be  acquired,  that  the  engineering  cost 
is  as  great  as  for  other  portions  of  the  work. 

The  record  of  the  cost  of  flie  Wachusett 
Reservoir,  where  the  engineers  had  little  to  do 
with  the  acquisition  of  land  other  tb.an  to  pre- 
I)are  the  plans  of  the  lands  and  to  make  ap- 
praisals of  the  mill  oroperty  and  water  rights, 
amounted  to  aliout  3  per  cent  of  the  total  cost 
of  the  property  acquired.  The  percentage 
would  have  been  considerably  larger  if  nearly 
all  of  the  property  had  not  been  acquired  by 
purchase  and  very  little  by  condemnation  pro- 
ceedings. 

The  records  of  the  New  York  Water  Works 
show  that  the  engineering  connected  with  the 
acquisition  of  land  to  the  end  of  September, 
1913,  amounted  to  1.87  per  cent  of  the  total 
expenditures  on  land  account  and  to  about 
•'i  per  cent  of  the  awards  to  the  owners  of  the 
property. 

General  Expenses. — Under  the  head  of  Gen- 
eral Expenses  are  included  all  administrative, 
legal  and  other  general  expenses  during  the 
period  of  construction.  Such  expenses  include 
general  ofifice  rent,  the  salaries  of  the  officers 
of  the  corporation  and  of  the  secretary,  treas- 
urer, legal  advisers,  clerks  and  others.  Statis- 
tics showing  the  amount  of  such  expenses  in 
the  case  of  corporations  are  not  available  to 
the  committee.  The  statistics  of  municipal 
public  service  properties  throw  some  light 
upon  the  subject,  although  generally  defective 
in  that  the  offices  are  frequently  in  public 
Iniildings  where  no  rent  is  charged  and  the 
financial  and  legal  duties  are  performed  to  a 
large  extent  bv  those  who  receive  salaries  paid 
out  of  general   funds. 

On  the  Massachusetts  Metropolitan  Water 
Works,  the  administrative  and  expert  services, 
with  a  small  portion  of  the  legal  services, 
amounted  to  1.43  per  cent  of  the  cost  of  the 
work,  an  unusually  low  figure,  as  there  was 
very  little  litigation  in  connection  with  the 
work. 

On  the  New  York  Water  Works  the  strictly 


administrative  expenses  to  the  end  of  Septem- 
ber, 1913,  were  1.12  per  cent  of  the  total  dis- 
bursements to  that  date,  but  in  addition,  ad- 
vertising and  the  fees  of  special  counsel  and 
commissioners  of  appraisal  to  the  end  of  1912, 
all  in  connection  with  the  acquisition  of  landi 
amounted  to  $2,966,000,  equivalent  to  3.39  per 
cent  of  the  total  disbursements  to  that  date, 
making  the  total  for  general  expenses,  exclu- 
sive of  police   services,  4.51  per  cent. 

On  the  Boston  subways  the  general  ex- 
penses, as  given  by  the  accounts,  have 
amounted  to  3.42  per  cent  of  the  total,  but 
some  items  usually  classed  as  general  ex- 
penses were  charged  directly  to  the  various 
sections  of  the  work. 

It  should  be  remembered  that  in  all  the 
cases  above  cited,  a  part  of  the  general  ex- 
penses have  been  paid  out  of  general  funds 
and  are  not  included  in  the  above  percentages. 

In  modern  works  in  populated  sections  of 
the  country  there  is  a  strong  tendency  toward 
an  increase  in  general  expenses,  owing  to  the 
greater  attention  paid  to  policing  and  sanita- 
tion where  large  bodies  of  men  are  employed. 

On  the  Metropolitan  Water  Works  "the 
charge  for  police  services  amounted  to  $211,- 
000  for  works  costing  $26,736,000,  equal  to 
0.79  per  cent. 

On  the  New  York  Water  Works  to  the  end 
of  1912,  the  total  disbursements  amounted  to 
$7,551,000,  of  which  $1,309,000  was  for  police, 
equal  to  1.56  per  cent  of  the  total. 

The  committee  believes  that  original  condi- 
tions should  be  considered  in  determining  the 
proper  percentage  for  general  e.xpenses  and 
that  the  allowance  above  suggested  for  police 
and  sanitation  should  be  included  only  when 
similar  expenditures  were  actually  made  in 
the  creation  of  the  property  under  considera- 
tion. 

Contingencies. — In  making  an  estimate  of 
thecost  of  a  projected  undertaking,  the  ex- 
perienced engineer  adopts  a  policy  of  liberal- 
ity with  the  intention  of  reaching  the  prob- 
able actual  cost  of  the  proposed  work,  and 
even  under  such  circumstances  the  actual  cost 
is  as  likely  to  exceed  as  to  run  below  the  esti- 
mate. 

This  policy  of  liberality  includes  an  addi- 
tion to  the  computed  theoretical  or  geomet- 
rical quantities  in  all  cases  where  the  actual 
quantities  are  likely  to  be  greater,  the  adop- 
tion of  liberal  rather  than  minimum  prices  for 
the  various  items  of  work,  and  a  further  al- 
lowance for  contingencies.  If  the  plans  are 
incomplete,  so  that  many  minor  features  are 
omitted,  he  properly  adds  more  for  omissions 
and  contingencies  than  where  the  plans  are  in 
greater    detail. 

In  the  valuation  of  a  public  service  proper- 
ty, the  same  ideas  should  be  kept  in  view  and 
the  percentage  or  sum  to  be  allowed  for  con- 
tingencies should  be  governed,  to  a  consider- 
able extent,  by  the  completeness  of  the  inven- 
tory and  the  amount  already  allowed  for 
omissions,  by  the  extent  to  which  additions 
have  been  made  to  the  computed  theoretical 
quantities  and  by  the  degree  of  liberality  of 
the  prices  affixed  to  the  various  items  of  the 
inventory,  but  in  no  case  should  the  contin- 
gencies be  omitted  or  reduced  to  a  small 
figure.  Large  contingent  expenses  are  neces- 
sarily incurred  in  practically  all  important 
public  works.  They  may  occur  from  very 
many  causes,  among  which  may  be  enumer- 
ated the  failure  of  contractors  and  the  cost 
and  legal  expenses  incident  thereto;  to  the 
delay  of  certain  parts  of  the  work  caused  by 
such  failure;  to  injunctions  or  to  the  inability 
to  obtain  possession  of  land  in  due  season, 
thereby  necessitationg  the  execution  of  such 
portions  of  the  work  under  winter  conditions 
or  other  adverse  circumstances;  to  stringen- 
cies in  the  money  market,  causing  a  temporary 
shortage  of  funds,  and  a  consequent  disor- 
ganization of  the  forces  employed  on  the 
work:  to  protracted  strikes;  to  the  necessity 
of  rebuilding  parts  of  the  work  which  have 
failed  because  of  improper  design  or  unfore- 
seen causes ;  to  making  alterations  found  to 
be  necessary  or  desirable  after  the  work  is 
built,  to  the  slipping  of  carlh  or  rock,  and  to 
making  changes  in  plans  which  increase  the 
cost   of  work. 
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Such  contingent  expenses  as  those  above 
enumerated,  with  the  exception  of  the  last 
two,  should  be  included  as  contingent  ex- 
penses in  any  valuation  of  an  existing  prop- 
erty because  the  existence  of  the  propcrtv 
does  not  give  any  clew  to  the  amount  of  most 
of  the  contingent  expenses  involved  in  its 
>  reation. 

There   is  another  subject  closely   related  to 
ontingencies  which  may  be  classed  as  insur- 
ance  or   risk.     For   instance,   if  an   owner  of 
j  property    is    constructing   a    building    he    runs 
I  the  risk  that  it  may  be  burned.     If  a  fire  oc- 
'  ours  when  the  building  is  nearly  finished  and 
•he    owner    has    to  rebuild   it,  the  cost  of  the 
completed   structure,    if   he   has   no   insurance, 
I  will  be  nearly  that  of  two  buildings.     In  esti- 
1  mating  the  reproduction  cost  of  the  building, 
I  .nly    one    building   would    appear   on    the    in- 
\entory,    but    in    estimating    its     value,     there 
should   be   added  to  the  reproduction   cost  of 
the   single   building   as   otherwise    determined, 
the  sum   necessary  to   insure  its  whole  value 
against    tire,    and    this    sum    should    be   added 
whether  the  owner  actually  paid   it  to  an  in- 
surance  company    for    carrying    the     risk    or 
whether  he  assumed  the   risk  himself.     Simi- 
larly any  other  property  which   involves   risk 
during    its    construction    and     testing     should 
have    added    a    contingent     sum     representing 
what   the   cost   of   insurance   would    be    were 
there    insurance    companies   to   insure   against 
sucli   risks. 

It  is  seldom  that  a  large  public  service  prop- 
erty is  examined  that  there  is  not  a  disclosure 
of  some  large  expenditure  for  works  which 
have  been  destroyed,  reconstructed,  or  not 
used  because  of  faulty  design  or  construction. 
In  some  cases  this  is  distinctly  the  result  of 
negligence,  but  in  a  majority  of  cases  such 
expenditures  have  taken  ])lace  where  the 
owners  were  not  negligent  in  that  they  have 
taken  due  care  in  the  selection  of  engineers 
to  design  and  contractors  to  construct  the 
works.  Thev  are  the  result  of  human  falli- 
bility. 

Many  examples  of  failures  have  been  fur- 
nished by  masonry  dams.  A  considerable 
portion  of  the  Quebec  bridge  failed  while  in 
process  of  construction;  there  was  a  great  slip 
in  the  Necaxa  Dam,  one  of  the  highest  earth 
dams  ever  built,  when  it  was  far  advanced 
toward  completion;  the  Loetschberg  tunnel  in 
Switzerland  encountered  bad  ground,  which 
required  the  abandoning  of  the  tunnel  for 
about  a  mile  and  its  relocation  through  an- 
other portion  of  the  mountain;  the  change  in 
plan  of  the  new  Croton  Dam  of  the  New 
York  Water  Works  involved  an  additional  ex- 
pense of  more  than  $1,000,000  for  construc- 
tion and  interest.  These  are  only  a  few  in- 
stances of  many  which  might  be  cited.  Such 
disastrous  occurrences  are  not  contemplated 
by  engineers  when  they  make  a  provision  for 
contingencies  in  preliminary  estimates  of  the 
cost  of  works,  but  it  seems  proper  in  the  val- 
uation of  an  existing  property  which  has  been 
completed  and  successfully  tested  to  recog- 
nize that  the  owner  has  been  refjuired  to  as- 
sume the  risk  of  accident  and  failure  and 
should  be  compensated  therefor  by  at  least  the 
amount  which  insurance  companies  would 
charge  for  taking  such  risks  were  they  doing 
this  kind  of  business.  This  feature  may  prop- 
erly be  inclu<led  in  the  valuation  by  increasing 
the  amount  allowed  for  contingencies  or  for 
contingencies  anrl   risks. 

Intercsl  and  Taxes. — Interest  upon  ihe  capi- 
ta! invested  in  the  plant  up  to  the  time  when 
it  is  first  operated  and  liegins  to  have  earning 
capacity  is   an   unavoidable   expense. 

Under  the  most  favorable  condition*  if  i? 
necessary  to  raise  the  money  rcfiuired  for  the 
construction  of  the  work  months  in  advance 
of  its  expenditure  anil  in  many  cases  the 
whole  amount  must  be  raised  before  beginning 
the  work  in  order  to  insure  rsgainst  a  suspen- 
sion of  operations  with  the  large  loss  neces- 
sarily incident  thereto. 

The  rate  allowed  for  inirr  ^t  during  con- 
struction should  be  the  pre .  n  lim/  rate  at  the 
time  of  the  valuation,  'having  reaarrl,  how- 
ever, to  the  variations  in  rate  in  difTerent  lo- 
calities  and    the   charactT    ',f     the    property. 


riic  rate  01  interest  on  money  required  for  the 
original  plant  will  generally  be  larger  than 
on  that  required  for  extensions  and  better- 
ments as  the  corporation  naturally  has  a 
stronger  financial  standing  after  it  possesses 
a  successful  operating  plant. 

The  arnount  to  be  allowed  for  taxes  during 
construction  must  be  determined  largely  on 
the  basis  of  local  tax  rates  and  other  local  con- 
ditions and  in  this  case,  as  in  others  relating 
to  overhead  charges,  the  original  plant  and 
subsequent  additions  should  be  treated  sep- 
arately. 

DEVELOPMENT    EXPENSES. 

The  committee  has  u,sed  the  term  "Develop- 
ment Expenses"  to  cover  the  investment,  after 
the  original  plant  and  from  time  to  time  the 
extensions  of  the  plant  are  first  operated,  re- 
quired to  equal  the  difference  between  the 
actual  return  and  a  fair  return  on  the  /air 
value  of  the  property. 

The  term  "Development  Expenses"  as  above 
defined  is  substantially  synonymous  with  the 
term  "Going  Value"  when  the  latter  is  de- 
fined, as  it  has  been,  as  "the  investment  neces- 
sary to  put  the  plant  into  successful  operation 
and  to  create  revenues  that  justify  its  con- 
struction." but  "Going  Value"  has  been  given 
very  different  definitions  by  the  courts  and 
others  which  make  it  inadvisable  to  use  the 
term. 

Good  policy,  both  from  the  standpoint  of  the 
corporation  and  the  rate-payer,  requires  rea- 
sonable rates  for  the  service  rendered  during 
the  first  few  years  of  the  operation  of  the 
original  plant,  although  as  a  result  there  be 
a  deficiency  representing  the  difference  be- 
tween the  amount  actually  earned  and  the 
amount  which  the  corporation  is  entitled  to 
receive  under  the  basic  principle  that  it  is  en- 
titled to  a  fair  return  on  the  fair  value  of  its 
property.  This  deficiency  must,  in  justice  to 
the  corporation,  be  made  up.  The  fairest, 
most  practical  and  definite  way  of  doing  this 
is  bv  including  this  accumulated  deficiency  ot 
earnings  in  the  cost  of  the  property. 

This  method  of  treating  development  ex- 
penses is  in  accord  with  the  decisions  of  some 
public  service  commissions  which  have  care- 
fully studied  the  question  and  it  is  upheld  by 
many  decisions  of  the  courts,  although  not  lii 
the  most  authoritative  manner. 

The  above  discussion  relates  to  the  original 
plant,  which  often  is  only  a  small  part  of  the 
whole  property.  The  same  principles  appiv  to 
additions  to  the  plant,  but  the  developrtient 
expenses  in  connection  with  ordinary  addi- 
tions are  very  much  less  than  those  relating 
to  the  original  plant. 

After  the  property  has  begun  to  earn  a 
proper  return  on  the  investment,  minor  addi- 
tions cin  be  made  from  time  to  time  without 
interfering  with  a  proper  return  on  the  whole 
investment  so  that  there  would  be  no  charge 
to  development  expenses  in  connection  with 
sucli  minor  additions. 

On  the  other  hand,  extensions  arc  frc- 
nuenlly  of  such  great  magnitude  that  it  is  not 
feasible  for  a  time  to  earn  a  proper  return 
on  the  increased  valuation  due  to  (hem  and 
flevelopmcnt  expenses  accrue  which  should 
be  treated  as  in  the  case  of  the  original  plant 
DfTelopmcnt  F.xpcnses  of  Losing  Venture. 
— It  is  sometimes  argued  that  the  method 
above  described  for  fletermining  the  amoiuit 
of  development  expenses  is  defective  because 
when  applierl  to  a  property  that  has  not  been 
able  to  earn  a  fair  relurn  upon  what  wotiM 
with  a  normal  plant  he  a  fair  value  of  il> 
properly,  the  amount  allowed  for  develop- 
ment expenses  would  not  only  be  much  greater 
than  for  a  normal  property,  but  would  con- 
lintic   to   increase   without   limit. 

The  cominillec  has  already  suggested  that 
many  principles  and  methods  applicable  to  a 
normal  property  arc  not  applicable  to  a  "los- 
ing venture."  For  instance,  the  "losing  ven- 
ture" is  not  enlilled  to  what  would  otherwise 
he  a  fair  rcliirn  on  the  fair  value  of  the 
property.  It  has  to  be  recognized  in  such  a 
case  that  the  investor  must  accept  the  result- 
ing losses  and  such  rates  as  the  services  ren- 
dered are  worth,  and  that  the  actual  value 
of    the    propcrtv    is    neccssarilv    based    nn    the 


resulting  earnings  and   not  on  other  methods 
of  valuation. 

WORKING     CAPITAL. 

Working  capital  is  essential  to  the  proper 
operation  of  a  public  service  property  and 
should  be  included  in  the  valuation  upon  which 
fair  returns  are  to  be  based.  Any  income 
upon  the  working  capital  coming  from  inde- 
pendent sources,  such  as  bank  interest,  should 
be  allowed  for. 

(To  be  continued.) 


Simplified    Formulas    for    Computing 
Car  Clearances  on  Curves. 

Contributed    by    George    Paaswell,    C.    E.,    Asst. 

Engineer,   Public  Service  Commission. 

New   York  City. 

The  formulas  for  car  clearances  which  were 
given  in  the  article  entitled  "Methods  of  De- 
termining Standard  Cross-Section  and  of  Fix- 
ing Length  of  Spirals  for  the  Main  Street 
Subway,  Cambridge,"  published  in  Engineer- 
ing AND  Contracting  Dec.  10,  1913,  may  be 
greatly  simplified  by  approximations  which 
give  sufficiently  exact  results  even  for  sub- 
surface  structures. 

In   a  circle  of   radius  R  the  offset  from  a 
tangent  to  any  point  on  the  curve  a  distance 
X  from  the  point  of  tangencv  is 
x' 

•2R 
a   formula  derived  from  the  exact  expression 
by   expansion   and   abandoning  of   the   higher 
powers. 


Fig.    1.     Diagram    Illustrating    Measurements 
Used    in    Computing    Car    Clearances. 

In  Fig.  1  let  a  =  distance  between  centers 
of  trucks,  let  /  =  length  of  car;  i-  =  center  ex- 
cess, and  c  =■  end  excess  (this  may  be  con- 
sidered equal  to  the  true  radial  excess  with 
no  loss  of  exactness). 


From   the   formula 


'IR 


we  get  c  = 


87? 


and  c  ^ 


&R 


hence  when  a  given  car  is 


specified    these    formulas    become    c    =    A/R 
and  c  '=  B/R  where  A  and  B  are  constants 
a'  P  —  a' 

standing  respectively  for  —  and  . 

8  8 

Thus    if   one    of    the    proposed    New    York 
subway  cars  is  taken  in  which  a  ^=  -i'  ft.  6  ins. 
and     /     =     66     ft.,     the     formulas     become 
282  2t)2 

c  =  and  e  =  ,  from  which  values 

R  R 

can  easily  be  tabulated  or  a  series  of  curves 
drawn. 

If  the  degree  of  a  curve  is  used  in  place  of 
the  radius  we  have,  since  /?^5730/D, 
a* 

c  = D  =  kD 

S  X  5730 
P~a' 

e  = D  =  mD 

8  X  5730 

where  k  and  m  are  constants  depending  on 
the  type  of  car  used. 

Thus,  if  the  above  mentioned  car  is  used, 
<-  =  .0197?  and  e  =  .0-1  ID.  Needless  to  state 
the   slide-rule   gives    sufficiently   exact   results. 

One  interesting  fact  may  be  noticed  in  using 
these  formulas.  When  a  turnout  is  made 
from  a  tangent  it  is  important  to  know  at 
what  point  the  car  on  the  turnout  no  longer 
governs   the   clearance   on  the   tangent. 

Let  X  =  distance  from   P.  C.  to  point  re- 
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quireil.     Tlicii  tlie  offset  of  the  turnout  at  the 

-V' 

point  i?  —  and  the  eutl  cxeess  on  the  curve  is 
■2R 

.      Equating    tliesc     two     expressions, 

8R 

1       

X  =   — V  {P  —  o"),    i.    e.    an    expression    in- 

dependent  of  the  radius;  lience,  once  the  type 
of  car  is  given,  no  matter  what  the  radius  of 
turnout  is,  at  the  constant  distance  .v  from  the 
P.  S.  the  standard  clearance  on  tangent  may 
be  resumed. 

In  addition  to  the  clearance  due  to  center 
excess,  is.  of  course,  the  clearance  due  to  the 
tipping  of  the  car.  In  New  York  Subway 
vrark  a  maximum  superelevation  of  ,5%  ins.  is 
iimposed.  On  radii  demanding  a  greater  super- 
•elevation  tlian  this  it  is  assumed  that  the 
train  velocities  will  be  reduced.  It  is  also 
.assumed  that  in  embanking  the  track  the 
Ibasf  of  rail  at  the  center  of  track  is  not 
cIiaTiged  and  that  one  rail  is  lowered  and 
the   other   is   raised   by  the   same   amount. 

From  "Mechanics"  taking  the  gage  as 
Standard,   i.e.   4,7083    ft.,   the   superelevation   .y 

.UGir 

required   for  a  given  velocitv  z'  is  s^ . 

R 
When  maximum  velocity  is  specified  s  =  c/R. 
where  i-  is  a  constant  equal  to  .14CF".  The 
additional  clearance  due  to  superelevation  is 
then,  by  similar  triangles,  ^  Ks:  where  K 
is  the  ratio  of  the  distance  from  the  govern- 
ing point  on  the  car,  to  the  gage.  Thus  the 
total  clearance  due  to  both  center  excess  and 
superelevation  may  be  put,  C  =  A/R.  A  be- 
ing a  constant  equal  to  the  sum  of  the  above- 
mentioned   constants. 

While  a  theoretical  expression  for  the 
length  of  transition  required  is  valuable,  so 
many  otlier  considerations  enter  into  the  se- 
lection of  a  proper  length  of  transition  in 
subway  alignment:  Nearness  of  a  station  to 
the  curve ;  encroachment  on  private  property ; 
excessive  excavation  required  by  a  theoretical 
length,  etc..  that  usually  a  standard  length 
of  transition  is  adopted  for  all  radii.  This 
length  is  then  used  tmless  other  controlling 
conditions  determine  the  exact  length  of  ease- 
ment. 

The  following  are  approximate  formulas 
for  clearances  required  on  transition  curves 
and  like  the  preceding  formulas  give  suffi- 
ciently  exact   results    for  all   purposes. 

For  center  excess  a  distance  y  from  tlie 
P.  T.  C,  the  radius  of  curvature  of  the  transi- 
tion at  the  point  may  be  taken,  and  the  clear- 
ance due  to  that  radius  on  a  simple  curve 
used.  Since  the  radius  of  curvature  at  a 
distance  y  is, 

L 
r  ^  —  R  where  r  =^  radius  of  curvature  at 


y  +  %  / 


y 


radius 


y:  L  =  length  of  transition,  and  R 
of  circular  curve. 

Using  the  value  for  center  excess  as  obtained 
a' 
above,    c  =  ,   and   substituting    for   r   its 


value  c 


8r 
SLR 


my,  in  being  a  constant 


equal    to    aV8  LR     for    any    given    .car    and 
transition. 

Likewise  for  excess  due  to  superelevation 
the  excess  may  be  assumed  equal  to  the  excess 
required  for  the  radius  of  curve  at  the  point. 
Thus,  for  center  excess  it  is  only  necessary 
to  replace  the  R  of  the  formula  for  a  circular 
curve  by  a  variable  r  which  is  equal  to  LR/y 
in   the   equation 

C  =   A/R. 

For  end  excess  the  usual  procedure  is  to 
take  the  clearance  at  any  point  as  that  due  to 
the  clearance  required  by  the  radius  of  curve 
one-half  car  length  ahead  of  the  point.  Thus 

the   R  m  e  =    is    replaced    bv   r  = 

R 


■  R,    and    the    expression    becomes 
(.V  +  Va')      (P  —  o') 


LR 


Once  a  type  of  car  is  fixed,  these  values  can 
all  be  tabulated  or  a  series  of  curves  drawn. 


Methods    for    Laying    Out    Spiral    or 

Easement    Curves    by    Means    of 

Offsets  from   Long  Chord. 

Modern  practice  in  surveying  railway  ease- 
ment curves,  as  well  as  circular  curves,  favors 
the  method  of  deflection  angles  and  uniform 
chord  measurements  wlierever  practicable. 
Probably  the  chief  reason  for  this  preference 
is,  that  since  the  circular  curves  are  nearly  al- 
ways most  readily  staked  out  by  that  method, 
the  easement  curves  at  the  ends  of  the  main 
circular  curves  can  generally  be  laid  out  more 
rapidly  and  satisfactorily  without  changing 
methods  in  performing  the  field  work.  An- 
other reason  is,  that  the  angular  deflection  and 
chord  measurement  method  makes  practicable 
the  use  of  printed  tables  applying  to  most 
cases  that  generally  occur  in  ordinary  prac- 
tice. However,  certain  conditions  may  be  en- 
countered requiring  resort  to  other  methods, 
and  railway  engineers,  especially  those  en- 
gaged in  field  work,  should  be  informed  as  to 
such  methods  in  order  to  be  prepared  to  ap- 
ply the  one  most  suited  to  the  case  at  hand. 
One  sucli  method  that  ofifers  more  rapid  and 
accurate  instrumental  work,  and  which  does 
not  decrease  the  accuracy  of  the  chaining,  as 
compared  to  the  usual  method,  makes  use  of 
offsets  from  the  long  chord  of  the  spiral.  A 
description  of  the  long  chord  method,  in  which 
its  application  to  various  spiral  problems  is  ex- 
plained, is  given  in  a  paper  recently  presented 
before  a  meeting  of  The  Canadian  Society  of 
Civil  Engineers  by  Mr.  E.  S.  M.  Lovelace,  a 
member  of  the  society.  As  the  method  is  en- 
tirely new  and  is  in  fact  much  needed  for  cer- 
tain conditions  of  field  work,  we  publish  the 
paper  in  full,  as  follows : 

The  following  metliod  of  staking  out  spirals 
was  worked  out  by  the  writer  when  division 
engineer  on  the  Quebec  &  Saguenay  Ry.,  and 
such  good  results  were  obtained'  by  its  use, 
that  it  may  be  of  interest  to  lay  it  before  the 
members  of  the  society. 

The  location  of  this  railway,  on  the  sec- 
tion now  under  con.struction  between  Quebec 
and  Murray  Bay,  for  the  greater  part  of  its 
length  follows  closely  the  north  shore  of  the 
St.  Lawrence  River,  an  almost  absolutely  level 
line  being  obtainable  at  the  expense  naturally 
of  a  great  deal  of  curvature.  There  are  a 
couple  of  tunnels,  and  some  of  the  smaller 
inlets  have  been  crossed  on  rock  filled  crib- 
work,  but  for  the  most  part  a  bench  to  carry 
the  line  has  been  blasted  out  of  the  rock.  The 
rock  clififs  on  the  shore  side  rise  almost  ver- 
tically to  heights  ranging  from  100  to  1,000 
ft.,  and  to  reduce  the  cost  of  the  work  curves 
running  from  1°  to  10°  have  been  used  liber- 
ally, the  connecting  tangents  being  necessarily 
of  no  great  length. 

The  profile  of  the  natural  surface  on  the 
center  line  therefore  presented  the  ajipearance 
of  a  comb  with  very  long  teeth  and  the  cross- 
sectioning  and  staking  out  of  the  work  for  the 
contractors  was  in  consequence  very  arduous 
and  at  spots  dangerous.  The  difficulty  was 
largely  added  to  owing  to  the  tides,  there  be- 
ing a  rise  and  fall  of  about  20  ft.  in  this  vicin- 
ity. This  meant  that  at  some  places,  only  when 
the  tide  was  out,  or,  for  about  a  couple  of 
hours  each  day,  could  any  work  be  even  at- 
tempted. 

Almost  invariably  the  beginning  of  spiral 
was  found  to  fall  in  a  hollow,  liehind  some  large 
boulder,  half  wav  up  a  slope,  or  at  some  other 
equally  undesirable  point,  and  inuncdiately  in 
front,  perhaps,  would  be  a  pinnacle  of  rock. 
In  order  to  continue  the  spiral,  a  hub  would 
have  to  be  placed  on  top  of  this  pinnacle  and 
the  whole  spiral  then  swung  from  a  backsight 
of  say  less  than  .30  ft.  Add  a  couple  more  in- 
termediate hubs  in  order  to  reach  the  end  of 


the  spiral  (these  were  scarcely  ever  over  200 
ft.  in  length)  and  it  will  be  seen  that,  using 
the  method  of  deflection  angles,  a  considerable 
amount  of  field  calculations  would  be  neces- 
sary and  then,  in  order  to  get  results  even  ap- 
proximately correct,  careful  chaining  and  most 
accurate  instrumental  work  would  be  required ; 
and  in  the  writer's  experience  neither  the  one 
nor  the  other  is  the  easiest  thing  in  the  w^orld 
to  obtain. 

The  above  facts  are  only  mentioned  to  show 
the  difficulty  under  such  conditions  attending 
the  staking  out  of  spirals  in  the  ordinary  way 
by  deflection  angles  and  the  method  about  to 
be  described  suggested  itself  to,  and  was  put 
in  shape  by,  the  writer  to  overcome  some  of 
such  difficulties.  Afterwards  it  was  seen  that 
the  method  was  capable  of  enlargement  and 
applicable  to  other  cases  not  at  first  foreseen. 

By  using  the  long  chord  of  the  spiral,  the  in- 
strumental work,  at  least,  at  once  greatly  sim- 
plified itself,  for,  the  angle  CAP  (see  Fig.  1) 
being  turned  off  in  the  first  instance,  it  was 
only  a  question  of  prolonging  a  straight  line 
to  the   B.C.C.    (beginning  of   circular  curve). 

Llsually  in  a  case  such  as  described  above, 
where  the  first  hub  is  only  a  short  distance 
from  the  B.S.  it  would  be  found  possible  to 
place  also  a  reference  mark  forward  or  to  tlie 
rear  on  the  same  line,  and  such  mark,  in  place 
of  the  short  back  sight  to  the  B.S.,  would  be 
used  for  the  further  prolongation  of  the  chord. 

It  may  at  once  be  stated  that  the  Avriter  does 
not  for  a  moment  advocate  this  in  all  cases,  to 
the  exclusion  of  other  methods.  On  unbroken 
ground  the  spirals  can  be  put  in  accurately 
enough  and  perhaps  more  expeditiously  in  the 
ordinary  way,  using  deflection  angles,  than  by 
any  other  method,  but  where  the  surface  is 
very  rough  (requiring  intermediate  hubs),  the 
experience  of  the  writer  is  that  the  work  is 
greatly  simplified  if  the  staking  out  of  the 
spiral  be  done  by  ofifsets  measured  from  the 
long  chord.  In  a  trial  location,  through  wood- 
ed country,  too,  the  advantage  of  this  method 
is  at  once  apparent,  as  it  is  only  necessary  to 
set  oft'  and  cut  out  the  long  chord  of  the  spiral, 
the  level  rodman  taking  a  shot  to  the  right  or 
left  of  the  chord,  should  the  ground  require  it. 
Usually,  it  will  only  be  necessary  to  take  such 
readings  at  the  middle  point  of  the  spiral, 
which  is  always  at  a  distance  from  the  long 
chord  of  1%  times  tlie  shift,  H,  the  shift  be- 
ing the  distance  which  the  main  curve  has  been 
thrown  back   from  the  tangent. 

The  formulae  (1)  to  (5)  below  were  sub- 
mitted by  the  writer  in  a  paper  on  Transition 
Curves  read  before  the  society  on  Dec.  7.  ISOP. 
and  as  most  of  them  are  familiar  and  found 
in  one  form  or  another  in  other  discussions, 
the  writer  does  not  propose  to  deal  further 
with  them  here. 

L  L- 

(1)  e  (in  minutes)  =  573-^  •    (2)  H  =  ;^;^ 


L     5  n- 
32  H" 


(4)   C 


^  ~   S   L 


(5)  Z,  =  C  + 


5    C 


(6)  h  -  4^5--, 


(Z.'--5') 


L' 


(7)  /;„  ^  iHN 


{A-  -  N') 


(S)  BC~  (R  +  rf)  tan.  J-  (9)  P\=  4H  (nearly). 

where  R=  radius  of  main  curve;  11  =  shift: 
L^^ length  of  spiral  C^chord  of  spiral:  6=^ 
deflection  angle  in  minutes  to  B.C.C;  S  =  any 
distance  from  A  along  spiral;  h  =  offset  from 
long  chord  to  point  distant  S  from  .\ ;  and  a  = 
number  of  chords  in  spiral. 

(L=-S=) 

Number  (G)   however,  h  ^^  4HS ,  to 

L"- 
be  used  in  connection  with  the  method  under 
discussion,  is  what  the  writer  would  particular- 
ly like  to  draw  attention  to.  In  it,  given  the 
shift  TI  of  the  main  curve  from  the  original 
tangent  and  the  total  length  L  of  the  spiral, 
then  h  (the  offset  from  the  long  chord  to  a 
point  at  a  distance  S  along  the  spiral  from  the 
B.S.)  can  be  calculated. 

It  is  a  maximum  when 
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L  8 

S  =  —  its  valr.c,  I;  m.i,  being  —  II  \' :^  =  1  .."ii  1 1  • 
V3  !) 

L  3 

when  S  =  — ,  h  =  —  H  ^  1.5  H,  that  is  the  off- 

2  2 

set  from  long  chord  to  center  of  spiral  is  al- 

3 
'  ways  —  of  the  shift. 
2 

For   use   in    the   field    fornmla    (6)    can   be 
thrown    into    the    form    given    in     (7)    hD  = 

4  H  X where  the  spiral  is  supposed 

A' 
divided  into  any  number  of  chords  of  equal 
length.  As  spirals  arc  not  usually  of  a  greater 
length  than  .300  ft.,  it  will  not  often  be  neces- 
sary to  use  more  than  eight,  which  would  give 
chords  of  about  40  ft.  in  length,  but  of  course 
when  required,  any  niunbcr  (a)  of  chords,  odd 
or  even,  may  be  used,  and,  after  substitution 
in  (7),  the  results  worked  out  in  the  manner 
indicated 

In  most  instances,  however,  using  spirals  of 
i'*"'  ft.  and  under,  four  chords,  or  a  =4.  will 


is  taken)  the  zero  end  of  the  tape  against  a 
rod.  the  front  chainman  with  chain  tightly 
drawn  tinding  the  correct  position  of  the  point 
by  reading  off  on  the  tape  the  offset  called  out 
to  him  by  the  man  at  the  instrument. 

The  transitman  sights  to  the  side  of  the 
rod  or,  what  comes  to  the  same  thing,  the  ex- 
act end  of  the  brass  ring  of  the  tape,  the  rod- 
man  moving  this  end  up  or  down  on  the  rod 
so  as  to  keep  it  approximately  level  with  the 
end  held  l)y  the  chainman. 

It  is  only  necessary  for  the  rodman  to 
keep  somewlicre  near  the  position  where  a 
perpendicular  dropped  from  the  point  being 
staked  out  would  hit  the  long  chord,  for  the 
effect  on  the  niea.sured  offset  of  his  being  a 
few  inches  one  way  or  the  other  would  be  in- 
apprecial)Ie. 

In  giving  final  track  centers,  the  position  of 
the  stake  is  first  found,  the  stake  driven, 
and  then  the  exact  position  of  the  tack  en 
the  stake  can  be  found,  by  taking  a  fresh  sight 
and  measurement. 

In  this  way  it  will  be  seen  that  it  is  feasible 
to  stake  out  points  on  the  spiral  easily  with 
no   greater   error    than,    say,    %    in.     On    the 


Fig.   1.   Diagram    Illustrating     Method  of  Laying     Cut    Spirals    by    Offsets 

Chord. 


from        Long 


■    found  sufficient,  and  then  the  offset  to  the 

!.■. 
;id  of  the  first  chord  will  alwavs  be  — H,  to 

11) 
the  end  of  the  second  or  middle  point  of  the 

:t  21 

;.iral--ll,  and  to  the  end  of  the  third —H. 
•_'  li; 

Using  six  and  eight  chords  the  following  rc- 
ults   can    be    tabulated    (expressed    decimally 
perhaps   to   simplify    field    computations  t    and 
marked  in  the  field  book  for  referenrr: 

15  .3  - 1 

lor  fl  -  4,  //,  -  Y^II:  /;,  -  jll:  h,  -  ,-5//;  h, 

is  3''  3 


other  hand,  if  the  attempt  be  made  to  put  in 
the  spiral  in  the  ordinary  way  by  deflection 
angles,  any  instrument  man  knows  that  it  is 
impossible  even  with  the  most  careful  manipu- 
lation to  set  otT  the  angles  and  lie  sure  that 
there  is  n'lt  at  least  an  error  of,  .say  V6  in. 
While,  of  course,  it  may  be  argued  that  this  is 
close  enough  for  the  most  exacting  practice, 
still  the  fact  remains  that  of  the  twn,  that  of 
iilTsetting  fmm  the  long  chord  as  outlinc<l 
above  is  the  more  accurate  method. 


-  0. 

4" 

-  ^.  II.  Ii, 
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A  word  with  regard  to  the  actual  fielil  work, 

lor  in  the  experience  of  the  writer,  engineers 

'■■ipecially    young   ones),   so   often    use    bad 

idgmenti  and  choose  in  practice,  so  far  as  the 

'  taining  of  accurate  results  is  concerned,  the 

"orer  of  two  ways  of  doing  a  thing. 

I'lir  instance,  while  of  course  it  wmdd  be  al- 

•.;ht    to   chain    along   the   chord    if   only    the 

l'..C.C.    is    to   be   established    (as   when   going 

through  b\ish),  it  would  be  very  bad  practice 

indeed  to  do  .so  when  slaking  out  intermedi.-jtc 

points  on  the  spiral,  for.  quite  apart  from  the 

actual  difference  in  length  of  the  spiral  and  its 

chord    (be    the    same   small    or   great),    there 

would  be  involved  the  question  of  measuring 

the  offsets  exactly  at  right  angles  to  this  chord. 

a  thing  tedious  and  very  dilTuult  to  do  even 

approximatelv  in  the  field.    The  proper  way  is 

to  chain  (using  the  chord  length  choscnl  along 

the  spiral,  from  point  to  point,  in  the  ordinary 

the    rodman    alone    moves    along    the    long 
liord  holding  (to  steady  it  as  the  measurement 


It  frequently  happens  that  the  end  of  a  via- 
duct or  trestle  is  nn  a  spiral  and  then  the  ac- 
curacy and  ease  with  which  piiinis  on  ibo  spiral 
could  again  ami  again  be  laid  down  in  exactly 
the  same  position  as  the  work  propresses,  would 
tend  to  recommeml  the  use  in  such  a  case  of 
this  method  of  offsetting  from  the  lomj  chord, 

I-'or  the  bridge  engineer,  too,  in  planning  his 
work,  formula  (fi)  affords  a  ready  means  of 
finding  the  position  and  value  of  the  maxi- 
mum  ordinate  from  the  choril  in  the  spiral, 
and  the  value  of  the  ordinate  also  to  any  in- 
termediate position  on  the  spiral  that  it  may 
be  desired  to  know. 

For  electric  tramways,  etc.,  where  the  spirals 
arc  shorl,  the  above  metlioij  and  ronclusiom 
apply,  the  only  difference  being  that  it  might 
be  more  convenient  at  time  to  use,  in  place  of 
a  transit,  a  piece  of  twine  actually  stretched 
to  mark  out  the  long  chord,  the  offsets  to 
points  on  the  spiral  being  measured  directly 
from  this  line. 


When  locating  on  side  hill,  or  when,  for 
one  reason  or  another  a  line  has  to  be  very 
closely  fitted  to  the  ground,  a  problem  fre- 
quently occurring  is  that  case  where  a  fi.xed 
tangent  has  to  be  connected  with  a  curve  al- 
ready established.  Should  a  simple  curve  an- 
swer the  purpose  well  and  good  :  but  it  will 
often  happen  that  the  requirements  necessitate 
the  use  of  a  compound  curve,  and  in  that 
event,  a  simpler  solution,  the  writer  has  found, 
is  to  at  once  employ,  in  place  of  the  com- 
pound, one  long,  continuous  spiral.  While  the 
elements  of  such  .a  spiral  could  doubtless  be 
worked  out  using  the  ordinary  methods,  yet 
nevertheless,  the  solution  is  given  here,  as  the 
question  of  setting  out  the  spiral  simplifies 
itself  to  some  extent  by  using  offsets  from  the 
long  chord. 

Referring  to  Fig.  1  and  the  formulx;  sup- 
pose AC  the  fixed  tangent  and  PQ  the  es- 
tablished curve. 

Find  T,  the  point  of  intersection  of  the  tan- 
gent to  the  curve  at  P  with  AC. 

Measure  PT  and  the  angle  PTX  =  .3e. 

In  the  triangle  PT.A.  the  side  PT  and  angles 
PAT  =  e  and  TPA=2e  are  known  and 
therefore  the  sides  of  P.\  and  TA  can  be  calcu- 
lated. 

Also,  \P=PT  Sin.  PT.\"  =  4H  (nearly)  is 
known. 

Use  '4N'P  as  a  value  for  H  in  formula  (5), 
C  being  the  side  PA,  and  get  the  length  L  of 
the  spiral. 

Knowing  6  and  L,  the  radius  of  curvature 

573  L 

of  the  spiral  at  P  is  given  bv  (1)   r  =: , 

e 

f)  being  expressed  in  minutes. 

.\n  accurate  value  of  H  can  then  lie  found 
from 

L' 

(2)     H  = 

24  r 

T.\  is  measured  off  along  the  tangent  and  A 
becomes  the  B.S.  The  spiral  is  then  staked 
out  as  described  above  by  placing  the  instru- 
ment at  .\  or  P  and  measuring  the  offsets  from 
the  long  chord  .\P. 

It  should  he  note<l  that  r.  the  radius  of  cur- 
vature of  the  spiral  at  P  (supposing  P  has 
been  chosen  at  random  on  the  ground),  is  not 
necessarily  equal  in  length  to  R  the  radius  of 
ihe  main  curve:  neither  is  it  essential  that  it 
shoiild  be  so,  for  the  point  P  can  then  be  re- 
gardcil  simply  as  a  point  of  compound  curva- 
ture. 

If  thought  necessary,  however,  the  position 
of  the  point  on  the  established  curve  where  r 
would  equal  R  could  be  found  by  using  the 
work  done  as  described  above  upon  which  to 
base  a  new  calculation,  for 

NP  +  R  cos  PTX  -  R  would  give  the  value 
of  //  for  the  required  spiral 


then  L  ~  S2i  Rll  by  (2) 
and 


573/. 
»  -      ..     by  (I) 


R 

therefore  the  point  required  on  the  esta'dishcd 
curve  would  be  fouml  forward  or  backward 
from  P  according  as  .30  is  greater  or  less  than 
PTN.  the  actual  distance  on  this  main  circular 
curve  corresponding  to  a  central  angle  of 
(.W_PTN). 

Precisely  the  same  (iroblem  as  the  above  oc- 
curs at  limes  when  giving  final  track  centers 
on  construction.  In  such  eases  it  is  usually 
the  result  of  incorrect  measurements  or  in- 
accuracies in  the  insinimcntal  work  which 
have  crei>l  in  during  the  progress  of  tlic  work. 

Of  course  it  might  be  argued  that  such  er- 
rors should  not  have  been  made,  but  ihc  fact 
remains  ihat  to  a  greater  or  lesser  extent  they 
.ire  always  present  anil  must  therefore  be  con- 
sidered. 

What  happens  frequentlv  is  this:  the  points 
;\  and  P  on  the  di.igram :  that  is,  the  becinning 
and  end  of  the  spiral  have  perhaps  Iieen  ref- 
rreiicrd  at  the  time  the  location  was  made 
anil  therefore  at  a  time  when  the  natural  sur- 
face of  the  ground  was  in  quite  a  different  con- 
dition  from  its  present  comlition. 

When  track  centers  are  being  given  these 
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points  are  again  run  in,  but  are  found  now 
not  to  have  the  same  relative  position  to  one 
another  that  they  had  originally. 

The  point  A  has  perhaps  moved  a  couple  of 
inches  to  one  side  of  its  original  position,  and 
the  point  P  an  inch  or  two  to  the  other,  so 
that  when  the  transit  is  set  up  at  A  and  sight- 
ed to  P  the  actual  angle  between  the  tangent 
and  P  does  not  agree  with  the  original  angle  6. 


The  discrepancy  may  be  small  and  negligible, 
or  it  may  amount  to  several  minutes,  in  which 
case  some  adjustment  will  be  found  necessary. 

Very  often  the  easiest  way  to  make  this  ad- 
justment (more  especially  when  the  main  curve 
is  already  lined  up  and  its  position  therefore 
tixed)  is  to  proceed  in  the  manner  indicated 
above,  that  is  set  up  at  P,  run  in  and  measure 
the  line  PT,  measure  the  angle  PTN,  which  is 


three  times  the  new  spiral  angle,  calculate  the 
distance  TA,  measure  it  out  along  the  tangent 
and  thus  get  the  new  position  of  the  B.S.  The 
spiral  can  then  be  run  in  either  by  deflection 
angles  or  by  offsets  from  the  long  chord.  TP 
will,  of  course,  be  a  tangent  to  both  spiral  and 
main  curve  at  P,  but  as  previously  mentioned 
the  radii  of  spiral  and  main  curve  at  P  will 
not  of  necessity  be  exactly  equal. 
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The    Economics    of    Macadam    Versus 
JEarth  Road  Construction. 

Contributed   by   J.   E.    Tapper,   City  Engineer, 
Pomeroy,   Wash. 

In  all  engineering  projects,  and  more  espe- 
cially in  those  having  to  do  with  public  high- 
ways, local  conditions  are  to  a  very  large  ex- 
tent controlling  factors.  Sometimes  those  con- 
ditions are  favorable  and  serve  to  make  the 
problem  an  easier  one;  sometimes  they  are  un- 
favorable and  must  be  modified  so  as  to  allow 
of  the  carrying  out  of  the  plans,  or  the  plans 
must  be  changed  to  conform  to  the  conditions; 
and  sometimes  they  are  so  uncompromisingly 
adverse  that  the  only  thing  that  can  be  done  is 
to  meet  them  squarely  and  overcome  them.  In 
any  case  it  is  never  safe  to  ignore  them.  Many 
an  engineering  project  has  come  to  grief 
through  failure  to  observe  this  simple  principle. 
In  this  article,  as  indeed  in  most  engineering 
articles,  the  locality  from  which  it  is  written 
and  which  the  writer  had  in  mind  must  be 
taken  into  consideration  if  a  fair  interpretation 
of  the  treatment  of  the  topic  is  to  be  had. 

CONDITIONS    AFFECTING    ROAD   CONSTRUCTION    AND 

MAINTENANCE   IN   THE  ARID   REGIONS   OF 

THE   NORTHWEST. 

The  conditions  in  the  mind  of  the  writer  are 
those  that  obtain  generally  throughout  the  arid 
and  semi-arid  regions  of  the  Northwest,  where 
the  average  annual  rainfall  ranges  between  6 
and  24  ins.  and  is  practically  confined  to  the 
winter  months.  The  long  dry  season,  extend- 
ing sometimes  from  April  1  to  Dec.  1,  and 
almost  invariably  covering  the  months  of  July, 
August  and  September,  is  hard  on  any  road, 
and  especially  hard  on  an  earth  road.  The 
road  surface  that  does  not  grind  up  into  dust 
under  the  burden  of  even  moderate  traffic  dur- 
ing such  a  long  period  of  dry  weather  must  be 
of  excellent  quality.  Unless  water  is  available 
for  sprinkling  and  the  traffic  is  of  sufficient 
volume  to  warrant  the  expense  the  formation 
of  dust  is  unavoidable  on  anything  less  ex- 
pensive than  an  oiled  macadam,  and  the  only 
course  left  is  to  so  construct  the  road  as  to 
obviate  the  nuisance  to  the  greatest  possible 
extent. 

The  general  character  of  this  entire  region  is 
mountainous,  even  the  plains  being  cut  by  deep 
gorges  with  precipitous  sides,  rendering  road 
location  along  reasonable  grade  lines  exceed- 
ingly difficult,  and  when  the  fact  is  kept  in 
mind  that  most  of  the  existing  roads  were 
located  without  engineering  assistance  it  is 
readily  seen  lliat  the  proper  relocation  of  the 
roads  is  one  of  the  most  serious  problems  con- 
fronting us  today.  As  an  instance  in  point  the 
writer  has  lately  had  occasion  to  relocate  a 
main  thoroughfare  for  a  distance  of  17  miles 
measured  along  the  old  line.  The  object  of 
the  relocation  was  to  get  the  road  on  the  best 
location  obtainable,  and  reduce  the  gradients  to 
a  5  per  cent  maximum.  In  order  to  secure 
this  result  it  was  found  necessary  to  increase 
the  total  distance  between  terminals  nearly  3 
miles  and  reject  all  but  5  miles  of  the  old  loca- 
tion. 

Still  another  feature  of  the  conditions  ex- 
isting in  this  region  is  the  scarcity  of  resi- 
dences along  the  line  of  the  main  country 
roads.  The  land  holdings  are  usually  large 
and  the  residences  are  consequently  far  apart ; 
but  in  addition  to  this  feature  they  are  usually 
located  far  back  from  the  road,  often  entirely 
out  of  sight,  and  the  land  owner  has  a  corre- 
spendingly  less  incentive  for  keeping  the  road 
through  his  land  in  modern  repair. 


PIONEER  METHODS  OF  HIGHWAY  LOCATION  IN  THE 
NORTHWEST. 

Most  of  the  main  roads  throughout  this  en- 
tire region  were  located  when  the  country  was 
new,  when  the  money  for  construction  was 
scarce  and  hard  to  get,  and  when  by  reason 
of  these  facts  it  was  essential,  in  order  to  se- 
cure any  roads  at  all,  that  the  location  should 
follow  the  lines  of  least  resistance  from  the 
construction  point  of  view.  If  by  going  over 
a  bad  hill  a  worse  rock  cut  could  be  avoided 
the  road  went  over  the  hill.  If  by  frequent 
fordings  of  a  stream  the  road  could  be  made 
to  follow  the  flat  bottom  of  a  valley  and  avoid 
the  cost  of  sidehill  construction,  then  the  val- 
ley route  was  chosen.  The  locators  cannot  be 
blamed  for  this.  They  undoubtedly  did  the 
best  they  could  with  the  means  at  their  com- 
mand, and  in  most  cases  did  all  that  the  eco- 
nomic value  of  the  road  at  that  time  would 
warrant.  It  was  not  thought  needful  in  those 
days  to  call  in  expert  engineering  advice.  Up 
to  a  very  few  years  ago  in  the  State  of  Wash- 
ington the  court  appointed  three  citizens  to 
view  out  and  locate  a  new  road.  If  they 
thought  best  they  could  call  in  a  surveyor  to 
take  the  bearings  and  lengths  of  the  lines  se- 
lected by  them,  and  afterward  prepare  and  file 
with  the  court  a  map  and  held  notes  of  the 
road  as  surveyed.  When  he  had  done  this  his. 
duty  with  regard  to  the  location  of  the  road 
ended. 

Under  such  conditions  the  introduction  of 
poor  locations  and  steep  grades  was  unavoid- 
able. Ten  per  cent  grades  were  common  and 
considered  good,  and  grades  up  to  "25  per  cent 
were  not  uncommon. 

It  has  been  difficult  to  convince  the  people 
that  lesser  grades  were  practically  attainable. 
When  the  Permanent  Road  law  of  the  State  of 
Washington  was  passed  three  years  ago  they 
were  only  able  to  secure  the  5  per  cent  limit- 
ing clause  by  inserting  the  saving  proviso  that 
where  a  5  per  cent  grade  was  impracticable 
grades  up  to  10  per  cent  might  be  used  with 
the  approval  of  the  state  engineers. 

IMPORTANCE     OF      MATERIAL     CONSTITUTING     THE 
ROADBED. 

The  factor  that  is  of  paramount  importance 
in  a  road  is  the  material  constituting  the  road- 
bed. Unless  this  is  .good  the  road  cannot  be 
made  satisfactory.  Wc  have  in  this  region  a 
very  great  variety  of  materials,  very  few  of 
which  are  suitable  for  a  roadbed.  We  encoun- 
ter in  our  locations  drifting  sand,  coarse  sand 
from  ancient  river  beds,  sandy  loam,  alkali 
beds  that  look  like  powdered  chalk  and  are 
about  as  suitable  for  road  construction,  allu- 
vial loam,  clay  loam,  more  or  less  pure  clay 
generally  mixed  with  disintegrated  rock,  beds 
of  wash  gravel  and  of  cemented  gravel,  shell 
rock  deposits  and  ledge  rock.  Nor  is  the  di- 
versity of  the  material  the  w^orst  feature.  The 
continuity  of  any  one  variety  is  so  limited 
that  several  materials  are  usually  to  be  rnet 
with  in  any  one  continuous  mile  of  road.  With 
a  change  of  material  comes  of  necessity  a 
change  in  the  method  of  treatment,  making  the 
satisfactory  liandling  of  cither  construction  or 
maintenance  very  difficult. 

DEFINITION  OF  TERMS  USED. 

It  is  necessary  further  to  define  some  of  the 
terms  to  be  used  in  order  that  there  may  be 
no  confusion  in  the  minds  of  the  reader.  Mac- 
adam road  construction  has  been  a  growth  and 
so  many  changes  have  been  introduced  since 
the  time  of  Mac.\dam  that  the  term  has  come 


to  convey  a  vastly  different  meaning  and  to 
cover  a  great  variety  of  construction.  I  shall 
limit  the  term  to  roads  where  the  subgrades 
have  been  properly  constructed,  drained  and 
compacted,  and  the  surface  covered  with 
broken  stone  to  a  uniform  thickness,  a  suit- 
able binder  introduced,  and  the  whole  rolled 
with  a  heavy  road  roller  until  the  surface  has 
become  firm  and  compact.  As  the  term  is  still 
so  comprehensive  as  to  include  several  of  the 
patented  constructions  I  will  further  limit  it  to 
tlie  so-called  waterbound  construction. 

Under  the  term  earth  roads  I  intend  to  in- 
clude all  forms  of  construction,  or  lack  of  con- 
struction, below  the  grade  of  macadam  by 
which  a  trail  or  road  is  secured  over  which  an- 
imals and  vehicles  can  pass.  Again  sub-divid- 
ing into  ordinary  and  improved  earth  roads,  I 
shall  class  as  improved  all  those  where  a  rea- 
sonable attempt  has  been  made  to  secure  a 
scientific  location,  with  a  low  and  fairly  uni- 
form gradient,  and  where  a  fair  amount  of 
intelligent  effort  has  been  expended  in  correct- 
ing or  overcoming  the  adverse  local  natural 
conditions  to  the  end  that  a  road  has  been 
secured  over  which  a  reasonable  load  can  be 
hauled  without  an  undue  expenditure  of  en- 
ergy at  most  seasons  of  the  year. 

E.\SIS  OF  COMPARISON. 

With  such  a  classification  it  is  evident  that 
while  the  question  of  economy  rests  between 
the  improved  earth  and  the  macadam  construc- 
tion, for  the  purpose  of  comparison  both  must 
be  referred  to  the  basis  of  the  ordinary  earth 
road.  While  the  handicaps  with  which  travel 
has  to  contend  on  earth  roads  are  so  many 
and  various  that  it  is  difficult  to  establish  an 
average  condition,  we  will  have  to  assume  that 
the  conditions  are  such  that  a  reasonable  load 
may  be  hauled,  and  that  no  grades  that  are 
so  steep  as  to  be  prohibitive  for  loaded  teams, 
nor  such  extended  stretches  of  excessively  bad 
road  exist  as  to  render  hauling  impractical.  It 
is  frequently  stated  that  a  road  is  no  better 
than  its  poorest  part,  and  wdiile  this  seems  to 
be  good  logic  it  is  not  necessarily  true  in  all 
cases, 

A  short  stretch  of  10  per  cent  grade  in  a 
road  does  not  reduce  the  value  of  the  road  to 
that  of  10  per  cent  for  its  entire  length.  A 
team  can  e.xert  twice  as  much  energy  for  short 
distances  and  for  short  periods  of  time  that  it 
can  exert  continuously  over  extended  periods 
or  distances.  So  the  condition  of  the  ordinary 
earth  road  must  be  taken  as  that  existing  on 
the  greater  portion  rather  than  that  of  the  ex- 
cessively poor  short  stretches. 

IMPROVEMENT   OF  EARTH   ROADS. 

Except  for  two  features  that  have  been 
lar.gely  exploited  during  the  past  few  years 
there  has  been  very  little  consideration  paid  to 
the  question  of  improvement  of  earth  roads. 
Crowning  and  drainage,  which  are  really  one 
and  the  same  thing,  and  the  use  of  the  split 
log  drag  have  been  extolled  as  the  last  word 
in  earth  rnad  improvement.  If  they  were  in- 
suflicicnt  then  the  only  recourse  w'as  hard  sur- 
facing. Roth  of  these  features  are  of  value 
in  the  maintenance  of  the  road,  but  neither  of 
them  touch  the  real  essential  factor  in  the  con- 
struction of  a  serviceable  earth  roadbed. 

The  two  things  that  are  the  curse  of  earth 
roads  are  dust  and  mud,  and  we  cannot  have  a 
serviceable  earth  road  until  we  secure  a  foun- 
dation that  will  not  break  down  imder  the 
traffic  under  adverse  weather  conditions.  The 
quality  or  condition  of  the  immediate  surface 
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is  of  less  importance  than  the  condition  of  the 
subgrade  or  ultimate  foimdation.     We  cannot 
hope   to   entirely   eliminate    the    formation   of 
mud  and   dust,   but   we  can   so  construct  the 
road  that  mud  and  dust  will  not  form  to  such 
an  extent   as   to   become   serious   obstacles  to 
travel.     Anyone  who  has  traveled  extensively 
I  over  country   roads  can   readily   recall   places 
;  on  the  roads  where  dust  is  never  troublesome 
I  even  in  the  driest  weather,  and  where  the  mud 
'  never  gets  deep  enough  to  become  an  obstruc- 
;tion  to  travel.     An  investigation  of  conditions 
existing  at  these   points   will  invariably  show 
ithat  the  foundation  of  the  roadbed  is  stone  in 
■  some  of  its  forms.    It  may  be  ledge  rock,  shell 
!  rock,  broken  stone,  gravel  or  coarse  sand,  but 
jit  is  never  fine  earth  that  is  free  from  stone. 
I  Under  ideal  conditions  a  roadbed  of  loam  or 
I  clay  cannot  be  improved  upon.    The  trouble  is 
'ideal  conditions  cannot  be  secured  at  all  times. 
Sprinkling  will  keep  down  the  dust  in  summer, 
;but  there  has  been  no  means  found   for  pre- 
; venting    the    formation    of     mud     in    winter. 
I  Given   a   sufficiently   copious    rainfall    and    a 
, heavy  enough  traffic  and  any  loam  or  clay  sur- 
iface  will  become  a  mass  of  mud  regardless  of 
icro'wn.   drainage,  or  previous  use  of  the   log 
drag,   and   if   both   rainfall   and   heavy   traffic 
are   continued   long  enough   the  only  limit  to 
the  depth  of  the  mud  will  be  the  ability  of  the 
iteams   to   haul   the   wheels   tlirough,   unless   a 
:stony    foundation    is    reached    before    prohib- 
itory conditions  obtain. 

I  In  most  places  and  under  most  conditions 
proper  crowning  of  the  road  will  largely  con- 
jtrol  the  mud  problem,  but  crowning  in  no  way 
'restricts  the  formation  of  dust.  Furthermore 
what  value  is  there  in  crownincr  a  road  tliat 
runs  through  a  sand  bed,  or  over  porous  gravel, 
or  has  been  blasted  out  of  a  rock  ledge?  The 
only  reason  that  can  be  given  for  crowning  a 
■road  is  that  the  rain  falling  on  the  surface 
may  run  into  the  side  ditches  instead  of  re- 
maining in  the  road  to  be  instrumental  in 
forming  mudholes.  However,  unless  the  sui'- 
face  is  kept  free  from  ruts  the  crowning  will 
help  very  little  in  preventing  the  formation 
"of  mudholes.  It  is  here,  and  only  here,  that 
the  log  drag  is  efficient.  In  clay,  "dobe,"  muck, 
loam  that  is  subject  to  supersaturation,  and 
across  swainpy  lands  there  is  no  question  but 
that  crowning,  drainage,  and  the  use  of  the 
'og  drag,  if  intelligently  planned  and  carried 
but,  will  materially  assist  in  giving  pood  roads 
for  the  greater  portion  of  the  year,  but  unless 
there  is  provided  a  fcnimlaticju  of  stone  luider- 
lying  the  surface  sucli  roads  will  cut  up  badly 
in  extended  spells  of  either  dry  or  wet  weather. 
jSuch  material  will  not  become  and  remain 
:ompact  unless  supplied  with  just  the  proper 
amount  of  moisture.  If  there  be  too  little  or 
loo  much  the  impact  of  the  traffic  will  griml 
It  into  dust  or  nnid.  The  only  recourse,  other 
han  actual  paving,  is  to  supply  the  stone  sub- 
grade where  it  is  lacking,  so  that  when  the 
A-heels  cut  tlirough  the  inunediate  surface  coat- 
ng  they  will  meet  with  sulVicient  resistance  to 
irrcst  further  damage.  There  must  be  a  suffi- 
.-ient  thickness  of  the  stone  to  bear  the  weight 
)f  the  traffic,  it  must  be  sufficiently  compact  so 
IS  not  readily  to  disintegrate  under  the  traffic, 
md  it  may  be  well  concealed  un<ler  a  surface 
Toating  of  the  local  clay  or  loam.  This  will 
?ive  the  appearance  and  the  advantages  of  the 
:ommon  earth  road  at  most  seasons  of  the 
•"car  with  the  added  assurance  that  the  dust 
-annot  get  \ery  deep  nor  the  mud  very 
roublcsome  even  under  the  most  adverse 
■vcather  conditions. 

There  arc  miles  of  road  in  western  Oregon 
hat  a  few  years  ago  were  literally  tHiltomlcs* 
>ogs  for  several  months  in  every  vcar.  hut 
vhich  arc  now  fairly  good  roads  at  all  seasons. 
The  change  has  been  brought  about  by  simply 
lumping  enough  broken  stone  in  the  mud  along 
'he  center  line  of  travel  to  form  a  bed  that 
jyould  carry  the  traffic.  Thii  stone  was  soinc- 
imcs   roughlv    spread   and  left    to 

pread  itself,  and  the  m-.v]..  ill  done 

ly  the  feet  of  the  teams  ami  in,  .>,..!■.  of  the 
iehiclcs.  .Ml  this  is  undoubtedly  very  crude 
nd  unscientific,  and  it  may  be  very  imcthical 
o  advise  or  encourage  such  primitive  methods: 
lut  the  fact  remains  that  ihcM-  methods  do 
ecure  desirable  results.     I  have  heard  noted 


highway  engineers  inveigh  against  the  dumping 
of  broken  stone  in  the  mud  of  the  road  as 
being  not  only  a  waste  of  energy  but  an  actual 
daniage  to  the  road  so  treated.  From  their 
point  of  view  they  may  be  right,  but  the  prac- 
tical man  who  is  looking  for  service  rather 
than  frills  cannot  agree  with  them. 

Fifty  years  ago,  when  but  a  lad  in  Penn- 
sylvania. I  saw  my  father  filling  mudholes  in 
the  road  with  shale,  later  on  in  Minnesota  I 
helped  to  till  such  places  with  gravel,  and 
where  the  roads  crossed  "sloughs"  in  Minne- 
sota and  Iowa  I  saw  them  constructed  of 
gravel  or  the  waste  from  the  limestone  quar- 
ries. I  have  seen  the  waste  from  the  ore 
concentrators  in  Idaho  and  Montana  used  in 
this  manner  to  build  roads  to  the  mines,  and 
not  a  mile  from  where  I  sit  as  I  am  writing 
this  article,  a  piece  of  road  is  located  that  was 
treated  to  a  coat  of  broken  stone  five  years 
ago  this  winter  at  a  time  when  the  mud  was 
12  to  18  ins.  deep.  The  stone  was  obtained  at 
the  w;aste  pile  from  the  excavation  for  one  of 
the  city  reservoirs  and  dumped  in  the  mud  to 
an  average  depth  of  12  ins.,  spread  to  a  fairly 
uniform  surface  and  then  covered  with  2  ins. 
of  clay.  This  place  had  been  an  almost  im- 
passable morass  every  winter  for  years  past, 
but  since  tilling  with  stone  has  been  as  good 
a  piece  of  road  as  we  have.  Another  piece 
(500  ft.  long  is  being  treated  in  the  same  man- 
ner at  the  present  time  at  a  cost  of  2o  cts.  per 
square  yard. 

It  is  not  my  intention  to  claim  that  roads 
treated  in  this  manner  are  ideal  roads.  When 
the  wheels  cut  through  the  surface  coating  to 
the  stone  foundation  they  are  apt  to  strike 
rather  rough  going.  Some  of  the  stones  may 
work  to  the  surface,  though  I  have  never 
known  this  to  occur  where  reasonable  care 
was  taken  in  placing  the  material. 

The  road  will  not  be  free  from  dust  in  sum- 
mer nor  from  mud  in  winter,  but  neither  dust 
nor  mud  can  get  deep  enough  to  otTcr  any 
serious  obstacle  to  travel.  They  are  not  Iniilt 
to  meet  sanitary  requirements  or  esthetic  ap- 
pearances, nor  to  compete  with  roads  that  are 
laiindry-starchcd  and  smoothed  out  with  hot- 
point  electric  irons. 

On  a  very  large  portion  of  the  country  roads 
the  travel  is  too  heavy  and  important  to  be 
condemned  to  the  use  of  unimproved  earth 
roads,  and  yet  not  of  sufficient  volume  to  war- 
rant the  construction  of  hard  surfaced  roads. 
The  construction  herein  outlined,  with  its  flexi- 
bility and  practical  value,  is  designed  to  meet 
the  r('f|uir<ments  of  just  this  class  of  traffic. 
The  object  to  he  aimed  at  is  the  securing  of  a 
stable  foundation  tlirougbout  the  entire  length 
of  the  road.  Where  the  foundation  is  natur- 
ally good  advantage  is  taken  of  the  fact  and 
where  it  is  defective  to  a  greater  or  less  extciu 
the  needed  reinforcement  is  provided.  It  does 
not  mean  that  dumping  broken  stone  in  the  mud 
is  advisable  in  all  cases.  It  may  be  better  to 
remove  the  mud  coating  and  spread  the  stone 
evenly  on  the  firmer  subgrade,  anil  then  cover 
it  with  the  best  ntaterial  available  We  all 
know  that  there  are  always  a  few  bad  places 
in  every  ordinary  earth  road,  an<l  if  these 
could  be  eliminated  the  roatl  would  not  bo  .i 
had  one.  It  is  here  that  the  highway  engineer 
MUist  use  common  sense  rather  than  follow 
scholastic  tuaxinis.  The  principle  laid  down 
by  the  builder  of  the  "One  Horse  Shay"  is  a 
Rood  one  to  apply  to  country  road  construc- 
tion. 

"The  thing  to  dew  is  only  jest 
T'  make  the  weakest  place  's  .^ttrong  's  Ihc 
rest." 

There  is  a  broad  gap  between  the  pack  trail 
and  the  pavement  that  must  be  filled.  How  to 
meet  the  rrcpiirrmeiits  of  this  class  of  road  is 
a  grratrr  rronnmir  problem  and  .ifTects  more 
people  and  more  traffic  than  the  problem  of  the 
best  binder  for  macadam. 

There  is  nothing  surer  than  that  for  vears 
to  come  the  great  mass  of  countrv  travel  must 
pass  over  earth  roads  for  part  of  the  way  at 
least.  We  cannot  afTord  to  macadamise  all  of 
our  roads,  and  if  we  could  it  would  not  be  a 
paying  investment. 


ECON'O.MJC    .\XALYSIS    OF   THE    PRODLIiM    IXVOLVED. 

.\s  an  economic  proposition  the  amount  that 
can  be  profitably  expended  on  any  road  is  di- 
rectly proportional  to  the  amount  and  impor- 
tance of  the  traffic  passing  over  that  road. 
Like  all  general  principles  this  cannot  always 
be  applied  literally.  The  question  is  one  of 
public  policy  and  like  all  such  questions  cannot 
always  be  reduced  to  the  dollar  and  cents 
standard.  Sanitation  or  esthetics  may  be  fac- 
tors of  equal  or  even  paramount  importance, 
but  when  these,  or  any  other  extraneous  fac- 
tors enter  the  problem  it  is  because  of  strictly 
local  conditions  and  does  not  affect  the  status 
of  the  general  proposition.  Comparisons  can 
only  be  made  by  accepting  certain  fixed  rules. 
If  we  allow  local  disturbing  conditions  to  enter 
the  problem  then  the  comparison  becomes  a  ' 
strictly  local  one  and  of  no  value  in  determin- 
ing general  applications. 

In  judging  the  comparative  value  of  differ- 
ent kinds  of  road  surfaces  the  most  convenient, 
and  in  fact  about  the  only  factor  we  can  use 
is  the  efficiency  of  a  teani  on  the  roads  com- 
pared. \umerous  attempts  have  been  made 
under  varying  conditions  to  ascertain  what 
these  ratios  are.  and  the  results  do  not  agree 
very  closely.  Haswell  finds  the  ratio  of  the 
average  all  day  loads  to  be  as  follows :  Mac- 
adam 100  per  cent,  earth  roads  in  prime  con- 
dition Sa  per  cent,  ordinary  earth  roads  32  per 
cent,  and  sand  10  per  cent.  Byrne  gives  the 
ultimate  possible  load  as  macadam  100  per 
cent,  best  earth  54  per  cent,  ordinary  earth  21 
per  cent,  and  sand  IG  per  cent.  Except  in  a 
general  way  these  conclusions  cannot  have 
very  much  value  because  of  the  fact  that  it 
is  not  so  nuich  what  a  team  can  move  over 
the  roads  as  it  is  what  results  we  may  expect 
to  obtain  in  actual  practice.  Numerous  at- 
tempts have  also  been  made  to  ascertain  the 
cost  per  ton  mile  of  moving  freight  over  dif- 
ferent kinds  of  roads  with  results  that  are 
still  more  conflicting.  They  apparently  ignore 
the  costs  of  loading  and  unloading  the  freight, 
which  with  farm  produce  is  an  important  item, 
.ind  also  the  fact  that  while  one  driver  may 
handle  six  or  eight  horses  on  an  earth  road  it 
is  hardly  practical  for  him  to  handle  a  six  or 
eight-horse  load  on  macadam  under  ordinary 
country  conditions. 

The  cost  of  handling  the  produce  and  the 
driver's  wages  would  usually  be  the  same 
whether  the  load  was  drawn  by  two  horses 
over  a  macadam  road  or  by  eight  horses  over 
an  earth  road.  The  writer  has  made  quite  ex- 
tensive investigations  with  reference  to  the 
costs  of  moving  farm  produce  in  this  region 
and  the  result  seems  to  show  that  the  average 
cost  is  'M  cts.  per  ton  mile  over  ordinary  earth 
roads,  the  usual  team  consisting  of  six  horses, 
the  load  1  tons  exclusive  of  the  vehicle,  and 
the  distance  moved  8  miles,  the  team  returning 
empty.  As  the  driver  has  to  handle  his  load 
in  the  field  and  again  at  the  warehouse,  besides 
caring  for  his  six  horses,  he  can  hardly  be  cx- 
pectecl  to  do  the  same  with  a  12-ton  load  which 
would  be  oidy  an  onlinary  load  for  his  six 
horses  on  goo»l  macadam. 

If  the  field  is  so  located  that  two  horses 
even  with  the  help  of  a  snatch  team  can  get 
the  load  on  the  macadam  road  then  the  cost 
can  he  reduced  to  perhaps  1!>  cts..  or  a  saving 
of  1.5  cts.  per  ton  mile.  However,  not  all 
farms  are  so  located  that  they  can  take  full 
advantage  of  the  easier  haul  over  the  macadam 
road  even  if  the  system  were  extended  to  the 
full  economical  limit.  .V  considerable  portion 
of  the  farms  must  remain  so  located  that  the 
initial  haul  will  be  over  earth  roads  for  per- 
haps several  miles.  The  traffic  over  these 
feeders  would  be  of  too  small  volume  to  war- 
rant hard  surfacing.  Tli's  would  reduce  the 
benefit  that  would  accrue  to  the  total  tonnage 
passing  over  the  road  by  probably  one-half 
even  with  a  complete  system  of  hard  surf.iced 
roads;  but  on  the  other  hand  the  benefit  of  the 
improved  road  to  the  lighter  traffic  would  un- 
doubtedly be  sufficient  to  fully  offset  this  loss. 
.Assuming  such  to  be  true  we  can  then  see 
what  volume  of  tonnage  must  be  .shown  in 
order  that  the  macadamising  of  any  given 
piece  of  road  may  be  justified  as  an  economic 
proposition. 
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SOLUTION    OF       A    TVPICVL    PROBLEM. 

Assuming  $10,000  as  the  cost  of  the  road  per 
mile,  we  have  then  to  provide  for  an  annual 
interest  charge  on  that  amount  in  perpetuity, 
a  sinking  fund  sufficient  to  renew  the  surfacing 
at  stated  periods,  and  an  annual  maintenance 
charge  sufficient  to  keep  it  in  reasonable  repair. 
The  interest  is  on  the  total  investment  of  $10,- 
000,  which  at  4  per  cent  amounts  to  $400.  The 
sinking  fund  would  only  provide  for  renewing 
the  top  course  of  the  macadam  surface  at  ten 
year  intervals  and  for  tliis  purpose  $'iOO  per 
annum  must  be  provided.  For  ordinary  main- 
tenance we  will  allow  $300,  wliicii  ought  to  be 
ample  under  any  conditions  where  a  macadam 
surface  is  economical.  This  gives  an  annual 
charge  of  $900,  which  we  must  show  is  de- 
rived in  benefits  to  the  traffic  if  we  would 
justify  the  investment.  At  l.j  cts.  per  ton  mile 
as  shown  abo\e  this  would  only  require  0,000 
tons  of  traffic.  This  result  could  only  be  pred- 
icated where  the  improved  road  system  was 
very  complete,  including  not  only  the  hard 
surfaced  main  trunk  lines,  but  also  improved 
earth  roads  as  feeders.  Under  ordinary  con- 
ditions, and  while  the  improved  road  system 
of  the  community  is  in  its  formative  period, 
we  would  scarcely  be  justified  with  a  tonnage 
less  than  three  times  that,  or  18.000  tons. 

It  is  evident  that  as  tlie  lines  of  improved 
road  are  extended  farther  into  the  country 
and  nearer  the  primary  sources  of  traffic  a 
greater  proportion  of  tlie  traffic  will  be  en- 
abled to  get  the  full  Ijenefit  if  the  improve- 
ment and  the  worth  of  the  road  as  an  invest- 
ment will  be  enhanced.  It  may  be  demonstrable 
that  under  certain  conditions  an  investment  of 
$10,000  per  mile  would  be  justified  with  con- 
siderably less  than  the  t3,000  tons  of  freiglit  in 
sight  as  tributary  to  the  road,  and  as  where 
the  traffic  is  small  a  narrower  roadbed  may  be 
sufficient,  and  in  many  instances  the  cost  of 
grading  is  much  less,  we  may  be  able  to  liuild 
a  sufficient  road  for  $4,000  per  mile  and  con- 
sider it  profitable  where  the  freight  traffic  is 
2,000  ton>.  Below  tliis  limit  it  is  not  probable 
that  macadam  can  be  justified  and  some  form 
of  improved  earth  road  must  be  resorted  to. 
In  most  cases  for  comparatively  light  traffic  a 
properly  constructed  enrtli  road  mav  be  fully 
as  good  as  macadam  and  very  much  cheaper. 
It  takes  a  considerable  amount  of  traffic  tn 
turn  a  compact  earth  surface  into  a  dust  bed. 
and  though  it  will  be  muddv  to  a  certain  extent 
after  every  rain,  unless  the  travel  is  quite 
heavy  the  mud  will  not  get  deep  enough  to 
offer  serious  obstructions  to  the  tra\el  and  no 
had  mudhdles  will  form  if  the  road  has  been 
properly  made.  As  the  construction  cost  of 
an  improved  earth  road  is  so  largelv  composed 
of  grading  the  cost  will  vary  with  local  condi- 
tions and  mav  be  anvwhere  from  $1,000  to 
$6,000  per  mile. 

As  this  is  all  permanent  work  mi  sinking 
fund  need  be  provided  and  the  only  annual 
charge  will  be  the  interest  on  the  investment. 
To  he  sure  there  will  be  maintenance  charges, 
but  as  they  should  be  no  greater,  but  rather 
less,  than  the  cost  on  the  ordinary  earth  road 
they  can  hardly  be  charged  up  a,gainst  the  im- 
provement. 

This  gives  ns  an  annual  charge  as  low  as 
$40  and  as  high  as  $240  to  be  offset  in  benefits 
to  the  traffic. 

As  the  efficiency  of  such  a  road  is  fully 
equal  to  macadam  for  light  travel,  and  is  about 
()0  per  cent  that  of  macadam  for  loads,  the 
aggregate  efficiency  will  be  fully  80  per  cent  if 
the  volume  of  travel  is  not  excessive.  This 
being  the  case  an  investment  of  $0,000  per 
mile  would  be  justified  for  1000  tons  of 
freight.  Tlie  question  of  whether  improved 
earth  or  macadam  is  to  be  preferred  will  usu- 
ally hinge  on  the  cost  of  the  grading.  If  the 
cost  of  this  is  light  then  macadamizing  might 
be  justified  for  a  comparatively  small  tonnage 
while  pn  earth  road  would  be  profitable  with 
a  very  high  cost  of  grading  even  when  the  ton- 
nage was  so  light  that  macadamizing  could  not 
be  considered. 

CONCLUSION'S. 

The  whole  question  turns  on  the  annual  cost 
of  the  improvement  and  its  value  as  a  public 
utility.  Unless  its  value  is  at  least  equal  to  its 
cost  then  the  investment  is  not  justified. 


The  public  is  entitled  to  as  good  a  road  as 
the  value  of  the  traffic  will  justify,  and  no 
more.  So  far  we  have  treated  eacli  mile  of 
road  as  a  separate  entity  having  a  value  pro- 
portionate to  the  amount  of  traffic  it  carries  re- 
gardless of  the  way  its  improvement  affects 
the  adjacent  parts  of  the  system.  To  a  large 
extent  this  is  true  of  the  terminal  of  a  trunk 
line  adjacent  to  the  trade  center,  but  as  the 
distance  from  the  trade  center  increases  the 
mterdepcndence  of  the  adjacent  parts  becomes 
more  marked.  Thus  while  the  traffic  over  a 
given  mile  of  road  located  10  miles  from  town 
may  not  be  of  sufficient  volume  to  warrant  the 
expenditure  of  any  great  amount  of  money  for 
improvement  taken  by  itself,  the  fact  must  be 
borne  in  mind  that  an  improvement  that  will 
allow  the  movement  of  an  increased  load  over 
that  mile  of  road  will  allow  the  movement  of 
the  same  increased  load  over  every  one  of  the 
ten  intermediate  miles,  provided  they  are  also 
improved. 

At  the  same  time  as  the  feeders  of  any  trunk 
line  are  improved  the  value  and  utility  of  the 
trunk  line  is  increased  and  the  ratio  of  cost  to 
value  is  decreased.  Nor  is  the  traffic  of  the 
present  and  the  immediate  future  the  sole 
measure  of  the  value  of  any  improvement.  A 
road  that  may  be  sufficient  for  the  present  may 
be  entirely  insufficient  ten  years  from  now. 
Still  it  would  be  unwise  to  bank  too  much  on 
the  future.  The  wise  construction  is  that 
which  is  amply  sufficient  for  present  needs 
and  at  the  same  time  provides  a  foundation  for 
future  improvements.  A  properly  constructed 
earth  road  is  but  the  necessary  foundation  for 
a  macadam  road,  a  worn  out  macadam  forms 
an  excellent  foundation  for  concrete,  and 
cither  a  prime  macadam  or  concrete  is  essen- 
tial as  a  foundation  for  asphalt. 

If  it  js  unwise  to  construct  macadam  or 
other  hard  surfaced  roads  before  the  traffic  is 
sufficient  to  warrant  the  expenditure,  it  is 
equally  unwise  to  continue  to  spend  money  in 
patching  up  earth  roads  after  the  traffic  has 
lieconie  greater  than  tliey  can  handle.  The 
most  unvvise  course  of  all  is  to  insist  that  there 
is  no  middle  course  between  the  ordinary  un- 
improved earth  road  and  the  costly  hard  sur- 
faced construction,  and  to  refuse  to  consider 
anv  methods  of  improving  the  earth  roads 
until  such  time  as  the  traffic  has  become  suffi- 
cient to  warrant  the  better  construction.  There 
is  no  method  of  road  construction  so  good 
that  there  is.  not  something  almost  as  good  and 
a  little  cheaper.  At  the  same  time  the  best 
we  have  been  able  to  devise  as  yet  is  still  sub- 
ject to  improvement.  There  is  a  fairly  uni- 
form and  well  graduated  sequence  between  the 
poorest  road  construction  and  the  best,  and 
that  road  is  the  best  for  any  given  locality 
whicli  shows  the  most  nearly  perfect  ratio  be- 
tween cost  and  value. 

.•\  well  constructed  pack  trail  may  lie  as  ideal 
a  road  for  certain  mountain  conditions  as  a 
wood  block  pavement  is  for  congested  city 
traffic.  One  of  the  worst  drawbacks  that  we 
have  to  contend  with  in  the  aood  roads  cru- 
sade is  the  lack  of  co-operation  between  the 
advocates  of  the  split  log  drag  and  the  engi- 
neers who  insist  on  macadam  or  concrete  sur- 
facing as  the  only  solution  of  the  problem. 
Each  is  beating  out  his  own  little  tune  on  his 
own  little  drum  regardless  of  the  roll  of  the 
general  harmonv,  or  whether  he  is  in  time  with 
the  beat  of  the  marching  columns. 


History  of  Bituminous  Concrete  Pave- 
ments in  Which  Broken  Stone 
or  Gravel  is  Used. 

The  history  of  bituminous  concrete  pave- 
ments is  of  value  for  record  and  an  unusually 
interesting  history  is  contained  in  a  paper  be- 
fore the  American  Association  for  the  Ad- 
vancement of  Science  at  its  meeting  at  At- 
lanta, Ga.,  last  December.  This  paper  was 
prepared  by  Joseph  H.  Conzelman,  graduate 
student  in  highway  engineering,  Columbia 
University,  and  is  in  full  as  follows: 

Early  in  the  nineteenth  century  bituminous 
concrete  was  used  for  the  purpose  of  paving 
sidewalks,  but  its  use  as  a  street  paving  ma- 
terial did  not  begin  until  1840,  when  a  pave- 
ment  of   tar-coated   .stone   was  constructed  at 


Nottingham,  England.  Five  years  later  a 
similar  mixture  was  used  at  Sheffield,  Eng- 
land. In  1854  the  use  of  asphalt  for  the  car- 
riageway of  streets  was  commenced  in  Paris 
and  in  1869  the  authorities  at  London  started 
to  use  this  material.  The  majority  of  the 
pavements  laid  in  Paris  and  London  during 
this  period  were  made  of  powdered  rock 
asphalt  and  pulverized  stone,  iron  and  grit. 
This  mixture  was  spread  to  a  depth  of  l',-; 
ins.  to  -%  ins.,  after  compression,  on  a  con- 
crete base  0  to  9  ins.  thick. 

In  this  country  rock  asphalt  was  not  as 
available  as  in  Europe.  Consequently  our 
road  engineers  turned  their  efforts  toward 
finding  a  cheaper  substitute.  Up  to  1872  about 
one  hundred  patents  had  been  issued  on  bitu- 
minous pavements,  a  few  of  which  specified 
the  use  of  a  clean,  hard  mineral  aggregate. 
The  majority,  however,  to  become  patentable 
sacrificed  quality,  and  called  for  the  use  of 
various  percentages  of  such  materials  as  saw- 
dust, charcoal,  peat,  shavings,  etc.  .\  board 
of  engineers  representing  many  of  the  large 
eastern  cities  reported  in  1872,  in  part,  as 
follows : 

A  pavement  composed  of  broken  stone,  gravel, 
sand,  or  their  fquivalents,  if  they  can  be  found, 
united  with  asphalt  and  coal-tar  bitumen,  prop- 
erly prepared,  without  doubt,  will  make  a  road- 
way which  shall  prove  both  cheap  and  durable: 
but  no  process  now  in  use,  so  far  as  known 
to  the  members  of  the  Board,  by  which  pave- 
ments are  at  p'esent  manufactuicd,  offers  such 
conditions  of  uniformity  in  the  manipulation 
of  the  work  as  to  warrant  assurances  of  sub- 
stantial   success. 

The  first  bituminous  concrete  used  in  this 
country  to  pave  carriageways  of  roads  and 
streets,  to  the  best  of  the  writer's  knowledge, 
was  laid  in  New  York  City  by  the  Scrim- 
shaw Paving  Co.  in  1801.  The  process  used 
was  patented  in  1800  and  consisted  of  suc- 
cessive layers  of  well  rolled  mixtures  of 
broken  stone,  gravel,  sand,  coal  ashes,  cin- 
ders and  coal-tar.  The  coal-tar  was  not  re- 
fined and  the  pavement  could  stand  but  little 
traffic  before  the  light  oils  had  evaporated. 
.\bout  1869  this  company  was  offering  to  keep 
any  pavements,  built  by  them,  in  repair  for 
ten  years  at  an  annual  charge  of  10  cts.  a 
square  j'ard  for  the  first  five  years,  and  1"> 
cts.  a  square  yard  for  the  following  five. 

It  soon  became  apparent  that  a  mixture 
must  be  used  which  would  harden  quickly. 
The  Fisk  concrete  was  the  first  experiment  in 
this  direction,  resin  and  pine  pitch  being  the 
hardening  agents  used.  A  sample  of  this 
pavement  was  laid  on  Fifth  Ave..  New  York, 
about  1869  and  for  the  first  few  months 
proved  very  satisfactory.  As  soon,  however. 
as  the  lighter  oils  had  entirely  evaporated,  the 
pavement  became  so  hard  and  brittle  tliat  it 
cracked  and  powdered  under  traffic  and  the 
avenue  became  a  mud  hole  in  rainy  weather. 
This  gave  rise  to  the  cry  of  "Poultice  Pave- 
ments" and  did  much  to  prejudice  the  coun- 
trv  against  the  use  of  tar  as  a  road  material. 

'About  this  time,  1871,  Mr.  N..  B.  Abbott, 
after  considerable  experimenting  with  coal 
tar,  secured  a  patent  and  laid  a  sample  mile 
of  pavement  in  Brooklyn  on  Sackett  and  Dc- 
graw  streets.  The  bituminous  material  used 
consisted  of  a  mixture  of  coal-tar  pitch  and 
creosote  oil,  and  for  the  mineral  aggregate 
only  the  hardest  broken  stone  and  gravel  ob- 
tainable w-cre  used.  .-Ml  of  the  material  was 
licaled  before  mixing  and  was  laid  and  rollcil 
while  stil!  hot.  The  pavement  was  laid  in  two 
courses  varying  in  thickness  from  2  to  "i  ins. 
for  the  bottom  layer  and  from  1  to  3  ins,  for 
the  wearing  surface. 

Mr.  .\bbott  heated  and  mixed  this  material 
by  machinery  propelled  either  by  steam  or 
horse  power;  used  a  revolving  screen  for  Ins 
stone  and  gravel :  and  considered  roUingvery 
essential.  His  pavements  cost  from  $2.."iO  to 
$3.00  a  square  yard.  A  coating  of  from  2  to 
3  ins.  laid  over  an  old  cobblestone,  macadain. 
or  other  stone  or  wood  block  pavement  varied 
in  cost  from  $1  to  $l.-")0  per  square  yard. 

In  1873  Mr.  .Mibott  patented  a  flush  coat 
process  which  he  called  the  .Xbbott  Grit  Sur- 
face.    This  invention  cmsisted  in  applying  to 
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ithc  wearing  surface  of  a  pavement  a  coating 
()f  bituminous  cement  sprinkled  with  clean, 
<lry  grit  or  sand.  He  claimed  that  bv  apply- 
iing  this  coating  periodically  the  life  of  a 
bavement  would  be  prolonged  and  slipperi- 
Iness  prevented. 

Of  these  early  day  pavements  the  one  which 

iiost  closely  approximates  the  present  idea  of 
^youd  biturninous  concrete  construction  was 
the    Excelsior    Pavement.     This   pavement    is 

lescrihed     by     Mr.    Ciabricl     Leverich     in     a 

;  aiiiphlct  printed  ir.   1871.     Mr.  Leverich  says 

II  part ; 

.\ny    pavement    held    together    by    bituminous 
t-ment,  from  which  the  oils,  volatile  at  ordinary 
lemperatures,     have     not     been     expelled     must 
Jiltimatel.v  fail. 

I  For  a  csment,  a  stable  and  intimately  united 
icompound.  one  which  does  not  change  on  ex- 
f>osure.  should  therefore  be  selected.  This 
(ilone  in  time,  and  under  exceptional  and  ob- 
pcure  circumstances,  forms  a  strong  and  elastic 
^•ement.  which  may  be  obtained  at  once  by  a 
firoper  application  of  heat  to  t'ne  tar  (alone  or 
jnixed  with  pitch)  to  separate  before  use  the 
'iehter  parts  which  otherwise  will  ev.^porate 
iterwards. 

The  tar  was  refined  in  a  still  placed  over  a 

nrtable  boiler.     Steam  was  circulated  in  and 

"iund    the   still    and   was   allowed    to   escape 

^Mugh    perforated    pipes    and    mingle    with 

'    tar.     The  mineral  aggregate   is  descriljed 

i~   follows: 

The   resisting   material   may    be   sand   for   the 

■11  face,  gravel  cr  broken  stone  mixed  with  sand 

r  the  middle,  and  larger  stone  for  the  bottom. 

•    lied;    broken    stone   alone   is   preferred,    sizes 

iig  chosen  which  best  form  a  compact  struc- 

I  lire,    smooth    on    top,    and    strong    throughout. 

pmall    fragements    are    not    .generally    required. 

peveral   sizes   are   mixed   to   form   a   close   mass 

,vilhout    cavitie.s,    the    coarser    stone    being    put 

••n»ath.       This     material     should     be    carefully 

■  '•ted    for    its    strength    and    resistance,    anil 
main    no   dirt   or   other   foreign   matter. 

The  resisting  inaterial  for  the  covering  was 
Iried  and  heated  in  a  cylinder  placed  over  a 
'iirnace.       This     cylinder     rotated     about     a 
liuhtly    inclined    stationary    axis    fitted    with 
I'd    artns    for    stirring.      The    material    was 
■.cd  with  heated  tar  in  a  similar  cylinder. 
I'hc    Excelsior     Pavement    has     been     de- 
ribed    in  a   specification   as    follows : 
The   gravel   or   broken   stones   shall   be   sharp, 
i;,'h  and  hard;  clean,  dry  and  free  from  foreign 
tiatter.      In   quality,    the   gravel   shall   efiual   the 
•est    "'nyder"    or    "Peeksklll,'    and    the    broken 
jtones,    that   ol)t;iined    from    the    Palisades    trap 
;ock. 
Broken    ;:toneB    are    preferred    for    the    whole 
ivtment  and  shall  alone   be  used   for  the  cov- 
ing.     The   greatest    dimensions   of   stones    for 

•  base  (except  as  hereinafter  noted)  shall  be 
'■■veen  "  Ins.  .ind  %  In.,  and  for  the  covering, 
'ween  2  Ins.  and  1/20  in.;  the  sizes  shall  be 
\fd    in    proportion,   varying   with   the   size    to 

jrm   a  close  mass,   which   when   dry   and   com- 
peted can  absorb  not  more  than  20  per  cent  of 

■  ter.  The  whole  shall  be  completely  dry  when 
■d;  the  stones  laid  In  the  base  may  be  heated 

Mot,    according    to    clrcumst.nnii'.";    IbiL-te    laid 

ihe    <^uverlng    shall,    as    used,    be    uniformly 

■  ated  to  r.  temperature  between  :.'r>0°  and  350°. 

'  The  ccm»nt  shall   be  gas   tar  nlom-,  or  mixed 

ilth  not  more  (ban  one-third  nsiihalt  or  pitch; 

^hall    bo   distilled   as   used.    In   direct   contact 

lb    steam — separated    from    the    more   volatile 

ll8  and  uniformly  heated   to  a  tenipcriituro  bc- 

•veen   275°   and   315°,   whereby   It   Is   brought   to 

■  ''rtaln  fixed  standard,  so  that  l^r  Ibi'  base  It 

shall  be  viscid  and  cohereni  when  nearly 
■"1  and  for  the  covering  senillhilil  nt  100", 
'lid  at  '30°  and  tough  and  strong  at  30". 

The  specifications  call  f"r  a  '•n'  ba'-c  .'t  to 
ins.  thick,  of  a  single  cnur  .■  "t  wciIrc- 
i;i|'cd  stone  nearly  uniform  in  si/c.  The 
cviccs  to  be  filled  with  smaller  stone,  then 
■vcrcd  with  bituminous  or  lime  cement.  .'Xn 
I  cohlilcstone  pavement  could  be  used  for 
1   sub-base  in  which  case  the  stones  were  to 

•  cleaned  to  a  dcptli  of  at  least  '1  ins.  below 
icir  average   surface. 

'  'n  this  sub-base  was  placed  a  base  course 


varying  in  thickness  froin  4  to  G  ins.  The 
stone  for  this  course  was  covered  with  a 
"slight  but  entire"  coating  of  hot  base  ce- 
ment. Upon  this  was  placed  the  wearing  sur- 
face 2  to  3  ins.  in  depth.  The  materials  for 
this  course  were  heated  and  mixed  in  the 
proportion  of  1  cu.  yd.  of  stone  to  20  to  2o 
gallons,  of  bituminous  cement.  Each  course 
was  carefully  rolled  with  a  steam  roller 
w'eighing  at  least  10  tons.  Before  final  rolling 
the  surface  was  slightly  coated  with  fine 
gravel. 

Bituminous  concrete  pavements  were  laid 
to  a  large  extent  in  Washington.  D.  C,  from 
1870  to  1878.  -Approximately  7iJ0,0U0  sq.  yds. 
were  put  down  during  this  period  of  wliich 

20  per  cent  failed  within  2  to  3  years. 
30  per  cent  lasted  7  years. 
41   per  cent   basted   1.",   years. 
4.8   per  cent   lasted   20   years. 
1.2  per  cent  lasted  30  years. 

The  most  permanent  of  these  pavements 
was  the  Filbert  N'ulcanite.  It  consisted  of  a 
mixture  put  together  in  the  following  propor- 
tions :  80  lbs.  asphalt ;  30  lbs.  of  either  resin, 
pitch,  coal  tar  or  pine  tar;  •")  lbs.  of  sulphuric 
acid;  90  lbs.  of  lime  and  000  lbs.  of  sand,  fine 
.sjravcl,  ground  iron  cinders  and  broken  stone. 
The  mineral  matter  was  dried  and  mixed  in 
liroportinns  tending  to  give  a  close  mass.  The 
lieatcd  bituminous  cement  was  then  added  and 
the  material  was  spread  over  the  siiligr:ide  to 
the  desired  thickness  and  rolled   while  warm. 

Among  other  pavements  laid  in  Washing- 
ton  during   this   period,   were   the    following: 

Parisen  Pavement.  The  base  course  con- 
sisted of  a  layer,  G  to  8  ins.  thick  of  2  to  4  in. 
stone  thoroughly  mixed  with  coal  tar,  lakf* 
asphalt,  fine  screened  gravel  and  calcined 
gypsum.  A  light  course  of  stone  chips  or 
gravel  mixed  with  medium  tar  and  Portland 
cement  was  then  rolled  into  the  surface 
voids.  This  coating  was  painted  with  the  ce- 
ment used  in  the  base  and  on  this  was  spread 
a  2-in.  course  of  gravel,  gypsum  and  Port- 
land cement  mixed  with  a  bituirinous  cement, 
three-fourths  of  which  was  distilled  tar,  one- 
eighth  Cuban  asphalt  and  one-eight  Trinidad 
asphalt.  This  course  was  then  rolled,  painted 
with  bituminous  cement,  and  repeated. 

Scharf  Pavement.  This  type  proved  more 
durable  than  many  of  the  others,  200,000  sq. 
yds.  of  it  being  laid.  It  was  put  down  in  tlirce 
courses,  all  well  rolled.  The  base  varied  in 
thickness  from  4  to  7  ins.  and  consisted  of  a 
mixture  of  broken  stone  and  stiff  bitumen  de- 
rived from  the  slow  distillation  of  coal  tar. 
Upon  the  base  was  placed  a  2-in.  course  of 
stone  mixed  with  cement  consisting  of  1  gal. 
of  pitch  to  V2  lb.  of  asphalt.  The  wearing 
surface  w'as  composed  of  small  stones  and 
gravel,  hydrated  lime,  cement,  pitch  and 
asphalt. 

The  chief  defect  of  these  old  VV'ashington 
pavements  was  in  the  wearing  surface;  the 
foundation  rarely,  if  ever,  failed.  The  results 
iibtaincd,  however,  were  so  variable  that  in 
IH78  the  use  of  bituminous  concrete  was  aban- 
doned and  for  nine  years  none  of  the  material 
was   laid. 

.'\t  llie  end  of  this  period  some  of  the  coal- 
tar  pavements  were  in  such  good  condition 
that  the  Engineering  Department  in  its  report 
for  1H87  slated  that  it  believed  th;it  if  proper 
care  were  taken,  such  pavements  could  he 
laid  cheaper  than  sheet  asphalt  and  with  equal 
success.  The  average  annual  cxpeniliture  for 
maintenance,  during  the  liftccn  years  in  which 
these  pavements  had  been  in  use.  was  "I'-i  cIs. 
a  !i(|uarc  yard.  One  of  the  pavements,  a  Vul- 
canite, which  iiad  been  ilowii  fourteen  years, 
had  required  an  average  expenditure  of  only 
2.0  cts.  per  square  yard  per  year. 

The  use  of  bituminous  concrete  in  Wasli- 
ingtoii  starleil  again  in  1887  and  during  the 
next  five  years  ■I2"i,000  sq.  yds.  were  laid.  The 
pavements  used  were  known  locally  as  the 
"Coal-Tar  Distillate"  an<l  the  "Combination." 
Both  were  7  ins.  in  thickness,  having  a  base 
and  binder  course  of  '>\-'  ins.  and  a  wearing 
surface  of  IV4  ins.  The  base  consisted  of  4 
ins.  well  rolled,  of  stones  passing  a  3-in.  ring. 
This  course  was  then  coated  with  coal  tar 
paving  cement,  .ibout  1  gal.  to  the  square  yard. 
The  binder  course,  a  mixture  of  1  gal.  of  -coal 


tar  to  1  cu.  ft.  of  screened  stone  not  larger 
tlian  l'/4  ins.,  was  then  spread  to  a  depth 
of  2  ins.  and  rolled. 

The  wearing  surface  of  the  coal  tar  dis- 
tillate pavement  was  composed  of  Gu  per  cent 
■  if  sharp  sand,  25  per  cent  screenings.  14  per 
cent  paving  cement  and  small  quantities  of 
hydraulic  cement,  slacked  lime,  and  sulphur. 
The  cement  consisted  of  30  per  cent  asphalt 
and  70  per  cent  coal  tar.  The  wearing  sur- 
face of  the  "Combination"  navement  consisted 
of  the  ordinary  sheet  asphalt  top  mi.xture. 

It  will  be  seen  that  the  pavements  of  1871- 
1S78  differed  greatly  in  construction  from 
those  just  described.  When  cut  up  the  older 
pavements  show  a  closely  compacted  mass,  the 
stones  of  which  are  well  coated  and  the  few 
voids  filled  with  a  bright,  fresh  appearing  tar. 
Those  of  the  latter  period  are  brittle  and  the 
base  course  contains  but  a  small  amount  of 
tar,  and  that  dead  and  lustreless. 

.■\fter  1880  privately  owned  pavements  de- 
creased in  popularity  luid  inipatcnled  types  of 
construction  were  experimented  witli  in  many 
cities  in  the  United  States  and  Canada.  .At 
Hamilton.  Ontario,  tar  concrete  pavements 
were  first  laid  in  1880  and  have  since  been 
used   extensively. 

The  pavements  at  Hamilton  consisted  of  a 
base  course  G  ins.  thick  of  hand  broken  stone, 
furnace  clinkers  or  brick,  rolled  smooth. 
I'pon  this  was  placed  a  3  in.  course  of  hand 
broken  tarred  stone  passing  a  2%  in.  ring. 
This  was  followed  by  a  2-in.  layer  of  machine 
broken  tarred  stone  smoothed  off  with  a  hand 
roller,  sprinkled  with  a  dressing  of  tine  ma- 
terial and  thorou.ghly  rolled  with  a  steam 
roller.  .\  %-in.  layer  of  tarred  gravel  and 
quarry  cbippings  was  then  applietl  and  well 
rolled.  The  pavement  was  then  finished  oflF 
with   a  dressing  of   stone  chippings. 

Following  the  experience  of  Hamilton,  the 
city  of  Toronto  in  1890  laid  about  one-fourth 
mile  of  tar  concrete.  In  this  work  a  4-in. 
lounilation  of  broken  limestone  was  used,  the 
sizes  of  the  stone  varying  from  1%  to  ?•  ins. 
The  voids  were  tilled  with  sand  and  the  course 
flushed  with  tar  and  rolled.  A  layer  of  tarred 
stone  was  then  spread,  not  less  than  l'^-  nor 
more  than  2  ins.  deep.  This  was  evenly  raked 
and  rolled  and  upon  it  was  placed  a  *4-in. 
layer  of  fine  granite  chips  thoroughly  tarred  and 
ndlcd.  .\  dressing  of  pea  gravel  was  then 
spread  over  the  surface. 

This  pavement  stood  up  well  for  two  or 
three  year.s,  but  began  to  disintegrate  at  the 
end  of  that  time.  In  1904  the  specifications 
were  changed  to  require  a  5-in.  foundation 
course.  The  intermediate  course  of  tarred 
stone  was  elintinalcd,  a  3-in.  wearing  surface 
lieing  used.  In  lf)ij."<  the  mineral  aggregate  of 
ihis  wearing  surface  was  graded  as   follows: 

30  per  cent  shall  be  such  as  will  pass  a  No. 
40   sieve. 

12  per  cent  shall  be  such  as  will  be  held  on  a 
.\'n.   40  and  pass  a  No.  8. 

to  per  .  cut  siiall  be  such  as  will  be  held  on  a 
.\o.   S  ami   lass  a   No.  4. 

\S  per  cent  shall  be  such  lis  wlli  be  held  on  a 
N'o.  4  and  pass  a   'i-ln. 

:iii  per  c.'ut  shall  he  such  as  will  be  held  on  a 
'i-ln.   and    pass  a  \-\n. 

The  bituminous  cement  specified  was  a 
mixmrc  of  coal  gas  tar  with  a  specific  gravity 
of  1.2  and  pitch  having  a  specific  gravity  of 
I.I,">  and  a  melting  point  not  under  200"  F. 
These  specifications  also  called  for  a  flush 
coat  of  California  or  some  other  equally  good 
asphalt,  having  a  melting  point  of  '  about 
I7n'   !•■. 

The  bituminous  concrete  pavements  laid  in 
•  "anada  generally  proved  very  satisfactory  for 
the  first  three  years.  At  the  end  of  five  years, 
however,  the  wearing  surface  was  worn  off  in 
patches  and  after  ten  .years  of  continuous 
use  very  little  of  this  surface  remained. 

Miluminous  concrete  pavements  were  laid 
It  l.iltletcin,  N.  II.,  in  18!)4-!).j-nG.  A  total  of 
M,OiiO  .s(|.  yds.  of  this  material  was  put  down 
at  a  cost  of  about  $1  per  square  yard.  These 
pavements  were  constructed  in  the  following 
manner.  Upon  a  o-in.  base  course  of  hand 
set  cobble  stones  was  laid  2  ins.  of  1%-in. 
lar  coated  gravel ;  over  this  a  2-in.  layer  of 
'ii-in.  tarred  gravel,  followed  by  a  2-in.  sur- 
face coat   of   sand   mixed   with   coal   tar   and 
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pitch.  These  pavements  proved  very  satis- 
factory and  for  eight  years  required  very 
little  maintenance.  A  similar  pavement,  how- 
ever, laid  at  Barre,  Vt.,  in  1890,  subjected  to 
heavy  teaming  traffic,  rapidly  disintegrated. 

In  1891-1892  there  were  laid  in  Denver, 
Colorado,  bituminous  concrete  pavements  con- 
sisting of  a  mixture  of  several  sizes  of  broken 
stone  and  an  asphaltic  cement.  Mr.  Marcus 
H.  Hodgman,  the  man  responsible  for  this 
work,  claimed  that  by  carefully  grading  the 
mineral  aggregate  a  keying  together  of  the 
mass  was  effected  which  gave  it  inherent  sta- 
bility independent  of   the  cementing  material. 

Mr.  Frederick  J.  Warren,  at  that  time  con- 
nected with  the  Barber  Asphalt  Co.  at  Den- 
ver, became  convinced  of  the  merits  of  a 
graded  aggregate ;  and,  after  careful  experi- 
ments, he  claims  to  have  obtained  the  exact 
proportionment  of  sizes  which  would  reduce 
the  voids  in  the  mass  to  a  minimum.  In  1901 
he  obtained  a  patent  on  a  paving  process 
tvhich  consisted  of  mixing  a  bituminous  ce- 
ment with  broken  stone,  the  latter  to  be  care- 
fully graded  as  to  size  in  such  a  way  as  to 
contain  less  than  21  per  cent  of  voids. 

Mr.  Warren's  pavement,  known  as  "Bitu- 
lithic,"  was  first  laid  in  Pawtucket.  R.  I.,  in 
1901.  Its  success  was  immediate  and  at  the 
close  of  the  year  1907,  6,.500,000  sq.  yds.  or 
422  miles  of  30  ft.  width,  had  been  laid  in 
cities  in  the  United  States  and  Canada. 

Following  three  years  of  experimental 
work  with  bituminous  concrete,  Rhode  Island 
in  1909  was  the  first  state  to  adopt  this  meth- 
od of  construction  as  a  standard  type  for  use 
on  state  highways.  The  authorities  in  Rhode 
Island  have  met  with  very  good  success  in 
using  for  the  road  metal  a  product  known  as 
one  size  crusher-run  stone.  The  following  is 
a  mechanical  analysis  of  a  tj'pical  product  used 
for  the  wearing  surface : 

Per  cent  passing-  10  mesh  screen 1.0 

Per  cent   passing   'i-in.    screen 2.5 

Per  cent   passing   ',4-in.   screen 30.S 

Per   cent   passin;;   •''i-in.   screen 34.2 

Per  cent  passing:   1-in.   screen 2.3.4 

Per  cent   passing   H4-in.    screen 8.1 

A  product  of  this  kind  is  obtained  from 
the  ordinary  type  of  crushing  plant  and  re- 
sults from  stone  passing  over  a  %-in.  to  %-in. 
screen  and  through  a  VA-'m.  screen. 

In  1908  there  was  laid  at  Topeka.  Kan.,  a 
type  of  pavement  similar  to  the  ones  laid  by 
Mr.  Hodgman  in  Denver.  Before  the  pave- 
ment reached  completion  an  injunction  was 
placed  on  the  work  following  charges  of  in- 
fringement made  by  the  Warren  Brothers  Co. 
Evidence  was  obtained  to  show  that  this  type 
of  construction  had  tj^en  in  use  prior  to  the 
issue  of  the  Warren  Brothers  patent  and  a 
compromise  was  effected.  In  1910  a  similar 
pavement  was  laid  in  Creston,  la.,  and  the 
usual  injunction  proceedings  were  instituted. 
The  officials  of  the  city  obtained  the  neces- 
sary evidence  and  an  agreed  decree  was  en- 
tered into.  The  following  extract  is  taken 
from  a  decree  signed  by  certain  city  officials 
and  the  Warren  Brothers  Co. : 

and  that  any  pavements  hereafter  con- 
structed in  sub.'itantial  compliance  with  the  fol- 
lowing formula,  to  wit: 

Bitumen,  from   7  per  cent  to  11  per  cent. 

Mineral  agcrrrgate  passing  200  mesh  screen, 
from     ',%   to   11%. 

Mineral  aggregate  passing  40  mesh  screen, 
from  18%  lo  30%. 

Mineral  aggregate  passing  10  mesh  screen, 
from  25%  lo  55%. 

Mineral  aggrrgate  passing  4  mesh  screen, 
from    8%  to  22%. 

Mineral  aggregate  passing  2  mesh  screen, 
less  than   10%. 

Sieves  to  be  used  in  the  order  named  would 
not  Infrlnfjc  the  claims  of  said  patent. 

This  type  of  construction  is  now  known  as 
the  Topeka  mix  and  has  been  used  to  a  con- 
siderable extent  with  very  good  results. 

The  bituminous  concrete  pavements  of  to- 
day are  too  numerous  for  description.  There 
are,  however,  two  distinct  classes :  first,  that 
for  which  the  material  is  mixed  while  the 
construction  of  the  pavement  is  in  progress 
and,  second,  the  prepared  surface  type.  By 
the  latter  method  the  mineral  aggregate  is 
mixed  with  bituminous  cement  at  the  manu- 
facturer's plant  and  is  shipped  to  the  user  as 


has  been  very  successfully  used  in  England. 
The  mineral  aggregate  is  slag,  crushed  and 
screened  into  sizes  varying  from  Vi  in.  to 
2V2  ins.  The  bituminous  material  consists  of 
tar  mi.xed  with  a  small  quantity  of  pitch, 
resin,  and  Portland  cement.  The  lower  course 
as  generally  laid  consists  of  1%  to  2V2-in. 
slag  laid  to  a  depth  of  2%  ins.  On  this  is 
placed  a  layer  1%  in.  thick  of  V2  to  IVi-in. 
slag.  The  road  is  then  finished  with  a  coat- 
ing of  %  to  Vi   in.  dry  slag  screenings. 

The  first  class,  namely,  those  mixed  while 
the  work  is  being  done,  may  be  divided  into 
three  sub-classes  dependent  upon  the  char- 
acter of  the  mineral  aggregate. 

(1)  Those  in  which  one  size  crusher  run 
broken  stone  is  mixed  with  bituminous  ce- 
ment. 

(2)  Those  in  which  one  size  crusher  run 
stone  and  other  fine  material  is  mixed  with 
bituminous  cement. 

(.3)  Those  in  which  a  predetermined  min- 
eral aggregate  is  mixed  with  bituminous  ce- 
ment. 

From  this  review  of  bituminous  concrete 
construction,  it  will  be  seen  that  many  of 
what  are  considered  today  essentials  of  good 
construction,  were  understood  and  practiced 
by  the  early  builders  of  bituminous  roads. 
The  advantages  of  a  flush  coat  and  the  neces- 
sity of  a  good  foundation,  clean  hard  angular 
stone,  thorough  rolling  and  a  minimum  of 
voids  are  not  new  principles.  Many  of  the 
early  failures  undoubtedly  were  due  to  faulty 
design,  the  greater  number,  however,  were 
the  result  of  using  a  poor  bituminous  cement. 
It  should  also  be  remembered  that  at  the  time 
these  pavements  were  first  laid  most  city 
streets  were  paved  with  cobble  stones  and  a 
smooth  and  less  noisy  pavement  must  have 
have  attracted  an  excessive  amount  of  traffic. 


Method  and  Cost  of  Constructing  "Top 
Soil"  Roads  in  Virginia. 

Contributed   by  A.   H.    Pettigrew.    County   Engi- 
neer,  Lebanon,   Russell  County,  Virginia. 

The  top  soil  or  gray  soil  road  differs  from 
the  sand-clay  road  in  that  the  soil  road  is  a 
natural  mixture  of  sand  and  clay  while  in 
the  sand-clay  road  the  material  is  mixed 
when  the  road  is  built.  The  natural  materials 
may  have  become  mixed  in  the  lields  along 
the  road  by  successive  cultivation ;  it  is  known 
a.s  "top  soil"  or  "gray  soil."  This  type  of  road 
is  being  built  in  a  great  many  counties  of 
Piedmont,  Va.,  and  is  giving  general  satisfac- 
tion. 

Organization  and  Equipment. — .\n  equip- 
ment for  one  force  consists  of  16  to  20  mules, 
one  6-horse  grader,  one  2-horse  grader,  one 
rooter  plow,  one  4-horse  turn  plow,  one  2- 
horse  turn  plow,  about  seven  wheel  and  drag 
scrapers,  one  wagon  with  slat  bottom  for 
each  2-horse  team,  one  heavy  disk  harrow 
and  1  split-log  drag  for  every  four  or  five 
miles  of  road  to  be  constructed,  one  spike- 
tooth  drag  and  small  tools,  such  as  picks, 
shovels,  etc.  An  equipment  of  this  size  will 
cost  about  $0,000.  Two  foremen  and  20  to 
30  laborers  are  usually  required  to  operate 
this  equipment,  and  the  cost  per  month  will 
average  about  $1,-500.  A  force  of  this  size 
will  build  from  one  to  three  miles  of  soil 
road  per  month.  In  Virginia,  where  the  con- 
victs are  furnished  to  the  counties  by  the 
state  free  of  cost,  the  cost  will  be  about  one- 
half  of  the  above  to  the  counties. 

Specifications  and  Methods  of  Construc- 
tion.— The  top-soil  where  found  close  to  the 
road  to  be  surfaced  can  be  hauled  with  drag 
or  wheel  scrapers  and  if  too  far  away  for 
these  it  is  hauled  with  slat-bottom  wagons. 
This  method  has  proven  economical  and  very 
satisfactory,  especially  where  the  material  is 
close  enough  to  be  hauled  with  scrapers,  as 
the  scrapers  do  a  great  deal  towards  packing 
the  material. 

The  following  are  the  specifications  of  the 
State  Highway  Commission  of  Virginia  for 
"top-soil''   roads : 


is  to  be  furnished  by  the  count;-  in  beds.  All 
stones  over  3  ins.  in  diameter  aie  to  be  thrown 
out.  The  soil  is  to  be  placed  on  the  road,  and 
when  completed  shall  be  10  ins.  in  thicl<ness  in 
the  center;  6  ins.  in  thickness,  G  ft.  from  the 
center,  tapering  to  a  feather  edge  10  ft.  from  the 
center,  except  in  cases  where  in  the  opinion  of 
the  engineer  in  charge  of  the  woit:  these  thicl;- 
nesses  should  be  increased  or  diminished.  The 
surfaced  roadway  is  to  be  20  ft.  in  width. 

The  soil  is  to  be  kept  in  position  on  the  road- 
way by  use  of  a.  road  machine,  or  other  means 
satisfactory  to  the  engineer  in  charge  of  the 
work,  until  the  soil  has  been  thoroughly  wet 
through  to  the  sub-grade.  The  soi;  or  surfacing 
is  then  to  be  reshaped  and  dragged  with  a 
6p!it-iog  drag  until,  in  the  opinion  of  the  engi- 
neer in  charge  of  the  work,  it  is  thoroughly  dry 
and  has  set  or  hardened  true  to  the  cross-sec- 
tion called  for  in  the  specifications,  or  true  to  a 
cross-section  which  the  engineer  in  charge  of 
the  work  has  specified  the  finislied  road  should 
present. 

The  finished  road  should  liave  a  crown  of  not 
less  than  %  in.  to  the  foot  and  not  more  than  1 
in,   to  the  foot. 

The  road  should  not  be  considered  com- 
pleted the  first  time  the  surface  is  put  in  good 
shape,  as  bad  sections  often  develop  after 
the  surface  has  been  in  shape  for  as  long  a 
period  as  one  year.  The  real  tests  for  a  soil 
road  are  protracted  droughts  and  long-contin- 
ued, slow,  drizzling  rains,  followed  by  freez- 
ing. The  last  mentioned  condition  is  very 
trying  on  soil  roads  and  the  best  constructed 
road  will  very  probably  require  some  atten- 
tion after  such  weather.  If  the  road  has  been 
properly  constructed  a  split  log  drag  used  at 
the  proper  time  will  put  the  surface  in  good 
shape  again.  The  proper  time  to  use  the 
drag  is  when  the  top  is  dry  enough  not  to 
stick  and  still  wet  enough  to  pack. 

Co.s/.— On  account  of  the  great  variance  in 
local  conditions  it  is  impossible  to  set  one 
cost  for  soil  roads.  However,  I  will  say  that 
under  the  most  favorable  conditions  a  lair 
soil  road  may  be  built  for  about  $400  per 
mile,  and  when  built  under  adverse  conditions 
may  cost  as  much  as  $1,500  per  mile.  The 
seventh  annual  report  of  the  State  Highway 
Commission  of  Virginia  shows  that  about  270 
miles  of  soil  and  sand-clay  roads  were  built 
in  N'irginia  during  the  fiscal  year  ending  Sept. 
30,  ]9l;f,  at  an  average  cost  of  $883.32  per 
mile. 

Advantages. — Some  of  the  advantages  of 
soil  roads  over  other  types  of  road  are  in 
cheapness  in  cost  of  construction;  cheapness 
and  simplicity  of  maintenance,  and  saving  on 
horses  and  vehicles,  being  much  easier  on 
horses  than  hard  surfaced  roads. 

With  a  few  exceptions  the  roads  that  have 
been  improved  with  sand-clay  or  soil  in  Vir- 
ginia would  not  have  been  improved  for  many 
years  to  come  and  possibly  never  with  a 
more  expensive  construction ;  and  in  sections 
where  the  sand-clay  or  soil  roads  have  been 
built  the  large  increase  in  ta.xable  values  will 
probably  provide  a  sufficient  fund  to  resurfacf 
with  as  good  or  a  better  material  within  a  lew 
years  if  necessary.  In  conclusion  1  wouW 
say  that,  from  my  observation  through  the 
parts  of  this  state  with  which  1  am  familiar. 
1  think  where  the  soil  can  be  found  conve- 
nient to  the  road  that  is  to  be  surfaced  that, 
considering  the  low  cost  of  construction  and 
maintenance,  it  is  one  of  the  most  satisfactory 
road  materials  available  for  roads  with  light 
traffic,  such  as  a  large  part  of  the  rural  roads 
in  Virginia  are  called  upon  to  carry. 


Road  Institutes. — TIu-  I'ifth  .Annual  Road 
Institute  of  the  Northwestern  Michigan  High- 
way Officials  was  held  March  2),  at"  Traverse 
City,  Mich.,  and  on  Thursday,  March  26,  will 
be  held  the  first  annual  Road  Institute  of  the 
Southwestern  Michigan  Highway  Officials  at 
Kalamazoo,  Mich.  The  state  highway  com- 
missioner, Mr.  Frank  H.  Rogers,  addresses 
the  meetings  of  both  institutes,  his  subjects 
being  "Relation  of  State  Highway  Department 
to  Counties  and  Townships,''  and  "Repair  and 
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'he  Utility  of  a  Map  and  Profile  Show- 
ing   the    Hydraulic    Elements   of 

Water  Supply  Projects. 

In   a   well    prepared   engineering    report   al- 

t  native   projects    should    be    so   clearly   out- 

l^d  that  those  for  whom  the  report  is  pr^ 

pfed  can  readily  grasp  the  major  features  of 

V    several    alternatives    as   the    first    step   m 

rlking    an    intelligent    choice    between    them. 

Te  layman  finds  the  sketch  plan  and  profile 

1    hydraulic    elements    of    water    supply 

ts   of  especial  helpfulness  in  his  efforts 

-m   a   rapid   and    intelligent   estimate   of 

lative    worth    of    a    series    of    projects. 

drawings  could   be   incorporated  to   ad- 

je  in  many  engineering  reports,  in  some 

aicies  contributed  to  technical  journals,  and 

sets    of    detailed    plans    submitted    to   con- 

ictors   in   asking   for   bids   on   construction 

rk. 

Jy  way  of  explaining  more  fully  the  char- 

er  of  the  drawings  which  we  have  in  mind 

i    following    illustration    is    given.      In    re- 

prting  to   a   southwestern   city   upon   an   ad- 

dional    water    supply    a    consulting    engineer 

Pfsented  the  chief  projects  in  the  form  here 

uder  consideration.     The  recommended   pro- 

j't,  like  the  others,  was  shown  by  means  of 

anap  and  diagram  which  indicated,  in  small 

sice,  the  principal  hydraulic  elements  of  the 

s^tgested    works    for   the   new    water    supply. ' 

je   project   contemplated    the    diversion    of 

Mter  from  a  river  at  a  point  about  30  miles 

"m  the  city,  and  its  conveyance  by  a  gravitv- 

ct  to  a  reservoir  about  three  miles  from 

;y.   and   a  development  of  water  power 

vich   would   do  the   pumping  over  half   the 

tie 

map  prepared  shows  the  railway  lines, 

^  and  cities  in  the  region  traversed  by 

jiicduct.     It  also  shows  the  relative  posi- 

t-      of   the  head  works,  the  diversion  canal, 

•  vo   sections    of   covered    conduit    at    the 

(ream    end   of   the   diversion   canal,   the 

■1  of  tunnel  joining  the  two  sections  of 

1     conduit    previously    mentioned,     the 

•  •  reservoir    near    the    city,    the    conduit 

i>rn  this  reservoir  to  the  pumping  and  water 

r^'r  stations  and  of  these  two  plants. 

profile  shows  the  relative  positions  of 
■nc  elements  shown  on  the  man  in  their 
'•  positions  with  re.spcct  to  the  datum 
.md  eivcs  the  length  and  grades  of  all 
's.  It  also  shows  cross  sections  of  al! 
ts  nnd  indicates  their  carrying  raparitics, 
ivcs  the  reservoir  capacity.  If  shows. 
r.  that  the  hcadworks  consist  of  a  low 
on  dam  and  a  silt  settling  b.isin.  The 
ins  of  the  surface  and  bottom  of  the 
it  the  point  where  the  divcrsinn  it  "iUfir- 
also  arc  shown  as  is  the  ■ '  ' 

•I    race   liclow    the    w.itcr   f 
ap  .'>nd  profile  arc  drawn,  r 
Tur   hori^ontnl   scale   and   wl 
■IBS  arc  placed  side  '  •    -'  '• 
nr'ijcct.  as  cniimcr 
^rlv    that    the     iiv 

nnd  quirklv  catch  the  n.ntiin    .th'I   ^cf>pc 

works  SMCKCstcd      Morcnvcr  lir  will  no; 

cain  a  clear  idea  of  the  relation  of  cich 

:it   to  other  elements  and  to  the  project 

a  .1  whole. 

|rhr  advantage  of  (jivinc  the  lavman.  say  a 

'  T  of  a  city  cnunril      ■  ''        '     '  "^ 

view   of  what   i'^ 
-    . .'   docs   not   call    f";    ,.  .  .  ;  .'it 


some  papers  presented  before  engineering  so- 
cieties. .Articles  and  papers  are  much  more 
likely  to  be  read  if  the  reader  can  catch  their 
"drift"  with  little  effort  through  well  written 
introductory  remarks  and  well  prepared  sketch 
maps  and  profiles  of  the  type  described.  Con- 
tributors to  the  engineering  journals  and  to 
the  proceedings  of  engineering  societies  will 
do  well  to  bear  this  point  in  mind,  especially 
with  reference  to  the  drawings  mentioned.  Of 
course  in  many  articles,  perhaps  in  the  great 
majority  of  articles,  there  is  no  occasion  for 
the  presentation  of  such  drawings,  but  where 
they  are  appropriate  they  should  be  used. 

Perhaps  others  besides  the  editors  have 
noted  the  reluctance  with  which  contractors 
"wade  into"  a  formidable  set  of  detailed  blue 
prints  prepared  to  govern  construction  and 
issued  as  a  guide  to  bidders  and  builders.  The 
average  contractor  bids  on  many  more  jobs 
than  he  secures  and  some  thought  on  the  part 
of  the  engineer  with  a  view  to  saving  the  con- 
tractor's time  in  making  bids  will  work  to  the 
common  good.  To  illustrate,  let  us  suppose' 
that  bids  are  to  be  asked  for  the  construction 
of  the  water  supply  works  brieflv  described 
above.  Many  sheets  of  drawings  would  bo 
required  to  show  all  the  details  of  the  designs. 
We  feel  sure  contractors  would  benefit  in  sav- 
ing of  time  and  nervous  energy  if  the  first 
sheet  of  the  set  of  drawings  was  made  to  show 
the  elements  of  the  proposed  works  by  means 
of  a  sketch  map  and  profile  similar  to  the 
one  used  by  the  engineer  in  his  report  recom- 
mending the  project  to  the  city  officials. 

While  our  remarks  have  been  limited  to 
water  supply  projects  they  have  equal  ap- 
plication, at  times,  in  other  fields. 

The  drawings  mentioned  are  not  now  com- 
monly used  for  the  purposes  enumerated.  The 
preparation  of  such  drawings  will  add  little 
in  the  wav  of  expense  and  their  intelligent 
use  will  effect  a  real  saving  in  time,  expense 
and  energy.  We  consider  them  of  especial 
utility  in  connection  with  sets  of  detailed 
plans,  and  their  more  frequent  use  in  such 
plans  will  surelv  decrease  the  expense  and  in- 
crease the  intelligence  of  bidding. 


<|'m  us  at  this  time. 
,~'rawing5   of   the   tvr 


PC   desrri^'i'd   '""I'm   nl50 
I"  a  legitimate  iil  :  .         ■  '  ' 

nc  articles  contr;'    ' 
ns  and   in  the   introductory    paraKrai)h.s    of 


The   Tunkhannock   Creek   Viaduct   at 

Nicholson,  Pa. 

A  striking  example  of  the  use  of  rein- 
forced concrete  for  a  high  railroad  structure 
is  the  Tunkhannock  Creek  Viaduct  at  Nichol- 
son, Pa.,  this  viaduct  being  a  part  of  the  ex- 
tensive grade  improvement  work  now  being 
constructed  hv  the  Delaware.  Lackawanna  & 
Western  R.  R.  between  Clark's  Summit  and 
Hallstead,  Pa.  The  viaduct  consists  of  two 
100-ft.    and   ten    180-ff.     reinforced     concrete 

•  '        "  ■  I'   ■'iiiR  sp.mdrcl   walls   upon   which 

of     small     concrete     roailw.iy 
1  111    maximum  height  of  the  viaduct. 

•  1    bottom   of    footing   to   top   of   masonry. 

^    tr      We  arc  pnblivl""'   I"  >'i!<  I-tn,-  nn 

ihc  cnRincrr  ■■ 

-ibing  the  prill'  n- 

structiuii  features  of  thiii  itnoorlant  structure. 

For   1   Hridsre   of   thi<   sire   the   Invent   of   the 

an   inip<"'  •  t,  this 

I  itcd   anil  in   dc- 

t.iii      I  Ml   :iif,,-!ir    i.t    the  Irni;tn   .r  '         i 

the  viaduct  a  .1.i>00-f|.  cablcw.iv  «  i. 

and   is   bci"  ■    •>  ■  i   •  ■    - •    • 

for  the  a  I 

Drrrirks   ■  , 

were  also  used  to  a  considerable  extent  on 
the  work.  The  excavation  for  the  piers  was 
carried  on  inside  of  «leel  sheet  piling,  the 
depth  of  excavation  bcine  such  that  two  30- 
ft.  sections  were  usually  required,  one  section 
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being  driven  and  the  material  excavated  and 
another  then  driven  a  short  distance  inside  the 
first  section.  The  layouts  of  the  mixing 
plants  are  particularly  effective  in  permit- 
ting the  materials  to  be  cheaply  handled.  The 
design  of  the  viaduct  was  such  that  duplicate 
forms  could  be  used,  and  the  contractors  have 
taken  advantage  of  this  to  an  unusual  extent. 
The  erection  of  the  heavy  steel  centers  of 
ISO-ft.  spans  by  means  of  the  cableway  is 
an  interesting  feature  of  the  work.  The  gen- 
eral layout  of  the  plant  and  the  construction 
features  of  this  viaduct  are  of  particular  in- 
terest to  contractors,  as  the  magnitude  of  the 
work  required  special  equipment  and  ingenious 
construction    methods. 


The  Development  of  Engineering  Ex- 
periment Stations. 

The  University  of  Wisconsin  is  the  latest 
to  establish  an  engineering  experiment  sta- 
tion, it  having  been  announced  recently  that 
such  a  station  is  to  be  created  in  the  College 
of  Ejigineering  to  take  charge  of  the  testing 
and  research  work  of  the  college.  The  first 
engineering  experiment  station  in  this  coun- 
try was  established  by  the  Universit>-  of  Illi- 
nois in  1903.  Since  that  time  similar  stations 
have  been  created  by  a  number  of  engineering 
schools,  and  the  movement  is  becoming  quite 
general.  These  experiment  stations  have  al- 
ready proved  their  value,  and  engineers 
throughout  the  countrv-  are  familiar  with  the 
bulletins  which  are  being  issued  from  time  to 
time  treating  of  important  engineering  prob- 
lems. These  stations  have  not  only  created  a 
large  fund  of  experimental  data  of  vital  in- 
terest to  engineers,  but  they  have  also  trained 
a  considerable  number  of  investigators  who 
have  demonstrated  their  ability  to  conduct 
tests  and  to  analyze  the  results  in  an  efficient 
and  impartial  manner,  .■\nyone  not  familiar 
with  this  kind  of  work  can  hardly  appreciate 
the  high  degree  of  patience,  skill  and  inven- 
tiveness which  must  be  possessed  by  the  suc- 
cessful investigator.  There  is  nothing  more 
confusing  and  misle.idinir  than  a  mass  of  ex- 
perimental data  which  has  been  obtained  by 
untrained  investigators.  We  all  know  that 
"inch  data — like  expert  witnesses^Kran  seem- 
ingly be  made  to  prove  almost  anything  which 
those  in  charge  mav  seek  to  demonstrate.  As 
these  experiment  stations  become  mori-  preva- 
lent, and  as  thev  enlarcc  the  scope  of  their 
activities  an<l  build  up  efficient  corps  of  trained 
invcstic.Ttors.  their  influence  will  undoubtedly 
be  one  of  the  stronscst  factors  in  the  de- 
velopment and  recognition  of  the  eneineering 
profession. 


Difficult    Cofferdam    Construction    in 

the  Mississippi  River  at  St.  Louis. 

Since    18!>2   St.   Louis   has  drawn   its   entire 
water   supply   through   one   intake   tower  and 
tunnel.     .Appreciating  the  extreme  hazard  for 
a   city  of   such   size  to  be  dependent  upon   a 
single  intake   the  present  water  commissioner 
prcfinrcd  plan«  for  a  new  intake  tower,  tunnel 
.ind  contracts  for  the  con- 
works    were    awarded    in 
iiiii'        Ml       I  Ml-   ilcsign   of  these  works   was 
the  subject  of  an  illustrated  article  published 
■•■  •■"•s  journal  for  October  2P,  1013.    The  con- 
•ion    is   now   well    advanced    and    in    this 
•     we    publish    an    article    describing    and 
illustrating     the     construction     methods     and 
plant   employed   in   placing  the  cofferdam   for 
the  new  intake  tower. 

The   difficulties   encountered   in   unwatering 
the    site    for    the   new   tower  will   be    readily 
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appreciated  when  the  conditions  are  under- 
stood. The  river  is  from  18  to  22  ft.  deep 
at  that  point  and  the  current  ranges  from  3% 
to  4  miles  per  hour.  Moreover,  the  river  is 
subject  to  sudden  and  great  rises.  Troubles 
from  ice  jams  also  had  to  be  anticipated. 

The  article  to  which  we  refer  describes  the 
design  and  construction  of  the  floating  plant 
built  to  float  the  timber  cofferdam  caisson  to 
place,  the  construction  of  the  caisson,  the 
methods  used  in  anchoring  the  barges  and 
caisson  in  place,  the  launching  of  the  caisson 
and  also  describes  the  concreting  of  the  foot- 
ings of  the  intake  tower. 

The  article  was  prepared  for  this  journal 
by  the  general  superintendent  of  construction 
operations.  The  river  portion  of  the  intake 
tunnel  is  over  2,000  ft.  long  and  8  ft.  in  clear 
diameter  when  concrete  lined.  Rapid  prog- 
ress has  been  made  in  driving  this  tunnel. 
The  plant  and  methods  employed  in  the  tun- 
neling operations  will  form  the  subject  of 
another  contribution  now  being  prepared  for 
early  publication  in  the  water  works  section 
of   this  journal. 


Is    Upward    Hydrostatic    Pressure    or 
Low  Coefficient  of  Friction  Respon- 
sible for  Recent  Dam  Failures? 

Every  now  and  then  a  dam  founded  on 
rock  slides  out.  And  as  often  as  such  a  fail- 
ure occurs  it  is  asserted  that  the  cause  was 
probably  upward  water  pressure  upon  the 
bottom  of  the  dam.  We  have  taken  occasion 
more  than  once  to  express  doubt  as  to  the 
adequacy  of  such  an  explanation.  We  now 
wish  to  outline  what  should  be  done  to  prove 
the  cause  of  recent  dam  failures. 

It  seems  clear  that  one  of  two  causes,  or 
possibly  a  combination  of  the  two,  is  respons- 
ible for  many  failures  of  masonry  darns 
founded  on  rock:  (1)  Upward  hydrostatic 
pressure  on  the  base  of  the  dam;  (2)  Low 
coefficient  of  sliding  friction. 

The  theory  of  upward  hydrostatic  pressure 
assumes  that  the  pressure  increases  uniformly 
from  zero  at  the  down  stream  toe  of  the  dam 
to  a  pressure  due  to  the  full  head  of  water 
at  the  upstream  heel  of  the  dam.  But,  upon 
what  tests  is  this  theory  based?  If  the  rock 
under  the  dam  contains  vertical  fissures  and 
is  otherwise  impervious,  theory  would  indicate 
that  the  upward  pressure  would  not  exceed 
that  due  to  the  cross-section  area  of  the 
vertical  fissures.  If  there  are  also  horizontal 
fissures  beneath  the  dam,  then  the  cross-sec- 
tion area  of  these  also  must  be  taken  into  con- 
sideration. Let  us  assume,  however,  that 
there  are  no  fissures  worthy  of  consideration, 
but  that  the  rock  beneath  the  dam  is  very 
porous,  and  that  water  flows  steadily  through 
these  pores  or  voids.  This  is  evidently  the 
tacit  assumption  underlying  the  theory  that 
the  upward  pressure  increases  uniformly  from 
zero  at  the  toe  to  full  pressure  due  to  the 
head  at  the  heel  of  the  dam.  Is  it  not  clear 
that  if  this  is  the  case  the  total  area  of  dam 
base  is  not  under  pressure?  Are  not  the  voids 
in  the  rock  so  many  small  pipes,  and  is  not 
the  combined  cross-section  area  of  these  pipes 
far  less  than  the  area  of  the  base  of  the  dam? 
An   affirmative   answer   seems   imperative,   but 


once  this  is  conceded  the  upward  pressure 
theory  loses  most  of  its   weight. 

This,  however,  is  not  the  only  defect  in  the 
upward  pressure  theory.  When  water  comes 
in  contact  with  a  solid,  it  adheres  to  the  solid 
by  virtue  of  molecular  attraction  between  the 
solid  and  the  water.  In  voids  of  capillary  size 
this  molecular  force  becomes  of  exceeding 
importance.  It  is  this  force,  for  example,  that 
makes  wet  sand  on  a  sea  beach  adhere  so  that 
it  forms  a  good  road,  although  the  same 
sand  when  dry  falls  apart  and  will  not  sup- 
port a  wheeled  vehicle  without  much  displace- 
ment. What  is  the  effect  of  the  molecular 
attraction  between  water  and  the  walls  of 
capillary  tubes  through  which  it  flows?  Can 
anyone  affirm  that  it  does  not  greatly  reduce 
the  upward  pressure  on  a  dam  founded  on  rock 
containing  pores  through  which  water  flows? 
We  know  of  not  a  single  experiment  that  can 
be  appealed  to   in  answering  these  questions. 

Here,  it  seems  to  us,  is  an  excellent  theme 
for  an  engineering  student's  thesis — indeed  for 
many  a  thesis.  At  least  some  of  the  funda- 
mental principles  can  be  solved  by  quite  sim- 
ple experiments  on  a  small  scale.  As  mat- 
ters now  stand,  engineers  do  not  know  even 
the  fundamental  principles  of  hydrostatic 
pressure  of  water  in  porous  solids  underlying 
dams. 

There  is  an  equally  fruitful  field  for  experi- 
ment on  the  coefficient  of  sliding  friction  of 
rock  and  earthy  materials.  Experimental  data 
on  this  subject  are  lamentably  inadequate,  and 
such  data  as  we  have  are  based  on  small  unit 


Fig.    1. 

pressures.  It  is  well  known  that  coefficients 
of  friction  are  a  function  of  unit  pressure. 
Hence  coefficients  obtained  from  tests  under 
small  unit  pressures  cannot  be  safely  applied 
in  cases  involving  large  unit  pressures.  Yet 
this  is  precisely  what  engineers  who  design 
dams  are  doing  and  have  done.  Their  factors 
of  safety  have  been  adequate  in  most  in- 
stances, to  protect  them  against  erroneous  co- 
efficients  of   friction. 

We  have  reason  to  believe  that  the  coeffi- 
cient of  friction  of  very  hard  rock  on  its  kind 
is  greater  the  greater  the  unit  pressure.  But 
for  soft  rock  (shale,  etc.)  we  believe  the  con- 
verse may  be  true.  We  have  little  doubt  that 
the  coefficient  of  friction  of  clay  decreases 
rapidly  with  increase  unit  pressure,  particu- 
larly when  the  clay  is  wet.  Tests  should  be 
made  on  a  great  variety  of  rocks  and  earths, 
dry,  damp  and  very  wet,  under  varying  pres- 


sures up  to  200  lbs.  per  square  inch.  It  should 
be  remembered  that  the  overturning  moment 
throws  a  greater  pressure  on  the  toe  of  a  dam 
than  that  due  to  the  weight  of  the  superincum- 
bent masonry.  Hence  the  desirability  of  car- '; 
rying  the  friction  tests  up  to  at  least  200  lbs,  ■ 
per  square   inch   pressure. 

Slight  jarring  reduces  the  apparent  coeffi- 
cient of  friction  where  the  unit  pressure  is  , 
slight.  Is  it  not  likely  that  heavy  jarring 
may  have  the  same  effect  where  unit  pressures 
are  great?  If  so,  is  it  not  evident  that  when 
a  dam  is  trembling  as  a  result  of  the  water 
falling  over  its  face,  the  dam  may  be  moved 
by  sliding  more  easily  than  when  it  is 
quiescent? 

It  is  well  known  that  even  the  slightest 
sliding  is  accompanied  by  a  great  decrease  in 
the  coefficient  of  friction.  Hence  the  import- 
ance of  preventing  incipient  sliding,  entirely 
Wside  from  any  question  as  to  the  effect  of 
Assuring. 

A  masonry  dam  may  be  perfectly  safe 
against  sliding  on  its  base,  yet  the  sub-base 
may  cause  failure  by  sliding  on  itself.  This 
last  is  what  probably  happens  in  most  cases 
of  failure  by  sliding.  Let  there  be  a  horizon- 
tal layer  of  soft  shale,  clay  or  the  like,  even 
several  feet  below  the  base  of  the  dam,  and 
there  will  be  grave  danger  of  a  slipping  along 
this  plane  of  low  frictional  resistance.  Hence 
the  importance  of  core  drilling  where  dams 
are  to  be  founded  on  stratified  rock,  particu- 
larly where  the  strata  are  horizontal  or  dip 
down  stream.  The  cores  will  show  whether 
excavation  should  be  carried  deeper  or  wheth- 
er a  heavier  dam  should  be  designed. 

Whether  upward  pressure  or  low  coefficient 
of  friction  has  caused  dam  failures  is  a  mat- 
ter of  extreme  importance.  Those  who  ad- 
here to  the  upward  pressure  theory  would  be 
satisfied  with  a  core  wall  at  the  heel  of  the 
dam,  to  cut  off  percolation.  But  an  engineer 
who  regards  low  coefficients  of  friction  as  the 
cause  of  frequent  failures  would  place  less 
confidence  in  core  walls  built  in  rock.  He 
would  reason  that  capillary  action  would 
eventually  result  in  wetting  the  rock  suffi- 
ciently to  reduce  its  sliding  friction,  in  spite 
of  the  best  core  wall  possible.  He  would, 
therefore,  either  increase  the  weight  of  the 
dam  or  e.xcavate  the  foundation  deep  enough 
to  secure  a  fairly  deep  layer  of  rock  in  front 
of  the  toe;  for  in  the  latter  case  he  would  op- 
pose sliding  not  only  by  the  weight  of  the 
dam  but  by  the  weight  of  a  layer  of  natural 
rock  below   the  dam.'  • 

Fig.  1  shows  the  difference  in  design  that 
would  follow  the  adoption  of  the  two  theories. 
A  believer  in  the  upward  pressure  theory 
would  build  the  deep  core  wall.  A,  at  the  heel 
of  the  dam.  A  believer  in  the  low  friction 
theory  would  build  the  relatively  shallow  but 
wide  wall,  B,  at  the  toe.  The  wall,  A,  would 
be  designed  merely  to  prevent  water  from 
flowing  under  the  dam.  The  wall,  B,  would 
be  designed  to  get  a  "toe  hold"  on  the  rock 
ledge  below  the  dam. 

This  illustration  will  serve  to  indicate  that 
the  two  theories  must  lead  to  radical  differ- 
ences in  the  design  of  masonry  dams.  It  is 
highly  important  that  tests  be  conducted,  as 
above  outlined,  to  establish  to  what  extent 
each  of  the  theories  is  tenable. 
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Construction  Plant  and  Methods  Em- 
ployed  in  Placing   the  Cofferdam 
for  the  New  Intake  Tower  of 
the  St.  Louis  Water  Works. 

Contributed  by  C.  H.  Hollingsworth,  General 
Superlnttiidcnt  of  Construction. 
There  is  now  under  construction  at  St.  Louis 
a  new  water  works  intake  tower  located  in 
the  Mississippi  River,  near  the  Illinois  shore, 
and  a  2,789- ft,  tunnel  leading  from  the  tower 
to  a  screen  chamber  at  the  present  pumping 
station  at  the  Chain  of  Rocks  on  the  Missouri 
shore. 


The  contract  for  the  screen  chamber,  tun- 
nel and  intake  tower  was  awarded  in  the 
spring  of  1913  and  work  was  started  about 
July  20.  As  this  article  treats  only  of  the 
unwatering  of  the  site  of  the  intake  tower  it 
will  only  be  said  in  passing  that  the  tunnel  is 
now    (March   12)    about  completed. 

The  difficulties  of  unwatering  the  site  for 
the  intake  tower  were  great  as  it  is  located  in 
from  18  to  22  ft.  of  water,  at  normal  river 
stages,  on  a  rock  bottom  which  is  very  un- 
even, and  in  a  current  of  3%  to  4  miles  per 
hour.  Added  to  this  is  the  fact  that  the  river 
is  subject  to  sudden  and  heavy  rises  and.  in 
the    winter    time,    is    filled    with    floating    ice 


which  frequently  and  suddenly  jams  at  various 
points  and  as  suddenly  lets  go  again. 

The  various  methods  of  unwatering  coffer- 
dams were  considered,  the  most  of  iheni  were 
discarded  as  unsuitable.  Finally  the  method 
of  constructing  an  annular  caisson  large  enough 
to  enclose  the  entire  to<ver  with  several  feet 
to  spare  was  adopted. 

CONSTRUCTION     AND     TR.^NSP0RTINC     OF     CAISSON 
AND  BARGES. 

The  caisson  is  built  of  squared  yellow  pine 
timber,  contains,  altogether,  200,000  ft.  B,  M- 
of  timber.  It  is  94  ft.  long  and  52  ft.  wide 
over  all,  giving  a  space  78x.36  ft.  inside.    This 


Hows  about  4  ft.  space  on  all  sides  between 
le  tower  and  the  cofferdam.  The  caisson  was 
artly  built  on  four  barges  and  was  towed 
bout  8  miles  up  the  river  from  St.  Louis  to 
le  site  of  the  tower  and  was  there  completed. 
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down  on  the  butterboards  and  both  walls  of  it 
were  carried  up  to  the  deck.  The  deck  was 
then  placed  and  the  walls  were  carried  up  to 
four  courses  above  it,  before  the  caisson  was 
towed   to  its  final  location.     Figure  6   shows 
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'ig.   1.     Quarter   Plans  of  Caisson,   Employed   in    Constructing    New    Intake    Tower    of    St. 
Louis    Water    Works,    at   Roof    and    Below    Deck. 


Supply  Shaft 


fhe  caisson  is  shown  in  part  plan  in  Fig.  1  and 
n  vertical  section  in  Fig.  2. 
I  Construction  work  was  commenced  July  20, 
;913,  on  the  barges  for  floating  the  caisson 
•nd  they  were  launched  at  the  rate  of  one  a 
vcek  thereafter  until  the  four  had  been  com- 
ilctcd.  These  barges  were  48x20  ft.  in  plan 
ind  5  ft.  2  ins.  deep.  The  bow  was  built  with 
;  rake  end  or  overhang  of  G  ft.  and  the  stern 
vas  square.  They  had  one  bulkhead  running 
|orc  and  aft  in  the  centre.  The  gunwales  were 
if  4  in.  X  12  in.  planks  outgaged  to  form  a 
aulking  scam.  The  bulkhead  was  also  of  4  in. 
;  12  in.  plank  without  the  caulking  seam.  The 
lulkhead  was  in  the  center  of  the  barge  and 
'lalfway  between  it  and  the  sides  were  two 
.treamcr  planks  thoroughly  braced  and  tied  to 
he  cross  frames.  The  decks  were  of  2  in. 
ilanks  outgaged  and  caulked.  Altogether  this 
onstruclion  made  very  stiff  barges  and 
trcngth  was  requisite  as  they  were  rr<iuirc(l 
o  withstand  hard  usage.  Vertical  sections 
lirough  the  barges  arc  shown  is  I-'ig.  3  and 
letail  of  end  anrl  cross  frames  in  Fig.  4. 

When  all  four  barges  were  in  the  water, 
aunchways  of  8  in.  x  12  in.  timber  were  laid 
ahwartships  on  their  decks.  A  sketch  of  the 
aunchways  is  shown  in  Fig.  oa.  These  tim- 
icrs  were  laid  flatwise  and  reached  entirely 
icross  the  barges.  The  tops  of  the  launch- 
'vays  were  greased  with  tallow  and  huttcr- 
'loards  of  4  in.  x  12  in.  planks  with  higs  on 
'hem  to  keep  them  from  slipping  laterally  were 
aid  on  top  of  the  launchways.  Then  the 
larges  were  spaced  the  proper  distances  apart 
ind  held  in  position  by  12  in.  x  12  in.  timbers 
jiolted  to  the  timber  heads  and  stiffened  by 
liagonal  braces  of  2  in.  plank  spiked  to  the 
leeks  of  the  barges  and  to  the  tie  timbers. 
The   cutting   edge   of   the  cais^ti    w,n   l.iid 


the  spacing  of  barges  and  the  location  of  the 
caisson  on  same  and  the  method  of  bracing 
barges  apart. 

The   four   barges   with   the    partly    finished 
caisson  on  them  drew  about  30  ins.  of  water 


riving  at  its   location  at   12:45  p.  m.     It  was 
made  fast  to  the  anchor  cables  at  2  :30  p.  m. 

The  problem  of  anchoring  the  caisson  was 
rather  complicated  in  the  swift  current.  Up- 
stream the  bottom  was  rock  with  pockets  of 
sand ;  on  the  west  side  it  was  the  same  and  on 
the  east  side  it  was  loose  river  sand.  The  best 
way  to  provide  anchorage  was  to  drill  holes 
in  the  rock  of  the  river  bottom  and  let  in  ring 
bolts  for  the  upstream  and  the  west  anchors 
and  to  use  concrete  blocks  for  the  east  anchor. 

METHOD    OF    SETTING    ANCH0R.\CES    FOR    FIX)ATING 
PLANT   IN   STREAM    BOTTOM. 

It  was  entirely  too  expensive  to  equip  a  boat 
with  spuds  in  order  to  hold  it  steady  to  drill 
from  and  it  was  also  out  of  the  question  to 
drill  from  a  raft  or  floating  boat  as  the  cur- 
rent and  wind  would  swing  it  from  side  to  side 
in  spite  of  anchors,  while  waves  from  passing 
boats  would  cause  it  to  rise  and  fall  from  2  to 
3  ft.  Therefore  a  drill  platfrom  to  rest  on  the 
river  bottom  was  constructed.  The  details  of 
this  platform  are  shown  in  Fig.  7  and  a  view 
of  the  platform  in  place  with  the  drill  mounted 
and  ready  for  use  is  shown  in  Fig.  8.  It  was 
composed  of  a  concrete  block  with  a  section  of 
12-in.  pipe  imbedded  in  it  and  a  timber  plat- 
form fastened  to  the  top  of  the  pipe.  The  con- 
crete block  was  6  ft.  square  and  3  ft.  thick, 
the  pipe  being  imbedded  in  it  for  2  ft.  The 
pipe  was  22  ft.  long  and  as  the  bottom  of  it 
was  1  ft.  above  the  bottom  of  the  block  this 
brought  the  top  of  the  pipe  23  ft.  above  the 
river  bottom  when  it  rested  on  the  bottom. 
It  was  braced  to  the  concrete  block  by  means 
of  eight  1-in.  reinforcing  bars,  the  lower  ends 
of  which  were  cast  in  the  block  near  its  outer 
edges  and  the  upper  ends  of  which  were 
clamped  to  the  pipe  by  a  heavy  collar  at  a 
point  about  4  ft.  above  the  block.  On  top  of 
the  pipe  was  a  standard  flange  and  below  it 
were  two  6  in.  x  8  in.  timbers  C  ft.  long  run- 
ning parallel  to  each  other  and  at  opposite 
sides  of  the  pipe.  These  timbers  were  bolted 
together  and  bolts  running  down  through  the 
flange  kept  them  from  slipping  down.  Across 
the  top  of  the  6x8's  and  spiked  to  them  were 
laid  3-in.  planks  6  ft.  long  the  whole  forming 
a  platform  6  ft.  square.  Holes  were  left 
through  the  platform  alongside  the  pipe  to 
allow  a  chain  to  be  passed  around  the  pipe  and 
up  through  platform  to  admit  of  the  whole 
being  lifted  with  a  derrick.  From  the  pipe  di- 
rectly under  the  platform  a  ladder  ran  down 
to  the  concrete  block  and  was  fastened  se- 
curely to  both  pipe  and  block. 

When  this  platform  had  been  assembled  it 
was  handled  by  a  tower  derrick  mounted  on  a 
30  ft.  X  60  ft.  barge.  A  view  of  the  derrick 
barge  handling  the  drill  platform  is  shown  in 
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Fig.  2.     Vertical  Section  BB  of  Fig.  1 

anri  were  handled  by  one  tow  boat.  The  dis- 
tance of  about  8  miles  was  covered  in  2  hours 
ami  l.'i  minutes,  the  boat  starting  from  North 
M;irkri  St.  .St    I.niiis.  at   10:30  a.  m.,  and  ar- 


Caisson    for    St.    Louis    Intake    Tower. 

Fig.  9.  This  derrick  was  intended  for  use  in 
setting  stone,  steel,  etc.,  on  the  intake  tower  it- 
self. The  timber  tower  was  30  ft.  square  and 
was  set  32  ft.  above  the  deck  of  the  barge.    It 
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was  built  of  12x!2in.  and  12x16  in.  timbers  and 
strongly  braced.  On  top  of  this  tower  a  combined 
A-frame  and  stiff  leg  derrick  was  erected  with 
a  32-ft.  mast  and  a  50-ft.  boom.  As  the  tower 
and  derrick  were  set  back  about  12  ft.  from 
the  bow  of  the  barge  there  was  plenty  of  room 
in  which  to  place  the  drill  platform  when  not 
in  use  or  when  changing  from  one  hole  to  an- 
other. The  holes  for  the  upstream  anchors 
were  drilled  first  and  to  drill  them  the  der- 
rick boat  was  anchored  with  the  stern  up 
stream  by  means  of  two  lines  running  to  two 


difficulty  there  would  sometimes  be  consider- 
able sand  under  the  block  which  would  have 
to  be  removed  before  the  drilling  could  be 
commenced.  In  such  cases  a  diver  would  go 
down  by  means  of  the  ladder  from  the  plat- 
form taking  the  end  of  a  water  or  steam 
hose.  With  this  the  sand  would  be  washed  or 
blown  out  from  under  the  block,  thus  allowing 
it  to  settle  firmly.  Then  in  order  to  keep  the 
silt  from  difting  under  the  block  the  upstream 
side  was  protected  with  packed  sand  bags. 
The  hole  in  each  case  was  started  with  a  24-ft. 
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Fig.  3.     Vertical  Sections  Through  Gunwales.     Streamers    and     Bulkheads    of     Barges    for 
Floating  Cofferdam  Caisson   Into  Place,     St.    Louis    Intake   Tower   Construction. 


concrete  anchor  blocks  previously  placed.  The 
barge  was  then  directed  into  position  north  and 
south  by  the  engineers  from  a  base  line  pre- 
viously established  and  set  on  position  east 
and  west  by  means  of  an  instrument  and  a 
stadia  rod.  The  barge  was  moved  east  or 
west  until  the  rod  reading  checked  with  the 
distance  which  had  been  worked  out  by  tri- 
angulation.  Figure  10  shows  a  plan  of  the 
derrick  barge  and  the  method  of  anchoring  it 
and  the  drill  platform  while  drilling  holes  for 
anchor  holts. 

The  drill  platform  was  lifted  by  the  derrick 
and  lowered  until  the  concrete  block  rested  on 
the  river  bottom.  In  spite  of  the  weight  of 
the  block  and  platform  (about  16,000  lbs.)  the 
current  would  sweep  it  down  stream  a  con- 
siderable distance  and  spin  it  around.  To  pre- 
vent this  lines  had  to  be  made  fast  to  the  foot 
block  to  keep  it  from  drifting  and  other  lines 
were  made  fast  to  the  ends  of  2x4-in.  pieces 
spiked  along  the  sides  of  the  platform  to  pre- 
vent   it   from   spinning.     W'lu-n    the    concrete 


steel  and  when  this  had  been  run  out  it  was 
followed  by  a  26-ft.  steel.  The  first  steel 
measured  'iVz  ins.  across  the  bit  while  the  sec- 
ond measured  3V4  ins.  The  length  of  the  bolt 
to  be  inserted  in  the  hole  was  then  carefully 
measured  and  the  hole  was  drilled  accordingly. 
The  depth  averaged  about  4  ft.  and  it  was 
about  S'/i  ins.  in  diameter  at  the  bottom.  After 
the  drilling  of  the  hole  the  ring  bolt  was  low- 
ered down  carefully  through  the  12-in.  pipe  by 
means  of  a  %-in.  cable  attached  to  the  ring. 
These  bolts  were  split  at  the  bottom  and  a 
wedge  was  inserted  in  this  slot.  A  detail  of 
the  3-in.  anchor  bolts  is  shown  in  Fig.  5b.  The 
drill  hole  would  break  out  around  the  top  leav- 
ing a  cone  shaped  hole  about  8  ins.  across  the 
top  and  tapering  to  the  regular  diameter  of 
the  hole  at  about  10  ins.  below  the  surface  of 
the  rock.     This  made  the  entering  of  the  bolt 
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the  hole  had  been  drilled.  The  drill  was 
hoisted  ofT  the  platform  by  the  derrick  which 
also  placed  the  ring  bolt.  A  piece  of  steel 
shafting  6  ins.  in  diameter  and  12  ft.  long  was 
swung  on  a  single  or  runner  line  from  the 
derrick  boom  and  after  care  had  been  taken 
that  the  ring  was  swung  over  to  one  side  of 
the  pipe  the  ram  was  lowered  until  it  rested 
on  top  of  the  eye.  It  was  then  lifted  a  few 
feet  and  dropped  repeatedly,  driving  the  bolt 
down  firmly  to  the  bottom  of  the  hole  and 
forcing  the   wedge   up   into   the   slot   and  ex- 
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Fig.     5.      Details    of     Launching    Ways    and 
Anchorages   for   Cofferdam    Caisson,    St. 
Louis    Water    Intake    Tower    Con- 
struction. 

(a)  Sketch  of  launchways  for  caisson. 

(b)  Details  of  3-in.  anchor  bolts  for  up- 
stream caisson  anchors. 

(c)  Details  of  plate  and  shackle  for  fasten- 
ing up-stream  anchor  cables  to  side  of  caisson. 

(d)  Method  of  attaching  anchors  2  and  3  to 
upper  end  of  caisson  and  tying  through  to  lower 
end. 


panding  the  sides  of  the  bolt  tightly  against 
the  sides  of  the  hole.  In  this  way  all  bolts 
were  set  down  firmly  into  the  holes  with  their 
eyes  hard  against  the  rock  of  the  river  bot- 
tom. When  the  bolt  had  been  driven  home 
the  derrick  was  hooked  to  the  platform  and 
the  latter  raised  high  enough  to  clear  the  ring 
of  the  bolt  and  the  lines  leading  to  the  foot 
block  were  slacked  enough  to  allow  the  cur- 
rent to  drift  the  platform  down  stream  a  few 
feet  when  it  was  lowered  again  clear  of  the 
ring  bolt  and  down  stream  from  it.    The  diver 
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Detail   of    End   and    Cross    Frame    of 
Barges  Shown  in   Fig,  3. 
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Note   Bitt3  marked  B  robe  cut  flu5h  with 
fhe  Oeck, before  Launching  the  Cai5ion 

6.      Plan   Showing   Spacing   of   Barge   and    Location  of  Caisson  on    Same— Also   Method 

of  Bracing   Barges  Apart. 


block  rested  firmly  on  the  river  bottom  and  the 
derrick  had  been  unhooked,  the  drill,  an  In- 
gcrsoll  D-24  machine,  was  set  up  on  the  plat- 
form and  the  drilling  started.  Often  it  would 
require  several  attempts  to  get  the  block  rest- 
ing firmly  and  evenly  on  the  bottom  as  the  lat- 
ter  was   very   irregular.     In   addition   to   this 


in  the  hole  a  comparatively  easy  matter  except 
that  it  had  U<  be  done  very  quickly  or  else  the 
tine  sand  carried  by  the  river  water  would  fill 
the  hole  in  a  few  minutes,  .'\ftcr  losing  one 
hole  that  way,  however,  matters  were  ar- 
ranged so  that  no  time  was  lost  in  getting  the 
bolt  into  the  hole  as  soon  as  possible  after 


then  went  down  the  ladder  which  was  .ilwayS 
kept  on  the  upstream  side  of  the  platform  and 
found  the  bolt  by  the  simple  method  of  get- 
ting hold  of  the  \^-\n.  cable  leading  down 
through  the  pipe  to  the  ring  and  following  it 
to  the  ring.  The  end  of  this  cable  had 
previouslv  been   made  fast  on   the  barge  and 
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was  left  attached  to  the  ring  bolt  for  use  as 
a  buoy  line.  WTien  the  diver  had  located  the 
ring  bolt  the  end  of  the  anchor  cable  was  sent 
down  to  him  by  a  hand  line.  This  cable  was 
attached  to  the  anchor  bolt  by  means  of  a  I'li- 
in.  shackle  for  the  upstream  anchors  and  a  1-in. 
shackle  for  the  side  anchors.  A  detail  of  the 
plate  and  shackle  for  fastening  the  upstream 
anchor  cables  to  the  side  of  the  caisson  is 
shown  in  Fig.  5c.  When  the  cable  had  been 
shackled  on  the  drill  platform  was  lifted  clear 
of  the  water,  the  bight  of  the  %-in.  buoy  cable 
caught  below  the  bottom  of  the  pipe,  the  end 
was  allowed  to  run  through,  a  buoy  was  made 
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7.     Details    of    Portable     Platform    for 
Drilling   Holes  for  Anchor   Bolts 
on    River   Bottom. 


fast  to  it  and  thrown  overboard  and  the  an- 
chor cable,  which  in  the  case  of  the  upstream 
anchors  was  1-in.  steel  cable,  was  coiled  down 
on  the  deck  of  the  barge. 

When  the  four  upstream  anchors  had  been 
set  the  caisson  was  towed  up  to  position.  As 
the  steamboat  pushed  the  caisson  ahead  of  it, 
it  was  an  easy  matter  to  work  it  carefully  up 
10  the  downstream  end  of  the  derrick  barge, 
take  the  four  anchor  cables  aboard,  make  them 
fast  and  drop  back  until  the  cables  were  t,aut. 
After  the  caisson  had  been  anchored  from 
these  cables  the  side  anchors  were  placed.  The 
west  side  anchor  bolts  were  placed  as  already 
described  except  that  the  ring  bolts  were  '2-in. 
instead  of  3-in.  Then  the  anchor  cables, 
which  in  this  case  were  composed  of  two  parts 
of  ^-in.  steel  cable  for  each  anchor,  were 
taken  aboard  the  caisson  and  made  fast. 

The  cast  side  anchors  as  previously  stated, 
consisted  of  three  concrete  blocks  for  each 
anchor.  These  blocks  were  (i  ft.  square  and 
2  U.  thick.  In  the  tops  of  the  blocks  were  two 
loops  of  1-in.  round  iron  for  use  in  handling 
the  blocks  and  in  the  side  of  each  one  was  a 
loop  of  l'/4-in.  iron  for  attaching  the  anchor 
cables.  The  bottoms  of  the  blocks  were 
Miiddcd  with  pieces  of  IH-in.  square  iron  18 
in<  long.  .Miout  12  ins.  of  the  length  was  im- 
bcdflnl  in  the  concrete  and  the  remaining  (!  ins. 
prnjeclcd  so  that  they  would  catch  in  the  in- 
fqualitics  of  the  rock  in  rase  the  block  settled 
tlown  in  the  sand  low  enough  for  them  to  reach 
the  former.  A  loop  consisting  of  four  parts  of 
S-in  steel  cable  and  about  -1  ft.  long  was 
passed  through  the  l'/4-in.  iron  loop  in  each 
block  anci  a  piece  of  lin.  steel  cable  alxiut  fiO 
ft^  long  run  through  these  short  cables  and 
clipi)ed  in  a  loop  .'10  ft.  long.  This  was  to 
allow  of  tlcxibility  enough  to  enable  each  block 
to  bear  part  of  the  strain  and  to  allow  ilirm  In 
settle  to  a  solid  bearing  without  in  any  way  in- 
terfering with  c.ich  other.  The  1-in.  cable  loop 
wa^  long  enough  so  that  wlicn  pulled  straight 
upwards  by  a  derrick  barge  the  clips  on  it 
woidd  be  above  water  and  so  allow  their  re- 
moval. Frcmi  each  set  of  blocks  the  anchor 
cablrs  were  run  to  the  caisson  and  made  fast. 


The  three  blocks  for  one  anchor  were  placed 
simultaneously  by  setting  them  on  edge  along 
the  front  edge  of  the  derrick  barge  with  the 
bottoms  facing  outward  and  with  an  8-in.  x 
8-iii.  timber  held  up  against  the  1-in.  loops  in 
their  tops  by  the  main  fall  of  the  derrick  on 
which  a  light  strain  was  kept.  The  steamboat 
pushed  the  barge  up  stream  until  the  right  lo- 
cation had  been  reached  when  a  heavy  strain 
was  taken  on  the  main  fall  and  the  three  blocks 
were  all  dumped  overboard  at  the  same  time, 
after  which  the  cables  were  taken  aboard  the 
caisson.  The  position  of  the  anchors  and  the 
method  of  rigging  up  the  barges  to  launch  the 
caisson  also  is  shown  in  Fig.  11. 

A  system  of  fastening  the  anchors  and  espe- 
cially the  upstream  ones  to  the  caisson  had  to 
be  carefully  worked  out  as  the  entire  strain 
could  not  be  taken  by  the  outer  wall  of  light 
timber.  All  anchors  were  fastened  at  a  point 
about  3  ft.  above  the  top  of  the  deck  and  all 
in  the  same  horizontal  plane.  In  order  to 
transmit  the  pull  from  the  upstream  anchors 
and  have  part  of  it  taken  by  the  downstream 
end  of  the  structure  the  arrangement  illus- 
trated in  Fig.  5d  was  made.  In  the  upstream 
end,-  two  lV4-in.  bolts  with  an  eye  on  each 
end  and  a  turnbuckle  in  the  center  were  run 
through  both  walls  at  this  end  of  the  caisson 
and  2  ft.  apart,  being  also  parallel  with  the 
center  line  of  the  crib.  On  the  inner  side  ol 
the  caisson  the  shoulders  of  these  eye  bolts 
bore  against  a  %-in.  plate  12  ins.  x  80  ins.  and 
to  give  them  additional  flexibility  1%-in. 
turnlnickles  were  shackled  to  their  outer  ends 
and  to  the  latter  were  shackled  the  1-in.  an- 
chor cables  with  1%-in.  shackles.  Through 
the  two  walls  of  the  downstream  end  and  on 
the  center  line  of  the  caisson  ran  a  lV4-in.  eye 
bolt  provided  with  a  nut,  jam  nut,  and  12-in. 
plate  washer  on  the  outer  or  downstream  end. 
To  the  eye  on  the  inside  end  of  this  bolt  was 
hooked  a  steel  single  block  through  which  ran 
a  IVj-in.  cable.  On  each  end  of  this  cable 
were  attached  1%-in.  turnbucklcs  which  in 
turn  hooked  into  the  eyes  in  the  dow-nstream 
ends  of  the  eye  bolts  to  which  were  made  fast 
the  cables  from  anchors  2  and  3.  When  these 
arrangements  had  been  made  the  turubuckles 
were  adjusted  so  as  to  give  the  proper  bear- 
ing all  around.  The  upstream  anchors  1  and 
4  were  made  fast  by  means  of  shackles  and 
lV6-in.  turnbuckles  to  a  heavy  plate,  and 
D-bolt  at  the  upper  corners  of  the  caisson. 
The  anchors  from  the  sides  were  made  fast 
by  means  of  1-in.  shackles  and  1-in.  turn- 
bucklcs to  eye  bolts  running  through  both 
walls  of  the  caisson  near  the  upper  corners. 

LAUNCHING    THE    CAISSON. 

When  the  caisson  had  been  built  up  to  a 
point  about  Ki  ft.  above  the  cutting  edge, 
sheathed  and  caidked,  preparations  were  made 
to  launch  it.  The  timber  heads  coming  inside 
the  caisson  were  cut  off  flush  with  the  docks 
of  the  barges  and  all  bracing  between  barges 
was  removed.  In  each  of  the  four  barges  a 
2-in.  stop  cock  was  placed  about  2  ft.  below 
the  deck  and  in  the  sides  which  were  turned 
inward.  A  2-in.  hole  was  also  bored  in  the 
bottom  of  each  of  the  barges  directly  under 
the  hatch  and  plugged.  A  derrick  barge  was 
moored  at  each  side  of  the  caisson  and  about 
".'j  ft.  distant  from  it.  They  were  held  up- 
stream by  a  %-in.  steel  cable  made  fast  to 
one  of  the  upstream  caisson  anchors  and  one 
part  of  the  "A-in.  cable  from  each  of  the  side 
anchors  on  that  side  was  carried  aboard  ibc 
barge  and  made  fast.  Then  a  set  of  double 
blocks  rove  with  lV4-in.  manila  line  was 
hooked  to  each  of  the  barges  under  that  side 
of  the  caisson  and  made  fast  aboard  the  der- 
rick barge  while  the  hauling  part  of  this  was 
led  through  snatch  blocks  to  the  hoisting  en- 
gine. 

When  both  sides  were  made  ready  in  this 
way  the  lines  were  pulled  tight  on  all  four 
barges  and  a  slight  strain  put  on  each.  The 
stop  cocks  on  the  barges  were  then  opened 
anci  the  plugs  taken  from  the  bottom  holes 
allowing  tbrm  to  sink  slowly.  .Ml  four  barges 
settled  at  a  very  even  rate  until  the  decks 
were  awash  when  the  upstream  ones  .settled 
more  rapidly  than  the  others  owing  to  the 
current  carrying  tbcm  under.    When  the  decks 


of  all  four  barges  were  under  water  as  much 
strain  was  taken  on  the  hauling  lines  as  the 
manilla  rope  would  stand.  The  filling  of  the 
barges  began  at  4 :30  p.  ra.,  Oct.  2,  and  at  7 
p.  m.  the  decks  were  imder  water.  A  few 
minutes  after  that  the  buoyancy  of  the  tim- 
ber in  the  caisson  began  to  lighten  the  load 
on  the  barges  and  about  7:15  p.  m.  three  of 
them  slid  out  and  bobbed  up  to  the  surface 
like  corks.  The  fourth  barge  which  was  the 
downstream  one  on  the  east  side,  slid  out 
part  way  and  then  stuck.  At  that  corner 
the  rock  was  very  high  in  the  bottom  and  the 
caisson  when  floating  came  within  about  3  ft. 
of  the  bottom.  As  the  barge  was  5  ft.  2  ins. 
high  it  became  jammed  between  the  crib  and 
the  bottom  when  all  but  one  comer  had  slid 
free.  The  other  barges  were  all  caught  by 
the  steamboat  and  taken  ashore  to  be  pumped 
out.  The  next  morning  after  the  slack  had 
all  been  taken  out  of  the  anchor  cables  op- 
posite to  the  refractory  barge,  the  latter  was 
easily  pumped  free  and  the  caisson  floated, 
drawing  about  14  ft.  of  water  which  was 
slightly  more  than  calculated  upon.  Some 
parts  of  it  were  not  caulked  up  to  the  water 
surface  and  it  was  rolled  first  to  one  side  and 
then  the  other  and  the  caulking  carried  prac- 
tically to  the  top  before  any  additional  tim- 
ber was  added.  This  was  accomplished  by 
placing  a  gin  pole  in  each  corner  on  the 
same  side  with  their  bottoms  resting  on  the 
river  bottom  and  a  set  of  blocks  leading  from 
their  tops  to  the  top  of  the  crib.  Lines  from 
these  blocks  were  then  led  to  a  hoisting  engine 
and  a  strain  taken.  This,  aided  by  the  buoy- 
ancy of  the  crib  itself,  elevated  that  side  of 
the  crib  from  3  to  4  ft.  allowing  the  caulk- 
ing to  be  done,  after  which  that  side  was  al- 
lowed to  settle  down  and  the  gin  poles  shifted 
to  the  other  side  and  it  was  handled  the 
same  way.  The  construction  on  the  caisson 
was  then  resumed  and  the  timber  carried  up 
to  about  26  ft.  above  the  cutting  edge  at  which 
time  it  rested  firmlv  on  bottom  all  around. 


Fig.  8.     View  of  Portable  Drill  Platform  with 
Drill   IVIounted  and   Ready  for  Operation. 

The  rock  botn^in,  as  before  stated,  was  ex- 
tremely uneven  and  the  southeast  corner  was 
3  ft.  higher  than  the  northeast  corner  giving 
the  caisson  a  very  bad  twist.  Also  there  were 
IS  in  the  bottom  where  the  cutting 
M  be  from  2  to  3  ft.  clear  of  the 
1". It,. Ill  When  the  caisson  had  been  com- 
pleted up  to  a  point  2<)  ft.  above  the  cutting 
iilge  or  to  about  elevation  80  an  attempt  was 
made  to  put  air  on  it  but  as  the  only  com- 
pressor on  hand  was  one  of  075  cu.  ft.  p>cr 
minute  capacity  and  as  the  twisting  of  the  cais- 
son had  caused  the  seams  to  open  up,  no 
headway  was  made  as  the  air  leaked  out 
about  as  fast  as  the  compressor  could  pump  it 
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in.  Clay  filling  was  then  dumped  in  the  space 
between  the  walls,  on  top  of  the  deck  which 
was  a  departure  from  the  original  scheme 
which  was  to  fill  this  space  with  sand  as  bal- 
last. The  clay,  however,  acted  as  ballast  and 
in  addition  helped  materially  to  stop  the  leaks. 
When  about  10  ft.  of  clay  had  been  dumped 
in  another  attempt  was  made  to  put  the  cais- 
son under  air.  While  2  or  3  lbs.  of  air  would 
be  registered  on  the  gage  it  was  still  impos- 
sible to  get  in  through  the  man  lock  which 
unfortunately  happened   to  be  located  on  the 
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Fig.    9.     View    of    Derricl<    Barge    l-landling 
Drill     Platform — Platform     Shown     Sus- 
pended   Ready    to    Lower    to 
River  Bottom. 


low  side  of  the  caisson.  When  the  air  had 
reached  about  2  lbs.  pressure  it  had  forced  the 
water  down  so  low  in  the  working  chamber 
that  numerous  leaks  were  exposed  and  at  the 
same  time  the  water  was  not  low  enough  to 
admit  men  through  the  man  lock  at  the  low 
side.  It  was  decided  to  cut  through  the  deck 
at  the  highest  corner  and  place  a  new  man 
lock  there.  In  order  to  do  this  the  pocket  at 
the  high  point  was  cleaned  out  and  pumped 
dry  and  a  section  of  main  shaft  set  down  on 
the  deck.  Concrete  was  then  filled  in  around 
it  and  allowed  to  set.  A  lock  door  had  been 
placed  in  position  at  the  top  of  the  shaft  sec- 
tion and  when  the  concrete  had  sufficiently 
set,  air  from  a  small  compressor  was  intro- 
duced through  the  1-in.  blowoflf  valve  in  the 
door,  after  two  men  had  gone  inside.  The  air 
pressure  was  kept  at  about  G  lbs.  while  the 
men  inside  fastened  the  shaft  section  down  to 
the  deck  with  1-in.  lag  screws  running  through 
the  flange  on  the  bottom  of  it  through  which 
were  24  holes.  Then  a  small  section  of  the 
deck  was  cut  out  to  allow  a  man  to  pass  in- 
side. The  air  was  then  taken  off  this  shaft 
section  and  a  second  section  bolted  to  the  top 
of  it  to  form  a  man  lock. 

Meanwhile  it  was  thought  desirable  by 
grouting  to  tighten  up  the  deck.  Two  inch 
pipes  were  pushed  down  through  the  clay  un- 
til they  brought  up  against  the  top  of  the  deck. 
These  pipes  were  pushed  down  alongside  of 
each  vertical  timber  and  one  each  side  of 
same.  They  were  then  cleaned  out  by  means 
of  a  blowpipe  of  %-in.  pipe  using  high  pres- 
sure air,  after  which  they  were  grouted  with 
about  60  lbs.  of  air  using  neat  cement.  A 
Ransomc-Canniff  grout  machine  was  used  for 
this.  If  was  interesting  to  note  that  although 
the  grout  pipes  had  nothing  to  hold  them  but 
their  friction  against  the  clay,  they  never  in 
any  case  blew  out  or  even  moved  when  the 
pressure  was  applied  with  over  60  lbs.  of  air 
on  the  grout  machine.  Also,  it  was  rarely 
that  any  of  the  grout  came  up  alongside  the 
pipes  and  when  it  did  so  it  was  only  after  all 
other  crevices  had  been  filled  and  the  pipe 
had  been  blocked.  Often  though  the  holes 
were  grouted  to  a  standstill  and  the  grout 
pipe  completely  blocked  with  the  60  lbs.  pres- 
sure none  of  the  grout  would  appear  on  the 
surface. 

After  the  grout  had  set  air  was  again  ap- 
plied and  the  pressure  run  up  to  about  4  lbs. 
Men  then  went  inside  through  the  lock  which 
had  been  cut  in  on  the  high  side  of  the  caisson 


and  clayed  up  all  seams  thus  stopping  the 
leaks  and  allowing  the  air  pressure  in  the 
working  chamber  to  be  raised  to  about  6  lbs. 
at  which  point  the  cutting  edge  on  the  high 
side  was  exposed.  The  rock  bottom  along  the 
upper  side  was  cleaned  of  sand  and  gravel  and 
the  outside  and  inside  cutting  edges  were 
packed  with  clay  sacks.  This  side  was  then 
concreted  to  a  depth  varying  from  18  ins.  to 
5  ft.  according  to  the  bottom.  In  all  cases  the 
concrete  was  carried  up  to  a  point  2  ft.  above 
the  cutting  edge.  When  the  upper  side  had 
been  sealed  the  air  pressure  was  raised  until 
the  cutting  edge  on  the  lower  side  had  been 
exposed  when  it  was  packed  with  clay  sacks 
and  concreted  also. 

One  disadvantage  in  the  concreting  opera- 
tions was  that  it  was  impossible  to  expose  the 
rock  at  all  points  for  in  order  to  do  that  the 
air  pressure  would  have  had  to  be  raised  so 
high  that  it  would  have  blown  out  under  the 
cutting  edge  as  much  of  the  bottom  was  from- 
1  to  5  ft.  below  the  latter.  As  the  water  was 
muddy  the  state  of  the  bottom  had  to  be  de- 
termined by  feeling  with  an  iron  bar.  to  see 
whether  or  not  it  had  been  sufficiently  cleaned. 
When  the  concreting  was  going  on  the  pumps 
were  being  set  up  to  pump  out  inside  the  crib. 
These  included  a  No.  6  direct  connected  cen- 
trifugal pump  with  a  capacity  of  about  1.000 
Hals,  per  minute,  one  belt  driven  No.  5  cen- 
trifugal pump  with  a  capacity  of  about  800 
gals,  per  minute  and  two  6-in.  steam  siphons 
with  a  combined  capacity  of  about  2,.500  gals, 
per  minute. 

UNWATERTNC    0PER.\TIONS. 

When  the  caisson  had  been  sealed  down  to 
the  rock  air  was  still  kept  on  it  and  the  pumps 
were  started.  They  lowered  the  water  level 
inside  the  crib  to  a  point  about  5  ft.  below 
the  river  level  after  which  it  came  back  up, 
to  its  former  level,  showing  that  as  soon  as 
any  head  was  put  on  from  the  outside  a  large 
leak  had  started,  A  sand  dredge  with  a  15-in. 
centrifugal  pump  on  it  was  obtained  tempo- 
rarily to  see  if  the  water  could  not  be  pumped 
down  so  we  could  get  at  the  leak.  This  pump 
was  rated  at  about  0,000  gals,  per  minute 
capacity.  The  dredge  was  tied  up  alongside 
the  caisson  and  the  suction  dropped  inside 
the  latter.  When  this  was  in  position  it  and 
all  the  other  pumps  were  started  and  again 
the  water  was  pumped  down  about  7  ft.  and 
then  it  started  to  rise  again.  The  pumps  were 
kept  going  and  a  diver  sent  down  to  find  out 
just  where  the  leaks  were. 

His  examination  showed  that  the  greater 
part  of  the  leakage  was  from  the  west  or  low 
side  of  the  caisson. 

The  pumps  were  again  stopped  and  men 
were  sent  inside  the  working  chamber  to  cut 
down  through  the  concrete  at  the  points 
where  the  water  came  through  under  it.  This 
was  a  slow  job  as  there  was  very  little  room 
to  work  and  the  concrete  had  set  very  hard. 
At  first  a  hole  about  2  ft.  square  was  cut 
through  the  concrete  in  each  of  the  pockets 
along  the  west  side  and  when  it  was  found 
that  there  was  a  cavity  under  the  concrete 
these  holes  were  connected  by  a  slot  about  18 
ins.  wide.  Numerous  cavities  were  found  with 
boulders  in  them  and  at  other  places  quanti- 
ties of  loose  gravel  would  be  found.  In  the 
former  case  there  had  been  hard  gravel  in 
the  holes  with  boulders  wedged  tightly  to- 
gether on  top  and  to  anyone  sounding  the  bot- 
tom with  an  iron  bar  the  boulders  would  ap- 
pear the  same  as  the  solid  rock.  When  the 
pressure  came  from  the  outside,  however,  the 
small  gravel  and  sand  washed  out  leaving  the 
boulders  in  the  hole.  Where  the  loose  gravel 
was  found,  it  had  once  been  concrete  but 
when  the  west  side  had  been  partly  concreted 
someone  with  a  candle  who  was  looking  for 
leaks  had  set  the  oakum  in  the  seams  on  fire 
and  in  order  to  put  that  fire  out  the  working 
chamber  was  flooded.  To  do  this  the  air  was 
shut  oflf  from  the  compressor  and  the  air  in 
the  caisson  was  allowed  to  escape.  As  the 
bottom  layer  of  concrete  had  been  placed  all 
around  at  that  time  the  only  way  for  the  water 
to  come  into  the  working  chamber  was  for 
it  to  come  up  through  the  green  concrete  on 
the  west  side.  This  washed  the  cement  out. 
When  the  fire  was  out  a  part  of  this  concrete 


was  removed  and  the  remainder  was  remixed 
using  additional  cement.  Some  of  it  had  been 
overlooked,  however,  hence  the   trouble. 

When  the  loose  gravel  and  boulders  had 
been  cleaned  out  the  holes  under  the  concrete 
were  filled  with  a  rich  mixture  of  concrete 
except  directly  under  the  slot  that  had  been 
cut  along  the  center  of  the  working  chamber. 
From  the  rock  up  to  the  top  of  the  concrete 
this  slot  was  filled  with  neat  cement  making  a 
cut  oft  wall  and  the  cement  set  up  quickly. 
Where  it  was  found  that  the  concrete  had 
been  bonded  firmly  to  the  rock  upon  cutting 
the  2-ft.  hole  first  referred  to  nothing  was 
done  except  to  refill  the  hole  with  neat  ce- 
ment mortar.  When  this  had  set,  the  purtips 
were  again  started  but  meantime  the  entire 
pumping  plant  had  been  changed.  The  15-in. 
sand  dredge  had  been  taken  away,  and  as  the 
two  6-in.  syphons  used  a  great  amount  of 
steam  for  the  amount  of  water  pumped  and 
as  the  rest  of  the  plant  was  entirely  inade- 
quate to  cope  with  the  situation  a  direct  con- 
nected 12-in.  Morris  centrifugal  pump  was  ob- 
tained with  a  capacity  of  4,200  gals,  per  min- 
ute. In  addition  a  .5-in.  Emerson  and  an  8-in. 
Emerson  pump  were  installed  having  a  com- 
bined capacity  of  about  4,500  gals,  per  minute. 

In  starting  to  pump  out,  however,  only  the 
12-in.  and  the  5-in.  centrifugal  pumps  were 
used  and  these  pumped  the  water  down  so 
that  the  bottom  was  exposed  in  about  two 
hours.  The  bottom  was  first  cleaned  of  silt 
of  which  there  was  a  deposit  about  3  ft.  deep 
and  then  the  sand  and  gravel  was  excavated. 
There  seemed  to  be  some  very  extensive  leaks 
after  the  sand  and  gravel  had  been  removed 
as  the  pumps  continued  to  handle  about  2,500 
to  3,500  gals,  per  minute  according  to  the 
stage  of  the  water  in  the  river.  The  leakage 
came  in  chiefly  in  the  northwest  corner  and 
midway  along  the  west  side.  At  the  latter 
point  it  was  known  positively  that  the  con- 
crete was  sealed  tightly  to  the  rock  but  in  the 
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northwest  corner  the  first  examination  had 
shown  that  there  the  concrete  was  on  rock 
bottom  and  a  hole  had  been  cut  in  several 
pockets  with  no  slot  between.  From  the  leak- 
age which  showed  it  was  thought  that  there 
might  be  a  crevice  between  two  of  the  holes. 
As  the  water  came  in  so  heavily  there  v^as 
very  little  chance  to  make  an  examination  in- 
side the  cofferdam  and  men  were  again  sent 
inside   the    working   chamber    and    a   slot   cut 
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in  the  concrete  for  a  distance  of  about  15  ft. 
and  down  to  the  rock.  This  showed  that  the 
concrete  was  firmly  bonded  to  the  rock  at  all 
points  and  that  there  could  be  no  leakage 
between  the  two. 

At   the    same   time    all    loose    material    was 
being  removed   from  inside  the  cofferdam  as 
rapidly  as  possible  and  especially  near  the  cor- 
ner where  the  worst  leak  seemed  to  be.    This 
leak    when    uncovered    proved    to    be    a   hori- 
zontal seam  which  came  to  the  surface  about 
10  ft.  inside  the  cofferdam  and  dipped  rapidly 
so  that  it  must  have  been  about  4   ft.  below 
the  surface  under  the  center  of  the  working 
I    chamber.    From  this  seam  a  vertical  seam  led 
I    downward  about  10  ft.  being  about  6  to  8  ins. 
1    wide.    These  seams  could  not  be  caulked  so  a 
t    bulkhead  of  2-in.  plank  and  timbers  was  built 
i    across   the   corner,  grout   pipes   were   inserted 
I    in  the  seams  with  the  tops  of  same  above  wa- 
)    ter  level  and  then  the  space  inside  the  bulk- 
I    head    was    filled    with    clay    and     grout    was 
forced  into  the  pipes  stopping  the  greater  part 
of  the  leakage  from  that  source. 

.\s  the  bottom  rock  was  cleaned  ofif,  how- 
ever, and  the  surface  rock  pried  loose  other 
leaks  developed  and  incidentally  the  cause  of 
the  difficulty  in  getting  the  caisson  sealed 
tightly  to  rock  became  apparent.  In  the  rock 
which  was  a  fine  grained  hard  limestone,  there 
were  holes  and  watercourses  worn  which  were 
tightly  packed  with  gravel  and  sand  and  with 
small  flat  boulders  wedged  tightly  on  top. 
These  latter  could  not  in  some  cases  be  re- 
moved with  a  pick  and  had  to  be  pried  loose 
with  a  bar.  In  addition  to  these  there  were 
cavities  and  watercourses  in  the  rock  itself 
where  two  strata  came  together  and  in  fact 
the  rock  near  the  surface  was  literally 
honeycombed  with  holes  and  channels.  These 
were  in  some  cases  filled  with  a  soft  gray  clay 
and  in  others  were  entirely  clean  and  in  the 
latter  event  they  would  run  water.  The  wa- 
ter coming  from  these  seams  or  channels  was 
clear  like  spring  water  while  the  river  water 
was  at  all  times  muddy  and  turbid. 

When  it  was  found  that  the  pumps  would 
handle  the  water  without  trouble  the  air  was 
taken  off  the  caisson,  and  the  working  cham- 
ber allowed  to  fill  with  water.  .\lso  the  tim- 
ber of  the  crib  walls  was  carried  up  to  about 
elevation  92  and  levelled  up.  The  average  wa- 
ter level  at  ordinary  stages  is  about  eleva- 
tion 82.  The  space  on  top  of  the  deck  and  be- 
tween the  walls  of  the  caisson  was  filled  with 
sand  up  to  a  point  1  ft.  below  the  top  except- 
ing the  upstream  end  where  the  filling  was 
only  carried  up  about  10  ft.  above  the  deck 
and  the  remainder  of  the  filling  was  done 
with  concrete.  One  foot  of  concrete  was  also 
placed  on  top  of  the  filling  all  the  way  around 
the  caisson,  bringing  it  up  flush  with  the  tops 
of  the  timbers.  The  sand  filling  was  to  give 
the  crib  weight  and  the  concrete  in  the  up- 
stream end  was  to  help  withstand  the  blows 
and  shocks  from  floating  ice,  while  the  con- 
crete finish  on  top  of  the  sand  filling  was  to 
prevent  the  water  from  washing  out  the  sand 
when  it  was  high  enough  to  run  over  the  top 
of  the  crib.  Timber  heads  were  bolted  to  the 
upright  timbers  and  left  projecting  above  the 
concrete  finish  and  eye  bolts  were  placed  in 
the  sides  of  the  crib  to  provide  mooring  places 
'■  r  barges. 

CONCRETING    OPERATIONS. 

All  concreting  both  for  the  top  and  inside 
the  working  chamber,  was  mixed  by  hand,  the 
gravel,  sand  and  cement  being  loaded  on  a 
b.irge  with  a  clear  space  left  on  the  deck  on 
which  to  mix.  The  concrete  was  shovelled 
into  a  bottom  dump  bucket  and  swung  to  the 
top  of  the  crib  by  a  derrick  barge.  When  con- 
creting in  the  working  chamber  the  concrete 
was  sent  in  through  a  concrete  lock  placed  on 
top  of  the  supply  shaft  nearest  to  where  it 
was  needed.  There  were  four  of  these  supply 
shafts  in  the  caisson  as  shown  in  Fig.  1,  and 
each  of  them  was  supplied  with  a  bottom  door 
of  steel  plate  and  with  a  long  key  to  hold  it 
shut. 

About  10,000  sacks  of  clay  were  deposited 
outside  the  cutting  edge  previous  to  starting 
work  inside  the  caisson.  To  keep  these  sacks 
from  being  washed  down  stream  by  the  cur- 


rent while  they  were  being  placed  they  were 
dropped  through  about  24  ft.  of  24-in.  supply 
shaft  which  was  swung  on  a  derrick  and  held 
with  the  lower  end  slightly  above  the  river 
bottom.  Several  sacks  were  thrown  down 
this  tube  after  which  it  was  raised  slightly 
and  others  thrown  in.  When  enough  had  been 
deposited  in  one  place  the  tube  was  shifted 
along.  By  means  of  a  sounding  rod  it  was 
possible  to  keep  close  track  of  the  location  of 
the  sacks. 

When  the  area  inside  of  the  cofferdam  was 
cleaned  out  it  was  found  that  the  rock  bottom 
was  from  elev.  62  to  elev.  64.  This  had  to  be 
e.xcavated  to  elev.  61  and  lower  if  the  rock 
was  not  considered  suitable  at  that  elevation. 
It  was  finally  excavated  to  about  elevation  59 
and  cleaned  up  ready  for  the  masonry  of  the 
intake  tower. 

The  rock  was  drilled  with  IngersoU-Rand 
Jackhanier  drills  and  shot  w-ith  very  light 
charges  of  40  per  cent  dynamite  as  it  was  de- 
sired to  shake  the  crib  as  little  as  possible  and 
at  the  same  time  it  was  necessary  to  leave  a 
perfectly  sound  stratum  of  rock  for  the 
foundation  of  the  tower.  The  shooting  merely 
loosened  the  rock  after  which  it  was  wedged 


Note  L  ines  marked  B  used  to  anchor  Derrick  Barge 
when  Pulling  the  Barge  from  under  Coision  and  later... 
made  fast  to  Caisson  ' 


stream  end  of  the  caisson  and  made  fast  to  it 
with  steel  cables.  Steam  and  air  lines  on  the 
crib  and  on  the  barge  were  connected  through 
rubber  hose  in  the  case  of  the  air  and  flexible 
metallic  hose  for  the  steam. 

Two  derrick  barges  were  also  uSed,  one 
being  the  high  derrick  with  which  the  an- 
chors were  set.    On  it  was  placed  a  Westing- 
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and  pried  up,  loaded  in  scale  boxes,  hoisted 
by  the  derrick  barges  and  dumped  on  the  decks 
of  barges.  These  barges  were  then  towed 
ashore  and  unloaded. 

When  the  rock  had  been  cleaned  up  ready 
for  masonry  it  was  so  late  in  the  winter  that 
it  was  considered  dangerous  to  continue  work. 
Ice  was  likely  to  start  running  at  any  lime 
and  when  that  occurred  it  would  be  too  late 
to  tie  up  the  fleet  in  a  safe  place  as  that  was 
a  week's  work  in  itself  and  in  that  time  much 
damage  might  be  done.  High  water  was  also 
imminent  so  it  was  decided  to  close  down  un- 
til after  the  spring  floods  had  passed.  The 
work  on  the  intake  tower  was  therefore  closed 
down  Dec.  29,  1913,  and  by  Jan.  0,  1914,  all 
plant  had  been  removed  from  the  crib  and 
from  the  power  barge  and  all  the  floating 
equipment  had  been  laid  up  in  winter  quarters. 

CONSTRUCTION  PLANT. 

The  plant  used  on  this  work  consisted  of  a 
power  barge  32x130  ft.,  on  which  were  three 
60  HP.  locomotive  type  boilers  carrying  110 
lbs.  steam  pressure,  one  675  cu.  ft.  per  minute 
capacity  straiglit  line  Ingersoll  compressor,  a 
7%KW.  direct  connected  .Mlis-Chalmers 
lighting  set  (110  volt),  a  Smith  I  cu.  yd.  con- 
crete mixer  intended  for  use  on  the  tower 
proper  but  which  was  not  used  on  the  caisson 
work,  and  a  duplex  pump  for  furnishing  cool- 
ing water  for  the  compressor  and  for  other 
purposes.  On  this  barge  was  also  a  dry  house 
for  the  use  of  the  "sand  hogs"  and  other 
workers.  The  compressor  was  used  for  low 
pressure  air  for  the  caisson  and  later  on  was 
used  for  supplying  high  pressure  air  to  run 
the  rock  drills.  The  boilers  supplied  steam 
for  the  compressor  and  for  all  the  pumps. 
The  power  barge  was   moored   at   the   down- 
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house  compound  air  compressor  with  a  ca- 
pacity of  150  cu.  ft.  per  minute,  which  supplied 
air  for  the  grouting  and  also  for  the  drills 
part  of  the  time.  The  other  derrick  barge 
was  a  combined  stiff  leg  and  A-frame  derrick 
with  32-ft.  mast  and  5n-ft.  boom  set  on  a 
30x60- ft.  barge.  In  addition  to  the  above  five 
material  barges  were  in  use  and  also  one 
steamboat  and  two  gasoline  launches  for 
handling  men  and  material  back  and  forth. 

This  work  is  being  done  for  the  St.  Louis 
water  department.  E.  E.  Wall  is  water  com- 
missioner, Gordon  Black  is  chief  engineer  and 
E.  C.  Davis  is  resident  engineer.  The  con- 
tractors for  the  work  are  The  Fruin-Colnon 
Contractting  Co.  and  the  Missouri  Valley 
Bridge  and  Iron  Co.  jointly,  with  C.  H.  Hoi- 
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lingsworth  as  general  superintendent  and  W. 
Naugle,  R.  E.  Mosier  and  W.  B.  Converse  as 
assistants  on  the  various  operations. 


Inspecting,  Coating  and  Testing  Steel 

Pipe  for   112   Mile   High-Pressure 

Gas  Line  from  Taft  to  Los 

Angeles,  Calif. 

The  construction  of  a  112  mile  high-pres- 
sure steel  pipe  natural  gas  line  from  Taft  to 
Los  Angeles,  Calif.,  was  completed  in  the 
fall  of  1912.  The  following  notes  on  the  mill 
inspection  of  the  pine  and  the  field  coating 
and  testing  of  the  pipe  line  are  taken  from  an 
article  by  W.  E.  Barrett  in  a  recent  issue  of 
the  American  Gas  Light  Journal. 

The  pipe  line  was  designed  to  work  at  an 
initial  pressure  of  4-50  lbs.,  and  a  terminal 
pressure  of  60  lbs.,  which  w-ould  ^ive  a  de- 
livery capacity  of  2(5,000  million  cubic  feet  per 
day.  The  pipe  ordered  was  plain-end  steel 
tubing.  12%  ins.  outside  diameter,  weighing 
nominally  33  lbs.  per  lineal  foot.  About  75 
miles  of  this  pipe  was  of  double  length,  rang- 
ing from  34  ft.  to  40  ft.  in  length ;  the  balance 
was  standard,  18  ft.  to  2o  ft.  lengths.  By 
using  the  double  lengths  of  pipe,  in  the  val- 
leys on  the  north  and  south  ends  of  the  line, 
a  saving  of  appro.ximately  $31,000  in  the  cost 
of  couplings  alone  was  effected  for  the  benefit 
of  the  client,  as  tlie  work  was  carried  on  under 
the  J.  G.  White  Engineering  Corporation 
standard  method  of  "Cost  plus  a  fee.'" 


Inspection. — .Xs  this  pipe  line  was  to  work 
under  heavy  pressure,  it  was  deemed  advisable 
to  exercise  very  reasonable  precaution  in  its 
manufacture  and  preparation  for  shipment  as 
well  as  in  the  construction  of  the  line.  The 
J.  G.  White  Engineering  Corporation  fur- 
nished its  own  retained  inspectors  at  the  mills 
of  the  contractor  tube  company.  The  cer- 
tificates of  chemical  composition  of  the  ingots 
from  which  the  skelp  was  made  were  at  the 
inspectors'  disposal,  upon  request.  The  in- 
spectors' principal  duties  were  to  observe  the 
size  by  the  ring  test,  the  alignment  of  the  tube, 
the  length,  weight  and  hydrostatic  pressure 
test;  this  latter  was  required  at  700  lbs.  While 
the  pipe  was  at  a  temperature  of  practically 
100°  F.,  brushed  free  from  all  mill  scale,  it 
was  given  a  shipping  coat  of  specially  pre- 
pared protective  material,  allowed  to  dry,  then 
shipped. 

Coating. — On  account  of  the  large  percentage 
of  ground  salts  (strongly  alkaline  in  composi- 
tion) present  along  the  proposed  route,  the 
protection  of  the  pipe  from  the  destructive 
effects  of  these  salts  was  a  very  necessary 
precaution.  For  this  purpose,  a  carefully  pre- 
pared, neutralized  coating  was  used,  which 
had  for  its  base  a  clean  coal  tar  not  a  tar  pro- 
duced at  a  low  temperature  of  say  1,000°  F., 
to  1,800°  F.,  but  one  produced  at  a  temperature 
of  about  2.400°  to  2.000°  F.  There  is  a  con- 
siderable difference  even  in  coal  tar,  outside 
of  the  fact  that  it  is  black.  After  the  pipe  was 
received  and  distributed,  any  abrasions  of  the 
shipping  coat  were  carefully  cleaned  and  all 
dust  or  dirt  brushed  off.    The  spots  were  first 


coated,  then  the  entire  length  given  two,  three  * 
or  four  coats,  as  the  analysis  of  the  soil  dic- 
tated.    These  analyses  were  made  in  the  lab- 
oratory  of   the  University   of   Southern   Cali- 
fornia. 

Testing. — After  the  line  was  completed  and  j 
the  pressure  tests  were  applied,  only  one  ' 
length  was  found  defective,  and  in  this  length 
the  seam  ripped  at  368  lbs.  The  line  was 
tested  to  470  lbs.,  for  the  first  43  miles  from 
the  Taft  terminal;  370  lbs.,  for  the  next  39; 
miles ;  and  250  lbs.  for  the  balance  of  the  dis- 
tance to  the  Los  Angeles  terminal,  and,  after 
tightening  some  of  the  asbestos  joints,  with 
which  the  first  10  miles  of  the  line  from  the 
Taft  terminal  was  laid,  to  the  small  whisper- 
leaks,  which  only  developed  after  the  line  had 
been  raised  in  pressure  to  368  lbs.,  then 
dropped  to  zero,  when  the  blowout  occured, 
and  again  raising  the  pressure  to  470  lbs.,  care- 
ful inspection  showed  the  small  leaks.  These 
leaks  were  apparently  caused  by  the  lack  of 
sufficient  resiliency  in  the  gaskets  to  recover 
their  original  position  after  the  high  internal' | 
pressure  had  been  applied.  However,  when 
these  were  once  made  tight  under  pressure 
they  remained  permanently  so.  The  line  when  , 
finally  tested  proved  bottle  tight.  A  second*! 
test  was  applied,  about  May  20,  1913.  after  the 
line  had  laid  over  the  wet  season.  A  pressure 
of  170  lbs.  was  then  applied,  from  end-to-end, 
and  it  w^as  still  perfectly  tight,  holding  this 
pressure  7%  hours  without  any  drop  in  the 
gages.  .Ml  the  gages  were  carefully  proven 
on  two  dead-weight  test  sets,  and  adjusted  to 
perfect  agreement. 


Design  and  Construction  Features  of 

the  Tunkhannock  Creek  Viaduct 

on  the  D.,  L.  &  W.  R.  R. 

at  Nicholson,  Pa. 

Contributed   bv  C.   W.   .'^imp.son,   i;e.sident   Engi- 
neer D.  L..  i  W.   K.   K..  ill  Cliarge  of 
Construction. 

The  Delaware,  Lackawanna  &  Western  Rail- 
road Co.  is  constructing  some  grade  improve- 
ment work  of  large  magnitude  between  Clark's 
Summit  and  Hallstead,  Pa.,  the  improvement 
consisting  of  a  new  three-track  line  about  forty 
miles  long.  The  new  line  does  not  deviate 
widely  from  the  present  one,  as  can  be  seen 
by  an  inspection  of  the  map  shown  in  Fig.  1. 
The  greatest  divergence  is  about  1%  miles, 
but  for  the  greater  part  of  the  distance  the 
lines  are  only  a  few  hundred  feet  apart.  The 
new  line  does,  however,  greatly  reduce  the 
grades  and  eliminates  the  sharp  sags  and  peaks 
in  the  grade  line.  The  maximum  grade  has 
been  reduced  from  1.23  to  0.682  per  cent,  and 
a  very  long  0.40  per  cent  grade  has  been  re- 
duced to  a  0.237  per  cent  grade.  The  principal 
structures  along  the  new  line  are  the  Nichol- 
son Tunnel,  a  double-track  bore  3,630  ft.  long; 
the  Martins  Creek  Viaduct,  a  three-track  con- 
crete structure  having  a  maximum  height  of 
150  ft.  and  a  length  of  1,600  ft. ;  and  the  Tunk- 
hannock Creek  Viaduct,  a  double-track  struc- 
ture having  a  maximum  height  of  240  ft.  and 
a  length  of  2,375  ft.  The  quantities  of  ma- 
terials involved  in  the  construction  of  the  new 
line  are  7,647,000  cu.  yds.  of  rock,  5,525,000  cu. 
yds.  of  earth,  146,000  cu.  yds.  of  tunnel  excava- 
tion, 370,000  cu.  yds.  of  concrete,  and  2,360 
tons  of  reinforcing  steel.  The  total  cost  of 
the  improvement  will  be  about  $12,000,000. 

This  article  will  treat  only  of  that  part  of 
the  improvement  known  as  the  Tunkhannock 
Creek  Viaduct,  the  construction  features  of 
this  viaduct  being  explained  in  detail. 

DESIGN     FEATURES. 

The  Tunkhannock  Creek  Viaduct,  which  is 
said  to  be  the  largest  concrete  railroad  bridge 
in  the  world,  is  composed  of  ten  180-ft.  and 
two  100-ft.  semi-circular  arch  spans  springing 
from  solid  piers  founded  on  bedrock,  support- 
ing transverse  spandrel  walls,  upon  which  rests 
a  floor  system  composed  of  semi-circular  span- 


drel arches.  The  deeper  piers  have  a  section 
40x46  ft.  below  the  ground  surface,  and  all 
piers  are  36  ft.  6  ins.  by  43  ft.  6  ins.  to  a 
point  17  ft.  6  ins.  below  the  springing  line  of 
the  arches.  At  this  elevation  a  4-ft.  3-in.  off- 
set provides  a  seat  for  the  temporary  steel  cen- 
tering. The  deepest  pier  extends  98  ft.  below 
the  ground  surface,  and  at  this  pier  it  is  304 


Fig.    1.     Map  of   Region    in   Vicinity   of   Nevi/ 

Line   of   D.,   L.   &   W.     R.     R.,   of    Which 

Tunkhannock  Creek  Viaduct  Is  a  Part. 

ft.  from  the  bottom  of  the  foundation  to  the 
highest  point  of  the  masonry. 

A  100-ft.  span  is  located  at  each  end  of 
the  structure.  This  is  termed  an  "abutment 
span,"  as  it  will  be  entirely  buried  by  the  ap- 
proach embankment.  Each  of  these  spans  is 
composed  of  two  ribs  5  ft.  6  ins.  thick  at  the 


crown  and  12  ft.  wide.  These  ribs  are  22  ft. 
on  centers,  thus  leaving  a  10- ft.  space  between 
the  ribs.  The  two  ribs  are  tied  together  by 
four  reinforced  concrete  struts.  They  support 
reinforced  transverse  walls  on  wdiich  rests  a 
reinforced  floor  slab  varying  from  1  ft.  9  ins. 
to  2  ft.  6  ins.  in  thickness.  The  floor  slab  ex- 
tends a  few  feet  beyond  the  crown  of  the  arch, 
and  the  space  between  the  arch  ring  and  the 
floor  slab  is  closed  with  an  18-in.  longitudinal 
curtain  wall  along  each  outside  face,  so  that 
when  the  approach  embankments  are  complet- 
ed these  "abutment  spans"  will  have  the  ap- 
pearance of  "U"  abutments. 

Each  180-ft.  span,  a  design  drawing  of  which 
is  shown  in  Fig.  2,  is  composed  of  two  ribs 
8  ft.  thick  at  the  crown  and  14  ft.  wide.  These 
ribs  are  spaced  20  ft.  on  centers,  thus  leaving 
a  6-ft.  opening  between  them.  Each  nb  is 
reinforced  with  fourteen  1-in.  square  steel 
rods  in  both  the  intrados  and  the  extrados 
(see  Fig.  2,  b  and  c).  These  ribs  cari-y  rein- 
forced transverse  spandrel  walls  varying  from 
3  ft.  2  ins.  to  4  ft.  6  ins.  in  thickness  (see  Fig. 
2,  a  and  b).  The  spandrel  walls  are  arched 
over  the  space  between  the  ribs  and  carry  a 
floor  system  composed  of  13-ft.  0-in.  semi- 
circular spandrel  arches  having  a  thickness  of 
1  ft.  9  ins.  at  the  crown.  The  spandrel  walls 
carry  a  6-in.  belt  course  1  ft.  6  ins.  below  the 
springing  line  of  spandrel  arches,  thus  pro- 
viding a  seat   for  the  temporary  arch  centers. 

Directly  over  the  piers  the  span  opening 
which  is  left  between  the  segments  of  the  arch 
is  closed  by  means  of  a  pilaster  3  ft.  thick  and 
about  22  ft.  wide,  bonded  to  the  spandrel  walls 
to  give  longitudinal  stiffness  to  the  spandrel 
system  and  an  appearance  of  solidity  to  the 
piers.  The  parapet  wall,  which  extends  the 
entire  length  of  the  viaduct,  rises  7  ft.  3  ins. 
above  the  viaduct  floor  (.see  Fig.  2.  b  and  c). 
The  pilasters  at  the  piers  extend  3  ft.  above 
the  top  of  the  parapet  wall  (see  Fig.  2,  b  and 
d).  To  provide  drainage  the  top  of  the  floor 
is  given  a  6-in.  slope  from  the  crown  of 
each  spandrel  arch  to  the  center  of  the  adja- 
cent spandrel  wall,  and  the  water  is  carried 
down  through  the  center  of  the  %yall  through  a 
6-in.  opening  and  is  discharged  into  the  space 
between  the  main  arch  ribs.  The  floor  oyer 
each  span  is  provided  with  four  expansion 
joints,  one  over  each  main  pier  and  one  over 
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the   third    spandrel   wall    from    the    pier    (see 
Fig.  2,  b). 

This  viaduct  requires  47,000  cu,  yds.  of 
foundation  e.xcavation,  165,000  cu.  yds.  of  con- 
crete and  1,200  tons  of  reinforcing  steel.   Three 


work    was    progressing   on    the    shops,    store- 
houses and  office  buildings. 

FOUNDATION    EXCAVATION. 

After    the    narrow-gauge    tracks    had    been 


C3> 

5 


brought  in,  and  excavation  was  started  early 
in  July  at  pier  No.  4. 

On  July  16  a  "Model  40"  Marion  steam 
shovel,  having  a  1-cu.  yd.  dipper,  was  brought 
in   and   started   digging  its   way   through   the 


ToScranton-- 


E&C 


Fig.    3.     Layout    of    Contractors'    Plant    for    Construction  of  Tunkhannock  Creek  Viaduct. 


classes  of  concrete  were  used,  designated  as 
"Class  A,"  "Class  B,"  and  "Cyclopean.''  Class 
.\  concrete  is  a  1  :'2  :4  mixture  and  is  used  only 
for  the  reinforced  floor  slab  over  the  "abut- 
ment spans";  Class  B  is  a  1:3:5  mixture,  and 
is  used  for  all  other  work  above  the  springing 
line ;  "Cyclopean"  is  the  same  as  Class  B, 
with  "derrick"  stone  embedded  in  the  con- 
crete, and  is  used  in  the  piers  below  the  spring- 
ing line. 

contractor's  plant  and  general  procedure. 
The  contract  for  the  construction  of  the 
viaduct  was  formally  executfed  in  June,  1912, 
but  the  successful  bidder  was  notified  about 
the  middle  of  May  and  started  work  on  May 
24.  1912. 

The  general  layout  of  contractor's  plant  is 
shown  in  Fig.  3.  The  present  tracks  of  the 
railroad  company  are  on  an  embankment  which 
rests  on  a  small  ridge,  so  that  they  are  about 
(iO  ft.  higher  than  the  creek  bed  and  about  35 
ft.  higher  than  the  ground  level  at  the  mixing 
plants.  The  loop  formed  by  the  narrow-gauge 
tracks  encloses  a  knoll  about  30  ft.  higher  than 
the  general  level  of  the  valley.  The  general 
office  and  the  hospital  are  located  on  higher 
ground. 

\  narrow  ridge  extending  westward  from 
the  west  end  of  the  blacksmith  shop  connects 
the  above  mentioned  knoll  with  the  ridge  on 
which  the  railroad  company's  tracks  are  locat- 
ed. The  general  material  derrick  is  located 
on  this  ridge.  A  similar  ridge  extends  from 
pier  No.  6  to  the  high  ground  at  the  hospital. 
Piers  Nos.  5  and  G  are  located  on  the  east 
slope  of  the  knoll  so  that  the  ground  surface 
at  the  west  side  of  the  excavations  is  about 
30  ft.  higher  than  on  the  east  side.  Piers  Nos. 
3,  4  and  7  are  located  on  the  low  ground  and 
pier  No.  8  lies  on  a  slope,  so  that  the  ground 
surface  at  the  south  side  of  the  excavation  is 
40  ft.  lower  than  on  the  north  side. 

The  first  operation  of  the  contractors  was 
the  widening  of  the  railroad  company's  eni- 
hankmcnt  and  the  laying  of  the  track  marked 
"Track  for  Empties  '  and  "Room  for  16  Loads" 
(sec  Fig.  3).  This  work  was  started  May  '24, 
191_',  and  on  June  12  the  track  was  completed 
and  a  track  piledriver  started  to  construct  the 
material  trestles.  The  general  material  der- 
rick was  erected  in  June,  during  which   time 


graded  and  laid   from  the  location  of  mixing 
plant  No.  1  to  pier  No.  4,  embracing  a  small 


ridge    connecting    pier    No.    6    with    the    high 
ground  at  the  hospital.    The  material  excavat- 


Fig.  4. 


Wooden   Centering   and    Support  for    100-Ft. 

Viaduct. 


End    Arches    of    Tunkhannock    Creek 


cut  through  the  above  mentioned   ridge,   der- 
ricks   were    erected,    steel    sheet    piling    was 


ed  was  loaded  on  4-cu.  yd.,  3-ft.  gauge  West- 
ern dump  cars,  and  was  utilized  in  grading  for 
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the  narrow-gauge  tracks  and  for  leveling  the 
ground  surface  around  the  mixing  plants.  This 
shovel  excavated  pier  No.  U  to  a  level  2U  ft. 
below  the  ground  surface  on  the  high  side, 
then  moved  to  pier  No.  5  and  excavated  this 
pier  down  to  the  level  of  ground  water,  which 
was  about  'So  ft.  below  the  ground  level  on  the 
high  side.  From  pier  No.  5  the  shovel  moved 
back  to  pier  No.  6,  and  after  excavating  this 
pier  to  the  same  level  as  No.  5  moved  on  to 
pier  No.  8,  where  the  excavation  was  carried 
to  the  same  level.  The  material  from  these 
excavations  was  utilized  in  raising  the  entire 
ground  surface  east  of  piers  Nos.  7  and  8  a 
distance  of  about  12  ft.,  thus  bringing  it  up  to 
a  level  witli  the  surface  graded  around  the 
mixing  plants  and  providing  a  satisfactory  lo- 
cation for  the  saw  mill  and  for  the  storage  of 
reinforcing  bars,  lumber  and  other  materials. 
From  pier  No.  8  the  shovel  was  taken  succes- 
sively to  piers  Nos.  10,  9  and  2.  in  each  case 
excavating  the  material  to  bedrock,  which  was 
above  the  level  of  ground  water  and  was  only 
a  few  feet  below  the  surface  at  the  lower  sides 
of  the  piers.  In  making  these  excavations  the 
material,  which  was  a  mixture  of  clay,  gravel 
and  sand,  was  allowed  to  take  its  natural  slope, 
and  the  excavation  was  extended  far  enough 
beyond  the  sheeting  lines  to  provide  for  the 
natural  raveling  of  the  banks  prior  to  the 
completion  of  the  excavation.  The  shovel  com- 
pleted its  work  in  December.  1912,  after  having 
excavated  about  50,000  cu.  yds.,  15,000  cu.  yds. 
of  which  was  "pay  material." 

In  excavating  piers  Nos.  3,  4  and  7  and  in 
continuing  the  excavation  of  piers  Nos.  5,  6 
and  8  the  contractor  used  Lackawanna  inter- 
locking steel  sheet  piling  in  lengths  of  30  ft. 
This  piling  was  braced  with  12xl2-in.  timbers, 
and  was  driven  with  a  three-ton  Warrington 
steam  hammer.  As  these  piers  required  sheet- 
ing for  depths  of  from  -50  to  70  ft,  it  was  nec- 
essary to  use  two  lengths  of  sheeting,  and  in 
two  cases  short  lengths  were  driven  on  top 
of  the  upper  30-ft.  lengths.  The  method  of 
procedure  with  the  excavation  was  to  erect 
one  set  of  sheeting  on  lines  about  3  ft.  outside 
of  the  required  foundation  area,  and  to  drive 
the  sheeting  as  far  as  convenient.  The  excava- 
tion was  then  carried  down  to  the  bottom  of 
the  sheeting  by  means  of  Williams  1%-cu.  yd. 
clam-shell   buckets,   operated   in    the   bays   be- 


peated  until  the  top  of  the  sheeting  was  down 
to  the  ground  surface.  Another  set  of  sheeting 
was  then  erected  about  (J  ft.  6  ins.  outside  the 
first  set,  and  was  driven  as  deep  as  was 
thought  advisable.  The  material  between  the 
two  sets  of  sheeting  was  excavated  with  the 
clam-shell  bucket,  the  first  sheeting  was  then 
driven  farther,  and  the  excavation  was  re- 
sumed. As  the  inside  set  of  sheeting  was 
driven  down,  the  upper  set  of  timber  bracmg 
was  removed  and  placed  at  the  bottom.  The 
process  was  continued  until  bedrock  was 
reached.  In  two  cases  the  two  30-ft.  lengths 
of  sheeting  were  not  sufficient  and  short 
lengths  of  sheeting  was  driven  directly  on  top 
of  the  second  set.  The  contractor  has  been 
able  to  recover  almost  all  of  the  sheeting,  so 
that  sufficient  sheeting  for  two  complete  foun- 
dations has  sufficed  for  the  entire  work.  Some 
of  the  sheeting  has  been  used  four  times.  All 
of  the  30-ft.  sheeting  w-as  purchased  new  for 
this  work,  but  the  shorter  lengths  had  been 
previously  used  on  other  work.  The  sheeting 
was  pulled  by  means  of  an  ".\"  frame,  con- 
structed of  12xl2-in.  timbers  about  16  ft.  long, 
resting  on  the  top  of  the  completed  pier  foot- 
ing and  carrying  a  triple  block-and-fall  rove 
with  a  %-in.  steel  cable.  Tliis  fall  was  attached 
to  the  sheet  piling  by  means  of  a  bolt  through 
the  web.  and  a  rasp  clamp.  The  derrick  fall, 
which  is  a  double  block,  was  made  fast  to  the 
%-in.  cable,  and  in  this  v.-ay  a  pull  of  about  HO 
tons  could  be  exerted  on  the  pile. 

The  material  excavated  from  pier  No.  4  was 
utilized  to  grade  the  track  shown  by  dotted 
lines  in  Fig.  3,  and  a  trestle  was  constructed 
across  the  creek,  thus  giving  trackage  facili- 
ties to  pier  No.  3,  the  excavation  of  which  was 
started  early  in  September.  The  excavations 
for  the  abutments  and  the  piers  near  the  ends 
of  the  viaduct  were  shallow,  and  the  work  was 
accomplished  w-ithout  the  use  of  derricks  or 
sheeting.  The  only  excavation  which  gave  any 
serious  trouble  was  for  pier  No.  4.  .^bout  40 
ft.  below  the  surface  there  was  encountered 
a  large  pocket  of  fine  flowing  sand  along  the 
west  side  and  around  the  southwest  corner  of 
the  pier.  This  sand  exerted  a  very  heavy 
pressure  on  the  sheeting,  distorting  the  timber 
bracing  and  several  times  breaking  up  through 
the  bottom  of  the  excavation  and  causing  the 
ground  surface  outside  the  sheeting  to  settle 


Plfl-    5.     Steel    Centering    for    180-Ft.    Arches — View    Also    Shows    Weat    100-Ft.    Arch    in 

Process  of  Construction. 


twecn  timber  braces  which  were  so  spaced  as 
to  admit  the  operation  of  the  bucket.  The 
bracing  was  then  put  in  on  about  5- ft.  centers, 
vertically,  as  the  excavation  proceeded.  After 
the  excavation  has  been  carried  down  to  the 
temporary  bottom  of  the  sheeting,  the  latter 
was  driven  farther,  and  the  operation  was  re- 


as  much  as  10  ft.  When  the  excavation,  had 
reached  a  depth  of  50  ft.  below  the  surface  and 
was  about  12  ft.  above  bedrock  it  was  found 
that  very  little  progress  was  being  made,  the 
bracing  being  so  badly  distorted  as  to  be  in 
grave  danger  of  failure.  At  this  point  it  was 
decided  to  drive  a  line  of  3-in.  plank  sheeting 


parallel  with  the  west  side  of  the  pier  and 
about  one-third  of  the  width  of  the  excavation 
from  it.  The  portion  of  the  excavation  to  the 
east  of  this  sheeting  was  then  carried  down  to 
rock,  and  was  filled  with  concrete  to  a  depth 


Fig.  6.      Erection  of  180-Ft.  Steel  Centers  for 
Intermediate  Spans  by   Means  of  Cable- 
way,  Tunkhannock  Creek  Viaduct. 

of  30  ft.  .All  timber  bracing  was  left  in  place, 
thus  making  any  further  distortion  of  the 
west  one-third  almost  impossible.  A  row  of 
3-in.  timber  sheeting  was  then  driven  on  an 
east-and-west  line  across  the  remaining  one- 
third  of  the  excavation.  The  northwest  corner 
was  then  excavated,  and  concrete  was  placed 
to  a  depth  of  10  ft.  The  southwest  corner  was 
now  excavated  and  concreted  without  serious 
trouble.  The  excavation  of  this  pier  was  not 
completed  until  the  middle  of  July,  1913.  All 
of  the  foundation  excavation  is  now  com- 
pleted, with  the  exception  of  that  required  for 
pier  No.  5,  which  is  about  30  ft.  above  bedrock. 

CONXRETE  PLANT. 

Prior    to   January,    1913,    the    cement    shed, 
which  has  a  capacity  of  3.000  bbls.,  had  been 
completed  and  filled,  mixing  plant  No.   1   had 
Ijeen  completed  (for  location  see  Fig.  3),  and  a 
large   amount    of    sand    and    stone    had    been 
placed    in    the    storage    piles.     The    sand    and 
stone  are  placed  on  the  contractors'  side  track 
in   boltom-ilump   hopper  cars   by  the   railroad 
company.   The  cars  are  spotted  on  the  materi.il 
trestle,  which  is  about  .30  ft.  high,  by  a  30-toT 
standard-gage    locomotive    and    their   content- 
dumped   into  the  storage  piles.    Each   mixinu 
plant  is  served  by  two  derricks  which  operati 
4'1-cu.   ft.   Meade-Morrison  clam-shell  buckets 
At  mixing  plant  No.  1  the  cement  is  ordinaril\ 
loaded  directly  from  the  cars  into  the  derrick 
bucket,  and  is  landed  on  the  hopper  floor  v 
the  mixer.    At  plant   No.  2  the  cement  is  un 
loaded  from  the  cars  into  chutes  which  conve, 
it  by  gravity  to  the  hopper  floor  of  the  mixei 
(."cmcnt  is  taken   from  the  cement  house  onl\ 
when  shipments  arc  delayed  and  when  there  i- 
no  cement  available  in  cars.    The  mixer  dcr 
ricks  convey  the  saud  and  stone  from  the  stor 
age  piles  to  small  bins  over  the  mixers.    From 
these  bins  the  materials  pass  by  gravity  into  .i 
measuring  hopper  where  the  cement  is  added 
From  the  measuring  hopper  the  materials  pas- 
by  gravity  into  a  Carlin  cube  mixer  of  2  cu 
yds.  capacity,  which  dumps  directly  into  2-cu 
yd.  Lockwood  doulilc-linc  bottom-dump  buckets 
on  3- ft.  gage  flat  cars.   Twelve-ton  locomotives 
arc   used   to   haul    trains   of   three   cars    (one 


386 


Engineering    and    Contracting 


\"ul.  XLI.     No.  13. 


empty  to  receive  the  empty  bucket  from  the 
derrick  or  cablcway)  to  the  point  of  disposi- 
tion or  to  the  point  of  transfer  to  the  cable- 
way. 

The  contractors  are  required  to  turn  the 
mixer  for  not  less  than  two  minutes,  and,  al- 
though   adhering    to    this    requirement,    each 


and  as  tlic  winter  uf  11)13-11  was  very  mild 
concreting  has  been  carried  on  almost  con- 
tinuously up  to  the  middle  of  February,  l!tl4. 
The  total  amount  of  concrete  placed  during 
this  time  was  about  iH),00(J  cu.  yds.,  the  largest 
amount  being  placed  during  the  montli  of  June, 
l!)ll,  when  14,00U  cu.  yds.   were  put  in  place, 


Fig.   7. 


West  Spans  of  Tunkhannock   Creek   Viaduct,  Showing  Centering  and   Forms — One 
Rib   Ready  for   Running      Keys — Abutment    Span  Partially   Buried. 


mixing  plant  has  a  regular  working  capacity 
of  18  batches  of  2  cu.  yds.  per  hour,  about  one 
minute  being  consumed  in  charging,  starting, 
stopping  and  dumping  the  mixer.  One  fore- 
man, 2  derrick  operators,  1  mixer  runner,  1 
fireman,  and  11  laborers  are  required  to  operate 
one  mixing  plant ;  while  1  foreman  and  8 
laborers,  in  addition  to  the  engineman  and 
helper,  are  employed  to  unload  all  cement. 
sand,  and  stone  for  both  mixing  plants.  These 
gangs,  with  the  aid  of  the  material  derricks, 
also  unload  practically  all  other  materials  and 
supplies  used  on  the  work.  Two  trains  are 
used  to  transport  the  concrete  from  the  mixer 
to  the  derrick  or  cableway.  It  requires  2  men 
to  hook  the  buckets,  2  operators  for  the  der- 
rick or  cablcway,  and  2  signal  men  to  place  the 
concrete  in  the  forms  where  it  is  spread  by  1 
foreman  with  from  8  to  10  men.  In  the  mas- 
sive concrete  work  below  the  springing  line  of 
the  main  arches,  this  organization  handles 
about  35  cu.  yds.  of  concrete  per  hour. 

A  bag  room,  built  as  a  part  of  the  mixing 
plant,  is  provided.  The  floor  of  this  room  is 
about  8  ft.  lower  than  the  hopper  floor,  and 
as  soon  as  the  cement  bags  are  emptied  into 
the  hopper  they  are  thrown  into  this  room. 
One  man  carefully  shakes  the  cement  from 
these  bags,  and  ties  them  into  bundles  ready 
for  shipment  back  to  the  mills,  so  that  when 
the  mixer  stops  at  the  end  of  a  day's  work  the 
bags  used  that  day  are  all  ready  to  return.  The 
contractors  state  that  the  loss  of  bags  is  less 
than  2  per  cent,  and  that  of  this  loss  a  con- 
siderable portion  has  been  used  for  legitimate 
purposes  on  the  work.  Although  more  than 
ordinary  care  is  taken  to  empty  thoroughly  the 
bags  into  the  material  hopper,  test  mcasure- 
menls  of  the  amount  of  cement  regained  on 
the  bag-room  floor  show  that  this  saving  more 
than  pays  for  all  the  expense  connected  with 
the  handling  and  shipping  of  the  empty  bags. 

The  first  concrete  was  placed  on  Jan.  6,  1913, 


about  i',000  cu.  yds.  being  placed  in  forms.  The 
percentage  of  the  work  completed  at  the  end 
of  each  month  from  January,  i;il3,  to  Feb- 
ruary, 1914,  was  as  follows: 

Pereentase 
Date.  completed. 

January.    1913 5.0 

Febriiaiv   8.4 

March    11.1 


October   47.4 

November   49.3 

December    50. 6 

Januar.v.    1914 52.6 

February   53.9 

FORMS    FOR    PIERS    AND   ARCHES. 

The  design  of  this  bridge  is  such  tliat  sec- 
tional forms  can  be  used  with  great  economy 
and  the  contractors  are  taking  advantage  of 
this  feature  to  an  unusual  extent.  With  few- 
exceptions  the  forms  are  built  on  the  ground, 
in  sections,  and  are  raised  to  the  required 
position  by  ilie  derrick  or  cableway.  As  aa 
illustration  of  the  utility  and  construction  -of 
these  sections,  the  forms  used  for  the  maia 
pier  shafts  will  be  described  somewhat  in  de- 
tail. These  forms  are  of  two  sizes,  one  of 
which  is  15  ft.  8  ins.  long  by  17  ft.  'J  ins.  high, 
and  the  other,  18  ft.  3  ins.  long  by  17  ft.  9  ins. 
high.  Two  of  the  longer  sections  form  the 
shorter  sides  of  the  pier,  and  three  of  the 
shorter  ones  form  the  long  sides.  Ten  sections 
are  required  to  surround  one  pier,  and  they 
provide  for  concreting  a  net  height  of  l(i  ft. 
These  ten  sections  constitute  one  set,  and 
four  sets  have  sufficed  for  concreting  all  of  the 
piers  up  to  the  centering  ledge,  without  in  any 
way  retarding  the  progress  of  the  work.  One 
set  is  being  retained  for  completing  piers  Nos. 
5  and  tj,  and  the  other  sections  are  now  being 
used  with  little  or  no  alteration  for  other  parts 
of  the  work.  Each  section  is  made  by  nailing 
two  layers  of  lx8-in.  tongue-and-groove 
l)oards  to  8.xl0-in.  horizontal  studs  spaced  2  ft. 
•J  ins.  on  centers,  one  layer  being  placed  at 
right  angles  to  the  other,  both  layers  being 
placed  at  45°  with  the  studs.  These'  studs  are 
bolted  to  lOxlO-in.  verticals,  spaced  so  that  a 
vertical  will  be  halved  at  each  joint  and  one 
in  the  center  of  each  section.  The  verticals 
extend  about  2  ft.  above  the  top  of  the  plank- 
ing. The  form  is  faced  with  No.  20  galvanized 
sheet-iron,  the  larger  section  weigliing  about 
7,000  lbs.  The  forms  are  kept  from  moving 
outward  by  rods  which  run  down  at  an  angle 
of  45°  from  the  vertical  posts  to  anchor  bolts 
placed  in  the  concrete ;  they  arc  prevented 
from  moving  inward  by  12xl2-in.  horizontal 
struts  which  rest  on  the  top  edge  of  the  form 
and  are  wedged  against  the  opposite  verticals. 
The  rods  are  left  in  the  concrete,  and  are  pro- 
vided with  a  sleeve  attachment  so  that  the 
portion  extending  beyond  the  concrete  face  cai> 
be  removed.  Six  carpenters  witli  the  aid  of 
the  derrick  or  cableway  can  remove  and  re- 
erect  one  set  of  forms  in  two  days.  A  mini- 
mum cycle  of  operation  frequently  attained  is 
as  follows :  Two  days  for  concreting,  three 
days  for  concrete  to  set,  and  two  days  for  re- 
moving and  re-erecting  forms. 


Fig.  8. 


Present    Progress   of  Construction   of 
Two  of  the  Three  Towers  and 


April   IS.n 

May   19.2 

.Tune    27.5 

.Tulv    34.7 

.\iigust    39.3 

September   45.1 


Tunkhannock    Creek    Viaduct — View    Shows 
Cableway    for   Erecting  Spans. 

In  constructing  the  arch  rings  the  concrete 
is  being  placed  so  as  to  form  large  voussoirs 
separated  by  small  keyed  openings.  The  vous- 
soirs arc  all  run  and  allowed  to  set  for  seven' 
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lays  before  the  keys  are  concreted.  Fig.  7 
ihows  some  of  the  centers  in  place  and  a  por- 
lion  of  the  arch  ring  concreted.  The  forms  for 
jiny  voussoir  are  entirely  independent  of  those 
fOT  the  adjacent  blocks,  so  that  any  block  can 
pe  concreted  independently  of  any  other.  Sepa- 
rate forms  are  provided  for  closing  the  key 
Openings,  so  that  the  voussoir  forms  can  be 
used  for  concreting  on  one  arch  while  the 
keys  are  being  filled  on  another  span.  Two 
complete  sets  of  arch  forms  have  been  con- 
structed; they  will  suffice  for  the  entire  20 
main  arch  ribs. 

The  contractors'  saw  mill  is  equipped  with 
circular  and  band  saws,  a  planer,  and  an  air 
compressor  for  the  air-boring  tools.  The  black- 
smith and  machine  shop  is  equipped  with 
forges,  a  planer,  a  lathe,  a  thread  machine,  and 
drill  press. 

.\RCH    CENTERS. 

Wooden  centers  are  used  for  the  construc- 
tion of  the  two  end  100-ft.  arches,  the  centers 
being  supported  on  a  wooden  tower.  Fig.  4 
shows  a  view  of  one  of  the  end  100-ft.  spans 
with  the  centers  and  arch  forms  in  place. 

Five  sets  of  three-hinged  steel  arch  centers 
will  be  used  in  constructing  the  main  arches, 
each  set  being  composed  of  four  ribs  weighing 
47  tons  per  rib,  spaced  3  ft.  10  ins.  center  to 
center.  Figure  5  shows  a  view  of  the  steel  cen- 
ters for  the  180-ft.  arches.  The  view  also 
shows  the  west  100-ft.  span.  Figure  6  shows  a 
view  of  an  intermediate  pier  with  part  of  the 
steel  centering  for  the  adjacent  spans  in  place. 
The  view  also  shows  the  manner  in  which  the 
steel  centers  are  erected  by  the  use  of  carriers 
supported  on  a  cableway.  Figure  7  shows  some 
of  the  centers  and  forms  at  the  west  and  of  the 
viaduct,  and  indicates  the  order  of  constructing 
various  parts  of  the  work.  These  centers  are 
supported  on  -l-ft.  3-in.  ledges  located  17  ft. 
6  ins.  below  the  springing  line  of  the  main 
arches.     An    I-beam    grillage,    resting  on    this 


ledge  and  extending  the  full  width  of  the  pier, 
supports  roller  nests  of  G-in.  rollers  on  which 
the  pedestals  of  the  centers  rest.  For  erection 
purposes  each  rib  of  the  centers  was  built  in 
four  sections.  The  centers  are  so  designed  that 
the  half  rib  will  support  itself  as  a  cantilever. 

Before  the  centers  are  erected  the  piers  are 
constructed  up  to  a  point  about  37  ft.  above 
the  springing  line,  forming  what  is  termed  the 
"umbrella."  The  lower  quarters  are  lifted  into 
position,  the  bottom  pin  is  driven,  and  the  top 
of  the  section  is  anchored  to  the  top  of  the 
umbrella  by  bolts  which  pass  through  the  con- 
crete. One  of  the  remaining  quarters  is  then 
raised  to  position  and  bolted  to  the  section  al- 
ready in  place.  The  last  quarter  is  now  raised 
into  position,  bolted  to  its  adjacent  lower  quar- 
ter, and  the  crown  pin  driven.  For  striking  the 
centers,  the  first  panel  on  each  side  of  the 
crown  pin  is  constructed  with  pin  connections, 
and  the  web  member  at  right  angles  to  the 
chords  consists  of  two  parts  connected  by  a 
right  and  left  thread  screw  operated  by  a  lever 
and  ratchet.  By  lengthening  this  member  the 
distance  between  crown  and  end  pins  is  short- 
ened and  the  centers  are  thus  lowered. 

After  one  of  the  main  arch  ribs  has  been 
completed  the  centers  are  slacked  down  and  are 
rolled  over  to  their  position  under  the  twin  rib. 
When  both  ribs  are  competed  the  centers  are 
rolled  back  under  the  opening  between  the 
ribs  and  are  taken  up  through  this  opening  and 
transported  to  their  next  point  of  service. 

The  centers  were  built  by  the  Fort  Pitt 
Bridge  Works. 

CABLEWAY    AND    DERRICKS. 

All  derrick  timbers  were  shipped  to  the 
work  in  a  rough  condition,  and  were  dressed, 
framed  and  fitted  by  the  contractors.  Castings 
were  made  in  commercial  foundries  from  pat- 
terns owned  by  the  contractors,  and  other  fit- 
tings  were   made   in   the   machine   shop.     The 


masts  are  from  85  to  90  ft.  long,  and  the  booms 
are  from  80  to  85  ft.  long. 

All  derricks  are  operated  by  three-drum, 
8^4xl2-in.  Mundy  hoisting  engines  with  swing- 
ing gear  attachment.  In  a  few  cases  the  der- 
ricks have  been  placed  on  timber  pedestals 
about  25  ft.  high,  but  in  most  cases  they  have 
been  erected  at  the  ground  level,  and  all  work 
above  the  reach  of  the  derricks  is  carried  on 
by  means  of  a  cableway. 

The  erection  of  the  cableway  was  started  in 
-August,  1912,  and  it  was  put  in  operation  in 
February,  1913.  There  are  two  lines  of  2%-in. 
main  cables  spaced  20  ft.  apart  on  centers  and 
supported  by  end  towers  150  and  165  ft.  high 
and  by  a  center  tower  260  ft.  high.  The  head 
blocks  of  the  end  towers  are  3,028  ft.  apart, 
and  the  included  distance  is  divided  by  the 
intermediate  tower  into  two  spans  of  about 
equal  length.  Four  engines  and  carriages  op- 
erate as  four  independent  units.  The  towers 
are  of  timber,  and  the  type  of  construction  is 
indicated  in  Fig.  8.  The  view  also  shows  a 
part  of  the  cableway  and  indicates  the  present 
state  of  construction  of  the  viaduct. 

The  cableway  was  designed  by  and  all  ma- 
terial, except  timber,  was  furnished  by  the 
Lidgerwood  Manufacturing  Co.  The  contrac- 
tors for  the  viaduct  built  the  towers  and  erect- 
ed the  cableway. 

PERSONNEL. 

The  bridge  was  designed  and  is  being  con- 
structed under  the  direction  of  the  Engineering 
Department  of  the  Delaware,  Lackawanna  & 
Western  Railroad  Co.,  of  which  Mr.  G.  J.  Ray 
is  chief  engineer,  Mr.  F.  L.  Wheaton  is  engi- 
neer of  construction,  Mr.  A.  B.  Cohen  is  con- 
crete engineer,  and  the  writer  is  resident  engi- 
neer in  charge  of  the  viaduct.  The  construc- 
tion work  is  being  carried  out  by  Flickwir  & 
Bush,  Inc.,  for  whom  Mr.  F.  M.  Talbot  is  gen- 
eneral  manager,  and  Mr.  W.  C.  Ritner  is  gen- 
eral superintendent. 
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Methods  of  Making  Surveys  and  Plans 

for  Trunk  Line  Highways 

in  Michigan. 

Under  the  Trunk  Line  Highway  Law,  which 
went  into  effect  July  1,  1913,  it  became  the 
duty  of  the  Michigan  State  Highway  Depart- 
ment to  make  the  surveys  and  plans  for  the 
roads  designated  in  the  law.  A  paper  describ- 
ing some  of  the  more  important  and  interest- 
ing features  of  the  field  and  office  work  in- 
volved and  the  way  in  which  various  difficul- 
ties encountered  in  the  work  were  overcome 
was  presented  at  the  recent  annual  meeting  of 
the  Michigan  Fngincering  Society  by  Mr. 
Harry  L.  Brightman  of  the  Michigan  State 
HiRhway  Department.  The  information  given 
in  the  paper  is  practical  and  of  value  to  engi- 
neers who  have  road  surveys  and  plans  to 
make.  Some  of  the  methods  are  also  useful 
for  railroad  surveying,  especially  for  inter- 
urban  railway  surveys.  We  reprint  the  major 
portion  of  the  paper  as  follows: 

Office  and  Mapping  Methods. — A  set  of 
(Irnwinif  room  standards  was  written  and  blue- 
printed in  book  form,  which  covers  pretty  well 
the  details  of  the  drawing.  The  plan  shows  a 
plat  of  the  road  with  topography  and  drainage 
Worked  out.  I'rojectcd  below  this  is  the  ac- 
companying profile  showing  the  center  line 
and  ditch  lints  of  the  present  ground  together 
with  two  lines  of  hubs,  one  on  each  side  of 
the  roadway.  There  are  three  grades  laid — 
the  center  line  and  each  ditch.  Five  sets  of 
fiRurcs  arc  given  showing  the  distance  the 
center  line  grade  is  above  or  below  the  hubs 
and  the  actual  cut  or  fill  at  center  line  from 
the  present  surface  to  the  top  of  the  finished 
metal  surface.  .Ml  this  is  put  on  a  sheet  of 
tr.ncing  cloth  36  ins.  long  by  20  ins.  in  width 
with  10x10  cross  sections  printed  on  it.  This 
allows  a  scale  of  100  ft.  to  the  inch,  natural, 
for  the  plans  and  lOn  ft.  horizontal  and  10  ft. 
vertical  to  the  inch  for  the  profile,  and  gives 
a  sheet  to  c.nch  half  mile  of  road.     There  are 


usually  two  cross  sections  of  the  road  shown 
on  each  sheet  with  suitable  title  and  what 
detail   information  appears  necessary. 

The  plan  shows  the  curves  to  scale  and  the 
center  line  of  the  road  is  put  always  2  ins. 
below  and  parallel  to  the  top  of  the  sheet. 
This  necessitates  breaking  the  plan,  which  is 
done  without  making  a  disconnected  profile. 
For  laying  grades  we  have  a  long  table  which 
allows  five  sheets  to  be  laid  end  to  end  and 
gives  a  continuous  profile  2%  miles  long  on 
which  we  can  lay  a  grade  much  more  advan- 
tageously than  on  a  single  sheet  at  a  time. 

From  the  notes  we  lay  as  good  a  grade  as 
we  can  in  the  office,  figure  the  center  line  cuts 
and  fills  and  blueprint  the  work.  The  prints 
are  taken  into  the  field,  the  grades  are  com- 
pared with  the  groimd  and  the  drainage 
checked  up.  The  prints  are  then  returned  to 
the  office  together  with  the  report  of  the  in- 
specting engineer.  The  plans  are  altered  to 
meet  the  suggestions  in  the  report,  and  fin- 
ished. They  are  blueprinted  and  sent  to  the 
township   or   county   officials. 

We  limit  the  grade  to  ti  per  cent  for  those 
roads  which  lie  north  of  the  line  drawn  from 
Hay  City  to  Cirand  Rapids  and  to  1  per  cent 
on  roads  south  of  that  line  except  in  a  few 
special  cases  where  it  would  entail  a  hardship 
on  the  county  or  township  to  cut  to  a  -1  per 
cent  grade.  The  rolling  grade  is  thought  by 
us  to  he  the  best.  We  use  vertical  curves  for 
all  changes  of  grade  of  2  per  cent  or  over. 
This  enables  ns  to  fit  the  gromid  much  better 
and  to  produce  a  grade  which,  when  con- 
structed, is  both  pleasing  to  the  eye  and  easy 
for  traffic. 

For  the  purpose  of  making  curves  easier 
ri<ling  we  give  them  a  super-elevation  in  the 
following  ni.Timcr:  Curves  with  a  radius  of 
66  ft.  to  2'.0  ft.  at  a  rate  of  1  in.  per  foot; 
curves  with  a  radius  of  250  ft.  to  6(10  ft.  at  a 
rate  of  %  in.  per  foot;  curves  with  a  radius 
of  600  ft.  to  800  ft.  at  a  rate  of  %  in.  per  foot; 
curves  with  a  radius  greater  than  800   ft.  re- 


ceive no  super-elevation.  The  radius  of  curva- 
ture for  a  7°  curve  is  819.02  ft.  This  is  some- 
what like  the  practice  followed  by  the  high- 
way engineers  of  the  state  of  New'  York.  \Ve 
differ  from  them,  however,  in  that  we  believe 
the  road  should  receive  a  crown  when  super- 
elevated  as  well  as  when  there  is  no  super- 
elevation. 

Field  (Fori-.— The  field  work  consists  of  the 
reconnaisance,  the  location  survey  and  the  in- 
spection of  the  road  during  construction  and 
upon  completion.  The  location  survey  com- 
prises running  the  center  line,  taking  "the  to- 
pography, drainage,  soil  and  material  notes 
and  running  the  necessary  levels.  This  work 
is  usually  done  by  a  party  made  up  of  a  man 
sent  out  from  this  office  who  has  charge  of 
the  party  and  keeps  the  notes,  a  local  engi- 
neer and  local  men  for  chainmen.  rodmen, 
etc.  By  this  means  we  keep  the  surveys  uni- 
form in  character  and  obtain  the  notes  we 
want. 

We  encountered  more  difficulty  with  the 
field  work  than  with  the  office  work.  The 
notes  lacked  many  of  the  essential  things  and 
the  work  in  the  field  was  not  conducted  as  it 
should  have  been  at  the  start.  This  was  due, 
no  doubt,  to  the  lack  of  written  instructions. 
It  is  difficult  for  a  man  to  listen  for  an  hour 
to  a  set  of  oral  instructions  and  to  go  out  in 
the  field  and  carry  them  out  in  detail.  To  re- 
move this  difficulty  a  set  of  "Instructions  to 
I'ield  Men"  were  prepared.  These  instruc- 
tions cover  in  a  general  way  the  work  we 
want  done  in  the  field,  and  leave  to  the  man's 
judgment  the  detail  procedure  for  special 
cases.  Some  errors,  and  the  most  of  these 
were  made  by  local  men,  seem  to  be  inexcusa- 
ble, unless  one  can  be  excused  for  careless- 
ness. 

M;iny  little,  yet  important,  things  were  left 
out,  such  as  names  of  small  villages,  streams, 
etc..  the  date  of  the  work,  the  names  of  town- 
ships and  section  numbers,  the  description  of 
the  point  of  beginning,  etc.     Under  the  head- 
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ing  of  "General"  in  the  Instructions  to  Field 
Men  are  to  be  found  instructions  concerning 
the  general  make  up  of  the  field  book.  Sec- 
tion 8  states  that  "When  crossing  a  township 
line  the  work  in  the  new  township  shall  start 
with  Station  0  +  0.0."  This  makes  it  conve- 
nient to  keep  track  of  mileage  of  each  town- 
ship. Section  11  instructs  field  men  to  "Make 
a  daily  report  on  blanks  furnished  and  send 
to  the  State  Highway  Department  at  Lansing 
at  least  every  other  day."  This  is  the  most 
satisfactory  method  of  keeping  a  check  on 
the  men  in  the  field.  These  blanks  are  so 
made  that  we  can  use  them  in  our  cost  sys- 
tem of  which  I  shall  speak  later. 

The  most  perplexing  question  concerning 
alinement  seemed  to  be  the  locating  of  lost 
corners.  There  are  some  lost  corners  which, 
to  relocate,  would  cost  more  than  the  survey. 
We  think  it  advisable  to  omit  the  location  of 
such  corners  and  to  tie  the  survey  to  the  next 
nearest  corner.  In  general  we  do  not  relocate 
government  corners  unless  the  work  can  be 
easily  done,  but  tie  the  survey  to  the  next 
nearest  section  or  quarter  corner.  This  will 
sometimes  entail  a  mile  or  more  of  chaining. 
The  last  sentence  in  Section  1  of  the  instruc- 
tions, which  states  that  "A  monument  shall 
be  placed  at  the  beginning  and  end  of  each 
survey  and  witnessed  when  such  beginning  or 
end  does  not  coincide  with  a  government  cor- 
ner," will  correct  the  idea  that  was  prevalent 
that  such  a  beginning  or  ending  needed  no 
other  marking  than  the  first  or  last  stake  of 
the  survev. 

Section'  4  states  that  "A  curve  shall  be  run 
in  all  cases  where  the  deflection  of  the^  cen- 
ter line  is  -5°  or  over.  In  case  of  a  00°  de- 
flection the  curve  shall  have  a  minimum  ra- 
dius of  66.0  ft.  .Ml  curves  shall  be  railroad 
circular  curves  without  easement  and  shall  be 
liubbed  on  the  center  line  at  each  chord  point 
in  addition  to  the  side  hubs.  Use  100  ft. 
chords  up  to  8°  curves,  50  ft.  chords  8°  to 
16°  curves,  25  ft.  chords  on  16°  to  32°  curves 
and  10  ft.  chords  on  all  curves  of  32°  and 
over." 

We  had  considerable  difficulty  with  curves 
in  the  notes.  Either  the  curves  were  not  run 
in  the  field,  or  the  chords  were  of  such  length 
as  to  divide  the  central  angle  into  a  number  of 
equal  parts  or  the  curve  data  was  so  mixed 
up  witlfi  topography  notes  that  we,  in  the  of- 
fice, were  unable  to  tell  what  was  done  in  the 
field. 

Section  5  instructs  instrument  men  to  "Note 
compass  bearings  of  all  lines  and  give  transit 
angle  for  all  changes  in  course.  Do  not  use 
the  difference  between  compass  bearings  for 
the  transit  angle,  but  read  the  verniers."  We 
use  the  compass  only  to  keep  our  sense  of 
direction  and  as  a  crude  check  on  the  work. 

In  level  work  the  check  levels  were  omitted, 
benches  were  often  "side  shot  benches"  and 
too  few  notes  were  taken  in  cross  sectioning. 
In  a  large  portion  of  the  work  we  do  not  set 
slope  stakes  and  the  cross  sections  are  for 
the  purpose  of  laying  grades.  We  plot  up 
the  section  at  each  station  or  plus  and  figure 
a  grade  that  will  give  a  balance  between  cut 
and  fill  provided  we  can  do  this  without  sac- 
rificing other  considerations  which  are  often 
more    important. 

We  require  that  at  least  five  shots  shall  be 
taken  at  each  section  and  enough  sections 
taken  to  show  the  continuously  changing 
shape   of   the   road. 

Under  "Levels,"  Section  3,  paragraph  2.  the 
instructions  require  that  "The  five  principal 
shots  for  each  cross  section  shall  he,  one  on 
■each  hub,  one  on  each  ditch  line  14  ft.  from 
the  center  line  and  one  on  the  center  line  of 
the  survey.  Other  shots  with  distance  out 
from  the  center  line  shall  be  taken  in  sufficient 
number  that  a  true  cross  section  may  be 
platted  and  end  area  may  be  calculated  there- 
from." 

The  remainder  of  the  instructions  under 
■"Levels"  deals  with  the  detail  instructions  for 
level  work  and  insists  that  all  bench  marks 
he  included  in  the  level  circuit  and  all  work 
he  checked  and  proved  before  leaving  the 
field. 

In  drainage  we  have  had  considerable  diffi- 
culty.   We  do  not  go  into  this  in  as  much  de- 


tail as  some  other  states  have  done.  We  do 
not  require  a  plane  table  survey  for  drainage 
but  the  various  areas  draining  toward  the  road 
are  estimated,  flood  water  elevations  are 
noted,  existing  culverts  and  bridges,  and  pos- 
sible new  bridge  and  culvert  sites  are  exam- 
ined, cross  road  drainage  is  inspected  and  out- 
let ditches  where  necessary  are  surveyed.  The 
drainage  is  checked  by  the  man  who  makes 
the  inspection  for  grade.  Drainage  is  the 
vital  question  of  road  building  and  too  much 
attention,  in  my  opinion,  cannot  be  paid  to  it. 

Under  "Topography,"  Section  1  reads : 
"The  topography  notes  shall  show  the  fea- 
tures of  the  adjacent  territory  (for  a  distance 
of  at  least  200  ft.  from  the  center  line)  which 
may  affect  the  design  of  the  highway.  The 
objects  shall  be  platted  by  a  system  of  right 
angle  offsets." 

Section  2  states,  "The  topography  shall  in- 
clude the  location  of  property  line  fences,  pole 
lines,  railway  tracks,  buildings,  drives,  inter- 
secting  roads,   streams,   ditches,    trees,    holes, 
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swamps,  sidewalks,  crosswalks,  retaining  walls, 
guard  rails  and  any  other  or  unusual  features. 
The  names  of  property  owners  shall  be  re- 
corded." 

Road  Foundations  and  Materials. — Under 
"Soil  Foundations,"  we  desire  to  know  the 
width,  depth  and  character  of  the  present  road 
surface  and  the  nature  of  the  foundation  ma- 
terial. This  is  highly  important  to  an  intelli- 
gent improvement  of  the  road.  Detailed  in- 
structions are  given  for  this  part  of  the  work. 

Under  "Materials"  we  desire  to  know  the 
quantity  of  available  surfacing  material,  its 
location  and  cost. 

Inasmuch  as  we  keep  the  notes  for  aline- 
ment, topography,  soil  and  foundation  in  the 
same  field  book  it  makes  this  hook  rather 
crowded.  However,  if  the  field  man  is  neat 
.nnd  accurate  in  plotting  his  notes  it  is  not 
diflficult  to  get  on  one  page  the  notes  for  twelve 
stations. 

The  level  note  book  contains  the  level  notes, 
check  levels  and  a  sketch  of  the  cross  section 
as  often  as  may  he  necessary  to  give  a  clear 
understanding  of  the  appearance  of  the 
ground  to  a  person  who  has  never  seen  it. 

One  of  the  questions  most  often  asked  is. 
"What  is  the  cost  of  the  surveys  and  plans?" 
In  order  to  answer  this  question  intelligently 
a  three  card  system  of  mpt  keeping  was  de- 
vised.    In   the   files   all    Trunk   Line   work   is 


indexed  by  townships  and  the  work  in  one 
township  is  kept  separate  from  that  in  an- 
other. 

A  field  report  sheet  was  made  out  which 
gives  the  location  of  the  work,  the  wages  and 
expenses  of  the  party,  the  weather  conditions, 
the  amount  of  work  accomplished  and  the  ad- 
dress of  the  party.  The  reverse  side  of  the 
sheet  is  used  for  correspondence.  One  report 
is  made  out  for  each  day  and  these  are  sent 
into  the  oflice  as  often  as  every  other  day. 

For  the  office  each  draftsman  has  a  weekly 
file  card  with  seven  columns  headed  in  order, 
"County,"  "Township,"  "Division,"  "Material," 
"Day,"  "Hours,"  "Description."  These  are 
filled  out  as  the  work  is  done  and  turned  in 
every  Saturday.  This  card  gives  the  time 
spent  on  the  various  jobs  by  the  draftsman, 
together  with  the  date  on  which  the  work 
was  done.  The  cost  card  shown  by  Fig.  1 
is  arranged  with  the  name  of  the  county  and 
township,  the  file  number,  the  miles  covered 
by  the  survey  and  the  names  of  the  men  do- 
ing the  work.  Space  is  provided  for  the  time 
spent  in  the  field  and  office,  and  for  the  cost 
in  field  and  office.  The  sum  of  the  two  totals 
gives  the  total  cost  of  the  survey,  and  the 
sum  of  the  per  mile  cost  for  field  and  the  per 
mile  cost  for  office  gives  the  total  per  mile 
cost,  the  figure  which  answers  the  above  ques- 
tion. 

On  the  reverse  side  of  the  card  is  a  town- 
ship plat  on  which  the  road  is  plotted.  Below 
is  a  space  for  remarks  in  which  to  note  items 
of   interest  concerning  the  work. 

We  find  so  far  that  the  cost  is  running  con- 
sistently with  the  conditions  met.  The  cost 
of  surveys,  that  is,  reconnaissance  and  loca- 
tion and  making  plans  for  the  same,  have  av- 
eraged about  $50  per  mile.  Although  there 
were  a  few  miles  which  cost  more  than  we 
expected  the  average  is  reasonable.  The  men 
engaged  in  the  work  were  without  previous 
experience  in  highway  work.  They  had  no 
previous  methods  which  we  had  to  override 
and  they  learned  how  to  do  the  work  as  we 
want  it  done.  I  believe  this  is  the  best 
method.  With  these  experienced  men  and  a 
better  organization  for  next  season,  we  hope 
to  lower  the  average  per  mile  cost  for  this 
past  season  and  I  see  no  valid  reason  why  it 
cannot  be  done. 

The  force  now  includes  Mr.  F.  F.  Rogers. 
State  Highway  Commissioner,  Mr._  L.  C. 
Smith,  Deputy  Highway  Commissioner.  _a 
bridge  engineer,  a  chief  draftsman.  15  engi- 
neers and  draftsmen,  a  bookkeeper,  three 
stenographers  and  a  blueprint  boy. 


A  Combination  Liquid  Asphalt  and  Oil 
Heater,   Atomizing   Pressure   Dis- 
tributor and  Bituminous  Road 
Patcher. 

(Staff   Article.) 

In  an  article  on  the  construction  of  the  oil 
macadam  road  system  of  Los  .iXngeles  Comity, 
Calif.,  published  in  Engineering  and  Con- 
tracting May  24,  1911,  a  description  w'as 
given  of  the  trailer  type  of  Ward's  Liquid 
.Asphalt  and  Oil  .Atomizer.  The  distributor  is 
now-  made  in  two  types,  (1)  a  combination 
distributor  mounted  at  the  rear  of  a  750-gal. 
oil  tank  on  a  steel  truck,  and  (2)  a  trailing 
atomizer  as  mentioned  above.  Roth  machines 
are  arranged  to  be  used  as  oil  heaters,  pressure 
distributors  and  for  patching  and  flusliing 
purposes.  The  trailing  style  of  machine  is 
of  especial  advantage  where  more  than  one 
tank  wagon  is  required  on  the  work,  and  the 
tank  mounted  or  combination  tvpc  is  probablv 
the  better  type  for  town  and  city  work  where 
short  turns  must  be  made  and  where  the 
haul   from  the  oil  suppiv  is  not  too  great. 

The  combination  machine  is  shown  by  Fig. 
1.  It  consists  of  a  750-gal.  oil  tank  mounted 
on  a  steel  truck  with  a  fire  box  beneath  the 
tank  for  heating  the  liquid  asphalt,  oil  or  tar 
to  the  desired  temperature.  A  dould's  geared 
rotary  pumn  connected  to  a  .VHP.  hopper 
cooled  distillate  or  gasoline  engine  by  a  fric- 
tion clutch  cut-off  coupling  forces  the  oil 
under   a   pressure   of   50  lbs.  per   square   inch 
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hrough  a  number  of  nozzles  mounted  on  tlie 
,lischarge  piping  at  the  rear  of  the  truck. 
Tlie  nozzle  boot  of  the  machine  is  so  ar- 
anged  by  a  rack  and  pinion  that  it  can  be 
.hifted  laterally,  making  it  possible  for  the 
operator  to  meet  the  edge  of  a  parallel  ap- 
plication without  overlapping  here  and 
skipping  there.  The  nozzhs  are  connected  by 
,i  detachable  link  to  a  lever  rod,  permitting 
^he  interchange  from  one  to  all  nozzles  or 
^ice  versa. 

In  a  tee  at  the  right  end  of  the  boot  is  a 
ronnection  for  attaching  a  hose  for  the 
patcher.  The  patching  device  is  a  3  ft.  length 
of  one  inch  pipe  fitted  with  handles  and  a 
pair  of  nozzles  at  the  lower  end,  the  nozzles 
are  controlled  by  twisting  one  of  the  handles. 
A  length  of  flexible  metallic  hose  connects  the 
patcher  to  a  valve  at  the  end  of  the  boot.  This 
equipment  makes  it  possible  to  start  out  in 
the  morning  with  a  tank  full  of  hot  oil  and 
keep  going  all  day,  accomplishing  a  great  deal 


tribute  from  1/12  gal.  to  1  gal.  of  oil  per 
square  yard  of  road  surface;  (4)  full  control 
of  speed,  pressure  and  amount  of  material  dis- 
tributed is  at  the  command  of  the  operator; 
(5)  requires  the  use  of  less  oil  on  account 
of  the  effect  of  atomizing  and  even  distribu- 
tion of  oil;  (6)  allows  the  use  of  a  heavier 
oil  containing  a  larger  percentage  of  asphalt 
making  a  better  and  more  durable  road ;  and 
(7)  the  machines  are  built  of  the  best  grades 
of  machinery  and  material  suitable  for  the 
service. 


Method  and  Cost  of  Constructing  Slag 
Roads  Near  Pascagoula,  Miss. 

Contributed  by  Charles  E.   Chidsey,   Road  Com- 
missioner.  District  No.   3,  Jacltson 
County,    Mississippi. 

The  first  task  of  the  Commission  was  to  or- 
ganize a  working  force.  Mr.  W.  A.  Hooks  of 
East    Side,    Miss.,   who   had   had   considerable 


Fig.  1.     Combination  Road  Oil  Heating,  Distributing  and   Patching  Machine. 


of  work  with  a  minimum  amount  of  labor, 
trouble  and  lost  time. 

.At  the  left  end  of  the  boot  is  a  2-in.  valve, 
controlled  from  the  driver's  seat  by  rod  and 
IcvcT  for  operating  a  flushing  nozzle  which 
will  deliver  (!"i  gals,  of  water  per  minute  at 
30  lbs.  pressure,  for  use  in  flushing  streets.  The 
machine  may  also  be  used  as  a  sprinkler  by 
operating  spray  nozzles. 

The  piping  system  is  arranged  with  a  \^A- 
in.  by-pass,  connected  into  a  tee  at  each  end 
of  the  boot  back  to  the  top  of  the  tank.  This 
by-pass  line  affords  a  means  of  circulating  oil 
throughout  the  entire  system  for  warming 
pipes  and  more  quickly  heating  the  oil  uni- 
formly to  the  desired  temperature.  Oil  suc- 
tion and  discharge  lines  are  2  in.  .'\  flexible 
joint  is  provided  in  the  discharge  and  by- 
pass lines,  to  allow  shifting  of  the  boot,  by 
filling  a  2M!-in.  section  of  pipe  with  a  2%  x  3- 
in.  reducer,  inserting  the  end  of  a  2-in.  pipe 
anil  packing  by  screwing  a  2  x  3-in.  bushing 
into  the  rerluccr  after  the  packing  has  been 
placed,  the  inside  of  bushing  being  turned  out 
smooth.  The  joint  in  the  by-pass  is  forrncd 
in  the  same  way,  using  l';4-in.  and  2-in.  pipe. 
The  advantages  claimed  by  the  manufacturers 
for  the  Ward  combination  machine  arc  a.i 
follows:  (I)  The  machine  is  designed  for 
constructing  oil  macadam,  fop  dressing  ma- 
cadam, gravel  ami  dirt  roads  with  linuid  as- 
phalt, heavy  asphaltic  oil  or  anv  of  the  road 
nils  or  tar  products:  (2)  the  machine  can  also 
^^  used  for  spraying  streets  with  light  oils  or 
••mulsions    for   laying    dust;    (3)    it    will    dis- 


experience  in  working  convicts  on  public 
roads,  was  selected  for  foreman  over  a  force 
of  six  men  and  a  cook.  The  foreman's  salary 
was  $()()  per  month  and  laborers  were  paid 
$1.50  per  day.  .An  old  railroad  box  car  was 
mounted  on  wheels  and  fitted  up  with  bunks, 
cook  stove  and  utensils  for  a  camp  which 
could  be  easily  hauled  from  place  to  place  by 
a  team  of  mules.  The  men  were  charged 
50  cts.  per  day  for  board  and  lodging  at  the 
camp.  .An  8-lon  horse-drawn  roller  and  a 
dalion  Ideal  Giant  grader  which  were  already 
owned  by  the  county  were  the  only  machines 
furnished  at  that  time. 

The  first  road  selected  for  improvement  ran 
for  nearly  four  miles  through  a  flat  level  coun- 
try scantily  clad  with  pines  aiid  known  locally 
as  "pine  meadows."  These  pine  meadows  arc 
in  a  rainy  .season  so  wet  as  to  be  almost  im- 
passable and  the  old  roarl  was  for  long 
stretches  a  mere  bog.  The  first  task  was  to 
set  an  engineer  at  work  to  lay  out  a  plan  of 
rlrainage.  Ditches  were  cut  on  either  side 
parallel  with  the  road,  and  one  large  lateral 
ditch  3  ft.  %vide  antl  4  ft.  deep  was  extended 
for  nearly  a  half  mile  to  an  outlet  ntirth  of 
the  meadows  which  cfTectuallv  conveyc<I  the 
water  away  from  the  par.illel  ditches  at  the 
side  of   the   road. 

When  the  ditching  had  been  completed  the 
gr.ider  was  put  at  work  shaping  up  the  road 
When  the  uradine  was  finished  the  road  was 
rolled  with  the  8-lon  roller  ami  was  then 
ready  for  traffic.  The  Commission  was  then 
confronted  with  the  problem  of  finding  a  suit- 


able surfacing  for  the  road  and  the  majority 
were  in  favor  of  slag  but  as  the  quoted  freight 
rates  from  the  furnace  to  Pascagoula  were  so 
high  and  no  reduction  could  be  had,  the  Com- 
mission determined  to  cover  the  road  with 
oyster  shells,  a  material  that  has  from  time 
immemorial  been  used  on  the  Gulf  Coast  f.or 
road  beds.  The  shells  were  brought  bv  barges 
via  Mississippi  Sound  and  up  the  Pascagoula 
River  from  Biloxi  to  Pascagoula  from  whence 
they  were  hauled  in  wagons  to  the  point  where 
they  were  to  be  used.  The  hauling  was  done 
by  contract,  the  contractor  spreading  the 
shells  upon  the  surface  of  the  road.  The 
shells  cost  22.5  cts.  per  barrel  put  upon  the 
road  and  the  cost  per  mile  of  this  road  includ- 
ing grading  was  $1,400. 

When  all  of  this  road  had  been  completed 
except  about  M  mile  events  occurred  that 
changed  the  whole  of  the  Commissioners' 
plans  and  one  that  may  mark  an  era  in  the 
history  of  road  construction,  in  this  locality 
at  least.  The  Commissioners  had  other  shell 
roads  under  construction,  the  details  of  which 
need  not  be  mentioned,  and  just  as  the  con- 
struction of  the  road  described  above  was 
nearing  Laine,  the  supply  of  oyster  shells  gave 
out.  Thanks  to  the  efforts  of  The  Birming- 
ham Slag  Company,  Birmingham.  Ala.,  a  rate 
on  slag  was  given  by  the  railroads  that  made 
it  possible  to  put  slag  on  the  roads  at  a  rea- 
sonable cost.  From  the  depot  at  Laine  there 
was  a  dirt  road  22  ft.  wide  which  extended 
one  mile  due  north  to  the  Pulp  and  Paper 
Mill.  This  road  had  been  constructed  by  the 
Board  of  Supervisors  and  it  was  included  in 
the  3rd  district  when  the  Commission  for 
Road  District  No.  3  was  organized.  It  ran 
through  a  stretch  of  country  that  easily  ad- 
mitted of  drainage  and  was  paralleled  bv  a 
side  track  of  the  L.  &  N.  R.  R.,  which  afford- 
ed the  ready  discharge  of  material  brought  by 
the  railroad.  The  Commission  determined  to 
use  this  road  as  a  test  of  slag  as  a  material 
for  road-building. 

The  surface  of  the  road  was  first  hollowed 
out  to  a  depth  of  4  to  fi  ins.,  according  to 
the  foundation  found  and  then  filled  with 
slag.  When  covered  with  slag  to  this  depth 
the  slag  was  crushed  down  into  the  founda- 
tion by  running  the  8-ton  roller  over  it  until 
a  smooth  surface  was  obtained.  Then  the 
soil  was  raked  back  into  place  and  the  road 
again  rolled.  At  first  the  road  was  somewhat 
lumpy  but  it  soon  packed  down  hard  and 
smooth.  In  fact  it  is  as  hard  and  almost  as 
smooth  as  a  concrete  pavement.  While  wait- 
ing on  this  experiment  the  Commission  con- 
tinued its  work  of  constructing  other  dirt  and 
shell  roads,  but  when  the  value  of  the  slag 
road  was  seen  thev  agreed  to  cover  all  the 
main  highways  in  the  future  with  slag. 

The  work  of  constructing  a  highway  from 
Laine  to  Orange  Grove,  a  distance  of  nearly 
five  miles  and  which  makes  a  link  in  the  pro- 
posed speedway  from  Mobile  to  Biloxi.  was  at 
once  begun.  Orange  Grove  is  on  the  L.  & 
N.  R.  R.  and  convenient  for  the  delivery  of 
the  slag.  The  work  of  re-constructing  "The 
Old  Mobile  Telegraph  Road,"  which  was  built 
before  the  Civil  War  to  connect  Pascagoul.'. 
with  Mobile,  was  also  started  and  this  road 
was  also  selected  for  "slagging."  The  details 
of  the  work  on  these  two  roads  are  the  same 
as  described  for  the  experimental  slag  road, 
as  they  go  through  the  same   flat  country. 

These  roads  have  been  completed  some 
months  and  their  condition  justifies  the  ex- 
pense and  Labor  spent  upon  them.  Onlv  a 
few  days  aco  the  writer  and  the  foreman,  Mr. 
W,  .A.  Hooks,  inspected  all  the  slag  roads  and 
they  have  packed  down  as  hard  and  smooth 
as  the  road  from  Inline  to  the  Pulp  and  Paner 
Mill.  It  is.  however,  to  be  observed  that 
where  the  road  goes  through  sandy  soil  and 
sand  h.TS  been  used  for  a  covering  on  the  slag 
sm.Tll  ruts  from  1  to  3  ins.  deep  and  2  ins.  in 
width  appear  on  the  crown  of  the  road  where 
thev  have  been  cut  by  the  tires  of  passing 
vehicles.  Avhile  wherever  the  roads  have  gone 
through  clay  or  loam  there  are  no  ruts,  the 
road  being  as  hard  and  almost  as  smooth  as 
conrrele.  Broad  tired  vehicles  such  as  auto- 
mobiles press  down  these  ruts  and  fill  them  up 
making  a  smooth  surface. 
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AMOUNT  AND   KIND  OK   SLAG   USED. 

It  should'  be  stated  that  wherever  the  road 
was  cut  through  a  foundation  of  clay,  the 
slag  was  only  put  on  to  a  depth  of  2.5  ins.. 
while  on  sandy  foundations  the  average  waa 
6  ins.,  the  clay  foundation  causing  a  saving  of 
58  per  cent  of  the  material.  The  slag  cost 
$2.00  to  $2.25  per  ton  placed  upon  the  roads 
according  to  location.  It  should  also  be  stated 
that  the  slag  that  has  been  well  crushed  before 
shipment  is  better  for  roads  than  the  large 
lumps.  The  large  lumps  must  be  broken  by 
a  sledge  or  axe  causing  much  loss  of  time  and 
labor.  Often  the  large  lumps  of  slag  cannot 
easily  be  broken,  thus  making  a  waste.  The 
small  size  slag  is  the  more  easily  mashed 
down  into  the  foundation  and  makes  a  more 
compact  mass. 

In  November,  1913.  the  Commission  had  to 
reorganize  its  working  force  and  begin  anew 
owing  to  the  purchase  of  new  machinery.  A 
"lO-h.  p.  Flour  Citv  Gasoline  Tractor  sold  hv 
the  Gallon  Iron  Works,  was  selected  for  haul- 
ing and  power  purposes.  This  machine  with 
a  force  of  five  men  will  in  good  weather  grade 
2.')  miles  of  road  per  month.  This  does  not 
include  the  cutting  out  of  right  of  way._  Two 
graders  and  a  scarifier  were  used  with  it.  Un- 
der the  contract  system  the  Commission  had 
let  out  contracts  for  roads  that  cost  fron. 
$75  to  $2.50  per  mile,  while  with  this  gasoline 
tractor  it  can  construct  dirt  roads  at  a  cost 
of  $25  to  $.55  per  mile. 

The  tractor  has  also  been  used  when  the 
weather  was  .good,  in  clearing  right  of  way, 
pulling  uT>  trees  and  stumps — a  work  that  was 
done  previously  only  by  hand  or  blasting  with 
dynamite.  During  wet  weather  when  the  soil 
is  so  soft  that  it  will  not  permit  of  the  weight 
of  the  heavy  tractor  the  men  arc  used  for 
blowing  up  stumps  and  digging  ditches,  but  no 
ditches  are  dug  or  right  of  wav  cleared  out 
until  the  lines  have  been  carefullv  laid  down 
by  an  engineer.  Since  the  gasoline  tractor 
was  placed  in  service  the  foreman_is  paid  .$75 
per  month,  the  tractor  engineer  .>75.  and  five 
men  are  employed  at  $1.50  ner  day.  The 
tractor  consumes  about  ten  gallon*;  of  gaso- 
line ner  day.  The  Commission  has  disposed 
of  all  its  mules  except  two  which  are  used  for 
hauling  from  places  where  the  tractor  cannot 
well  go  and  are  used  in  grading  where  the  soil 
is  too  wet  to  admit  of  the  heavy  tractor.  The 
machinerv  in  use  is  the  8-ton  roller.  40-h.  p. 
tractor,  two  graders  and  one  scarifier. 

The  writer  has  from  time  to  time  heard  and 
read  the  statement  "that  in  a  flat  country  the 
services  of  an  engineer  are  not  needed  to  se- 
cure the  proner  levels  for  drainnge."  Xo 
statement  could  be  more  misleading.  In 
stretches  of  level  country  the  fall  pcrhans  will 
be  onlv  a  few  inches  in  several  hundred  vards 
and  ani-  nttemnt  to  dig  a  ditch  and  s'et  drajn- 
agc  without  the  proper  use  of  engineer's  in- 
struments is  an  idle  waste  of  money  and  labor. 

During  the  year  1013  the  Commission  con- 
structed about  15  miles  of  shell  road,  7  miles 
of  .slag  road  and  140  miles  of  dirt  road.  The 
roads  constrnrtcd  with  shells  cost  on  an  aver- 
age aboi't  $1,400  per  mile  and  the  slag  roads 
cost  Sl.fiOn  ner  inile.  However  slag  roads  arc 
the  cheapest  a?  the  life  of  a  shell  road  is  from 
three  to  fiv"'  vears,  while  the  life  of  a  slag  road 
is  practicllv  unlimited.  Oyster  shells  or  clam 
shells  under  the  continual  grind  of  the  wheels 
of  nassing  vehicles  become  an  impalpable  dust 
which  hinws  with  every  wind,  .nnd  washc'; 
away  in  everv  rain  soon  leaving  deep  ruts  in 
the  road.  .Acrain  in  dry  weather  a  swift  niov- 
ine  vehicle  I'ke  a  n-otor  car  raises  a  cloud  of 
dust  from  the  shells  that  finds  its  way  into 
the  mouth  and  nostrils  of  every  person  alone 
the  rnpd.  The  shell  road  constructed  in  1012 
and  101.'?  nnv  needs  repairs  and  it  is  the  nur- 
posc  of  the  Commissioners  to  make  these  re- 
pairs with  slag,  as  the  small  piece  of  road  near 
L.-iine  that  is  a  mixture  of  slag  and  shell  is 
a  most  ideal  road.  The  slag  and  shell  make 
a  compoimd  that  is  verv  good  and  were  it 
not  for  the  expense  would  be  the  most  de- 
sirable material.  The  slag  never  grinds  down 
into  nowdcr.  it  neither  blows  or  washes  awav 
nor  does  it  give  off  anv  annoyine  dust.  As 
time  goes  bv  it  becomes  harder  and  smoother. 
A    shell   road   is  a  thing  of  beauty  and  adds 


much  to  the  attractiveness  of  tlie  landscape 
and  were  it  not  for  the  faults  we  have  named 
would  be  a  joy  forever. 

Now  the  conclusions  to  be  drawn  from  the 
facts  I  have  stated  as  we  have  learned  by  ex- 
perience in  making  good  roads  are : 

(a)  All  road  work  should  commence  with 
a  system  of  good  drainage.  Good  drainage  is 
the  sine  qua  non  of  good  roads. 

(b)  That  slag  mixed  with  clay,  loam  or 
shells  makes  the  best  roads  and  that  while 
sandy  soil  is  good  it  is  not  the  best  material 
for  a  foundation  or  for  covering  the  slag. 

(c)  While  oyster  or  clam  shells  make  beau- 
tiful roads  they  are  more  expensive  because 
less  lasting  than  slag. 

(d)  In  using  slag  small  pieces  of  slag  are 
preferable  and  a  roller  weighing  at  least  8 
tons  should  be  used  for  crushing.  One  of 
lighter  weight  will  not  do. 

(e)  That  by  using  a  gasoline  tractor  the 
cost  of  grading  roads  is  reduced  from  60  to  75 
per  cent. 

(f)  It  costs  less  to  the  Commission  to  con- 
struct its  own  roads  under  an  efficient  foreman 
than  under  the  contract  plan. 

(g)  When  you  have  a  good  working  or- 
ganization it  is  better  to  keep  the  men  at 
work  when  the  machinery  cannot  be  used  as 


Fig.   1.   End  View  of  the  Bituminous  Road 
Planer. 


otherwise   their   idleness   weakens   the   morale 
of  the   force. 

(h)  In  laying  out  roads  and  ditches  a  com- 
petent engineer  ought  always  be  employed  to 
get  levels.  Any  other  method  is  false  economy. 


A    Planer   for    Smoothing    Bituminous 
Road  Surfaces. 

(Staff  Article.) 

.•\n  inexpensive  bituminous  road  planer 
which  has  been  used  in  a  number  of  places 
including  the  road  departments  of  Massachu- 
setts and  Connecticut  is  illustrated  by  the  ac- 
companying engraving,  .'\sidc  from  the  illus- 
trations, the  general  construction  needs  very 
little  explanation.  One  fact  to  be  noted,  how- 
ever, is  that  the  wheels  extend  just  far 
enough  below  the  runner  bottoms  to  prevent 
friction,  and  that  they  can  be  shifted  to  a 
lower  set   of   holes  to   raise  the  runners  well 


off  the  ground  when  the  scraper  has  to  be 
hauled   to   a   new   place   of   operation.  , 

The  smoothing  devices  consist  of  three 
rows  of  cutting  teeth  held  by  beams  extend- 
ing straight  across  the  machine  and  of  diag- 
onally set  planer  blocks.  The  cutting  teeth 
are  %-in.  square  tool  steel  rounded  and 
threaded  in  the  top  portion  to  permit  raising 
and  lowering  by  double  vents.  These  teeth 
are  so  set  diagonally  in  the  holders  that  a 
sharp  edge  is  forward.  The  teeth  are  re- 
movable and  so  is  the  planer  block,  which  is 
made  in  three  interchangeable  parts.  Since 
the  center  part  of  the  planer  wears  fastest 
this  interchangeability  permits  the  periodical 
shifting  of  the  side  parts  to  the  center  and 
the  center  parts  to  either  side,  thus  providing 
even  wear  of  the  blade  across  the  planer.  The 
blade  sections  are  also  double  edged  and  can 
be  inverted  when  one  edge  is  worn  beyond 
further  use. 

In  operation  the  planer  is  hauled  by  team 
or  mechanical  power.  The  forward  row  of 
teeth  maks  a  thin  cut,  the  middle  row  cuts 
deeper  and  the  rear  row  cuts  to  a  depth  flush 
with  the  edge  of  the  plane  block.  The  plane 
removes  irregularities  left  by  the  teeth, 
smooths  the  surface  and  scrapes  the  chippings 
into  depressions  or  to  one  side  through  a 
notch  at  A  in  the  runner.  When  it  is  desired 
to  scrape  the  chippings  toward  the  center  the 
planer  is  hauled  in  the  direction  of  the  traffic; 
to  scrape  the  chippings  toward  the  road  sides 
the  planer  is  hauled  in  opposite  directions  to 
the  traffic.  The  machine  is  weighted  down 
when    necessarv. 

The  planer  described  costs  $200  at  the  fac- 
tory and  is  made  by  the  Headly  Good  Roads 
Co..  Philadelphia,  Pa. 


Object-Lesson  and  Experimental   Roads, 

— Forty-one  object-lesson  roads  were  con- 
structed by  representatives  of  the  U.  S.  Office^ 
of  Public  Roads  under  the  direct  supervision] 
of  Benjamin  F.  Heidel  during  the  fiscal  yeai 
1912-1913,  according  to  the  annual  report  re- 
cently issued  by  the  Office  of  Public  Roads. 
The  new  roads  may  be  classified  as  follows: 
Two  bituminous-macadam;  7  plain  macadam; 
4  gravel ;  1  gravel  macadam ;  14  sand-clay ;  1 
sand-gumbo ;  3  shell ;  and  9  earth.  The  total 
cost  of  the  work,  exclusive  of  salaries  and  ex-l 
penses  of  engineers  furnished  by  the  Officel 
of    Public   Roads,   was  $92,151. 

Three  experimental  roads  were  constructed 
which  consisted  of  work  along  various  lines, 
as  follows  :  Bituminous-concrete,  bituminous-1 
surfaced  concrete,  oil-cement  concrete,  cement' 
concrete,  brick,  surface  treatments,  bitumin- 
ous-macadam, shell  and  macadam.  Table  I 
is  given  to  show  the  number  of  square  yards; 
of  each  type  of  object-lesson  roadway  con- 
structed during  the  fiscal  years  1905-1913  and| 
experimental  roadi  for  1913,  inclusive. 


The  Engineers'  Club  of  Cincinnati  at  its  reg'j 
ular  monthly  meeting  on  March  19,  was  adi 
dressed  by  one  of  its  own  members.  Mr.  Fl 
W.  Willcy,  Electrical  Engineer  with  the  Tri| 
umph  Electric  Company  of  Cincinnati,  who 
spoke  on  the  subject  of  "Types  and  Ratings  ol 
Commercial  Electrical  Machinery,"  and  il4 
lustrated   his   address  with   stercnptico'i   slideSi' 


TABLE  1.— AREA  IN  SQUARE  YARDS  OF  On JECT-LESSON  ROADS  CONSTRUCTED 

ING   1905-1913,    INCLUSIVE. 
Material—  ISOrj.       190G.       1907.       1908.         1909.         1910.         1911.         1912. 

Brick     526     

Concrete    ''OO^     •••■■■.;     

(Ill-cement   concrete    '■■^^'     

Bltuminou.s  concrete 

Bitumlnows-siirfaced  concrete    •/.;,;;     •■V;;;     'Vri-A 

Bituminous    macadam    4o,.S3,;       41.5ol       J^,4o„ 

.Surf.ioe   treatment 


45,.S3i 
'  '50,333 


11.330 
578 
900 


14,806 


Macadam     44,944     51,246     76,376     72,587       96,107 

Asphalt -slag    

Oil    a.'ipti:ilt-Kravel    ■• 

Oil-gravel    

Gravel-macidam    ••• 

Gravel    8,804       4,197     11,722      4,608      65,793 

Cln^  

S.ind-clay ' ! ! 19,178     19,443     83,571     42,634     20.';,032 

Sand-gumbo    ■■■■;.     -w^:: 

Burnt  clay   "00    3,392        2,041 

Shell  • S.8"'         "•"     "•''2''        I'S^"      >»« 

Earth    12.132     27,042     S5.967     319,456      651,109     140,933     556,663     162,698 

Total    79,203     87.951200,711223,203     690.059  1,007,569     <8.'>,102     722,355     500,02? 


4,819 

9,774 

"iM 

71,376 

59,942 

13,057 

63,7S 

4,610 

177,960 

218,177 

103.S76 

i2S,49( 
5,3S" 

"izXt 

'Incliules   experimental   ronds. 
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Construction  of  the  Watauga  &  Yadkin 

Valley    R.    R.,    With    Details    of 

Methods  and  Costs  of  Earth 

and  Rock  Excavation. 

■    Contributed  by  H.  C.  Landon,  General  Manager, 
'  Watauga   &   Yadkin   River  R,   R.    Co.. 

;  North  Wilkesboro.  N.   C. 

LOCATION. 

The   Watauga  &   Yadkin   River   R.   R.   is   a 
I    new   standard-gage   line     under     construction 
j    from  Xorth  Will<esboro,  N.  C,  where  connec- 
tion is  made  with  the  Southern  Ry.  to  Boone, 
N.  C,  a  distance  of  52  miles.     An  extension 


allowed  on  mountain  sections  is  2.2  per  cent 
compensated.  At  all  other  points  the  maxi- 
mum gradient  does  not  exceed  the  maxi- 
mum gradient  of  the  streams  by  more  than 
23  per  cent,  unless  the  railroad  grades  are 
short  and  no  lighter  grade  could  be  secured. 
In  no  case  are  opposing  grades  allowed 
against  a  down-hill  haul.  Vertical  curves  are 
used  at  grade  intersections  where  necessary. 
Grades  are  compensated  for  curvature  at  the 
rate  of  0.04  ft.  per  degree  per  100  ft.  on 
curves  up  to  8°,  and  at  the  rate  of  0.03  ft.  on 
curves  over  8°.  Although  a  large  proportion 
of  the  curves  on  the  constructed  line  are  less 
than  8°,  topographical  and  economical  reasons 


Konnarock  \   [  Oa'ax 


Fig.      1.      Map     Showing      Location     of     the       Watauga    &    Yadkin    Valley    R.    R. 


is  proposed  from  Boone  to  Butler,  Tenn., 
where  connection  will  be  made  with  the  Vir- 
ginia &  Southwestern  Ry.,  giving  a  through 
route  over  the  Blue  Ridge  and  Stone  Moun- 
tains. The  importance  and  advantage  of  the 
line  to  the  territory  to  be  served  may  be 
realized  when  it  is  stated  that  the  nearest 
through  line  crossing  these  mountains  north 
of  the  proposed  line  is  50  miles  away,  and 
the  nearest  line  in  the  other  direction  is  30 
miles  south.  The  new  railroad  will  shorten 
the  haul  on  coal  from  the  mining  regions  to 
the  .\tlantic  coast  by  nearlv  150  miles.  Branch 
lines  of  the  \V.  &  Y.  V.  R.  R.  arc  planned 
from  Elkville,  N.  C,  to  Lenoir,  N.  C. ;  from 
Bamboo.  N.  C.,  to  Blowing  Rock,  N.  C. ;  and 
from  Bamboo  to  Jefferson,  N.  C.  The  final 
location  of  the  main  line  was  commenced  at 
North  Wilkesboro  in  June,  1912,  but  con- 
struction did  not  get  under  way  until  about 
.\ug.  1,  1912.  The  construction  of  21  miles 
-f  line  between  North  Wilkesboro  and 
lirandin  was  completed  June  1,  1913,  and  12 
additional  miles  of  the  main  line  between 
Illkvillc  and  Darby,  which  were  graded  arid 
nearly  ready  for  the  rails  at  that  time  will 
soon  be  placed  in  operation.  On  July  1,  1913, 
the  railroad  company  began  operating  the  21 
miles  to  Grandin.  The  portion  between  Elk- 
ville and  Grandin  of  the  branch  to  Lenoir  was 
built  before  completing  the  main  line  in  order 
to  handle  a  large  amount  of  freight  offered 
by  the  Grandin  Lumber  Co..  which  has  a 
large  sawmill  and  lumber  industry.  Figure  1 
is  a  map  of  the  line  and  its  connections. 

GRADES    AND  CURVES. 

Although  the  road  is  generally  constructed 
through  rough  country,  necessitating  the  use 
of  one  tunnel  in  the  section  of  the  line  al- 
ready completed,  the  grades  are  so  planned  as 
to  provide  for  economical  handling  of  the 
expected  heavy  freight  traffic  of  mi^a,  iron 
ore  and  lumber.    The  maximum  rate  of  grade 


required  the  occasional  use  of  sharper  curves, 
which  are  to  be  revised  when  conditions  war- 
rant the  expense.  Transition  curves  are  used 
on  all  curves  of  3°  or  over. 
Grading. 
The  methods  followed  in  construction  were 
rather  unusual,  as  the  company  was  its  own 
contractor.     In  other  words,  the  grading  was 
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2.     Standard    Roadbed    Cross    Sections 
Watauga  &  Yadkin  Valley  R.  R. 


done  largely  by  its  own  forces  under  the  di- 
rection of  the  Chief  Engineer.  One  small  six- 
mile  section  was  constructed  by  contract.  It 
was  believed  by  the  organization  that  it  could 
build  its  line  with  greater  speed,  than  by  con- 
tract, and  with  less  annoyance,  as  it  was 
known  that  numerous  changes  of  the  alinc- 
mcnt  would  necfessarily  be  made. 


At  present,  however,  as  the  railroad  com- 
pany has  some  mileage  in  operation  and  a  con- 
siderable mileage  graded,  and  because  its  offi- 
cers will  have  other  duties,  it  is  believed  that 
the  greater  portion  of  the  balance  of  the  line 
will  be  built  by  contract.  It  is  also  believed, 
however,  that  by  the  methods  followed  and 
the  careful  study  of  the  work  done,  that 
more  work  was  accomplished  in  the  small 
space  of  time  available  than  otherwise  would 
have  been  accomplished.  First,  no  time  was 
lost  in  starting  the  work,  the  moment  it  was 
determined  that  the  section  of  line  was  defi- 
nitely located:  second,  there  was  no  waiting 
upon  contractors  to  look  over  the  work  and 
bid  upon  the  same,  as  all  arrangements  had 
been  made  and  prices  secured  so  that  all  equip- 
ment could  be  ordered  by  wire. 

The  profile  of  the  first  30  miles  of  projected 
line,  indicated  generally  light  work.  There 
were  some  heavy  cuts  and  fills,  but  it  was 
not  practicable,  on  account  of  poor  roads  and 
lack  of  bridges  to  entertain  any  steam  shovel 
proposition,  and  generally  the  cuts  and  fills 
were  too  light  to  make  steam  shovel  operation 
economical.  Labor  was  scarce,  and  at  a  prem- 
ium everywhere.  The  plan  was  to  do  the 
work  with  the  aid  of  teams,  machines  and 
powder  as   far  as  practicable. 

Equipment. — After  a  careful  study  of  the 
projected  profile,  it  was  decided  to  purchase 
the  following  equipment : 

12  1%  cu.  yd.  Troy  wagons  at  $112.50 $1,350.00 

24  drag  scrapers  at  $5.56 133.44 

36  No.  2%  wheel  scrapers  at  $36.75 1,323.00 

1  elevating  grader  at  $920.00 920.00 

4  2,500  lb.  wagons  at  $55.00 220.00 

8  16  ft.  by  24  ft.  tents  at  $38.63 309.04 

2  32V>   ft.   bv  65  ft.   mule  tents  at  $149.30      29S.60 

2  Ingersoll  rock  drills  at  $312.50 625.00 

1   16   lip.    boiler   on   wheels,    2d   hand,    at 

$300    300.00 

10  1  vd.  dump  carts  with  harness  at  $46  460.00 

4  2  yd.  dump  cars  with  hainess  at  $30..  120.00 
100  steel  wheel   barrows,  3  and  4  cu.  ft. 

at    $3.00    300.00 

12   doz.    round    Pt     D   handle   shovels   at 

$5.25     63.00 

4    blacksmith   outfits.    Including  a   forge, 

anvil  and  other  tools,  at  $40.00 160.00 

12  doz.  picks  with  handles  at  $4.00 48.00 

Total    $6,630.08 

The  dump  wagons  and  grader  were  only 
used  about  two  months  and  did  fair  work  in 
the  territory  where  they  were  used.  They 
were  not  used  for  a  longer  period  on  account 
of  inability  to  get  sufficient  mules  and  teams 
to  operate  them. 


v^-<;?rio 


Teams. — Before  the  company  started  work, 
we  were  advised  that  all  the  teams  we  would 
require  could  be  secured  in  the  community,  but 
although  we  paid  $3  per  day  or  50  cts.  more 
than  the  ruling  price,  we  could  only  secure  15 
to  18  teams  and  they  were  not  all  of  the  best 
type.  It  was  then  decided  to  purchase  our 
own  mules  and  45  teams  were  purchased  in 
the  St.  Louis  market.  These  were  mules  that 
could  pull,  the  average  weight  of  the  animals 
l)eing  over  1,225  lbs.  These  teams  were  in 
almost  continuous  daily  service  from  Aug.  1, 
1912,  to  June,  1913.  Only  two  mules  were 
lost  and  it  is  estimated  that  there  was  not 
over  5  per  cent  lost  time  for  the  mules  in 
service.  Our  cost  of  feeding  the  mules  aver- 
aged 95  cts.  per  team  per  day.  For  all  camps 
hay  averaged  $25  per  ton  and  oats  5T/2  cts. 
per  bushel   delivered  at  the  camps. 

On  June  1,  1913,  the  work  was  shut  down 
for  short  time.  At  that  time  had  our  mules 
gone  on  the  market  they  would  have  brought 
more  than  they  cost,  as  their  condition  was  ex- 
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cellent,  due  to  their  excellent  care.  It  was  the 
theory  of  the  company  that  only  from  well  fed 
and  well  kept  teams  could  satisfactory  effi- 
ciency be  secured.  The  teams  were  taken  care 
of  by  a  competent  stable  boss.  A  supply  of 
necessary  remedies  and  an  emergency  case 
were  kept  at  each  camp.  The  fact  that  there 
was    not   over   5   per   cent   lost   time    for   the 


These  results  were  obtained  under  the  best 
possible  conditions  where  the  dumper  man 
counted  and  reported  every  load  and  in  addi- 
tion the  teams  were  under  my  personal  ob- 
servation. 

A  few  drag  scrapers  on  every  job  of  simi- 
lar character  are  a  good  investment,  but  their 
number   and   use   should   be   limited.     An   in- 
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Fig.  3.      Plan   of   Blast   Holes   in   Cut   Sta.   353    to  Sta.  357,  Watauga  &  Yadkin   Valley   R.  R. 


teams  explains  the  low  price  and  rapid  prog- 
ress. 

EARTH    EXCAVATION. 

Organization  of  Forces.-^lt  was  realized  that 
in  order  to  secure  efficiency,  the  organization 
of  the  various  forces  should  be  fixed.  These 
forces  were  called  "St.Tndard''  and  only  varied 
when  it  was  shown  that  the  nature  of  the 
work  demanded  it.  Thus  the  Standard  wheel 
scraper  force  was  as  follows  for  hauls  not 
exceeding  300  ft. :  6  wheel  scrapers  with 
teams  and  drivers,  2  teams  to  plows,  1  snatch 
team,  1  man  dumping,  1  loader,  1  wheeler,  1 
waterboy,  when  required,  and  1  foreman. 

When  the  haul  increased  the  number  of 
wheel  scrapers  was  increased,  in  order  to 
keep  the  snatch  team  and  other  laborers  busy. 
This  was  very  closely  watched  by  the  fore- 
men of  the  various  gangs,  in  order  to  keep 
up  their  records,  as  every  dumper  was  supplied 
with  a  counter  and  the  day's  work  reported. 
In  this  way,  a  very  close  estimate  could  be 
made  of  the  yardage  moved. 

The  "Standard"  drag  scraper  force  con- 
sisted of  C  scrapers,  with  teams  and  drivers,  2 
teams  to  plow,  1  dumper,  1  loader,  who  acted 
as  foreman,  and  1  waterboy. 

The   drag   scraper   work     and     the     wheel 
scraper   work   were   watched   with   great  care 
to  determine  the  economical  haul.     The  drag 
scraper   is  very   efficient  and   very   useful   for 
verv    short    hauls    only.     Observation    of    the 
var'ious  hauls  up  to  200  ft.,  fully  demonstrated 
the   fact   that   for   a  distance  of   oyer   100   ft. 
the  drag  scraper  was  an  expensive  implement. 
Under  100  ft.  it  will  do  efficient  work.    Wheel 
scrapers    ordinarily    can    be    used    where    the 
drags  can,  but  had  the  advantage   in  making 
about   the   same   speed   with   about   five   times 
the  load.    .\s  a  general  proposition,  only  a  few 
drags   should  be  used  on  work  of  this  char- 
acter.    Their  advantage  is  in  their  cheapness 
and   for  a  small  amount  of  work  with  short 
hauls   the   drag   scraper   might     be     desirable 
equipincnt.    A  gang  of  wheelbarrow  mer  prop- 
erly handled  will  do  work  about  as  cheap  as 
a  drag  and  in  some  instances  at  less  expense. 
Cost  of  Dray  Scraper  Excavation. — .Assum- 
ing the  haul  for  a  drag  scraper  to  be  100  ft.,  a 
lively   mule  team  to  a  scraper  will  not  make 
over  1.3  miles  per  hour  on  account  of  the  fre- 
quent turns  and  loading,  or  about  6.900  ft.  per 
hour.    This  will  be  at  the  rate  of  3.4.5  cu.  yds. 
per  hour  or  M'/i  cu.  yds.  per  10-hour  day  per 
team.  With   a  "Standard"   drag  scraper   fprce 
and  teams  at  $3  per  day,  8  drags  will  handle 
27.6  cu.  yds.  each  per  10-hour  day,  at  a  total  la- 
bor cost'  of  $.37.50,  or  nearly  14  cts.  per  cubic 
yard.  With  a  haul  of  from  50  to  75  ft.  the  cost 
will  not  exceed  12  cts.  per  cubic  yard.  Seventy- 
five  ft.,  therefore,  should  be  the  maximum  haul 
with   drag  scrapers.     Six  drag   scrapers  with 
the  shorter  haul  were  therefore  established  as 
the  maximum  to  use  with  the  minimum  haul. 
Actual   observation   on   a   110-ft.   haul   with 
country   teams,   indicated   that   under  the  best 
conditions   only   2-")%    trips   were     made     per 
hour,  or  a  speed  of  5,000  ft.  per  hour.     The 
company   teams   which   were     all     well      fed 
Missouri  mules,  made  as  high  as  7,200  ft.  per 
hour  with  drag  scrapers  on  a  haul  of  1.50  ft. 


judicious  foreman  will  often  use  them  at  the 
company's  expense. 

Our  standard  forces  were  modified  as  the 
hauls  increased,  the  number  of  wheelers  in- 
creased to  eight,  and,  possibly,  with  very  long 
haul  ten  or  even  twelve  wheelers  could  be 
used  to  advantage. 

Cost  of  Wheel  Scraper  Excavation. — In  only 
one  instance  did  the  haul  with  wheelers  much 
exceed  600  ft.  and  in  this  instance  the  haul  av- 
eraged 1,350  ft.;  ten  wheelers' only  were  avail- 
able, but  we  were  able  to  handle  225  cu.  yds. 
at  a  cost  of  23'/2  cts.  per  yard,  figuring  teams 
at  $3.50  per  lO-hour  day,     although     all     the 
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Fig.  4.     Cross  Section  of  Cut  at  Sta.  355-f  34, 
W.    &    Y.    V.    R.    R.,    Showing    Original 
Ground  Surface,  Section  After  Blast- 
ing   and    Completed    Section. 

teams  which  we  used  actually  only  cost  us  ap- 
proximately $3  per  day. 

With  a  haul  of  415  ft.  a  careful  timing  of 
the  teams  indicated  that  they  were  making 
four  trips  in  20  mins.  The  average  of  twelve 
trips  per  hour  was  made  for  the  entire  day. 
The  wheelers  were  loaded  to  their  capacity, 
and  therefore,  an  average  of  nearly  6(1  cu. 
yds.  per  wheeler  was  secured.  The  wheeler 
force  using  only  six  wheelers  cost  $30  per 
day.  The  labor  cost  in  this  case  did  not  much 
exceed  10  cts.  per  yard. 

Whcclbarroiu  Excavation. — The  wheelbar- 
row when  properly  used  is  a  most  useful, 
necessary,  convenient  and  economical  tool. 
Three  types  of  barrows  were  purchased.  The 
ordinary  railroad  wooden  barrow,  the  wooden 
frame  contractors  barrow,  with  steel  tray,  and 
the  all  steel  wheelbarrow  with  one  piece 
tubular  bent  handles.  Barrows  of  3  and  4 
cu.  ft.  capacity  were  bought.  The  barrow 
holding  4  cu.  ft.  in  general  seemed  to  suit  our 
work  and  could  be  handled  about  as  easy  as 
the  barrow  holding  only  3  cu.  ft.  The  ordi- 
nary wooden  w-heclbarrow  gave  very  poor 
service.  We  had  a  few  of  the  barrows  with 
wooden  frames  go  out  of  service,  but  the  all 
steel  wheelbarrows  are  practically  as  good  as 
new  after  8  months  fairly  good  service.  The 
barrows  are  painted  when  out  of  service  any 
length  of  time. 

For  side-hill  work  and  to  open  grade  points 
the  barrow  is  giving  very  efficient  service.  Ob- 
servation on  side-hill  work  with  a  gang  of  25 
men  handled  dirt  at  the  rate,  of  eight  wheel- 
barrows per  minute  for  an  hour  with  a  haul  of 


21  ft.  This  would  mean  that  they  moved  over 
500  cu.  yds.  in  wheelbarrows  holding  4  cu. 
ft.  Good  runways  were  always  provided,  so 
that  the  loads  could  be  moved  with  the  least 
possible  waste  of  energy. 

The  gangs  were  placed  in  the  hands  of  effi- 
cient foremen,  who  taught  the  men  how  to 
handle  the  most  dirt  with  the  least  possible 
loss  of  time.  It  was  endeavored  at  all  times 
to  have  a  standard  gang  of  not  less  than  25 
men  under  each  foreman.  The  work  varied 
as  the  conditions  necessitated.  In  some  cases 
much  drilling  was  required,  in  others  none  at 
all. 

Cost  of  Dump  Car  and  Cart  Excavation. — 
Four  small  dump  cars  with  revolving  bodies 
were  found  to  be  convenient  and  useful  in 
short  cuts  and  at  the  approaches  to  the  one 
tunnel  that  has  been  built.  These  cars  run  on 
a  track  of  30-in.  gage  and  had  a  capacity  of 
2  cu.  yds.  The  cars  were  particularly  useful 
in  small  cuts  and  where  the  haul  was  long. 
The  revolving  body  would  permit  the  car  to  be 
dumped  in  building  the  fill  ahead  of  it  and 
could  be  dumped  on  the  side  to  widen  the 
fill  or  waste  the  material.  Light  rails  not  be- 
ing available  these  cars  were  run  on  a  track 
made  of  4x4  oak  timbers.  The  wooden  rails 
only  required  a  few  renewals  during  their  six 
months  of  service. 

Dump  carts  can  only  be  used  economically 
upon  hauls  about  100  ft.  long,  but  two  of  the 
cars  moved  by  mules  would  keep  a  gang  of  10 
to  12  shovelers  continuously  busy — where  the 
haul  was  from  600  to  700  ft. 

In  one  cut  alone,  it  is  estimated  two  of  these 
cars  handled  15,000  cu.  'yds.  of  earth  and  rock, 
with  a  maximum  haul  of  650  ft.,  at  a  cost  not 
to  exceed  20  cts.  per  cubic  yard.  The  average 
gang,  including  drillers,  was  about  14  men 
and  a  foreman.  This  number  of  men  loaded 
about  150  cu.  yds.  per  day  at  a  labor  cost  of 
about  $25  per  day.  It  took  nearly  three  months 
to  remove  the  cut. 

While  dump  carts  should  be  used  for  short 
hauls  of  from  100  to  125  ft.,  yet  they  have 
been  used  to  advantage  where  the  maximum 
haul  was  250  ft.,  provided  the  roadway  was 
kept  in  good  order  and  several  carts  were 
used  to  keep  a  good  sized  gang  moving.  In 
one  instance,  six  carts  were  used  in  completing 
a  fill  and  did  the  work  very  rapidly  where  the 
haul  was  approximately  150  ft.  Six  carts  and 
30  laborers  moved  325  cu.  yds.  per  day,  at  an 
expense  of  approximately  $47  or  about  15 
cts.  per  cubic  yard.  As  a  general  proposition 
our  cost  of  handling  earth  and  rock  with  dump 
carts  and  men  is  about  26  cts.  per  cubic  yard, 
exclusive  of  explosives. 

Roadbed  Cross-Section. — The  roadbed  cross- 
section  is  shown  by  Fig.  2.  It  is  expected  to 
ballast  later  with  stone  but  the  ballast  section 
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Fig.  5.     View  of  Rock  Side  Hill  Cut  Sta.  926, 
W.  &  Y.  V.  R.  R.  Before  Blasting. 

is  not  decided  upon.  On  account  of  the  char- 
acter of  the  soil  and  the  climate  a  slope  of 
only  %  to  1  in  earth  cuts  is  necessary  and  ad- 
visable, I  believe  even  steeper  slopes  would 
be  advisable  as  experimental;  Y^  to  1  slopes 
are  standing  very  satisfactorily. 

ROCK    EXCAVATION. 

Methods  of  Usinp  Explosives.— The  line  as 
located  and  the  material  afforded  a  splendid 
opportunity  for  the  use  of  explosives.  Much  of 
the  line  was  located  in  the  side  hills  in  loca- 
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tions  where  heavy  blasts  would  be  made  with- 
out endangering  life  or  property.  The  proper 
using  of  explosives,  however,  for  moving  earth 
has  been  given,  as  a  general  thing,  very  little 
attention.  The  experienced  men  that  we  em- 
ployed had  only  used  explosives  to  shatter  and 
break  up  the  rock  or  hard  soil,  so  that  it 
could  be  handled  by  either  hand  or  steam 
jhovcls,  and  the  old  powder  men  at  first  tried 
to  continue  the  use  of  that  method.  Much 
valuable  time  and  good  powder  were  wasted 
liefore  we  could  so  improve  the  use  of  powder 


at  the  fire,  ran  back  to  the  burning  explosives 
and  while  reaching  for  the  dynamite  in  a  bend- 
ing position,  all  the  dynamite  exploded,  in- 
juring the  man  slightly  around  the  body  but 
destroying  both  eyes.  Regardless  of  all  the 
facts,  a  jury  has  given  him  damages  for  a 
large  sum. 

The  first  order  for  explosives  was  for  a 
minimum  carload  of  powder  (400  kegs)  and 
two  tons  of  dynamite  with  sufficient  fuse,  caps, 
electric  exploders  and  one  No.  3  push  down 
blasting   machine.     This   was   to   be   used   on 


lower  ditch  line  at  points  midway  between  the 
upper  holes,  so  that  there  would  be  no  ques- 
tion about  moving  the  material  out  of  way. 
This  will  not  change  materially  the  amount  of 
powder  used,  as  one  yard  of  soft  rock  should 
be  moved  with  about  2  lbs.  of  powder.  The 
soft  rock  usually  was  a  decomposed  granite  or 
a  Carolina  gneiss  which  was  not  hard  to  drill. 
The  hard  rock  encountered  was  usually  a 
mica  schist.  This  was  very  hard,  and  in  these 
cases  the  upper  line  of  holes  was  placed  on 
the  upper  ditch  line  and  a  distance  apart  equal 


Fig.    8.      Plan    Showing    Location    of    Tunnel    and  Powder  Tunnels  Used  for  Blasting  Tunnel 

Approaches. 
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View    of    Completed    Cut    Sta.    926, 
W.  &  Y.  V.   R.   R. 


that  the  blast  would  move  the  maximum 
amount  of  rock  and  earth  out  of  or  off  from 
the  railroad  grade.  Where  dynamite  is 
handled  in  large  quantities,  unless  you  for- 
tunately have  a  general  foreman  who  is  fa- 
miliar with  the  dangerous  qualities  of 
that  explosive  serious  accidents  are  apt 
to  happen  if  all  precautions  are  not 
taken.  Xo  foreman  or  man  should  be 
allowed  to  handle  explosives  unless  he  fully 
understands  the  danger  of  careless  handling 
of  them.  Rigid  instructions  should  be  issued 
and  an  inspector  should  be  detailed  to  see 
that  all  instructions  are  carried  out.  A  fore- 
man permitted  to  handle  dynamite  should 
have  had  at  least  one  year's  experience  in  the 
handling  of  explosives.  He  should  pass  an  ex- 
amination as  to  his  qualifications. 

One  serious  dynamite  accident  occurred  due 
to  disobedience  of  rules  by  a  laborer.  In  this 
case  the  dynamite  was  being  thawed  by  an 
open  fire,  which  was  strictly  against  the  rules. 
The    laborers    of    the    night    force    about    the 
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Fig.  7.     Section   of   Tunnel   and  Timber  Lin- 
ing   Sta.   566   to    Sta.   567  i  75, 
W.  &  Y.  V.  R.  R. 


the  first  rock  cut  on  the  line  where  the  powder 
was  to  be  used  only  to  break  up  the  rock  gen- 
erally, so  that  it  could  be  moved  to  the  ad- 
joining fill.  The  small  amount  was  shot  to 
waste.  In  the  succeeding  rock  cuts,  of  which 
there  w-as  a  number,  it  was  the  plan  to  move 
as  much  rock  out  of  the  cuts  as  possible  by 
powder,  as  this  was  the  cheapest  possible  plan 
of  moving  the  material.  Many  of  the  cuts 
were  side-hill  in  a  thinly  settled  location  as 
already  stated. 

Methods  of  Spacing,  Drilling  and  Loading 
Blast  Holes. — It  was  difficult  at  first  to  get 
the  desired  results  as  all  the  old-time  powder 
men  rather  believed  in  the  single  shot  or  two 
or  three  shots  planned,  the  result  being  that  a 
poor  showing  was  made.  I  finally  made  ar- 
rangements with  the  general  foreman  to  lay 
out  or  plan  the  blasts  in  the  other  cuts  and 
for  some  time  no  heavy  blasting  was  done  ex- 
cept under  personal  direction.  The  cuts  were 
usually  of  a  length  where  30  or  less  than  30 
holes  would  cover  the  portion  of  the  cut  to 
be  moved,  so  that  a  No.  3  blasting  machine 
would  explode  the  blast. 

The  holes  were  spaced  on  lines  that  have 
since  entered  into  our  general  instructions 
for  use  of  pow'der  and  other  explosives.  In 
general  where  the  cut  at  the  center  line  was 
over  4  ft.,  and  the  material  earth  or  soft 
rock,  the  first  line  of  holes  was  placed  not 
more  than  2  ft.  above  the  center  line.  All 
holes  were  driven  to  a  point  2  ft.  below  grade 
and  usually  abo-jt  the  same  distance  apart  as 
the  depth  of  the  hole  to  grade,  except  when 
depth  was  greater  than  1.5  ft.     The  maximum 


to  the  depth  up  to  10  ft.  No  holes  were 
placed  farther  apart  than  this.  The  lower 
holes  were  placed  on  the  lower  ditch  line  at 
the  same  distance  apart  but  intermediate  to 
the  upper  line  of  holes. 

The  arrangement  had  to  be  modified  accord- 
ing to  the  rock,  as  hard  and  soft  rock  would 
be  found  in  the  same  cut  that  was  to  be  de- 
molished by  a  single  blast.  The  arrangement 
of  the  strata  changed  our  plans,  although  gen- 
erally the  strata  we  encountered  was  nearly 
vertical  or  leaned  slightly  to  the  northwest. 

The  general  tendency  was  to  use  too  much 
powder  in  the  soft  rock  or  earth  and  too  little 
in  the  hard  rock.  A  careful  estimate  was 
made  of  the  quantity  in  the  cut.     If  soft  rock 

2  lbs.  or  less  were  used  per  yard;  if  hard  rock, 

3  lbs.  per  yard  or  more.  The  general  fore- 
man in  charge  followed  instructions  carefully 
and  used  good  judgment  in  his  large  blasts 
and  usually  wasted  very  little  or  no  powder. 
After  he  became  acquainted  with  the  rock 
and  the  mistakes,  mistakes  were  rare. 

In  all  the  smaller  shots  that  are  being  made, 
the  foremen  are  instructed  to  use  powder  ju- 
diciously, and  they  are  getting  good  results 
with  a  minimum  amount  of  powder.  The 
holes  are  made  on  the  center  line  to  a  point 
about  2  ft.  below  the  grade  line  and  are 
spaced  a  distance  apart  equal  to  the  depth  of 
the  holes.  It  is  found  that  the  holes  drilled 
on  the  center  line  and  to  this  depth  below 
the  grade  will  ordinarily  pull  down  the  grade 
about  the  amount  desired,  and  will  not  move 
the  earth  too  far  back  of  the  slope  line  where 
.soft  rock  is  handled. 
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Fig.   9.      Profile    Showing   Tunnel   and    Results   of  Blasting  Approaches  by  Means  of  Powder 

Tunnels. 


tunnel  were  just  finishing  their  midnight  lunch 
at  the  fire  when  one  of  the  sticks  of  dynamite 
caught  fire  and  this  communicated  the  fire 
to  other  thawfng  dynamite.  .Ml  the  laborers 
ran  to  a  place  of  safety.  One  of  the  men, 
however,  to  show  his  disregard  of  burning 
dynamite  and  ostensibly  to  save  the  dynamite 


distance  apart  was  about  1.5  ft.  If  the  hill- 
side was  steep  and  the  lower  side  of  the  road 
bed  at  grade,  one  set  of  holes  was  sufficient. 
If  the  cut  under  ordinary  circumstances  was 
a  through  cut  with  the  depth  of  cut  2  ft.  or 
more  on  the  Icnycr  side,  then  a  lower  set  of 
holes   was  drilled  parallel   to  the   first  at  the 


In  all  cases  where  there  were  over  five 
holes,  the  battery  was  tested  with  a  Rheostat 
and  every  fuse  and  finally  the  line  was  tested 
with  a  galvanometer,  so  that  no  misfires  oc- 
curred. It  is  not  rare  that  a  faulty  fuse  is 
found,  and  when  they  do  occur  they  can  cause 
annoyance  if  they  arc   used. 
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Drilling  Outfit. — Steam  drills  are  used  with 
hard  rock,  while  a  large  percentage  of  the 
other  holes  are  put  down  by  hand  and  churn 
drills.  In  many  places  churn  drills  were  suc- 
cessful in  soft  rock.  In  all  hard  rock,  steam 
drills  are  used  when  possible.  The  two  drills 
used  were  the  Ingersoll  P-24  type  with  3-in. 
cylinders  6^-in.  stroke.  One  12  HP.  boiler 
supplied    the   two   drills. 

Cost  of  Excavating  a  Rock  Sidehill  Cut. — 
Several  large  blasts  have  been  successfully 
made  along  the  route  in  sidehill  cuts  on  diflfer- 


Per 
cu.  yd. 

121  cans  power  at  $1.30 $157.30     $0,121 

150  lbs.   dynamite  at  $0.15 22.50      0.017 

50    20-ft.    fuses 3.40       0.003 

58    16-ft.    fuses 2.78       0.002 

Labor  drilling;  .^tld  loading  holes..  135.00      0.104 
Labor,    81  men   at   $1.50 126.00       0.096 

Total    $446.98     $0,343 

About  320  ft.  of  holes  were  drilled  at  a 
cost  of  appro.ximately  40  cts.  per  lineal  foot 
for  drilling  labor,  which  was  only  0.24  ft.  of 
hole  per  cubic  yard  of  rock  blasted.     Powder 
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Fig.    10.      Details    of   Timber    Pier   for   28-Ft.   Trestle  Spans  Over  Elk  Creek,  W.  &  Y.  V.  R.  R. 


ent  sections  of  the  line,  moving  almost  Yz  cu. 
yd.  of  material  for  every  pound  of  powder 
used.  In  one  cut,  estimated  at  8,000  cu.  yds.. 
95  per  cent  of  which  was  solid  rock,  33  holes 
were  driven  in  two  rows,  the  upper  row  being 
appro.ximately  20  ft.  deep  and  extending  2  ft. 
below  grade,  while  the  lower  holes  were  16 
ft.  deep,  extending  6  ft.  below  grade.  The 
holes  were  expanded  or  "sprung"  twice,  first 
by  using  5  or  6  sticks  of  dynamite  and  then 
by  using  25  or  30  sticks.  This  material  was 
all  rock  and  the  second  expansion  of  the 
holes  was  necessary,  although  it  is  believed 
that  one  expansion  of  the  holes,  using  10  or 

12  sticks  of  dynamite,  would  have  given  bet- 
ter results,  as  the  second  expansion  tended  to 
fill  the  holes  rather  than  open  them  up  to  suffi- 
cient size.  An  average  of  11  kegs  of  power 
was  used   in   expanding  the   upper   holes   and 

13  in  the  lower  holes.  The  results  of  this  blast 
were  very  satisfactory,  378  kegs  of  powder 
being  used,  moving  fully  7,000  cu.  yds.  of  rock. 
A  \o.  3  push  down  battery  was  used  in  this 
explosion,  although  this  was  overloading  the 
battery    slightly. 

Fig.  3  shows  the  profile  of  the  cut  where 
this  blast  was  made  and  a  plan  showing  the 
location,  spacing  and  arrangement  of  the  33 
blast  holes. 

Figure  4  shows  a  typical  cross-section  of  the 
cut  before  and  after  the  blast  and  as  com- 
pleted. A  wagon  road  was  shifted  farther 
back  from  the  river  after  the  grading  was 
done. 

Figure  5  shows  a  view  of  the  site  of  a  small 
sidehill  rock  cut  at  Sta.  926.  Holes  are  being 
drilled  by  hand  for  a  blast  that  was  made  June 
16,  1913.  Six  lower  holes  were  drilled  ap- 
proximately 4  ft.  down  hill  from  the  center 
line  having  depths  of  from  7  to  11  ft.  Three 
holes  were  drilled  along  the  center  line,  and 
17  holes  having  depths  of  from  11  to  18  ft. 
were  drilled  at  an  average  distance  of  7  ft. 
above  the  center  line.  All  holes  were  drilled 
about  2  ft.  below  sub-grade.  The  rock  was 
of  hard  grey  character,  and  eight  cans  of 
powder  were  placed  in  most  of  the  deepest 
holes,  although  one  hole  required  eleven  cans. 
Three  cans  were  loaded  into  the  shallow  holes. 
The  cost  of  making  the  blast  and  cleaning  out 
the  cut,  which  contained  a  total  of  1,300  cu. 
yds.,  was  as  follows,  the  item  of  $126  being 
for  labor  in  cleaning  out  the  loose  material 
left  by  the  blast  and  in  dressing  up  the  cut; 


was  used  at  the  rate  of  2.3  lbs.  per  cubic  yard 
of  rock  blasted,  the  springing  of  the  holes  re- 
quiring 0.12  lbs.  of  dynamite  per  cubic  yard  of 
rock.  It  was  estimated  that  900  cu.  yds.  of 
rock  were  shot  out  of  the  cut,  so  the  unit 
cost  for  clearing  out  and  dressing  the  cut  was 
$126 -^400  =  $0.31  per  cubic  yard  of  rock  left 
in  the  cut  after  the  blast.  Figure  6  shows  the 
cut  ready  for  track  three  days  after  the  blast 
was  fired. 

Cost  of  Excavating  a  Rock  Through  Cut. — 
For  the  purpose  of  comparison  the  cost  of 
excavating  a  through  rock  cut  between  Sta. 
1038  +  50  and  Sta.  1041  is  here  given.  The 
material  in  the  cut  was  medium  hard  rock, 
much  of  it  being  mica  schist,  and  amounted 
to  2,200  cu.  yds.  Thirty-seven  holes  were 
drilled  and  fired  in  eleven  blasts.  About  28 
pop  shots  and  small  shots  were  required  for 
breaking  up  rock  and  removing  rock  to  a 
point  below  grade.  Some  of  the  material  was 
removed  by  wheelbarrows  to  the  side  of  the 
cut,  but  the  greater  portion  was  moved  by 
carts  into  a  nearby  fill,  the  haul  being  about 
250  ft.  The  mules  were  owned  by  the  com- 
pany but  the  cost  was  estimated  at  $1.50  per 
10-hour  day.  The  total  cost  of  excavating  the 
cut  was  as  follows : 

Item. 

Mules   and    carts $      47.00     $0,021 

Labor    1.018.25       0.463 

liStploslves    174.45       0.079 

Totals    $1,239.70     $0,563 

TUNNELS. 

One  short  tunnel  was  constructed  having 
a  total  length  of  194  ft.  As  the  rock  was 
somewhat  varying,  in  spots  very  hard  and  at 
other  points  loose,  it  was  necessary  to  line  the 
entire   length. 

The  section  adopted  as  shown  by  I-'ig.  7  is 
rather  narrow,  had  it  been  the  intention  to 
maintain  a  permanent  tunnel,  but  as  it  is  the 
purpose  to  make  an  open  cut  at  this  point, 
the  smallest  safe  section  was  adopted.  The 
track  has  a  summit  about  half  way  through 
the  tunnel  which  provides  for  draining  track 
ditches  to  both   ends. 

Cost. — The  tunnel  was  driven  by  hand,  the 
entire  cost  being  $6,730.74,  or  $.34.69  per  foot. 
This  is  very  reasonable,  taking  into  account 
the  fact  that  very  little  experienced  labor 
could  be  found.  No  accidents  in  the  tunnel 
proper  occurred.  The  above  cost  includes  all 
material,  explosives  and  labor  in  any  way  con- 


nected with  the  tunnel.  It  required  39  days 
to  drive  the  headings,  and  about  the  same 
time  to  drive  the  benches.  Labor  was  scarce 
and  difficult  to  get. 

Method  of  Using  Powder  Tunnels  for  Ex- 
cavating Rock. — The  tunnel  approaches  con- 
tained approximately  40,000  cu.  yds.  of  earth 
and  rock,  75  per  cent  of  which  was  earth. 
Nearly  50  per  cent  of  this  was  moved  by  two 
blasts,  one  on  each  approach ;  30,000  lbs.  of 
powder  were  used.  The  powder  in  these  later 
instances  was  placed  in  powder  tunnels  run- 
ning about  on  the  ditch  line  with  branch  tun- 
nels leading  from  the  main.  The  powder  was 
emptied  into  paper  flour  sacks  and  then  com- 
pacted as  closely  as  possible  in  the  extreme  end 
of  the  main  tunnel  and  branches.  After  the 
powder  was  placed,  the  balance  of  the  tunnel 
was  tilled  with  earth  compacted  as  well  as 
possible.  The  fusees  and  lead  lines  in  these 
blasts  were  tested  at  every  step  in  the  wiring 
of  the  blasts.  Figure  8  shows  the  location  of 
the  tunnel  on  a  curve  and  the  plan  of  the 
powder  tunnels.  Figure  9  is  a  proiile  showing 
the  amount  of  material  moved  by  the  two 
blasts   in  powder  tunnels. 

While  effective  and  satisfactory  work  was 
done  by  these  two  blasts  yet  it  is  believed  that 
by  the  use  of  more  powder  somewhat  differ- 
ently placed,  had  the  dirt  been  better  com- 
pacted at  the  tunnel  mouth  or  had  there  been 
a  solid  stone  or  concrete  wall  built  across  the 
mouth  of  the  tunnel,  or  in  the  tunnel  next 
to  the  powder,  better  results  would  have  been 
obtained.  The  powder  tunnels  were  very  dry 
and  it  is  not  believed  the  powder  would  have 
deteriorated  very  much  during  48  hours  neces- 
sary to  give  a  concrete  wall  time  to  set.  The 
fact  that  there  was  evidence  of  considerable 
force  wasted  at  the  mouth  of  the  tunnel  was- 
evidence  that  there  was  quite  a  waste  of  good 
powder. 

Total  Amount  and  Average  Cost  of  Excava- 
tion by  R.  R.  Company  Forc«.— Approxi- 
mately 24  miles  were  graded  by  company 
forces.  The  total  yardage  moved  was  475,052, 
of  which  99,688  yards  were  rock.  Labor  cost 
including  explosives  was  appro.ximately  .12  ct. 
per  yard  for  earth  and  36  cts.  for  rock ;  213,- 
250  lbs.  of  powder  were  used  and  24,000  lbs. 
of   dynamite. 

It  is  estimated  that  the  powder  moved  from 
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Fig.  11.     Chart  Showing  Dally  Movement  of 
Excavation,    Daily    Costs    of    Earth    and 
Rock  Excavation,  and  Weather  Con- 
ditions at  Camp  No.  2  for  Month 
of  November,  1912. 


the  grade,  so  that  no  further  handling  was 
necessary,  at  least  80,000  cu.  yds.  An  addi- 
tional large  yardage  of  material  was  shaken 
up  to  be  loaded  by  wheelers  or  loaded  into 
carts   or   cars. 

BRIDGES. 

Pile  and  trestle  bridges  are  too  frequently 
constructed  in  order  to  save  time,  or  to  avoid 
real  or  supposed  difficulty  in  forming  em- 
bankments. The  maintenance  cost  of  such 
bridges  is  many  times  in  excess  of  an  embank- 
ment of  equal  first  cost,  and  no  bridge  of  this 
character   should  be  built,   unless  the  cost  of 
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embankment  exceeds  the  first  cost  of  such  a 
bridge,  and  the  subsequent  cost  of  fiUing  the 
bridge  by  work  train  or  otherwise.  The 
larger   streams   are   bridged    with   trestles. 

.•\t  some  stream  crossings  the  standard  panel 
length  of  14  ft.  center  to  center  of  bents  has 
been  doubled  to  28  ft.  and  timber  piers  con- 
^tructed  as  shown  by  Fig.   10. 

Corrugated  culvert  pipe  was  used  up  to  48 
ni^.  diameter.  W'here  larger  openings  were 
rtijLiired  trestle  openings  were  built  with  the 
expectation  of  placing  concrete  culverts  at 
such  places  at  an  early  date.  This  was  done 
to  open  the  line  to  traffic  as  rapidly  as  possible 
and  to  secure  a  reduction  of  cost  of  transport- 
mg  bridge  and  culvert  material  by  the  use  of 
the  railroad  instead  of  teams.  The  tops  of 
bridge  stringers  are  set  0.25  ft.  above  regular 
ur.'ide  on  the  profile,  and  regular  grade  changed 
about  100  ft.  to  obtain  the  0.25  ft.  raise. 

REPORTS. 

The  foreman  of  each  gang  furnished  a  daily 
report  of  work  done.  Each  gang  was  fur- 
nished with  a  counter,  and  some  one  man  who 
had  time  registered  the  number  of  wheelers, 
scrapers,  carts  and  cars  or  wheelbarrows 
moved.  Where  blasts  were  made,  the  amount 
moved  was  determined  by  measurement.  These 
reports  were  sent  in  daily  and  the  amount  of 
dirt  or  earth  moved  at  each  camp  charted  and 
the  unit  costs  determined.  One  of  these 
charts  for  Camp  No.  2  for  the  month  of  No- 
vember.  1912,  is  shown  by   Fig.  11. 

TR.^CK. 

The  track  is  laid  with  70-lb.  A.  S.  C.  E.  sec- 
tion rail.  The  joints  are  spliced  with  24-in. 
angle  bars  using  four  11/16  in.  square  nut 
bolts  and  ^-in.  nut  locks.  On  curves  of  over 
2°  the  rails  were  curved  with  an  Emerson  rail 
bender  before  being  placed  on  the  ties.  The 
rails  were  laid  with  broken  joints.  The  allow- 
ance made  at  joints  for  expansion  was  as  fol- 
lows: 100°  F.— 0  in.;  80°  F.— 1/lG  in.;  60°  F. 
—%  in. ;  40°  F.— 3/16  in. ;  20°  F.—'A  in.  and 
0°  F. — 5/16  in.  Ordinarily  iron  shims  were 
used  to  secure  the  proper  amount  of  space 
for  e.xpansion,  but  where  the  track  was  on 
steep  grades  sawed  wooden  shims  were  used 
which  were  left  in  the  track  until  it  was  spiked, 
bolted  and  thoroughly  anchored.  The  gage  of 
track  was  made  as  follows ;  On  tangent  and 
on  curves  up  to  4  degrees,  4  ft  8l4  ins.;  on 
curves  from  4  degrees  to  8  degrees,  4  ft.  8^ 
ins.;  on  curves  from  8  to  12  degrees,  4  ft.  S]/i 
ins.,  and  on  curves  from  12  to  20  degrees  4  ft. 
9  ins.  The  superelevation  of  the  outer  rail 
on  all  curves  is  at  the  rate  of  '/>  in.  per  degree 
up  to  a  total  of  5  ins.  No  greater  elevation 
than  5  ins.  is  allowed.  On  grades  exceeding 
1  per  cent  no  greater  elevation  than  4  ins.  is 
alowcd  on  curves  of  10  degrees  or  over.  The 
maximum  superelevation  on  all  curves  of  15 
degrees  or  over  is  3  ins. 

On  straight  track  18  ties  per  33  ft.  rail 
and  on  curves  20  ties  per  33  ft.  rail  arc  used. 
Tie  plates  are  used  on  curves  of  1  degrees  or 
over.  The  ties  were  tamped  thoroughly  with 
a  shove!  for  a  distance  of  15  ins.  inside  of 
each  rail  and  under  the  whole  portion. of  the 
tic  outside  of  the  rails.  The  track  is  sub- 
stantially  planked   at   all   road   crossings. 


Cost  of  Track  Laying  With  a  Track 

Machine. 

(Contributed.) 

In  the  first  place,  it  is  well  to  mention  the 
fact  that  the  conditions  affecting  track  laying 
are  numerous  and  varying,  and  it  would  be 
practically  impossible  for  anyone  except  an 
experienced  contractor  with  well  organized 
forces  to  attain  the  results  shown  by  the  data 
below.  Forces  which  have  been  employed  for 
years  in  as  narrow  or  specialized  a  field  as 
track  laying,  arc  hound  to  attain  a  high  degree 
of  efficiency,  provided  the  management  is  the 
best,  for  a  body  of  most  able  overseers  is 
gradually  collected,  which  assures  wise,  effi- 
cient and  progressive  supervision.  If,  in  ad- 
dition to  the  above,  a  concern  builds  up  a 
reputation  for  paying  the  best  wages  and  giv- 
ing absolutely  the  best  treatment  possible,  con- 
sistent with  the  work  required,  an  asset  of  no 
small  importance  is  added. 

The  track  laying  described  herein  was  done 


by  a  force  which  showed  the  results  of  all  the 
advantages  mentioned  above.  Every  device 
or  appliance  which  would  help  aloni;  the  work 
was  furnished.  Tools  and  machinery  were 
maintained  at  top  efficiency  through  frequent 
expert  attention.  Years  of  experience  have 
developed  a  construction  organization  of  en- 
viable efficiency.  It  is  not  surprising,  therefore, 
that  the  costs  appear  exceedingly  low,  as  com- 
pared with  track  laying  by  railway  company 
forces.  It  should  be  noted  also,  in  this  con- 
nection, that  in  general  rail  laying  by  railway 
forces  is  done  entirely  by  hand.  The  costs 
given  do  not  include  unloading  the  material 
in  the  material  yard,  loading  it  into  the  dis- 
tributing train,  nor  transporting  it  to  the 
"front." 

One  of  the  most  vital  reasons  why  contrac- 
tors turn  out  cheaper  work  than  railways  can. 
is  the  fact  that  they  offer  better  wages  and 
thereby  get  better  laborers  in  the  end,  as  the 
weeding  out  process  is  available  when  good 
wages  are  paid.  This  leaves,  for  railway 
company  laborers,  inexperienced  men  who 
can  not  make  good  with  contractors.  .Mso 
stipulations  are  usually  introduced  into  con- 
tracts which  make  the  owner  liable  for  extras 
in  case  the  contractor's  work  is  held  up  or 
interfered  with.  Consequently  great  efforts 
are  made  to  keep  the  contractors'  force  fully 
supplied  with  material  and  room  to  work  in. 
Thus  the  unit  costs  are  greatly  decreased 
through  better  planning,  resulting  in  better 
and  more  rapid  execution  of  the  work. 

MAKE-UP   OF    TR.\CK    LAVING    MACHINE   TRAIN. 

When  laying  track,  the  train  carrying  the 
machine  is  made  up  as  follows,  beginning  with 
the  "pioneer  car,"  which  always  remains  at 
the  "front,"  and  is  not  changed  out  as  are  the 
other  cars  in  the  train.  Immediately  behind 
the  "pioneer"  are  four  cars  of  rails,  then  the 
locomotive,  and  behind  that  eight  cars  of  ties; 
next  comes  a  car  of  tie  plates,  when  they  are 
used,  the  "trailer,"  which  is  a  car  carrying 
spikes,  bolts  and  base  plates,  a  car  of  plank  for 
crossings,  a  car  of  cattle  guards,  a  tool  car 
and  the  way  car.  This  makes  twenty  cars, 
and  all  are  flat  cars  except  the  two  last  men- 
tioned. 

The  first  car  of  rail  behind  the  pioneer  is 
"trimmed,"  that  is,  on  it  is  loaded  angle  bars 
enough  to  lay  the  amount  of  steel  carried  on 
the  train.  The  angle  bars  are  carried  forward 
over  the  pioneer  car  and  delivered  as  needed 
to  the  "strap  liangers"  in  front.  The  rails  un- 
derneath the  angle  bars  are  the  last  ones  laid 
from  the  train,  in  order  that  the  angle  bars 
may  be  cleared  off  by  the  time  rails  are  needed. 

.'\  system  of  trams  is  used  to  carry  the 
ties  and  rails  to  the  front.  The  trams  arc 
made  in  sections,  each  33  ft.  long,  the  sides 
consisting  of  2%  x  10  in.  planks.  Tic  trams 
are  14  ins.  wide,  and  rail  trams  are  12  ins. 
wide.  The  trams  arc  held  together  bv  bolts  on 
which  are  pipe  separators  to  hold  the  sides 
the  proper  distance  apart.  Near  the  bottom  of 
the  trams  arc  live  rollers,  which  complete  .i 
trough-shaped  w-ay  for  tics  or  rails. 

On  the  pioneer  car  is  installed  a  20-h.  p.  up- 
right engine  for  driving  the  live  rollers  in  the 
trams;  this  is  done  by  means  of  a  tumbling 
shaft  and  gear  or  cog  wheels.  Steam  for  tlie 
stationarv  engine  is  piped  from  the  locomo- 
tive. Tlie  shaft  is  fitted  with  "patent  coup- 
lings." that  is.  on  one  end  of  each  section  is  a 
casting  containing  a  square  socket  into  which 
the  end  of  the  next  rod  fits.  I-"ach  length  of 
tram  has  a  section  of  the  shaft  bolted  to  it 
and  .ns  the  trams  are  hung  the  rods  arc  fitted 
together,  thus  forming  a  continuous  shaft. 
The  trams  are  "hung"  on  iron  brackets  or 
trusses  which  hook  info  the  stake  pockets  on 
the  cars.  The  trusses  arc  made  with  flange 
rollers  on  which  the  trams  are  placed,  thus 
taking  care  of  the  slack  of  the  train  in  st.irt- 
ing  and  stopping.  The  tr.ims  have  a  coupling 
device  wliicli  holds  tlicm  toccther,  the  ones  on 
the  pioneer  being  permanently  fastened  to  the 
car. 

The  tie  trams,  fifiO  ft.  long,  are  operated  on 
the  right  hand  side  of  the  train.  Those  for 
the  rail.  210  ft.  lone,  arc  on  the  left.  The 
movement  of  tics  and  rail  is  controlled  hv  the 
"dinkey  skinner."  i.  c.,  the  stationary  en- 
gineer, so  as  to  deliver  them  in   front  of  the 


train  as  needed.  A  tie  chute  53  ft.  long  pro- 
vided with  dead  rollers  is  attached  at  the  front 
end  of  the  tie  tram  on  the  pioneer  and  through 
this  chute  the  ties  are  pushed  by  the  ones  com- 
ing forward  over  the  live  rollers.  .\nd  as 
fast  as  they  are  delivered  at  the  end  of  the 
chute  they  are  taken  by  the  "tie  buckers" 
(laborers)  and  are  placed  across  the  grade 
ready  for  the  rails. 

A  similar  chute  attached  to  the  rail  tram 
provides  a  way  for  delivering  the  rail  in  front 
of  the  pioneer.  These  chutes  are  supported  at 
the  outer  end  by  cables  attached  to  the  rear 
end  of  the  pioneer  car  and  carried  up  over  a 
high  frame  work  or  "gallows"  on  the  front 
end.  A  boom,  also  attached  to  the  front  end 
of  the  pioneer  car,  extends  far  enough  ahead 
to  have  the  cable  attached  to  it  reach  the 
niiddle  of  the  rail  when  placing  it  in  position 
in  track.  This  cable  is  operated  by  hand  with 
an  ordinary  crab.  Instead  of  cranks,  a  small, 
light  buggy  wheel  is  used  by  the  operator  to 
wind  up  the  cable,  which  lifts  the  rail  and 
holds  it  while  the  "heeler"  and  his  assistants 
place  it  in  position  on  the  track.  (A  newer 
device  handles  the  cable  with  compressed  air). 
The  rails  are  placed  in  the  trams  by  three 
men,  and  are  handled  in  front  by  six  more. 
(One  man  on  each  car  places  the  ties  in  the 
trams.  The  spikes,  bolts  and  base  plates  are 
peddled  from  the  trailer  as  the  train  pro- 
ceeds. 

(The  rails  are  held  to  gage  by  bridle  rods 
until  the  train  passes  over,  all  spiking  being 
done  in  the  rear.  The  train  moves  ahead  one 
rail  length  at  a  time  when  laying  square  joints, 
and  half  a  rail  length  when  laying  broken 
joints.  The  trams  are  taken  down  when  cars 
are  empty  and  replaced  on  the  loaded  cars 
when  a  new  train  arrives;  from  100  to  125 
men  are   required   for  a  full  crew. 

Material  for  the  track  machine  is  loaded  by 
railway  company  forces,  and  great  care  is  tak- 
en to  have  the  material  loaded,  not  only  in 
correct  proportion,  but  in  correct  order  and 
position  on  cars.  A  train,  called  the  swing 
train,  is  then  made  up  of  sufficient  material 
for  a  half  day's  work,  and  is  transported  to 
the  front,  or  rather  to  the  camp  of  the  con- 
tractor, where  it  is  placed  in  the  most  con- 
venient place  available  for  the  track  machine 
crew  to  pick  up.  The  swing  train  crew  then 
takes  a  train  of  empties  and  returns  to  the 
material  yard.  The  track  machine  is  served 
regularly  by  the  same  locomotive  and  train 
crew.  As  the  track  machine  does  not  move 
ahead  by  its  own  power,  a  locomotive  and 
train  crew  are  required  to  remain  with  the 
machine   constantly. 

Rriefly.  the  movement  of  the  machine  is  as 
follows  in  laying  square  jointed  track :  ties 
are  trammed  and  carried  ahead  constantlv  and 
layed  on  the  grade :  the  machine  moves  ahead, 
and  a  rail  is  chuted  out  and  heeled  in  by  the 
rail  gang,  and  the  angle  bars  bolted  on  loosely 
with  two  bolts  only;  a  second  rail  is  placed 
and  held  to  gage  by  bVidle  rods ;  the  machine 
is  then  moved  ahead  a  rail  length  by  the  loco- 
motive, and  the  operation  repeated.  When  lay- 
ing broken  jointed  track,  the  machine  is  moved 
ahead  a  half  rail  length  at  a  time,  thus  re- 
quiring twice  as  many  moves. 

Rack  of  the  machine  the  bridle  rods  are  re- 
movec'.  and  enough  ties  are  spiked  to  hold  the 
rails  from  spreading.  .Spacing  ties,  bolt  tight- 
ening and  lull  bolting  are  all  done  behind  the 
machine,  and  cause  it   no  delay. 

0Rr..\N'IZAT!OJC    OF   GANG. 

A  gang  of  125  men  will  easily  lay  two 
miles  of  track  per  day,  provided  no  unusual 
difticulties,  such  as  soft  grade,  etc.,  are  en- 
countered A  gang  of  this  size  would  be 
placed  about  as  follows : 

1  ^^•n<•^ll   forcmnn  at,  per  day J  .'i.CO 

1  n.Mst    forcmnn,    with    rail    sang,   at.    per 

ciny    3.50 

1  ass't    forcmnn.    watching   trams,   at   per 

day    3.50 

1  n8.i't  forcmnn,  with  splkcrs,  at.  per  day    S-.'iO 
1  aan't  foreman,   lining  track,  nl.   per  day    3..i0 

I   Btnllonnry  engineer  at.   per  month 75.00 

1  polf   man   at.   per  month 75.00 

1   oiler  at.    per  day 2.50 

1  line  man  at.  per  day 2.25 

Ifi  "tie  buoktrs"  at,  per  day »2.25  and     2.50 

2  tie   spacers,    ahead   of   machine,   at,   per 

day    2.25 

1  man   fiddling  lies  at.   per  day 2.25 
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6  "rust  eaters,"  handling  rail,  at.  per  day  2.50 

1  bridle    man    at,    per   day 2.25 

1  heel    nipper   at.    per   day 2.25 

2  strap    hangers    at,    per    day 2.25 

1  man,    carrying  angle    bars   from    "trim- 

med"  car  to  pioneer  car,   at,   per  day  2.25 

3  steel    rollers,     roiling    rails    into    trams, 

at,     per     day 2.50 

8  tie    trammers,    rolling    ties    Into    trams. 

at,     per     day 2.25 

2  spike    peddlers,    distributing   spikes,    at, 

per  day   2.25 

2  bolt  and  joint  plate  peddlers  at.  per  day  2.25 
2  "bridle  men,"  carrying  bridle  rods  from 

rear,  at,   per  day 2.25 

■1  rear  bolters  at,  per  day •  2.25 

2  water  boys  at,   per  day 2.23 

8  men  spacing  tics  at,  per  day 2.23 

1  gage  man  at,  per  day 2.25 

32  spikers  at.  per  day 2.50 

16  nippers  at,   per  day $2.25  and  2.50 

5  liners  at.  per  day 2.23 

When  the  gang  is  smaller,  the  force  behind 
the  machine  is  cut  down,  and  TO  men  would 
be  organized   about   as   follows: 

1  general   foreman  at,   per  day $  5.00 

1  ass't   foreman,    with    rail   gang,    at,    per 

day    3.50 

1  ass't   foreman,   watching  trams,   at,   per 

day    3.50 

1  ass't    foreman,    with    rail    gang,   at.    per 

day    3.!)0 

1  ass't  foreman  on  general  work,  at  per 

day    3.50 

1  stationary   engineer   at.    per   month 75.00 

1  pole   man  at.   per  month 75.00 

1  oiler  at,   per  day 2.50 

1  line  man  at,  per  day 2.25 

10  "tie  buckets"  at,  per  day $2.25  and     2.50 

2  tie  spacers  at.  per  day 2.25 

6  rail  handlers  at,  per  day 2.30 

1  bridle  man  at,  per  day 2.25 

1  heel  nipper  at,  per  day 2.25 

2  strap  hangers  at,  per  day 2.25 

1  man  carn.'lng  angle  bars  at,   per  day...     2.25 

5  steel   rollers   at,    per  day 2.50 

8  tie  trammers  at,  per  day 2.25 

2  spike  peddlers  at,  per  day 2.25 

2  bolt  and  joint  plate  peddlers  at,  per  day  2.25 

1  bridle  rod  man  at,  per  day 2.25 

2  rear  bolters  at,    per  day '. 2.25 

1  water  boy  at,   per  day 2.25 

1  gagi'  man  at,  per  day 2.23 

4  men  spacing  ties  at.  per  day 2.25 

12  spikers  at,  per  day 2.50 

6  nippers  at,  per  day 2.50 

During  the  work  from  which  the  cost  data 
were  obtained,  the  gang  varied  from  about  -51' 
to  100  men.  The  $2.50  laborers  (spikers. 
nippers,  and  tie  buckers)  averaged  about  40 
per  cent  of  the  entire  .gang.  During  the  ftj 
days  the  following  expenses  were  chargeable 
against  track  laying: 
Overhead  charge  on  machine  (Interest 
at  6  per  cent,  depreciation  at   10  per 

cent)    $      100.00 

Dlnkev  skinner,  2^  mos.,  at  $100 210.00 

Timekeeper,    2W,    mos.,    at    $83 177.00 

Locomotive  and  crew.  G5  days,  at  $40..     2,GO0.OO 
Supervision   and   labor 8.710.00 

$11,797.00 
Force  account,  or  extras  allowed 578.00 

$11,219.00 
Average   cost   per    mile...: $280.50 


This  cost  represents  the  cost  to  the  con- 
tractor, plus  the  cost  of  the  locomotive  and 
crew  at  $40  per  day.  The  latter  charge  should 
be  added,  however,  as  it  represents  a  real  part 
of  the  operation  expense  of  the  track  ma- 
chine. 

GENERAL    TR.ACK    CONDITIONS. 

The  organization  of  a  force  working  on  a 
track  laying  machine  is  easily  adjustable  to 
the  amount  of  laborers  at  hand,  within  cer- 
tain limits,  by  a  foreman  who  is  competent. 
When  a  full  crew  is  not  available,  tlie  man  in 
charge  wWl  cut  out  certain  parts  of  the  work, 
such  as  full  spiking  and  bolting  behind  the 
machine,  reduce  the  number  of  the  "tie  buck- 
ers," viz.,  men  carrying  ties  to  the  minimum, 
take  off  the  lining  gang  from  behind,  and  so 
on  all  through  the  entire  crew  wherever  a  man 
can  possibly  be  spared,  leaving  only  those 
laborers  whose  work  is  absolutely  necessary 
to  be  done  while  the  rail  is  being  laid.  The 
rest  is  left  to  be  done  on  the  "back  w-ork."  The 
two  methods  given  above  illustrate  this.  Oc- 
casionally a  crew  becomes  so  small  when  men 
are  scarce,  tliat  only  half  of  a  train  will  be 
laid  in  a  half  day.  This  is  an  expensive 
method  for  the  contractor  as  it  gcnerallv  ne- 
cessitates "taking  down"  and  "hanging"  the 
trams  an  extra  time  for  a  mile  of  track. 

When  a  full  crew  is  on  the  work  a  mile  of 
track  can  be  easily  laid  in  from  three  to  four 
hours,  including  hanging  and  taking  down 
the  trams. 

The  track  from  which  the  cost  of  track  lay- 
ing above  wMs  computed,  was  laid  during  the 
winter  months,  and  some  bad  weather  was 
encountered,  but  the  work  probably  progressed 
as  fast  as  it  would  in  the  summer  months, 
when  extremely  hot  weather  is  liable  to  slow 
up  the  men. 

The  rail  used  was  the  standard  length  S-T 
ft.,  laid  square  joints  on  tangents  and  broken 
joints  on  curves.  When  a  curve  was  reached  a 
rail  was  cut  to  break  the  joints,  the  cut  being 
figured  so  that  the  short  part  was  used  on  the 
inside  of  the  curve  at  the  start,  and  then  the 
long  part  was  used  at  the  end  on  the  outside 
of  the  rail  of  curve  to  square  the  joints  for 
the  tangent.  The  specifications  stipulated  that 
joints  must  not  be  laid  within  four  feet  of  the 
ends  of  bridges  and  culverts.  To  avoid  cut- 
ting rails  to  meet  this  condition,  fractional 
steel  (short  rails)  was  loaded  on  the  "trim- 
med" car  and  when  approaching  a  bridge  the 
distance  would  be  measured,  and  if  foimd  nec- 
essary a  panel  or  more  of  these  short  length 
rails  would  be  used  to  bring  the  ioints  the 
desired  distance  from  the  end  of  the  bridge. 
In   laying   through   yards   where   sidings  were 


located,  the  main  line  was  laid  through  re- 
gardless of  the  switches,  and  when  switches 
were  put  in  they  were  laid  as  near  to  the  en- 
gineer's location  as  they  could  be  put  without 
cutting  a  main  line  rail.  The  fractional  steel, 
a  certain  amount  of  which  all  companies  agree 
to  take  with  every  large  order  for  rail,  was 
laid  between  the  switches  on  the  main  lines 
through  station  grounds.  As  a  rule  the  sid- 
ings were  all  laid  with  relieved  rail,  the  work 
being  done  by  hand. 

The  rail  was  a  PO-lb.  section,  that  is,  fe 
weighed  90  lbs.  per  yard.  It  was  laid  on  white 
oak  ties,  spaced  18  to  21  under  a  33  ft.  rail  on 
tangent,  and  19  to  22  ties  per  33  ft.  on  curves. 
The  joints  were  made  with  ordinary  angle 
bars  with  four  bolts,  and  spring  nut  locks. 
The  heads  of  the  bolts  were  staggered,  that 
is,  alternate  bolt  heads  were  respectively  on 
the  inside  and  outside  of  rail.  The  number 
of  ties  per  rail  length  were  varied  to  suit  their 
sizes — 18  broad  faced  ties  being  used,  or  21 
narrow  faced  ties,  on  tangents. 

The  cost  of  transporting  the  machine  and 
the  men  to  the  work  is  not  included  herein, 
the  data  given  representing  the  costs  after 
the  machinery  and  the  laborers  were  on  the 
work. 

An  inspector  was  employed  by  the  company, 
but  although  his  expenses  represent  a  charge 
against  the  track  by  the  railway,  it  is  not 
chargeable    against   the   contractor's   expenses. 

COMPARISON. 

The  scarcity  of  costs  on  track  laying  make 
definite  comparisons  rather  meager.  Jn  190.) 
and  1906,  Iiovvever,  the  cost  of  laying  track 
on  the  Erie  R.  R.  was  shown  in  an  article  by 
H.  C.  Landon,  in  the  Erie  R.  R.  Employes 
magazine."  The  cost  of  laying  track  was  said 
to  be  about  $200  per  mile.  The  cost  of  labor 
and  supervision  was  as  follows,  for  a  gang  of 
00  men  : 

1  foreman  at,  per  day $  4.01 

2  ass't    foremen   at.    per   day 3.00 

Locomotive  and  crew  at,  per  day 40.!io 

Gl  men   at,    per   day 1.30 

1  water  boy  at,   per  day 1.23 

The  average  cost  of  labor  in  the  1913  work 
described  herein  was  58  per  cent  above  that 
of  the  1905  work;  while  the  cost  of  tracklaying 
in  the  1913  work  was  only  40  per  cent  aliovc 
tliat  in  1905.  It  is  probable  that  the  steel  laid 
in  1905  was  a  much  li.ghtcr  section,  and  pos- 
sibly the  ties  were  soft  ties  spaced  at  wider 
intervals.  It  is  safe  to  say  that  with  the 
present  class  of  average  railway  company 
labor,  it  would  be  imnossible  to  lav  track  for  ] 
less  than  $3.50  per  mile,  and  $-100  is  probably  I 
paid  in  a  good  many  cases. 
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Prevailing  Types  of  Pumps  in  Califor- 
nia and  Their  Suitability  for  Irri- 
gation Work. 

Contributed   by  C.    H.    Sessions,    San   Francisco. 
Cal. 

A  splendid  market  for  pumps  driven  by 
electric  motors  and  gas  engines  has  been 
opened  as  the  result  of  the  great  development 
of  hydro-electric  power,  an  abundance  of 
cheap  distillates  of  crude  oil,  and  the  profit 
that  comes  to  the  farmer  who  irrigates  Cali- 
fornia land.  Conditions  prevailing  in  differ- 
ent parts  of  the  state  determine  the  type  and 
size  I'f  pumping  plant  that  is  used  and  that 
may  range  from  a  popping,  air  cooled  one- 
horsepower  gas  engine  driving  a  small  pump 
jack  to  supply  w.ntcr  to  a  few  stock,  to  some 
fine  large  drainage  plant,  having  a  canaeity  of 
as  much  as  .350,000  gals,  per  minute,  lifting  the 
seepage  and  runoff  from  the  hills  up  over  a 
levee  and  into  a  river  that  during  flood- 
time  is  booming  along  and  carrying  an  enor- 
mous amount  of  water  high  above  these  rich 
delta  lands. 

The  piston  type  pump  is  most  eflicicnt  for 
higher    heads    and    small    (piantities    of    water 


and  for  this  reason  the  great  first  cost  of 
displacement  jximps  does  not  prevent  their 
use  by  the  small  gardener  or  the  orchardist 
whose  water  supply  is  a  deep  well.  Wlieu. 
however,  something  more  than  150  to  20n 
gals,  per  minute  is  required,  a  centrifugal 
pump  is  generally  used  because  it  is  rela- 
tively cheap,  easily  installed,  and  has  an  elli- 
ciency  approaching  ihat  of  the  displacement 
pump  as  the  quantity  is  increased.  Irrigation 
is  expedited  by  a  large  head  of  water  and 
unless  the  irrigator  is  forced  into  using  less 
his  aim  is  to  work  as  large  a  head  as  he  can 
control.  Excessive  minimum  rates  charged  by 
the  power  companies  on  large  motor:;  and  the 
large  first  cost  of  a  big  plant  do  not  deter 
him  from  using  a  large  head  if  he  can  get  it. 
His  mind  is  intent  upon  the  success  of  his 
crop.  The  big  plant  gives  him  a  chance  to 
catch  up  if  he  is  behind  for  any  re<:son  and 
gives  him  a  comfortable  feeling  of  security 
so  that  he  can  handle  his  crop  to  advantage. 
Competition  may  force  upon  the  irrigator  the 
use  of  the  smaller  plant  working  more  nearly 
continuously,  but  in  California  for  '.he  pres- 
ent arguments  for  refinement  offered  by 
power  companies  who  want  to  keep  their  load 


factor  as  high  as  possible  are  met  with  the 
statement  that  the  profit  is  in  the  crop  and 
that  the  operation  of  the  pump  is  a  secondary 
matler  and  that  the  large  plant  is  preferred. 
The  centrifugal  pumps  used  in  California 
for  irrigation  are  nearly  all  supplied  by  local 
manufacturers.  Eastern  pumps  have  iiol  been 
able  to  find  their  way  into  this  market  in  the 
larger  sizes  because  they  can  not  be  stocked 
very  v.'ell  upon  the  coast  and  in  the  smaller 
sizes  because  they  are  not  what  the  market 
wants.  The  local  pumps  have  undergone  a 
rapid  development,  so  that  the  eastern  pumii 
by  the  lime  it  is  stocked  on  the  coast  is  nut 
just  what  the  market  demands.  The  opening 
of  the  Panama  Canal  and  the  standardizing  of 
centrifugal  pump  design  may  some  day  open 
this  market  to  the  eastern  pump  manufacturer. 
At  present  the  local  man  has  the  advantage 
and  is  holding  it  by  selling  special  pumps  and 
making  quick  deliveries.  lie  can  supply  his 
pump  with  special  discharge  and  suction  fit- 
tings and  furnish  a  runner  of  an  odd  diameter 
.and  cr.pacity  to  suit  special  conditions  under 
which  a  stock  pump  would  not  operate  s.ntis- 
factorily.  This  is  particularly  so  in  the  case 
of  the  centrifugal  pump  directly  connected  to 
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in  electric  motor.  Here  the  runner  must  be 
jarefully  designed  so  that  the  motor  will  not 
fe  overloaded  and  at  the  same  time  have  speed 
,nougli  to  throw  the  right  quantity  of  water 
;.t  the  highest  head.  To  design  and  furnish 
juch  •;  runner  the  manufacturer  must  know 
exactly  the  conditions  under  which  the  pump 
js  to  operate  and  have  a  sufficient  number  of 
patterns  to  choose  from,  so  that  he  can  get 
out  the  pump  promptly  and  at  not  too  great 
in  expense.  From  his  experience  and  his 
knowledge  of  local  conditions  he  can  go  be- 
yond the  information  furnished  by  a  customer 
:oncerning  the  head  under  which  the  pump  is 
|.o  operate  and  supply  a  pump  that  will  give 
jatislai tion,  while  the  eastern  man  who  has 
'lot  this  information  must  rely  upon  a  contract 
^o  get  him  his  money  when  it  is  found  out  that 
while  the  pump  is  correctly  designed  for  the 
^ead  as  given  by  the  customer,  the  head  is  not 
actually  what  the  customer  thought  it  would 
,be  and  as  a  result  the  pump  is  not  just  right 
for  some  cause  that  it  will  cost  money  to  rem- 
edy. The  manufacturer  can  not  be  blamed, 
but  ;mless  he  makes  the  pump  right  without 
cost  to  the  customer  the  ne.xt  pump  will  be 
bought  from  a  local  manufacturer  who  has 
the  reputation  of  furnishing  pumps  that  work 
just  right.  To  illustrate  this  a  case  that  often 
happens  may  be  cited.  A  farmer  wants  a 
pump  directly  connected  to  a  motor  to  pump 
from  v/ells  which  he  has  had  drilled  but  which 
he  h.13  not  carefully  tested.  He  is  led  to 
believe  by  the  well  borer  and  his  desire  for 
good  wells  that  a  certain  quantity  of  water 
will  be  got  with  a  certain  pull  on  the  wells. 
Now  it  may  happen  that  this  quantity  and 
head  just  about  fit  a  motor  of  a  certain  horse 
power  and  speed.  The  eastern  manufacturer 
wouM  furnish  his  runner  to  suit  these  condi- 
tions only  while  the  local  man,  knowing  that 
the  wells  in  that  vicinity  do  not  generally  show- 
up  as  well  as  the  farmer  figures  would  make 
his  runner  a  little  larger,  so  that  when  the  out- 
fit is  installed  all  the  water  that  can  be  in 
reason  expected  will  be  discharged  by  the 
pump,  n,  as  is  rarely  the  case,  the  runner  is 
so  large  as  to  overload  the  motor  then  at  small 
cost,  it  can  be  reduced  in  diameter  to  suit 
without  cost  to  the  farmer.  H  the  other  pump 
were  installed  not  enough  water  would  be 
disclnrged  and  the  farmer  would  be  led  to 
believe  that  the  eastern  pump  was  as  the  local 
manufacturer  claimed,  not  equal  to  the  local 
pump  in  the  amount  of  water  that  could  be 
discharged.  Any  reflection  on  the  wells  makes 
an  fncmy  of  the  well  borer,  who  is  some  talker 
'.ho  may  for  financial  reasons  be  a  very 
triend  of  the  local  pump  manufacturer. 
]  IK'  features  that  distinguish  the  local  pumps 
arc  whether  or  not  the  runner  is  open  or  en- 

' '1    whether  the  axial  thrust  on  the  runner 

!,mced  by  a  mechanical  thrust  bearing  or 

•!  automatic  hyflraulic  device  and  flexibility 
of  the  lunner  as  regards  range  of  head  for  a 
uiv'-n  capacity.     Mechanical   features,  such  as 
oiling    bearings,    water    sealed    stuffing 
^    and    split    casings,   distinguished    some 
'j|  the  local  pumps  from  the  others.    The  open 
runner  or  impeller  is  to  be  found  in  the  cheap- 
er  and    older    pumps.      This    runner    depends 
upnn  the  running  fit  between  the  rininer  and 
''"    -idc  plates  of  the  pump  casing  to  prevent 
■0  from  the  discharge  back  into  the  sue- 
As  the  pump  wears  this  fit  is  impaired, 
and  as  a  result,  the  efficiency  is  lowered  stead- 
ily as  more  and  more  water  is  by-passed.    The 
enclosed  impeller  or  runner,  with  sides  cxtend- 
inir  from  the  huh  to  the  rim,  has  largely  su- 

•  led  the  open  runner.  Here  the  leakage 
vented  by  the  fit  lietwccn  a  recess  in  the 
'.iiu;  arul  a  shoulder  on  the  hub  of  the  run- 
ner. This  shoulder  is  of  relatively  small  diam- 
eter, so  that  the  leakage  area  is  not  great. 
When  the  water  contains  sand  and  wear  is 
apt  to  he  excessive,  removable  bushings  arc 
fitted  that  can  be  easily  replaced  and  at  rela- 
tively small  expense.  The  fact  that  the  suc- 
tion opening  on  a  single  suction  pump  causes 
a  thrust  in  the  direction  of  the  suction  open- 
ing, varying  in  amount  in  proportion  to  the 
area  of  the  opening  and  the  vacuum  or  sue- 
tirin  head,  makes  it  necessary  to  have  some 
sort  -if  balancing  device.  In  some  devices  this 
is  accomplished  by  having  a  chamber  on  the 
opposite  side  of  the  runner  that  is  connected 


by  drilled  or  cored  holes  with  the  suction  side, 
and  that  is  separated  from  the  pressure  side 
or  discharge  of  the  pump  by  a  hub  running  in 
a  recess  of  a  diameter  calculated  to  take  care 
of  the  effect  of  the  area  of  the  shaft  and  cen- 
trifugal action  in  the  clearance  spaces.  This 
acts  as  a  counter  balance  to  remove  the  thrust 
for  some  particular  head,  but  as  the  head 
changes  the  thrust  changes,  so  that  a  thrust 
collar  must  be  arranged  outside  the  casing, 
and  if  the  thrust  is  excessive,  as  it  may  be 
for  a  high  vacuum,  some  means  must  be  pro- 
vided for  cooling.  It  may  be  said  here  that 
when  the  impeller  is  thrusting  steadily  in  one 
direction  there  can  be  no  end  play  to  the  shaft, 
and  as  a  result  the  stuffing  bo.x  packing  wears 
badly  and  must  be  compressed  very  hard  to 
keep  this  gland  tight.  In  the  automatically 
acting  hydraulic  device  the  same  two  hubs  are 
made  use  of,  but  the  end  of  the  hub  is  so 
fitted  with  reference  to  the  recess  that  a  slight 
lateral  movement  opens  or  closes  the  passage 
for  water  that  will  by-pass  from  the  pressure 
to  the  suction  side  and  causes  an  inequality 
automatically  in  the  thrust  to  move  the  runner 
until  the  pressures  on  both  sides  are  again 
equal.  In  this  device  the  slight  end  play  keeps 
the  stuffing  bo.x  packing  in  fine  condition,  and 
if  some  sort  of  an  oil  or  water  seal  is  used, 
little  or  no  pressure  is  needed  to  prevent  the 
air  from  working  into  the  pump  and  causing 
it  to  lose  its  priming.  The  action  of  this  bal- 
ance is  independent  of  the  head  against  which 
the  pump  is  working  and  about  the  only  dis- 
advantage argued  against  it  is  that  the  by- 
passed water  lowers  the  efficiency  of  the  pump, 
particv.larly  if  sandy  or  gritty  water  is  being 
pumped. 

!t  is  not  generally  advisable  to  locate  the 
pump  farther  than  about  20  ft.  from  the  water 
level,  and  this  presents  no  great  difficulty  when 
the  water  is  being  pumped  out  of  a  river  or 
lake  Of  wells  where  the  water  level  is  not  sub- 
ject to  much  change,  but  when  light  wells  are 
being  pumped  from  it  may  be  necessary  to 
draw  on  the  wells  with  a  vacuum  correspond- 
ing to  lowering  the  water  in  the  wells  as  much 
as  20  ft.,  which  means  that  the  pump  must  be 
placed  as  near  as  possible  to  the  level  of  the 
water  in  the  wells  and  before  the  wells  are 
drawn  upon,  so  that  as  large  a  suction  head 
can  be  used  as  is  possible.  In  other  words, 
the  pump  must  be  put  in  a  pit  as  deep  as  the 
surface  water  will  allow.  The  pump,  if  it  is 
a  horizontal  one,  must  not  be  under  water.  A 
vertical  pump,  however,  can  be  put  low  enough 
so  that  the  water  may  be  drawn  down  20  ft. 
farther  than  the  distance  that  the  dump  is 
submerged.  Such  a  pump  makes  it  possible  to 
draw  very  hard  on  weak  wells  and  upon  wells 
that  may  have  their  water  level  lowered  to- 
ward the  end  of  the  season  or  by  the  fact  that 
other  irrigators  are  pumping  from  the  same 
water  stratum.  The  horizontal  pump  in  such 
a  case  would  have  to  be  lowered  as  the  water 
recc<led  and  would  have  to  be  raised  again  to 
keep  it  out  of  the  water  when  the  level  came 
up  in  the  winter  or  at  the  end  of  the  season. 
This  would  be  impossible  if  several  wells  were 
connected  up  by  any  great  amount  of  piping. 
.\  water  tight  pit  and  a  sealed  well,  although 
such  .1  construction  is  possible,  call  for  a  grade 
of  work  that  is  seldom  found  in  irrigating 
jdanls.  The  farmer  can  not  see  the  necessity 
of  l)uikling  two  walls  of  concrete  just  to  make 
the  inner  one  tight  with  asphallum.  He  is 
sure  i">  listen  to  someone  who  can  put  some- 
thing in  the  concrete  that  will  make  it  abso- 
lutely water  tight.  That  something  costs  very 
little  as  compared  with  the  cost  of  the  pit,  and 
he  has  paid  for  it  long  before  he  finds  out  that 
the  pit  is  not  tight  and  dry.  A  new  type  of 
vertical  pump  is  being  put  on  the  market  and 
may  be  said  to  have  about  passed  out  of  the 
experinienlal  stage.  Tt  is  a  ilcep  well,  vertical 
turbine  pimip  of  stnall  outside  diameter,  which 
makes  it  possible  to  install  it  directly  in  the 
well  casing  without  the  use  of  a  pit,  the  driven 
pulley  being  at  the  surface  of  the  ground  if  it 
is  to  be  belt  driven  and  the  motor  being  direct- 
ly connected  to  the  shaft  at  the  surface  of  the 
prnund  if  it  is  to  be  direct  connected  unit. 
Those  pumps  have  several  stages,  made  tieces- 
sary  by  the  small  runner  diameters  Cone  stage 
being  RoofI  for  about  20  ft.)  and  have  the  shaft 
made  i:p  in  sections  and  carried  in  bearing  in- 


side a  casing  which  forms  the  frame  of  the 
entire  pump,  and  through  which  the  water  is 
dischaiged  to  the  surface.  Lubrication  and 
alignment  of  this  shaft  is  a  problem,  and  the 
life  of  these  pumps  under  hard  usage  is  yet  to 
be  determined.  They  are  expensive,  but  for 
the  man  who  has  a  well  that  fails  him  in  the 
latter  end  of  the  season  they  are  a  splendid 
means  of  drawing  the  last  drop  of  water  that 
can  be  got  out  of  his  well.  This  last  drop  is 
sometimes  very  valuable  when  the  moisture  is 
drying  up  fast  and  the  fruit  lacks  but  a  short 
time  of  filling  out  and  ripening,  as  it  must  be 
to  be  sold  at  a  good  price. 


Lining    Irrigation    Ditches    in    Hawaii 
By  the  Cement  Gun  Process. 

Some  ditch  lining  data  of  interest  to  irri- 
gation engineers  are  contained  in  an  article 
by  A.  W.  Collins,  engineer,  Maui  Agricul- 
tural Co.,  in  a  committee  report  to  the  Ha- 
waiian Sugar  Planters'  Association.  This 
article,  slightly  condensed,  is  as  follows: 

The  increasing  value  of  water  in  various 
sections  of  the  country  in  the  last  few  years 
has  led  to  many  experiments  in  ditch  linings, 
by  both  government  and  private  capital.  The 
prevailing  idea  has  been  to  obtain  a  lining 
which  is  permanent  and  at  the  same  time 
cheap  enough  to  enable  people  with  limited 
capital  to  do  work  otherwise  prohibitive. 
Without  doubt  a  4-in.  to  6-in.  concrete  lining 
is  the  best,  but  the  cost  is  high.  Rubble  wall 
set  in  a  lime  mortar  and  then  plastered  with 
cement  mortar  has  been  tried  with  little  re- 
duction in  cost,  even  getting  lime  at  75  cts. 
per  barrel.  Oil  has  been  used  in  some  sec- 
tions, mostly  in  California,  but  this  stops 
only  a  part  of  the  seepage  and  would  not  be 
practicable  for  this  country.  There  have  been 
many  plastered  ditches,  but  results  have 
shown  them  in  the  main  temporary.  Water 
gets  in  behind  and  soon  causes  the  liming  to 
crack  ofT.  This  has  been  well  illustrated  rf)n 
various   ditches   in   the  islands. 

As  far  as  1  know  Mr.  Jorgensen  on  the 
Hamakua  Ditch  in  Hawaii  was  the  first  to 
experiment  with  a  plaster  lining  reinforced 
with  chicken  wire.  A  large  part  of  the  ditch 
was  lined  this  way,  and  at  the  present  time 
the  work  is  standing  up  so  well  that  it  seems 
safe  to  call  it  an  ideal  lining.  One  big  item 
is  the  elimination  of  all  form  work,  which 
makes  progress  very  slow  and  is  expensive. 
The  chicken  wire  is  fastened  onto  the  sides 
,ind  bottom  with  nails  or  staples  made  out  of 
an  ordinary  fence  wire.  In  some  places  in 
rocky  sections  this  is  a  little  difficult  but 
there  are  always  enough  cracks  in  the  rock 
to  be  able  to  fasten  the  wire  on  in  a  few 
places.  There  are  also  places  so  uneven,  as 
in  shale  or  loose  rock,  that  they  require  mud- 
ding  before  the  wiring  and  plastering.  The 
wiring  and  plastering  should  follow  this 
mudding  before  it  has  had  time  to  dry  out 
and  crack. 

The  one  difficulty  is  to  get  the  plastering 
done  well.  With  our  ordinary  island  labor 
constant  supervision  is  necessary.  It  is  very 
easy  to  shirk  the  work,  where  the  men  arc 
at  all  anxious  to  make  a  showing,  by  insuffi- 
cient troweling.  The  mortar  has  a  tendency 
to  fall  when  first  applied,  and  unless  the 
worker  is  careful  and  experienced  this  causes 
a  porous  spot  in  the  plaster.  It  is  vcrv  diffi- 
cult to  make  them  rub  it  in  thoroughly. 

We  became  interested  in  the  cement  gun 
through  its  use  by  Captain  Edwards  in  build- 
ing construction  at  the  different  army  posts 
near  Honolulu.  It  was  thought  to  be  ideal 
for  ditch  lining  to  overcome  the  inefficiency 
of  hand  work.  Both  the  Maui  .\gricultural 
Co.  anil  the  H.  C.  &  S.  Co.  have  a  machine 
at  present  writing,  but  thus  far  only  the  one 
belonging  to  the   former  has  been  used. 

There  is  a  marked  difference  lictween  ce- 
ment mortar  applied  by  hand  and  the  product 
of  the  machine.  The  latter  is  shot  under  a 
■pressure  of  approximately  -10  lbs.  to  the 
square  inch  antl  loaves  the  nozzle  at  a  velocity 
of  2i>i1  ft.  per  second,  consequently  it  is  far 
denser  and  of  a  much  greater  tensile  strength 
that  that  applied  by  hand.  One  very  import- 
ant point  in  favor  of  machine  applied  mortar 
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is  that  the  combining  of  cement  and  water 
takes  place  in  transit  and  the  mixture  does 
not  have  to  be  moved  after  an  initial  set.  This 
is  one  of  our  worst  troubles  on  concrete  work 
in  the  islands.  The  laborers  generally  em- 
ployed here  do  not  realize  the  necessity  of 
handling  the  mortar  quickly  after  the  water 
has  been  applied.  I  have  seen  them  mi.xing 
so  much  at  one  time  that  it  would  be  impos- 
sible to  get  it  on  inside  of  30  to  40  minutes. 
This  initial  set,  especially  with  some  cement 
on  the  market,  is  considerable  and  is  of  course 
lost  under  these  conditions.  The  men  re- 
peatedly do  this  thing  unless  watched,  al- 
though explicit  instructions  to  the  contrary 
have  been  issued.  This  fault  is  entirely  elim- 
inated with  the  gun  method. 

Comparative  tests  of  mortar  made  by  hand 
and  by  the  cement  gun  have  been  made  by  a 
well  known  engineering  company.  These 
show  that  the  product  of  the  cement  gun  de- 
veloped from  20  per  cent  to  2G0  per  cent 
greater  tensile  strength  and  from  20  to  720 
per  cent  greater  compressive  strength  than 
the  product  of  the  same  mixture  when  applied 
by  hand.  These  tests  also  showed  that  com- 
pared with  the  most  carefully  prepared  hand 
made  cement  mixture,  "gunite"  is  far  more 
impervious  and  waterproof. 

We  have  at  this  time  finished  ^V-z  miles  of 
open  ditch  and  three  short  tunnels,  their  re- 
spective lengths  being  2.')0,  400  and  740  ft. 
The  outfit  has  been  entirely  satisfactory  and 
very  good  results  have  been  obtained.  On 
our  larger  ditch  we  have  averaged  about 
100  ft.  per  day,  a  running  foot  being  equiva- 
lent to  18  sq.  ft.  All  the  labor  on  the  job 
has  been  under  contract,  varying  on  this 
larger  ditch  from  1.5  to  20  cts.  per  linear  foot. 
This  cost  covers  mudding  where  the  section 
is  uneven,  wiring,  man  for  nozzle,  men  mix- 
ing sand  and  cement  and  supplying  the  gun, 
a  helper  for  the  engine  and  all  labor  for  mov- 
ing the  outfit. 

The  tunnel  work  has  given  us  a  good  Ime 
on  what  is  possible  with  the  gun.  In  all  three 
tunnels  the  engine  and  gun  have  been  at  least 
100  ft.  from  the  end  of  the  tunnel.  This  in 
the  long  tunnel  would  make  an  850  ft.  deliv- 
ery pipe  or  hose  from  the  gun  to  the  nozzle. 
Working  at  this  distance,  however,  diminishes 
the  output  considerably,  since  the  air  motor 
cannot  be  run  wide  open  as  when  working 
nearer.  This  means  less  material  delivered  to 
the  discharge  pipe  and  consequently  less  work. 
We  are  constructing  two  new  ditches. 
Haiku  and  Kauikoa,  10  and  Wz  miles  long. 
These  are  both  practicallv  all  tunnels,  rangmg 
from  800  to  3,000  ft.  We  expect  to  cement 
gun  all  possible.  In  some  places  where  we 
have  had  cave-ins  during  construction  or 
where  the  material  looks  dangerous  we  will 
concrete  both  sides  and  roof.  There  will  also 
be  places  where  there  is  so  much  water  com- 
ing in  that  a  mortar  will  be  insufficient  and 
concrete  will  be  used. 

\Vc  expect  to  work  both  compressor  and 
gun  outside  of  tunnel  for  the  first  500  ft.,  de- 
livering material  in  pipe  or  hose  to  nozzle. 
Beyond  this  distance  the  compressor  will  be 
kept  outside  and  the  gun  will  be  moved  into 
the  tunnel.  This  will  shorten  the  material 
hose  and  thereby  lessen  friction,  which 
means  we  can  run  the  air  motor  faster  and 
accordinglv  can  accomplish  more  work.  The 
distance  from  compressor  to  gun— "the  air 
line"— makes  little  diflference  as  long  as  all 
joints  are  tight. 

The  gas  engine  driven  compressors  fur- 
nished with  the  outfit  are  excellent  and  would 
come  in  very  handv  for  any  riveting  or  light 
drill  work.  Everything  is  portable  and  little 
time  is  lost  in  moving  from  on  position  to 
another. 

The  following  is  the  record  of  complete 
cost  of  work  for  a  period  of  five  weeks  on  a 
ditch  of  18  ft.  cross  .section: 

\A\>OT.  2.nno  ft.  at  15  cts »    SftO.Jin 

Cement,  270  barrels  at  J3.G0 l.M^'-Oo 

Cg^p^  lUl'.'MJ 

Gasoline;   S70  (tallons  at  22  cts 191 -i;! 

AVIre    .-,  2nn  ft.  r.-fl.  at  4  cU "2'-^l^ 

Wire'.  2.«no  ft.   H-ft.  at  3  ct-i 78.on 

Superintendence    inXn/! 

Incidentals   ''"'■'''' 

Cost  of  2,600   ft \l,hVlA') 


Soil    Porosity   and    the    Distance    Be- 
tween Drainage  Channels. 

Contributed  by  Louis  Sclimeor,  LoDg  Beach,  Cai. 

In  an  article  entitled  "Groundwater-Move- 
raents,"  etc.,  published  on  Sept.  24,  1913,  in 
Engineering  and  Contracting,  the  contributor 
gives  values  of  K.  the  transmission  constant, 
as  derived  from  soil  composition  data  pub- 
lished by  the  U.  S.  Geological  Survey.  A  cor- 
respondent points  out  the  fact  that  these 
values  are  erroneous  as  far  as  the  surface 
layers  of  the  soils  are  concerned,  since  the  in- 
fluence of  the  organic  contents  of  the  upper 
crust  on  the  proposity  is  not  taken  into  con- 
sideration. The  position  of  the  correspondent 
is  well  taken.  Surface  soils  not  entirely  bar- 
ren contain  remnants  of  plant  or  animal  life 
in  greater  or  lesser  abundance,  the  percent- 
age in  most  cases  rapidly  decreasing  with  the 
depth.  The  products  of  the  decomposition  of 
plant  life  are  usually  present  in  the  form  of 
humus,  a  sponge-like  substance  of  great  but 
undetermined  transmission  capacity.  Surface 
soils  are  moreover  exposed  to  the  physical 
activities  of  the  atmosphere,  to  heat,  cold,  dry- 
ing winds,  etc.,  which  tend  to  increase  their 
porosity  in  a  great  degree,  a  fact  which  is 
most  plainly  evident  in  the  case  of  the  so- 
called  joint  clays  rendered  porous  by  repeated 
wettings  and  dryings.  When  a  soil  is  sub- 
jected to  a  mechanical  analysis,  its  natural 
porosity  is  destroyed  and  its  humus  contents 
are  eliminated;  a  true  estimate  of  its  trans- 
mission capacity  is  in  consequence  impossible. 
Reliable  hydrological  values  can  only  be  found 
by  actual  experiments  in  the  field  and  none 
thus  derived  are  at  present  available. 

A  simple  device  for  the  determination  of 
the  transmission  capacity  of  the  soil  in  situ, 
denoted  lysimeter,  is  made  and  operated  as 
follows :  A  steel  pipe  2  ft  or  over  in  diameter 
and  having  a  sharp  cutting  edge  is  driven  into 
the  soil  to  the  desired  depth  ;  the  soil  enclos- 
ing the  pipe  is  then  removed  and  the  interior 
soil   column   completely  isolated   by   driving  a 


Fig.  1.    Cross  Drainage. 

sharp -edged  steel  plate  across  the  bottom  of 
the  pipe.  Water  is  then  admitted  to  the  sur- 
face and  the  supply  so  regulated  that  a  thin 
sheet  alwavs  covers  the  soil  column.  As  soon 
as  the  discharge  at  tlie  bottom  is  regul.ir  it  is 
measured  and  the  value  of  the  transmission 
constant  found  from  the  equation. 

Discharge  in  cubic  feet  per  hour  X  24 

•''"Area  of  cross-section  in  square  feet. 

In  part  IT,  Report  of  U.  S.  Geological  Sur- 
vey of  1898  Prof.  King  gives  data  describing 
the  hydrological  properties  of  some  Wisconsin 
soils  from  which  fairly  reliable  values  of  the 
transmission  constant  may  be  computed.  The 
etTective  diameter  of  the  soil  grains  was  de- 
termined by  means  of  an  apparatus  known  as 
King's:  aspirator.  This  device  permits  a  de- 
termination without  the  elimination  of  organic 
substances  and  the  values  obtained  are  in  con- 
sequence more  accurate  than  those  derived  by 
other  methods. 

In  Table  I,  columns  two  and  three  give  the 
porositv  percentages  and  effective  diameters 
as  determined  by  King  and  column  four  gives 
the  corresponding  values  of  K  computed  by 
the  writer  from  the  formula 

K  =  22464  P"D' 

It  will  be  observed  that  in  the  sandy  soils 
the  surface  layer  is  the  least  permeable  while 
in  the  heavy  soils  the  reverse  is  the  case.  This 
phenomenon  is  due  to  the  fact  that  the  weath- 
ering process  converts  the  coarse  sand  grains 
near  Ihe  surface  into  the  less  permeable  silts 
while  those  at  greater  depths  ^re  not  affected. 


In  the  clays,  representing  the  final  product 
of  the  decomposition  of  many  minerals,  the 
soil  grains  are  more  nearly  alike  throughout 
the  mass  and  the  presence  of  organic  sub- 
stances in  the  surface  layers  renders  these  the 
most  permeable. 

Summarizing  the  values  given  in  column  4 
we  find : 

For  the  heavy  clays,  2  samples — K  =  0.20  —  0.30 
For  the  clayey  loams  and  loamey 

clays,    4    samples K  =  0.60  —  0.80 

For  the  lighter  Joaras,  2  samples. K  —  0.90  —  1.50 
For  the  sandy  soils,  10  samples.. K  =  0.50  —  7.76 

It  is  probable  that  somewhat  higher  values 
would  be  obtained  for  the  same  soils  found 
ill  situ.  Having  the  true  value  of  K.  the  dis- 
tance between  drainage  channels  is  easily 
found. 

Let  D.  P.=the  average  maximum  daily  pre- 
cipitation in  inches. 

H  =  the  elevation  of  the  surface  of  the  soil 
(or  of  the  watertable)  above  an  impervious 
layer. 

Z  =  the  depth  of  the  drainage  channel  (or, 
more  accurate,  the  elevation  of  the  soil  sur- 
face above  the  water  in  the  channel) 

then  from  the  formula 

KsHZ 
Q  = 


putting 


Z 

2L 


=  5=  the  mean  slope. 


—  =  the  mean  depth  of  the  layer  through 
2  which  the  water  penetrates  into  the 

channel. 
KH     Z     Z    U 

2       2L    2    L 

which  reduces  to 

].oKHZ' 
D.  P.  = 

Hence 


-7       \IA1 


TABLE  I. 

Effective 
Porosity,     diameter. 

Description   of  soil-                P  D 

Sandv   soils:                            0.3449  0.02619 

Minong,    Wis.,    surface ••••••• 

Minong,  Wis.,   6-12   ins....   0.299C  0.0o23 
Cypress   Point,   Wis.,   sur- 

face    0.3230  0.03149 

Cypress   Point,   Wis.,    8-16 

ins 0.3230  0.09352 

Tomahawk,  Wis.,  surface.   0.3457  0.04751 
Tomahawk,      Wis.,      12-18 

ins 0.3143  0.1242 

Superior    Junction.     Wis.,    ,  „,,„  „.„,„. 

surface    0.3619  0.03439 

Superior    Junction,     Wis.,      

6-12   ins 0.2932  0.3589 

NeKoosa,   Wis.,  first  foot.  0.4068  0.02501 

NeKoosa.Wis.,  second  foot  0.3287  0.05197 

Prairie  loam,   Oasis,  Wis.,      

surface    0.3S83  0.03035 

Prairie  loam.  Oasis,  Wis.,  

second    foot 0.3464  0.04,  i7 

Clavey    loam,    Drummond, 

Wis.,  surface   0.4487  0.02206 

Clayey    loam.    Drummond, 

Wis.,    second    foot 0.441o  0.02197 

Clayey  loam,  Bruce,  Wis., „„,„„, 

second  foot  0.4827  0.01804 

Loamey    clay,     St.     Croix,  

Wis.,    second   foot .-.  0.4,10  O.OISIO 

Heavy  clay,  Ashland,  Wis., 

l.C  Ins. 0.4532  0.01402 

Heavy  clay,  Ashland,  Wis., 

C.S   Ins 0.4410       0.01111 


K 
0.4S 

i.i'i 

0.54 

4.72 
1.51  I 

7.78 

0.93 

0.48 

0.72  I 

1.64  I 

0.91 
1.5( 

0.78  1 
0.7*1 

o.el 

0.( 
0.9 

o.i; 


In  cross  drainage,  where  channels  run  at 
right  ,-ingles  to  the  greatest  slope  a  small 
qiiantitv  of  water  will  percolate  into  the  up- 
<:|rcam' channel.  The  dividing  line  between 
the  movement  towards  the  lower  and  that 
toward';  Ihe  upper  channel  is  evidently  given 
hy  the  line  of  equal  velocities.  Let 
.Y  =  the  distance  discharging  into  the  lower 

channel, 
Y  ■=.  the  distance  discharging  into  the  upper 

channel,  then,  for  equal  velocities 

^    H    ^    _   A^   £    2 
P      2     X    ~   P      2      y 
which   reduces  to 

^  —  H  ^  Z^ 
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ience  for  cross  discharge 

1.5  A'gl  -  jj      )    2« 


D.P.  = 


L* 


In  agricultural  soils,  excluding  the  sands, 
Vhich  rarely  need  drain?ge  the  subsoil  is  the 
lenser  and  more  compacted  the  greater  the 
iistance  from  the  surface  and  in  the  lower 
:ones  it  is  practically  impervious.  The  depth 
It  which  porosity  vanishes  may  be  assumed 
0  be  about  16  ft. 

'  Drainage  experts  in  Europe  and  the  United 
States  are  practically  agreed  that  the  basis  of 
■ralculation  in  drainage  work  should  be  an 
iverage  maximum  daily  precipitation  of  6  mil- 
limeters or  0.24  in. 

Assuming  H  =  16  and  D.  P.  =   0.24  and  in- 
.serting  values 


j  ,i.5a:i6  (H  +  Z\ 

:    -''-^  \     0.24       \     H     ) 

which  reduces  to 

I  —     iH  +  Z\ 

L  =  10  Z  V  /C     (-  ^^j 

This  holds  good  when  channels  are  run  at 
high  angles  to  the  greatest  slope;  in  other 
words,  where  cross-drainage  is  in  use. 

For    longitudinal    drainage    where    channels 
run   in   the   direction  of   the  greatest   slope,  a 
strip  between  two  laterals  is  drained  by  both 
channels. 
Henct 

2Z 
s  ^  —  and  H  ^  Z. 
L 
consequently 

L  =  5Z   V"~^ 

For  Z  =  4  ft.,  the  usual  depth  for  tile  drains, 
it  is  scon  that  for  cross-drainage  L  =  SO\K, 
for  longitudinal  diainage  L  =  40V  A'. 

If  the  values  of  K,  based  on  King's  ex- 
periments, given  above,  are  inserted  in  these 
equations,  the  resulting  values  of  L  are  sub- 
stantially those  long  ago  found  suitable  in 
practice. 

In  open  channel  drainage  the  depths  of  the 
cuts  made  by  ditching  machines  or  dredges 
frequently  far  exceed  the  depth  to  which  it 
is  necessary  to  deprive  the  soil  of  its  surplus 
moisture. 

Let  d  be  the  depth  to  which  the  soil  is  to 
be   drained    then,    the   mean   slope,   neglecting 
the    slope    of    the    land 
d 

Z 

2 


the    relative    depth    to   be    drained    — 
which   gives    for   cross-drainage 


..3.3(^^^)VKH(f-f) 


for   longitudinal   drainage 


L  =  7.07^/C(^-|) 


in   the  second 
Z 


\A'  50^ 


dj^ 

2 


giving  to  Z  in  the  terms  on  the  right  hand 
side  for  a  first  trial  an  assumed  value. 
Suppose  a  lar.ee  tract  of  comparatively  level 
land  is  to  be  drained  by  means  of  open  cuts, 
which,  in  order  to  waste  as  little  land  as 
possible,  are  to  be  not  less  than  one-sixth  of 
a  mile  or  880  ft.  apart.  The  soil,  a  sandy 
loam,  is  to  be  drained  to  a  depth  of  3  ft. 
and  the  value  of  K  is  found  or  assumed  to 
be  equal  to  6.0.  Inserting  these  values  in 
the  last  equation,  assuming  for  a  first  trial 
Z  =  10   ft. 


For  the  depths  to  which  it  is  desirable  to 
deprive' the  soil  of  its  surplus  moisture  the 
following  distances  have  been  found  suitable 
in   practice: 

Ft. 

In   meadows  and  pastures 2   — 2.5 

In   agricultural    lands 3_ — 4 

In    garden    lands 3.5 — 4.5 

In   vineyards   and   orchards 4   — 5 

In  the  absence  of  complete  experimental 
data   the    contributor   suggests   the    following 

values  of  K  and  VA: 


=  v 


880- 


10» 


50 


or,  Z  =  9.8  ft.  Hence  no  second  trial  is  re- 
quired. The  first  equation  gives  Z  =  9.02  ft. 
for  H  =  16  ft.,  but  from  this  the  rise  of  the 
ground  in  the  distance  of  880  ft.  is  to  be 
subtracted. 

This  value  of  Z,  given  by  the  first  equation, 
indicates,  however,  that  for  the  deeper  cuts, 
those  exceeding  6  to  8  ft.,  cross-drainage  of- 
fers special  advantages  only  in  case  the  slope 
of  the  ground  is  considerable. 


Since  in  the  first  of  these  equations  the 
influence  of  the  slope  of  the  land  has  been 
neglected,  the  true  value  of  /_  nuist  be  found 
by  a  second  trial  giving  in  this  to  Z  an  m- 
crcasc  equal  to  the  rise  of  the  ground  in  the 
distance   /,. 

The  depth  of  the  channel  for  a  given  dis- 
tance L  is  found  by  putting,  for  cross-drain- 
age 

/  d      \         d      L*  I    11     V 

l^'-T^V     -kTiu-AtiVz)  =«° 

for  longitudinal  drainage 

/  d      \       d  L^ 

w-hich  may  be  solved  by  Horner's  method  or 
by  successive  trials,  putting  in  the  first  case 

7  =  'M 'A  I  ^L  V,i.7t 

\a//12.5  VH  +  ZI    ^2^ 


I 
j.. 

\l^ 

■s" 

'" g      -  - 

•-UJi 

''■- ~- 

L 

_......j 

■r^^iyiv-.m'"-'^. 

•■^■i^>=.^?y;^^- 

EAC 

Fig.  2.    Longitudinal  Drainage. 

In  all  of  the  preceding  equations  the  pre- 
cipitation has  been  assumed  to  be  equal  to 
0.24  in.  per  day.  corresponding  to  double  a 
maximum  monthly  precipitation  of  3.6  in.  In 
localities  where  this  is  much  exceeded  dis- 
tances between  drains  as  given  by  the  formu- 
las are  to  be  multiplied  by 


V 


3  ■  6 

li.  M.  p. 


M.   M.    P.   being   the   maximum   monthly   pre- 
cipitation  recorded   during  the   month   of   the 
greatest  precipitation,   usually  a  month  in  the 
early    spring. 
The  table  below  gives  values  of 


7.07 


VI- 


2 


corresponding  to  the  different  depths  Z  of 
the  cuts  and  the  different  depths  d  to  which 
the  land  is  to  be  drained.  For  the  actual  dis- 
tances between  drains  these  values  arc  to  be 

multiplied  by    VA   for  longitudinal,     and     by 

0.5    , V  A  for  cross  drainage. 

\H.Z 


Depth  of 

chimnrl. 

Z. 

2  .... 
2.5 

3  .... 
3.5.... 

i     

•1.5... . 

6  .... 
.-..5.... 

«    

0.5.... 

7  .... 
7.5.... 
S     

%.:,... 
9    

9.5.... 
10  .... 
10.6.... 
U  .... 
11.6.... 

12  ... 

13  .. 
14 

1.'.     . 

in    . 


Descriptioi! 
of  soil. 


Stiff  clay 

Common  clay 
Heavy  loam  . . 
Medium  loam 
Sandy  loarr.  . . 
Loamy  sand  . . 

Silty  sand 

Uarren  sands 


Percentage  of 
soluble  mailer. 

75—90 
50— 7.T 
40—50 
30—40 
20—30 
10-20 
0—10 


0.25 
0.25 
1.15 
1.5 
2.0 
3.25 
5.00 
36.0 


vK. 

0.5 

0.86 

1.07 

1.22 

1.41 

1.80 

2.23 

6.0 


Cost  of  Reservoirs  for  Flood  Control. 

To  the  Editors:  In  the  writer's  paper  on 
flood  prevention  read  before  the  Indiana  Sani- 
tary and  Water  Supply  Association  and  pub- 
lished in  vour  issue  of  .March  18,  1914,  there 
is  a  paragraph  discussing  the  costs  of  reser- 
voirs illustrated  by  the  cost  of  the  Pittsburgh 
system.  I  find  that  I  made  an  error  in  quot- 
ing the  drainage  area  of  the  rivers  above 
Pittsburgh:  I  took  the  data  from  a  congres- 
sional document,  the  statement  coming  from 
the  Chief  of  Engineers'  Office,  so  that  I  did 
not  look  up  the  matter  further.  I  find  that 
the  area  quoted  is  in  error,  and  therefore  the 
figures  following  are  incorrect.  Change  to 
read  as  follows : 

Besides  the  points  mentioned  above,  there  en- 
ters the  question  of  costs.  Reser\olr  sites  are, 
in  general,  extremely  costly.  The  Pittsburgh 
Flood  Commission  estimated  the  cost  of  its  pro- 
posed system  at  $21,000,000.  but  a  Board  of  En- 
gineers, U.  S.  Army,  in  reviewing  the  report 
found  that  land  and  properly  damages  were 
underestimated  by  $13,000,000,  so  if  their  other 
estimates  were  correst.  the  cost  would  be  $34,- 
000,000.  If  a  complete  system  were  practicable 
for  the  Ohio  River,  some  idea  of  lis  probable 
magnitude  may  be  gained  from  the  fact  that  the 
area  of  the  basin  of  the  Ohio  Valley  is  204,320 
square  miles,  while  the  drainage  area  of  the 
rlvcis  above  Pittsburgh  Just  referred  to  is  but 
18,920  square  miles,  or  9  per  cent  of  the  whole. 
Assuming  that  the  cost  per  square  mile  would 
be  the  same  as  that  for  the  Pittsburgh  system. 
the  total  cost  of  providing  reservoirs  for  the 
Ohio  River  would  be  $378,000,000.  It  Is  prob- 
able, however,  that  those  costs  would  be  greater, 
for  the  territory  In  <|ucsllon  above  Pittsburgh  U 
■lof  nearly  as  valuable  us  In  such  states  as  Ohio, 
Indiana   and   Illinois. 

Very  truly, 

J.  C.  Oakes. 
Major  Corps  of  F.nuincers. 
Louisville,  Ky.,  March  18,  1914. 


11. 1 

23.1 

:i6.8 

51.7 

69.3 

S9.3 

112.0 

13'i.7 

164.0 

194.3 

226.8 

261.6 

299.3 

339.4 

3S1.8 

426.3 

474.2 

.i23.4 

576.2 

631.3 

689.2 

811.6 

945.2 

10S6.6 

1238.6 


s  ofd  1 

3.5 

.... 

3. 

4. 

4.5 

5. 

1 

Z«           Z» 

V:. 

ues  nf  7 

.07    V  - 

d             Z 

r.'s 

30.7 

26  0 

1,'..;: 

40.0 

61.8 

5n.« 

50.3 

.   .  •   ■• 

, 

76.1 

ns  1 

61. S 

55.8 

ll.s.s 

III...  4 

91 

70.7 

113.2 

127. :l 

111 

'.li.s 

87.0 

169.7 

lf.1.3 

131,   1 

113.S 

104.8 

198.6 

177.2 

I6a.:i 

H6.S 

134.3 

124.2 

229.6 

205.3 

ISO.l 

170.2 

156.7 

145.2 

262.9 

236.0 

213.7 

195.9 

180.8 

167.8 

298.4 

207.6 

243.2 

223.4 

200.4 

191.5 

.130.0 

301. S 

274.7 

252.5 

233.8 

217.6 

376.0 

338.0 

308.0 

283.6 

262.8 

244  9 

418.3 

376.3 

343.2 

316.2 

293.3 

273. S 

462.7 

416.0 

380.3 

350.7 

325.6 

304.4 

609.4 

4. '-.9.0 

416.1 

386.9 

359.7 

336.2 

568.2 

.".03.4 

460.1 

421.9 

395.2 

:!69.s 

609.6 

.'.19.8 

.-.02.6 

164.7 

432.0 

405.1 

728  8 

619.0 

.694.1 

649.3 

511.9 

180.0 

S28.2 

757.1 

692.9 

641.2 

.523.1 

561.8 

962.9 

871.0 

799.4 

740.0 

691.3 

S19.4 

1098.6 

994.7 

912.9 

846.3 

790.1 

713.0 

400 


Engineering   and    Contracting 


Vol.  XLI.     Nil.  13. 


©X^©]F 


Design  of  the  East  Side  Sewage  Pump- 
ing Station,  Hartford,  Conn. 

Certain  portions  of  Hartford,  adjacent  to 
the  Connecticut  River,  have  always  been  sub- 
ject to  Hooding.  Various  attempts  liave  been 
made  during  the  last  half  century  to  prevent 
the  inundation  of  these  areas  by  the  construc- 
tion of  dykes  or  by  raising  the  low  lying  areas 
throughout  what  is  known  locally  as  the  East 
Side.  It  was  not  until  1908,  however,  when 
the  improvements  in  connection  with  the  ap- 
proaches to  the  river  bridge  were  carried  out 
that  any  material  progress  was  made.  At  that 
time  the  construction  of  a  boulevard  and  the 
raising  of  a  street  by  the  city,  accompanied 
by  the  construction  of  a  freight  yard  and  em- 
bankments by  a  railroad  completed  a  dyke 
for  a  portion  of  the  area  subject  to  floods. 

The  dyked  area  was  still  subject,  however, 
to   the   backing   up   of   water   in    the    sewers 


holes  were  provided  with  watertight  covers. 
This  action  was  necessary  in  order  to  prevent 
any  drainage  or  leakage  reaching  this  portion 
of  the  sewer  when  the  land  and  streets  above 
it  are  flooded.  When  a  dyke  is  built  to  pro- 
tect the  remaining  area  now  subject  to  flood- 
ing these  sewers  which  now  continue  to  the 
river  will  be  connected  to  the  interceptor. 

DESIGN     OF     STATION. 

Capacity. — The  area  subject  to  floods  which 
will  eventually  be  drained  by  pumping  amounts 


to  160  acres.  Using  the  formula  Q^crV  A's, 
with  (:==70  per  cent  and  >^=2.7,  the  runoff 
amounts  to  217  cu.  ft.  per  second.  The  lower 
end  of  the  interceptor  was  designed  of  this 
capacity.  It  was  considered  that  a  severe 
storm  would  seldom  occur  at  the  time  of  max- 
imum height  of  the  river  so  it  was  thought 
safe  to  design  the  pumping  station  with  less 
capacity,   and   the   pumps  as   installed   have   a 


Fig.   1.     Plan   Showing   Arrangement  of   Sewers  and    Pumps  at  East  Side  Pumping  Station, 

Hartford,  Conn. 


which  pierced  the  dyke  at  each  street.  In 
1910  an  appropriation  of  $200,000  was  made 
by  the  city  to  build  an  intercepting  sewer  to 
collect  all  sewage  and  storm  water  from  the 
dyked  area  and  also,  eventually,  from  the  now 
undyked  area,  and  a  pumping  station  to  dis- 
pose of  this  runoff  at  times  of  high  water  in 
the  Connecticut  River.  The  appropriation  was 
increased  by  $50,000  in  1912.  It  is  to  the  de- 
sign of  the  pumping  station  that  the  present 
article  chiefly  relates,  the  article  being  based 
on  information  given  in  the  paper  by  Mr.  W. 
S.  Brewer,  assistant  city  engineer  of  Hartford, 
before  the  recent  annual  convention  of  the 
Connecticut   Society  of  Civil    Engineers. 

The  intercepting  sewer  was  built  in  1910-11 
and  all  sewers  in  the  district  were  connected 
to  it,  the  old  channels  leading  to  the  river 
being  blocked  off.  The  street  previously  men- 
tioned as  having  been  raised  by  the  city  (State 
St.)  is  the  southern  boundary  of  the  dyked 
section.  It  was  necessary  to  construct  a  sani- 
tary sewer  in  that  street  to  take  the  sewage 
from  all  buildings  on  the  north  side  of  the 
street  of  which  the  cellars  were  below  flood 
level.  The  surface  drainage  and  that  from 
the  buildings  on  the  south  side  still  goes  into 
the  old  sewer  which  continues  directly  to  the 
river,  crossing  the  interceptor  above  if.  No 
sewers  or  drains  were  connected  to  the  new 
interceptor   south   of  State   St.   and   the  man- 


rated  capacity  at  ma.ximum  head  of  about  two- 
thirds  this  amount. 

The  lowest  street  in  the  district  north  of 
State  St.  is  about  elevation  25 ;  the  lowest 
cellar  at  18.0,  and  it  was  accordingly  deemed 
necessary  to  start  pumping  when  the  river 
reached  elevation  15.  The  river  has  risen,  as 
high  as  elevation  31.4;  it  has  stood  as  low  as 
elevation  1.0.  Its  mean  elevation  during  the 
dry  weather  period  may  be  considered  as  about 
4.0.  The  following  gives  the  average  condi- 
tions for  the  period  from  1896  to  1907 : 

River   above   elev.    15.   average   of  28   days   per 

year. 
River   above   elev.    20.    average   of     9   days  per 

year. 
River    above    elev.    25.    average    of     1    day     per 

year. 

It  is  thus  seen  that  it  will  be  necessary  to 
pump  the  sewage  flow  for  an  average  of  28 
days  each  year  and  from  the  rainfall  records 
during  the  last  11  years  it  would  be  necessary 
to  pump  storm  water  an  average  of  only  5 
days  each  year. 

Another  consideration  which  aflFccted  the 
location  and  design  of  the  station  was  that 
at  some  future  date,  to  reduce  pollution  in  the 
river  at  the  present  sewer  outlets  it  will  be 
necessary  to  pump  all  sewage  to  filter  beds. 
When  this  becomes  necessary  small  automatic 
pumping  stations  will  be  installed  to  pump 
the  sewage   from  certain  present  sewers  into 


the  interceptors  which  run  to  the  main  .sewagu 
pumping  station  here  under  consideration.  B) 
this  method  all  sewage  would  be  removed 
from  the  river  front.  In  times  of  storm  tht 
flow  would  pass  by  the  pumps  direct  to  tiit 
river. 

The  general  considerations  which  governed 
the  location  and  design  of  this  pumping  sta- 
tion may  then  be  stated  as  follows :  It  musi 
dispose  of  all  sewage  and  storm  water  brought 
to  it  by  the  East  Side  interceptor  when  tht 
river  rises  to  or  above  elevation  15.0,  and  it 
must  dispose  of  all  sewage  brought  to  it  by 
both  the  Park  River  and  East  Side  interceptore 
when  at  some  future  time  it  is  considered  de- 
sirable to  free  the  river  frontage  from  sewage 
The  station  is  a  reinforced  concrete  anc 
brick  building  42  ft.  by  about  68  ft.  in  plar 
and  55  ft.  in  height  from  the  lowest  part  tt 
the  top  of  the  roof  coping.  The  surface  ir 
front  of  the  station  is  at  elevation  24  and  a; 
the  elevation  of  the  bottom  of  the  concrete 
of  the  sump  pit  is  — 2,  and  that  of  the  coping 
53,  it  will  be  seen  that  there  is  nearly  as  much 
of  the  station  below  ground  as  there  is  above 
The  main  floor  is  at  elevation  34,  2.6  ft.  abovt 
the  highest  recorded  flood.  As  all  electrical 
apparatus  and  operating  gears  (except  tht 
gate  on  the  discharge  from  the  sump  pump) 
are  on  this  floor,  the  station  could  still  bf 
operated  even  though  for  any  reason  the  flood 
waters  of  the  river  gained  access  to  it  and 
flooded  it  to  the  level  of  the  water  outside. 

All  construction  below  this  floor  is  of  rein- 
forced concrete  as  is  also  the  roof.  The  wall; 
above  elevation  34  are  of  brick — 12  ins.  thick 
There  is  a  course  of  molded  brick  forming  a 
watertable,  and  another  near  the  roof  level 
The  cornice  is  of  concrete  cast  in  blocks  aboul 
4  ft.  long.  On  top  of  the  cornice  is  a  con- 
crete cap  which  was  cast  in  place. 

The  station  is  divided  by  a  longitudina: 
wall,  into  two  nearly  equal  but  entirely  sep- 
arate parts,  the  northerly  one  being  occupied 
by  the  sewers,  and  their  accessories  such  as 
sluice  gates,  screens,  etc.,  with  their  operating: 
devices,  while  the  southerly  one  contains  thei 
pumps,  suction  and  discharge  piping,  motors| 
switchboard,  etc.  The  arrangement  of  the 
sewers  and  pumps  is  shown  in  plan  in  Fig.  1 
The  Park  River  interceptor,  built  in  189C,  ran 
directly  past  the  site  of  the  station,  its  center 
being  about  15  ft.  away,  while  the  East  Side 
sewer,  11  ft.  further  north,  was  built  as  far 
as  the  station  in  each  direction,  a  24-in.  tile. 
temporarily  carrying  sewage  across  the  uncom-i 
pleted  section.  In  order  to  have  all  sluice, 
gates  and  operating  gears  housed  in  the  sta 
tion,  loops  from  these  interceptors  were 
brought  into  this  north  part  of  it.  Both  the 
Park  River  interceptor  and  the  East  Side 
sewer  are  circular  in  section,  the  former  hav- 
ing a  diameter  of  4  ft.  8  ins.  and  the  latter 
7  ft.  at  its  entrance  to  the  station,  enlarging 
to  7  ft.  6  ins.  at  the  river  side  down  stream 
of  the  sluice  gate.  The  flow  lines  of  the  two 
sewers  are  at  elevtion  9.5  and  5.0  respectively 
A  cross-section  of  the  pumping  station  is 
shown   in  Fig.  2. 

In  the  easterly  end  of  that  portion  of  the! 
East  Side  sewer  which  lies  within  the  build-l 
ing  is  located  the  large  sluice  gate.  This  gate' 
when  open  provides  a  clear  waterway  7  ft.| 
wide  by  5  ft.  high  at  the  center  and  4  ft.  high 
at  the  sides,  the  bottom  being  the  arc  of  a 
circle  and  coincident  with  the  invert  of  the 
sewer.  Under  present  conditions  this  gate  is 
required  to  keep  out  river  water  when  it 
stands  between  elevations  15  and  33  while  the 
sewage  inside  is  pumped,  the  level  fluctuating 
between  elevations  15  and  8.  During  low  wa- 
ter the  gate  is  open  and  sewage  and  storm 
water  flow  directly  to  the  river.  When,  ati 
any  future  time  it  is  desired  to  pump  the' 
sewage  to  filter  beds,  this  gate  must  hold 
back  the  sewage  while  it  is  pumped  duririg  dry 
weather,  with  its  surface  between  elevations  7 
and  11  and  the  river  between  0  and  11.  Any 
severe  rain  which  occurs  during  these  pe- 
riods of  low  water  will  not  be  pumped  to  the 
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Iters  but  will  be  allowed  to  flow  direct  to  the 
iver.  To  guard  against  a  possible  failure 
0  open  this  gate  promptly  at  such  times, 
here  was  provided  directly  above  the  sluice 
;ate  an  opening  7  ft.  wide  by  4  ft.  high 
vith  an  automatic  balanced  flap  valve  which 
vill  allow  the  entire  flow  of  this  sewer  to  pass 
vithout  backing  up  higher  than  elevation  15.0. 


being  at  elevation  3.0.  Through  its  south 
wall,  which  is  the  main  longitudinal  wall  men- 
tioned before,  pass  the  suction  pipes  to  each 
pump. 

As  the  4  ft.  8  in.  sewer  has  no  direct  con- 
nection with  this  suction  chamber,  there  is  an 
opening  between  this  sewer  and  the  East  Side 
sewer,  located  near  their  entrance  to  the  build- 


Fig.  2.    Cross  Section  of  East  Side  Pumping  Station,    Hartford,    Conn. 


hi  its  course  from  the  sewer  to  the  pumps 
the  sewage  will  pass  through  screens  to  the 
suction  well.  There  are  two  openings  each 
provided  with  two  screens,  so  arranged  that 
one  will  remain  in  service  while  the  other  is 
raised  and  cleaned.  Each  is  made  up  of  a 
6-in.  channel  frame,  giving  a  clear  opening  5 
ft.  wide  by  f>  ft.  high.  The  opening  is  trav- 
ersed by  %-in.  round  bars.  2V*  ins.  on  centers. 
These  screens  are  raised  and  lowered  by 
means  of  a  steel  cable  winding  on  an  over- 
hc.id  drum  and  uperated  b>   chain  dear,  all  of 


ing,  and  controlled  by  a  3G-in.  sluice  gate. 
There  has  also  been  built  on  this  sewer  (Park 
River  interceptor)  towards  the  east  end  of 
the  building  a  gate  chamber  which  will  allow 
a  sluice  gate  and  relief  flap  valve,  similar  to 
the  one  placed  on  the  other  sewer,  to  be  in- 
stalled at  any  future  time.  By  these  means 
sewage  can  be  turned  from  the  Park  River  in- 
terceptor to  the  East  Side  sewer  from  whence 
it  will  go  to  the  pumps. 

.•\t  the  extreme  east  end  of  this  part  of  the 


of  grooves  in  its  walls  to  allow  of  a  weir 
being  built  in  order  to  measure  the  discharge 
of  the  pumps.  At  its  northerly  end  a  6-ft.  cir- 
cular opening  carries  the  sewage  over  the 
Park  River  interceptor  and  down  into  the 
East  Side  sewer. 

The  south  half  of  the  station  is  occupied 
entirely  by  the  pump  room  and  the  motor 
room,  the  latter  directly  above  the  former. 
The  floor  of  the  pump  room,  which  corre- 
sponds to  the  cellar  floor  of  an  ordinary  build- 
ing is  a  concrete  slab  2  ft.  thick.  Up  to  ele- 
vation 21  ft.  oM  ins.  the  walls  are  of  the  same 
thickness,  while  above  that  elevation  its  out- 
side walls  are  1  ft.  6  ins.  thick  and  the  north 
division  wall  is  1  ft.  thick.  Both  the  floor 
slab  and  walls  are  reinforced  to  withstand  ex- 
ternal water  pressure  due  to  high  water  in  the 
Connecticut  River.  To  help  transmit  this 
pressure  from  the  south  wall  to  the  north  part 
of  the  building  and  also  carry  a  gallery  floor 
at  elevation  21  ft.  5'/4  ins.  there  are  placed  at 
this  level  five  concrete  beams  20  ins.  x  28  ins. 
in  section. 

There  are  three  24  in.  pumps  for  handling 
storm  water,  each  with  a  capacity  of  16,200 
gals,  per  minute  against  an  actual  head  of  16% 
ft.;  one  r2-in.  pump  for  the  normal  dry  weath- 
er flow  of  sewage,  with  a  capacity  of  3,000  gals, 
per  min.  against  the  same  head;  and  a  4-in. 
sump  pumj)  which  is  able  to  take  care  of  260 
gals,  per  minute  against  a  head  of  20  ft. 

The  pump  room  draws  to  a  central  point  at 
which  is  located  the  sump  3  ft.  2  ins.  deep. 
Leading  from  the  suction  well  into  this  sump 
is  a  6-in.  pipe  with  a  gate  valve  which  is  or- 
dinarily kept  closed.  If  at  any  time  it  is  de- 
sired to  drain  the  suction  well,  which  action 
would  be  necessary  if  any  work  were  to  be 
done  in  it,  the  valve  would  be  opened,  and 
the  contents  of  the  well  would  flow  to  the 
sump.  While  the  sump  pump  was  installed 
primarily  to  remove  any  infiltration  into  the 
pump  room  which  might  occur  it  will  also  dis- 
pose of  this  flow  from  the  section  well  when- 
ever necessary.  The  12-in.  pump  has  a  branch 
suction  to  this  sump  so  that  it  can  be  used 
t-o  empty  the  pit  in  case  the  sump  pump  fails. 
A  view  of  the  pumps  and  discharge  pipe  is 
shown  in  Fig.  3. 

Each  of  these  five  pumping  units  consist  of 
a  vertical  shaft  centrifugal  pump  direct  con- 
nected to  an  electric  motor.  The  sump  pump 
is  set  in  the  sump  with  its  center  only  15  ins. 
above  the  bottom  so  that  it  will  run  sub- 
merged until  the  pit  is  nearly  drained.  The 
center  of  each  of  the  other  four  pumps,  its 
discharge  pipe,  and  the  main  discharge  pipe 
are  at  elevation  9.5.  .As  the  elevation  of  the 
floor  varies  from  2  ft.  8  ins.  to  5  ft.  4  ins., 
there  arc  two  piers  to  support  each  pump  and 


Fig.  3.     View    of   Pumps   and    Discharge    Pipe   at 
Hartford    Sewage    Pumping    Station. 


Fig.  4. 


Interior  View  of   Motor  Room,    Hartford  Sewage  Pumping 
Station. 


which  is  located  on  the  main  floor.  The  suc- 
tion well,  located  directly  beneath  the  Park 
River  interceptor  measures  about  23  ft.  long, 
6    ft.   wide   and    .">    ft.    high,    its    lowest    point 


liiiilding  is  located  the  channel,  into  which 
the  discharge  pipe  from  the  pumps  opens.  This 
channel,  which  is  6  ft.  wide,  is  open  up  to  the 
.t4-ft.  floor     and  was  constructed  with  a  pair 


five  piers  to  support  the  main  discharge  pipe. 
The  suction  pipes  arc  also  supported  by  a  sin- 
gle pier  midway  their  length. 
Each  pump  has  a  gate  valve  on  the  discharge 
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side  and  in  addition  the  12-in.  and  4-in.  pumps 
have  checlv  valves.  The  three  24-in.  pumps 
and  the  r2-in.  pumps  have  gate  valves  ou  the 
suctions.  The  spindles  of  all  valves,  e.xcept 
the  -l-in.  discharge  which  terminates  at  the 
gallery  floor,  are  'brought  to  the  main  floor 
when  they  are  provided  with  cast  iron  floor 
stands  having  indicators  to  show  the  degree 
of  opening  of  the  valve. 

Each  pump  is  driven  by  a  vertical,  two- 
phase,  four-wire,  60-cycle,  induction  motor, 
direct  connected  to  the  pump  shaft.  To  allow 
the  thrust  bearing  of  each  pump  to  be  placed 
above  the  main  floor,  it  was  necessary  to 
mount  the  motor  on  a  base  casting  about  2  ft. 
9  ins.  above  the  floor.  The  three  large  motors 
are  rated  at  12.5  HP.  each,  that  tor  the  12-in. 
pump  at  25  HP.  and  that  for  the  sump  pump 
at  5  HP.  One  of  2  HP.  operates  the  7  ft.  .k 
5  ft.  sluice  gate.  Current  is  brought  into  the 
building  at  2,400  volts  and  the  three  large  mo- 
tors are  run  at  this  voltage  while  transformers 
reduce  the  current  supplying  the  other  motors 
to  230  volts.  A  view  of  the  motor  room  is 
shown  in  Fig.  4. 

The  r2-in.  sewage  pump  and  the  4-in.  sump 
pump  are  arranged  to  start  and  stop  auto- 
matically, depending  on  the  water  level  in  the 
interceptor  and  sump  pit  respectively.  This, 
in  each  case,  is  accomplished  by  means  of  a 
cylindrical  copper  float,  with  chain  and  coun- 
terweight, working  in  a  6-in.  vertical  cast 
iron  pipe  which  is  connected  to  the  interceptor 
in  the  former  instance  and  the  sump  in  the 
latter.  The  chain,  connected  to  a  weighted 
switch,  operates  this  as  the  float  rises  and 
falls.  Each  of  these  motors  also  has  hand  con- 
trolling apparatus.  The  motor  operating  the 
sluice  gate  is  controlled  at  the  gate  and  in  ad- 
dition has  a  limit  switch  which  stops  the  gate 
at  top  and  bottom  of  the  run  if  tlie  attendant 
neglects  to  do  so. 

To  show  the  height  of  water  in  the  East 
Side  sewer  and  in  the  Connecticut  River  at 
any  time,  indicating  gages  have  been  installed, 
and  in  addition,  a  recording  gage  to  give  a 
continuous  ink  record  of  the  height  of  water 
in  the  East  Side  sewer. 

As  before  noted  the  station  will  be  in  opera- 
tion only  a  few  days  each  year  and  therefore 
while  efficiency  of  operation  should  be  con- 
sidered, it  is  not  so  important  as  in  a  station 
which  is  operated  continuously.  It  is  also 
very  probable  that  the  operator  will  not  be  a 
skilled  electrician.  For  these  reasons,  the 
general  reliability  of  the  equipment  under  all 
conditions,  an  arrangement  of  equipment  as 
simple  as  possible  and  the  installation  of  pro- 
tective mechanical  and  electrical  devices  were 
considered  as  very  important. 

A  complete  series  of  tests  on  the  equipment 
have  not  yet  been  made  on  account  of  the 
fact  that  the  water  in  the  river  has  not  been 
high  enough  at  any  time  since  the  completion 
of  the  building.  However  at  that  time  short 
tests  were  made  by  shutting  the  gate  and  al- 
lowing the  sewage  to  accumulate  and  they 
indicated  that  all  the  requirements  would  be 
met. 

The  contractors  for  the  building  were  the 
H.  Wales  Sims  Co.  of  Meriden,  Conn.,  and 
for  all  equipment,  the  Camden  Iron  Works  of 
Camden,  N.  J.  The  consulting  engineers  w'erc 
Ford.  Buck  and  Sheldon,  Inc..  who  designed 
the  station,  the  writer  was  engineer  in  charge 
of  construction.  .Ml  work  was  under  the  di- 
rection iif  Mr.  R.  N.  Clark,  City  Engineer. 


Method  Employed  in  Laying  a  1,000  ft. 

Sea-Outlet  For  a   12-in.   Sewer  at 

West  Grove.  N.  J. 

A  common  practice  in  the  disposal  of  sew- 
age in  scacoast  towns  is  to  remove  the  solids 
from  the  sewage  by  means  of  settling  tanks, 
located  at  a  point  near  the  beach,  and  then  to 
conduct  the  lank  effluent  well  out  to  sea 
through  an  outfall  sewer.  The  introduction 
of  the  tanks  prevents  the  carrying  out  to  sea 
of  solids  which  later  would  be  washed  back 
to  cause  a  nuisance  at  shore.  The  outfall 
must  be  of  sufficient  length  to  carry  the  tank 
effluent  far  enough  from  shore  to  a  depth  of 


water  sufficient  to  afford  ample  dilution.  At 
such  a  point  the  effluent,  being  lighter  than 
sea  water,  raises  to  the  surface  and  mi.xes  with 
tlic  water.  The  dissolved  oxygen  in  the  water 
completes  the  process  of  purification.  This 
has  been  found  satisfactory  at  a  minimum 
depth  of  20  ft.  of  water  and  a  minimum  dis- 
tance from  shore  of  1,000  ft.  Strength  of 
structure  is  requisite  in  such  outfalls  since 
they  must  withstand  the  attacks  of  heavy 
storms. 

A  sea  outfall  of  this  character  was  built  at 
West  Grove,  N.  J.,  during  1913.  The  methods 
employed  in  laying  this  outfall  sewer  are  here 
described  from  information  given  by  Mr. 
William  M.  Aitchison,  who  was  the  super- 
vising engineer  in  charge,  in  an  article  pre- 
pared by  "him  for  the  Cornell  Civil  Engineer 
for  February,  1914. 

The  outfall  line  was  made  up  of  12-in. 
galvanized  wrought  iron  pipe  manufactured 
by  the  Reading  Iron  Co.  The  pipe  came  in 
lengths  averaging  21  ft.  and  weighing  about 
48  lbs.  per  ft.  It  had  threaded  joints  fitting 
into  recessed  couplings. 

While  the  material  was  being  delivered  a  3- 
drum  hoisting  engine  was  set  up  on  the  beach 
near  the  point  where  the  pipe  line  was  to  be 
laid.  This  being  the  anchorage  of  the  whole 
operation  great  care  was  taken  to  secure  a 
substantial  setting  for  it.  Eight-foot  piles  were 
driven  in  the  sand,  cross  braced  and  capped, 
and  the  hoisting  engine  was  then  bolted  to 
these  caps. 

For  an  oflF-shore  anchorage  five  anchors 
were  set,  at  a  place  in  a  direct  line  with  the 
proposed  outfall,  at  a  distance  of  1,325  ft. 
from  shore.  This  distance  was  determined 
with  a  light  line  drawn  taut.  The  anchors 
were  set  in  a  line  leading  away  from  shore, 
the  two  nearest  weighing  500  lbs.  and  the  re- 
mainder being  somewhat  lighter.  These  an- 
chors were  fastened  together  with  a  steel 
cable,  and  an  18-in.  sheave  attached  to  the 
nearest  anchor.  Through  this  was  run  a  %- 
in.  steel  cable  and  both  ends  were  brought 
ashore. 

The  outlet  end  of  this  line  was  made  up 
with  a  45°  Ell.  looking  upward,  and  a  nipple 
leading  into  another  45°  EH  reversed  with  re- 
spect to  the  first.  This  allowed  the  open  end 
when  completed  to  be  0  ft.  from  the  bottom, 
so  as  to"  be  out  of  danger  from  filling  with 
sand  or  becomfng  otherwise  clogged. 

-A.  sea-anchor  of  the  contractors'  own  de- 
sign, and  consisting  of  two  castings  and  two 
clamps  was  fastened  to  the  riser  just  described. 
One  clamp  was  bolted  over  the  nipple  leading 
from  the  lower  45°  Ell.  and  the  other  over  the 
main  pipe  just  back  of  the  same  Ell,  both 
clamps  fitting  close  to  the  pipe.  These  were 
held  by  eight  l-in.  bolts.  The  sea-anchor 
weighed  2.200  lbs.  in  all,  and  was  assembled 
on  the  beach  just  above  high  water  mark. 

Starting  at  the  lower  Ell  the  pipes  were 
joined  together  with  the  recessed  couplings, 
the  thrcatls  being  painted  with  white  lead  to 
insure  watcrtightness.  Platforms  were  built  at 
intervals  of  about  30  ft.  from  this  point  into 
the  street.  Rollers  were  set  on  these  plat- 
forms at  such  elevations  as  would  give  an 
even  fall  from  the  street  level  and  the  pipe 
line  was  built  up  on  these  rollers. 

A  street  leading  from  the  ocean  at  this  point 
formed  a  very  convenient  means  to  continue 
the  work  on  the  pipe  line.  The  pipes  were 
assembled  on  this  street  and  were  raised  on 
■.mall  wooden  trucks,  the  latter  being  fastened 
at  intervals  equivalent  to  a  length  and  a  half 
of  pipe,  until  the  entire  length  from  the  river 
was  sufficient  to  place  it  1,200  ft.  from  the  in- 
let point  and  have  the  last  pipe  above  high 
water  mark  on  the  beach.  This  much  com- 
pleted there  was  1.000  ft.  of  pipe  intact,  start- 
ing at  high  water  mark  and  extending  in 
shore,  all  resting  on  cither  trucks  or  rollers. 

The  sea-anchor  was  carried  on  a  big  truck 
with  two  wheels  G  ft.  in  diameter,  made  of 
two  thicknesses  of  2-in.  plank  and  each  having 
a  rim  of  2  x  8-in.  plank  to  afford  surface 
bearing. 

A  hook  on  the  rear  of  the  axle  fitted  into 
an  eye  on  the  rear  of  the  coupling,  thus  sup- 


porting the  sea-anchor  and  riser,  and  holding 
the  same  free  from  the  ground.  Extending 
out  from  the  axle  was  a  long  tongue,  at  the 
end  of  which  was  a  device.  One  end  of  the 
steel  cable  already  running  through  the  18-in, 
sheave  ofT  shore  was  passed  through  this 
device  and  fastened  firmly  to  the  sea-anchor, 
with  the  other  end  on  a  drum  of  the  hoisting 
engine. 

The  open  end  of  the  riser  was  next  stopped 
up  bv  means  of  a  wooden  plug  inserted  with 
white  lead.  So  with  the  outer  end  watertight 
and  raised  on  a  truck  the  entire  line  was  ready 
and  in  a  movable  position. 

The  hoisting  engine  was  then  used  to  haul 
the  entire  length  to  sea,  the  weight  of  the 
sea-anchor  keeping  the  truck  and  outer  end  on 
the  bottom,  and  the  air  in  the  pipe  causing  the 
balance  of  line  to  be  buoyed  up.  A  3-in.  pipe 
line  extending  through  the  entire  length  of 
large  pipe  acted  as  ballast  and  held  the  line 
partly  submerged.  This  condition  removed 
all  of  the  unnecessary  friction,  and  left  only 
the  resistance  of  the  large  truck  holding  the 
sea-anchor  and  the  small  trucks  and  rollers 
supporting  the  pipe.  This  diminished  as  the 
pipe  went  farther  to  sea.  The  small  trucks 
were  removed  as  they  came  up  to  the  platform 
supporting  the  rollers. 

The  object  of  the  sea-anchor  being  suspend- 
ed by  this  hook  and  eye  method,  it  will  be 
noted,  is  to  form  a  convenient  means  of  de- 
positing the  pipe  in  its  place  when  so  desired. 
When  the  cable  line  is  slackened  the  weight 
of  the  sea-anchor  pulls  the  rear  of  the  axle 
down,  and  the  tongue  up,  and  at  the  same 
time  the  hook  releases  the  eye,  and  the  sea- 
anchor  is   dropped  in   its  permanent  place. 

The  hauling  finished,  the  five  anchors  off 
shore  were  raised  singly,  starting  w-ith  the 
most  distant  anchor  and  coming  in.  This 
slackened  the  cable  and  dropped  the  sea-an- 
chor. The  cable  was  then  cut  as  dose  as  pos- 
sible to  the  arm-anchor,  releasing  the  truck, 
and  with  this  the  off  shore  work  was  com- 
pleted. 

The  open  end  in  shore,  at  a  point  just  above 
high  water  mark  was  reduced  to  a  2-in.  bush- 
ing, and  water  was  pumped  through  this  into 
the  large  pipe  until  a  pressure  of  about  40 
lbs.  was  reached,  thereby  blowing  the  wooden 
plug  out  of  the  riser  and  sinking  the  re- 
mainder of  the  pipe  in  its  place. 

A  block  and  fall  was  used  in  shore  to  re- 
lieve the  strain  on  the  five  ofT-shore  anchors, 
one  end  being  fastened  to  the  12-in.  pipe  and 
the  other  to  a  second  drum  on  the  hoisting 
engine.  It  was  estimated  that  a  force  of  about 
ten  tons  was  required  to  haul  the  pipe  over- 
board, this  diminishing  as  the  work  pro- 
gressed. Next  the  in-shore  end  was  lowered  to 
its  proper  depth  and  the  line  continued  to  the 
shore  manhole. 

One  of  the  largest  factors  to  be  contended 
with  was  the  shore  current,  which  tended  to 
bend  the  pipe  out  of  line  before  it  was  low- 
ered to  the  bottom.  This  made  it  imperative 
that  the  temporary  anchors  and  the  engine 
base  be  absolutely  secure  before  the  hauling 
was  underway.  .Another  difficulty  on  such 
work  is  the  necessity  of  awaiting  the  proper 
weather  conditions.  While  it  took  but  2*4 
weeks  to  put  everything  in  readiness  it  was 
a  considerably  longer  time  before  a  combined 
light  w^esterly  wind  and  low  tide  made  pos- 
sible  its  completion. 

The  total,  actual  pulling  time  required  was 
S9V2  minutes  in  the  intervals  of  about  5  min- 
utes each,  with  lapses  between  to  make  sure 
cverv  part  was  in  proper  working  order.  The 
total  time  from  start  of  haul  to  finish  was 
2  hours  and  15  minutes.  At  the  start  of  the 
haul  the  pipe  moved  at  a  rate  of  21  ft.  in  one 
minute  wdiilc  approaching  the  end  it  had  in- 
creased to  20  ft.  in  13  seconds.  The  avcrace 
working  force  was  six  men,  w-ith  about  six 
added  on  the  day  of  the  haul  overboard. 

Matthews  Brothers,  of  Red  Bank,  New 
Jcrsev,  were  the  contractors  on  this  work. 
Clyde  Potts,  Civil  and  Sanitary  Engineer,  .30 
Church  St..  New  York  Citv.  looked  after  the 
interests  of  West  Grove,  the  writer  being  his 
representative. 
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The  National  Drainage  Congress  and 

the   Greater   Problem   of    Flood 

Prevention. 

There  are  now  before  Congress  three  bills. 
all  providing  in  some  form  for  extensive  flood 
control  and  all  stagnating  because  there  is  no 
expressed  wish  or  popular  demand  for  action. 
No  doubt  there  are  contributing  reasons  for 
this  inaction.  For  example  one  of  the  bills 
engages  the  country  in  a  conservation  pro- 
gram held  by  many  to  be  almost  cliimerical. 
A  second  is  so  apparently  sectional  as  to  in- 
vite antagonism.  The  tliird  has  perhaps  neither 
of  these  fauhs,  yet  it  is  almost  as  cnmpletcly 
shelved  and  will  remain  so  until  popular  in- 
terest is  suflioiently  intense  to  express  itself  to 
and  impress  itself  upon  Congress. 

The  greater  problem  of  flood  control  is  to 
arouse  an  active  demand  for  flood  control. 
This  is  not  an  easy  task.  People  forget  flood 
disaster  quickly.  While  recollection  is  still 
sharp  following  disaster  they  are  too  ninched 
to  recoup  their  losses  to  welcome  a  demand 
for  further  sacrifice  to  insure  their  future.  .\s 
prosperity  returns  and  further  immediate  dis- 
aster does  not  impend  thev  forget  that  such 
insurance  is  necessary.  There  are  those,  of 
course,  who  reason  better,  but  they  are  of  two 
classes.  One  class  comprises  the  men  who 
form  and  support  our  national  and  local  flood 
prevention  associations.  The  other  class  com- 
prises, those  who  see  that  comprehensive  flood 
control  work  planned  and  prosecuted  far 
ahead  is  necessary  for  flood  control,  but  who 
also  see  that  such  a  work  involves  certain 
disturbance  of  their  vested  interests  svd  priv- 
ileces. 

The  intensity  of  flood  damage  is  to  a  great 
Hepree  due  to  encroachment  by  man  upon  the 
rights  of  tlie  waters.  He  has  taken  land  be- 
longing to  the  waters  for  his  bridges,  his  rail- 
ways, his  dams  and  his  multitude  of  minor 
works  and  has  given  the  waters  no  recom- 
pense, .Any  comprehensive  and  successful 
work  of  flood  control  necessitates  more  or 
less  complete  return  of  these  usurped  rights. 
.Mways  there  nuist  be  in  such  flood  control 
work,  if  not  their  return,  full  payment  for 
the  rights  taken.  The  spoiler  does  not  con- 
template restitution  cheerfully.  Indeed,  in 
most  cases  the  spoiler  of  the  rights  of  the 
waters  docs  not  feel  that  he  has  taken  any- 
thing of  which  restitution  should  be  asked. 
He  considers  rather  that  he  has  added  to  im- 
provement  and  wealth. 

The  noint  being  niadc  is  not  the  logic  or  its 
lack  of  this  reasoning,  hut  the  need  of  over- 
coming the  want  of  popular  interest  in  flood 
control  which  is  the  result  of  such  reasoning. 
No  .iilive.  widespread  demanrl  for  flood  con- 
trol can  come  in  anv  other  way.  This  firings 
us  to  tlie  matter  which  has  been  the  purpose 
of  this  writing.  It  is  the  call  of  the  National 
Drainage  Congress  for  support.  In  this  or- 
Hani^alion  a  certain  small  number  of  men 
have  given  money  and  much  time  to  work  ad- 
vancing the  idea  of  flood  lanrl  reclamation  in 
(trneral  and  Federal  financinp  and  direction 
of  flood  land  reclamation  in  particular.  The 
material  product  of  ihcir  endeavor  is  a  bill 
to  establish  a  fluod  iirolection  and  drainage 
funri  and  to  proviile  for  the  protection,  drain- 
age and  reclamation  of  overflowed  and  swamp 
lands.  This  bill  is  one  of  those  now  before 
Congress  anti  now,  as  previoiislv  sa'id,  being 
unconsidered  because  of  lack  of  public  inter- 
est to  urge  its  consideration. 

The  National  Drainage  Congress  i.s  not  a 
sectional  organization;  it  is  not  partisan.  Its 
purpose  is  to  interest  people  in  the  desirabil- 
"v  of  swamp  land  reclamation  and  flood  pre- 


vention. To  do  this  it  requires  financial  and 
personal  support — more  money  and  more 
members.  This  support  must  necessarily  come 
from  the  engineer  and  the  manufacturer  in 
large  part  because  chiefly  they  are  the  ones 
most  able  to  understand  by  close  knowledge 
the  problem  and  to  appreciate  its  magnitude 
and  the  importance  of  its  solution.  These 
are  the  readers  of  this  journal,  and  we  frank- 
ly urge  that  they  acquaint  themselves  with  the 
work  and  purposes  of  the  National  Drainage 
Congress  and  give  it  such  support  as  their 
judgment   influences   them   to   give. 

Cost      Accounting     on      Construction 

Work. 

Most  contractors  have  what  they  term  a 
"cost  keeping  system,"  although  in  many 
cases  it  receives  only  such  attention  as  may 
be  given  to  it  at  odd  times  by  subordinates. 
Too  often  the  real  value  of  a  comprehensive 
cost  accoimting  system  is  not  clearly  under- 
stood. Many  contractors  are  able  to  deter- 
mine, approximately,  the  cost  of  the  com- 
pleted work,  thereby  satisfying  themselves  as 
to  whether  there  has  been  a  profit  or  a  loss ; 
but  few  are  able  to  determine,  from  week  to 
week,  the  costs  of  various  labor  and  material 
items.  The  latter  data  are  necessary  if  one  is 
to  be  able  to  make  such  changes  in  the  or- 
ganization and  in  the  methods  used  as  will 
msure  a  reduction  in  the  costs  of  various 
items.  In  order  that  any  comprehensive  sys- 
tem of  cost  accounting  be  of  most  value  it 
is  essential  that  men  be  put  in  charge  of  this 
w^ork  who  thoroughly  understand  it  and  who 
are  not  engaged  in  actual  construction  work. 
It  must  be  realized  at  the  start  that  no  com- 
prehensive system  will  prove  successful  un- 
less it  is  followed  up  closely  and  is  given 
expert  supervision.  In  the  past,  many  con- 
tractors have  relied  mainly  upon  their  ability 
to  size  up  the  progress  and  relative  costs  of 
different  parts  of  the  work  after  a  brief  in- 
spection, but  such  methods  are  no  longer 
adequate. 

In  this  issue  we  arc  giving  a  detailed 
description  of  a  cost  accounting  system  in 
successful  use  by  the  .Aberthaw  Construction 
Co.  of  Boston.  The  system  is  comprehensive 
enough  to  meet  the  needs  of  most  contractors 
on  building  work,  and  with  slight  modifica- 
tions can  be  made  applicable  to  all  classes 
of  construction  work.  It  is  the  result  of  care- 
ful and  continuous  study  by  men  whose  busi- 
ness it  is  to  do  this  kind  of  work,  and  is  a 
gradual  development  of  methods  which  have 
proved  successful  by  actual  test.  We  are  glad 
to  publish  full  dcl.iils  of  this  system,  believ- 
ing that  a  careful  study  of  it  will  convince 
contractors  not  only  that  such  a  system  has 
great  value  but  that  the  keeping  of  it  is  rela- 
tively inexpensive.  A  standard  mnemonic 
code,  which  is  based  upon  priiiciples  easily 
learned,  has  been  devised,  and  this  greatly  re- 
duces tlie  work  of  keeping  the  system,  and 
avoids  a  confused  mass  of  notes.  The  suc- 
cess of  the  svslem  lies  principallv  in  the  fact 
that  the  skilled  men  in  charge  of  it  are  pot 
engaged  in  actual  construction  work,  the  work 
being  done,  principally,  in  the  office.  The 
costs  of  various  labor  and  material  items  are 
computed  at  the  end  of  each  week,  which 
enables  those  in  charge  to  know  definitely 
what  parts  of  the  work  arc  costing  too  much. 
Corrective  measures  can  therefore  be  adopted 
in  lime  to  make  an  actual  saving.  The  men 
on  the  work  can  find  out— in  fact  are  notified 

whether  or  not  their  work  is  being  effi- 
ciently dour,  which  acts  as  an  incentive  for 
cconomir.Tl   work. 
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The  systems  of  cost  keeping  in  use  by  some 
merely  give  the  costs  of  labor  items,  but  a 
system  to  be  of  much  value  must  consider 
both  labor  and  materials,  and  must  show  the 
relation  of  each  to  the  costs  of  various  parts 
of  the  work.  To  quote  the  writer  of  the 
article,  the  purpose  of  a  cost  accounting  sys- 
tem is  threefold:  "First,  to  watch  the  job 
from  week  to  week  to  see  if  the  work  is 
being  carried  out  economically ;  second,  to  see 
whether  the  cost  is  above  or  below  that  of 
the  original  estimate;  and  third,  to  furnish 
information  for  future  use  in  estimating  and 
in  supervising  work  in  progress."  Again, 
"With  the  change  of  the  times  and  the  change 
in  contractors'  methods  the  attitude  of  the 
contractor  to  cost  accounting  systems  is  also 
changing.  The  old-time  superintendent  is  giv- 
ing place  to  the  technical  graduate  who  is  a 
man  with  engineering  training  accustomed  to 
view  the  situation  from  all  sides  and  relying 
on  actual  cost  figures  rather  than  on  his  own 
judgment  to  tell  whether  his  work  is  efficient 
Modern  competition  is  becoming  so  keen  and 
work  is  taken  on  such  a  small  margin  of  profit 
that  it  is  of  vital  importance  that  every  item 
of  the  work  be  kept  down  to  its  estimated 
cost,  and  cost  keeping  is  fast  becoming  z 
necessity  to  all  who  wish  to  make  a  profit 
out  of  contracting  on  construction  work."  The 
writer  further  states  that  cost  accounting  on 
construction  work  should  be  handled  in  con- 
nection with  the  estimating  rather  than  the 
bookkeeping  department,  as  the  estimator 
should  know  best  what  imformation  he  re- 
quires from  a  job  to  check  up  the  work  which 
he  has  estimated  and  into  what  units  the  costs 
should  be  divided.  The  system  described  con- 
tains the  following  features  which  do  not  ap- 
pear in  most  cost  accounting  systems :  first, 
in  addition  to  the  weekly  labor  costs  the 
average  labor  cost  on  each  item  to  date  is 
figured;  second,  a  periodic  check  on  the 
qiiantity  report  is  made :  third,  a  standard 
mnemonic  code,  revised  to  suit  the  require- 
ments of  each  job  is  used;  fourth,  an  account- 
ing of  material  is  kept  from  month  to  month; 
fifth,  an  analysis  of  the  estimate  is  made  for 
comparison  with  the  weekly  costs;  sixth,  a 
monthlv  balance  is  struck,  showing  profit  or 
loss  to  date;  and  seventh,  a  field  sheet  is  fur- 
nished to  the  timekeeper,  wljich  enables  him 
more  regularly  and  systematically  to  account 
for  the  men  on  the  work. 

The  system  described  has  been  in  successful 
use  for  some  time,  and  a  sufficient  number 
of  forms— filled  out  in  detail— have  been  given 
to  enable  one  to  grasp  readily  its  principal 
features.  The  writer  of  the  article  and  the 
companv  with  which  he  is  connected  deserve 
credit  for  an  exceptionally  well-presented  pa- 
per on  an  important  and  timely  subject. 


The  "Cost  of  Progress"  and  the  "Profit 
of  Progress"  in  the  Telephone  Field. 

VV'c  may  well  doubt  whether  any  class  o( 
public  utilitv  plant  averages  so  short  a  life 
as  a  telephone  plant.  While  this  short  life  is 
partly  due  to  the  extensive  use  of  wooden 
poles,  it  is  due  in  much  greater  degree  to 
that  combination  of  obsolescence  and  inade- 
nuacy  now  called  functional  depreciation. 
Some  one  has  aptly  called  this  sort  of  depre- 
ciation the  "cost  of  progress."  The  "cost  of 
progress"  in  the  entire  electrical  industry  has 
been  enormous.  Scarcely  has  a  new  device 
been  put  into  general  use  before  an  improved 
device  has   rendered  the  new   one  "old." 

In  calculating  the  cost  of  rendering  a  pven 
service  wc  must  add  liberally  for  the  "cost 
of  progress."    There  has  frequently  been  crit- 
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icism  of  the  liberality  of  such  estimates. 
Somehow  too  close  attention  to  one  side  of  the 
ledger  is  apt  to  incur  forget  fulness  of  the 
other  side.  The  profit  of  progress,  as  we  may 
term  it,  always  exceeds  the  "cost  of  prog- 
ress," else  the  engineers  and  business  men  in 
charge  of  public  utilities  would  not  order  the 
frequent  renewals  and  changes  in  plant.  The 
criterion  that  an  engineer  applies  is  always 
this  :  A  change  in  plant  is  economic  when  the 
new  plant  can  be  so  operated  that  its  annual 
cost  per  unit  of  saleable  product,  including 
therein  the  interest  on  the  abandoned  plant, 
is  less  than  the  present  annual  cost. 

If  this  criterion  were  to  lead  to  writing  off 
nothing  from  the  plant  account  for  abandoned 
plant,  it  would  result  eventually  in  overload- 
ing the  plant  account  to  such  a  degree  that 
new  capital  entering  the  same  field  could 
produce  the  most  modern  plant  at  much  less 
cost  than  the  capital  account  of  an  old  com- 
pany. Hence  it  is  that  abandoned  plant  should 
be  charged  ofif,  so  as  to  leave  the  capital  ac- 
count loaded  only  witli  the  cost  of  the  mod- 
ern e.xisting  plant.  This  bookkeeping  process. 
however,  should  not  obscure  the  fact  that 
the  annual  saving  cfifected  by  a  new  device 
yields,  w-hcn  divided  by  the  annual  interest 
rate,  a  sum  that  more  than  equals  the  original 
cost  of  the  abandoned  plant.  In  short,  the 
profit  of  progress  exceeds  the  cost  of  prog- 
ress. Relatively  old  as  this  principle  is.  repe- 
tition of  it  should  not  be  without  value,  for 
there  is  a  tendency  to  ignore  the  claims  of 
public  utility  companies  for  liberal  deprecia- 
tion reserves. 

Often  it  is  argued  that  although  electrical 
progress  in  the  last  30  years  has  been  vcrv 
great,  there  is  likelihood  that  it  will  be  slower 
hereafter.  But  before  this  conclusion  is  used 
as  a  basis  for  calculating  functional  deprecia- 
tion, let  two  facts  be  carefully  weighed  :  First, 
that  the  use  of  clcctricit  •  and  other  public 
utilitv  services  is  increasing  much  faster  than 
the  increase  in  the  population  —  in  general 
about  as  the  square  of  the  increase  in  popula- 
tion. Second,  that  the  larger  utility  com- 
panies, as  well  as  the  larger  manufacturing 
companies,  are  maintaining  great  experimental 
laboratories  manned  by  expert  engineering  in- 
ventors. 

This  last  mentioned  fact  is  again  brought 
to  our  notice  by  a  recent  statement     of     Mr. 


Theodore  N.  Vail,  president  of  the  American 
Telegraph  and  Telephone  Co.  (the  Bell  Sys- 
tem).    To  quote : 

When  the  telephone  was  born,  nothing  analo- 
gous to  telephone  service  as  we  now  know  It 
existed.  There  was  no  tradition  to  guide,  no 
experience   to   follow. 

The  system,  the  apparatus,  the  methods — an 
entire  new  art  had  to  be  created.  The  art  of 
electrical  engineering  did  not  exist.  The  Bell 
pioneers,  recognizing  that  success  depended 
upon  the  highest  engineering  and  technical 
skill,  at  once  organized  an  experimental  and 
research  department,  which  is  now  directed  by 
a  staff  of  over  5!)0  engineers  and  scientists,  in- 
cluding former  professors,  post-graduate  stu- 
dents, scientific  investigators — the  graduates  of 
over  70  universities. 

From  its  foundation  the  company  has  con- 
tinuously developed  the  art.  New  improve- 
ments in  telephones,  switchboards,  lines,  cables, 
have  followed  one  another  with  remarkable 
rapidity. 

While  each  successive  type  of  apparatus  to 
the  superficial  observer  suggested  similarity, 
ench  step  in  the  evolution  marked  a  decided 
improvement.  These  changes,  this  evolution, 
have  not  only  been  continuous,  but  are  contin- 
uing. Substantially  all  of  the  plant  now  in  use, 
including  telephones,  switchboards,  cables  and 
wires,  has  been  constructed,  renewed  or  recon- 
.structed   in   the  past  10  years. 

Particularly  in  switchboards  have  the  changes 
been  so  radical  that  Installations  costing  in  the 
aggregate  millions  have  frequently  been  dis- 
carded after  only  a  few  years  of  use. 

Since  1S77  there  have  been  introduced  53  types 
and  styles  of  receivers  and  73  types  and  styles 
of  transmitters.  Of  the  12,000,000  telephone 
receivers  and  transmitters  owned  by  the  Bell 
Company  January  1,  1914,  none  were  in  use  prior 
to  1902.  while  the  average  age  is  less  than  five 
years. 

Within  10  years  we  have  expended  for  con- 
struction and  reconstruction  an  amount  more 
than  equal  to  the  present  book  value  of  our 
entire   plant. 

Bearing  upon  the  life  of  a  telephone  plant 
some  facts  were  brought  out  at  a  recent  hear- 
ing before  the  Public  Service  Commission  of 
Pennsylvania,  in  a  rate  case  involving  the  Bell 
Telephone  system  throughout     the     state     of 


Pennsylvania.  Testifying  in  behalf  of  the 
company,  Mr.  Halbert  P.  Gillette  said  that  he 
had  made  an  analysis  of  the  operating  ex- 
penses of  all  the  Bell  telephone  plants  in 
Pennsylvania,  year  by  year,  for  the  preceding 
.30  years.  As  a  result  of  that  analysis  he  had 
found  that  the  annual  cost  of  repairs  and  de- 
preciation had  averaged  10.6  per  cent  of  the 
total  capital  invested  in  the  plant,  including 
the  land  and  right  of  way.  He  also  had  found 
that  the  large  amount  of  capital  invested  in 
underground  conduits  has  tended,  for  some 
years  past,  to  reduce  the  repairs  and  renewals 
below  what  is  commonly  found  in  many  parts 
of  the  country. 

Speaking  of  this  underground  construction 
as  tending  to  reduce  maintenance  costs  in  the 
future,  it  must  be  remembered,  however,  that 
each  extension  of  a  conduit  system  causes  a 
heavy  functional  depreciation  of  the  overhead 
pole  lines  that  are  abandoned  at  the  time  the 
underground  lines  are  put  into  service.  Poles 
that  might  have  a  natural  life  of  IG  years  or 
more,  thus  come  to  have  a  functional  life  that 
may  not  exceed  half  their  natural  life. 

Referring  back  to  the  quotation  just  given, 
consider  the  power  for  progress  that  resides 
in  the  constant  work  of  a  "staff  of  over  550 
engineers  and  scientists"  engaged  in  experi- 
mental and  research  work  for  the  Bell  sys- 
tem. Is  it  to  be  wondered  that  the  govern- 
ment-owned telephones  of  Europe  lag  far  be- 
hind this  .American  organization?  It  has  been 
said  that  not  a  single  important  telephone  in- 
I'ention  has  been  made  in  Europe  in  more 
than  a  do::en  years.  The  telephone  art  and 
science  would  have  entirely  fossilized  years 
ago  in  Europe  had  it  not  been  for  the  prog- 
ress in  America.  Those  wdio  are  now  clam- 
oring for  government  ownership  of  telephones 
in  America  will  do  well  to  weigh  such  facts  as 
these.  It  is  possible,  although  we  doubt  it, 
that  by  virtue  of  lower  interest  charges  the 
government  might  at  first  conduct  the  tele- 
phone business  at  lower  cost  in  this  country. 
But  any  saving  thus  effected  would  be  at  the 
far  greater  loss  of  what  we  have  termed  the 
profit  of  progress.  Great  industrial  progress 
is,  we  believe,  impracticable  where  the  in- 
centive of  profit  is  absent.  Better  far  is  it  to 
pay  slightly  more  for  a  service  at  present,  with 
every  assurance  of  steady  decrease  in  pay- 
ments, than  to  be  fettered  to  a  never  decreas- 
ing payment. 
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CostAccounting  on  Construction  Work 
— Detailed  Description  of  an 
Efficient  System. 
I 
Contractors  in  general  have  made  some 
advance  in  recent  years  as  regards  their  meth- 
ods of  cost  keeping  and  of  analyzing  cost  data, 
but  the  systems  used  in  most  cases  are  not 
comprehensive  enough,  nor  is  enough  atten- 
tion given  to  them  to  render  them  of  greatest 
value.  W'c  believe  that  contractors  will  adopt 
better  cost  keeping  and  cost  analysis  systems 
as  soon  as  they  arc  brought  to  a  realization 
of  the  importance  of  this  part  of  the  work. 
It  must  be  realized  at  the  start  that  no  com- 
prehensive system  will  he  effective  unless  the 
contractor  is  willing  to  follow  it  up  closely 
and  give  it  skilled  supervision.  Contractors 
should  know  what  various  parts  of  the  work 
arc  costing  in  time  to  enable  them  to  modify 
inefficient  methods,  and  the  system  which 
merely  gives  the  costs  of  various  items  of  the 
completed  work  has  little  value.  The  follow- 
ing paper,  by  Mr.  Leslie  H.  Allen  of  the 
Aberthaw  Construction  Co.  of  Boston,  pre- 
sented before  the  Bosotn  Society  of  Civil 
Engineers,  gives  in  detail  the  cost  accounting 
system  used  by  this  company  on  construction 
work.  We  have  largely  re-arranged  the  data 
contained  in  the  original  paper,  but  shall  pub- 
lish it  practically  in  lull.  Part  II.  which  will 
conclude  the  paper,  will  be  given  in  the  issue 
of  .\pril  i-2.  1014. 


GENERAL. 

The  problem  of  cost  accounting  on  construc- 
tion work  is  one  that  has  not  received  the 
amount  of  attention  and  study  that  its  im- 
portance warrants.  When  we  consider  the 
vital  importance  to  the  conlractor  on  construc- 
tion work  of  a  knowledge  of  the  cost  of  his 
work,  it  is  surprising  to  find  that  only  a  few 
contractors  have  succeeded  in  finding  out  in 
detail  what  the  unit  costs  of  their  work  are. 
.Most  of  the  big  commercial  enterprises  make 
a  point  of  figuring  very  carefully  their  cost 
of  production,  but  building  and  engineering 
contractors  seem  content  to  go  on  in  their 
old  ways,  with  only  a  hazy  idea  how  their 
work  is  coming  out,  and  no  definite  knowl- 
edge as  to  the  amount  of  profit  or  loss  made 
ur>til  the  job  is  completely  finished  and  paid 
for.  I  venture  to  assert  that  not  more  than 
10  per  cent  of  the  contractors  in  Boston  doing 
work  on  a  lump  sum  basis  could  tell  within 
$1,000  what  their  profits  or  losses  are  on 
their   unfinished   contracts  now   in  hand. 

It  is  not  hard  to  find  a  reason  for  this  state 
of  affairs.  The  old-time  superintendent  of 
construction  was  usually  a  mechanic  who  by 
reason  of  special  ability  had  ri-sen  to  the 
command  of  men  and  become  a  superintend- 
ent. These  men,  of  whom  many  are  still  with 
us  (and  doing  excellent  work),  are  men  to 
whom  figures  and  costs  meant  very  little.  They 
relied  for  success  on  their  innate  common 
sense  and  their  ability  to  drive  the  men  under 
them,  and  although  they  made  mistakes,  some 


of  which  would  have  b.een  self-evident  if  the; 
had  studied  costs  carefully,  yet  they  did  ex 
cellent  work  and  achieved  results  not  to  bi 
despised  even  in  these  days  of  scientific  man^ 
agemcnt,  cost  accounting  and  complex  organ 
izations  of  one  sort  or  another.  Such  men, 
however,  took  no  interest  in  cost  accounting, 
and  if  directed  to  furnish  cost  figures  took 
very  little  care  to  see  if  they  were  made  up 
rightly  or  not. 

.•Xnother  reason  is  that  there  is  often  a  la  '^ 
of  definite  instruction  given  from  the  olii.c 
as  to  how  costs  are  to  be  kept,  and  that  no 
man  who  has  studied  the  problem  and  knows 
definitely  just  what  is  wanted  is  in  chai'-:i' 
of  the  work  and  personally  responsible  for  n 
The  timekeeper  on  a  construction  job  i-  :i 
very  busy  man.  Often  he  has  material  i  ■ 
order  and  check,  and  many  other  duties  to  per- 
form, and  has  no  time  to  think  out  the  de- 
tails of  a  cost  accounting  system  for  himself, 
and  he  contents  himself  with  as  little  work 
in  subdivision  of  payrolls  as  his  experience 
tells  him  will  "get  by."  Then  when  bis  re- 
ports come  in  they  are  handled  by  clerks  who 
do  not  understand  them  and  who  do  not  make 
any  effort.to  correct  them  as  they  go  through, 
and  the  Co.st  accounting  system  becomes  un- 
reliable and  one  is  told  that  "it  is  impossible 
to  keep  accurate  costs  on  construction  work." 

It  is  probably  true  that  every  contractor 
and  builder  has  made  some  attempt  to  find 
nut  the  unit  costs  of  the  work  which  he  does. 
Some    contractors    have    got    a    system    that 
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Veally  gives  them   the   information  they  need. 
iMany  firms  have  a  cost  keeping  system  which 
itells  them  approximately  what  their  unit  labor 
:  costs    from   week   to   week   are,   but   takes   no 
!  account  of  materials  and  gives  them  no  idea 
jas   to   how   the   whole   job   stands    financially. 
'  Such   men   have   no   real   idea   as   to   whether 
'their  jobs  are  profitable  or  not  until  the  book- 
keeper's   statement   at   the   close   of    each    job 
shows  the  actual  profit  or  loss  made.     Many 
have  tried  to  keep  up  a  cost  keeping  system, 
but  have  thrown  it  up  owing  to  its  difficulties 
'and    inaccuracies,    and    rely    simply    on    their 

■  bookkeepers  to  tell  them  how  much  expense 
has  been  incurred  on  the  job,  while  their  eye 

■  tell?  them  how  much  of  the  job  is  done.  The 
writer  remembers  in  his  earlier  days  beintj 
dirci'ted  to  visit  lialf-conipleted  jobs  for  which 
he  had  made  the  estimate  and  make  a  survey 

'  of  same  for  comparison  with  the  bookkeep- 
er's statements,  and  this  was  the  only  way 
known  by  his  firm  at  that  time  of  comparing 
estimated  costs  with  actual  costs  to  see  what 
profit    or    loss    had    been    made,    although    at 


is  threefold :  First,  to  watch  the  job  from 
week  to  week  to  see  if  the  work  is  being 
carried  out  economically ;  second,  to  see 
whether  the  cost  is  above  or  below  that  of 
the  original  estimate;  and  third,  to  furnish 
information  for  future  use  in  estimating  and 
in  supervising  work  in  progress.  In  other 
words,  first,  to  determine  the  items  of  prime 
cost  and  the  unit  prices  of  these  items;  sec- 
ond, to  discover  what  relation  these  bear  to 
a  predetermined  selling  price;  third,  to  estab- 
lish new  selling  prices  for  future  work.  The 
relative  importance  of  these  three  items  is  in 
the  order  given. 

The  problem  before  the  contractor's  ac- 
countant is  an  entirely  different  one  from  that 
of  the  bookkeeper  or  the  factory  cost  keeper. 
A  good  deal  of  the  dissatisfaction  and  incom- 
pleteness of  many  existing  systems  is  because 
the  problem  has  been  approached  from  the 
financial  point  of  view  rather  than  the  engi- 
neer's. I  think  it  was  Mr.  R.  T.  Dana  who 
was  the  first  to  insist  that  cost  keeping  was 
not  a  bookkeeper's  job  and  could  not  be  satis- 
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Fig.    I.      Summary   of   Estimate. 


that  time  a  system  of  reporting  weekly  costs 
was  being  used  similar  to  that  outlined  above. 

With  the  change  of  the  times  and  the 
change  in  contractors'  methods,  the  attitude 
of  the  contractor  to  cost  accounting  systems 
is  changing,  too.  The  old-time  superintend- 
ent is  giving  place  to  the  technical  graduate 
who  is  a  man  with  engineering  training  ac- 
customed to  view  the  situation  from  all  sides 
and  relying  on  actual  cost  figure;  rather  than 
on  his  own  judgment  to  fell  whether  his  work 
is  efficient.  Modern  competition  is  becom- 
ing so  keen  and  work  is  taken  on  such  a 
small  margin  of  profit  that  it  is  of  vital  im- 
portance that  every  item  of  the  work  be  kept 
down  to  its  estimated  cost,  and  cost  keeping 
IS  fast  becoming  a  necessity  to  all  who  wish 
to  make  a  profit  out  of  contracting  on  con- 
struction work. 

The  purpose  of  any  cost  accounting  system 


factorily  handled  by  the  man  who  kept  the 
firm's  books.  This  is  so.  The  bookkeeper's 
viewpoint  is  the  financial  one,  and  deals  with 
totals  and  balances  of  cash.  The  cost  ac- 
countant's viewpoint  is  an  engineer's,  and 
deals  with  unit  costs  and  quantities  of  ma- 
terials. The  two  cannot  be  .satisfactorily  held 
by  one  man  unless  he  has  had  a  thorough 
training  both  in  bodkkecping  and  engineering 
lines.  Such  a  training  is  rare.  The  primary 
object  of  the  cost  keeper  in  a  large  factory 
or  mill  is  to  determine  the  selling  cost  of  the 
articles,  and  therefore  every  item  of  expense 
burden  incurred  in  carrying  on  the  factory  is 
prorated  or  apportioned  to  the  cost  of  the 
articles  produced  for  sale.  The  contractor's 
selling  cost  is  determined  beforehand  and  he 
is  faced  with  the  problem  of  so  splitting  up 
his  selling  cost  that  he  has  a  proper  appro- 
priation  for  each   item  of  expense,  the  very 


reverse  of  the  factory's  accountant's  problem. 
It  is  for  this  reason  that  I  have  placed  prime 
cost  first  as  being  the  most  important,  and 
selling  cost  last  as  of  least  importance. 

The  estimate  of  cost  on  which  a  contract 
is  taken  is  more  like  the  budget  appropria- 
tion of  our  government,  which  having  a  pre- 
determined amount  of  money  to  spend  pro- 
ceeds to  allot  as  much  as  is  possible  to  each 
government  department  in  proportion  to  its 
needs,  the  total  of  such  appropriations  being 
equal  to  the  amount  of  the  estimate  of  cost. 

The  contractor's  cost  accounts,  if  they  are 
to  be  of  any  use,  must  show  not  only  the 
amount  of  money  spent  in  the  work,  but  the 
way  in  which  it  has  been  spent :  and  this 
can  not  be  shown  if  items  of  general  expense, 
such  as  plant,  watchmen,  etc.,  are  all  dis- 
tributed among  the  items  of  excavation  or 
concrete.  The  result  may  be  financially  ac- 
curate but  unin forming  to  the  contractor. 
For  instance,  on  the  cost  accounts  on  the 
Panama  Canal  which  appear  in  the  Canal  Rec- 
ord it  will  be  noted  that  the  cost  of  plant, 
track  forms  and  general  expense,  etc.,  all  are 
worked  out  in  terms  of  per  cubic  yard  of 
concrete.  This  is  correct  from  the  financial 
viewpoint,  and  the  result  shows  the  cost  of 
the  concrete  to  the  government.  But  it  does 
not  tell  an  engineer  whether  the  work  is  be- 
ing done  efficiently  or  not.  He  wants  to 
know  the  cost  of  settine  up  and  repairing  the 
plant,  the  cost  of  handling  the  material,  the 
detailed  cost  of  form  work,  while  general  ex- 
pense is  meaningless  to  him  unless  he  knows 
the  details.  When  the  cost  of  moving  tracks, 
repairing  plant,  etc.,  is  reported  at  so  much 
per  cubic  yard  as  a  subdivision  of  excavating 
cost,  the  cost  of  the  operation  cannot  be  criti- 
cised. It  is  very  nccessarv  that  this  distinc- 
tion be  kept  in  mind  and  that  costs  should  be 
worked  out  from  an  engineer's  standpoint 
rather  tlian  from  a  bookkeencr's  or  an  ac- 
countant's standpoint.  The  information  turned 
out  by  the  cost-accounting  department  should 
not  only  show  results  but  should  give  in- 
formation showing  the  reason  why  the  re- 
sults are  so. 

In  the  writer's  judgment,  the  cost  account- 
ing on  construction  work  should  be  handled 
in  connection  with  the  estimating  department 
rather  than  in  connection  with  the  bookkeep- 
ing department.  The  estimator  should  know 
best  what  information  he  requires  from  a  job 
to  check  up  the  work  he  has  estimated,  and 
into  what  units  the  costs  should  be  divided. 
He  is  then  enabled  to  keep  closely  in  touch 
with  actual  work  in  progres.s  and  to  compare 
it    with    his   estimate    from   time   to   time. 

The  method  usually  employed  by  contract- 
ors in  their  cost  accounting  is  to  divide  up 
the  time  spent  on  the  job  under  certain  fixed 
heatlings.  such  as  excavation,  brick  work, 
mason  work,  concrete  work,  carpentry,  and  so 
on.  and  to  make  a  report  of  the  quantity  of 
each  kind  of  work  executed,  and  Xo  work  out 
from  same  either  daily  or  weekly  the  unit 
labor  costs ;  at  the  close  of  the  job,  to  work 
these  up  into  totals  and  also  to  work  up  at 
this  time  the  cost  of  all  materials  into  units 
and  combine  them  with  the  labor  costs,  giving 
the  total  cost  of  labor  and  material  on  each 
item  of  the  work.  This  works  well  in  some 
offices  as  far  as  it  goes,  and  shows  whether 
each  week's  work  was  efficient  and  econom- 
ical. Rut  if  no  account  is  kept  of  material 
until  the  job  is  closed,  and  no  check  is  taken 
on  quantities  reported  by  the  men  on  th« 
job,  and  no  comparison  is  made  with  the 
estimate,  its  value  is  not  very  great.  In  the 
system  used  by  the  .Aberthaw  Construction 
Co.,  we  have  adilcd  from  time  to  time  the 
following  features  which  do  not  appear 
in  most  accounting  systems.  First,  in  addi- 
tion to  the  weeklv  labor  costs,  the  average 
labor  cost  on  each  item  to  date  is  figured. 
.Seconil.  a  periodical  check  on  the  quantity  re- 
port is  made.  Third,  we  use  a  standard 
mnemonic  code  revised  to  suit  the  require- 
ments of  each  job.  Fourth,  an  accounting  of 
material  is  kept  up  from  month  to  month. 
Fifth,  an  analysis  of  the  estimate  is  made  for 
comparison  with  the  weekly  cost?.  Sixth,  a 
monthly  balance  is  struck,  showing  profit  or 
loss    to    date.      Seventh,    a    "field    sheet"    is 
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furnished  to  the  timekeeper,  whicli  enables 
him  to  keep  track  more  regularly  and  sys- 
tematical!}' of  the  men  at  work. 

It  is  the  purpose  of  this  paper  to  describe 
the  Aberthaw  company's  system  in  detail,  tak- 
ing up  in  logical  order  the  above  points  and 
matters  incidental  thereto.  The  present  sys- 
tem was  not  invented  in  a  day  but  has  been 
a  gradual  development.  The  cost  keeping 
system  was  installed  early  in  the  history  of 
the  company  by  Mr.  Wason,  the  president  of 
the  company,  who  laid  work  out  upon  the 
usual  lines  adopted  by  other  contractors  as 
indicated  above.  The  above  additional  fea- 
tures have  been  added  since  the  beginning  of 
1910  in  the  order  indicated  above,  and  the 
complete  system  may  be  said  to  have  been  in 
working  order  for  over  two  years,  long 
enough  for  us  properly  to  try  it  out  and  to 
know  that  it  really  gives  us  the  information 
we  need.  In  other  words,  the  system  I  am 
about  to  describe  is  not  the  dream  of  a  the- 


7  items  of  concrete  and  finish  in  the  estimate 
have  been  resolved  into  19  items  in  the  analy- 
sis, and  the  7  items  of  forms  in  the  estimate 
have  been  resolved  into  11  items  in  the  analy- 
sis, and  so  on,  each  item  being  resolved  into 
its  component  parts,  and  where  these  parts 
are  alike  in  two  items  adding  them  together. 
For  instance,  concrete  labor  in  footings  ap- 
pears by  itself,  but  the  cement,  sand  and 
stone  are  added  to  those  in  the  columns  and 
floors.  By  adding  together,  it  will  be  found 
that  the  7  items  of  concrete  in  the  estimate 
have  the  same  total  cost  as  the  19  items  in 
the  analysis. 

This  analysis  is  used  as  a  basis  of  compari- 
son during  the  life  of  the  job,  and  the  original 
estimate  is  not  referred  to  at  all.  This  is  dif- 
ferent from  the  general  practice,  as  it  is  usual 
to  build  up  the  units  of  labor  costs  on  a  job 
in  a  synthetical  manner  to  compare  with  the 
estimate,  rather  than  to  analyze  the  estimate 
to   compare  with   the   units  on   the  job.     This 


and    only    one-third    the    brickwork    is    done, 
the   cost  of   brickwork   will   be   unbalanced  in 
the  same  way.     To  solve  this  difficulty  we  use 
an  analvsis  of  the  estimate  and  keep  the  costs 
on  each  item  of  the  analysis  separately.    The 
estimate   is   put    away   and    never   referred  to 
again,  and  all  comparisons  are  made  with  the 
analysis.     You   will   see   when   I    describe   the 
monthly  statement  how  easily  this  takes  care 
of    difficulties    like    those    referred    to,    or   to 
unfinished   work.     It   is   not   until   the   job  is  \ 
completed    and    the    books    are   closed   that  I  j 
make  a   synthetical  summary  showing  what  a  ; 
cubic    yard    of    concrete    or    a    cubic    foot   of  i 
brickwork   has   cost. 

I  lay  stress  on  this  because  the  difference! 
between  analysis  and  synthesis  in  accounting! 
is  vital,  and  it  is  my  belief  that  it  is  not  pos- 1 
sible  to  get  a  clear  and  accurate  idea  of  the 
fluctuations  of  cost  on  construction  work  by  j 
a  synthetical  method,  because  labor  and  ma- 
terial and  overhead  expense  are  so  distributed  I 
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Fig.  2.     Analysis   of   Estimate   (Continued    in   Fig.  3). 


Fig.  3.     Analysis  of   Estimate   (Continued  from   Fig.   2). 


orist,  but  something  that  is  really  practicable ; 
that  is  not  expensive  in  operation  and  that  any 
contractor  can  use  if  he  has  but  the  patience 
to  study  his  problem  and  insist  on  getting 
just  the  results  he  wants. 

Although  the  writer's  firm  specializes  in 
one  branch  of  construction  work  the  system 
is  equally  applicable  to  any  other  work  of 
similar  nature,  whether  in  the  line  of  heavy 
engineering  or  the  building  of  modern  office 
buildings  or  frame  dwelling  houses. 

Section  I. — The  Analysis. 
At  the  start  of  a  job,  an  estimate  is  made 
of  its  cost  in  the  usual  way.  This  estimate 
is  then  analyzed  to  show  its  component  costs. 
Figure  1  shows  an  estimate  on  a  small  job 
executed  by  the  Aberthaw  company  this  year. 
Figures  2  and  3  show  the  analysis  of  the 
same.  This  analysis  is  almost  self-explana- 
tory, but  it  will  be  well  to  call  attention  to  one 
or  two  points  in  it.     It  will  be  noted  that  the 


is  a  very  important  feature  of  the  system 
and  is  a  solution  of  one  great  difficulty.  The 
usual  method  is  to  try  and  build  up  the  price 
of  each  item  from  the  information  on  unit 
costs  given,  so  as  to  compare  it  with  this 
item  in  the  estimate.  Take,  for  instance,  the 
item  of  concrete.  The  price  of  concrete  is 
compiled  by  reckoning  up  the  labor  of  un- 
loading cement,  sand  and  stone  and  the  cost 
of  these  materials,  and  also  the  labor  of  mix- 
ing and  placing  and  finishing  the  concrete  and 
the  cost  of  the  tools  and  plant.  (I  do  not 
mention  forms,  which  I  regard  as  an  entirely 
distinct  and  different  item.)  If  at  the  end 
of  a  month  .500  cu.  yds.  of  concrete  have  been 
placed  and  material  enough  to  mix  another 
600  cu.  yds.  is  on  the  ground  and  all  the 
plant  is  set  un,  it  will  be  a  very  difficult  mat- 
ter to  determine  exactly  how  much  labor  and 
material  should  be  charged  to  work  which  is 
done  and  how  much  is  chargeable  to  future 
work.     If   all   the   mason's   staging  is   erected 


that  they  cannot  be  properly  identified  or  crit- 
icised. It  will  be  noticed  that  labor  and  ma- 
terial are  kept  in  separate  columns  in  the 
analysis  and  are  kept  entirely  distinct  all 
through  the  job.  For  accounting  purpose.'- 
material  includes  sub-contracts,  insurance, 
traveling  expenses,  electric  power,  etc.,  and  in 
fact  everything  except  labor  and  teams.  Teams 
when  hired  by  the  day  are  reckoned  as  labor, 
but  teams  working  under  contract,  at  an 
agreed  price  per  load,  per  yard,  etc.,  are  reck-, 
oned  as  sub-contracts  and  kept  in  the  material 
account.  I 

On  the  work  of  most  contractors  it  will  h 
found  that  the  amount  and  cost  of  the  ma 
terials  will  not  vary  very  much,  and,  except 
for  checking  consumption  of  cement,  coal  and 
lumber,  the  profit  or  loss  made  on  materials! 
at  the  start  of  a  job  will  remain  steady  a]l| 
through.  But  the  labor  does  fluctuate  exceed- 
ingly from  week  to  week.  It  is  on  the  labor 
side   that   most   of   the   losses   or   profits   ma> 
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]  be  expected.  In  this  paper  and  in  tlic  writer's 
'  firm  a  good  deal  more  attention  is  given  to 
!  the  labor  side  than  to  the  materials.  At  the 
;  same  time  the  material  must  not  be  over- 
I  looked,  as  wasteful  use  of  cement,  lumber. 
I  etc..  may  run  the  cost  of  a  job  up  unexpected- 
ly, to  say  nothing  of  the  need  of  a  periodical 
check,  if  there  is  any  suspicion  of  graft  among 
i  subordinates. 

j  We  furnish  a  copy  of  the  analysis  in  note- 
]  book  form  to  the  superintendent  on  the  job 
.  as  well  as  to  our  general  superintendent  and 
'  to  the  heads  of  the  firm.  This  is  particularly 
useful  to  the  job  superintendent,  as  he  knows 
what  the  office  expects  him  to  accomplish  in 
1  the  way  of  costs.  If  his  judgment  on  costs 
;  is  not  sound,  it  tells  him  what  the  items  of 
j   his   work    ought   to   cost. 

Section  II.— The  Code. 

\       Having    analyzed    the    estimate,    instructions 
I  are  made  out  for  the  timekeeper  in  the  form  of 


z 

X 


Miscellaneous    steel    and     iron     work     and 

other  metal   \ioik. 
Brick  masonry,  stonework,  tile,  Akron  pipe, 

etc. 
Miscellaneous. 
Extra  work   (prefix   to  any  of  above). 


Subdivisions — Kinds  of  L^bor. 

Second  Letter  (for  all  main  divisions  except  D 
and   K): 

a  Makin.sr  or  preparing,  viz.,  making  up 
forms,  mixing  concrete,  bending  or  fabri- 
cating steel,  etc. 

e  Erecting,  placing  or  building,  viz.,  erectmg 
forms,  placing  concrete,  laying  brick,  fix- 
ing sash,  etc. 

i  Removing,  stripping  or  cutting  away,  viz., 
stripping  forms,  cutting  away  concrete  or 
brick,  etc. 

0  Repairing,  viz.,  patchmg  voids  in  concrete, 

repairing  mixer,  etc. 

u  Receiving,  unloading,  piling,  loading,  etc., 
viz.,  receiving  cement,  sand,  lumber,  etc., 
unloading  and  storing  same,  unloading 
plant  and  reloading  at  close  of  job,  etc. 

Second    Letter   with   D: 

a         Excavate. 

e         Backfill. 

1  Pumping. 


p 

Paving  or  sidew 

() 

r 

Rubbish. 

s 

t 
v 

Stairs. 

Vault  lights. 

w 

Walls. 

i-w 

Retaming  walls. 

ws 

Window  sill. 

cw 

Curtain  walls. 

X 

Cement. 

v 

Sand. 

z 

Stone  or  gravel. 

Thi 

d  Letter  with  C 

c 

Column. 

d 

Door. 

df 

Door  frame. 

dt 

Door  trim. 

f 

Floor. 

fb 

Floor  beam. 

fs 

Floor  screed. 

fp 

Sub-floor  plank. 

ft 

Top  floor  maple 

g 

Gates. 

h 

Hardware. 

ho 

J 

k 

Operating  gear. 

Cornice. 
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Fig.  5.     Timekeeper's    Field    Sheet    (Continued    from   Fig  4.) 


a  code,  which  is  shown  in  Tabic  1.  This  code 
is  made  up  from  the  standard  mnemonic  code 
used  by  the  author.  The  code  differs  from 
that  used  by  other  contractors  only  in  the 
fact  that  the  mnemonic  principle  is  used  in 
•lead  of  numbers,  and  that  the  divisions  of 
lime  have  been  carried  a  good  deal  further 
than  is  usual.  .Mthough  this  does  not  seem 
to  be  an  important  item  in  itself,  it  is  so  be- 
caii.se  it  simplil'ies  the  work  of  the  timekeep- 
ers on  the  job  to  a  very  large  extent,  and  in- 
sures more  accurate  and  intelligent  reports 
being  made  from  the  job. 

TAttLE    I.— STANDARD   TIMEKEKPING 

CODE. 

Main   Dlvislor.a— Kinds  of  Work. 

Inlllal   L«-tt.r: 

P       F'lnni 

r>       Digging,     carthwf.rk     and     rorkwork,     and 

Items  In  connection. 
M      Conor  fte 
F        Forms. 
R       Uelnforccmcnt. 
K       Klnl!<h  of  conciete  surfaces. 
C       FlnLsh    carpentry    (wlmlows.    Iloorlng,    etc.) 
and  any  carpentry  not  belonging  to  P,  D 
or  F. 


o         Grading. 

u        Drilling   and    blasting. 
Second  Letter  with  K: 
a         Picking. 

0  Pliistering. 

1  Rubbing  with  carliorundum. 

o         Repairing,   fllllng  voids,  cleaning  floors,  etc. 
11        Gnmollthlc     finish    laid    Integral    with     the 

slab, 
un     Granolithic    finish    laid    after   concrete    has 

set. 
y        Cement  wash. 

Subdivltiont— Location  of  Work  In  the  BuUdlng. 
Third  I>etter  (for  all  main  divisions  except  P. 
S   and   Ci: 


b 

be 
c 
ch 

I'C 

d 

dp 

f 

fs 

fb 

fm 

K 

h 


m 
n 


Belt  course. 

Columns. 

Column  heads  (mushroom). 

Cinder  ron'roto. 

Footings. 

Drnin  pipe  (tile). 

Floors. 

Floor  slabs. 

Floor  beams  (beam  construction). 

Corrugated  metal  to  slabs. 

Cellar  or  basement. 

Cjmlco. 

Lumber. 

Monitor  or  pent  house. 

Lintels. 


1 

Lumber. 

m 

Monitor  or  pent  house 

ms 

Monitor  sash. 

11 

.Lintels. 

P 

Partition. 

Pl 

I'latform. 

r 

Roof. 

rb 

Uoi»f  beam. 

rp 

Roof  plank. 

rt 

Roof  truss. 

N 

t 

Stairs. 

v 

w 

X 

v 

•t. 

Miscellaneous. 

Third   I>t>ttcr  with  S: 

h 

I-beams,   channels,   etc 

e 

Columns. 

fb 

Column    bases. 

<t 

Dour." 

dg 

Donr   iT'iards. 

df 

Door   frames. 

ds 

Door  sills. 

fl 

Fl.-ishlng. 

g 

h 

I 

Holts. 

Cornice. 

Lintels. 
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Pipe. 


r  Railings,   gratings,   etc. 

s  Stairs. 

sr  Stair   rails. 

si  Sleeves. 

I  Trusses. 

V  Inserts  for  sprinklers,   etc. 

w  Windows. 

ws  Window  shutters. 

wg  Window  guards. 

z 

y 

/.        Miscellaneous. 
Third  Letter  with  P: 
b        Boiler. 

Crusher  and  elevator. 

Chute. 

Derrick. 


c 

ch 
d 
f 

h 

3 
k 
I 


Locomotive,  portable  engine  and  boiler. 
Hoisting  engine. 


Rlevator  tower,  bucket  and  hoist. 
Mixer  and  engine. 


eous  iron  work,  B  for  Brickwork,  and  so  on. 
As  far  as  possible  the  initial  letters  chosen  are 
mnemonic,  that  is,  they  are  the  first  letters 
of  the  items  they  represent.  The  second  let- 
ter is  always  a  vowel  and  indicates  what  is 
being  done  in  the  division  of  work  which  it 
is  describing:  "a"  stands  for  making  items 
before  setting,  and  "e"  stands  for  erecting 
or  setting  or  n.xing  in  place;  "i"  stands  for 
stripping  or  removing  or  pulling  down;  "o" 
stands  for  repairing  or  patching;  "u"  is  a 
general  utility  item  standing  for  unloading 
and  other  similar  items.  It  will  be  seen  that 
these  are  mnemonic  in  that  each  vowel  is  the 
vowel  sound  of  the  word  that  it  represents. 
The  third  letter,  which  is  always  a  consonant, 
indicates  mnemonically  the  place  or  part  of 
the  building  in  which  the  work  is  done;  that 
is,  "f"  indicates  floors,  "c"  columns,  "b"  beams, 


he  makes  one  up,  although  very  often  we  can 
read  them  without  such  explanation,  owing 
to  our  familiarity  with  the  principles  on 
which   the   code   is  based. 

From  the  standard  code  as  given  above  a 
special  code  is  written  out  in  the  head  office 
for  the  job  before  the  work  is  started,  and 
from  time  to  time  additions  are  made  from 
the  office  or  by  the  job,  to  meet  snecial  items 
of  work  met  with  on  the  job;  but  all  the  main 
items  of  work,  such  as  concrete  in  columns 
and  floors,  forms  and  reinforcement,  have  the 
same  code  word  at  all  times,  for  example : 

Fill  voids. 
IvI — Concrete.  smooth 

Mix.  Place.        up,   etc. 

Footings    Mad  Med  Mod 

Floors   and   root.. Mat  Met  Mot' 

Columns    Mac  Mec  Moc 

Walls     Maw  Mew  Mow 

F — Forms. 


?"               ABERTII.WV   CONSTRUCTION 

wooJ       f^ffSS                                                 DAILY  TIME  SHE 

CO! 

T 

<R\NY.    M 

,-,0-.     -    '/V'fJ 

r.fi   'if'  ifrf  i,. 

f.-  ^,  9,J  r„  A.          0 

..,. 

I..«.:.t.. 

•  -..•1  ..'>■>  «,..  1^  -,V:.'l  ,vl 

-*/      }■     x/    1  ' 

* 

If 
it" 

0             II    /t 

r.'i    un 

fee       10  li 

r.r-     t  •- 

c. 

1..-.,...,..-  /).• 

;::  %■ 

HI, 

"7 

SI    ^' 

r 

'       3' 

It' 

ft" 

St^     i  iC 

Ftl-i      IX  It: 

1  ML^ 

rJf     Siii' 

f/fi        llai' 

r/c      ix,r 
r,c       10  IS'' 
S<,         'xtt 

??«           SjTf' 

f     1' 

s> 

Jl 

%     1 9=' 
R^l    ax. 

!>,•'    i-J  In 

3<-*      'qn^i-jiiff, 
£>«   •iLioB  tdJl 

/J3" 

43» 

x/               J-/ 
I'         1' 

X' 

X'    J'         -X' 

/^o         10" 

.„...-„      J 

4  n.'^.-M-y 
\  IjiuVL -' 

ABEKTH.WV   CONSTRUCTION 

lot-dt       y7iSS                                           DAILY  TIME  SHE 

CO> 

T 

ip.^NY.  n 

,.T„~         -—Ph 

'  '1 

i-r  r..  w„  5?.,  j?^  nj  r„  T^..n^  i,it  «., 

■  .,. 

.,.o...u.. 

.-„.,,.„.,...- ...., 

is, 

ila- 

iit, 

•  J7 

ls<l 
Hi 

i'  J'             '    '                  ■> 
X'  y 

X'  7'  ^ 

.5-/    u- 
i'                           »'    3' 

1'                                    ^1 
V    1' 

.'                      X'     3'                     3' 

yo 

a 

2S 

l.aX'llg'.   '  .   • 

Hx 

Hi 
Us 

Ul 

n.i 

ho 

J'    !,■ 

i'    U-' 

.  s 

30 

.25' 

if 

hi 

i7? 

I' 
t' 
i' 

X'                        4'     3' 

It- 

^5 

q'- 

J-    X- 
X'                                  7- 

r 

2'                                    t'                           1' 

30 
J5- 

1, ■'.»_- 

1'  1-  ,'             i' 
r 

io 

K1^  '■'■ 

Fig.   6.      Daily  Time   Sheet    (Continued   in    Fig.  7). 
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Temporary  buildings. 
Pump. 

Runways,  staging,  ladders  and  guard  rails. 

etc. 
Wood-working  shop,  saw  bench,  planes,  etc. 
Track. 

Water  supply. 
Miscellaneous. 


All  contractors  who  have  attempted  any  cost 
keeping  will  agree  on  the  necessity  for  some 
sort  of  a  code  to  report  work  done,  not  on 
the  ground  of  secrecy  but  to  obtain  concise, 
quick  descriptions.  Tt  has  been  found  that 
if  timekeepers  are  simply  told  to  report  the 
work  done  and  describe  it.  their  descriptions 
will  be  misleading  and  verbose,  and  in  going 
their  rounds  they  will  probably  make  up  a 
code  for  themselves  whirli  afterwards  they 
have  to  turn  into  a  written  description. 

It  may  be  worth  while  to  spend  a  little 
time  in  explaining  the  principles  of  the  mne- 
monic code  used.  The  initial  letter  is  always 
a  capital  and  indicates  the  kind  of  work  to 
le  done.  For  instance.  M  stands  for  concrete 
Masonry,  F  for  Forms,  R  for  Reinforcing 
Steel,    S    for   Structural    Steel    and   misccUan- 


"k"  cornice,  "1"  lumber,  "d"  doors,  and  so  on. 
As  far  as  possible  these  are  mnemonic,  but 
it  is  not  possible  to  make  every  item  so,  and 
some  consonants  have  to  be  arbitrarily  chosen 
to  make  out.  As  the  standard  code  is  the 
same  on  every  job  and  is  used  simply  with 
adaptations  to  meet  the  requirements  of  the 
work  in  hand,  these  ,-irbitrary  symbols  are 
quickly  learned.  It  will  be  noticed  that  the 
third  letter  has  to  be  a  different  one  in  the 
case  of  items  relating  to  plant. 

It  should  be  an  easy  matter  to  revise  this 
code  to  apply  to  any  other  sort  of  construc- 
tion work,  or  to  industrial  work  of  any  kind, 
bearing  in  mind  the  general  principles  on 
which  it  is  framed. 

Although  at  first  sight  it  looks  complicated, 
yet  it  has  l)cen  foimd  to  be  very  simple  in 
practice,  and  new  timekeepers  and  superin- 
tendents  very   quickly   pick    up   its   essentials. 

It  lias  the  advantage  that  if  any  work  is 
done  on  the  job  which  was  not  known  of  or 
contemplated  when  the  original  code  was 
made  out.  it  is  a  simple  matter  to  adapt  the 
letters  and  make  up  a  fresh  code  word  for 
the  new  work.  As  a  matter  of  precaution, 
we  always  require  our  timekeepers  to  give  the 
explanation    of    a    new    code    word    whenever 


Erect. 

Strip 

Fed 

Fid 

Fef 

Fit 

Fee 

Fie 

Few 

Fiw 

M,aUe. 

Footings    Fad 

Floors   and    roof..Faf 

Columns    Fac 

Walls    Faw 

Section    III. — The    Timekeeping. 
(a)     the  field  sheet. 
On  the  job  the  timekeeper  is  supplied  wit! 
what  we  call   a   "field   sheet,"   an   example  ol 
which  is  shown  in   Figs.  4  and  5.     Tliis  lielc 
sheet   is,    we   believe,   an    innovation    in   time- 
keeping.     A    fresh    sheet    or    sheets    is    usei 
every  day  and  is  carried  around  by  the  time- 
keeper on   the  job.     In   tlie   left-hand  cnlumr 
he  enters  tlie  numbers  of  all  the  men  wlio  ari 
at  work,  and  it  will  be  noticed  that  the  tcnti 
line  is  a  heavy  line  and  that  numbers   1<»,  20 
SO,  and  so  on  appear  on  these  heavy  lines  al- 
ways, and  if  necessary,  lilanks  are  left  in  hel 
tween   to   insure   this   Ijcing   done.      (The   ob- 
ject  of   this   will   be   explained   later.)      .'\ftei 
having  checked  the  men  in,  in  the  second  col- 
umn  from   the   left,   the   timekeeper  starts  ot 
his  rounds  and  in   the  column   headed   7  to  U 
he  places  against  each  man's  number  the  codtil 
word   for  the  work  he  is  doing.     On  makinffl 
his   second   round,   which   is   usually   about  1(1 
o'clock,  if  the  man  is  still  on  the  same  worlfl 
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'he  simply  places  a  check  in  the  intervening 
bolumns  to  show  that  the  same  work  is  go- 
'ing  on.  The  timekeeper  has  to  make  at  least 
four  rounds  every  day  and  has  to  find  each 
:man  on  every  round.  If  a  man  is  not  found, 
Jhis  pay  is  docked  imless  he  can  satisfactorily 
(explain  where  he  was. 

I  It  will  be  noted  that  the  field  sheet  provides 
icolumns  for  checking  the  men  in  after  the 
inoon  hour  and  for  checking  men  out  at  night 
>nd  for  overtime.  The  last  column  is  the 
total  number  of  hours  worked  during  the  day, 
which  is  used  in  making  up  the  payroll,  as 
will  be  shown  later. 

In  going  his  rounds,  the  timekeeper  car- 
ries the  field  sheet  in  a  stiff  binder  similar  to 
that  used  by  the  express  companies.  On  a 
large  job,  sometimes  as  many  as  six  or  eight 
sheets    are    used    every    day.      They    are,     of 


hour  by  hour,  and  a  man  wiio  claims  his  time 
is  short  is  confronted  with  the  field  sheet, 
which  shows  exactly  what  he  has  been  doing. 

(4)  On  a  large  job,  two  men  can  work  to- 
gether on  the  timekeeping,  for  on  a  job  where 
the  payroll  is  as  much  as  $4,000  a  week  it  is 
all  one  man  can  do  to  go  round  the  work 
and  note  the  men's  time.  He  turns  in  his 
field  sheet  to  an  assistant  timekeeper,  who 
makes  out  the  payroll  and  time  sheets  from 
it.  Under  the  old  methods,  when  rough  notes 
were  made  on  scrap  paper,  this  would  be  a 
very  difficult  if  not  an  impossible  thing  to  get 
done  correctly,  and  the  result  would  be  that 
the  timekeeper's  field  work  would  suffer  and 
the  cost  accounts  would  be  inaccurate. 

There  are  necessary  limits  to  the  number  of 
subdivisions  made  in  the  work.  Some  time- 
keepers   with    more   zeal   than    discretion    will 


the  office  the  total  amount  spent  on  each  sub- 
division of  the  work  is  worked  up  and  entered 
there,  as  is  shown  in  the  example.  The  ex- 
treme right-hand  column  is  reserved  for  the 
report  of  the  quantities  of  the  work  done, 
which  are  entered  by  the  timekeeper  every 
day,  or.  in  some  cases  where  the  work  is  un- 
finished at  the  end  of  the  day,  every  second  or 
third  day. 

These  sheets  are  entered  up  by  the  time- 
keeper on  the  job.  sometimes  in  the  evening 
after  the  day's  work  is  done,  but  usually  in  the 
morning  following  the  day  in  which  the  work 
was  done.  They  are  mailed  to  the  office 
daily. 

(C)     THE  PAYROLL. 

Figures  8  and  9  show  the  payroll,  which  is 
also  ruled  up  in  sets  of  ten  lines,  like  the  field 
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Fig.  8.     The  Pay   Roll   (Continued  In  Fig.  9). 


Fig.  9.     The  Pay  Roll   (Continued  from   Fig.  8). 


course,  ail  numbered  up  with  the  numbers  of 
the  men  before  he  starts  on  his  rounds.  The 
advantages  of  this  field  sheet  are  as  follows: 

(1)  The  timekeeper  keeps  a  permanent  rec- 
ord of  what  the  men  arc  doing  every  hour  in 
the  day.  This  is  an  improvement  on  the  old 
method,  when  timekeepers  used  to  take  the 
time  on  old  pieces  of  scrap  paper,  backs  of 
envelopes,  or  pieces  of  old  board,  and  kept 
no  permanent  record  of  the  work  in  any 
form.  In  that  way  men  were  frequently 
missed  and  their  time  afterwards  guessed  at, 
and  there  was  no  check  on  the  men  that 
showed   they   were   all   at   work. 

'-)  The  superintendent  can  easily  check  the 
work  of  a  timekeeper.  Most  of  our  superin- 
tendents, each  time  that  they  go  out  on  to  the 
Work,  make  a  note  of  the  numbers  of  three 
or  four  of  the  men  and  note  what  they  are 
doing  at  that  time,  and  on  coming  in  refer  to 
the  timekeeper's  field  sheet  to  see  what  work 
he  has  entered  them  as  being  on,  and  by  pick- 
•ng  out  at  random  a  few  men  every  day  in 
this  way  it  is  easy  to  find  out  whether  the 
timekeeper  is   doing   his   work   correctly. 

(3)  It  is  easy  to  disprove  men's  claims  for 
more  time  than  they  are  allowed,  as  in  addi- 
tion to  the  record  on  the  payroll  we  have  this 
scfual    check    on    what    the    men    were    doing 


multiply  subdivisions  without  end  if  not 
watched.  It  is  a  standing  instruction  to  our 
men  that  the  laborer  who  shakes  out  and 
bundles  cement  bags  is  to  be  charged  to  the 
largest  concrete  item  of  the  day,  and  that  the 
saw  filer  is  to  be  reported  on  the  largest  piece 
of  form  work.  All  time  on  temporary  dams 
for  construction  joints  in  concrete  floors  are 
reported  with  floors.  The  superintendent, 
timekeeper  and  water  boy  are  not  so  ch.irgcd, 
but  arc  prorated  on  every  item,  as  will  'uc 
seen  in  Section  IV   (A). 

(b)    the  time  sheet. 

iMgures  (i  and  7  show  the  daily  lime  sheet. 
Ill  this  it  will  be  noted  that  the  ruling  is  the 
same  as  on  the  field  sheet,  with  every  tenth 
line  reserved  for  numbers  |0,  'JO,  :iO,  and  so 
on,  so  that  the  men's  numbers  appear  always 
on  exactly  the  same  line  on  each  sheet.  In 
the  left-hand  column  are  the  numbers  of  the 
men  and  on  the  top  of  the  succeeding  column 
arc  written  the  code  words  of  the  work  in 
progress.  Under  these  is  entered  against  every 
man  the  number  of  hours  he  has  spent  on  the 
section  of  the  work  denoted,  and  or.  the 
right-hand  side  is  a  column  for  the  man's 
rate.  The  next  two  columns  are  headed  'For 
Office  Use,"  and  when  the  sheets  come  into 


sheet  and  the  time  sheet.  This  is  similar  to 
all  contractors'  payrolls  and  needs  no  com- 
ment, except  to  point  out  the  immense  sav- 
ing of  time  that  has  been  made  by  the  use 
of  time  sheets,  field  sheets  and  payrolls,  all 
ruled  uniformly,  and  insisting  on  leaving  blank 
spaces  rather  than  using  every  line  on  the 
time  sheets  and  payroll.  The  payroll  is  filled 
in  simply  by  placing  the  field  sheet  over  the 
payroll,  and  transferring  the  number  of 
liours'  work  without  even  referring  to  the 
men's  number.  The  payroll  is  then  checked 
by  the  time  sheet,  so  that  there  is  a  circular 
check  on  the  whole  of  the  operation. 

(r>)     the  QfA.N'TITY   RKPORT. 

This  has  already  been  referred  to  when 
ci'nsidcrinp  the  time  sheet.  It  is  of  course 
of  vital  importance  that  the  quantities  should 
be  nccuralely  reported.  We  make  it  the  duty 
of  the  engineer  in  charge  of  the  level  and 
transit  to  compute  the  quantity  of  work  done 
each  day  and  turn  it  in  to  the  timekeeper  to 
enter  in  the  column  provided.  It  is  often  a 
difficult  matter  to  insure  correct  reports  be- 
ing received  on  the  quantities  of  work  done, 
and  at  the  time  the  system  was  installed  the 
writer  made  a  practice  of  visiting  jobs  month- 
ly and  making  a  rough  survey  of  them  where- 
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by  lie  could  cnlculatc  from  his  original  esti- 
mate the  quantity  of  work  done,  anil  using 
this  as  a  check.  The  practice  on  our  work 
has  improved  a  good  cleal  since  then  and  it 
IS  very  seldom  necessary  now  to  make  this 
check,  but  it  is  one  that  should  not  be  neg- 
lected by  one  starting  on  a  cost  accounting 
system,  as  without  this  check  the  cost  ac- 
counts may  he  rendered  w'orthless  by  quanti- 
ties either  in  excess  or  less  than  the  actual 
amounts  being  reported.  On  one  job,  some 
years  back,  we  found  that  a  superintendent 
had  reported  20,000  sq.  ft.  more  forms  than 
he  had  put  up,  with  a  view  to  making  his 
costs  look  low  and  getting  credit  for  econom- 
ical work.  Our  estimates  show  what  the  total 
quantities  should  be,  and  an  occasional  sur- 
vey and  a  final  comparison  will  prevent  any 
sucli  errors  being  made  now. 

In  concrete  work  the  only  item  of  labor 
that  can  be  checked  from  the  bills  is  the  steel 
reinforcement,  and  every  other  quantity  has 
to  be  obtained  by  scaling  and  computation. 
This  is  also  true  in  most  other  branches  of 
construction  work,  with  the  exception  of 
striictural  steel. 

(e)  the  inquiry  form. 
We  also  use  a  brief  standard  form  in  case 
of  any  apparent  mistakes  on  any  of  the  re- 
ports received  from  the  field.  Often  a  man's 
ratf:  is  entered  wrongly,  or  a  different  num- 
ber of  hours  appears  on  the  payroll  to  that 
on  the  time  sheet,  or  time  is  reported  with 
no  quantities  or  quantities  with  no  time.  It 
is  only  hv  picking  up  all  these  mistakes  at 
oiH'c  and  having  them  corrected  that  a  system 
is  kept  going  properly,  and  the  men  in  the 
field,  knowing  that  their  work  is  carefully 
watched,  are  more  keen  in  getting  work  done 
accurately.  This  may  seem  to  be  a  trivial  de- 
tail, but  the  writer's  experience  is  that  it  is 
not  possible  to  get  accurate  and  careful  work 
from  incn  in  the  field  unless  careful  attention 
is  paid  to  the  smallest  items,  and  any  inac- 
curacies or  omissions  are  promptly  followed 
up.  If  the  men  on  the  job  are  made  to  re- 
alize that  their  works  is  important  and  really 
counts  for  something  they  will  be  a  .good  deal 
more  careful  and  eager  to  co-operate  with 
the  office  in  matters  like  this. 


Roofing  Materials  for  Buildings. 

The  type  of  roofing  adopted  for  buildings 
is  a  very  important  item,  as  a  poorly  designed 
or  poorly  constructed  roof  will  result  in 
large  maintenance  and  reconstruction  costs. 
The  following  data  on  roofing  materials  were 
taken  from  the  report  of  the  Committee  on 
Buildings  of  the  .American  Railway  Engineer- 
ing .Association. 

In  selecting  a  roofing  there  should  be  con- 
sidered : 

(1)  Chance  of  leaks,  due  to  character  of 
construction. 

(2)  Probable  life,  including  chance  of 
damage  by  the  elements  and  by  wear  from 
other  causes. 

C3)     Fire-resisting   value. 

(4)     Cost  of   maintenance. 

('5)     First  cost. 

The  important  materials  may  be  classified 
as  follows : 

fa)  Bituminous  substances,  applied  with 
felts  made  of  rags,  asbestos  or  jute. 

(h)     Clay   and   cement   products   and    slate. 

fc)     Metals. 

.As  to  manner  of  laying  the  roofing  materials 
they  may  be  placed  in  one  of  two  classes : 
Materials  for  a  flat  roof,  cemented  together,  as 
a  coal-tar  pitch-and-gravel  roof  or  an  ordi- 
nary tin  roof;  and  materials  for  a  steep  roof, 
laid  shingle  fashion. 

BITUMINOUS    MATERIALS. 

The  common  bituminous  materials  are : 
Coal-tar  pitch  fthe  heavier  distillates  of  bi- 
tuminous coal)  :  various  asphalts  .  (bitumens 
found  naturally  in  the  solid  state)  :  various 
petroleum  products ;  and  various  animal  and 
vegetable  residues.  Their  peculiar  value  lies 
in  the  fact  that  they  arc  practically  insoluble 
in  water,  and  that  thev  are  elastic,  adhesive, 
and   comparatively   stable. 

Coal-tar  pilch  is  easily  afTected  by  heat  and 


cold,  is  not  acted  upon  at  all  by  water,  is 
easily  worked,  and,  if  properly  protected,  is 
very  stable.  It  should  ordinarily  be  used  as 
it  comes  from  the  still  "straight  run,"  of  a 
consistency  suitable  to  the  climate  and  to 
proper  application.  Water-gas  tar  pitch,  a 
byv-product  in  tlie  manufacture  of  water  gas, 
which  is  enriched  by  gas  from  petroleum  oils, 
u'scniblcs  coal  tar.  It  is  infcriiir  to  coal  tar 
pitch  for  roofing  purposes,  and  materials 
made  from  it  should  only  be  accepted  in  the 
low-priced  products.  It  has  more  value  as  a 
satnrant  of  felts  than  as  a  coating. 

The  asphalts  are  unsuitable  for  use  in  their 
natural  state.  They  are  ordinarily  fluxed  with 
I)roducts  of  petroleum. 

The  petroleums  found  in  this  country  vary 
considcralily.  and  grade  roughly  in  quality, 
according  to  location  from  East  to  West.  The 
California  oils,  with  their  asphaltic  base,  fur- 
nish materials  especially  valualdc  for  roofing. 
The  blowing  of  air  through  a  heated  still  of 
certain  petroleum  products  produces  "blown 
oils,"  which,  w-hile  somewhat  lacking  in  ad- 
hesive properties,  are  not  easily  susceptible  to 
atmospheric  changes  and  are  valuable  espe- 
cially for  roofing  coatings. 

-A  single  asphalt  fluxed  with  a  single  oil  is 
for  most  purposes  a  crude  and  unsatisfactory 
material.  To  secure  the  best  results  for  any 
desired  purpose,  several  oil  and  asphaltic  sub- 
stances must  ordinarily  be  compounded.  This 
requires  skill  and  experience.  Those  prop- 
erly made  are  for  certain  conditions  invalu- 
able, particularly  for  ready  roofing,  for  which 
tar  products  are  not  suited. 

The  asphalt  and  petroleum  products  are  not 
so  readily  affected  by  heat  and  cold  as  is  coal- 
tar  pitch,  and  lesser  amounts  of  them  are  nec- 
essary to  get  good  results.  They  are  more  ex- 
pensive, require  more  skill  in  handling,  and, 
when  protected,  some  at  least  are  to  some 
extent  liable  to  lose  their  life  bv  drying  out 
of  the  oil  fluxes.  Unprotected,  they  do  much 
better  than  does  coal  tar. 

FELTS. 

The  bituminous  substances  are  used  with 
felts  whose  qualities  considerably  affect  the 
roofing.  The  ordinary  felt  is  made  of  rags, 
mainly  cotton.  "Wool  Eelt"  is  a  misnomer. 
Asbestos  felts,  as  compared  with  the  rag  felt. 
act  less  as  a  carrying  medium  for  the  bitu- 
mens, but  rather  as  a  protection  to  the  layers 
of  bitumen.  They  arc  not  suited  for  use  with 
coal-tar  oitch,  but  are  not  injured  by  hot  as- 
phalt. They  are  more  expensive  than  rag 
felts,  but  have  some  peculiar  and  valuable 
qualities.  Burlap  made  from  jute  decays  easily 
when  not  protected.  It  is  used  in  a  few 
ready  roofings,  with  rag  felts,  to  increase  their 
tensile  strength,  the  need  of  which  is  not  gen- 
erally agreed  to. 

BUILT-UP    ROOFS. 

The  bituminous  roofings  come  ready  to  lay, 
or  can  be  built  up  on  the  roof,  using  layers 
I  if  saturated  felt  mopped  with  pitch,  and 
properly   protected. 

The  built-up  roof  is  especially  valuable  for 
flat  surfaces.  It  can  be  made  as  heavy  as 
'lesired  and  if  properlv  laid  and  of  good  ma- 
terials it  gives  a  roofing  which  by  long  ex- 
perience has  been  shown  to  be  economical 
and  efficient.  Where  the  roof  is  to  be  sub- 
jected to  wear  and  where  the  character  of 
the  construction  warrants  the  expense,  flat 
tiles  or  bricks  should  be  used  as  a  protective 
coating  to  the  roofing  instead  of  gravel  or 
slag. 

For  the  flat  roof  built  under  average  con- 
ditions, coal-tar  pitch  is  recommended  in  pref- 
erence to  asphalt  products.  It  is  more  easily 
handled,  requiring  less  skill,  .ind  while  more 
material  is  necessary  it  is  still  cheaper,  and 
in  our  opinion  more  certain  rcsidts  can  usually 
be  expected  from  its  use  when  laid  bv  the 
average  contractor.  The  large  amount  of 
material,  although  heavy,  has  an  insulating 
value.  Good  results,  however,  can  he  expect- 
ed from  built-up  roofs  using  good  asphalt 
comoounds  wdiere  laid  by  skilled  workmen. 

When  the  slope  of  the  roof  is  over  .3  ins. 
to  the  foot,  the  application  of  a  built-up  roof 
becomes  more  difficult  for  both  coal-tar  and 
asphalt,  it   being  harder  to  get  even  mopping 


and  tliere  is  more  chance  of  accident  for  the 
men.  The  desirable  straight  run  coal-tar  pitch 
cannot  be  used,  it  being  necessary  to  add  some 
stiffening  material  which  is  supposed  to  affect 
.somewhat  the  life  of  tlie  pitch.  This  must 
not  be  done  except  under  supervision  skilled 
in  such  work,  and  especial  care  must  also 
be  taken  in  the  selection  and  application  of 
the  stone  or  slag  coating. 

Built-up  roofs  with  a  ready  roofing  for  the 
coating  sheet  are  proposed  by  various  manu- 
facturers. They  should  have  their  best  value 
for  steep  slopes. 

The  advantages  of  a  coal-tar  pitcli  built-up 
roofing  are  such  that  it  is  recommended  where 
a  permanent  roof  is  desired  and  where  the 
character  of  the  structure  allows  the  build- 
ing to  be  so  designed  as  to  allow  its  use.  A 
flat  roof  makes  an  economical  structure  and 
has  small  fire  hazard.  .A  pitch  of  from  V-i-'m. 
to  1-in.  to  the  foot  is  better  than  anything 
steeper.  With  proper  materials  and  applica- 
tion a  life  of  from  1-5  to  20  years  can  be  ex- 
pected with  a  flat  roof. 

No  contracts  should  be  made  for  a  built-up 
roof  without  a  complete  and  positive  specifica- 
tion which  includes  flashings,  and  the  contract 
prices  should  not  be  less  than  those  of  the 
materials  specified  plus  a  reasonable  amount 
to  cover  the  cost  of  laying  and  profit.  Thor- 
ough inspection  of  workmanship  and  material 
is  recommended. 

READY  ROOFING. 

The  ready  roofing  has  better  value  for  the  | 
steeper   roofs   than    for   those   of   small   pitctfc  t 
It    averages    much    cheaper   than    the    built-tjjf 
types.     Most  kinds  to  get  a  fair   life  requitf 
occasional  rccoating.     For  flat  slopes  they  ar 
hard  to  lay  absolutely  tight,  and  they  are  nq 
economical  for  a  permanent  structure,  but 
slopes  of  from  3  ins.  to  the  foot  up  their  u^ 
is  more  justifiable. 

Ready  or  prepared  roofings  are  recommend 
ed  for  use  on  small,  temporary  and  otha 
buildings,  where  the  cost,  considering  maio 
lenance.  of  more  expensive  roofings  is  nd 
justified.  They  are  also  of  value  for  ste^q 
slopes  where  a  built-up  coal  tar  cannot 
used,  and  for  locations  where  the  skilled  labd 
"  necessary  for  a  built-up  roof  is  not  availabll 
The  steeper  the  slope  the  greater  their  relati^ 
value  and  the  wider  their  economical  field.  Th 
heavier  varieties  are  in  general  the  more  dd 
slrable  because  of  their  chance  for  longer  li{ 
and  their  greater  fire-resisting  value.  In  mak 
ing  selections  the  reliability  of  the  manufa<^ 
Inrer,  service  tests  and  the  cost  should 
governing  factors. 

On  the  steeper  slopes  the  use  of  ready  roo^ 
ing  shingles  properlv  reinforced  so  as  to  prC 
vent  curling  up  at  the  corner  and  fraying  on 
the  exposed  edges  and  laid  shingle- fashion  il 
growing.  They  are  supposed  to  give  bette] 
results  than  the  rolled  goods,  but  cost  mor 
Thev  would  seem  at  least  to  be  worthy  of  ill 
vestigation. 

SL.ATE.  AND  TILE. 

Slate  makes  a  good  roof  if  of  good  qualiti 
and  properly  watched.  It  breaks  easily  and 
cannot  be  walked  on  without  danger  to  thq 
slate. 

Tile    of    good    quality    gives    good    resultsj 
It  is  not  so  tight  as  slate,  but  does  not  brea" 
easily.     It  has  architectural  value,  and  its  us4 
is  grnwing.   with   ininrovement  in  the  produc 
and  in  the  variety  of  colors. 

-Slate  and  tile  of  suitable  quality,  properlij 
protected  and  fastened,  can  be  recommended 
on  roofs  with  a  pitch  of  (i  ins.  to  the  foot  oil 
over,  where  expense  is  not  the  governing  fea-j 
lure  and  where  they  aid  in  producing  the  de 
sired  architectural  effect,  except  that  where 
there  is  much  chance  of  driving  snow  S  ins.  to 
the  foot  should  he  the  flattest  slope  allowed. 

ASBESTOS    SHINGLES. 

Shingles  of  asbestos  and  Portland  cement 
.•>re  of  value.  They  have  some  elasticity  and 
I  an  be  driven  down  tight. 

WOOD   SHINGLES. 

Wood  .shingles  are  not  now  desirable  for  a 
railroarl   structure. 

CE.MENT    TILE. 

Small  cement  tile  are  not  considered  of 
much  value,  being  brittle.     Eargc  cement  tiles 
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ieinforced,  laid  without  sheatliing  directly  on 
ihe  purlins  are  in  use  on  shops  and  freight 
iouses  and  seem  to  have  considerable  merit, 
lilass  can  be  introduced  into  them,  thus  avoid- 
ing the  expense  of  skylights.  We  are  not 
'eady  to  recommend  them  for  plastered  or 
heated  buildings  or  offices  where  an  occasional 
.light  leak  would  be  disastrous. 

J  METAL    ROOFIXCS. 

J  Metallic  roofings  with  steel  as  a  base  are 
not  recommended  for  general  use  on  perma- 
nent buildings.  They  require  continual  main- 
;tenance. 

Galvanizing  of  steel  seems  to  be  well  worth 
the  e.xpcnse.  Tests  of  lead  covered  steel 
sheets  indicate  good  results.  Large  sheets  of 
corrugated  galvanized  steel  can  sometimes  be 
used  economically  where  the  building  is  not 
to  he  heated. 


Small  metallic  shingles  of  either  copper, 
tin,  galvanized  steel  plate  or  specially  pure 
iron  are  not  recommended  for  general  use. 
They  are  very  light  in  weight  and  serve  a 
purpose,  particularly  in  the  dry  climate  of  the 
Southwest. 

In  using  metals,  every  eflfort  should  be 
made  to  secure  those  of  good  quality.  The 
pure  irons  have  value.  Their  virtues  have 
perhaps  been  overstated,  but  they  are  not  ex- 
pensive, and  experience  seems  to  indicate  con- 
siderable economy  by  their  use  as  a  substitute 
for  wrought-iron  and  steel. 

Copper.  lead,  zinc  and  Monel  metal  are  used 
for  roofing,  but  they  are  not  of  value  for  ordi- 
nary railroad  structures. 

GF.NER.M.   COMMENTS. 

In  the  laying  of  all  roofings  thoroughness 
in  the  preparation  of  flashings  and  work 
around   opening?  is  of  vita!  importance. 


To  get  a  satisfactory  roof  there  must  be  a 
stable  structure,  careful  attention  must  be 
given  to  the  design  of  gutters,  and  with  some 
types  particularly  there  must  be  systematic 
inspection  and  regular  repairs.  In  buying  a 
roofing  its  fire  resisting  qualities,  to  a  consid- 
erable extent  depending  on  the  quantity  of 
material  as  well  as  its  quality,  are  of  great 
importance.  A  building  covered  with  a  heavy 
coal-tar  pitch-and-gravcl  roofing  is  a  better 
fire  risk  than  one  covered  with  corrugated 
steel  sheets,  or  with  a  light  ready  roofing.  The 
practice  of  depending  merely  upon  guaran- 
tees in  selecting  roofings  cannot  be  trusted  to 
secure  proper  results.  It  does  not  pay  to 
put  a  cheap  roof  on  a  good  building.  "The 
annoyance  and  indirect  expense  occasioned  by 
leaky  and  short-lived  roofs  are  rarely  com- 
pensated for  by  any  possible  saving  in  •  first 
cost. 
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New  Facilities  for  Storing,  Conveying 
and  Weighing  Lime  Used  at  Co- 
lumbus, O.,  Water  Purifica- 
tion Works. 

At  the  time  the  Columbus,  Oliio,  water  puri- 
fication plant  was  put  in  operation  all  of  the 
chemicals  for  use  in  softening  and  purifying 
the  water  were  handled  and  stored  in  canvas 
hags.  The  original  chemical  storage  house 
consists  of  one  large  room  .59  ft.  8  ins.  wide 
bv  Ki.')  ft.  long  and  has  an  estimated  capacity 
of  fliiO  tons.  The  first  consignment  of  lime, 
consisting  of  several  hundred  tons  were  de- 
livered in  baes,  each  containin.g  a  net  weight 
of  liiO  lbs.  The  bagged  material  was  stored 
in  tlie  chemical  storehouse,  but  before  it  colild 
be  used  it  had  air  slaked  and  almost  all  of 
the  liags  had  b'lrst,  demonstratinc;  conclusive- 
ly the  inadvisability  of  storing  lime  in  bags. 
Further  trouble  was  also  experienced,  while 
usinc  lime  delivered  in  bags,  in  maintaining 
a  uniform  application  of  the  chemical  to  the 
water  and  it  was  found  that  the  bags  of  lime 
varied  in  weight  from  10  to  lo  lbs.  per  bag. 

.After  this  experience  of  storing  sacked 
lime,  it  was  decided  to  buy  lime  delivered  in 
hn\  cars  loaded  in  bulk,  A  reserve  stock  of 
lime  amounting  to  about  60  tons  was  stored 
in  '•tcel  drums  provided  with  an  8-in.  screw 
top.  .Arrangements  were  also  made  with  the 
lime  contractor  whereby  he  was  to  ship  the 
lime  at  a  uniform  rate  of  not  less  than  40 
nor  more  than  12-")  tons  per  week  as  directed 
bv  the  cliemist  in  charge  of  the  water  purifi- 
cation works.  As  soon  as  it  was  received,  the 
lime  wa<  sacked.  00  lbs  to  Ihe  sack,  bv  the 
workmen  at  the  purification  works,  and  it  was 
planned  to  regulate  the  lime  supply  and  ship- 
ments so  that  the  lime  could  be  used  as  soon 
a.s  received. 

The  amount  of  lime  necessary  to  soften  the 
H-iti-r  rhangcs  from  day  to  dav.  anrl  during 
flnod  times  or  after  heavy  rains,  the  hard- 
ness of  the  river  water  drops  from  300  to 
40n  p.n.m.  to  100  to  \r,(]  p.p.m.  These  changes 
sometimes  occur  in  less  than  four  hour.s' 
time  Consequently  there  were  nflen  six  or 
seven  cars  of  lime  on  Ihe  sidinc  at  the  plant 
or  in  transit  in  excess  of  that  which  could  be 
ronsumed.  Some  of  these  cars  were  held  as 
lone  as  two  %veeks  before  being  unloaded  be- 
cause there  was  no  available  space  to  store 
the   excess   malerial. 

This  condition  of  affairs  resulted  in  a  loss 
to  the  city,  first  bccatisc  of  the  demtirraec  on 
cars,  and  secnd  bcr.Tiise  the  lime  .lir  slakeil 
and  Inst  strenijtii.  The  cost  of  sacking  and 
weichini'  the  lime  was  hiah.  It  rcniired  five 
men  working  nine  hours  to  sack  and  weigh  a 
car  nf  lime  containing  20  tons:  and  after  the 
lime  was  sacked  it  took  from  l'-^  to  2  hours 
to  elevate  the  lime  to  the  ihini  flour  of  th'- 
he.id  hoi'se,  where  it  was  aeain  lifleil  bv  hand 
to  Ihe  lime  sh.ikers.  The  work  of  sacking 
litne  from  cars  alsn  proved  to  be  a  very  dis- 
agreeable  job,   especially   in    hot   weather,    on 


account  of  the  lime  dust  slaking  on  the 
sweaty  hands  and  the  faces  of  the  men.  The 
slaking  of  the  lime  dust  often  resulted  in  se- 
vere burns. 

The  storage  capacity  for  lime  having  be- 
come inadequate  and  the  method  of  handling 
unsatisfactory,  Mr.  Charles  P.  Hoover, 
chemist  in  charge  of  the  purification  works, 
and  Mr.  C.  J.  Clarke,  engineer  in  the  city 
water  works  department,  prepared  plans  and 
specifications  for  new  equipment  for  handling 
lime.  A  brief  description  of  the  plant,  as 
finally  adopted,  is  here  given  from  informa- 
tion contained  in  the  report  of  Mr.  Hoover 
for  1913. 

NEW    1!QUIPMENT. 

The  equipment  consists  essentially  of  a 
concrete  bin,  elevated  on  columns  over 
the  railroad  tracks  located  between  the 
head  house  of  the  water  purification  works 
and  sedimentation  basins :  a  V-bucket  con- 
veyor and  elevator  for  elevating  the  lime  to 
the  level  of  the  head-house  roof :  a  screw- 
conveyor  for  conveying  it  across  and  into  the 
head  house,  where  it  is  dropped  into  tanks : 
and  three  scales  for  automatically  weighing 
and  dumping  the  lime  into  the  old  slaking 
tanks  below. 

Stnrane  Bin. — The  storage  bin  consists  of  a 
concrete  hopper  2^^Vl  ft.  square  with  bottom 
slopes  of  approximately  38°  with  the  hori- 
zontal, heavily  reinforced  to  take  the  direct 
pull  due  to  the  weight  of  the  lime  and  the 
horizontal  thrust  due  to  the  bulging  effect. 
The  main  weight  is  carried  on  four  reinforced 
concrete  beams,  supported  in  turn  by  cicht 
columns  with  flared  footiiigs,  which  take 
bearings  on  the  solid  gravel  under  the  track 
bed.  The  center  column  takes  part  of  the 
load  of  the  hopper  and  is  cored  inside  with 
an  18-in.  square  opening  used  as  a  chute  to 
reclaim  lime  from  the  storage  bin  and  de- 
liver it  by  means  of  the  elevator  and  conveyor 
to  the  tanks  in  the  head  house. 

The  lime  may  be  taken  directly  from  the 
cars  to  the  tanks  without  passing  into  the 
storage  bin.  The  storage  bin  has  a  capacity 
of  220  tons  of  lime,  or  about  22  days'  supply, 
which  gives  anmle  storage  for  anv  emergency. 

Conveyinii  F.nuipincnl  —  The  conveying 
eqiiinment  consists  of  a  continuous  V-bucket 
conveyor  ancl  elevator  with  a  capacity  of  .^0 
tons  per  hour,  running  in  a  concrete  trough 
between  the  tr.icks  and  through  chutes  each 
side  of  the  bin.  so  that  it  is  enclosed  through- 
out its  entire  length.  The  lime  is  discharged 
from  this  elevator  into  a  12-in.  screw  con- 
veyor which  extends  into  the  roof  of  the 
head  house  and  discharges  into  the  top  of 
i''rer  tanks  which  are  supported  on  the  third 
llonr  of  the  head  house  on  angle  columns  and 
extend  through  the  ceiling  info  the  roof  space 
above. 

The  V-bucket  conveyor  and  the  screw  con- 
veyor .ire  operated  h'-  an  IS-HP.  Westing- 
house  direct  crrcnf,  220-volt  motor.  s''tuate<l 
in  the  roof  of  the  storage  bin.  The  lank«  pre 
constructed    of    'i-in.    steel    plate,    are    8    ft. 


square,  with  hopper  bottoms,  and  have  a  com- 
bined capacity  of  approximately  22  tons,  or 
.ibout  two  days'  supply. 

Lump  lime,  averaging  about  2  ins.  in  size, 
is  fed  from  the  tanks  into  automatic  weigh- 
ing scales,  which  automatically  weighs  the 
lime  into  the  slaking  tanks.  The  slaked  lime 
discharges  from  the  slaking  tanks  into  the 
lime  solution  tanks  below.  Milk  lime,  of  re- 
quired strength,  is  made  by  the  addition  of 
water.  The  milk  of  lime  is  kept  well  stirred 
by  means  of  paddles  and  jets  of  compressed 
Tin  and  is  measured  into  the  water  bv  a  chem- 
ical feed  regulator.  Later  it  is  planned  to 
pipe  the  slaked  lime  directly  from  the  slaking 
tanks  into  the  water,  thus  by-passing  the  lime 
solution  tanks  and  the  chemical  feed  regula- 
tor. 

The  writer  is  indebted  to  Mr.  W.  N.  Good- 
man  for  the  following  description  of  the  au-  • 
tomatic   scales. 

Automatic  ScaU-s. — The  three  automatic 
scales  are  alike.  Each  is  built  on  the  equal 
balanced-beam  principle.  On  knife  ed.ges  at 
one  end  of  the  scale  beam  is  suspended  the 
weight  hopper  and  at  the  other  end  of  the 
beam,  also  on  knife  edges,  is  suspended  the 
weight  box  or  pan,  in  which  are  placed  L'.  S. 
standard  weights  to  the  amount  of  T-"i  11)=. 
when  that  quantity  is  desired  to  be  weighed. 
If  a  100  or  a  ISO-lb.  weight  is  required,  then 
the  actual  weight  desired  to  be  discharged 
is  placed  in  the  weight  box,  or  the  excess  of 
weight  over  V5  lbs.  can  be  added  by  a  sliding 
coimtcr  ooise  working  on  the  graduated  lever. 

The  lime  is  fed  to  the  weigh  hopper  of  the 
scale  down  a  sloping  chute  in  which  is  placed 
a  reciprocating  plate  feeder  to  keep  Ihe  lime 
from  blocking.  This  feeder  is  in  action  only 
while  the  scale  is  filling.  It  is  motor  driven 
by  an  electric  motor  and  as  soon  as  the  scale 
has  received  its  load  the  motor  automatically 
stops. 

.After  being  fed  down  the  inlet  chute  the 
lime  passes  through  a  gate  of  the  undercut 
type.  When  the  weigh  hopper  has  received 
four-fifths  of  its  load  the  cafe  partially  closes, 
the  last  one-fifth  being  dribbled  into  the  hop- 
per When  the  exact  amount  has  been  re- 
ceived into  the  hopper,  the  gate  closes  and  is 
locked  bv  a  toggle  mechanism.  The  scale 
hopper  holds  the  load  until  it  is  time  to  dis- 
charge it. 


Columbia  School  of  Mines  to  Celebrate 
Fiftieth  Anniversary. — The  fiftieth  annivers- 
ary ni  the  Columbia  School  of  Mines  is  to 
be  celebrated  May  28.  20  and  30,  and  it  is  ex- 
pected that  a  notable  gathering  of  engineers 
will  residt  A  committee  from  the  trustees, 
facidty  and  alumni  has  been  at  work  on  the 
plans  for  some  time,  and  an  interesting  pro- 
gram has  already  been  formulated.  Dean 
Frederick  .Arthur  Goetz  of  the  School  of 
Mines,  Engeneering  and  Chemistry  will  make 
a  trip  to  all  the  large  cities  of  the  United 
Stales  with  a  view  to  interestinor  alumni  and 
inviting  them  to  aid  in  the  celebration. 
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Locating    Leaks    in    Water    Mains    by 

Means  of  the  Water  Hammer 

Diagram. 

When  the  valve  at  the  end  of  a  long  pipe 
line  is  closed  suddenly,  great  pressures  may 
be  caused.  The  term  water  hammer  has  been 
applied  to  this  phenomenon.  If  the  valve 
could  he  closed  instantly  all  of  the  water  in 
the  pipe  would  not  be  stopped  at  the  same  in- 
stant. The  layer  nearest  the  valve  would  stop 
first,  then  the  next  layer  and  so  on  until 
the   impulse   had    traveled   through    the   entire 


It  has  been  found  that  for  any  given  pipe, 
the  amount  of  the  water  hammer  pressure 
is  a  constant  times  the  extinguished  velocity. 
The  value  of  this  constant  (also  called  the 
water  hammer  coefficient)  varies  directly  with 
the  velocity  of  transmission  of  the  pressure 
wave,  and  for  cast  iron  pipe  used  for  water 
supplies  has  values  between  45  and  63.  For 
cast  iron  pipe  between  G  and  10  ins.  in  diam- 
eter, the  average  value  of  the  constant  is 
about  55.  That  is,  the  water  hammer  pres- 
sure caused  by  the  sudden  closure  of  a  valve 
at  the  end  of  a  long  pipe  line,  in  pounds  per 
square    inch,    is   55   times   the    velocity   of   the 
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Fig.  1.      Diagrams  Showing  Condition  at  Dif- 
ferent Times  in   Pipe   Line   Subject  to 
Water   Hammer  and   Contain- 
ing a  Leak. 

(a)  Pipe  line  containing  leak. 

(b)  Conditions  a  short  time  after  valve  at  end 

of  line  is  closed. 

(c)  Conditions   a     short     time     after     pressure 

wave  has  passed  leak. 

(d)  Conditions  a  short  time  after  wave  of  re- 

duced pressure  has  reached  valve. 

pipe  line.  As  each  layer  of  water  is  brought 
to  rest  its  pressure  will  of  course  be  increased. 
The  velocity  of  the  transmission  of  the  pres- 
sure wave  will  be  the  same  as  the  velocity  of 


Fig.    3.     Characteristic    Features    of    Water 

Hammer    Diagram    Taken    at    End    of 

Pipe   Line  Containing   a   Leak. 

water  in  the  pipe  before  the  valve  was  closed, 
in  feet  per  second.  The  use  of  the  water 
hanmier  diagram  for  locating  leaks  in  water 
mains  w'as  described  by  M.  L.  Enger,  assist- 
ant professor  of  theoretical  and  applied  me- 
clianics,  I'niversity  of  Illinois,  in  a  paper  be- 
fore the  Illinois  Water  .Supply  Association, 
which  we  reprint  as  follows  ; 

Figure  la  represents  a  pipe  line  in  which 
there  is  a  leak.  The  flow  between  the  source 
(reservoir  or  large  pipe)  and  the  leak  is 
!■  —  T£"  feet  per  second,  and  between  the  leak 
and  the  valve  is  v  feet  per  second.  Figure 
lb  shows  the  conditions  in  the  pipe  line  a 
short  time  after  the  valve  at  the  end  is  sud- 
denly closed.  The  velocity  of  the  water  near 
the  valve  has  been  extinguished  and  its  pres- 
sure increased  hv  pounds  per  square  inch  (/i 
being  the  water  hammer  coefficient).  If  the 
distance  from  the  valve  to  the  leak  is  /  feet 
and  the  velocity  of  the  propagation  of  the 
pressure  wave  is  7j  feet  per  second  the  pres- 
sure wave  will  reach  the  leak  l/Z  seconds 
after    the    valve    closed.       Since    the    original 


Fig.    2.     View    of    Apparatus    for    Obtaining     Water    Hammer    Diagram. 

transmission    of    sound    in    the    wafer    in    the  pressure    at    the    leak    allowed    a   quantity    of 

pipe,   and   will   vary   between   3,'lOf)   and   4,700  water  equal   to  Aw  cubic   feet  per   second  to 

ft.    per   second,   depending   upon    the   material  escape,    it    is    evident    that    a   higher   pressure 

of  the  pipe  and  upon  the  ratio  of  the  thick-  will  cause  a  great  quantity  to  flow.     The  ex- 

ncss  to  the  diameter  of  the  pipe.  tinguished   velocity  between   the   leak   and   the 


source  will  therefore  be  less  than  i'  feet  per 
second.  Hence  the  water  hammer  pressure 
generated  in  this  part  of  the  pipe  line  will  be 
less  than  hv  pounds  per  square  inch.  .\  wave 
of  reduced  pressure  will  therefore  travel 
from  the  leak  toward  the  valve.  Figure  Ic 
shows  the  conditions  a  short  time  after  the 
pressure  wave  has  passed  the  leak.     The  wave 


of   reduced   pressure  will   reacli  the 


-'//Z 


seconds  after  the  valve  closed.  Figure  Id 
shows  the  conditions  a  short  time  after  the 
wave  of  reduced  pressure  has  rcacherl  the 
valve. 

The   water   hammer   diagram   is   a  graphical 
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Fig.  4. — Diagram   Showing   Velocity   in    Pipe 
Due  to  Flow  from  Leak. 


representation  of  the  pressure  in  the  pipe 
line  near  the  valve  for  a  time  after  the  valve 
is  closed.  In  the  experiments  made  by  the 
writer  the  diagram  is  obtained  by  having  the 
pencil  of  an  indicator  trace  on  a  sheet  of 
paper  wrapped  around  a  drum  driven  at  a 
uniform  rate  by  an  electric  motor.  Another 
pencil  attached  to  an  electro-magnet  makes 
a  time  record.  A  photograph  of  the  apparatus 
is  shown  in  Figure  2. 

Figure  3  shows  the  characteristic  features 
of  a  water  hammer  diagram  taken  at  the 
end  of  a  pipe  line  in  which  there  is  a  leak. 
The  first  rise  of  pressure  as  the  valve  begins 
lo  close  is  shown  at  A.  The  indicator  pencil 
reaches  B  when  tlie  valve  is  fully  closed.  The 
pressure  then  remains  practically  constant  un- 
til the  effect  of  the  leak  is  registered  at  C. 
The  distance  A'C  represents  the  time  required 
for  the  pressure  wave  to  travel  from  the 
valve  to  the  leak  and  back  to  the  valve.  If 
the  velocity  of  transmission  of  the  pressure 
wave  is  known,  the  distance  from  the  valve 
to  the  leak  is  easily  computed.  The  diffi- 
culty in  the  use  of  this  method  is  in  the  de- 
termination of  the  velocity  of  transmission 
(^)  of  the  pressure  wave.  The  velocity  of 
the  pressure  wave  will  vary  somewhat  ac- 
cording to  the  amount  of  air  in  the  water. 
.Another  method  which  avoids  the  necessity 
of  determining  the  value  of  Z  is  as  follows: 
When  the  indicator  pencil  reaches  E  the  first 
relief  of  pressure  due  to  the  source  is  felt. 
The  distance  .'\'E'  therefore  represents  the 
time  required  for  the  pressure  wave  to  travel 
from  the  valve  to  the  source  and  back  to  the 
valve.  If  the  length  of  the  pipe  line  from  the 
valve  to  the  source  is  L.  the  distance  from  the 
valve  to  the  leak  can  be  determined  by  pro- 
portion. 

I  :  I.  :  :  A'C  :  A'E' 
In  the  author's  experiments  much  more  con- 
sistent results  were  obtained  by  this  method 
than  bv  the  use  of  the  velocity  of  transmis- 
sion of  the  pressure  wave  and  the  time  re- 
quired for  the  pressure  wave  to  go  from  the 
valve  to  the  leak  and  return  as  scaled  from 
the  diagram. 

The  quantity  of  water  discharged  from  the 
leak  can  .ilso  be  determined  from  the  water 
hammer  diagram.  The  expression  for  the  ve- 
locity of  flow  in  the  pipe  due  to  the  leak  is; 

P-  Pi 
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n  which  P  is  the  amount  that  the  pressure 
s  increased  due  to  water  hammer.  Pi  is  the 
imount  that  pressure  at  the  valve  is  above 
:he  original  pressure  after  the  return  wave 
from  the  leak  reaches  the  valve ;  P  is  the 
original  pressure  at  the  valve ;  h  is  the-  water 
hammer  coefficient.. 

The  following  values  are  taken  from  the 
lexperinients  made  by  the  writer  in  190G.  The 
.last  two  were  measured  from  the  second  dia- 
'gram  shown  in  Figure  5. 

!  Calculated  distance,  ft.  Actual  distance,  ft. 

C4  72 

',0  72 

371  381 

385  381 

375  381 

262  265 

265  265 

116  113 

.\  number  of  values  have  been  computed 
from  the  equation,  and  the  results  have  been 
plotted  in  Figure  4.  It  was  assumed  that 
P  =  5.5  lbs.  per  square  inch,  />  =  40  lbs.  per 
square  inch,  and  that  /i  =  55.  It  will  be  seen 
from  an  examination  of  the  curve  that  even 
small  leaks  will  produce  a  noticeable  fall  of 
pressure  on  the  water  hammer  diagram. 

The  first  suggestion  that  the  water  hammer 
diagram  could  be  used  to  determine  the  loca- 
tion of  a  leak  was  made  by  Professor  Joukov- 
sky  as  the  result  of  a  series  of  experiments 
made  in  1897  and  1898  for  the  water  works 
department    of    Moscow,    Russia.      He    pub- 


Leak  381  Ft  from  Valve 


PetcoQks  open  II3  &  165  Ft  from  Valve 

Fig.  5.      Water  Hammer  Diagrams  Taken  for 
Pipe    Lines  Containing    Leaks. 

lishcd  a  monograph  (Stoss  in  VVasserleitungs- 
rohren  I  in  lOiiO  A  translation  of  this  paper, 
somewhat  modified,  was  published  in  the  Pro- 
cccflings  of  the  American  Water  Works  As- 
sociation in  1004.  Experiments  were  made 
by  the  writer  in  1906  in  the  hydraulic  lab- 
nr.itory  of  the  University  of  Illinois.  Figure 
•ws  two  diagrams  taken  at  that  time. 

SUGGESTIO.NS   FOR   USE  OF    METHOD. 

using   this   method    for   determining   the 
non   of   a  leak,   the    following  suggestions 
are  made.     The  quick  closing  valve  should  be 
at  the  end  of  the  section  of  pipe  to  be  tested. 
This  can  be  accomplished  by  tapping  the  main 
close  to  a  valve,  the  valve  in  the  main  being 
kept  closed  during  the  expirement.    The  pipe 
le;i(ling    from    the    main    to   the   quick    closing 
valve  must  be  large  enough  that  a  water  ham- 
mer  pressure   at   least   as   great   as   the   static 
i,r.  ssiirt  ran  be  caused  by  the  sudden  closure 
■!ie    valve.     The   indicator    should    also   be 
Mictcd  at  this  point  of  the  main,  or  to  the 
pipe   containing   the   quick    closing    valve.      If 
po';sil)Ic  the  method  of  proportional  distances 
Id   be   used.     The  distance   to  the   source 
.:c  main)  should  be  measured.     A  hydrant 
[>.irily  open  will  make  a  gciorl  reference  point 
m    CISC   the    main   on    which    the   experiments 
are    being    made    is    vcrv    long.      When    the 
method  of  proportional  clistanccs  is  used  it  is 
not  necessary  to  know  the  speed  of  the  paper. 
It  is  only  necessary   that   the   paper   travel   at 
a  uniform   speed   while  the   di.Tgram   is   being 
taken. 


Data  and  Discussion  on  Water  Soften- 
ing  for   Railroads. 

ale  formation  in  large  locomotives,  of 
J.  iiio  sq.  ft.  of  hr.iling  surface  and  evaporat- 
ing over  .I.OOO  eals.  of  water  per  hour,  greatly 
shortens  the  life  of  the  boiler  and  appurte- 
n.inces.  necessitates  frequent  and  costly  repairs 
with  resulting  considerable  loss  of  time  for 
expensive  machinery,  and  the  leaks  caused  by 
the  opening  of  flue  joints,  due  to  scale  forma- 
tion,  causes   dclavs    to   traffic      The   scientific 


investigation  of  this  economy  is  of  compara- 
tively recent  development,  that  is,  it  has  been 
worked  out  most  effectively  in  the  past  15 
years.  It  is  no  longer  an  experiment  although 
as  with  many  innovations,  it  is  still  regarded  in 
a  few  places  with  suspicion.  While  the  proc- 
ess originated  in  England,  if  the  report  of 
the  Internationa!  Railway  Congress  of  1910i 
at  Berne  can  be  taken  as  a  criterion,  the 
United  States  now  leads  the  world  in  water 
softening  efficiency.  A  discussion  of  present 
practice  in  water  softening  by  American  rail- 
roads was  presented,  with  data,  by  Mr.  R.  C. 
Bardwell,  chemist  of  the  Missouri  Pacific 
Railway,  in  his  recent  paper  before  the  Illinois 
Water  Supply  Association.  The  paper,  slight- 
ly condensed,  follows : 

On  the  generally  softer  waters  in  the  east- 
ern part  of  the  country  the  process  was  first 
tried  with  most  gratifying  results.  On  the 
harder  and  heavy  scale  waters  of  the  middle 
west  and  western  districts  it  is  now  regarded 
as  a  practical  necessity.  In  cases  where  it 
has  been  successfully  installed  and  competently 
operated  the  increase  in  the  life  of  flues  has 
amounted  to  from  75  per  cent  to  150  per  cent 
with  corresponding  benefits  to  the  machinery 
and  reduction  of  losses. 

The  report  of  the  committee  on  water  ser- 
vice for  the  1914  convention  of  the  American 
Railway  Engineering  Association  shows  that 
on  six  representative  trunk  lines  through  the 
middle  west  there  are  now  in  service  237  com- 
plete treatment  plants  and  111  soda  ash  par- 
tial treatment  stations,  ranging  from  5  com- 
plete plants  on  one  road  to  a  maximum  of  112 
on  another,  and  from  no  soda  ash  plants  on 
several  to  Sfi  on  one.  Besides  this  several  rail- 
roads arrange  for  the  placing  of  soda  ash  di- 
rectly_  into  the  engine  tanks  at  the  terminals. 
,  This  is  conducive  to  foaming  conditions,  but 
the  economy  derived  from  the  scale  removal 
more  than  justifies  the  foaming  complaints. 

On  the  Missouri  Pacific  there  are  at  pres- 
ent 45  complete  water  softening  plants  in  op- 
eration, the  majority  being  on  the  hard  wat- 
ers west  of  the  Missouri  River.  The  average 
amount  of  water  treated  per  year,  reducing 
the  hardness  so  that  it  will  form  practically 
no  scale,  is  ].fi92.000,000  gals.  The  total  av- 
erage amount  of  scale  removed  from  this 
water  is  5..5.37,000  lbs.,  which  would  make  over 
1 10  carloads  at  50.000  lbs.  each :  a  considerable 
amount  when  it  is  remembered  that  but  for 
treatment  this  scale  would  have  to  go  through 
the  engine  boilers  and  most  of  it  would  have 
to  be  removed  by  hand.  The  total  annual 
cost  for  the  above  treatment,  interest  and  de- 
preciation on  plants  is  about  $05,000.  Con- 
servative figures  sho%v,  however,  that  with  this 
expenditure  there  is  a  net  saving  of  about 
$105,000  from  cutting  down  the  following 
losses  alone : 

1.  Frequent  renewal  of  flues  and  other  parts 
of  boiler  account  of  scale  accumulation  and 
injury  to  flue  ends  from  repeated  caulking. 
2.  Labor  caulking  flues  and  other  engine  house 
boiler  repairs.  3.  Loss  of  engine  time  during 
boiler  and  firebox  repairs.  4.  Loss  of  fuel 
due  to  insulating  effect  of  the  scale  on  the 
flues  and  other  heating  surfaces. 

Besides  the  foregoing  there  arc  the  inde- 
terminate benefits  in  the  road  performance  of 
locomotives  by  reducing  failures  and  interrup- 
tions to  traffic  with  the  reduction  of  the  num- 
ber of  locomotives  required  for  a  given 
traffic. 

,^f  one  terminal  approximately  18,000,000 
gals,  of  water  are  treated  monthly,  eliminat- 
ing 5  lbs.  of  scale  per  1.000  gals,  for  a  total 
of  about  80.000  lbs.  per  month.  The  cost  of 
chemicals  for  this  is  about  4  cts.  per  1.000  gals, 
or  a  total  monthly  bill  of  about  $720.  The 
length  of  life  of  flues  using  straight  raw 
water  before  the  installation  of  the  softening 
plant  was  from  eight  to  twelve  months  with 
serious  trouble  on  account  of  frequent  leaks. 
The  locon)otiycs  now  using  the  straight  treat- 
ed water  average  IS  months  between  shop- 
pinir.  and  the  trouble  with  leaky  flues  is  prac- 
tically  eliminated. 

At  another  terminal  shop  about  30,000,000 
B.tIs.  of  water  are  treated  monthly,  removing 
3  lbs.  of  scale  per  1,000  gals,  for  a  total  of  90,. 
000  Ihs.     Prior  tn  the  installation  of  the  soft- 


ener,  five  boilermaker   days   and   four  boiler- 

A  ft.r"  fh^Y^  .'^'^'^  ,  '■«^'J"'fe<l  caulking  flues. 
After  the  treatmg  plant  was  put  in  operation 
th,s  was  reduced  to  one-man  days  and  one" 
man  nights.  The  saving  in  this  one  item 
alone  IS  reported  to  be  $.5,712  per  year  on  an 
$8,000  investment.  The  life  of  flues  was  in- 
creased from  8  to  15  months. 

JmoT%  "T'  '-''"^  softening  plants  arc  in- 
stalled, the  foaming  conditions  are  increased, 
especially  for  the  first  few  days  after  the 
treatment  is  started  due  to  the  fact  that  the 
old  scale  in  boilers  is  loosened  and,  fallin-  off 
increases  the  amount  of  suspended  matter  mak- 
ing a  dirty  boiler  which  seems  to  be  the  most 
important  of  the  contributory  causes  of  foam- 

To  soften  a  water  to  three  grains  per  gal- 
Ion,  or  less,  of  incrusting  salts,  which  is  the 
object  in  most  cases,  demands  a  purity  in  this 
respect  of  3  parts  in  58,341  or  99.9%  per  cent 
Ihis  merely  shows  the  deceptivencss  of  re- 
porting water  softening  on  the  percentage 
t)asis,  for  although  sounding  complex  it  is  a 
comparatively  simple  matter.  However,  each 
individual  water  has  its  peculiarities  such  as 
the  temperature  at  different  seasons  and  the 
difference  in  content  of  magnesium  salts  which 
Slow  up  the  reaction  and  without  due  allow- 
ance for  same  leave  a  milky  water  for  a  final 
product.  Creek  waters  of  course  change  with 
the  precipitation  and  I  have  also  found  that 
in  some  parts  of  the  country  well  waters  be- 
come softer  in  winter  while  others  get  harder 

So  far  the  development  of  water  softening 
on  a  large  scale  has  centered  around  lime  and 
soda  ash  as  being  the  chemicals  which  pro- 
duce the  results  for  the  least  cost  How- 
ever, barium  hydrate  is  the  ideal  reagent  on 
account  of  its  leaving  no  detrimental  by- 
products as  in  the  case  of  soda  ash.  So  far 
the  expense  has  retarded  its  development. 
Numerous  boiler  compounds  through  the  high 
degree  of  exploitation  obtained  have  been 
tried  by  a  few  railroads  but  investigation 
would  show  that  even  where  the  work  desired 
was  done  the  cost  greatly  exceeds  that  of  the 
recognized  methods.  Inert  powdered  graphite 
IS  now  being  largely  exploited  as  a  cure-all 
for  scale  troubles,  but  its  economical  merits 
are  yet  to  be  proven.  The  "sunlight  on  cor- 
rugated aluminum"  patent,  which  was  sup- 
posed to  render  the  scale  inert  in  the  water 
without  removing  it  chemically  has  been  tried 
at  .several  points  in  this  section  and  seems 
to  have  proven  unworthy.  The  Permutitt 
water  softener,  the  artificial  zeolite,  will  never 
be  a  universal  success  in  railroad  work  ac- 
count of  the  replacing  of  incrusting  carbonates 
with  sodium  carbonate,  that  is.  waters  which 
are  sufliciently  hard  to  warrant  the  expense 
of  treatment,  as  a  rule  contain  sufficient  in- 
crti.sting  carbonates,  which  if  replaced  by 
sodium  carbonate  could  not  be  used  on  ac- 
count of  foaming  properties.  Therefore  it 
would  seem  that  common  lime  and  soda  ash 
will  continue  to  remain  in  service. 


Procedure  in  the  Meter  Division  of  the 
Detroit  Water  Works  Department. 

The  present  article  describes  procedure  in 
the  meter  division  of  the  Detroit  water 
works  department  with  special  reference  to 
the  purchasing,  testing,  setting,  reading  and 
reoairing  of  meters.  The  forms  for  keeping 
the  records  of  the  ilivision  are  illustraled  here- 
with. The  .irticle  is  based  upiin  information 
furnished  this  iournal  by  Mr.  L.  J.  Clancy, 
chief  clerk  of  the  iron  pipe  department. 

Silo/'  and  P.nuifmcnl. — The  meter  shop  is  in 
the  storage  vard  which  is  the  distributing 
center  for  the  supplies  and  the  headquarters 
of  the  construction  and  maintenance  divisions 
of  the  distribution  system  department.  The 
shop,  first  occupied  in  January,  1911.  is  a 
two-story  brick  building.  It  is  electric  lighted 
and  steam  healed.  In  this  shop  are  housed 
the  meter  testing  outfit  and  the  repair  benches 
and  meter  parts.  The  power  equipment,  de- 
scribed in  this  article,  is  also  housed  in  this 
building. 

The  chief  work  at  the  shop  consists  of  the 
testing  and  repairing  of  meters,  but  all  the 
machine  work  for  the  construction  and  main- 
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tenance  departments  which  can  be  handled  by 
the  size  of  the  equipment  in  the  shop  is  there 
performed.  The  department  automobiles  are 
also  repaired  in  this  shop. 

Card  Records. — In  the  office,  which  occu- 
pies a  portion  of  the  space  on  the  first  floor 
of  the  shop  building  mentioned,  a  card  sys- 
tem for  the  meter  division  is  maintained.  Six 


Meter  Order.  ^^^"^ "'■■ 

Address  Lo'  

Notice  to  Set  Ward   

Bet.  Sts Side   

Name    

Size  Tap Service Permit  No 

Date   Size  of  Coup 

Plumber   

Building   used  for 

Location   Meter    

Covers    

Stops    

Size  Well  Material Cover  

Drained   By  Pass 

Checks  Range  Boiler  . . .   Steam  . . .   Safety  . 

Size  of   Meter   

Dates  Inspected   


Remarks 


Date  O.  K. 


Inspector. 


The    Board    of    Water    Commissioners    of    the 
City   of  Detroit. 


Fig.    1.      Form    Employed    in    Detroit    Water 

Department  for   Reporting   Readiness  at 

Premises    to    Receive    Meter. 

forms  are  illustrated  herewith  in  Figs.  1  to  6. 
P'igurc  1  is  the  form  used  by  the  inspection 
department    in    reporting    that    arrangements 


The  Board  of  Water  Commissioners 
of  the  City  of  Detroit. 

REPORT  OF  METER  READERS. 


Ward Date 

Name    

Address    

Remarks    


101. 


Reader    

Reading  when  reported 
Average  Consumption    . 

Size  Kind   . . 

Date   Repaired    

Reading  when  done  .... 


Xo. 


Fig.  2.     Form  Used  by  Meter  Readers  In  Re- 
porting to   Repair  Department  the  Stop- 
page   or    Faulty    Registration    of 
Meters,  Detroit  Meter  De- 
partment. 

have  been  made  to  receive  a  meter.  Figure 
2  shows  the  form  used  by  the  meter  readers 
in  reporting  to  the  repair  department  that  a 
certain  meter  has  stopped  or  is  faulty  in  regis- 


tration.    Figure  3  shows  the  card  used  in  list-  Purchase    and    Testing    of    Meters— Meters 

ing  meters  in  stock  and  in  service;  Fig.  4  the      are  purchased  on  contracts  awarded  after  re-. 


Date  Purchased 


The  Board  of  Water  Commissioners 

OF  THE   CITY   OF   DETROIT 

Size  Kind 


No. 


Number 

Street 

Set 

Removed 

Cost  of 

Date 

Reading 

Date 

Reading 

Setting 

Fig.  3.     Form  of  Card  Used   in   Keeping  List   of   Meters    in   Stock  and   In   Service.     These 
Cards   Are    Filed    in    Groups    According   to   Make  of  Meters. 

card   for  recording  test  data;   Fig.  5  the  card       ceiving  competitive  bids.     Each  new  meter  is' 
showing  details  of  meter  location  and  setting,       tested  and  if  its  registration  is  in  error  by  as  , 


Date 

1        Kind                                      1        No. 

Tank  Ft. 

Meter  Ft. 

',i  Reg. 

Time 

Pressure 

Remarks 

Full 
Full 

A" 

Board  of  Water  Commissioners  of  the  City  of  Detroit 

Fig.  4.     Form  of  Card   Used  in   Preserving    Test  Data  for  Each  Meter. 

and   Fig.  6  the  card   used  in   reporting  to  the       much   as  'i  per  cent  it  is  rejected  or  repaired 
meter    reading    department    that    meters    have      at  the  maker's  expense.     Meters  up  to  and  in- 


The  Board  of  Water  Commissioners  of  the  City  of  Detroit 

Con.  No. 

No. 

Street 

Ward    1 

Name 

Location  Meter 

Covers 

Stops 

Size  W  ell 

Material                     Cover                     Drained                     By  Pass                     Strainer 

Date  Set 

Size 

Kind 

Number 

Size  Con. 

Request  No. 

Set  By 

Cause  of  Removal 

1 

Fig.  5.      Form  of  Card  Showing  Meter  Location.     These  Cards  Are  Filed  According  to  Streets 

and    Numbers. 

been    set   or   removed,   and    for    recording   re-      cludinij  2  ins.  in  size  are  tested  on  a  concrete 
pairs  to   meters.  talile   uilh   a   capacity  of  'i-j   %-in.  or   I'l  'i-in. 


The  Board  of  Water  Commissioners  of  the  City  of  Detroit 

Report  of  Meters  Set  or  Removed 


Ward 

Detroit, 

lyi 

Location 

Size 

Kind 

No. 

Reading 

REMOVED: 

SET: 

Covers 

Location 

Fi  >rcman 

Building  Tax  D'p 

13.ick  Rates  Due 

Collect  from 

191 

Page                      Line 

.\ssessor 

Job  No. 

Kcquest  No. 

Page 

Meter  Clerk 

D.iti 


Repairs 


Nature 


T    ,  Repaired        Cost  of         Cost  of        Cost  of 

By  Material        Repairs        Removal 


Fig.  6.     Card   Printed  on  Both  Sides.     Upper    Form   Used   in   Notifying   Reading   Department 
of    Setting    or    Removal    of    Meters.      Lower  Form    for    Recording    Repairs    to     Meters, 

Detroit    Water    Department. 
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Imeters  which  are  tested  at  the  same  time. 
jLarger  than  these  sizes  are  tested  singly. 
'Meters  up  to  2  ins.  in  size  are  given  two  tests 
jof  from  20  cu.  ft.  to  100  cu.  ft.  (according  to 
the  size  of  the  meter)  on  full  flow,  and 
ifurther  tests  of  smaller  flow  down  to  1/32  in. 
;These  flow  reductions  are  made  by  inserting 
flanges  with  different  sized  orifices  on  the  out- 
let side  of  the  meter.  Three-in.  and  larger 
meters  are  given  two  tests  of  400  cu.  ft.  each 
on  full  flow.  The  flow  is  reduced  in  subse- 
quent tests  until  the  meter  stops  registering. 
During  the  tests  of  meters  over  4  ins.  in  size 
they  are  not  delivering  their  full  capacity  as 
we  have  only  a  4-in.  feed,  but  of  course  the 
accuracy  is  determined.  After  the  water 
passes  through  the  meters  it  empties  into  tanks 
of  different  capacities  and  when  they  are  full 
the  water  is  shut  off  and  the  meter  reading 
taken. 

In  June,  1911,  an  endurance  test  for  %-in. 
meters  was  begun  and  32  meters  embracing 
10  different  makes  were  set  up,  8  of  which 
were  placed  vertically.  The  makes  and  num- 
bers were  carefully  recorded  and  as  fast  as 
,cach  one  registered  100.000  cu.  ft.  it  was  taken 
off  and  tested  for  accuracy  on  flows  from 
full  to  1/32  in.  and  then  returned  to  the  en- 
durance test  stand.  .'\t  the  present  writing 
eleven  have  stopped  because  of  worn  out  in- 
ternal ecars  and  bearincs  and  the  remaining 
21  have  passed  1,000.000  cu.  ft.  The  test 
will  be  continued  until  all  the  meters  stop, 
when  a  full  report  of  the  findings  will  be  com- 
piled and  preserved. 

Power  Equipment. — Both  floors  are  equipped 
with  traveling  chain  hoists  of  sufficient  ca- 
pacity to  carry  the  largest  meters  from  the 
door  to  the  meter  testing  block  or  storage 
space  upstairs.  The  first  floor  besides  the 
office  and  testing  outfit  contains  power  equip- 
ment consisting  of  a  14-in.  lathe,  24-in.  self- 
feeding  drill  press,  14-in.  sensitive  drill  press, 
-■^-in.  pipe  cutter  and  threader,  drill  grinder, 
emery  and  bufl^ne  wheel  and  air  compressor 
driven  by  a  10-HP.  single  phase  motor. 

The  second  floor  is  used  for  storing  meters 
and  parts,  but  as  the  installation  of  meters 
progresses,  this  storage  space  will  give  way 
to  repair  benches  and  the  meters  and  parts 
will  be  stored  in  a  stock  room.  This  storage 
soace  is  available  because  at  present  less  than 
13  per  cent  of  the  service  connections  are  me- 
tered and  the  shop  was  built  large  enough 
easilv  to  take  care  of  the  meter  department 
if  all  connections  were  metered. 

Meier  Repairs. — Meters   are   repaired   while 


on  the  connection  when  possible,  but  if  it  is 
necessary  to  remove  and  bring  to  shop,  an- 
other meter  is  immediately  put  on.  registering 
zero  and  is  not  replaced  by  the  meter  re- 
moved. This  insures  a  metered  connection  at 
all  times  and  saves  a  second  trip.  When 
stopped  meters  are  removed  for  repairs,  the 
reading  department  is  notified  and  the  period 
previous  to  the  time  of  removal  is  estimated 
according  to  the  consumption  for  the  former 
quarter  year.  New  meters  are  set  after  due 
inspection  by  our  inspector  and  notification  by 
the  property  owner  of  his  readiness  to  receive 
same.  Thus  the  rules  of  the  board  pertain- 
ing to  location,  etc.,  of  meters  are  observed 
and  no  meters  are  set  in  unoccupied  build- 
ings. The  item  of  sending  men  to  set  and 
repair  meters  is  reduced  to  a  minimum  by  the 
use  of  Ford   runabouts  equipped  with  bodies. 


An  Electrical  Apparatus  for  Thawing 

Out  Water  Pipes,  Successfully  Used 

by  Columbus,  O.,  Water  Works. 

During  the  past  two  winters  an  electrical 
.^pparatus  for  thawing  out  frozen  water  serv- 
ices has  been  successfully  employed  by  the 
Columbus,  Ohio,  water  department.  Since 
the  device  has  demonstrated  its  practicability 
and  value  we  arc  here  reprinting  the  descrip- 
tion of  it  as  published  in  the  annual  report  of 
the  Division  of  Water  for  1013. 

The  contemplated  purchase  of  a  2%-ton 
truck  for  general  use  by  the  department  sug- 
gested the  mounting  of  a  portable  thawing 
equipment,  inasmuch  as  it  would  only  be  used 
during  the  time  of  the  year  the  truck  would 
lie  least  wanted  for  other  purposes. 

The  facility  for  mounting  and  removing  the 
equipment  was  unified  as  far  as  possible  by 
bolting  the  various  parts  to  a  channel  frame 
S  ins.  in  depth. 

The  generator  is  of  30  kw.  capacity,  direct 
current.  100  volts  maximum,  300  amperes,  or 
400  amperes  at  75  volts :  .speed,  800  r.p.m. 
maximum. 

The  engine  is  of  oO  brake  horsepower  at 
800  revolutions  per  minute,  four  cylinder, 
four-cycle,  direct  connected  to  the  generator 
by  a  flexible  coupling.  .\  soecial  governor 
was  designed  which  permits  of  governed  con- 
trol at  all  speeds  between  2.50  and  8.50  r.p.m. 
Gasoline  is  used  for  fuel,  supplied  under  3 
lbs.    pressure    from    a   26-gal.    tank. 

.\  radiator  sufficient  in  area  to  permit  con- 
tinuous operation  of  the  engine  at  full  load 
is    mounted   at   the    front   end   of    the    frame. 


and  an  air  blast  through  the  radiator  is  in- 
duced by  means  of  a  24-in.  exhaust  fan, 
mounted  on  an  e.xtension  of  the  engine  crank 
shaft,  and  surrounded  by  a  shroud.  Cooling 
water  is  circulated  by  a  pump,  as  is  usual  in 
engines   of   this   size. 

On  a  switchboard  located  between  the  en- 
gine and  generator  are  mounted  a  volt  and 
ammeter,  field  rheostat,  main  switch  and  over- 
load  circuit  breaker. 

All  the  elements  of  control,  both  of  the 
engine  and  the  electrical  system,  are  within 
reach  of  the  operator  without  moving  from 
one  position. 

Leads  are  carried  from  the  switchboard 
fu.ses  to  brushes  which  bear  on  slip  rings 
mounted  on  a  drum,  which  in  turn  is  car- 
ried on  hangers  under  the  right-hand  side  of 
the  truck  body.  This  drum  carries  two  210- 
ft.  lengths  of  300,000  circular  mill  flexible 
cable,  any  length  of  which  may  be  unreeled 
for  rnaking  taps,  and  which  is  rewound  by 
electric   power. 

Special  bronze  clamps  were  designed  to 
make  proper  electrical  contact  on  anv  size  of 
pipe  between  %  in.  and  2V4  in.  by  hand  nut 
adjustments  and  other  connections  for  mak- 
ing contact  on   hydrants,  bib  cocks,  etc. 

-AH  such  auxiliaries  are  designed  to  be  used 
with  the  hands  alone  and  w-ithout  tools.  The 
clamps  are  connected  to  the  cable  terminals 
by  hand  nuts. 

No  details  were  spared  which  tend  to  lessen 
the  time  consumed  in  making  connections  and 
jireparing  for  the  thawing  out  operations,  as 
this  factor  is  necessarily  much  longer  than 
the  period  of  operation  of  the  current. 

The  melting  capacity  of  the  plant  is  12  lbs. 
of  ice  at  32°  F.  per  minute.  This  melting  ef- 
fect is,  of  course,  concentrated  on  the  inside 
wall  of  the  pipe,  producing  a  skin  of  water 
surrounding  a  core  of  ice  which  is  quickly 
melted  by  the  flow  of  the  water  itself.  The 
initial  melting  is.  therefore,  all  that  is  re- 
quired of  the  current;  and  it  is  found  in 
practice  that  as  soon  as  a  few  drops  of  water 
show  at  the  delivery  point  the  current  may 
at  once  be  shut  off,  as  the  water  will  com- 
plete the  work. 

Unless  the  pipes  inside  the  house  or  build- 
ing are  frozen,  it  has  been  found  that  the  best 
results  are  obtained  when  the  connection  is 
made  as  close  as  possible  to  the  place  of 
entry  of  the  service  pipe  into  the  building. 
The  other  cable  is  connected  to  a  fire  plug,  if 
one  is  within  200  ft.,  or,  if  not,  to  a  pipe  in 
a  neighboring  house. 
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Principles  and  Methods  for  the  Valua- 
tion of  Railroad  Property  and 
Other  Public  Utilities. 

K'ontinuc'l    frmn    I'agc  3GT.) 

DEPRECIATION. 

I'uitdamcitlal  Principles. — The  corporation, 
iinilcr  normal  conditions,  in  addition  to  an  an- 
nual return  for  the  use  of  its  capital,  is  en- 
titled, as  already  stated,  to  an  allowance  suffi- 
cient to  provide  for  the  net  depreciation  in 
the  value  of  all  the  items  of  physical  prop- 
erty, whether  resulting  from  decay,  wear  and 
tear,  or  other  cause,  the  amount  of  such  de- 
preciation allowance  to  be  sufficient  to  amor- 
tize all  such  items  of  property  by  the  time 
they  cease  to  have  value, 

■\  depreciation  allowance  is,  in  effect,  a  pay- 
ment from  the  rate-payer  to  the  corporation 
of  a  part  of  its  investment,  and  such  part 
of  the  investment  as  has  thus  been  repaid 
should  not  appear  in  subsequent  valuations  of 
the    property. 

The  subject  nf  depreciation  necessarily 
deals  with  somewhat  obscure  changes  which 
are  taking  place  in  the  value  of  property  all 
the  time  and  with  the  changes  which  will  take 
place  in  the  future,  so  that  the  amoimt  of  de- 
preciation actuallv  accruing  cannot  be  accu- 
rately  determined. 


Therefore  it  is  necessary  to  adopt  some 
practicable  and  equitable  method  of  determin- 
ing depreciation  allowances  which  will  meet 
the   following  requirements: 

1.  The  method  should  be  one  which  will 
insure,  with  as  much  certainty  as  possible, 
payments  to  the  corporation  suflicient  to 
amortize  the  various  items  of  property  when 
they  cease  to  have  value. 

2.  It  should  so- adjust  the  annual  deprecia- 
tion allowances  as  to  distribute  the  burden  as 
cquallv  as  practicable  among  the  rate-payers 
of  different  years.  • 

/III  E.xisling  Viciv  of  Dehrecialinn. — There 
is  no  subject  connected  with  valuation  about 
which  there  are  more  diverse  views  than 
those  relating  lo  depreciation.  Space  will  not 
permit  the  discussion  of  all  of  these,  but  there 
is  one  to  which  the  committee  desires  lo  call 
attention  before  making  its  own  recommenda- 
tion, namely;  the  view  based  upon  railroad  ac- 
counting and  practice.  From  this  point  of 
view  depreciation,  instead  of  being  a  "lessen- 
ing of  worth"  as  defined  by  the  dictionary, 
is  not  a  lessening  of  worth  for  ratc-iiiaking 
purposes  if  the  property  is  kept  up  to  100  per 
cent  efficiency,  althouch  it  is  recognized  that 
there  is  a  lessening  of  worth  for  the  purposes 
of  sale,  as  an  old  car  is  not  as  valuable  as  a 
new  one.  The  vcarly  amount  which  the  cor- 
poration   is   entitled    to   earn    from     the    rate- 


payers for  depreciation  is,  with  exceptions,  the 
sum  necessary  for  replacing  items  of  property 
which  have  become  worn  out  or  obsolete,  and 
it  is  commonly  stated  that  the  yearly  deprecia- 
tion is  an  "operating  expense,"  while  the  com- 
mittee has  defined  it  in  the  previous  section 
as  "in  effect  a  payment  from  the  rate-payer  to 
the  corporation  of  a  part  of  its  investment." 

The  water  works  engineer  dealing  with 
long-lived  properties,  which  infrequently  re- 
quire replacement,  but  come  to  the  end  of 
their  lives  through  inadequacy  or  obsolescence, 
recognizes  that  the  allowance  for  depreciation, 
if  equivalent  only  to  the  cost  of  replacements 
from  year  to  year,  woulrl  be  wholly  inade- 
qu.ite.  that  is  to  say,  the  total  amount  which 
would  be  received  from  replacements  in  the 
first  twenty  or  thirty  years  would  be  very  in- 
significant compared  with  the  lessening  of 
worth  of  the  original  items  of  property 
through  the  growing  inadetiuacy  of  some  and 
the  tendency  toward  obsolescence  of  others. 

.Mlhough  the  inadequacy  of  the  deprecia- 
tion allowances  based  on  cost  of  replacements 
are  so  much  more  noticeable  when  applied  to 
long-lived  property,  it  is  also  true  that  they 
are  inadequate  when  applied  to  railroad  prop- 
erties, although  this  feature  has  not  been  as 
fidly  recognized  by  railroad  engineers  as  by 
others,  on  account  of  prevailine  methods  of 
accounting  and   habits  of  thought. 
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The  committee  believes  that  its  recommen- 
dation given  below  is  equitable  and  practicable 
and  that  the  method  reconiniended  may  be 
applied  to  both  long-lived  and  short-lived 
properties.  If  applied  to  railroad  properties 
it  will  give  a  larger  annual  allowance  for  de- 
preciation than  is  received  under  prevailing 
methods,  and  yet  no  more  than  the  railroad 
or  other  public  service  corporation  is  entitled 
to. 

Equal-Aunual-Paymcnt  Method. — The  com- 
mittee recommends  for  practical  use  what  it 
calls  the  Equal-Annual-Paymcnt  Method  of 
computing     depreciation      allowances.       This 


in  Column  3  of  the  table,  is  exactly  the  same 
as  if  computed  by  the  so-called  Sinking-Fund 
Method;  that  is,  it  is  the  constant  annual  pay- 
ment to  a  sinking  fund  added  to  the  year's 
interest  on  the  accumulated  fund  at  the  be- 
ginning of  the  year. 

When  the  annual  return  for  the  use  of  the 
capital  invested  is  based  upon  the  same  per- 
centage that  is  used  in  computing  the  depre- 
ciation, the  method  provides  exactly  the  same 
total  payments  on  account  of  depreciation  and 
return  combined  as  would  be  obtained  by 
establishing  a  sinking  found  which  earned  o 
per  cent  interest,  but  it  does  not  contemplate 


TABLE     v.— ILLUSTRATION     OF     EQUAL-ANNUAL-PAYMENT     METHOD    OF    COMPUTING 

DEPRECIATION. 
Assumptions:     Property   having   20-year  life,  valued   when   new 
preciatlon  allowiinces  based   upon  5  per  cent.     Interest   compoumled 
capital   invested,   5  and   7   per   cent. 


at   $100.     Computations  of   de- 
annually.     Annual   return    on 
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method  is  based  on  the  theory  that  the  most 
practicable  and  equitable  method  is  one  in 
which  the  depreciation  allowance  for  any 
given  item  nf  property,  is  so  adjusted  that, 
taken  in  connection  with  the  amount  which 
the  rate-payer  must  contribute  on  account  of 
such  item  for  a  fair  return  on  the  investment 
and  for  repairs  and  operation,  it  shall  be  con- 
stant in  each  year  of  the  life  of  such  item. 

In  practice  it  is  not  feasible  to  comply  ex- 
actly with  the  theory  stated,  but  it  can  be  so 
nearly  complied  with  that  the  committee  has 
called  the  methorl  which  it  recommends  an 
Equal-.Snnual- Payment  Method.  This  method 
and  every  other  practicable  method  which 
aims  to  pay  the  investor  the  full  amount  of 
his  investment  in  each  item  of  property. ai  the 
lime  it  ceases  to  have  value  nccessarly  re- 
ouires  a  determination  of  the  expectation  of 
life  of  such  items. 

In  order  to  explain  the  Kqual-Annual-Pay- 
menl  Mcthi^d  the  accompanying  Tabic  V  i.s 
lircki-iinl,  but  the  table  takes  into  account 
nnly  the  two  principal  of  the  three  factor.'; 
abrivc  nicntinned,  namely  :  (a)  the  annual  de- 
preciallnn  albuvanre.  (h)  the  return  for  the 
iiir  '■  ■  ■  '•  d.  aucl  omits  (r)  the  minor  effect 
of  '  •  rc|iairs  and  operation  which  will 

be  '1  subsequently. 

The  illustration  is  based  upon  an  item  of 
property  valued  when  new  at  $100  and  havinir 
a  twenty-year  life.  The  depreciation  during 
each  year  is  based  on  interest  at  5  per  cent 
per  annum,  mmpounded  annually,  and  for 
purposes  of  illu'-lration  the  annual  return  for 
the  use  of  Ibe  capital  invested  is  reckoned  at 
both  5  and  T  per  cent. 

Tbr   drnrrt'iation   flnrinp   each   year,  as  given 


the  maintenance  of  such  a  fund.  Thus,  at  5 
per  cent  the  annual  contribution  to  a  sinkin.g 
fund  to  wipe  out  $100  of  value  in  twenty  years 
is  $;!.02.  which  added  to  5  per  cent  of  the  $100 
originally  invested  in  the  item  of  property, 
gives  a   total  of  $8.02   for   each  year. 

It  will  be  seen  by  reference  to  Column  (! 
of  the  table  that  $8.02  is  the  combined  annual 
depreciation  and  return  for  each  year  of  the 
twenty  by  the  proposed  method,  but  this  sum 
in  the  table  is  made  up  in  a  different  way. 
The  annual  return,  instead  of  being  based 
upon  the  full  value  of  the  property,  is  based 
upon  its  net  or  depreciated  value  at  the  be- 
ginning of  each  year,  as  given  in  Column  2, 
such  net  value  being  obtained  by  subtracting 
successively  the  depreciation  during  each 
year.  For  examtde,  the  depreciation  during 
the  first  year  is  $3.02.  which  subtracted  frotn 
the  full  value  leaves  $nfi.!)8  as  the  depreciated 
value  at  the  end  of  the  first  year;  deducting 
from  this  figure  the  depreciation  during  the 
second  year,  anmunting  to  $3.18,  leaves  $.''3.80 
as  the  depreciated  value  at  the  end  of  the 
second   year,  and   so  on. 

The  return  ffir  the  use  of  capital  in  the 
third  year  would  be  .'i  per  cent  on  $03.80 — 
the  depreciated  value  at  the  beginning  of  the 
year — equal  to  Sl.iiO  as  stated  in  Column  4, 
which,  added  to  the  $3.33  for  depreciation 
during  the  year,  gives  $8.02,  as  staterl  in  Col- 
umn fi. 

Although  the  Sinking-Fund  and  F.qual-.An- 
nual-Payment  Methods,  under  the  assunip- 
tif)ns  made,  provide  for  the  same  annual 
rates,  there  is  a  difference  in  Ibe  principle  in- 
volved. The  Sinking-Fimd  Method  provides 
for  a  uniform  annual  payninu  in  tlir  sinkiuR 


fund  which  must  be  invested  and  earn  inter- 
est in  order  that  the  accumulations  may 
amount  to  the  full  value  of  the  item  of  prop- 
erty at  the  end  of  its  life,  while  the  yearly  de- 
preciation allowances  by  the  Equal-.Anuual- 
Paymcnt  Method  include  sums  equivalent  to 
the  interest  in  the  Sinking-Fund  Method  and 
therefore  amount  without  interest  to  such 
full  value.  Thus,  referring  to  the  third  col- 
umn of  the  table,  the  depreciation  during  the 
second  year  is  $3.18,  which  is  equivalent  to 
$3.02,  the  depreciation  during  the  first  year 
with  5  per  cent  interest  added.  The  deprecia- 
tion during  the  third  year  is  $3.33,  equal  to 
$3.18  with  .5  per  cent  interest  added,  and  the 
same  rule  applies  to  the  end  of  the  column. 

The  Equal-Annual  Payment  Method  dis- 
tinguishes plainly  between  the  return  for  use 
of  capital,  available  for  dividends,  and  the 
depreciation  allowance  which  should  be  cred- 
ited to  the  capital  account;  thus  in  the  tenth 
year  of  the  item  of  property  illustrated  in  the 
table,  the  return  available  for  dividends  is 
$3.09,  as  given  in  Column  4,  while  the  depre- 
ciation allowance  to  be  credited  to  capital  is 
$4.93,  as  given  in  Column  .3. 

The  method  is  an  advantageous  one  for 
valuing  an  old  property  because  the  rates  re- 
main the  same  regardless  of  the  ages  of  the 
several    items    of    property. 

Attention  may  be  called  to  another  feature 
illustrated  by  the  table.  If  the  item  of  prop- 
erty having  a  20-year  life  has  existed  for  say 
12  years,  its  depreciated  value  at  the  end  of 
the  year,  as  given  in  Column  2,  is  $")1.8(),  and 
the  depreciation  allowance  for  the  13th  year 
is  $5.43.  This  allowance  is  the  same  amount 
as  an  annual  sinking-fund  payment  on  a  new 
item  of  property  having  a  value  of  $51.86  and 
a  life  of  eight  years. 

The  foregoing  statements  have  been  based 
on  the  use  of  5  per  cent  in  all  computations, 
but  there  are  reasons,  to  be  referred  to  sub- 
sequently, why  the  rate  of  return  for  the  use 
of  capital  will  generally  be  larger  than  the 
interest  rate  used  in  computing  depreciation, 
and  when  there  is  such  a  difference  in  the 
rate,  the  combined  annual  depreciation  and 
return  for  the  use  of  capital,  as  given  in  Col- 
lunn  7  of  the  table,  w-ill  not  be  strictly  uni- 
form from  the  beginning  to  the  end  of  the 
20-year  period. 

It  has  already  been  stated  that  in  preparing 
the  table  only  two  of  the  three  factors  were 
taken  into  account,  and  the  introduction  of 
the  third  factor — the  cost  of  repairs  and  op- 
eration— will  affect  the  degree  of  uniformity 
because  as  a  rule  such  cost  increases  as  the 
property  grows  older.  The  inclusion  of  such 
cost,  therefore,  will  increase  the  quantities  in 
Columns  Ci  and  7  to  a  greater  extent  in  the 
later  than  in  the  earlier  years,  making  the  re- 
sults based  on  Column  6  somewhat  greater  in 
the  later  than  in  the  earlier  years,  and  those 
based  on  Column  7,  under  most  circumslancos, 
more  nearly  uniform  than  thev  are  in  the 
table. 

It  is  imnracticable  to  devise  any  rule  which 
will  provide  for  strictly  equal  annual  pay- 
ments if  the  cost  of  repairs  and  operation  is 
included,  because  while  as  a  rule  such  cost  is 
a  small  factor  in  the  problem  it  is  variable, 
and  there  are  exceptional  cases  in  which  the 
cost  of  repairs  and  operation  differs  greatly 
from  the  beginning  to  the  end  of  the  life. 
Practicallv.  however,  the  exceptional  condi- 
tions mentioned  arc  unimportant,  because 
where  the  several  items  of  property  have  dif- 
ferent lives  there  will  be  a  tendency  to  equali- 
zation of  payment  on  account  of  the  three 
items  of  return  on  capital,  depreciation,  and 
repairs  and  operation  when  the  whole  prop- 
erty is  considered  together. 

Rnlfs  nf  Intercsl  and  Rclurii. — It  is  the 
judgment  of  the  committee  th.-it  a  smaller 
percentage  should  be  used  for  computing  the 
annual  depreciation  allowances  than  would  be 
a  proper  rate  of  return  for  the  use  of  capital 
invested   in   public   service  properties. 

In  the  past  many  of  those  who  have  dis- 
cussed the  subject,  having  in  mind  the  cre- 
ation of  depreciation  or  sinking  funds,  have 
adopted  a  low  rate  of  interest  in  making  their 
computations   of   depreciation    on    the   ground 
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that   funds   safely   invested   would   not  give  a 
net  return  of  more  than  3  or  4  per  cent. 

It  is  the  view  of  the  committee  that  no  such 
funds  should  be  created,  except  temporarily, 
am!  that  the  rate  of  interest  to  be  used  in 
computing  depreciation  allowances  should  be 
substantially  the  rate  at  which  the  corpora- 
tion can  borrow  money  upon  adequate  se- 
curity. In  recent  years  this  rate  has  been 
abfiut  o  to  5%  per  cent  for  the  average  well- 
established  corporation.  To  adopt  a  rate 
much  above  5  per  cent  for  computing  depre- 
ciation allowances  would  result  in  smaller  al- 
lowances for  depreciation  in  the  early  years 
of  the  life  of  each  item  of  property,  especially 
long-lived  property,  than  the  committee  be- 
lieves to  be  advisable. 

The  rate  of  return  upon  the  investment 
should  be  higher  than  that  used  in  comput- 
ing the  depreciation  allowance,  so  as  to  cover 
interest  and  profit,  and  thus  give  a  return 
commensurate  with  the  risks  involved  in  such 
investments. 

While,  as  stated  above,  well-established  cor- 
porations have  been  able  in  recent  years  to 
borrow  money  at  rates  of  5  to  5%  per  cent, 
in  practice  not  more  than  from  one-half  to 
three-quarters  of  the  capital  required  can  be 
raised  at  these  rates,  higher  rates  having  to 
be  paid  upon  the  rest  of  the  capital  required 
by  reason  of  the  less  adequate  security. 

Investment  of  Money  Received  hy  the  Cor- 
poration for  Depreciation  Alloivances. — As- 
suming the  committee's  view  to  be  correct, 
that  a  depreciation  allowance  is  a  return  to 
the  corporation  of  a  part  of  its  investment 
in  cxistmg  items  of  property,  the  money  so 
returned  should  be  treated  as  a  part  of  the 
capital  and  used  for  any  purpose  for  which 
the  corporation  is  authorized  to  use  capital, 
namely :  for  additions,  replacements,  better- 
ments, or  the  extinguishment  of  outstanding 
obligations. 

It  may  happen  that  the  amount  earned  for 
depreciation  allowances  will  be  in  excess  of 
immediate  needs,  and  in  such  cases  the  ac- 
cumulations become  a  part  of  the  working 
capital  until  there  is  an  opportunity  to  invest 
them  in  the  property. 

Depreciation  Allowances  an  Important  Fea- 
ture in  Rale  Regulation. — In  any  equitable 
and  comprehensive  regulation  of  rates  it  is 
necessary  that  the  amount  of  the  depreciation 
allowances  should  be  determined  bv  logical 
and  proper  methods  uniformly  applied  from 
year  to  year. 

In  the  case  of  some  properties  made  up  of 
items  which  have  a  short  life,  like  those  of 
telephone  companies,  the  amount  which  the 
corporation  is  entitled  to  earn  for  deprecia- 
tion mav  be  as  great  as  the  amount  which 
it  is  entitled  to  earn  as  a  return  upon  its  cap- 
ital. 

_  Where    the    property    is   made   up   of    long- 
lived   items,   as   in    the   case   of   water   works 
'"riy,   the   amount   of  the   depreciation   al- 
ncc  is  still  important  .tucI  should  he  carr- 
dctermmcd    hv    public    service    commis- 
and  engineers  if  justice  is  to  be  done  to 
1    the   corporation    and    the    rate-paver. 

Depreciation  allowances  should  be  such  that 
the  corporation  shall  have  received,  when  its 
property  is  worn  out  or  become  obsolete, 
neither  '0  nor  I.Vi  per  cent  of  it«  value,  but 
an  nearly  100  per  cent  as  the  best  methods 
of  determining  the  depreciation  allowances 
will  permit. 

Expectation  of  Life  as  a  Basis  for  F.stimal- 
inn  Depreciation. — It  is  genernlly  admitted 
th.il  the  owner  of  a  public  service  ()rr>prrty  is 
rn:>1,-,!  (,,  f.irn  annunltv  a  suffirirnt  sum  for 
on  to  keep  his  investment  unim- 
iiifl  this  view  is  siipporlerl  by  the 
Knnxviile  decision  of  the  United  States  Su- 
preme Court,  which  slates  that  the  company 
"is  entitled  to  sec  that  from  earnings  the 
value  of  the  property  invested  is  kept  unim- 
paircil.  so  that  at  the  end  of  any  given  term 
of  years  the  original  investment  remains  as 
it   was   at   the   beginning." 

N'otwiihstatiding  the  adoption  of  this  view, 
many  have  obiecled  strongly  to  using  the  ex- 
pectation of  life  of  the  difTerent  items  of 
propertv  as  a  basis  for  determining  the  de- 
preciation    of     such     property,    claimin?,    es- 


pecially in  the  case  of  property  subject  to 
functional  depreciation,  that  any  attempt  to 
estimate  the  probable  life  is  purely  guess- 
work. 

There  cannot  be  any  doubt  that  many  parts 
of  a  public  service  property  which  will  not 
fail  through  wear  and  tear  or  decay  are  be- 
coming less  valuable  each  year  because  of  ap- 
proaching inadequacy  or  obsolescence,  and  it 
is  the  judgment  of  the  committee  that  the 
corporation  is  entitled  to  a  depreciation  al- 
lowance corresponding  to  the  lessening  worth 
of  all  its  property.  To  omit  functional  depre- 
ciation would  not,  under  the  present  rulings 
of  the  courts,  do  justice  to  the  corporation, 
because  if  the  full  value  of  the  property  has 
not  been  returned  in  the  form  of  deprecia- 
tion allowances  while  the  property  is  in  use, 
it  will  afterward  be  excluded  from  the  valua- 
tion  as   unused  and  obsolete  property. 

In  other  words,  the  corporation  should  re- 
ceive the  whole  100  per  cent  of  the  value  of 
an  item  of  property  during  its  lifetime  be- 
cause there  is  little  likelihood  that  it  will  re- 


Sinking-Fund  Method.— The  Sinking-Fund 
Method  of  computing  depreciation  allowances, 
as  already  stated,  gives  the  same  results  as 
the  Equal-.^nnual  Payment  Method,  but  the 
use  of  the  words  Sinking  Fund  appears  to 
have  misled  some  courts  and  commissions  so 
that  they  have  objected  to  the  depreciation 
allowances  so  computed  on  the  ground  that 
the  method  involved  the  creation  of  a  sinking 
fund  to  be  kept  intact  until  the  replacement 
of  the  property  at  a  later  time.  (See  Decisions 
of  Courts  and  Commissions  in  Regard  to  De- 
preciation.) 

Straight-Line  Method.— The  Straight-Line 
Method  of  computing  depreciation  assumes 
that  the  value  of  the  item  of  property  under 
consideration  decreases  an  equal  amount  in 
each  year  of  its  life:  that  is.  the  depreciation 
in  each  year  is  the  full  value  of  the  propertv 
divided  by  the  number  of  years  of  its  life. 
The  method  is  simple  and  may  appear  to 
some  to  provide  for  equal  annual  payments 
by  the  ratepayers,  but  instead  it  requires  a 
much  larger  payment  in  the  earlier  years  of 


TABLE  VI.— ILLUSTRATION  OF  STRAIGHT-LINE  METHOD  OF  COMPUTING  DEPRECIATION. 

Assumptions:      Property    ••.aving    20-year   life  valued  when  new  at  JIOO.     Annual  return  on  capi- 
tal invested,  5  and  7  per  cent. 
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ccive  any  subsequent  allowance  on  account  oi 
such  property,  and  this  can  be  done  only  on 
the  basis  of  the  expectation  of  life  of  all  items 
of  property. 

It  is  not  claimed  that  one  can  determine 
accurately  the  life  of  any  given  structure  or 
item  of  property,  but  that  if  experience  is 
used  as  a  guide  inaccuracies  in  such  deter- 
mination will,  to  a  considerable  extent,  bal- 
ance one  anrtther  so  as  to  give  a  fairly  cor- 
rect result  in  regard  lo  the  plant  m  a  whole. 

If  is  obvious  that  precision  cannnt  be  at- 
tained when  one  is  dealing  with  the  future. 
(,iil  M,  .1,..  ii.Iynienl  of  the  committee  a  great- 
er ■  precision  can  be  attaineil  by  a 
meil  ii  deals  with  the  expectation  of 
life  ot  Items  of  property  than  in  any  other 
way, 

1"he  statistics  of  the  actual  life  of  public 
service  property  of  a  permanent  character 
gathered    bv    the  show    that    such 

actual  life   is  mti.  I  ban  the  estimates 

generally  given  in  ....  i ns  on  the  valua- 
tion of  nublii-  utilities,  and  probably  much 
shorter  than  the  builders  of  the  structures 
anticipated  Changes  which  cannot  be  fore- 
seen are  taking  place  all  the  time,  and  'he  life 
assigned  to  the  various  items  of  property 
should  be  based  largely  on  experience  rather 
than  on  optimistic  views  of  the  future. 


the  life  of  the  item  of  property  than  in  the 
later  vears,  as  will  be  seen  bv  the  illustration 
furnishc.i  '-    T,i,ic  VI. 

This  I  s  from  Table  V  only  in  the 
method  lor  determining  the  amount 
of  depreciation.  Columns  fi  ami  7  in  both  of 
these  tal)les  .nre  representative  of  the  rates 
which  the  public  should  pay  as  determined 
by  the  two  inrthnds.  In  the  Table  \'.  based 
upon   tb'                           '  "  •  ■    •     'the 

rates  ar.  .irs. 

while  ill  1  .1  1>  \  1.  ■  ■•  "1 "i-  .  I. light- 
Line  Method,  they  are  about  twice  as  large 
when  the  property  is  new  as  in  the  last  year 
of  its  life. 

This  illustration  shows  that  in  the  case  of 
those  properties,  consisting  largely  of  long- 
lived  itrmt.  upon  which  the  annual  cost  of 
'  much  greater  in  the  later  than 
vrars  of  life,  the  Straight-Line 
-   imdoirable   for  the   following  rea- 


rer 
in 

Men 
sons 


That  it  is  ineqin'table  as  it  makes  a 
miuli  greater  demand  on  the  rate-pavers  of 
the  earlier  years  than  on  those  of  l.iicr  years. 

(2>  That  it  permits  the  corporation  to  earn 
for  depreciation  in  the  earlier  years  a  larger 
sum  than  is  necessary  to  maintain  the  full 
value  of  its  investment. 

(St   The  method  requires  higher  rates  dur- 
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ing  the  early  part  of  the  life  of  a  property 
when  it  is  more  difficult  to  pay  such  rates 
than  ill  the  later  years. 

The  objections  to  this  method  are  less  in 
the  case  of  short-lived  property,  as  will  be 
seen  by  the  following  illustration  based  on 
10-and  40-year  life,  respectively,  instead  of 
20.  A  7  per  cent  annual  return  has  been  as- 
sumed and  the  results  are  comparable  with 
those  in   Column  7  of  Table  VI. 

10-year      40-year 

life.  life. 

$17.00  $9.50 

Last-year    rates    10.70  2.67 

Actual-Inspection  Method. — In  the  valua- 
tion of  property  the  amount  of  depreciation 
has  frequently  l)ecn  determined  without  ref- 
erence to  any  fixed  rule,  the  appraiser  in- 
specting the  property  and  using  his  judgment 
as  to  the  amount  of  depreciation.  In  such 
cases  the  judgment  is  often  based  almost 
wholly  upon  the  observed  physical  deprecia- 
tion of  the  property.  Earthwork,  substantial 
masonry,  and  other  property  in  e.xcellent  con- 
dition are  appraised  at  or  near  their  full 
value.  Such  appraisals  are  likely  to  result  in 
a  much  smaller  total  depreciation  in  the  value 
of  the  property  than  when  based  upon  the 
expectation  of  life  of  the  different  items  of 
such  property  and,  as  a  consequence,  would 
logically  entitle  the  corporation  to  a  much 
smaller  annual  allowance  for  depreciation 
than  when  a  method  is  used  which  includes 
depreciation  of   all   kinds. 

Under  such  a  method  many  items  of  prop- 
erty would  become  obsolete  before  the  cor- 
poration had  received  an  amount  for  depre- 
ciation approximating  100  per  cent  of  their 
value. 

There  is  a  fundamental  objection  to  depend- 
ing upon  the  personal  judgment  of  appraisers, 
as  this  method  determines  only  the  total  de- 
preciation of  the  property  and  not  the  amount 
of  the  depreciation  allowance  which  the  cor- 
poration is  entitled  to  earn,  unless  it  is  to 
be  .Tssumed  that  the  diflference  in  the  amount 
at  which  the  property  is  appraised  from  lime 
to  time  furnishes  a  measure  of  the  amount 
nf  depreciation  which  should  be  allowed  dur- 
ing the  period  between  such  appraisals.  It  is 
obvious  that  very  erratic  results  woiild  be 
obtained  by  such  a  method,  especially  if  dif- 
ferent persons  acted  as  appraisers  in  different 
years. 

This  method  does  not  take  account,  to  any 
ronsiiierablc  extent,  of  functional  deprecia- 
tion, and  the  gr.'^at  ipjustice  which  may  be 
done  a  corporation  by  the  failure  to  take  such 
depreciation  into  tccount  has  already  been 
stated. 

It  is  not  intended  ':)v  "his  condemnation  of 
the  .^ctuaI-Inspection  Me.hod  to  indicate  that 
there  should  not  be  an  actual  inspection  of 
all  property  in  connection  with  other  meth- 
ods of  determining  the  amount  of  deprecia- 
tion. Such  inspection  should  be  made  partly 
for  the  purpose  of  noting  the  condition  of 
the  property  and  partly  for  the  purpose  of 
determining  the  probable  future  life  of  the 
various  items  of  property. 

Rctlnccmcnt  Method.— It  has  sometimes 
been  claimed  that,  when  a  property  is  main- 
tained in  good  condition  by  repairs  and  by 
making  replacements  when  necessary,  rates 
should  be  based  upon  the  full  value  of  the 
property.  Under  this  theory,  the  corporation 
would  be  entitled  to  earn  as  a  depreciation 
allowance  the  amount  actually  expended  for 
replacements.  With  an  unregulated  and  short- 
lived property,  this  method  has  in  the  past 
produced  fairly  satisfactory  results  when  a 
property  has  been  maintained  in  excellent  con- 
dition by  charging  many  hetlerments  as  well 
as  replacements  to  current  expenses.  It  has 
no  place  in  any  proper  theory  of  rate  regula- 
tion, especially  in  the  case  of  long-lived  prop- 
erty, as  great  injustice  may  be  done  hy  the 
application  of  the  method.  It  holds  back 
from  the  corporation  an  annual  sum  for  de- 
preciation which  the  United  States  Supreme 
Court  in  its  Knoxvillc  decision  says  the  cor- 
poration is  entitled  to  earn  to  keep  the  value 
of  the  property  unimpaired.  If  the  money 
jttstlv  due  the  corporation  annually  is  not  then 
paid  it  is  not  likely  that  it  will  be  paid  sub- 
sequently. 


Application  of  liqiial- Annual-Payment 
Method.- — In  a  strict  sense,  the  term  "item 
of  property"  which  has  been  frequently  used 
in  this  report,  may  be  so  defined  as  to  cover' 
insignilicant  items,  such  as,  for  instance,  small 
tools  which  may  have  a  life  of  one,  two  or 
three   years. 

It  is  obviously  impracticable  in  any  system 
of  accounts  to  consider  the  depreciation  from 
year  to  year  of  such  short-lived  property,  and 
its  cost  should  be  considered  a  part  of  the 
current  expenses,  except  in  cases  where  a 
temporary  charge  is  made  to  the  account  of 
stock   on   hand. 

In  determining  the  expectation  of  life  of  a 
given  item  of  property,  one  necessarily  deals 
with  such  item  taken  as  a  whole.  For  in- 
stance, a  wooden  building  may  be  assumed 
to  have  a  life  of  thirty  years.  During  its  life 
it  is  necessary  many  times  to  replace  the  paint. 
Sucli  replacements  during  the  life  of  a  build- 
ing arc  not  taken  care  of  in  the  depreciation 
allowance  herein  recommended  and  should  be 
cliarged  to  current  expenses.  The  same  rule 
applies  in  a  multitude  of  cases,  such  as  the 
replacement  of  bolts  in  a  railroad  track,  the 
renewal  of  parts  of  locomotives  or  pumping 
engines,  the  placing  of  additional  ballast  on 
a  railway  road-bed,  and  to  much  greater  ex- 
penditures, as,  for  instance,  the  replacements 
(if  parts  of  road-beds  or  machines  after  wash- 
outs or  accidents. 

Should  the  method  herein  recommended  of 
providing  for  depreciation  be  adopted,  the 
decision  as  to  where  the  line  shall  be  drawn 
between  the  low  cost  and  shorter-lived  items 
of  property  on  the  one  hand — the  deprecia 
tion  of  which  can  best  be  taken  care  of  by 
charging  the  cost  of  replacements  to  current 
expenses— and  the  high  cost  and  longer-lived 
items  of  property  on  the  other  hand — the  de- 
preciation of  which  can  best  be  taken  care  of 
on  the  basis  of  the  expectation  of  life — may 
well  be  left  to  the  Public  Service  Commis- 
sions and  others  having  charge  of  the  valua- 
tion of  the  different  kinds  of  public  service 
property. 

.\s  a  general  statement,  it  may  be  said  that 
the  basis  of  expectation  of  life  should  be 
used  for  all  important  items  of  property  hav- 
ing a  life  of  more  than,  say,  five  years,  ex- 
cept where  it  may  involve  unwarranted  ex- 
pense for  accounting  or  be  impracticable  to 
separate  what  would  iironcrly  be,  under  the 
Kqual-.\nnual- Payment  Method,  charges  to 
current  expenses  and  to  capital.  For  instance, 
it  would  not  be  practicable  to  separate  the 
charges  for  labor  for  tamping  railroad  ties 
that  are  renewed  from  that  for  tamping  ties 
already  in  use,  although  if  it  were  desired  to 
avoid  '  entirely  the  use  of  the  replacemen*: 
method  of  determining  depreciation,  it  would 
be  feasible  to  estimate  what  part  of  the  total 
yearly  charge  for  such  tamping  is  attributable 
to  the  work  on  new  ties  and  therefore  proper 
ly  chargeable  under  the  lu|ual-.'\nnual-Pay- 
liient  Method  to  capital,  and  to  transfer  the 
estimated  sum  annually  from  the  operating  to 
the  capital  account. 

Under  a  continuous  system  of  accounting 
small  items  of  property  purchased  and  charged 
directly  to  current  expenses  should  obviously 
not  be  included  in  the  valuation  of  the  prop- 
erty upon  which  the  annual  return  is  to  be 
based. 

Grouping  Items  of  Property. — In  many  cases 
where  a  valuation  is  made,  there  arc  certain 
kinds  of  property,  such  as  cars,  rails,  ties, 
lelcnhoncs  and  telephone  poles,  which  exist 
in  large  numbers  and  are  of  all  ages;  these 
cm  be  dealt  with  by  grouping  them. 

If  there  be  a  group  consisting  of  a  large 
number  of  items,  each  having  the  same  ex- 
pectation of  life  and  existing  in  equal  num- 
bers of  each  age,  the  annual  depreciation  al- 
lowance for  the  group,  whether  computed  by 
the  Straight-Line  Method  or  the  F.qual-.'\n- 
nual-Pavment  Method,  would  be  the  same. 
There  is,  however,  a  difference  in  the  aver- 
age remaining  value  of  such  a  group  of  items 
on  which  the  annual  return  is  to  be  made. 
If  the  Straight-Line  Method  be  applied  on 
the 'basis  adopted  in  computing  Table  VI, 
using  the  value  at  the  beginning  of  a  year  as 
the  basis   for  computing  the  return,  the  aver- 


age remaining  value  will  be  o2.5  per  cent  of  the 
value  new,  while  if  the  Equal-Annual-Pay- 
ment ISIethod  be  applied  on  the  basis  adopted 
for  computing  Table  V,  the  average  remaining 
value  will  be  60.5  per  cent.  If  instead  of 
computing  the  return  upon  the  remaining 
value  at  the  beginning  of  each  year  it  were 
computed  upon  such  value  at  the  middle  of 
each  year,  the  average  remaining  value  would 
be,   respectively,  50   and   57.6  per  cent. 

Scrap  I'alue. — All  of  the  foregoing  state- 
ments regarding  depreciation  relate  to  prop- 
erty which  has  a  negligible  scrap  value.  In 
the  case  of  items  of  property  like  steel  rails, 
which  have  a  large  scrap  value,  the  state- 
ments are  not  strictly  applicable,  but  the  same 
general  principles  are  involved ;  the  amount 
of  depreciation  to  be  provided  for  being  the 
difference  between  the  new  and  the  scrap 
value. 

Decisions  of  Courts  and  Commissions  in 
Regard  to  Depreciation. — There  were  some 
court  decisions  made  from  10  to  20  years  ago 
rejecting  the  claims  of  corporations  for  an- 
nual allowances  for  depreciation.  The  de- 
cision of  the  United  States  Supreme  Court  in 
the  Knoxville  case  in  1909,  states  clearly,  how- 
ever, that  the  corporation  is  entitled  to  earn 
an  annual  depreciation  allowance,  and  that  the 
return  should  be  based  on  the  depreciated 
value  of  the  property.  This  decision  has  been 
upheld  by  many  subsequent  decisions  of  the 
same   court. 

The  portion  of  the  decision  relating  to  de- 
preciation is  as  follows:* 

The  cost  of  reproduction  is  one  way  of  ascer- 
taining ttie  present  value  of  a  plant  like  that  of 
a  water  company,  but  that  test  would  lead  to 
obviously  incorrect  results  if  the  cost  of  repro- 
duction is  not  diminished  by  the  depreciation 
which  has  come  from  age  and  use. 

The  cost  of  reproduction  is  not  always  a  fair 
measure  of  the  present  value  of  a  plant  which 
has  been  in  use  for  many  years.  The  items 
composing  the  plant  depreciate  in  value  from 
year  to  year  in  a  varying  degree.  Some  pieces 
of  property,  like  real  estate,  for  instance,  depre- 
ciate not  at  all,  and  sometimes,  on  the  other 
hand,  appreciate  in  value.  But  the  reservoirs, 
the  mains,  the  service  pipes,  structures  upon 
real  estate,  standpipes.  pumps,  boilers,  meters, 
tools  and  appliances  of  every  kind  begin  to  de- 
preciate with  more  or  less  rapidity  from  the 
moment  cf  thei*-  first  use.  It  is  not  easy  to  fix 
at  any  given  time  the  amount  of  depreciation 
of  a  plant  whose  component  parts  are  of  dif- 
ferent ages,  with  different  expectations  of  life. 
But  It  is  clear  that  some  substantial  allowance 
tor  depreciation  ought  to  have  been  made  in 
this  case. 

A  water  plant,  with  all  its  additions,  begins 
to  depreciate  In  value  from  the  moment  of  its 
use.  •  •  •  the  company  is  entitled  to  earn 
a  sufficient  sum  annually  to  provide  not  only 
for  current  repairs,  but  for  m.aking  good  the 
depreciation  and  replacing  the  parts  of  the 
property  when  they  come  to  the  end  of  their 
life.  The  company  is  not  bound  to  see  its  prop- 
erty gradually  waste,  without  making  provision 
out  of  earnings  for  its  replacement.  It  Is  en- 
titled to  see  that  from  earnings  the  value  of  the 
property  invested  Is  kept  unimpaired,  so  that, 
at  the  end  of  any  given  term  of  years,  the 
original  investment  remains  as  It  was  at  the 
beginning. 

If.  however,  a  company  fails  to  perform  this 
plain  duty  amd  to  exact  suflHclent  returns  to 
keep  the  investment  unimpaired,  whether  this 
Is  the  result  of  unwarranted  dividends  upon 
over  Issues  of  securities,  or  of  omissions  to 
exact  proper  prices  for  the  output,  the  fault  Is 
Its  own.  When,  therefore,  a  public  regulation 
of  Its  prices  comes  under  question,  the  true 
value  of  the  property  then  employed  for  the 
purpose  of  earning  a  return  cannot  be  enhanced 
by  a  consideration  of  the  errors  In  management 
which  have  been  committed  in  the  past. 

The  Eftual-.'Vnniiairayment  Method  ac- 
cords with  the  principles  laid  down  in  this 
decision,  while  any  method  which  does  not 
make  provision  for  depreciation  as  it  accrues 
would  not  be  in  accord  with   such   principles. 

•Knoxville  v.  Knoxville  Water  Co.,  212  U.  S., 
1,  January  1,   1909. 
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:n  this  case  the  court  was  dealing  with  an  es- 
ablished  normal  plant.  It  cannot  be  sup- 
oosed  that  the  same  reasoning  would  be  ap- 
jiied  to  a  new  plant  unable  in  its  early  years 
jo  earn  a  sufficient  sum  to  cover  depreciation 
por  to  one  which  immediately  after  important 
'idditions  had  been  made  was  temporarily  un- 
able to  earn  such  sufficient  sum.  In  the  judg- 
ment of  the  committee  the  decision  of  the 
court  in  the  Kno.wille  case  with  regard  to 
depreciation   is  equitable. 

,  Except  for  the  basic  principles  laid  down 
jin  the  Kno.wille  decision,  the  decisions  of 
courts  and  commissions  in  regard  to  depre- 
ciation have  been  very  variable.  The  Straight- 
Line  Method  has  been  used  and  courts  have 
approved  valuations  in  which  the  depreciation 
has  been  computed  by  this  method.  They 
have,  however,  more  often  approved  valua- 
tions in  which  the  sinking  fund,  or  as  the 
committee  has  termed  it.  the  Equal-Annual- 
.  Payment  Method,  has  been  used. 

In  some  cases  where  both  the  Straight-Line 
and  the  Sinking- Fund  Methods  have  been 
presented,  the  Sinking-Fund  Method  has  been 
rejected,  but  this  appears  to  have  been  the 
result  r>f  the  assumption  that  the  Sinking- 
Fimd  Method,  instead  of  being  a  practical 
method  for  fi.xing  the  rate  of  depreciation,  is 
a  method  for  creating  a  sinking  fund  to  pay 
for  the  replacement  of  the  plant  at  a  later 
date. 

For  instance,  in  the  Louisville.  Ky..  tele- 
phone rate  case.  District  Judge  Evans,  in  fix- 
ing the  annual  depreciation  allowance  makes 
this  statement  :* 

Of  course,  our  estimate  could  not  be  based 
upon  the  proposition  that  the  per  centum  set 
aprirt  to  cover  depreciation  would  be  deposited 
In  hank  or  loaned  out  from  year  to  year  so  as 
to  accumulate  and  be  on  hand  at  the  end  of 
14  years,  and  to  be  then  used  to  construct  an 
entirely  new  plant,  and  so  on  from  period  to 
period.  In  such  a  case  the  public  would  not 
only  have  a  service  that  would  progressively 
grow  worse  until  Its  operations  ceased  alto- 
gclher.  but  it  would  thereafter  get  no  service  at 
all  until  a  new  plant  replacing  the  old  could 
be  completed  and  put  into  operation.  The  ques- 
tion rather  has  been.  What  does  experience 
show  to  be  the  proper  average  per  cent  of  an- 
nual eamlncs  which  the  company  should  expend 
In  order  to  Insure  that  its  plant  at  the  end  of 
14  years  will  be  as  good  as  It  now  Is,  and  in 
the  meantime  render  to  the  public  that  good 
service  which  Its  duty  to  the  public  requires? 

There  was  a  decision  against  a  Sinking- 
Fnnd  Method  in  a  New  York  tax  case  in 
1011.  In  this  case.  Judge  Gray  of  the  New 
York  Court  of  .\ppeals  states  fat  page  235)  :t 

The  courts  below  determined  that  the  relator 
was  entitled  to  make  annual  depreciation 
chnrEes.  amounting  in  the  case  of  the  borough 
of  Manhattan  to  the  sum  of  SSBO.BU.fiu  and  in 
the  case  of  the  borough  of  The  Bronx  to  the 
■um  of  137.435.67.  for  the  purpose  of  creating 
a  fund  to  provide  for  the  depreciation  of  Its 
various  properties ;  upon  which  Interest  at  foui* 
per  cent,  compounded,  would  produce  a  sum, 
at  the  termination  of  the  ascertained  physical 
life  of  the  several  classes  of  property,  equal  to 
thi-  rosi  of  the  p.artlcular  property.  While  I 
am,  personally,  of  the  opinion  that  the  creation 
of  such  an  amortization  fund  furnishes  the  best 
Tu\-  for  odoptlon  In  such  a  case  as  this.  In 
Working  o\it  the  value  of  special  franchises,  the 
majority  of  my  brethren  entertain  a  different 
view.  They  think  that  the  nnniiiil  allowance 
for  depnrlallon  should  be  oompuled  by  dlvld- 
Inir  the  values  of  the  various  kinds  of  tangible 
property  by  the  number  of  years  of  their  re- 
spective estimated  physical  lives  and  Ihnt  will 
be  the  opinion  of  the  court. 

Judge  Maight.  of  the  same  court,  in  a  con- 
curring npinion,  objects  to  the  Sinking-Fund 
plan  as  fi^IIi.ws   (at  page  239.)  :t 

The  Special  Term  In  this  case,  however, 
adopted  a   plan  of  amortization  upon  which  nn 

•Cumberland  Telephone  and  TiU'griiph  Co.  v. 
City  of  lx>ul»vllle,    1S7   Fed.,   B37,   .\prll  2.'.,   1911. 
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annual  sum  was  authorized  to  be  set  apart  as 
a  sinking  fund,  which,  by  compounding  the  In- 
terest thereon  for  a  period  equal  to  the  lite  of 
the  structure,  tracks,  engines,  machinery  and 
rolling  stock,  would  at  the  end  of  that  period 
create  a  fund  suflicient  to  replace  the  property. 
The  difllcuity  with  such  holding  is  that  rail- 
road corporations  do  not  reconstruct  their  rail- 
roads and  rolling  stock  in  that  way.  In  order 
to  afford  proper  protection  to  the  public  they 
are  required  to  maintain  a  high  state  of  effi- 
ciency both  in  roadbed  and  rolling  stock.  The 
relator's  railroad  has  been  in  e.vistence  already 
for  about  thirty  years  and  some  portion  of  its 
property  has  already  suffered  from  decay  and 
use  to  such  an  extent  that  portions  thereof 
have  to  be  reconstructed  and  made  new  each 
year.  Old  ties  have  to  be  removed  and  replaced 
with  new  ones;  old  rails  that  have  become  worn 
and  battered  have  to  be  removed  and  their  places 
supplied  with  new  rails,  and  so  the  work  of  re- 
construction progresses  from  year  to  year.  It  is 
not  the  waiting  forty  or  sixty  years  to  recon- 
struct, during  which  time  the  amount  set  apart 
as  a  sinking  fund  may  be  doubled  many  times 
over  by  compounding  the  interest,  but  it  is  the 
annual  expenditure  for  reconstruction  which  is 
to  be  paid  for  at  the  time  that  the  construction 
is  made.  To  illustrate:  Suppose  the  average 
life  of  the  tangible  property  of  a  railroad,  out- 
side of  the  land  itself,  to  be  si.xty  years  and 
the  cost  of  reconstruction  to  be  sixty  million 
dollars.  It  would  follow  that  one  million  dollars 
would  have  to  be  used  each  year  in  reconstruc- 
tion, and  that  amount  would  have  to  be  annu- 
ally used  for  that  purpose  ;  but  under  the  plan 
adopted  in  this  case,  instead  of  deducting  from 
the  gross  earnings  tlie  amount  necessarily  ex- 
pended for  that  purpose,  a  small  fraction  of 
that  sum,  viz..  $4,200.  only  is  allowed  to  be 
deducted,  a  sum  which,  with  the  interest  com- 
pounded for  the  next  sixty  years,  would  amount 
to  a  million  dollars.  Under  such  a  plan  the 
company  would  be  practically  prohibited  from 
annually  constructing  a  portion  of  its  road  and 
thus  prevented  from  keeping  it  in  that  state  of 
efflciency  which  the  public  demands.  Of  course, 
the  necessities  of  reconstruction  vary  from  year 
to  year :  some  years  it  may  be  greater  than 
others,  but  the  assessors  each  year  can  easily 
ascertain  the  sum, required  for  that  purpose.  I 
think,  therefore,  that  we  should  adhere  to  the 
rule  sanctioned  in  the  Jamaica  case,  and  that  a 
gross  sum  should  be  deducted  annually  for  the 
purposes  of  reconstruction. 

It  seems  clear  that  in  these  opinions  the 
opposition  to  the  Sinking-Fund  Method  is  di- 
rected against  the  establishing  of  a  sinking 
fund  to  be  kept  intact  for  a  long  series  of 
years,  and  not  against  the  method  on  account 
of  its  providing  for  uniform  annual  pay- 
ments. 

The  illustration  given  in  Judge  Haight's 
concurring  opinion  seems  to  indicate  that  he 
thought  the  Sinking-Fund  Method  would 
give  an  annual  allowance  for  depreciation  of 
only  a  small  fraction  of  the  sum  determined 
liy  the  Straight-Line  Method.  The  property 
in  question  was  that  of  the  Manhattan  Rail- 
way Co.,  and  in  view  of  the  age  of  the  struc- 
tures and  the  varying  ages  of  the  equipment 
it  seems  not  unlikely  that  the  annual  allow- 
ance for  depreciation  would  have  been  as 
great  by  the  Sinking-Fund  ns  by  the  Straight- 
Line    Method   of   measuring   depreciation. 

The  Sinking-Fund  Method  of  measuring  de- 
preciation has  been  approved  by  the  Wiscon- 
sMi  Railroad  Commission  and  has  been  re- 
jected by  the  New  York  Public  Service  Com- 
mission. First  District.  The  decision  in  the 
latter  case  is  open  to  about  the  same  com- 
ment as  the  decision  in  the  above  cited  court 
cases,  as  will  be  seen  by  the  following  quota- 
tion (page  3-J7.  VVhitten)  : 

Without  going  Into  the  technical  details  of 
these  two  plans,  sufflce  It  to  say  that  the  funda- 
mental dKTerenrc  Is  that  the  former  fStralght- 
Llnc  Method]  assumes  the  property  to  decrease 
uniformly  In  value  from  year  to  yeor.  the  latter 
[Slnklng-Pund  Method]  that  It  follows  a  para- 
bolic curve.  The  former  assumes  that  the  de- 
crease will  be  met  year  by  year  as  It  occurs, 
that  the  payment  from  earnings  will  be  Imme- 
diately  expended   and    that    It   will    not   accumu- 


late at  compound  interest.  The  latter  assumes 
that  notning  will  be  spent  before  the  end  of  the 
period,  that  it  will  all  accumulate  and  that  im- 
pairment of  capital  need  not  necessarily  be  met 
as  it  occurs. 

There  are  other  decisions  relating  to  phys- 
ical and  functional  depreciation  which  do  not 
accord  with  one  another.  Upon  the  whole,  it 
may  be  said  that  the  court  and  commission  de- 
cisions have  not  reached  that  degree  of  defi- 
nitencss  which  will  prevent  the  application  of 
the  method  herein  recommended. 

A  Fallacy  in  the  Discussion  of  Depreciation. 
— -At  the  risk  of  repeating  what  has  already 
been  stated,  the  committee  will  refer  again 
to  the  fallacy  of  the  view  expressed  by  en- 
gineers of  much  experience  in  valuation,  that 
rates  based  upon  the  depreciated  value  of  a 
property  are  necessarily  lower  than  those 
based  upon  its   full  value. 

A  recent  work  on  Valuation*  gives  these 
illustrations   (pages  207-208)  : 

Assume  that  the  life  of  a  large  part  of  a 
complete  property  is  20  years,  then  at  the  end 
of  19  years  and  6  months,  if  theoretical  depre- 
ciation is  considered,  the  present  value  of  the 
property  would  be  small  and  the  rates  based 
thereon  would  include  nothing  in  the  way  of 
return  on  the  large  part  of  the  property,  still 
100  per  cent  useful.  A  year  thereafter  the  prop- 
erty being  entirely  replaced  and  new.  the  rates 
would  be  incomparably  higher. 

Consider  two  surface  railways  running  out 
parallel  avenues  from  the  center  of  a  city  to 
the  suburbs,  both  alike  in  construction,  but  one 
10  years  old  and  the  other  put  in  operation 
within  a  year.  If  theoretical  depreciation  is 
considered  the  present  values  of  these  two  prop- 
erties are  quite  different,  the  older  road  being 
worth  appreciably  less  than  the  new  road, 
although  the  original  cost  of  Installation  may 
have  been  the  same  in  both  cases.  Under  such 
circumstances,  is  the  older  road  to  be  allowed 
to  charge  only  a  four-cent  fare,  assuming  that 
that  gives  a  fair  return  on  the  estimated  pres- 
ent value,  while  the  new  road  must  charge  a 
five-cent  fare  for  the  same  return  on  its  esti- 
mated value?  What  would  be  the  result  prac- 
tically of  such  method  of  fixing  rates?  The  old 
road  would  be  swamped  with  business  and  the 
new  road  would  be  unable  to  maintain  Its  earn- 
ings. 

The  "theoretical  depreciation"  referred  to 
in  these  quotations  is  the  depreciation  based 
upon  the  length  of  life  of  the  property.  It 
has  already  been  shown  in  this  report  that  the 
life  of  the  property  used  in  connection  with  the 
Equal-.\nnual-Payment  Method  of  determining 
depreciation  allowances  results  in  practically 
uniform  rates  whether  the  property  be  old  or 
new.  There  is.  therefore,  no  logical  ground 
for  the  statements  above  quoted  or  for  the 
following  quotation  based  upon  them  : 

Can  such  fanciful  and  variable  bases  be  In- 
fended  by  the  Supreme  Court  to  be  taken  as 
that  on  which  rates  are  to  be  estimated  and 
regulated?  Such  conclusion  would  be  Illogical, 
unreasonable  and  unfair. 

In  a  recent  discussionf  of  the  iiaper  on 
the  "Physical  Valuation  of  Railroads,"  by 
William  J.  Wilgus,  M.  .\m.  See.  C.  E.,  not 
only  have  several  of  those  taking  part  in  the 
discussion  favored  the  use  of  the  full  value 
of  a  property  as  the  basis  for'  rates,  but  some 
have  endorsed  the  above  mentioned  fallacy. 
One  writer  says : 

A  new  public  utility  company  starting  today 
would  be  entitled  to  a  fair  return  on  Its  actual 
Invpstmcnl,  and  It  would  lead  to  "confusion 
worse  confounded"  were  a  part  of  that  Invest- 
ment "written  oft"  each  year  because  of  depre- 
ciation. The  thing  could  he  done,  but  no  use- 
ful purpose  would  be  served  by  doing  II.  while, 
on  the  contrarj',  rates  of  charge  for  service 
would  fluctuate  with  on  ever-changing  depre- 
ciated value.  There  Is  a  good  deal  of  "horse- 
sen.so"  In  the  Illustration  used  by  an  attorney 
who  .Tr>rued  that  the  price  of  milk  Is  not  an 
Indlrillon  of  the  age  of  the  cow.  growing  less  as 
I  lie  cow  grows  older,  until  It  would  be  almost 
given  away  In  the  latter  days  of  the  cow's  life. 


••'Valuation  of  Public  Utility  Properties."  by 
Henrv   Floy.   New   York.    1912. 
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What  the  provident  owner  of  a  cow  does  is  to 
charge  a  price  for  milk  which  will  give  a  fair 
return  on  the  investment  (not  on  the  depre- 
ciated value)  plus  enough  to  cover  "operating 
expenses,"  including  depreciation. 

Another  writer  says : 

In  the  case  of  a  public  utility,  adequately 
maintained  and  rendering  efficient  service  to 
the  public,  to  deduct  for  accrued  depreciation 
according  to  the  practice  of  some  of  our  theo- 
rists, necessarily  results  in  confiscation  of  In- 
vestment. 

Certain  appraisers  of  reputation  have  taken 
the  ground  that  if,  for  instance,  railroad  ties 
have  an  eftectivj  life  of  10  ytars,  and  one-tenth 
of  the  total  number  is  renewed  each  year,  there 
is  no  need  for  a  depreciation  reserve,  but  the 
value  of  these  ties  as  a  whole  should  be  depreci- 
ated 50  per  cent.  Nothing,  according  to  the  writ- 
er's way  of  thinking,  could  be  more  fallacious. 
The  property,  as  far  as  this  item  is  concerned,  Is 
thus  maintained  at  maximum  efficiency.  What 
more  could  be  done?  Why  then  should  one-half 
of  this  portion  of  the  investment  be  confiscated? 

It  will  be  observed  that  the  writers  in  all 
these  cases  ignore  the  fact  that  a  depreciation 
allowance  earned  from  the  rate-payers  is  a 
return  of  a  part  of  the  investment,  and  that 
after  that  part  of  the  investment  is  returned, 
it  is  neither  inequitable  nor  confiscatory  to  base 
future  returns  upon  the  depreciated  value, 
which  is  the  remaining  investment  in  the 
property.  They  also  erroneously  assume  that 
the  rates  necessarily  decrease  when  the  de- 
preciated  value  is  used. 

It  is  true  that  of  the  return  on  a  given 
item  of  property,  the  part  applicable  to  divi- 
dends becomes  less  as  the  property  grows 
older,  but  this  is  as  it  should  be;  a  part  of 
the  capital  invested  in  that  item  has  been 
returned  and  has  either  been  invested  in  addi- 
tions or  replacements,  or  temporarily  in  a  de- 
preciation fund,  so  that  the  whole  of  the 
original  investment  is  at  all  times  earning  re- 
turns .Ipplicable  to  dividends. 

Past  Practice  Has  Underestimated  Depre- 
ciation.— Ideas  in  regard  to  depreciation  have 
in  the  past  been  based  very  largely  upon  prac- 
tical methods  of  railroad  accounting  and  not 
upon  a  consideration  of  the  fundamental  prin- 
ciples upon  which  depreciation  allowances 
should  be  based,  and  even  where  the  proper 
principles  have  been  taken  into  account,  the 
tables  prepared  by  engineers  of  the  expectation 
of  life  of  different  components  of  public 
service  works  have  been  based  mainly  upon 
physical  depreciation,  without  making  due  al- 
lowance for  the  shortening  of  life  caused  by 
inadequacy  and  obsolescence. 

Your  committee  believes  that  there  have 
been  many  cases  in  the  past  in  which  the  an- 
nual allowances  for  depreciation  have  been 
under-estimated,  and  that  consequently  engi- 
neers, public  service  commissioners  and  the 
courts  should  give  especial  attention  to  the 
amount  of  the  annual  depreciation  allowances, 
so  as  to  make  them  conform  more  nearly 
with  the  facts. 

The  inter-relation  in  rate-making  cases  be- 
tween the  annual  depreciation  allowance  and 
the  depreciated  value  of  the  property  should 
never  be  lost  sight  of. 

(To  be  continued.) 


Snow  Removal  Conferetice.— The  public 
is  bccnniing  more  and  more  insistent  that  any 
considerable  fall  of  snow  not  only  be  re- 
moved from  the  highways,  but  removed  quick- 
ly. The  cost  of  snow  removal  work  in  cities 
has  been  going  up  rapidly,  but  the  methods 
used  have  not  materially  improved.  With  the 
co-operation  of  the  Commissioners  of  Public 
Works  of  New  York,  Boston,  Pittsburgh. 
Washineton  and  other  cities,  the  Depart- 
ment of  Public  Works  of  Philadelphia  has 
called  a  "snnw  removal  conference"  to  be 
hcl<l  in  Philadelphia.  April  Ifi  and  17.  At  this 
conference  the  effort  will  be  made  to  have 
the  various  factors  affecting  the  cost  and  ef- 
ficiency of  snow  removal  thoroughly  dis- 
cussed. .Xnv  one  interested  in  the  subject  will 
he  welcome  to  attend.  It  is  hoped  that  out 
of  this  conference  will  come  some  statement 
that  will  afford  a  basis  for  formulating  an 
intelligent  policy  as  to  snow  removal  for  any 
given  locality. 


Modern  Methods  of  Economical  Loca- 
tion. 

To  TiiK  I'.iJiTOKs  :  The  writer  has  read  with 
interest  the  article  on  "Modern  Methods  of 
Economical  Location"  in  Engineering  &  Con- 
tracting and  he  agrees  in  general  with  the 
author  that  more  money  could  be  spent  to 
advantage  in  preliminary  work  than  is  done 
at   present. 

He  is  exceedingly  skeptical,  however,  re- 
garding the  value  of  some  of  the  refinements 
suggested;  especially  do  tlie  charts  to  show 
future  traffic  for  ten,  twenty,  thirty  and  forty 
year  periods,  seem  of  doubtful  utility.  Sncli 
charts  would  reflect  more  or  less  the  tempera- 
ments of  their  makers  and  a  comparison  of 
two  of  them  made  as  suggested,  one  by  a  traf- 
fic man  of  sanguine  temperament  interested 
in  the  success  of  the  projected  road,  and  the 
other  by  a  passenger  traffic  manager  trying  to 
keep  his  road  off  the  shoals  while  waiting 
for  a  possible  five  per  cent  advance  in  freight 
rates,  would  show  such  a  startling  difference 
that  as  engineering  data  they  would  be  con- 
siderably harder  to  reconcile  than  the  contour 
lines  of  Smith  and  Jones  taken  over  the  same 
country  from  different  lines  of  levels.  Even 
could  the  personal  equation  be  eliminated 
there  are  too  many  factors,  impossible  to  fore- 
see, which  enter  into  the  development  of  a 
territory  to  make  such  charts  of  practical 
value.  One  live  booster  with  capital  can 
place  a  community  far  beyond  tlie  limits  which 
could  have  been  prophesied  by  a  survey  of 
the  agricultural  and  commercial  features  be- 
fore his  advent.  On  the  other  hand  compe- 
tition can  come  at  any  time  and  plans  based 
on  the  most  carefully  and  conservatively  made 
plans  would  go  far  wrong.  There  are  a  dozen 
other  contingencies  which  could  make  the  esti- 
mate of  the  optimist  way  too  low  or  that  of 
the  pessimist  as  much  too  high. 

Railroads  are  today  built  better  than  they 
were  in  the  past  but  a  dollar  to  the  average 
promoter  still  looks  as  large  as  a  cart  wheel 
and  he  would  prefer  to  save  on  construction 
the  fifty  cents  which  he  has  rather  than  to 
save  or  make  three  or  four  dollars  in  the  fu- 
ture. The  remedy  for  this,  if  it  needs  a  rem- 
edy, will  come  from  better  financial  methods 
rather  than  from  better  locations  and  the 
method  of  striking  a  balance  between  present 
traffic  pos.sibilities  and  the  physical  character- 
istics of  the  country  does  not  serve  as  badly 
as  the  author  seems  to  suppose.  To  spend 
much  additional  money  on  location  or  con- 
struction for  the  sake  of  possible  traffic  forty, 
or  even  twenty  years,  in  the  future  w-ould 
seem  to  the  writer  very  much  the  same  as  for 
a  five-engine  railroad  to  put  up  a  ten-stall 
concrete  roundhouse  because  the  price  per 
yard  of  concrete  would  be  a  dollar  or  so  less 
in   the  larger   structure. 

The  railroads  with  "grades  following  the 
grass  roots  and  alignment  the  local  subsidies" 
have  built  up  the  United  States.  Some  of 
them  have  served  their  communities  well.  Re- 
constructed they  have  become  part  of  our 
transcontinental  systems  and  they  have  justi- 
fied their  existence  for  it  was  either  a  rail- 
road with  such  grades  and  alignment  or  no 
railroad.  Others  have  proved  exceedingly  dis- 
astrous to  their  promoters  and  are  operated 
at  a  loss  today,  years  after  their  completion 
but,  for  the  most  part,  it  was  not  poor  engi- 
neering or  lack  of  broad-minded  managers  as 
the  author  seems  to  think,  that  was  respon- 
sible for  their  construction.  It  was  the  same 
lack  of  knowledge  that  obtains  today  as  to 
where  and  to  what  extent  future  development 
will  take  place.  The  writer  knows  of  a  rail- 
road, in  a  part  of  California  as  fertile  as  any 
in  the  state,  which  is  doing  no  more  business 
now  than  it  did  upon  its  completion  thirty 
years  ago.  This  road  is  crooked,  both  hori- 
zontally and  vertically,  but  it  is  cheaply  built 
and  has  been  a  fair  investment  and  given  good 
service.  The  prospects  for  the  country  it 
serves  were  as  good,  when  it  was  built,  as 
any  in  the  State,  but  the  tide  of  progress  has 
gone  above  and  below  it  and  its  time  has  not 
yet  come — and  it  has  not  been  holding  the  bag 
for  30  years. 

The  author  seems   inclined  to  criticise  past 


railroad  location,  basing  his  criticism  on  data 
obtained  from  contour  maps  alone.  Rock 
cuts,  sliding  ground  and  sink  holes  are  excel-  ■ 
lent  excuses  for  deviation  from  what  would 
appear,  on  the  map,  to  be  the  best  location 
and  many  a  trunk  line  is  a  patch  work  of  parts 
of  small  independent  lines  each  of  which  was 
built  to  serve  a  different  purpose  than  that  for 
which  it  is  now  used.  It  is  not  as  efficient, 
surely,  as  an  ideally  located  and  constructed 
road  would  be  but  such  roads  cost  money  and 
money  is  not  always  available.  Meanwhile 
this  road  does  the  business  and  when  money 
is  forthcoming,  grades  and  alignment  can  be 
revised  and  bad  stretches  abandoned.  It  is 
generally  in  a  new  country  easier  and  cheaper 
to  build  new  than  reconstruct  and  there  is 
more  difference  between  a  five-tenths  and  a 
one  per  cent  location  than  a  rise  or  fall  of 
26.4  ft.  to  the  mile. 

Plaster  casts  undoubtedly  have  a  substan- 
tial value  in  such  engineer  works  as  locks 
and  dams  but  the  writer  questions  their  value 
in  railroad  location  and  he  seriously  doubts 
the  possibilities  of  chief  engineers  being  able 
to  make  a  practice  of  satisfactorily  settling  on 
townsite  locations  to  suit  the  convenience  of 
the  operating  department  in  making  meeting 
points  for  future  trains,  devoutly  as  that  con- 
summation  is  to  be  wished. 

The   system   to  be   followed   in   the   prelim- 
inary survey  will  always  remain  a  matter  of 
individual  judgment  but  there  is  much  to  be 
said  in  favor  of  the  old  method  of  "feeling  the 
country  out"  even  if  "miles  and  miles  of  ex'j 
pensive   chopping   through   the   woods"   is   re 
quired  and  it  will  not  do  to  condemn,  as  of 
small   caliber,   the   engineers,    whether   college 
bred  or  self  educated  teamsters  who  have  lo-, 
cated   and   are   still   locating   by   that   method 
eighty  per  cent  of  the  railroads  which  traverse'" 
the  continent. 

Yours  truly, 

H.     G.     BUTLKR. 

564  61st  Street,  Oakland,  Cal.,  March  2,  1914. 

(A  copy  of  the  above  letter  w-as  submitted 
for  comment  to  the  author  of  the  article  criti- 
cized and  his  reply  is  given  below. — Editors.) 

To  THE  Editors:  The  article  was  written  to 
draw  forth  healthy  criticism,  and  thus  help  to 
develop  a  scientilic  system  of  railroad  location. 

There  are  two  portions  of  the  United  States 
tn  whirh  railroad  traflic  diagrams  evidently 
could  not  have  been  applied.  These  are  south- 
ern Califcirnia  and  Florida,  places  whose  orig- 
inal cash  assets  were  climate  and  boosters. 
This  combination  of  sunshine  and  "wind"  has 
drawn  from  other  portions  of  the  United 
States  a  railroad  traffic  that  never  could  have 
been  foreseen,  and  the  end  is  probably  not  yet. 
Boosters  and  boosting  have  changed  things 
some,  but  the  vast  bulk  of  the  continent  has 
been  and  still  is  developing  along  the  lines  of 
natural  resources.  Boosting  never  started  rice 
farming  without  the  water,  coal  mining  with- 
out the  coal.  There  are  certain  industries  in 
belts,  zones  and  limits  of  longitude  and  other- 
wise, the  real  bona  fide  natural  consequences 
of  soil,  water  and  minerals,  that  are  beyond 
the  power  of  man  to  boost  or  control,  and 
these  natural  conditions  and  their  develop- 
ments are  things  that  could  have  been  fore- 
seen and  their  traffic  arranged  for,  had  pro- 
moters been  willing  to  pay  for  the  services  of 
truly  scientific  investigators.  Biasfd  or  easily 
influenced  investigators  are  not  wanted  to  tab- 
ulate diagrams  as  shov.n  in  the  original  arti- 
ble  of  Feb.  18.  Facts  and  figures  of  growth 
and  development  are  what  arc  needed,  and 
from  these  the  probabilities  of  the  future  are 
to  be  forecast.  This  is  done  in  almost  every 
business  but  railroad  engineering,  and  it  can 
be  done  there,  and  is  being  done  more  every 
year. 

Mr.  Butler  very  properly  docs  not  name  the 
railroad  in  California  he  has  in  mind,  but  it 
may  not  be  amiss  to  suggest  the  California  it 
Nevada  R.  R.  as  a  case  in  point.  This  r^ad 
was  built  bv  D.  O.  Mills  in  the  early  seventies, 
and  originally  ran  from  Reno,  .sev.,  down  in 
behind  the  Sicrre  Nevada  mountains  in  Cali- 
fornia, away  from  the  stream  of  industry  and 
settlement,  though  in  as  fertile  a  country  as 
any.  But  its  geographical  location  was  against 
it  to  start  with — a  range  of  mountains  on  the 
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west   and   a  desert  on   the  east — and   in  later 
I  years   it   has   been  drained  and   robbed  of   its 
I  waters   to   make   the   Los   Angeles   country   a 
j  success.     Its  isolation  could  have  been  antici- 
I  pated   and  shown   on  diagrams,  but  the  huge 
I  waterway  several  hundred  miles   in   length   is 
something   no   one   could   have   foreseen.     As 
I  late  as  1908,  when  the  engineers  were  investi- 
gating  it   for   a   broad   gage,   they    found   the 
intn.    still  in  a  Rip  \'an  Winkle  sleep.     Its 
abitants  were  energetic  and  industrious,  but 
y  had  no  market   for  their  produce.     The 
:ntry  roads  were  lined  for  miles  with   fine 
r.iiglisii  walnut  trees,  the  nuts  rotting  on  the 
ground   season   after   season,   and   there   were 
miles  of  melon  fields,  the  melons  never  shipped. 
Mills   built  the   road   for  the  silver  mines  of 
Candaleria  and   Cerro  Gorda,  and   when  they 
were  worked   out  no   others  of   equal   impor- 
tance were  developed.     He  tried  running  the 
road  for  several  years  and  then  sold  it  to  the 
Southern   Pacific.     Its   length   was  301   miles, 
and  it  is  said  that  when  he  had  finished  sign- 
ing the  papers  to  the  deal  he  remarked  that  he 
had  built  the  thing  301  miles  too  long  and  301 
years  too  soon. 

And  there  are  several  other  somewhat  simi- 
lar cases  that  could  be  mentioned;  some  have 
their  grim  humors  of  unforeseen  vicissitudes, 
and  some  are  simply  huge  engineering  blun- 
ders, the  want  of  foresight  and  the  want  of 
system  of  planning  for  the  future. 

In  general  the  principle  of  locating  a  cheap 
"grass  roots''  road  is  not  bad,  provided  it  is  so 
located  that  it  can  be  afterwards  reduced  in 
grade  without  departing  materially  from  the 
right  of  way.  But  this  was  not  done,  and  in 
many  cases  it  is  not  being  done  today.  The 
managements  have  not  appreciated  the  impor- 
tance of  having  the  conditions  graphically  de- 


picted to  them,  but  now  both  managements 
and  engineers  are  fast  coming  to  their  senses, 
and  it  is  hoped  that  this  discussion  will  tend 
toward  that  end. 

Case  after  case  of  blunders  can  be  cited. 
Take,  for  instance,  the  Wisconsin,  Minnesota 
&  Pacific.  Towns  have  grown  up  on  it  that 
cannot  be  abandoned.  If  it  is  remodeled,  two 
lines  will  have  to  be  maintained.  And  there 
is  the  Tacoma-Tenino  cutoff  on  the  Northern 
Pacific  in  Washington.  A  1.6  per  cent  grade 
was  considered  suitable  when  the  original  line 
was  built,  and  it  probably  served  the  purpose 
for  years,  but  at  the  same  time  there  was  a 
better  route  that  could  have  afterwards  been 
revised,  and  it  was  not  taken.  Towns  are  now- 
built  on  the  old  line,  and  they  cannot  be  aban- 
doned, so  the  N.  P.  will  have  to  maintain  both 
lines. 

Probably  every  one  in  the  railroad  engi- 
neering business  in  the  United  States  knows 
of  the  Sherman  Hill  monument  in  Wyoming. 
It  is  at  the  summit  of  the  great  divide  of  the 
continent,  and  is  supposed  to  commemorate 
the  completion  of  the  first  trans-continental 
railroad — the  Union  Pacific.  It  is  a  huge  af- 
fair, and  probably  cost  some  $20,000.  It  was 
scarcely  completed  before  it  was  found  that  a 
grade  revision  would  be  necessary,  and  the 
new  alignment  now  crosses  the  divide  several 
miles  to  one  side  of  the  monument.  So  tnere 
it  stands  alone;  no  oassengers  ever  see  it; 
sheep  herders  alone  visit  it,  and  if  it  is  a 
monument  to  anything,  it  is  to  engineering 
and  administration  blunders — an  eloquent  argu- 
ment in  favor  of  extensive  topographical  maps 
and  plaster  casts. 

One  reason  railroad  engineers  may  be  op- 
posed to  extensive  topographical  maps  is,  that 


they  have  not  been  out  with  the  U.  S.  Geologi- 
cal Survey  parties,  and  have  no  idea  how  rap- 
idly that  organization  works  up  a  country, 
and  have  not  realized  now  well  some  of  those 
methods  could  be  applied  to  railroad  work. 

In  regard  to  "feeling  the  country  out"  with 
preliminary  lines,  samples  of  blunders  from 
this  method  are  legion.  Take  the  Great  North- 
ern in  the  Flathead  Valley  in  Montana.  They 
thought  they  "felt"'  their  way  out,  but  they  put 
their  foot  in.  Of  course  they  were  in  a  hurry 
at  the  time.  But  later  the  best  engineering 
talent  in  the  country  was  used  to  correct  the 
blunder.  Kalispell  then  found  itself  on  a 
branch  road,  and  many  miles  of  line  were 
abandoned.  It  was  a  wooded  country,  and  at 
that  day  and  age  "feeling  the.  way"  was  the 
only  method  known.  But  what  a  diflierence  it 
would  have  made  if  they  spent  more  money  to 
investigate,  and  taken  the  other  route  to  start 
with.  It  would  take  many  pages  to  recite  all 
these  blunders,  but  only  a  few  of  them  are  due 
to  the  engineers ;  the  majority  are  due  to  an 
inexperienced  administration  of  affairs  tech- 
nical. 

In  this  comment  theorizing  has  been  avoided, 
and  only  facts  cited  that  must  carry  their  own 
lesson.  For  personal  information  Mr.  Butler 
is  cited  to  his  own  neighborhood.  Mr.  George 
Kopp,  the  originator  of  traffic  diagrams,  is 
Division  Engineer  on  the  Western  Pacific  at 
Oroville,  Cal.  Mr.  J.  Q.  Barlow,  Assistant 
Chief  Engineer  Southern  Pacific  R.  R.,  is 
familiar  with  the  J.  D.  Isaacs  diagrams.  His 
office  is  in  the  Flood  Building  in  San  Fran- 
cisco.      Very  truly, 

H.  H.  Edcerton,  Jr. 

463  Baltimore  &  Ohio  Depot,  Chicago,  III. 

April  3,  1914. 


Operation  of  the  Sewage  Disposal 
Works  at  Atlanta,  Ga. 

Considerable  publicity  has  been  given  to 
the  design  of  the  Atlanta  sewage  disposal 
works.  The  impression  probably  exists  in 
many  quarters  that  the  works  have  now  been 
in  operation  for  some  time.  This  is  only  par- 
tially true.  The  smallest  plant  was  placed  in 
operation  in  August.  1912,  the  largest  in  Octo- 
ber, 1913,  and  the  third  plant  will  not  be  ready 
for  service  until  about  the  first  of  May.  In 
the  operation  of  the  completed  works  some 
interesting  points  have  been  observed  and  are 
here  discussed.  We  are  indebted  to  a  paper 
before  the  .American  Association  for  the 
Advancement  of  Science  by  Capt.  R.  M.  Clay- 
ton, superintendent  of  construction,  and  Mr. 
W.  A.  llansell.  Jr.,  assistant  superintendent 
of  construction,  of  the  city  of  Atlanta,  for  the 
information   here   given. 

.•\bout  1888  Capt.  Clayton  as  City  Engineer, 
called  Dr.  Rudolph  Hcring  in  consultation  for 
the  design  of  a  complete  sewerage  system  for 
Atlanta.  The  design  was  for  a  combined  sys- 
tem discharging  into  the  water  courses  down 
which  the  sewers  were  constructed.  Atlanta 
is  on  a  ridge  dividing  the  Gulf  of  Mexico 
from  the  Atlantic  Ocean  and  the  water  courses 
headed  from  springs  in  the  city.  At  the  out- 
flow of  the  sewers  there  was  no  stream  ex- 
cept the  sewage  and  the  water  courses  became 
a  nuisance.  Numerous  complaints  began  to 
come  in  from  property  owners  along  the 
streams  and  the  cily  appreciated  the  fact  that 
some  remedv  must  be  found  for  this  condi- 
tion. In  190!)  Dr.  Ilering  of  Hcring  Sr  Fuller 
was  again  called  in  consultation  with  Capt. 
Cl-ivton  and  a  disposal  system   was  designed. 

I  here  are  three  main  drainage  areas  in  the 

y  taking  care  of  most  of  the  sewage  and 
it  was  decided  to  build  plants  for  each  of 
these  territories  carrying  the  sewage  to  them 
by  gravity  and  to  pump  the  sewage  from  the 
smaller  areas  into  the  sewers  of  the  most  con- 
venient  large    area. 

Interceptors  are  provided  at  the  outfall  of 
the  main  sewers.     These  interceptors  arc  de- 


signed  to  carry  eight  times  the  normal  flow 
of  sewage  and  at  the  plant  a  by-pass  is  pro- 
vided for  the  amount  of  sewage  not  treated. 
The  plants  are  supposed  to  treat  twice  the 
normal  flow  and  by-pass  the  balance  but  the 
tank  capacity  is  found  sufiicient  to  treat  more 
than  this  and  the  additional  amount  is  by- 
passed between  tank  and  filter  as  there  is  no 
excess  filter  capacity. 

As  these  plants  were  among  the  first  in  this 
country  to  use  Imhoff  tanks  the  city  officials 
were  anxious  to  try  out  one  plant  and  then. 
Using  the  experience  gained,  proceed  with  an- 
other, but  the  property  holders  affected  would 
not  consent  to  the  delay  on  the  other  plants 
and  all  three  contracts  were  signed  during 
1910.  The  smallest  plant.  Proctor  Creek, 
treating  3,000,000  gals,  per  day,  was  completed 
and  put  into  operation  in 'August,  1912.  The 
largest  plant,  Peachtree  Creek,  treating  8,000,- 
000  gals,  per  day,  has  been  in  operation  since 
the  middle  of  October,  1913.  The  third  plant, 
Intrenchmcnt  Creek,  treating  5,000,000  gals., 
will  be  ready  about  May  1,  1914.  The  exces- 
sive time  for  the  construction  of  these  plants 
was  caused  by  the  inability  of  the  contractor 
to  secure  stone  of  the  proper  size  for  the 
sprinkling  filters. 

The  designs  for  the  three  plants  are  prac- 
tically the  same  and  the  methods  of  construc- 
tion very  sirnilar.  The  idea  in  general  is  to 
screen  out  sticks,  cans,  dead  animals,  etc.,  by 
a  fixed  screen,  then  settle  the  sand  in  grit 
chambers,  next  take  out  all  remaining  settle- 
able  solids  in  the  Imhoff  tanks  and  let  the 
bacteria  in  the  sprinkling  filters  complete  the 
treatment.  No  effort  is  made  to  make  drink- 
ing water  of  the  sewage  and  the  reduction  of 
the  bacteria,  t>er  sc,  is  not  one  of  the  aims  of 
the  plant  but  is  accomplished  incidentally.  The 
intention  of  the  treatment  is  to  secure  a  non- 
putrcsciblc  effluent. 

When  the  first  plant  was  started  it  was 
found  that  more  sand  came  down  to  the  plant 
than  was  contemplated  and  a  hopper  shaped 
pit  with  a  flushing  valve  at  the  tmttr.ni  has 
been  added  where  the  coarser  sand  is  settled 
before    the    sewage    starts    through    the   plant 


proper.  During  a  storm  or  at  such  other 
time  as  found  desirable  this  valve  is  opened 
and  accumulated  sand  is  blown  out  into  the 
stream.  The  valve  is  sometimes  left  cracked 
just  enough  to  keep  the  sand  moving.  It  is 
found  that  this  pit  more  than  pays  the  cost  of 
installation  each  year  in  labor  cost  saved  in 
handling  the  sand  out  of  the  grit  chamber. 

Leaving  the  sand  pit  the  sewage  passes 
through  the  screen  which  is  of  inclined  iron 
bars  with  spaces  of  about  iVz  in.  opening.  This 
screen  is  cleaned  off  whenever  the  accumula- 
tion is  enough  to  retard  the  flow  appreciably, 
and  the  screenings  are  burned  or  buried. 

Passing  the  screen  the  sewage  goes  to  the 
grit  chamber  which  consists  of  a  series  of 
channels  of  such  sectional  area  as  to  reduce 
the  velocity  to  about  1  ft.  per  second.  This 
retarding  of  velocity  causes  the  settling  of 
nearly  all  the  remaining  sand  but  not  that  of 
org.mic  matter.  During  storm  flow  a  small 
amount  of  very  fine  sand  is  sometimes  car- 
ried beyond  ttie  grit  chamber  on  account  of 
the  increased  velocity,  but  this  amount  is  so 
small  as  not  to  cause  practical  inconvenience. 
The  grit  chamber  channels  are  three  in  num- 
ber and  so  arranged  that  one  or  all  can  be 
used  at  a  time,  thus  giving  opportunity  for 
cleaning  out  the  sand  deposited  in  one  chan- 
nel  while  operating   the  plant. 

From  the  grit  chamber  the  sewage  goes  to 
the  channel  of  the  Imhoff  tanks.  There  is  a 
ihannel  on  each  end  of  the  Imhoff  tanks  with 
.1  cros5-over  so  that  cither  one  may  be  influ- 
ent or  effluent  channel.  The  sectional  area  of 
this  channel  must  be  such  that  there  will  be 
„„  ,1.,  >,  .v,.  in  velocity  from  the  grit  chamber 
1  •  1-  is  st;ttlement  of  organic  matter 

in  niiel.     The   sewage   passes   over   a 

wicr  irnni  this  channel  into  the  Imhoff  tanks, 
thro!'.i;!i  the  tanks  over  a  corresponding  wier 
and  into  the  effluent  channel.  The  Imhoff 
tnnks  consist  of  a  number  of  scries  of  three 
units  each  with  circular  decomposition  cham- 
ber 25  ft.  in  diameter,  with  bottom  of  baffle 
slabs  11  ft,  3  ins.  from  the  bottom  of  the 
tanks.  The  top  of  the  water  line  is  13  ft. 
6  ins.  above  the  bottom  of  the  baffle  slabs,  and 
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the  slabs  are  continuous  from  inlet  wier  to 
outlet  wier,  thus  giving  a  rectangular  flow 
chamber  over  three  disconnected  decomposi- 
tion chambers.  Each  decomposition  chamber  is 
provided  with  side  and  center  vents  for  the 
escape  of  the  gases  of  decomposition.  The 
sewage  was  expected  to  take  three  hours  for 
its  passage  through  the  tanks.  This  time  is 
now  considered  too  long,  and  has  been  reduced 
already  by  an  increased  amount  of  sewage; 
and  as  the  city  grows  and  the  amount  of  sew- 
age is  further  increased,  the  shorter  time  of 
settlement  now  advised — namely,  about  two 
hours — will  be  obtained.  The  direction  of 
the  flow  of  the  sewage  across  the  Imhoff  tanks 
is  reversed  about  every  two  weeks  and  in  this 
way  the  amount  of  material  in  the  decomposi- 
tion chamber  is  kept  as  nearly  uniform  as  may 
be.  Unless  the  flow  were  reversed  nearly  all 
the  solids  would  settle  in  the  first  unit  and  it 
would  fill  so  rapidly  that  there  would  not  be 
sufficient  time  for  decomposition  in  this  unit. 
The  time  for  decomposition  is  a  very  variable 
one,  depending  on  what  materal  comes  into  the 
sewer  in  the  trade  wastes,  and  no  fixed  time 
can  be  given,  but  it  averages  about  three 
months.  The  sludge  is  taken  out  of  the  bo,t- 
tom  of  the  tanks  by  means  of  a  cast-iron  pipe 
fitted  with  a  valve  and  discharging  into  a 
sludge  channel  under  a  G-ft.  head  of  sewage. 
In  order  to  avoid  the  formation  of  a  solid 
mat  in  this  sludge  chamber  lead  pipes  are 
provided,  connected  with  the  water  supply  sys- 
tem, and  the  deposited  solids  are  stirred  up 
about  twice  a  week.  The  amount  of  sludge 
drawn  out  is  determined  by  the  condition  of 
the  sludge  as  it  reaches  the  sludge  channel, 
the  valve  being  immediately  closed  on  the  ap- 
pearance of  undecomposed  sludge.  As  dis- 
charged the  sludge  has  from  85  to  i)0  per  cent 
of  water  when  turned  onto  the  drying  bed. 
and  requires  from  five  days  to  several  weeks 
to  become  spadable.  In  warm  dry  weather  it 
dries  very  rapidly,  but  in  cold  damp  weather 
a  much  longer  time  is  required.  The  amount 
of  sludge  accumulated  in  a  month  is  very  vari- 
able as  the  suspended  solids  in  the  sewage  vary 
from  about  100  to  nearly  600  p.  p.  m.,  and  have 
averaged  about  250  p.  p.  m.  The  suspended 
matter  in  the  effluent  from  the  tanks  does  not 
vary  anything  like  that  much,  going  from 
about  70  to  100  p.  p.  m.  and  averaging  85 
p.  p.  m.  The  settlement  in  the  tanks  is  prac- 
tically perfect  and  the  operators  were  unable 
to  make  a  test  of  the  tanks  using  baffle  boards 
as  compared  with  the  tanks  with  the  boards 
removed,  because  there  were  no  settleable  sol- 
ids left  in  either  case. 

It  was  anticipated  that  there  would  be  some 
colloidal  matter,  hair,  etc.,  which  would  .pass 
through  the  tanks,  and  a  screen  of  fine-mesh 
bronze  wire  was  provided  at  the  Proctor  Creek 
and  roughing  filters  at  the  Peachtree  Creek 
plant.  There  is  nothing  in  the  tank  effluent 
for  either  method  to  catch. 

The  ImhofT  tank  effluent  goes  to  the  dosing 
tanks,  which  are  measuring  tanks  to  measure 
the  dose  given  the  filters.  Twenty-four-inch 
automatic  siphons  regulate  the  head  at  which 
the  filter  nozzles  start  and  stop,  and  provide 
intermittent  dosing  of  the  filter  stone.  As  set 
at  present  it  takes  about  twice  as  long  to  fill 
up  as  to  discharge  the  dosing  tank,  and  the 
cycle  at  Proctor  Creek  is  about  12  minutes, 
while  at  Peachtree  Creek  it  is  about  20  min- 
utes. The  sewage  is  distributed  to  the  nozles 
in  the  filter  by  large  pipes  feeding  6-in.  dis- 
tributor pipes  with  the  nozzles  attached  to  the 
distributors.  The  filter  stone  is  6  ft.  deep, 
varying  in  size  from  1%  to  2Vi  ins.,  and  rests 
nn  split  terra  cotta  half-pipe  imbedded  in  a 
concrete  base  arranged  in  inclined  planes  and 
discharging  into  channels  which  in  turn  dis- 
charge into  an  effluent  pipe  with  a  trapped 
manhole  emptying  into  the  creek. 

A  special  feature  of  the  sprinkling  filters  is 
the  arrangement  for  furnishing  additional  oxy- 
gen to  the  bottom  of  the  broken  stone.  This 
consists  of  a  cowl  with  vane  attached,  causing 
the  opening  always  to  face  the  w^nd.  The  air 
blown  down  is  distributed  through  the  split 
pipe  and  rises  through  the  broken  stone.  It 
is  expected  that  tests  will  show  this  arrange- 
ment  to  be  of  considerable  value,  but  so  far 


the  operators  have  not  been  able  to  give  proper 
tests. 

The  nozzles  used  are  of  the  Miller  and  Weand 
type,  set  ISM  ft.  centers,  staggered,  and  giving 
circular  sprays.  The  angle  of  discharge  into 
the  air  is  about  60°,  and  gives  a  high  travel 
through  the  air.  An  interesting  thing  about 
this  long  air  travel  of  the  spray  is  that  the  sew- 
age during  its  passage  through  the  air  absorbs 
about  60  per  cent  of  the  total  oxygen  absorbed 
after  leaving  the  dosing  tank.  This  absorption 
suggests  some  very  interesting  experiments 
as  to  methods  of  avoiding  the  use  of  the  pres- 
ent expensive  sprinkling  filter. 

When  the  sewage  reaches  the  plants  it  is 
dark  colored,  fairly  fresh  and  moderately 
offensive  to  the  nose  and  eye.  When  it  leaves 
the  Imhoff  tank  it  is  nearly  clear  and  only 
slightly  odorous,  and  when  discharged  from 
the  sprinkling  filter  it  is  as  clear  as  the  country 
streams  and  as  odorless  as  the  water  from 
the  "old  oaken  bucket." 

A  chemist,  bacteriologist  and  an  assistant 
test  the  operation  of  the  plants  daily,  and  day 
laborers  keep  the  plants  clean.  Night  watch- 
men are  on  duty  to  be  at  hand  in  case  any- 
thing goes  wrong  during  the  night.  It  is  abso- 
lutely necessary  to  give  the  plants  competent 
daily  attention  as  they  will  not  take  care  of 
themselves  any  more  than  other  expensive 
machinery,  and  it  is  not  fair  to  the  method  of 
disposal  or  to  the  parties  furnishing  the  money 
for  the  construction  to  turn  sewage  into  an 
Imhoff  tank  and  leave  it  to  work  out  its  own 
slavation. 

One  great  trouble  with  all  the  screens  is  that 
the  stream  beds  are  never  cleared  of  trees  and 
other  debris  which  form  obstructions  and 
cause  overflows  of  the  adjacent  land.  This 
year  the  city  cleared  about  two  miles  of  the 
Peachtree  Creek  bed,  and  changed  it  from  a 
sluggish,  muddy-bottom  stream  to  a  sandy, 
sparkling  one  with  the  velocity  so  increased 
that  overflows  are  reduced  to  a  minimum.  By 
this  work  and  the  construction  of  the  plants 
the  streams  have  been  rid  of  unsightly  places 
offensive  to  the  eye  and  nose.  These  streams 
have  once  more  become  cleanly  country 
branches  and  the  kicking  property  holders 
along  them  have  changed  to  friendly  neighbors. 
These  changes  have  been  wrought  mainly  by 
the  Imhoff  tank. 


Suggestions     on     Designing     Sewage 
Treatment  Works  for  Sas- 
katchewan Cities. 

A  recent  bulletin  prepared  by  the  provincial 
Bureau  of  Public  Health  contains  suggestions 
on  designing  sewage  treatment  works  for 
municipalities  in  the  province  of  Sas- 
katchewan. The  suggestions  which  are  of- 
fered as  a  guide  to  designers,  rather  than  as 
definite  rules  to  be  observed  under  all  condi- 
tions, are  here  reprinted  as  reported  in  a 
recent  issue  of  the   Contract  Record  : 

Screening. — (a)  That  where  sewage  is  to  be 
pumped,  provision  be  made  for  screening,  clean- 
ing the  screens  at  regular  intervals,  and  for 
removing  and   disposing  of  screenings. 

(b)  That  where  works  arc  of  a  character 
producing  a  large  quantity  of  screenings,  me- 
chanical  means   be   provided   for  their   removal. 

Grit  Chambers.— (a)  The  function  of  grit 
chambers  (or  detritus  tanks)  being  to  arrest  the 
heavier  mineral  particles  carried  in  suspension, 
the  construction  of  such  t.inks  is,  generally 
speaking,  unnecessary  in  this  province,  where 
the  ma.1ority  of  sewage  systems  are  designed  on 
the    "separate"   principle. 

(b)  That  In  special  cases  where  sand  or 
other  mineral  particles  cannot  be  kept  out  of 
the  sewerage  system.  It  is  advisable  to  intro- 
duce  grit   chambers. 

(c)  That  these  be  constructed  In  multiple 
compartments  to  take  care  of  the  varying  vol- 
ume of  flow. 

(d)  That  a  lineal  velocity  of  1  ft.  per  second 
he  Hlmed  nt.  calculated  to  retain  the  heavy  mln- 
eml.    but   not   the   organic   matters. 

Pumping. — (a)  That  where  it  is  necessary  to 
raise  the  sew,ige  at  the  works.  It  Is  advisable 
that  all  machinery  be  In  duplicate  with  alterna- 
tive forms  of  power  In  case  of  failure. 


(b)  That  appliances  for  raising  sewage  be 
specified  with  reference  to  efficiency  in  dealing 
with  solids. 

Sedimentation. — (a)  That  there  be  at  least 
two   sedimentation   tanks. 

(b)  That  such  tanks  be  so  constructed  that 
the  precipitated  solids  are  automatically  and 
continuously  removed  from  that  portion  of  the 
tank  in  which  precipitation  takes  place,  and 
that  a  tank  or  chamber  combined  with,  or  sep- 
arate from,  the  sedimentation  tank,  be  pro- 
vided, into  which  the  precipitated  solids  may 
pass  by  gravitation  immediately  following  treat- 
ment. 

(c)  That  consequent  upon  the  modern  re- 
quirement of  the  continuous  removal  of  sludge 
as  above  stated,  all  base  slopes  of  sedimenta- 
tion tanks  be  made  as  near  to  the  perpendicu- 
lar as  is  practicable,  relative  to  general  con- 
struction. 

(d)  That  the  tank  capacity  be  equal  to  one- 
fifth  of  the  dry  weather  flow  in  24  hours,  or 
equal  to  3  hours'  flow  calculated  upon  the  24 
hours'  dry  weather  flow  taking  place  in  15 
hours. 

(e)  That  the  cross  sectional  area  of  the 
tanks  provide  a  velocity  of  flow  of  not  more 
than  0.05  ft.  per  second,  while  lower  velocities 
are  preferable.  Flows  may  be  either  vertical  or 
horizontal. 

(f)  That  consideration  be  given  to  the  de- 
sign of  the  Inlets  and  outlets  with  a  view  to 
ensuring  uniformity  of  flow  throughout  the 
breadth  of  the  tank,  and  the  absence  of  stag- 
nant sections;  and  that  all  channels  and  parts 
of  the  tanks  apart  from  the  sludge  storage  area, 
be  so  constructed  that  no  solids  are  retained. 

Sludge  Storage. — (a)  That  the  overall  depth 
of  the  sludge  storage  chamber  from  the  sur- 
face of  sewage  in  sedimentation  tank  be  gen- 
erally not  less  than  15  ft.  Greater  depths  may 
be  adopted,  producing  a  more  concentrated 
form   of  sludge. 

(b)  That  in  deep  tanks,  wherever  possible, 
provision  be  made  for  breaking  up  the  sludge 
at  the  inlet  to  the  sludge  removal  pipe. 

(c)  That  the  capacity  of  the  sludge  storage 
chamber  be  equal  to  at  least  four  months'  pre- 
cipitation of  sludge,  containing  85  per  cent  of 
water.  Greater  storage  capacity  is  preferable 
as  septic  action  is  delayed  in  winter  months. 
The  cubic  capacit.v  of  the  sludge  storage  cham- 
ber shall  be  taken  as  only  that  space  which  is 
below  the  level  of  the  deepest  point  of  the  sed- 
imentation tank.  In  general,  the  average  ac- 
cumulation of  sludge  may  be  taken  as  3%  cu. 
yds.  per  1,000.000  gals,  of  sewage  on  the  above 
basis   of   dilution. 

(d)  That  ample  provision  be  made  for  the 
escape  of  gases  from  the  surface  of  the  sludge 
storage    chamber. 

(e)  That  pipes  for  the  conveyance  of  sludge 
be  of  an  internal  diameter  of  not  less  than  8 
ins.  and  that  the  inclination  of  such  pipes, 
where  the  sludge  is  discharged  by  gravity,  be 
at  least  3  per  cent  and  preferably  5  per  cent. 

Biological  Filtration. — (a)  Where  a  dosing 
or  siphon  chamber  is  constructed  to  regulate 
the  flow  of  the  sewage  over  the  surface  of 
filter  beds,  that  the  capacity  of  such  chamber 
does  not  exceed  a  ratio  of  2  gals,  of  sewage  to 
each  square  yard  of  filter  surface.  For  in- 
stance, if  the  area  of  the  filtering  surface  be 
200  sq.  yds.  the  capacity  of  the  dosing  chamber 
should  not  exceed  400  gals.,  representing  a  dose 
of  'Ai  in.  depth  of  sewage  over  the  whole  surface 
of  the   filter. 

(h)  That  the  depth  of  the  filter  media  be 
not  less  than  4  ft.  and  preferably  7  ft. 

(c)  That  the  filter  media  for  effluents  from 
the  above  form  of  tank  be  composed  of  hard 
broken  stone  or  other  suitable  material,  broken 
from   1   In.   to  2  In.   cubes. 

(d)  That  the  surface  area  of  filtering  media 
for  domestic  sewage  be  In  proportion  to  the 
population  using  the  sewers,  I.  e..  in  proportion 
to  the  amount  of  oxidizable  matter  present  In 
the   sewage. 

Where  a  high  degree  of  oxidation  is  required, 
the  ratio  of  population  to  surface  area  of  filter 
media  should  be  approximately  17,500  persons  to 
the  acre  (or  275  sq.  yds.  per  1,000  population). 

This  corresponds  to  a  rate  of  filtration  of 
1.7.')0,000  imp.  gals,  per  acre  per  day,  or  155  imp. 
gals,    per   cubic   yard   per  day    (assuniiing  depth 
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j,f  filter  media  to  be  7  ft.  at  a  per  capita  (low  of 
'|06  imp.   gals,   per   day. 

The  efficiency  of  filters  will  not  be  materially 
liftected  by  increasing  the  rate  of  filtration  dur- 
Img  periods  of  storm  to  say  three  times  the 
labove  stated  rate,  provided  that  the  increase 
in  volume  is  due  to  clear  water. 
I  In  cases  where  the  volume  of  dilution  at  the 
ipoint  of  final  discharge  exceeds  20  times  the 
.volume  of  tlie  sewage  effluent,  higher  rates  of 
•filtration    may    be    adopted. 

•  (e)  That  tlie  method  or  apparatus  adopted 
for  the  distribution  of  liquid  over  the  filter  bed 
shall  ensure  a  uniform  distribution  over  the 
whole  surface. 

1  (f)  That  all  filter  beds  be  drained  at  the  base 
iby  the  pipes  or  preferably  by  means  of  a  false 
ifloor  over  the  entire  base  of  the  filter. 

(g)  That  sufficient  provision  be  made  for 
ventilation  to  allow  of  oxygen  being  present  at 
all  times  and   in  all  parts  of  the  filter  bed. 

Humus  Settling  Tanks.— (a)  That  it  is  gen- 
erally advisable  to  provide  settling  tanks  for 
the  removal  of  the  humus  which  is  unloaded 
by  the  filter  beds  from  time  to  time. 
i  (b)  That  such  tanks  be  constructed  in  every 
lease  where  disinfection  of  the  final  effluent  is 
adopted. 

(c)  That  humus  tanks  have  a  capacity  CTual 
to  1/45  of  the  dry  weather  flow  in  24  hours,  or 
equal   to   20   minutes'    flow   calculated    upon   the 

;  24   hours'   dry   weather   flow   taking  place   in    15 

hours. 

(d)  Tliat    it    is    desirable    tliat    such     tanks 
1  have   separate   storage   compartments  as   in   the 

sedimentation   tanks  above  described. 
■      Disinfection.— (a)       That     where     chloride     of 

lime    is    used    for    the    disinfection    of    the    flnal 

effluent,  provision  be  made  for  weigliing,  meas- 
[  uring.  and  .storing  the  disinfectant  in  a  dry 
I  covered   building. 

I  (b)  That  the  perio<l  of  contact  between  the 
1  disinfectant   and    the   .sewage   he    not   less    than 

15  minute.s.      An  open  pond  or  lagoon  will  serve 

this   puriKjse. 
E«luent.— That    the    effluent    from    the    works 

be  discharged   into   the   watercourse   or   lake   in 

such    a    manner     as    will     ensure     a    maximum 

amount    of   dispersion. 

Housing    of    Tanks    and     Beds,     (a)     That    all 
;    parts    of    the    works    containing    sewage    under 

treatment    be    housed    to    conserve    the    latent 

heat  of  the  sewage  during  low  temperatures 
,    and   to   prevent   fly   nuisance   In   summer. 

(b)  That  such  covers  be  designed  to  en- 
close the  minimum  amount  of  space,  at  the 
same  time  giving  room  for  accessibility  and  in- 
gpection. 

(c)  That  with  prr.perly  designed  covers  the 
Introduction  of  artificial  heat  is  unnecessary  In 
■edlmentation  tanks,  and  may  be  obviated  In 
filter  beds. 

(d)  That  provision  he  made  in  all  covers  for 
the  access  of  light  and  for  efficient  ventilation. 

Laboratory.- That  wherever  the  size  of  a 
municipiililv  or  other  circumstance  warrants  Its 
construction,  a  small  laboratory  be  provided 
and  eouipped  in  which  simple  tests  may  be 
made  of  the  sewage  and   effluents. 

Laying  out  the  Surrounding  Grounds.  -That 
provision  be  made  in  the  specifications  and  estl- 
mntes  for  laying  out.  grading  and  Improving 
the  appearance  of  the  surrounding  grounds  by 
ti-rraclng  and   seeding   the  slopes. 

On  Chcosing  Sewage  Treatment  Proc- 
esses Suitable  to  Local  Conditions, 
with  General  Data  on  Costs. 

Few  iirnl)lciiis  tliat  conic  before  tlie  sanitary 
mgiiiecr  arc  more  dinicult  of  exact  solutioii 
than  the  flcterniiiiatioii  of  what  manner  of 
scwnse  treatment  to  employ  in  order  ftilly  to 
meet  the  re(|nirenienls  of  a  local  situation,  and 
at  the  snme  time  to  pive  just  and  ade(iuatc  con- 
sideration to  iiileresls  farther  down  the  stream. 
It  is  a  prnhleni  ilenuiMilinn  for  its  hest  solution 
sound  and  mature  jndRinent  as  to  what  is  nrac- 
ticnhle  and  fair  and  in  accord  with  Rood  public 
policy,  no  less  than  ihoroiiRh-RoinK  ktiowlecluc 
of  the  physical  facts  involved.  There  can 
hardlv  be  too  much  repetition  of  the  principles 
underlying  the  proper  choosinR  of  treatment 
processes  suitable  to  Rcneral  types  of  local 
conditions.    With  this  thought  in  mind  wc  are 


here  quoting  matter  bearing  upon  this  problem 
from  a  paper  read  before  the  -Michigan  Engi- 
neering Society  liy  William  C.  Hoad,  professor 
of  sanitary  engineering,  University  of  Michi- 
gan. . 

No  definite  rules  can  be  laid  down  as  a  guide 
in  the  many  and  varied  situations  that  arise, 
but  in  general  it  may  be  said  that  there  are 
two  main  cases,  namely:  the  case  in  which 
the  chief  purpose  of  the  sewage  purification 
process  is  the  protection  of  public  water  sup- 
plies from  unnecessary  and  unreasonable  pollu- 
tion, and  the  case  in  which  the  principal  object 
to  be  attained  is  the  avoidance  of  offensive 
conditions  in  and  along  the  watercourse  below 
the  point  of  discharge. 

In  the  case  first  named  the  most  important 
thing  to  be  accomplished  is  the  removal  or 
destniction  of  the  sewage  bacteria,  lliesc  in- 
cluding, of  course,  whatever  disease-producing 
forms  niav  be  present.  This  may  ordinarily 
be  accomplished  by  a  suitable  filtration  process 
or  by  sterilization,  or  by  combination  of  these 
processes.  But  to  be  economical,  filtration 
should  be  preceded  by  some  clarification  proc- 
ess, such  as  sedimentation  or  treatment  in  sep- 
tic tanks  or  in  two-story  tanks;  and  to  insure 
that  any  sterilization  process  may  be  elTective 
and  reliable  it  is  necessary  that  the  sewage  to 
be  sterilized  should  first  be  thoroughly  clari- 
fied. 

in  the  case  involving  only  the  avoidance  of 
offensive  conditions  in  the  stream  below  the 
sewer  outlet  the  requirements  may  range  all 
the  way  from  a  me^re  screening  of  the  sewage 
through  moderately  fine  mesh  screens  to  an 
elaborate  treatment  scheme  involving  detritus 
removal,  clarification,  sludge  disposal,  filtra- 
tion, and  the  final  sterilization  of  the  effluent. 
The  separation  of  the  sludge  alone  may  be 
sufficient  in  case  the  only  thing  to  be  avoided 
is  the  formation  of  sludge  deposits  in  or  along 
the  stream  below  the  point  of  discharge,  such 
as  ill  a  pool  in  the  stream  or  in  a  mill  pond, 
or  along  the  shore  of  a  lake.  In  the  case  of 
discharge  into  a  very  small  watercourse,  in 
which  a  mininumi  flow  of  water  is  not  suffi- 
cient to  assimilate  the  sewage  without  ofTense 
and  a  nuisance  results,  a  sludge  removal 
process  alone  will  not  ordinarily  be  sufficient, 
and  must  be  supplemented  by  filtration  for  the 
oxidation  of  the  unstable  organic  matter  con- 
tained in  the  sewage.  This  is  a  case  of  fre- 
(pient  occurrence. 

Obviously  no  very  satisfactory  figures  can 
be  given  for  the  cost  of  scw^age  treatment,  as 
the  expense  will  depend  largely  upon  local 
conditions.  In  a  general  way,  however,  it  may 
be  stated  tliat  in  the  case  of  a  city  having  an 
efficient  system  of  sanitary  sewers  from  which 
all  storni  water  and  practically  all  ground 
water  are  excluded,  the  first  cost  of  a  treat- 
ment plant  consisting  of  septic  tanks  or  two- 
story  tanks  for  the  preliminary  process^  and 
broken  stone  or  gravel  or  cinder  contact  filters 
for  the  finishing  process  mav  be  taken  at  about 
$40,000  for  each  1,000.000  gals,  daily  capacity, 
or  about  $1  per  capita  for  the  population 
served  by  the  plant.  This  does  not  include 
any  intercepting  sewer,  pumping  plant,  or  long 
outfall  sewer  that  mav  be  necessary.  The 
total  yearly  cost,  including  expenses  of  opera- 
tion and  iiiaintenancc,  interest  on  first  cost, 
and  depreciation,  may  be  taken  roughly  at 
from  $1-2  to  ^\r,  per  1,000,000  gals,  treated,  or 
about  $0..V)  per  year  per  capita  of  tributary 
population.  If  it  is  necessary  to  pump  llie  sew- 
age in  order  to  purify  it,  this  service  will_  usu- 
ally increase  the  per  capita  cost  to  $0.7.j  or 
$1  per  year. 

These  figures  for  the  cost  of  sewage  dis- 
posal are  nnicli  higher  than  those  frequently 
advanced.  In  fact  communities  oftentimes 
have  been  led,  or  permitted,  to  believe  th.-it  the 
first  cost  of  a  sewage  treatment  plant  is  its 
only  cost  unless  the  sewage  has  to  be  pumped, 
in  which  case  the  cost  of  ninniiig  the  pumps 
must  he  considered.  It  is  true  that  the  amounts 
spent  in  routine  operation  are  very  low  in  the 
case  of  many  disposal  plants  operating  wholly 
by  gravity  .and  controlled  by  aulomntjc  regu- 
lating devices,  particularly  during  the  firsi  few 
years  following  their  installation  when  their 
loads  are  light.  Rut  even  under  such  favoring 
conditions  if  all  the  items  of  cost  be  taken 


into  consideration—the  operating  expense,  the 
interest  on  capital  invested,  and  the  deprecia- 
tion— the  total  annual  cost  for  each  person 
tributary  will  not  often  fall  much  below  the 
figure  mentioned. 

The  value  to  a  city  of  the  use  of  a  flowing 
stream  of  water  for  the  purpose  of  disposing 
of  its  sewage  by  dilution  may  be  approximately 
determined  from  the  cost  figures  given  above. 
.•\ssuming  that  the  sewage  will  be  quickly  and 
inoflfensively  assiiuilated  if  the  stream  flow 
amounts  toS  en.  ft.  per  second  for  each  1,000 
of  the  sewered  population,  it  follows  that  each 
cubic  foot  per  second  of  the  minimum  dis- 
charge of  the  stream  may  be  taken  as  being 
worth  approximately  $100  per  year  for  this 
purpose.  This  is  the  value  if  it  is  possible  to 
purify  the  sewage  in  an  artificial  treatment 
plant  without  pumping  and  without  the  con- 
struction of  long  and  costly  intercepting  sew: 
ers  and  outfall  mains.  This  figure  would  be 
increased  from  50  to  100  per  cent  if  the  opera- 
tion of  the  disposal  plant  required  the  sewage 
to  be  pumped,  and  would  be  driven  still  higher 
if  other  costly  items  of  construction  were  nec- 
essary. All  this,  of  course,  is  upon  the  assump- 
tion that  the  contamination  of  no  public  water 
supply  is  invoived  and  that  the  disposal  of  the 
sewage  of  the  city  by  suitable  dilution  in  the 
stream  is  permissible. 


Desirability  of  Sewage  Treatment  Ex- 
periments at  Universities — Specific 
Suggestions  for  Proper  Opera- 
tion of  Municipal  Plants. 

Although  a  great  deal  of  experimental  work 
has  been  done  by  the  various  universities  on 
testing  materials  of  different  classes,  but  very 
little  experimental  work  has  been  done  by  such 
institutions  on  sewage  disposal.  We  have 
urged  the  desirability  of  such  experimentaf 
work  and  have  recently  published  an  article 
setting  forth  the  object  and  design  of  such  an 
experiment  station  at  the  University  of  Mich- 
igan. In  a  committee  report  on  sewage  dis- 
posal to  the  Indiana  Sanitary  and  Water  Sup- 
ply Association  Mr.  Charles  Brossmann,  con- 
sulting engineer,  Indianapolis,  Ind.,  also  em-- 
phasized  the  need  of  such  expecimental  work.- 
Mr.  Brossmann  also  made  specific  suggestions- 
for  the  proper  operation  of  different  types  of 
municipal  sewage  disposal  plants.  The  por- 
tion of  the  report  bearing  on  these  points 
follows : 

SEW.\CE    DISPOS.AL    EXPERIMENTS    AT    UNIVERS- 
ITIES. 

It  is  no  doubt  true  that  for  the  larger  cities 
it  is  necessary  to  conduct  special  investigations 
and  experiments  because  of  the  complexity  of 
city  sewage,  due  to  various  ipdustrial  wastes 
and  other  factors  which  do  not  always  allow 
of  an  immediate  solution.  Still  in  smaller 
plants  that  are  used  purely  for  sanitary  dis- 
posal and  for  certain  localities  the  modern  uni- 
versity might  do  much  toward  standardizing 
designs  or  iiiethods  to  be  followed  in  a  gen- 
eral way  for  the  smaller  places.  Many  places 
arc  found  to  have  conditions  which  are  prac- 
tically the  same,  and  such  experiments  would 
be  of  value.  There  is  a  good  field  for  research 
work  on  a  small  scale,  which  at  the  sapie  time 
would  be  of  great  educational  value  to  the 
students  engaged  in  the  investigations. 

There  is  still  much  to  be  done  in  reducing  to 
more  definite  standards  the  question  of  fiows, 
action  of  sludge,  size  of  settling  and  digestion 
chamlKTs,  periods  of  retention,  and  various 
other  questions  in  connection  with  Imhoflf 
tanks.  There  is  room  for  improvement,  and 
consc(|ucntly  need  for  experiment  on  a  number 
of  questions  of  detail  relative  to  such  tanks, 
ami  to  various  phases  of  filtration  treatment 
such  as  undcrdrainage  and  retention.  Such  ex- 
perimental plants  riperated  either  by  the  state 
or  by  institutions  would  prove  of  great  value 
if  they  were  properly  conducted. 

SfGCESTIOXS    ON     MUNICIPAL    PLANT    OPERATION. 

Persons  in  charge  of  sewage  disposal  plants 
should  understand  the  principles  of  operating 
them,  anil  should  be  thorouglily  familiar  with 
plant  details.    Operators  should  understand  the 
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dosing  apparatus  and  know  how  to  adjust 
same  in  case  it  gets  out  of  order.  They  should 
be  able  to  tell  when  the  sedimentation  or  re- 
duction tank  is  operating  properly;  whether 
too  much  suspended  matter  is  being  carried 
over  to  the  filters,  or  whether  too  much  sludge 
is  in  the  tank.  Also  they  should  know  when 
contact  beds  are  being  overworked,  or  when 
sand  filters  are  clogged  or  need  to  be  raked. 
It  does  not  take  a  technical  man  to  know 
these  things,  but  il  requires  a  man  who  will 
look  after  the  plant  at  intervals  and  keep  track 
of  what  it  is  doing.  At  municipal  or  public 
plants  the  city  or  county  engineer  could  direct 
such  work,  and  at  public  institutions  the  chief 
engineer  at  the  plant  is  fully  capable  of  getting 
results  if  he  will  devote  the  time  necessary  for 
that  purpose. 

Too  little  attention  is  usually  given  to  the 
operation  of  sewage  disposal  plants,  and  the 
plants  are  often  left  in  charge  of  the  poorest 
kind  of  labor.  It  is  quite  evident  that  instruc- 
tions should  be  given  to  the  operators  of  such 
plants  if  proper  results  are  to  be  obtained 
and  the  aims  of  sewage  disposal  are  to  be 
accomplished. 

The  following  suggestions  are  given  as  ap- 
plicable to  the  proper  operation  of  the  smaller 


plants  which  cannot  receive  expert  super- 
vision. 

Plain  Seplic  and  Jinhoff  Tanks. — As  the  pur- 
pose of  such  tanks  is  mainly  for  the  separa- 
tion and  retention  of  the  suspended  matter  to 
as  great  a  degree  as  possible,  the  tanks  should 
be  kept  in  such  condition  that  this  will  be  ac- 
complished. Otherwise  the  efficiency  of  such 
tanks  will  be  impaired. 

To  get  best  results  large  accumulations  of 
septic  sludge  should  be  avoided  when  they 
cause  violent  ebbulition  and  a  consequent  car- 
rying over  of  the  sludge  to  the  fdters.  The 
sludge  should  be  removed  when  necessary. 

In  using  Imhoff  tanks  the  sludge  should  not 
be  allowed  to  get  above  the  depositing  slots  at 
the  bottom  of  the  settling  chamber. 

Large  and  unusual  flows  through  the  tank, 
such  as  storm  water  flows,  should  be  diverted, 
especially  in  plain  septic  or  sedimentation 
tanks.  The  removal  of  suspended  matter 
should  be  as  complete  as  possible,  as  the  less 
this  matter  reaches  the  filter  beds  the  less 
trouble  there  will  be  in  operation.  Sludge 
should  be  blown  off  when  possible  at  regular 
intervals,  or  at  time  of  high  water,  unless  spe- 
cial provision  is  made  for  sludge  drying. 

Contact  filters. — The  main  trouble  with  con- 


tact beds  is  the  tendency  toward  clogging.  Con- 
tact beds  should  not  be  overworked  and  should 
have  stated  period?  of  rest.  It  is  impossible 
not  to  get  some  matter  carried  over  from  the 
tank,  but  this  can  be  taken  care  of  in  a  way  to 
cause  the  least  trouble,  and  to  catch  most  of 
the  material  before  it  works  into  the  beds. 
Proper  and  complete  underdrainage  will  assist 
greatly  in  getting  rid  of  accumulations,  but 
it  is  safe  to  say  that  few  contact  beds  are  very 
thoroughly  underdrained.  Too  little  regard 
is  usually  given  to  good  underdrainage  and 
proper  bottom   construction  to  contact  fillers. 

Sand  Filters. — The  sand  filter  is  not  so  liable 
to  trouble  as  the  contact  bed,  but  it  goes  with- 
out saying  it  should  be  kept  as  free  as  possible 
from  material  that  will  clog.  When  ponding 
occurs  the  bed  should  he  raked  about  %  in. 
deep.  The  bed  can  be  allowed  to  dry  and  the 
top  skin  will  peel  easily  and  can  then  be  raked 
off.  Slopes  around  filters  should  be  sodded 
so  that  cl;;y  or  dirt  will  not  get  into  the  sand 
and  clog  it. 

Low  spots  on  the  sand  area  should  be  kept 
filled  so  that  the  sewage  will  flow  level  and  all 
parts  worked  as  uniformly  as  possible,  and  in 
freezing  weather  the  surface  of  the  filter 
should  be  furrowed. 


Methods    and    Costs    of    Constructing 

Gravel    and    Sand-Clay    Roads    in 

Perry  County,  Alabama. 

Contributed  by  George  C.   Scales,   Senior  Iligh- 

wav   Engineer,    V.   S.   Office  of   Public 

Roads,    Washington,    D.    C. 

In  November,  1911,  Perry  County,  Ala- 
bama, voted  a  bond  issue  of  $110,000  for  good 
roads,  which  with  the  premium  and  accrued 
interest  on  bonds,  bridge  fund  and  state  aid 
amounted  to  over  $122,000  available  for  road 
and  bridge  construction. 

In  order  to  harmonize  many  conflicting  ele- 
ments and  satisfy  opposition  from  the  coun- 
try districts,  it  was  decided  that  $4-5,000  should 
be  eually  divided  among  the  five  roads  radiat- 
ing from  Marion,  the  county  feat ;  $20,000 
for  the  roads  in  the  outlying  districts  and  the 
remainder  $57,000  upon  the  road  leading  from 
Uniontown,  the  principal  city  in  the  southern 
part  of  the  county,  to  Marion. 

LOCATION     OF     ROADS     CONSTRUCTED. 

There  are  three  roads  leading  from  Union- 
town  to  Marion  and  in  May,  1912,  the  writer 
was  employed  as  engineer  and  directed  to  re- 
port on  all  the  roads,  the  cheapest  and  short- 
est route  to  be  selected  by  the  Commissioners. 
It  was  shown  that  the  longest  route  would 
cost  $100,00(1,  and  that  either  of  the  other  two 
would  cost  about  $8.5.000.  The  "Lower  Road," 
IV.ti'i  miles  between  corporate  limits,  was 
finally  selected  and  as  there  were  not  suffi- 
cient funds  to  build  the  entire  road,  it  was 
ordered  that  work  be  conducted  from  each 
end  of  the  road  and  the  same  amount  should 
be  expended  on  each  end. 

Soil  Conditions. — Uniontown  is  in  the 
"Black  Belt"  of  Alabama  and  has  the  heavy 
black  alluvial  soil  which  when  thoroughly  wet 
becomes  sticky  and  slippery  and  almost  im- 
Tiassiblc,  while  the  soil  in  and  about  Marion 
is  mostly  a  good  quality  of  rod  clay  with  oc- 
casional stretches  of  sand,  pipeclay  and  sand- 
stone. 

Traffic. — Like  all  towns  in  Alabama,  the 
principal  traffic  consists  of  farm  wagons  with 
tires  of  3  ins.  or  less  width  carrying  loads  of 
cotton  or  fertilizer  weighing  1.000  to  2,000 
lbs.,  exclusive  of  the  wagon.  The  traffic  is 
in  one  direction,  going  to  town  in  the  morn- 
ing and  returning  at  night,  which  makes  a 
narrow,  hard  surface  more  permissible  than 
if  sufficient  width  had  to  be  provided  for  the 
frequent   passing  of  vehicles. 

GRAVEL   ROAnS. 

Selfclinn  and  Cost  of  Gravel. — It  was  de- 
cided to  use  gravel  on  the  black  land,  but  the 
only  gravel  in  the  county  is  at  Highberger, 
3(3  miles  from  Uniontown  and   17  miles  from 


the  railroad  at  Marion,  or  on  the  banks  of 
the  Cahaba  River,  25  miles  from  Uniontown 
and  7  miles  from  Marion. 

After  some  search  the  engineer  found  a 
bed  of  good  gravel  overlaid  with  red  clay  a 
short  distance  from  the  railroad  at  Potter 
Station  in  Dallas  County,  23  miles  from  both 
Marion  and   Uniontown  by  rail. 

A  contractor  was  induced  to  lay  one-half 
mile  of  track  to  the  pit  and  put  in  a  trap  to 
load  the  gravel  on  condition  that  the  county 
would  agree  to  pay  the  freight  and  take  not 
less  that  9,000  cu.  yds.,  paying  40  cts.  per 
cubic  yard  for  gravel  properly  mixed  on  the 
cars. 

The  engineer  secured  a  special  freight  rate 
of  25  cts.  per  ton  from  the  Southern  Railway 
Co.  for  all  gravel  to  be  used  at  Marion  and 
Uniontown  on  road  improvement.  This  made 
the  cost  78  cts.  at  these  cities  instead  of  $1.20 
per  cubic  yard,  which  was  the  lowest  price 
to  be  obtained'  from  the  nearest  pits  of  good 
gravel  in  Dallas  and  Montgomery  Counties. 

Physical  Characteristics. — Five  miles  of  road 
at  the  Uniontown  end  were  first  surveyed  and 
advertised  for  bids,  the  maximum  grade  be- 
ing 4  per  cent ;  width  of  graded  road  20  ft. 
between  ditches;  and  gravel  surface  12  ft. 
wide  and  9  ins.  thick  before  compression.  The 
specifications  called  for  grading  with  500  ft. 
free  haul  and  a  price  per  mile  per  cubic  yard 
for  hauling  gravel. 

D.  R.  Cook  of  Selma,  Ala.,  was  the  lowest 
bidder   at  the   following  prices : 

Earth  grading,  per  cu,  yd J0.25 

Loose  rock,  per  cu.  yd 0.50 

.Solid  rock,  per  cu.  yd 0.90 

Overhaul,  per  cu.  yd.  per  100  ft 0.01% 

Clearing  and  grubbing,  per  acre 75.00 

Eubgrading,  per  mile 150.00 

Hauling,  per   cu.  yd,  per  mile 0.40 

Gravel  loaded,  spread,  rolled  and  main- 
tained 30  days,  per  cu.   yd 0.15 

Method  of  Comfactinjj. — Soon  after  start- 
ing graveling  it  was  decided  that  rolling  could 
be  dispensed  with  as  the  learns  were  hauling 
1%  cu.  yds.  of  damp  gravel,  making  the  total 
weight  of  wagon  and  load  about  5,OO0  lbs.  on 
tires  4  ins.  wide,  which  give  sufficient  con;- 
pression ;  a  road  machine  was  run  over  the 
gravel  frequently  and  a  perfect  surface  was 
easily  obtained. 

.Ml  intersecting  roads  and  lanes  were  given 
a  coating  of  gravel  from  50  to  100  ft.  away 
from  the  road  to  prevent  mud  being  brought 
on   to  the   improved  road. 

Cost. — The  total  cost  of  the  4.6  miles  of 
road  built  was  $23,402.84  or  $5,100.63  per  mile, 
distributed  as   follows: 

17.282  cu.  yds.  graded  at  25  cts J  4,320.58 

3  acres  cle.ired  and  grubbed,  at  $75 225.00 

4%   miles  subgraded,  at  $150 675.00 

8,176  cu.  yds.  gravel  loaded,  spread  and 


maintained,   at   15    cts 1,226,34     iJ' 

C07.D   cu.   yds.  gravel  hauled  1   mile,   at  H 

40    cts 243.00      -Til 

1,7S2  cu.  yds.  gravel  hauled  2  miles,  at 

80   cts 1,423.00 

2.961.0  cu.  yds.  gravel  hauled  3  miles,  at 

$1.20     3,553.20 

2,824.0  cu.  yds.  gravel  hauled  4  miles,  at 

$1.60    4.51S.40 

8,830   cu.    yds.   gravel   loaded   at   pit   at 

40   cts 3,532.00 

8,830  cu.  yds.  gravel,   freight  at  25  cts. 

per   ton    2,958.36 

Engineering,  inspection,  etc 785.36 

Total    $23,462.84 

Culverts  and  Bridges. — Culverts  up  to  36 
ins.  diameter  were  of  corrugated  ingot  iron 
pipe  in  half  sections.  P>ridgcs  were  of  the  I- 
beam  type  with  concrete  floor  up  to  25-ft. 
span  and  steel  truss  bridges  with  concrete 
floor  were  used  for  all  spans  over  25  ft. 

All  bridges  were  designed  for  16-ft.  road- 
way with  G  ins.  gravel  fill  and  a  live  load  ot 
15-ton  traction  engine.  They  were  built  by 
county  forces  at  a  cost  of  $12  per  cubic  yard 
for  the  concrete.  Labor  and  material  prices 
were  as  follows : 

Foreman,  per  day  of  10  hours $  4.30 

Labor,  per  day  of  10  hours 1.50 

Team   and   driver,   per  day  of  10  hours 4,00 

Lumber,  per  M  ft 20,00 

Cement,  per  bbl,  in  sacks 2,40 

Sand,   per  cu,   yd,   f,»  o,   b,   cars 1,00 

Screened  gravel,  per  cu.  yd.  f.  o.  b.  cars..     1.15 

Of  the  7.6  miles  of  road  built  at  the  Marion 
end  of  the  Uniontown  road,  4  miles  were 
through  black  land  and  the  gravel  at  this 
end  of  the  road  was  hauled  from  the  rail- 
road. A  dead  haul  of  3.2  miles,  and  from 
that  up  to  8  miles,  so  the  cost  was  very  high. 

Special  Method  of  Construction,  Using  a 
Small  Amount  of  Gravel. — As  there  were  only 
3,000  cu.  yds.  of  gravel  available  for  this  dis- 
tance, the  experiment  w-as  tried  of  shaping  up 
the  road  with  a  crown  of  1%  ins.  to  the  foot, 
or  15  ins.  for  a  20-ft.  roadway,  and  then 
spreading  the  gravel  in  two  strips  6  ins,  deep 
and  about  3  ft,  wide  equally  distant  from  the 
center  of  the  road,  to  cover  the  ordinary 
wheel  track,s.  After  each  rain  this  was  shaped 
up  with  the  road  machine  and  kept  dragged 
until  dry  and  hard  and  more  gravel  added 
where  soft  spots  developed.  In  a  few  weeks 
the  road  was  in  good  condition  with  a  grav- 
eled surface  about  8  ft.  wide,  with  only  one- 
third  the  usual  amount  of  gravel  used  oer 
mile. 

SAND    CLAY    ROADb. 

The  Commissioners  were  dissatisfied  with 
the  bids  received  for  the  sand  clay  roads  lead- 
ing out  of  Marion,  so  all  bids  were  rejected 
and  they  decided  to  have  a  mile  of  sand  clay 
road  built  under  the  direction  of  the  engineer 
to  see  how  the  cost  would  compare  with  prices 
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bid  by  contractors.  A  mile  having  three 
Iheavy  hills  with  grades  up  to  20  per  cent  was 
'selected  for  the  experiment.  The  county 
lowncd  a  large  road  machine  and  purchased  8 
idrag  scrapers,  0  wheel  scrapers,  2  road  plows, 
[Shovels,  mattocks,  and  all  tools  except  the 
I  road  machine  were  charged  directly  to  the 
I  job. 

Labor  prices  were  as   follows : 

I'oreman,  $3  per  10-hour  day;  labor,  $1  per 
li'-liour  day;  team  and  driver,  $3  per  10-hour 
day;  loader,  dumper  and  plowman,  $1.50  each 
per   10-hour   day. 

|\  namitc    at    18    cts.    per   pound    was    used 
ly  on  the  hard  clay  banks  and  this   mile 
was   graded   at   a  cost  of   $2,700  or  22%   cts. 
per  cubic  yard,  or  2Vfe  cts.  less  per  yard  than 
I  the    lowest   price    bid.     Grades    were    reduced 
'to  6  per  cent  and  8  per  cent  and  this  was  so 
'satisfactory  to  the  Commissioners  and  general 
public  that  the  engineer  was  ordered  to  build 
all  the  roads  radiating  from  Marion  in  a  sim- 
ilar  manner. 

All  equipment  purchased  was  charged  to  the 
road  on  which  it  was  used  and  22.5  miles 
were  accordingly  built  at  an  average  cost  ol 
$1,G15  per  mile.  The  grading  was  very  heavy 
on  four  of  the  five  roads  built,  but  some  miles 
were  constructed  for  about  $800.  In  the  out- 
lying districts  37.4  miles  of  roads  were 
ditched,  graded  to  a  width  of  18  ft.  between 
ditches  and  properly  crowned  at  an  average 
cost  of  $435  per  mile. 

The  Marion  end  of  the  Uniontown  load 
passed  through  3.2  miles  of  sand-clay  and  the 
rest  of  the  way  black  land,  and  as  there  was 
not  sufficient  money  to  improve  the  entire 
road  between  the  two  towns,  it  was  desired  to 
have  the  improved  gap  as  small  as  possible. 

The  first  1.9  miles  of  sand  clay  were  built 
by  county  forces  and  the  other  1.3  miles  by 
contract  at  20  cts.  per  cubic  yard  for  grad- 
ing with  500- ft.  free  haul  and  1  ct.  per  cubic 
yard   for  overhaul. 

This  section  included  a  fill  1,600  ft.  long 
on  the  town  side  of  Bogue  Chitto  Creek  bot- 
tom that  averaged  4  ft.  high  and  contained 
over  6,000  cu.  yds.,  which  was  made  from  a 
bank  on  the  further  side  of  the  creek  and  by 
so  doing  shortened  and  straightened  the  road 
and  reduced  a  heavy  grade  to  4  per  cent. 

Clay  was  laid  in  place  on  this  section  with 
500  ft.  average  haul  for  .35  cts.  per  cubic  yard 
and  mixing  with  sand  cost  1%  cts.  per  square 
yard.  The  mixing  consisted  of  plowing,  disc 
h.irrowing  and  shaping  with  a  road  machine 
for  30  days. 

PROVISIO.VS     FOR     MAINTEN.ANCE. 

On  the  completion  of  the  work  a  small  road 
machine  and  a  steel  road  drag  were  assigned 
to  each  of  the  seven  improved  roads  and  con- 
tracts were  made  with  a  man  living  on  or 
near  each  road,  whereby  he  agreed  to  drag 
or  grade  the  road  whenever  ruts  were  made 
by  the  traffic  after  the  rains. 

These  men  were  allowed  $2.50  per  day  for 
their  services  and  $3  per  day  for  each  team 
of  two  mules  an<l  driver.  After  the  engineer 
left  the  Commissioner  of  each  district  was 
to  determine  when  such  work  was  necessary 
and  telephone  or  get  word  to  the  overseer  the 
night  before.  Se\Tral  gravel  dumps  were  made 
along  the  gravel  mads  so  that  they  could  be 
easily  repaired  in  the  future. 

Nearly  every  one  in  the  county  is  now  3 
convert  to  good  roads  and  on  many  of  the 
coimtrv"  roads  the  farmers  gave  teams  and 
men  to  work  un<lcr  direction  of  the  fore- 
man. In  one  instance  25  teams  and  the  neces- 
sary men  gave  their  lime  for  two  weeks  haul- 
ing gravel  and  ilay,  grading  the  road  and 
mixing  clay  and  gravel  for  threc-fiuarlcrs  of  a 
mile  through  the  river  bottom  mail  and  mak- 
ing a  fine  graveled  road  where  it  had  formerly 
been  impassable  cluring  wet  weather. 


Record  Change  of  Pumps. — The  crew  of 
the  SOin  pipe  line  drcilgo  N'o.  4S,  working  at 
Margarita  Point  on  the  Panama  C.mal,  re- 
cently established  a  new  record  for  time  in 
changing  main  pumps,  by  removing  the  old  and 
installing  new  pumps  in  21  hours.  This  is 
shorter,  by  three  hours,  than  any  previously 
recorded    time 


An    Interlocking    Concrete    Curb    for 
Brick  Pavements   in  Pierce 
County,  Washington. 
(Staff  Article.) 
In  preparing  plans  for  resurfacing  in  Pierce 
County,    Washington,    4'/4    miles    of    concrete 
road  with  brick,  the  interlocking  concrete  curb 
shown   by    the  accompanying  drawing.   Fig.   1, 
and   designed    by   County   Engineer    Mr.    Roy 
Thompson   was   adopted.     The   drawing,   with 
the  e.xtracts  which  follow   from  the  specifica- 
tions,   indicates    already    the    construction    of 
the  curb : 

(1)  Forms. — Two-inch  planks  of  width  of  In- 
terlocking curb,  as  shown  on  the  plan,  shall  be 
laid  flat  upon  each  edge  of  the  concrete  road- 
way. These  planks  shall  be  laid  with  the  inside 
edge  true  to  line  to  be  given  by  the  engineer. 
The  planks  shall   be  held   in  place  by  stakes. 

(2)  Sand  Cushion— Upon  the  concrete  base 
there  will  be  laid  a  coat  of  clean,  dry  sand, 
averaging  H4  ins.  thick  after  rolling.  Tne  sand 
shall  not  be  coarser  than  %  in.  and  shall  be  laid 
against  the  Inner  edge  of  the  forms  described 
m  section  1  hereof,  and  shall  be  spread  with  a 
template  having  a  steel- faced  edge  cut  to  the 
true   cross-section  of  the  finished   roadway. 

(3)  Brick — No  course  of  bricks  shall  start 
nearer  than  ....  inches  nor  farther  than  .... 
inches  from  the  outer  edge  of  the  concrete 
base,  the  remaining  space  to  be  filled  by  the 
Thompson  Interlocking  Curb,  hereinafter  de- 
scribed. 
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Brick  Block 

Fig.      1.      Interlocking      Concrete     Curb     for 
Brick   Pavement. 

(4)  Wood  Blocks — Wood  blocks  shall  be  used 
to  complete  each  course  of  brick  in  place  of 
bats;  these  blocks  to  be  removed  as  herein- 
after provided.     •     •     • 

(6)  Interlocking  Curbs— After  the  bricks  have 
been  rolled  to  the  sntlafnctlon  of  the  engineer, 
the  wood  blocks  and  forms  shall  be  removed, 
care  being  taken  not  to  disturb  the  bricks  or 
the  sand  cushion. 

Forms  not  less  than  2  Ins.  thick  shall  be  stood 
on  edge  against  the  outside  edge  of  the  con- 
crete roadway.  The  top  of  the  form  shall  be 
true  to  the  finished  line  and  grade  of  the  curb. 

The  Thompson  Interlocking  Curb  Is  to  be 
built,  according  to  plan,  with  a  1:2:1  concrete. 
The  mixture  shnll  bo  mndo  na  provided  under 
the  head  of  concrete  in  the  general  spcclflca- 
tlons.  The  concrete  shnll  he  placed  In  the  forms 
just  ahead  of  the  grouting  crew,  and  In  nil 
cnseii  not  more  than  .10  mins.  shall  elapse  be- 
tween the  lime  of  placing  the  curb  and  th<- 
grout  odjaccnt  thereto.  An  expansion  Joint 
must  bo  placed  at  the  end  of  curb  laid  each 
day,  and  at  such  other  points  where  It  Is  found 
necessary  to  stop  the  grouting  and  laying  of 
Ihe  curb  for  a  period  of  more   thnn  30  minutes. 

The  concrete  Is  to  bo  plastic  when  placed  In 
the  forms,  and  to  be  llonted  with  a  wood  lloat 
Immediately  after  the  Inst  application  of  grout. 
The  outer  edge  of  the  curb  shnll  bo  ro\irded  to 
.1  I  In.  rndlus. 

The  curb  as  described  has  been  donated  by 
its  inventor.   Mr.   Thompson,  to  the  public. 


The    Value    of    "Road    Days"    as    a 
Method  of  Road  Improvement. 

To  Thk  MinoRs:  Permit  me  to  express  my 
pleasure  in  your  method  of  handling  the  vol- 
unteer road  building  question  in  your  editorial 
on  "Road  Days  and  Road  Data"  in  the  issue 
of  the  11th  inst. 

Your  article  embraces  generally  the  senti- 
ments which  I  expressed  last  September  in  an 
article  printed  in  the  Journal  of  the  Engineers' 
Club  of  Baltimore,  on  "Road  Building  as  a 
Pastime,"  which  I  enclose  for  your  informa- 
tion and  use  should  you  desire. 
Yours  very  truly, 

Wm.  p.  Ja.n.ney, 
Consulting  Engineer. 

Baltimore,  Md.,  March  17,  1914. 

(The  following  are  important  extracts  from 
the  article  mentioned  by  our  correspondent : 
Editors.) 

The  road  days  of  Missouri  and  -Arkansas 
were  simply  a  return  to  obsolete  system  and 
amounted  to  no  more  than  a  pastime  under 
the  delusion  that  they  wxre  road  building. 
The  w-riter  does  not  impugn  the  earnestness 
or  zeal  of  those  engaged  in  this  picnic,  nor 
does  he  assert  that  they  did  not  do  their  best, 
but  it  appeals  to  him  as  a  heedless  and  need- 
less waste  of  vital  force  and  money  wealth, 
and  instead  of  being  heralded  by  the  press  the 
country  over  as  a  shining  example  of  patriot- 
ism and  state  pride,  it  should  have  been  com- 
mented on  as  a  glaring  example  of  the  ordi- 
nary manner  of  conducting  our  public  affairs. 

These  men  were  all,  or  nearly  all,  called 
from  their  usual  avocations  to  perform,  as 
stated,  duties  for  which  they  w^ere  in  no  way 
fit.  Each,  therefore,  lost  absolutely  his  usual 
daily  wage  or  income  from  his  daily  work. 
Now  suppose  instead  of  such  a  spectacle  it  had 
been  decided  that  every  man  should  pay  into 
a  road  fund  the  equivalent  of  one  day's  earn- 
ing at  his  regular  work,  his  loss  would  have 
been  only  half,  and  if  this  fund  had  been  spent 
under  the  direction  of  a  trained  man  or  com- 
mission the  difference  in  results  would  be  im- 
measurable. 

In  neither  of  these  states  was  there  at  the 
time  any  idle  labor,  so  that  the  lowest  wage- 
earner  would  have  contributed  at  least  $1.50 
to  $2.00,  and  when  we  consider  the  sums  paid 
by  the  professional  and  business  men,  the  ef- 
fect of  the  energy  of  these  500,000  days'  work 
at  their  regular  avocations  would  have  pro- 
vided nearly  if  not  quite  $2,000,000  available 
to  pay  efficient,  regularly  trained,  physically 
able  men  to  do  perhaps  three  times  the  num- 
ber of  days'  work  of  at  least  PO  per  cent  effi- 
ciency instead  of  the  60,000  or  70,iXiO  days' 
work  of  actual  efficiency  value  done  by  this 
crude  working  force  of  volunteers.  What  sad 
waste  I      What   extravagance  ! 

Of  course  an  attempt  at  reply  is  made  by 
declaring  the  impossibility,  under  our  form  of 
government,  that  this  would  be  unequal  taxa- 
tion. Woidd  it?  Did  each  by  paying  in  time 
alike  only  give  to  the  state  the  same  as  all 
other!;?  No!  he  gave,  each  the  value  of  what 
he  might  have  earned  in  the  pursuit  of  his 
regular  calling  for  the  period  worked. 

The  truth  should  be  placed  boldly  before 
every  individual,  and  the  public  at  large  edu- 
cated more  fully  in  the  fact  that,  if  time  is 
money,  then  the  best  expenditure  of  time  wili 
bring  in  the  greatest  result  in  value,  and  any 
.such  indulgence  as  that  discussed  can  be  viewed 
in  no  olber  light  than  road  building  as  a  pas- 
time, and  in  no  sense  as  of  real  value  to  the 
community,  but  a  dead  loss  to  the  individuals 
iif   it. 

The  writer  thinks  it  a  great  mistake  for  the 
press  to  treat  it  otherwise,  to  the  possible  ex- 
par.'ion  of  the  idea  and  the  detriment  of  ear- 
nest effort  to  improve  our  roads.  It  may  per- 
haps be  admitted  that  the  experience  gained 
possesses  some  value  as  demonstrating  to 
those  engaged  the  conditions  of  the  roads  and 
.nn  added  knowledge  of  what  has  to  be  done 
;in<I  what  it  requires  to  dn  it,  and  thus  ad- 
vance their  education  towards  the  point  where 
they  will  more  cheerfully  submit  to  the  proper 
assessments  of  money  for  this  purpose. 
Should  this  result  be  attained  it  may  prove  of 
lasting  benefit  although  at  an  exorbitant  cost. 
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The  matter  of  road  building  is  a  serious 
subject  and,  as  the  ultimate  success  depends 
so  very  largely  on  public  sentiment  back  of 
it,  it  is  possible  such  annual  picnics  may  be 
the  Chautauquas  at  which  the  education  is 
gained  to  create  this  sentiment.  The  writer 
believes  that  our  road  engineers  have  not 
given  the  matter  of  education  of  the  public 
that  amount  of  attention  it  deserves.  They 
have  been  so  closely  engaged  studying  the  ne- 
cessities, conditions,  materials  and  methods 
that  they  have  not  given  as  great  pubhcity  to 
the  results  of  good  roads  in  their  bearing  to 
life,  both  working  and  social,  of  the  communi- 
ties, nor  to  show  by  comparisons  the  value  in 
reducing  costs  of  everything  due  to  better 
roads. 


Causes  of  Failure  and  Recommendations 
for  Materials  and  Construction  Features  for 
Concrete  Roads. — In  a  paiJcr  presented  to 
tile  lenili  annual  convention  of  the  .\merican 
Road  Builders'  Association.  Mr.  F.  F.  Rogers, 
State  Highway  Commissioner.  Lansing,  Mich., 
■states  "that  most  of  the  defects  in  concrete 
rroads  can  be  traced  to  the  following  causes: 
•(1)  Too  lean  a  mix;  (2)  A  poor  aggregate, 
(3)  Poor  foundation,  including  inadequate 
•drainage:  and  (4)  lack  of  suitable  expansion 
joints  properly  spaced."  He  states  "that  a 
large  percentage  of  the  defects  in  city  and 
small  town  concrete  pavements  may  be 
charged  to  a  lean  mix,  especially  where  two- 
coarse  concrete  has  been  laid."  I'ndcr  favor- 
able conditions  and  with  careful  workman- 
ship he  believes  "that  the  two-course  pave- 
ment can  be  made  a  success.  "The  top  layer 
must  be  put  on  before  the  bottom  layer  hab 
had  time  to  take  the  initial  set,  and  the  mix 
should  not  be  leaner  than  1  :2%  :5  for  the 
iiase  nor  learner  than  1  :'2 :3  for  the  top.  He 
prefers  a  one-course  concrete  with  a  1:2:3% 
mix,  taking  great  care  in  the  selection  and 
grading  of  the  materials  forming  the  aggre- 
gate." In  discussing  aggregate  materials  he 
expressed  the  opinion  "that  the  best  grades 
of  lime  rock  are  worth  considering  in  that 
connection,  especially  on  the  secondary  roads. 
The  lime  stone  (which  is  a  dolomite)  would 
at  least  wear  evenly,  which  is  not  true  of 
the  cobbles  used  in  Michigan,  owing  to  the 
varying    degrees   of    hardness    and    toughness 


in    the    different     varieties     of     rucks    found 
among  the  cobbles  in  our  state." 

Under  the  subject  of  expansion  joints  he 
stated  "that  experience  has  proved  that  from 
2o  to  33  ft.  is  a  suitable  spacing  for  trans- 
verse joints.  By  way  of  experiment  a  150-ft. 
stretch  of  I6-ft.  roadway  was  laid  on  Mich- 
igan Ave.,  Wayne  County,  this  year,  without 
expansion  joints  of  any  kind.  Before  the 
ruad  was  poned  to  traffic  nature  had  supplied 
the  transverse  joint  spaced  from  18  to  20  ti., 
with  one  extra  thrown  in   for  good  measure." 

In  concluding  he  remarked  "that  if  all  the 
knowledge  we  now  have  on  this  subject  were 
utilized  in  design  and  construction,  pave 
nients  and  roadways  of  this  material  could 
be  laid  that  would  remain  almost  free  from 
the  defects  named.  There  is  some  question, 
however,  if  to  do  so  would  not  make  the  ex- 
pense of  the  pavement  or  roadway  so  high 
as  to  be  practically  prohibitive." 


Wood-Block  Pavements  in  Berlin. — Wood 
blocks  are  used  for  paving  the  streets  of  Berlin 
only  on  the  sharpest  grades,  to  give  a  better 
footing,  and  on  bridges  and  their  approaches, 
to  lessen  the  jar.  According  to  a  U.  S.  con- 
sular report,  less  than  2  per  cent  of  the  street 
pavement  is  of  wood   blocks. 

The  wood  blocks  most  used  in  Berlin  are 
Swedish  pine  and,  to  a  more  limited  extent, 
the  Australian  hardwood  varities — tallow-wood 
and  blackbutt.  The  native  pine  and  beech 
blocks  are,  however,  also  used  in  Germany,  as 
are  the  American  cypress  and  i  ellow  and  pitch 
pine.  The  wood  used  must  be  carefully  se- 
lected, must  be  free  from  knots  and  cracks, 
and  it  is  considered  unwise  to  use  in 
the  same  section  of  pavement  woods  from  dif- 
ferent countries,  wood  gathered  at  different 
altitudes,  or  wood  of  different  soccies. 

The  dimensions  of  the  paving  blocks  vary, 
the  width  ranging  from  2.75  to  .1.94  ins.,  the 
length  from  7.00  to  11.81  ins.,  and  the  height 
from  4.72  to  7.09  ins.  The  so-called  Paris 
standard  dimensions  are  2.95x8.8fix.5.9  ins. 

To  prevent  decay,  the  wood  blocks  are  im- 
pregnated with  a  zinc-chloride  solution  or  with 
creosote  oil.  The  zinc-chloride  solution  con- 
tains 2  parts  by  weight  of  chloride  of  zinc, 
ZnCU.  3°  Baume,  and  30  parts  by  weight  of 
water.     The  creosoted  oil  should  not  contain 


less  than  5  per  cent  of  creosote  and  not  more 
than  15  per  cent  of  naphthalene  and  is  distilled 
between  180°  and  270"  C.  (.356"  and  518°  F.). 
The  specific  weight  of  the  oil  is  1.07.  The 
creosote-oil  impregnation  is  considered  prefer- 
able, because  it  also  serves  to  forestall  the  sub- 
sequent swelling  of  the  blocks  by  dampness 
after  they  have  been  set,  and  the  resulting 
bulging  of  the  pavement.  To  impregnate  with 
creosote  oil,  the  blocks  are  dried  out  for  3  to 
4  hours  in  a  tank  or  boiler  at  a  temperature 
of  100°  to  140°  C.  (212°  to  284°  F.;,  when 
they  are  transferred  to  another  tank  and  al- 
lowed to  remain  for  an  hour  in  a  vacuum  of 
one-tenth  to  one-fifth  of  an  atmosphere,  after 
which  creosote  oil  that  has  previously  been 
heated  to  approximately  50°  C.  (122°  F.)  is 
pumped  in  and  forced  into  the  wood  under  a 
pressure  of  6  to  8  atmospheres. 

In  constructing  the  wood  pavement,  the 
lower  sides  of  the  impregnated  blocks  are  first 
dipped  into  hot  tar  or  asphalt  and  then  laid  in 
a  carefully  prepared  level  layer  of  concrete 
ti  to  8  ins.  thick.  The  blocks  are  set  side  by 
side  close  to  each  other,  although  a  space  of 
0.079  to  0.197  in.  is  left  at  the  ends  between 
the  rows.  This  space  is  filled  with  tar,  and  in 
some  instances  with  asphalt.  When  asphalt 
is  used,  the  intervening  space  is  twice  as  large 
as  when  tar  is  the  binder.  To  gauge  the  space 
between  the  ends,  wood  battens  of  the  proper 
thickness  are  used.  The  rows  of  blocks  may 
be  set  either  at  right  angles  with  the  axis  of 
the  street,  or  at  an  angle  of  45°. 

After  the  pavement  has  been  laid,  the  sur- 
face is  covered  with  a  thin  layer  of  asphalt  or 
tar,  over  which  a  layer  of  coarse  sand  or  fine 
gravel  is  spread.  This,  when  pressed  into  the 
blocks,  forms  a  durable  coating  which  serves 
to  prolong  the  life  of  the  pavement.  The  sand 
or  gravel  is  usually  spread  on  the  navcment 
once  a  month. 

If  the  pavement  is  kept  clean  and  if  good 
materials  have  been  used  in  construction,  under 
ordinary  conditions  of  traffic  and  of  weather 
the  surface  wears  at  the  rate  of  about  0.2  in. , 
annually.  Wood  block  pavements  on  an  aver- 
age last  10  to  15  years,  but  in  dark,  damp 
places,  not  exposed  to  sunshine,  the  blocks  will 
decay  in  half  the  time.  The  approximate  cost' 
of  block  pavement  in  Berlin  is  14  marks  per 
square  meter   ($2.79  a  square  yard). 
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Report  Recommending  Methods  of  Col- 
lection and  Disposal  of  Municipal 
Refuse  of  Chicago. 

A  report  dated  March  25,  1914,  was  made 
to  the  Chicago  City  Waste  Commission  on  the 
collection  and  disposal  of  the  city's  refuse  by 
Irwin  S.  Osborn  and  John  T.  Fetherston. 
The  present  article  is  based  on  that  report 
and  describes  the  scope  of  the  investigation, 
the  recommended  project,  gives  notes  relat- 
ing to  estimates  for  the  various  iirojects  con- 
sidered, states  the  general  recommendations 
made  and  gives  the  estimated  cost  of  the  rec- 
ommended project.  I  f  the  project  recom- 
mended is  adopted  and  put  into  effect  we 
shall  describe  it  in  more  detail. 

SCOPE    OF    THE    IRRIGATION. 

In  order  to  determine  the  most  sanitary, 
economical  and  feasible  plan  or  method  for 
the  collection  and  disposal  of  refuse  in  Chi- 
cago, a  study  was  made  covering  the  follow- 
ing items : 

1.  Topography  of  the  city,  with  reference 
to  its  influence  on  collection. 

2.  Inspections  of  all  parts  of  the  city  to  de- 
termine the  variable  elements  having  a  bear- 
ing on  collection:  also  the  conditions  of  house 
treatment  of   refuse. 

3.  Inspection  with  reference  to  possible  lo- 
cations for  disposal  plants  or  central  loading 
stations,  from  which  refuse  could  be  trans- 
ferred to  points   for  disposal. 

4.  Inspection  of  the  various  wards  to  deter- 
mine the  present  practice  in  making  collec- 
tions and  work  actually  being  done,  with  ref- 


erence to  improvements  from  a  sanitary  and 
economical   standpoint. 

5.  Study  of  data  sulimitted,  and  on  file  in 
the  Bureau  of  Streets  and  with  the  Civil 
Service  Commission. 

0.  Study  of  street  cleaning  activities  now 
conducted  by  th.e  Bureau  of  Streets,  with  ref- 
erence to  its  influence  on  the  collection  of 
refu.se. 

7.  Time  studies  of  work  in  the  field  to  verify 
assumptions  made. 

S.  Comparison  of  available  data  for  Chi- 
cago with  that  from  other  cities,  with  allow- 
ance for  variation  in  local  conditions,  to  de- 
termine the  approximate  quantities  of  each 
class  of  refuse  that  would  be  produced  per 
annum  or  per  capita  per  annum. 

9.  Study  of  past  growth  of  city,  with  refer- 
ence to  future  growth.  Compilation  of  charts 
and  tables  relative  to  the  same,  and  its  re« 
lation  to  each  ward.  Estimates  of  population 
for  each  ward,  as  now  established  for  years 
1910,  1915,  1920,  1925  and   V.m. 

10.  The  results  of  the  studies  were  applied 
to  several  projects.  For  each  project  there 
were  assumed  certain  points  of  disposal  or 
loading  stations  which  might  become  avail- 
able for  the  purpose  desired.  For  each  possi- 
ble location,  collection  data  were  assumed, 
ar'l  a  complete  project  developed. 

The  following  statistics  were  determined  for 
the  years  1920  and   19.30. 

(a)  The  population  to  be  served  in  each 
collection  district,  with  reference  to  the  short- 
est haul. 

(b)  The  estimated  quantities  of  each  class 


of    waste   produced    from   each   collection   dis'd 
trict. 

(c)  The  estimated  maximum  quantity  of 
each  class  of  waste  produced  during  the  sea- 
son of  maxinnnn  production  in  each  collection 
district,  in  order  to  determine  the  various 
plant  capacities. 

(d)  The  final  capacities  of  disposal  plant^ 
for  each  district,  based  on  the  estimated  ma.x-j 
inuun  production  for  the  year  1930. 

(e)  The  ton  miles  haul  for  each  class  ofl 
waste. 

(f)  The  estimated  cost  of  collection  fori 
each  district,  and  for  various  methods  of  col^ 
lection. 

(g)  The  estimated  capital  costs  of  eaclj 
project. 

(h)  The  estimated  operating  cost  for  eac^ 
disposal  plant,   for  each  project. 

(i)  The  estimated  annual  revenues,  foj 
various   methods   of   disposal. 

(j)  The  estimated  fixed  charges  for  inter^ 
est  and   depreciation. 

(k)    The  net  annual  cost   for  each  project^ 

(1)   The  estimated  annual  per  capita  cost. 

EXISTIXr;    CONDITIONS    AND    METIIOnS. 

The  collection  and  disposal  of  rcfu.sc  i 
Chicago  has  been  carried  on  under  the  direr^ 
tion  of  the  Bureau  of  Streets,  through  th<i 
various  ward  oreani';ations,  each  division  con- 
ducting the  work  indcpcndentlv.  Until  lasB 
Septcn'bcr  fiarbace  wa<  reduced  by  contractJ 
Since  then  it  has  been  disposed  of  by  dumping^ 
in  clay  holes  as  a  temporary  methotl  of  dis- 
posal. Before  the  contract  expired  with  the] 
reduction  company  garbage  was  collected  by 
the  city  and  delivered  to  the  contractor's  plant 
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by  the  \yagons  direct,  or  by  barges  from  load- 
,  ing  stations  on  the  Chicago  River.  The  city 
;  owns  the  collection  wagons  and  teams  and 
'  drivers  are  hired  by  the  city  to  make  collec- 
j  tions  under  the  direction  of  the  various  ward 
!  superintendents.  The  population  in  1010  was 
j  L'.(liy..-S!i.  The  estimates  for  lUiii  and  1930 
[are  2.0115.034  and  3..503,.521,  respectively.  In 
'  1913  the  amount  of  garbage  collected  amount- 
I  ed  08  lbs.  per  capita  per  year.  The  corre- 
'  spondin,^  figure  for  ashes  and  rubbish  was 
.  lbs. 

S     REL.MINC    TO     ESTIMATES     FOR    THE     VARI- 
OL'S    PROJECTS    CONSIDERED. 

iillrctiou, — The  cost  of  collection  was  coni- 

,  piitcd  by  taking  the  sum  of  the  estimated  cost 

'  of  loading  and  the  cost  of  haul.     The  cost  of 

j  loading    was    estimated    for    either    combined 

collection  or  separate  collection,  according  to 

;  the  method  of  disposal.     The  cost  of  haul  was 

determined  from  the  ton  miles  of  haul  of  each 

cla-s   of    refuse   collected    separately   or   com- 

•  binc-d.     The  ton  miles  haul   was  comnutcd  by 

mnltiplving  the  estimated  tonnage  collected  in 

I  eac!'  district  by  the  average  haul  to  the  point 

I  o(    disposal   or   loading   station. 

To  determine  the  average  haul,  the  distance 

(  was  measured   from  a  point   midway  between 

;  the  center  of  i'.rea  and  the  center  of  popula- 

!  tioi-  of  each  collection  district  following  right 

anple  street  lines  to  the  point  nf  disposal  or 

:  loading   station.     The   cost   per   ton   mile   haid 

w.is  computed   by   allowing   a   travel  of   three 

miles   per   hour   per   team :    the   cost    of   team 

ail  driver  estimated  at  7.5  cts.  per  hour,  with 

allowance    for   time    to   discharge    load.     The 

estimates    were   verified    hv   time    studies    and 

Cf  d:ita  available  for  similar  work. 

The  cost  of  collection  was  computed,  assum- 
ing a  uniform  production  of  each  class  of 
waste.  This  will  not  hold  true  in  actual  prac- 
tice, due  to  various  reasons,  such  as  character 
of  population  or  other  factors  that  would 
effect  the  production  in  various  districts.  The 
uniform  production  was  assumed  for  each 
project  considered,  so  that  the  relative  results 
would  he  constant. 

Lnadiiip  Stations. — The  loading  stations 
were  fixed  at  locations  most  suitable  for  the 
purpose,  and  as  many  as  possible  were  taken 
at  points  recommended  in  the  report  of  the 
Civil  Service  Commission,  addressed  to  the 
Commissioner  of  Public  Works,  under  date 
of  Oct.  31,  1013.  and  published  in  abstract  in 
Enoinferint.  &  Co.VTRACTiNC  of  Nov.  2f)  and 
Dec.  .3,  191.3. 

The  cost  of  land  w.ts  taken  from  the  Bureau 
of  Mfliciencv  Report,  but  the  cost  of  buildings 
and  apfiurtenances  was  increased  to  provide 
rri'ilrrii  equinment  and  more  permanent  con- 
<triiiiiin.  The  studies  have  not  contemplated 
th(  utilization  of  loading  stations  for  other 
puriios's  than  refuse  handling,  but  in  most 
cases  they  will  be  found  of  sufficient  capacity 
to  care  for  the  handling  of  other  waste,  such 
as  street  sweepings  and  catch  basin  cleanings. 
If  the  loading  stations  arc  utilized  for  han- 
dlini'  trade  wastes  or  building  refuse,  a  charge 
should  bf  made   for  this  purpose. 

Trnlli'v  Traiisfiortatinn. — The  estimates  for 
Street  railway  cars  were  based  on  the  number 
required  to  move  the  material  from  the  va- 
rious loading  stations,  to  the  iioints  of  dis- 
posal. The  cost  of  transportation  by  street 
cars  was  based  on  the  present  cost  for  such 
service  in  Chicago. 

Rarfif  7Vrtii.f/'rirM/iV)ii.— narge  transporta- 
tion was  estimalerl  by  taking  the  cost  of  main- 
taining and  operating  the  necessary  equipment, 
ha'-ed  upon  existing  data  in  Chicago. 

I'i.red  Chanii's. —  Interest  was  assumed  at 
5  per  cent,  ami  depreciation  was  based  on  a 
.^inkiu"  fimd,  which  would  equal  the  cost  of 
the  plant  during  the  estimated  life  of  the 
various  elements  making  up  the  installation, 
the  interest  being  assumed  at  ."1  per  cent. 

Ol<crnlinii  nf  Indncrator. — The  cost  of 
operating  incinerators  was  ba.'ed  on  the  cost 
of  labor,  repairs  and  attendance  on  electrical 
equipment  per  ton  of  material  handled  for  the 
.vear   1020. 

Operation  of  Reduction  Plant—The  cost  of 
operation  of  tbf  reduction  plant  was  based  on 
the  cost  of  overhead  charges,  labor,   fuel,  sup- 


plies, repairs  and  renewals  required  to  dis- 
pose of  quantities  produced  in   1920. 

Capital  Costs  of  Incinerators. — The  capital 
investment  for  incinerator  plants  was  based 
on  current  unit  prices  for  entering  into  the 
construction  of  an  incinerator  of  average 
capacitv  for  the  number  proposed. 

Capital  Cost  of  Rediiclion  Plant. — The  esti- 
mated capital  cost  of  the  reduction  plant  was 
based  on  a  detailed  estimate  for  building  and 
equipment. 

Truck  Costs. — The  estimated  cost  for  auto 
truck  haul  was  based  on  data  for  similar 
work,  and  the  same  class  of  material. 

Capacitv  of  Disposal  Plants. — The  capacity 
of  the  various  disposal  plants  were  based  upon 
the  estimated  ma.ximum  production  of  the  dif- 
ferent classes  of  refuse,  for  the  year  1930. 

Buitdinq  for  Disposal  Plants. — The  esti- 
mated cost  for  the  construction  of  buildings 
contemplated  the  erection  of  fireproof  build- 
ings of  plain  design,  yet  so  proportioned  and 
constructed   as   to   be   of  pleasint?  appearance. 

Machinery  and  fif/id'/'moi*.— Estimates  for 
machinery  and  equipment  for  the  various  dis- 
posal plants  include  the  most  modern  types 
for  the  work  intended. 

Labor  Cost. —  Labor  costs  were  computed  on 
the  rate  of  wages  paid .  for  similar  work  in 
Chicago. 

Revenues. — The  revenue  to  be  obtained 
from  the  operation  of  disposal  plants  consist 
of  power  and  clinker  from  the  incinerator 
plants  and  the  by-products  (grease  and  tank- 
age) produced  by  the  reduction  method. 
Quantities  are  estimated  for  the  year  1920. 

Poucr. — The  value  or  credit  allowed  for 
power  developed  by  the  incineration  of  refuse 
was  based  on  the  amount  and  availability  of 
power  for  the  uses  intended. 

Clinker. — The  value  of  clinker  was  based 
upon  current  prices  for  similar  or  equal  ma- 
terials used  for  pavement  foundations,  side- 
walks and  similar  concrete  work. 

Crease.- — The  grease  recovered  from  gar- 
bage was  estimated  to  be  3.2.5  per  cent  of  the 
total  weight  of  the  garbage  as  delivered. 

Tankafie. — The  solids  or  tankage  recover- 
able from  garbage  were  estimated  to  be  14 
per  cent  of  the  total  weight  of  the  garbage 
as  delivered. 

Value  of  By-products. — The  value  of  by- 
products fluctuate  with  the  supply  and  de- 
mand for  products  of  that  nature.  Tankage 
is  used  in  the  manufacture  of  commercial  fer- 
tilizer and  sold  on  the  basis  of  its  analysis 
of   fertilizing  elements. 

The  average  price  for  tankage  will  vary 
from  S6  to  SIO  per  ton  and  in  estimating  reve- 
nues from  disposal  by  reduction,  the  price  was 
taken  at  S7  per  ton. 

The  value  of  garbage  grease  likewise  fluc- 
tuates with  the  supply  and  demand.  The  aver- 
age price  that  has  been  received  for  garbage 
grease  during  tlie  past  seven  years  is  approx- 
imately '1.13  cts.  per  pound. 

In  estimating  the  value  of  grease  for  Chi- 
cago, the  price  was  taken  at  4  cts.  per  pound. 

RIXOMMENTATIONS. 

.^s  a  result  of  the  studies  and  investiga- 
tions the  following  recommendations  were 
made : 

1.  That  the  citv  should  own  and  operate  a 
complete  refuse  collection  and  transportation 
equipment,   also   refuse   disposal   works. 

2.  That  regular  and  systematic  collection 
of  separated  classes  of  wastes  fashes,  garbage 
and  rubbish)  be  n)ade  at  dailv  or  tri-weekly 
intervals,  depending  on  the  character  of  the 
districts   served  and   the  seasons  of  the  year. 

3.  That  the  laws  regarding  house  treat- 
ment in  respect  to  the  separation  of  the  dif- 
ferent   classes   of   waste    be    strictly   enforced. 

\.  That  separation  of  all  classes  of  refuse 
be  m.-ide  bv  the  householders,  except  in  dis- 
tricts where  the  combined  refuse  is  disposed 
of  by  incineration, 

.">.  That  separated  garbage  be  treated  by  the 
reduction  process  at  a  central  plant,  located 
for  service  by  barges  to  be  used  in  Irans- 
porting  the  material  from  waterfront  loading 
stations,  except  such  garbage  as  may  be 
cconomicallv  hauled  by  wagon  or  truck  direct 
to  the  plant. 


6.  1  hat  separated  ashes  be  disposed  of  by 
filling  low  lands  or  depressions  in  need  of 
grading,  and  as  far  as  practicable,  that  such 
lands  be  purchased  by  the  city,  so  as  to  secure 
the  benefit  from  the  enhanced  value  derived 
from  the  improvement. 

7.  That  small  incinerators  be  constructed 
at  eacli  loading  station  for  burning  the  sep- 
arated combustible  rubbish.  Other  classes  of 
rubbish,  including  metals,  glassware,  etc., 
should  be  reclaimed  at  the  loading  stations 
and  sold.  The  unsaleable  and  incombustible 
rubbish  should  be  disposed  of  with  the  ashes. 

8.  That  the  present  garbage  loading  sta- 
tions be  remodeled  and  that  at  least  three 
additional  garbage  loading  stations  be  pro- 
vided on  the  river  or  canal. 

0.  That  a  loading  station  for  ashes  be  pro- 
vided in  each  district  where  street  car  trans- 
portation is  more  economical  than  direct  team 
haul  to  dumps. 

10.  That  garbage  receiving  stations  for 
motor  trucks  be  provided  to  reduce  the  team 
haul. 

11.  That  a  modern  hi.gh  temperature  refuse 
incinerator  be  installed  at  Stony  Island  Ave. 
and  95th  St.  to  dispose  of  the  combined  refuse 
from  that  district. 

12.  That  the  mechanical  analyses  and  tests 
of  refuse  started  early  this  year  be  continued 
for  a  period  of  at  least  one  year  or  longer,  to 
determine  the  seasonal  variation  of  the  sev- 
eral classes  of  waste. 

13.  That  a  competent  technical  staff  be  em- 
ployed to  develop,  install  and  operate  for  at 
least  one  year  the  project  herein  recommend- 
ed, and  to  make  such  further  studies  and 
tests  necessary  to  determine  in  detail  the  most 

'  suitable    types    of    receptacles    and    equipment 
for  a  model  collection  service. 

14.  That  the  maintenance  division  in  charge 
of  the  collection  and  disposal  systems  in- 
stalled, be  provided  by  the  technical  staff  with 
carefulb,-  determined  standards  of  perform- 
ance and  unit  costs,  in  order  that  proper  con- 
trol may  be  exercised  over  the  work. 

15.  That  $:3,51.3,00O  be  provided  for  the 
purchase  of  collection  and  transportation 
equipment,  and  the  construction  of  reduction 
works  and  incinerator  plants.  Of  this  sum, 
$85,000  should  be  made  available  for  the  first 
year's  expenses  of  the  technical  stalt. 

liRIEF     PESCRIPTIOX      OK     RECOM  .MENDED      PROJECT. 

This  project  consists  in  the  disposal  of  gar- 
bage in  a  central  reduction  plant,  and  the 
disposal  of  rubbish  in  small  incinerators 
located  at  each  loading  station,  except  in  the 
district  comprising  the  8tli  and  0th  wards, 
which  is  provided  with  an  incinerator  for  total 
incineration  of  all  garbage  and  rubbish.  The 
city  is  divided  into  II  collection  districts,  with 
a  loading  station  in  each  district,  for  transfer 
of  the  material  by  trolley,  barge,  auto  truck 
or  wagon.  It  contemplates  the  separate  col- 
lection of  ashes,  rubbish  and  garbage,  except 
in  districts  wdierc  total  incineration  is  con- 
leuiphiteil,  all  ashes  are  to  be  disposed  of  by 
fill. 

ESTIMATEt)  COSTS. 

The     following    tabulation  gives    the    esti- 
mated  c.ipiial   cost,  annual  expenditure,   reve- 
nue and  net  annual  cost   for  the  recommended 
project : 
Capital   lost. 

<^i.llootlon   riiulpnuMil    jr.S3,50fi 

SlnhloH     tiOO.OOO 

Lnnillni;   stiitlouB    i'<on.000 

.•sin.ct   oiir»    HO.OOO 

Wntir  ImnHportntion  cqulp- 

III. .nl  1 ""10 

Motiii  'II 

Inclp.  '1 

U..<liu  !.■•.,    ,...,.,.-     .  '.....Oil 

Tol.il    raplt.Tl    eoRl  $3,513,000 

Ant"    '  '    'oppraHoii,    ii....ii- 

I  I    nxed    ctuirKos: 

I-  $i.7r.B,;s<i 

I                          ■' !»2,713 

lion...  226.~2i 

y                                             .'■.6,6!>r. 

M.      ■    .iHi>    I  .<iir.|...iintlon.  R8.2.i:t 

In.   nTnlorx    8S.891: 

Ki'durtirin    works    372.192 


ToIhI   nr.nunl   cost 

Revenue: 
Reiliirlinn  works  (grease  and 
tnnkiiRi..)     


Net   anniml   rost. 


»2,CC1.7.M 

72.J.654 
jl. 936,107 
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PROSPECTIVE      BETTERMENTS      UNDER      NEW      PLAN. 

Under  the  recommended  project  the  service 
to  be  rendered  the  people  of  Chicago  vi^ill  be 
increased  appro.ximately  oO  per  cent  as  regards 
frequency,  regularity  and  amount  of  collec- 
tions. The  cost  of  collection,  transportation 
and  disposal  of  refuse  under  existing  methods 
for  the  year  1912  was  approximately  $1.87  per 
ton. 

In  1920,  by  the  recommended  methods,  the 
cost  per  ton  is  estimated  at  $1.48.  This  repre- 
sents a  saving  of  39  cts.  per  ton,  or  over  $500,- 
000  for  the  amount  (1,;!07.490  tons)  of  ma- 
terials collected  and  disposed  of  in  1920,  when 
compared  on  the  same  basis  with  the  year 
1912. 


A  Specific  Suggestion  Looking  to  the 

Improvement    of    the    Material 

Status  of  the  Engineer. 

To  TiiK  KniTORS :  The  issue  of  Engineer- 
ing and  Contracting  for  Feb.  11.  1914,  con- 
tained an  e.xtremely  interesting  article  en- 
titled "The  Functions  of  the  Engineering  So- 
ciety," by  Mr.  L.  K.  Sherman,  president  of 
the  Illinois  Society  of  Engineers  and  Sur- 
veyors. 

In  one  part  of  the  address  the  remark  was 
made  that  "The  technical  press  of  the  coun 
try  during  the  past  year  contains  more  com- 
munio.itions  than  in  any  previous  period  on 
such  subjects  as  'The  Staus  of  the  Engineer,' 
'Compensation  of  Engineers,'  "  etc.  The  evi- 
dent interest  manifested  in  such  discussions 
prompts  me  to  indorse  heartily  tlie  greater 
part  of  Mr.  Sherman's  address  and  leads  me 
to_  believe  that  some  amplification  of  points 
raised  by  him  would  be  of  interest  to  your 
readers. 

It  is  certainly  a  most  hopeful  sign  of  the 
awakening  of  the  engineer  from  the  dream 
of  the  false  hope  into  which  he  has  been 
soothed  when  at  school  and  college  for  the 
purpose  of  closing  his  eyes  and  cars  to  the 
hard  facts  to  he  faced  in  the  life  ahead  of 
him.  to  see  such  statements  made  in  a  presi- 
dential address  before  an  engineering  society 
as :  "It  is,  however,  not  our  place  merely  to 
accept  what  the  conditions  of  the  times  offer; 
it  is  our  duty  to  take  advantage  of  and  to 
push  those  conditions  which  result  in  our 
rightful  material  welfare.  This  can  be  ac- 
complished only  through  organization." 

There  are  in  this  country  four  great  national 
engineering  societies  representing  the  recog- 
nized branches  of  engineering,  and  200  or 
more  very  much  smaller  societies,  the  objects 
of  which  are  similar  but  with  a  sphere  of 
activity  limited  to  a  state,  city  or  locality.  Mr. 
Sherman  sitcsests  that  the  time  has  come  for 
these  societies,  the  objects  of  which  are,  in 
general,  to  advance  science  and  engineering, 
to  enlarge  their  field  of  endeavor  and  take 
up  the  problem  of  advancing  the  interests  of 
the  engineer. 

The  first  point  I  would  like  to  take  up  is 
the  sucgestion  "to  enlarge  the  field  of  en- 
deavor" of  the  present  societies. 

It  is  possible  that  there  would  be  no  great 
difficulty  in  carrying  out  this  suggestion  in 
many  of  the  small  societies,  most  of  which 
have  a  membership  of  considerably  less  than 
1,000.  It  is  quite  another  mailer  with  the 
large  societies  which,  in  addition  to  convert- 
ing their  membership  of  .''i.OOo  to  10.000,  have 
.-dso  quite  a  load  nf  tratlitinn  to  shake  off  be- 
fore such  action  could  be  taken.  That  tliis  is 
so  mav  be  readily  seen  from  the  admitted  fact 
ihat  there  is  a  crowinc  demand  for  something 
more  than  these  bodies  offer,  from  the  av- 
erage member  or  prospective  member,  yet  at 
the  latest  annual  meeting  nf  one  of  them, 
the  ,'\merican  Instilule  of  F.lectrical  Engi- 
neers, a  paper  was  read  proposing  the  forma- 
tion of  a  I'nited  I'Ingineering  Society,  com- 
posed of  the  meniber.ship  or  part  of  the  mem- 
bership of  the  big  societies.  Three  considera- 
tions of  particular  interest  may  be  deduced 
from  this  First,  if  is  an  admission  of  the 
failure  of  ilip  present  big  societies  to  answer 
all  the  re(iuireTnenls  or  supply  all  the  needs 
of  thc_  persons  composing  the  engineering 
profession.  (Hasty  readers  are  requested  to 
note    that    this    casts    no    reflection    on    these 


bodies,  for  they  have  nobly  lived  up  to  and 
filled  their  professed  aim,  a  fact  to  which  the 
many  wonders  of  engineering  of  the  last  quar- 
ter of  a  century  amply  bear  witness.)  Sec- 
ond, it  is  an  indication  of  the  belief  in  the 
minds  of  those  advocating  the  move  that  it 
would  be  easier  to  create  such  a  new  organ- 
ization than  to  alter  the  existing  ones.  Third, 
that  it  is  a  sub-conscious  acknowledgement  of 
the  fact  that  while  the  best  interests  of  en- 
gineering may  be  advanced  by  subdivision  and 
specialization,  the  best  interests  of  the  indi- 
vidual, the  engineer,  must  be  advanced  by 
consolidation,  by  unification.  There  is  con- 
siderable ground  then  to  doubt  the  practi- 
cability of  enlarging  the  field  of  endeavor  of 
the  great  national   engineering  societies. 

To  return  to  the  consideration  of  the  more 
flexible  small  societies.  While  the  great  num- 
ber of  them  indicates  that  the  tendency 
toward  organization  is  very  general,  yet  the 
small  numerical  strength  of  most  of  them  in- 
dicates that  they  are  too  weak  to  accomplish 
any  great  material  advantage  for  their  mem- 
bers. It  must  be  remembered  that  so  long  as 
a  small  society  has  for  its  object  the  advance- 
ment of  science  and  engineering  it  will  never 
meet  with  opposition,  but  on  the  contrary  it 
will  receive  all  sorts  of  encomium  for  its  en- 
deavors. Let  that  same  society  start  to  ad- 
vance the  material  interests  of  its  members 
and  it  will  not  get  very  far  before  it  finds 
opposition  which  it  would  be  e.xtremely  costly, 
probably  prohibitively  so,  for  any  but  a  strong 
organization  to  make  headway  against.  Mr. 
Sherman  states  that  his  society  is  honored  by 
having  one  member  on  the  State  Public  Utili- 
ties Commission.  The  governor  of  Illinois, 
upon  petition  of  the  State  Society  of  Engi- 
neers, appoints  one  engineer  to  the  Public 
Utilities  Commission  and  as  a  consequence 
the  society  is  honored,  and  no  doubt  all  Illi- 
nois is  happy.  Eet  tlie  society  petition  the 
governor  to  appoint  at  least  a  majority  of 
engineers  to  the  Public  Utilities  Commission, 
as  should  in  common  sense  be  done,  and  to 
other  posts  which  should  be  held  for  the  pub- 
lic interests  by  competent  engineers,  then  those 
who  now  hold  those  positions  and  would 
stand  to  lo.se  them  will  be  ranged  in  active 
political  hostility  to  the  society.  Tt  must  be 
plain  that  no  small  society  could  stand  the 
financial  strain  such  activity  would  call  for  in 
addition  to  the  other  expenses  such  as  pub- 
lications it  has  to  face.  The  proposition  fac- 
ing local  or  state  societies  is  then  one  of  ac- 
quiring sufficient  strength  to  carry  out  a 
policy  of  material  benefit,  and  the  question 
is,   Can  they  get  that  strength? 

From  the  records  obtainable  it  does  not 
appear  so,  and  if  we  are  genuine  in  our  de- 
sire to  organize  to  our  best  possible  advantage 
we  must  criticise  freely  and  to  the  point  and 
face  facts  as  they  are.  The  best  answer  that 
tan  be  given  to  such  a  question  must  be  based 
on  results  and  by  way  of  illustration  we  will 
lake  one  civil  engineering  society  which  has 
■  been  in  existence  over  a  quarter  of  a  century 
in  one  of  the  most  progressive  states  in  the 
Union.  This  body  has  succeded  in  that  time 
in  gathcrin.g  less  than  nine  per  cent  of  the 
civil  engineers  of  the  state,  according  to  the 
figures  issued  by  the  latest  census.  This  may 
be  due  in  great  measure  to  the  fact  that  the 
organization  in  the  declaration  of  its  objects 
adheres  practically  to  the  stereotyped  ones  of 
advancing  science,  etc.  There  can  be  little 
dnubt.  however,  that  a  very  general  reason  is 
that  pointed  out  by  Mr.  .Sherman  when  he 
says:  "One  of  the  unavoidable  handicaps  of 
the  civil  engineer  arises  from  the  very  nature 
of  his  work.  His  work  ends  when  the  particu- 
lar structure  which  he  may  be  engaged  upon 
is  completed.  He  then  must  seek  other  and 
ofteh  remote  fields  where  new  construction 
is  to  be  started.  Thus  the  encineer  is  a  migra- 
tory animal."  This  being  the  case,  it  is  un- 
natural to  expect  a  man  to  support  with  any 
deep  enthusiasm  a  local  society  to  force  bene- 
ficial legislation  in  one  state  and  then  be 
compelled  to  pass  on  to  another  remote  state, 
lose  all  his  associations,  go  outside  the  sphere 
of  influence  of  the  societv  he  has  been  sup- 
porting, lose  his  membership  and  money  only 
to    start   the   same   thing   over   again    in    each 


state  he  is  driven  to  in  search  of  employment 
A  comparison  of  the  memberships  of  local 
societies    makes    the    force   of    this    argument 
irrefutable,  more  especially  when  we  find  that 
the  large  national  societies  have  bigger  mem- 
berships in  the  respective  states  than  the  state 
societies. 
What  then  is  the  situation? 
First,   the   members   of   both   the   large   and 
small  societies  are  asking  for  more  considera- 
tion for  the  individual.     Second,  the  members 
of  the  large  societies  themselves  appear  doubt- 
ful   of    either   the   propriety   or    possibility   of 
broadening    their    scope.      Third,    the    smaller 
societies   appear   to   be   unable   to   build   up  a 
membership  such  as  would  warrant  the  adop- 
tion of  aggressive  tactics. 
What  then  is  to  be  done? 
We   have   seen   that   the   unity   of    the   eco- 
nomic and  social  interests  of  engineers  in  all 
branches   of    engineering   is   understood.     We 
have  seen  that  the  vitality  of  local  organiza- 
tions is  a  minimum. 

The  logical  deduction,  then,  is  indisputably: 
To  form  one  large  national  organization,  of 
which  the  avowed  object  shall  be  the  raising 
of  the  professional  and  social  status  of  those 
who  earn  their  living  by  serving  the  commun- 
ity  in   tlie   various   fields   of   engineering. 

It  would  require  considerable  space  to 
enumerate  all  the  advantages  of  such  a  course, 
so  only  two  or  three  of  the  more  prominent 
will   be    stated. 

First,  the  local  societies  could  become 
branches  of  the  main  body:  they  could  retain 
their  own  individuality  and  lie  self-governing. 
Second,  instead  of  spending  their  slender  in- 
comes on  the  publication  of  quarterly  or,  in 
some  cases,  annual  "transactions"  they  would 
receive  monthly  or  even  weekly  the  magazine 
of  the  main  body,  and  in  this  way  receive 
more  information  and  be  able  to  spend  more 
money  locally  for  purposes  pertaining  to  the 
material  advancement  of  members.  Third, 
thousands  who  will  not  now  join  local  bodies 
nor  national  bodies  of  almost  purely  scientific 
aims,  would  immediately  join  an  organization 
established  to  advance  their  interests,  when 
they  know  that  a  matter  of  changing  from  one 
state  to  another  would  merely  be  a  case  of 
obtaining  a  transfer  to  anotlicr  branch  of  the  Ig 
same  body.  II 

We  are  not  without  practical  demonstration 
of  the  correctness  of  this  policv.  because  sev- 
eral attempts  have  been  made  to  organize 
draftsmen  but  only  one  has  proved  entirely 
successful:  that  is  the  .\merican  Society  of 
Engineer  Draftsmen.  The  reason  for  this 
success  has  clearly  been  that  the  organization 
is  nation.nl  in  scope  and  broad  enough  to  take 
members  in  every  branch  of  engineering  and 
architecture.  Even  in  this  case  it  has  been 
amply  proven  that  the  success  would  have  been 
more  rapid  had  not  the  error  been  made  of 
emphasizing  one  grade  of  engineer — drafts- 
men— instead  of  avoiding  the  inferred  restric- 
tion by  the  adoption  of  a  more  coiiiprchcnsivc 
name.  So  increasin.gly  evident  has  this  become 
that  a  suggestion  to  alter  the  name  to  one 
better  fitting  the  composition  of  the  mem- 
bership, among  whom  are  engineers,  survey- 
ors, superintendents  and  other  grades,  is  now 
under   favorable  consideration. 

The  growth  of  the  .American  Society  of  En- 
gineer Oraftsmen  has  been  phenomenal  in  en- 
gineering circles,  for  it  has  in  less  than  f"ur 
years  gathered  a  membersiiip  nearly  one-fifth 
of  that  of  the  national  societies  in  their  thir- 
ty-odd years  of  existence.  It  is  a  foregone 
conclusion  that  if  the  change  of  name  is 
adopted  the  growth  will  be  more  rapid  than 
ever. 

There  are  several  other  points  in  Mr  .'Sher- 
man's address  which  would  he  more  than  in- 
lerestinc  to  discuss  in  view  of  the  attention 
being  given  to  the  subiect  at  the  present  time, 
but  it  is  hoped  that  these  remarks  will  hel]) 
to  make  clear  that  the  first  function  of  an  en- 
gineering society,  the  aim  of  which  is  to  raise 
the  material  status  of  its  members,  should  be 
to  foster  the  interests  of  all,  not  mcrelv  those 
in  a  certain  locality  nor  those  belonging  to 
one  or  two  grades  of  the  profession.  The 
draftsman  of  today  is  the  engineer  of  tomor- 
row.    The  man  who  is  working  in  New  York 


April  S,  1914. 


Engineering    and    Contracring 


429 


'today  may  be  compelled  to  seek  work  in  Seat- 
tle tomorrow.     Let  us  face   facts  as  they  are 
I  and  get  together  on   that  basis. 
I  A'ery  truly  yours. 

I  W'.sLTER  M.  Smyth. 

I  General  Secretary,  American  Society  of  Engi- 
neer Draftsmen. 

74  Cortlandt   St.,   New   York  City,   Feb.   28, 
1914. 


A  New  Gasoline-Operated  Pulsator  Air 
Drill. 

(Staflf  Article.) 

The  air  drill  operated  by  a  pulsator  actuat- 
ed by  an  electric  motor  as  illustrated  by  the 
sectional  view.  Fig.  1,  is  a  standard  appara- 
tus. .-X  modification  of  this  apparatus  consist- 
ing of  the  substitution  of  a  gasoline  engine 
for  the  electric  motor  has  recently  been  placed 
on  the  market  and  the  new  gasoline  pulsator 
unit  is  illustrated  by  Fig.  2.  The  following 
description  is  from  an  article  prepared  by 
the  manufacturers,  the  Ingersoll-Rand  Co., 
New  York  City : 

The  gasoline  engine  is  of  the  jump  spark 
type,  the  ignition  spark  being  obtained  from 
dry  cells.  The  circulating  water  is  obtained 
fri-'ni  any  convenient  receptacle  placed  near 
the  eouipment.  The  splash  system  of  lubri- 
cation is  employed  for  the  piston  and  crank 
pin  I  caring  and  grease  cups  lubricate  the  main 
bc.irings.  A  gasoline  supply  tank  of  1%  gals, 
rapacity  surmounts  the  engine.  The  fuel  con- 
sumption of  the  engine,  running  under  load, 
is  about  2  quarts  of  gasoline  per  hour,  so  that 
the  average  daily  fuel  consumption  would  be 
approximately  3  or  4  gals. 

The  drill  proper  of  the  "gasoline-air"  unit  is 
driven  by  pulsations  of  compressed  air  creat- 
ed by  a  pulsator  actuated  by  the  gasoline  mo- 
tor. Gearing  transmits  the  power  from  motor 
to  pulsator.     The  air  is  never  exhausted,  but 


hose  connect  pulsator  and  drill,  each  hose  act- 
ing  alternately   as   supply   and   exhaust. 

Some  leakage  of  air  from  the  system  is  in- 
evitable. This  is  provided  for  by  a  compen- 
sating valve  on  the  pulsator  which  is  adjusted 
to  automatically  maintain  the  requisite  pres- 
sure in  the  circuit. 

The  ordinary  air  or  steam-driven  rock  drill 
takes  a  full  cylinder  of  air  or  steam  at  full 
pressure  each  stroke,  and  discharges  it  to  at- 
mosphere at  practically  full  pressure.  No  ad- 
vantage, therefore,  is  taken  of  the  expansive 
properties  of  the  air  or  steam,  and  as  a  re- 
sult an  amount  of  power  is  wasted  without 
doing  useful  work.  The  "Gasoline-.\ir"  drill 
operates  on  an  entirely  different  principle. 
The  closed  system  is  filled  with  air  under  a 
low  pressure,  which  is  simply  an  agent  for 
transmitting  the  effort  of  the  pulsator  piston 
to  the  drill  piston.  The  air  in  the  system 
has  been  aptly  referred  to  as  a  pneumatic 
"spring,"  unwearing  and  unbreakable,  exert- 
ing its  pressure  on  opposite  sides  of  the  drill 
piston  and  the  pressure  in  the  air  is  analogous 
to  the  tension  of  a  spring.  That  the  saving 
in  power  is  great  is  proven  by  the  fact  that, 
under  ordinary  conditions,  the  drill  proper  of 
the  gasoline-air  unit  uses  about  one-fourth 
the  horsepower  required  for  the  usual  air  or 
steam  drill  of  the  same  work  capacity. 

The  gasoline-air  drill  has  a  stroke  equal  to, 
or  even  greater  than,  that  of  the  air-driven 
rock  drill  of  corresponding  capacity.  The  length 
of  stroke  is  varied  simply  by  cranking  for- 
ward in  the  shell,  and  both  stroke  and  force 
of  blow  may  be  adjusted  by  the  same  means 
for  fast  drilling  under  any  circumstances.  It 
a  bole  should  "mud  up"  or  form  a  "mud  col- 
lar" in  bad  rock,  the  machine  can  be  backed 
out  without  injury  while  running,  thus  clear- 
ing itself  quickly.  The  cushioning  is  such 
that  the  piston,  in  running,  does  not  normally 


Fig.      I.      Electric     Operated     Pulsator     Air     Drill. 


i»  simply  used  over  and  over  again,  playing 
bark  and  forth  in  a  clo.scd  circuit.  The  pul- 
sator IS  a  simple  niachinc,  employing  no  water 
jackets.  The  drill  is  the  simplest  type  possi- 
ble—a cylinder  containing  a  moving  piston 
and  rotation  device,  with  no  valves,  chest, 
buffers,  springs  or  side  rods.  The  cylinder  is 
l.frgcr,  but  the  piston  portion  is  shorter,  mak- 
ing the  weight  of  the  drill  unit  about  the 
same  as,  or  even  less  than,  that  of  the  cor- 
responding  air   drill.     Two    short    lengths   of 


strike  either  front  or  back  head.  This  nrakci 
very  easy  the  problem  of  handling  it  in  all 
kinils   of   drilling. 

When  the  nnlinary  rock  drill,  whether  steam 
or  air  driven,  sticks  or  fitchcrs  it  simply  pulls 
back  with  a  steady  pressure  and  the  stcc! 
must  he  sledged  tmtil  it  loosen.s.  The  gaso- 
line-air drill,  on  (he  contrary,  when  it  docs 
momentarily  stick,  receives  on  its  pistnn  up- 
ward* of  4"<1  alternating  pulls  .ind  pushes  per 
minute;    and    this    repeated    pulsation    has    a 


tendency  to  promptly  loosen  and  dislodge  the 
stuck  bit. 

The  system  of  lubrication  of  the  pulsator  is 
automatic,  the  "splash"  method  being  em- 
ployed. While  most  of  the  oil  drains  back  to 
the  crank  chamber,  a  portion  is  atomized  and 
carried  through  with  the  air  into  the  drill. 

The  drill  cylinder  diameter  is  4%  ins.  and 
the  stroke  is  7  ins.  The  drill  will  accommo- 
date octagon  steels  from  1  to  1^  ins.  in  di- 
ameter,  drilling 'holes    from    IVi   to  2   ins.   in 
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Fig.  2.     Gasoline   Engine  Operated   Pulsator 

for  Air  Drill. 

diameter.  The  drill  feed  is  24  ins.  The  ap- 
pro.x-iniate  strokes  per  minute  are  440.  The 
machine  is  designed  to  drill  holes  up  to  about 
12    ft.   in    depth. 


On  the  Patenting  of  Engineering  Ideas. 

To  niK  EiiiTORs  :  The  writer  was  greatly  im- 
pressed with  the  excellent  article  of  Mr.  John 
W.  Alvord.  entitled  "The  Consulting  Engi- 
neer in  Water  W'orks  Practice,"  which  ap- 
peared in  your  issue  of  Feb.  18,  1914. 

There  is  one  sentence,  however,  which  in 
itself  is  all  right  but  suggests  a  rather  un- 
fortunate attitude  possessed  by  many  engi- 
neers.    He  states : 

Very  few  consulting  engineers  have  patented 
their  iile.i.s  extensively,  and  remained  consult- 
Ins  engineers. 

This  is  an  implied  hint  that  the  United 
States  patent  laws  are  subversive  of  public 
welfare.     The  writer  does  not  share  this  view. 

In  every  country  in  the  world  it  has  been 
recognized  that  mankind  needs  material  stim- 
ulus to  put   forth  their  best  efforts. 

Human  progress  is  measured  by  invention 
and  discovery.  If  there  were  no  patent  sub- 
sidies there  would  be  fewer  inventors.  Some 
might  hold  that  all  the  important  and  great 
inventions  would  be  made  anyway  without 
this  stimulus. 

From  a  monetary  standpoint  the  successful 
consulting  engineer  is  probably  the  man  who 
follows  best  the  beaten  path  established  by 
his  contemporaries  or  predecessors.  In  steam 
engineering  this  man  was  thoroughly  familiar 
with  all  the  knowledge  and  best  practice  up  to 
date,  imtil  the  engineer,  George  Corliss,  de- 
signed or  invented  a  little  trick  in  valve  gear 
that  revolutionized  the  practice  and  made  it 
possible  to  do  the  .same  work  with  half  the 
amount  of  coal.  No  doubt,  the  activities  of 
Mr.  Corliss  were  frowned  upon  by  many  of 
the  prominent  engineering  contemporaries  of 
his  tune.  Nevertheless,  his  achievement  made 
him  as  an  engineer  worth  more  than  a  hun- 
dred of  the  class  that  follow  only  the  beaten 
path,  and  properly  so.  He  no  doubt  expended 
more  intrin.-.ic  mental  effort  and  vitality  on 
that  invention  than  other  engineers  might 
spend  in  their  whole  life  time.  Unfortunately, 
there  are  thousands  of  inventions  that  are 
very  meritorious  as  mental  achievements,  but 
jtili  have  no  commercial  value.  This  simply 
means  that  the  inventors  have  utilized  their 
efforts  in  unworthy  tields. 

It  is  probable  that  some  of  the  odium  to 
which  patenting  has  been  subjected  is  due  to 
the  ilefects  in  the  patent  laws  which  arc  dilfi- 
cut  to  overcome. 

The  length  of  time  the  patentee  is  protected 
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(17  years)  cannot  be  considered  unduly  long, 
not  more  than  a  third  of  a  generation.  The  in- 
vention then  belongs  to  the  public,  but  unfor- 
tunately, the  laws  are  such  as  to  make  it  pos- 
sible and  not  unusual,  that  during  this  time 
the  art  may  be  absolutely  suspended  without 
benefit  cither  to  the  inventor  or  the  pubhc. 
One  man  may  discover  a  basic  idea  of  great 
public  value  and  have  it  patented  but  there 
may  be  some  undiscovered  feature  whereby 
it  cannot  be  put  into  practical  use.  Another 
man  overcomes  this  difficulty  and  the  two  in- 
ventions combined  are  immensely  valuable, 
but  the  owner  of  the  first  cannot  use  the  in- 
vention of  the  second  except  with  his  consent 
and  vice  versa.  This  might  be  remedied  by 
amending  the  law  so  that  no  inventor  could 
exact  for  his  invention  a  greater  royalty  than 
a  certain  percentage  on  the  cost  of  labor  and 
material  entering  into  such  invention,  or  by  a 
provision  whereby  a  certain  specified  court  will 
upon  application  establish  the  royalty  for  each 
case  under  consideration. 

If  the  consulting  engineer  is  frank  with  his 
client  and  informs  him  that  certain  devices 
which  he  has  recommended  are  by  him  pat- 
ented, no  injustice  can  be  done. 

The  art  of  invention  is  the  greatest  of  all 
and  it  is  one  in  which  "many  are  called  but 
few  are  chosen."  It  is  easy  enough  to  invent 
mediocre  things,  as  is  evident  in  any  field. 
like  that  of  music.  Beethoven  and  Bach  in- 
vented melodies  and  harmonies  that  thousands 
have  tried  to  equal  in  quality  without  success, 
but  the  great  ability  in  achievement  is  seen 
when  it  is  known  that  Beethoven's  finale  to 
his  Kreutzer's  Sonata  was  worked  on  for  20 
years  before  he  was  satisfied  with  it.  The 
time  is  coming,  if  it  has  not  already  arrived, 
when  engineers  will  be  classified  according  to 
the  quality  or  number  of  meritorious  discov- 
eries and  inventions  which  they  have  accom- 
plished. 

There  are  many  inventions  and  discoveries 
that  do  not  lend  themselves  to  patent.  The 
engineer  that  suggested  the  "mass  diagram" 
for  computing  the  yield  of  streams  by  stor- 
age was  a  true  inventor.  The  man  who  dis- 
covered the  method  of  solving  cubic  equations 
was  a  true  inventor,  and  so  was  the  man  who 
discovered  the  law  of  gravity  and  the  law  of 
evolution,  and  the  law  of  gases,  but  these, 
like  many  other  well-known  engineering 
achievements,  can  not  be  covered  by  the  pat- 
ent laws,  and  the  discoverer  must  necessarily, 
even  without  philanthropic  motives,  donate 
them  to  the  public. 

Men  like  Edison  and  Westinghouse.  engi- 
neers of  the  highest  type,  have  not  hesitated 
to  take  advantage  of  the  patent  laws ;  and  in 
fact  we  think  that  this  is  the  case  with  nearly 
if  not  all  engineers  who  are  capable  of  pro- 
ducing useful   patentable   inventions. 

Therefore,  if  consulting  engineers  should 
formulate  a  code  in  line  with  Mr.  Alvord's 
suggestion,  that  "No  engineer  shall  be  eligible 
as  a  consulting  engineer  who  is  the  proprietor 
of  a  patent  right,"  the  public  might  thereby  be 
deprived  of  the  services  of  men  of  the  high- 
est special  training. 

Very   trul.v  yours, 

".\    P.VTENTEE." 

Philadelphia.  Pa..  March  7,  1914. 

(The  foregoing  communication  has  been 
brought  to  the  attention  of  Mr.  Alvord  and 
his  reply  follows. — Editors.) 

To  THF.  EriTORs:  1  have  been  handed  a 
letter  to  your  journal,  signed  ".'\  Patentee," 
commenting  on  mv  remark  as  to  consulting 
engineers  and  patents,  and  am  glad  to  amplify 
my  fhought  on  this  point  a  little  more. 

In  the  first  place,  it  will  he  noted  that  the 
statement  is  qualified.  It  said  "very  few  en- 
gineer'^  have  patented  their  ideas  extensively 
and  remained  consulting  cncineers."  There 
are  undoubtedly  important  excenlions  to  this 
general  remark,  and  they  are  important  be- 
cause the  character  and  sl.-inding  of  the  pat- 
entee has  been  so  great  and  the  value  of  his 
ideas  so  marked,  that  by  these  means  llie  or- 
dinarv  hamper  to  successful  constiltinu  prac- 
tice has  been  overcome.  .As  a  rule,  however, 
with  the  average  engineer,  the  knnwicdec  on 
the  part  of  his  clients  that  lie  has  natentcd 
his    ideas,    undoubtediv   causes   excessive   cau- 


tion, and  often  leads  to  the  discounting  of  his 
opinions  by  the  public  to  a  greater  extent  than 
is  sometimes  warranted  where  his  patents  are 
concerned.  An  engineer  usually  patents  ideas 
which  lie  along  his  special  and  most  extensive 
researches,  and,  therefore,  are  in  the  line  of 
his  greatest  usefulness.  If  these  patents  are 
not  valuable  they  are  quickly  forgotten,  and 
he  is  not  embarrassed  by  their  existence,  but 
if  they  are  valuable  he  is  tempted  to  be  led 
into  the  manufacturing  business,  and  to  be- 
come commercialized  along  those  lines  in 
which  he  is  probalily  the  best  informed,  and 
in  which  his  ideas  as  a  consulting  engineer 
are  the  most  valuable. 

It  is  not  necessary  for  engineers  to  provide 
any  code  of  ethics  on  this  subject,  because  it 
settles  itself.  Consulting  engineers,  as  a  rule, 
are  so  much  more  injured  than  helped  by  pat- 
enting their  ideas,  and  clients  are  so  apt  to 
be  sensitive  on  this  point,  that  self-interest 
alone  will  caution  the  consulting  engineer  to 
he  careful  how  he  patents  ordinary  ideas  ex- 
lensivcly.  Only  patents  likely  to  be  of  the 
most  wide  use  and  of  the  greatest  value  can 
be  safely  patented  by  the  consulting  engineer, 
and  then  with  doubtful  help  to  his  consulting 
work. 

The  writer  lias  not  relied  upon  theory  alone 
in  this  opinion,  but  has  for  years  watched 
the  effect  of  patents  upon  the  career  of  those 
engineers  who  desired  to  achieve  a  reputation 
as  independent  advisors,  and  in  almost  every 
case  which  he  can  recall,  eitlier  such  engineers 
have  become  promoters  and  manufacturers, 
in  large  part,  or  else  they  have  ultimately 
miietly  set  aside  their  patents  and  devoted 
their  entire  attention  to  the  consulting  field. 
The  writer  is  willin?  to  confess  that  he  is 
.-imon?  this  latter  number,  and  that  after  hav- 
ing taken  out  five  patents  he  found  he  had 
to  face  this  problem,  and  bavin?  thought  it 
out  along  the  lines  here  indicated,  the  result 
has  bpen  that  one  patent  was  sold,  two  others, 
covering  ideas  now  in  successful  use,  have 
been  filed  awav  with  the  definite  purpose  of 
entirelv  forgettins  their  existence,  and  the 
other  two  have  relesated  tliemseUes  to  innoc- 
uous desuetude  because  they  were  nf  no  very 
great  value. 

One  can  only  say  that  to  those  eminently 
successful  men  who  have  both  patented  their 
ideas  and  remained  consulting  engineers, 
great  deference  is  due.  because  it  undoubtedly 
implies  a  hitrh  character  and  an  ability  greater 
than  the  ordinary. 

Very  trulv  yours, 

ToHx   \V.   .-Xi.vnRu, 

Chicago.  111..  March  3t.  1914. 


A  Comparison  of  Costs  of  Wood  and 
Coal  Used  as  a  Fuel  fcr  Con- 
struction Plant. 

Conlrilnited  by  .1.   R.   Shermnn.   Assistant  Engi- 
neer,   17.    ■?.    Reolamatinn    .Cervice. 
Meadow   Creel<,   Wash. 

Kachess  Dam.  which  was  built  in  101I-1'2  hv 
the  United  States  Reclamation  Service,  is  lo- 
cated at  the  lower  end  of  Lake  Kachess,  near 
F.aston,  Wash.  During  the  construction  of 
ihis  dam  both  coal  and  wood  was  used  ex- 
tensively as  fuel  on  practically  all  of  the  dirt 
handling  machinery.  The  work  being  located 
in  a  heavilv  timbered  forest  reserve,  wood  ap- 


Tlie  wood  used  was  cut  by  contractors  on 
individual  contracts  for  $1  for  16  in.,  $1.25  for 
36  in.  and  $1.40  for  42  in.  wood  per  rick,  a 
rick  being  4  ft.  high  by  8  ft.  long;  the  only 
requirements  being  that  the  wood  should  be 
cut  as  near  to  the  work  as  possible  and  piled 
so  as  to  admit  of  easy  access  for  the  wood 
wagons. 

The  wood  was  distributed  to  the  various 
machines  by  Government  forces,  the  average 
amount  hauled  with  a  team,  wagon,  driver  and 
one  extra  man  being  2%  ricks  of  16  in.  wood, 
2  ricks  of  36  in.  wood  and  1%  ricks  of  42  in. 
wood.  The  length  of  haul  varied  from  a  few 
hundred  feet  to  approximately  one-half  mile, 
the  roads  for  the  greater  part  of  the  season 
being  in  good  condition. 

Mine  run  coal  was  purchased  from  the 
Roslyn  Fuel  Co.,  Roslyn,  Wash.,  the  contract 
price  being  $2.7.5  per  ton  f.  o.  b.  Roslyn. 
At  Easton  the  coal  was  sacked  by  hand  and 
hauled  by  team  and  wagon  from  Easton  to 
the  works,  a  distance  of  three  miles.  Thai 
average  load  for  a  four-horse  team  was  three^ 
tons. 

The  itemized  cost  of  the  coal  delivered  at) 
the   machines  is  given  below  : 

Pi 

Item —  tot 

Purchase   price    {2.78 

Ry.    freight,    Roslyn   to  Easton 0.!h^ 

Freighting  from   Easton  to  camp O.SQ 

Sacking  and  storehouse  expense O.SM 

Distributing    at    camp 0.31 

Total    jol 

The  unit  cost  of  distributing  at  camp  asl 
shown  above  w-as  obtained  by  dividing  the.] 
total  cost  of  distribution  by  the  total  tons! 
used.  There  was  a  large  amount  of  coal  useM 
that  did  not  have  to  be  distributed,  the  coaP^ 
being  unloaded  near  the  tracks  so  that  the 
dinkey  engines  used  to  haul  the  dirt  trains 
could  coal  up  from  the  storage  bins. 

A  comparison  of  the  costs  of  fuel  used  on 
some  of  the  machines  during  the  season  of 
1912  is  given  in  Table  I. 

It  should  be  stated  that  while  the  machines, 
were  using  wood  it  was  necessary  to  keep  an 
extra  man  employed  for  splitting.  On  the 
dinkeys  and  steam  roller  this  wood  splitter 
was  not  used  all  the  time,  as  one  man  was 
able  to  split  wood  enough  in  8  hours  to  run 
the  machines  16  hours.  On  the  steam  shovel 
and  drag  line  excavator  a  wood  splitter  was 
emploved  for  each  shift,  the  wages  being 
$2.20   for  8  hours'  work. 

The  steam  shovel  used  was  a  45-ton  Bucyrus 
with  a  1%  cu.  yd.  dipper  and  was  used  to 
excavate  the  finer  material  for  the  embank- 
ment, working  in  a  pit  approximately  1,300 
ft.  long  and  with  an  average  depth  of  cut  of 
20  ft.  ' 

The  drag  line  excavator  was  manufactured 
by  the  Lidgerwood-Crawford  Co..  and  was 
used  to  excavate  gravel  for  the  embankment. 
It  was  a  6o-ton  machine  with  a  70  ft.  boom 
and  a   1%  cu.  yd.   Page  bucket. 

The  dinkey  engines  were  made  by  the  Vul- 
can Iron  Works  and  were  operated  on  a  24- 
in.  gage  track  and  weighed  0  tons  each.  The 
average  length  of  haul  for  the  dinkeys  operatj 
ing  on  the  steain  shovel  pit  was  1.000  ft.  and' 
the  average  train  was  15  iV<  cu.  yd.  cars.  The 
leneth    of    the   haul    for    the    dinkevs    on   the 


TABLE  I. 


Machine—  Fuel  used — 

Steam  .shovel   Wood,    16-in.,   36-in.. 

Stpa  m  shovel   Coal 

TJclijerwood   dr.-m-line   excavator Wood,   3G-in. 

l.ldKerwood   drai;-lin«   excavator foal 

PInltey  engine  shovel  run Wood,    16-ln. 

T)ln''ey  engine  ."shovel  run Coal 

■ninl'ey  engine  excavator  run Wood,    IG-ln. 

runl'py  ennlnp  excavator  run Coal 

P'onm  rnll«?r   Wood,    IG-ln.,    3G-in. 

Steam  roller  Coal 


42-ln. 


Cu.  yds. 

exca- 

Total 

vated  or 

cost. 

hauled. 

$1,275,45 

S8.799 

1,023.3G 

S2,91S 

902. in 

38,70ft 

32-1. 72 

m.-'iftfi 

404.77 

R7,71S 

423.12 

72.221 

182.20 

11,610 

303.60 

44,r,41 

27.'-,.14 

31,750 

300.12 

77,673 

Cost  per., 
cu.  yd,  V 
$0,022 

0.012    '■ 

0.023 

n.fllS 

0.0086 
0.00S9 
0.0157 
O.00S8 
O.00S7 
0.0039 


pearcd  to  he  without  question  the  cheanest  fuel 
to  u«e.  since  no  charge  was  made  bv  the  For- 
est Service  for  the  timber  so  used.  Twelve 
miles  from  F.aston.  however  the  Roslyn  coal 
mines  are  located  and  from  wlvch  a  large 
part  of  the  biliuvinous  coal  burned  in  the 
northwest    is   mined. 


gravel   run  was  about  3.000  ft.  and  the  aver- 
age train  consisted  of  12  \V2  cu.  yd.  cars. 

.Approximately  12.000  cu.  vds.  of  the  steam 
shovel  excavation  was  hauled  by  teams,  which 
accounts  for  the  dilTerence  in  vardage  exca- 
vated bv  the  steam  shovel  and  that  Iiauled 
bv  the   dinkeys  on  the  steam  shovel  run. 
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The    Extent    to    Which    Engineering 

Graduates    Follow    the    Practice 

ll  of    Engineering. 

IVacticing   engineers    and    others    interested 
1  ngineering  education   who  give   the  prob- 
I   serious  study  are  sometimes  called  upon 
letend  the  work  of  our  engineering  scliools. 
view    of    the    paucity    of    published    data 
;  -crning  the  activities  of  engineering  gradu- 
-  it  is  only  natural  that  misunderstandings 
■lid  exist.     We  believe  that  a  more  general 
wiedge  of  the  work  of  engineering  gradu- 
,  ates  in  practice,  together  with  a  certain  amount 
I  of  legitimate    publicity,   will   do   more  at   this 
i  time    to    advance    the    standing    of    engineers 
I  than    any    amount    of    discussion '  concerning 
■  compensation.     The   accompanying   data    con- 
cerning the  present  activities  of  the  2,16.5  engi- 
neering graduates  of  one  of  our  leading  engi- 
neering  schools   located    in   tlie   Middle   Wesl 
are  instructive  and  deserve  attention.    As  arch- 
itecture is  taught  in  the  college  of  engineer- 
ing,   in    this   particidar   school,   the   tabidation 
includes    architectural    graduates.      The    data 
immediately  following  refer  to  graduates  now 
engaged  in  engineering  and  architectural  work : 

r..       «     .,  Pet.  of 
Cla.spification—                                 Number,   total 

Emplo.VL-es  o!  engineerins  firms...   1,370  ii:i  " 

Archlt<-cts     318  145 

Executive    officers    of    engineering 

companies    ; 130  fi.o 

Teachi-rs    of    engineering   subjects        95  4.6 

Consulting  engineers    20  0.92 

Total     1,933        S9.32 

From  the  above  table  it  will  be  seen  that 
1.9.3.3  of  the  2,165  graduates,  or  89.32  per  cent 
are  now  engaged  in  engineering  and  archi- 
tectural work.  Of  the  total  number  of  grad- 
uates .VI  have  died.  To  illustrate  the  kind  of 
work  now  being  done  by  the  remaining  173 
graduates  and  to  demonstrate  the  fact  that 
their  work  is  important,  the  following  classi- 
fication is  given : 

Pet.  of 

Classifioatlon—  Number,  total. 

Farmers  anrl  ranchmen ^2  2.39 

Merch.'tntp    31  140 

Exeiutlvo     officers     of     mercantile 

companies    19  088 

Ertltors     13  0.S8 

Real  <Htfite  and  insurance 15  0.6S 

Silpum.'n 10  o.lfi 

Army  ..fficers  8  0.3r> 

Bankers    0  0*^8 

Physicians    ,■>  o!2l 

La»y«Ts    R  0.24 

I'nrljmfiiicd     3  0.1,1 

■•""lal    173  7.9(5 

In  the  above  quoted  statement  these  men 
arc  classiticd  as  being  engaged  in  non-engi- 
neering Work,  but  a  knnwlcdgc  of  conflitions 
brings  out  the  fact  that  some  of  the  men  class- 
ified as  editors  and  salesmen  are  also  en- 
garcd  in  engineering  work.  The  number  of 
men  «ii  encaged  is  small,  however,  and  does 
not  essentially  affect  the  percentages  given. 

rhe*e  data  show  that  only  T.fWi  per  cent 
of  the  total  number  of  graduates  are  not  fol- 
lowing the  kind  of  work  lor  which  their  train- 
ing presumably  best  fits  them.  \Vc  believe 
that  this  percentage  is  relatively  low  when 
fonii)are<l  with  those  for  other  lines  of  work 
renuiring  specially  trained  men.  There  is, 
ni  course,  danger  in  drawing  conclusions 
bascil  upnn  data  furnished  bv  a  single  school, 
nut  the  one  here  considered  is  fairly  repre- 
sentative of  the  better  class  of  engineering 
schonls.  Based  uiinn  past  performances  these 
schools  have  been  (piite  successful  in  mcct- 
ing  the  ncc'ls  of  the  engineering  pnii'cssinn. 

.^s  the  possiliilities  of  engineering — here 
considered  in  its  broadest  sense — are  becom- 
ing belter  realized,  we  believe  that  our  engl- 
neermg  schools  will  find   it  increasingly  diffi- 


cult to  meet  the  situation  successfully.  They 
will  need  be  even  more  energetic  and  alive  to 
the  development  in  the  engineering  field  than 
in  the  past,  and  must  find  more  certain  means 
of  attracting  and  holding  the  best  in  engineer- 
ing if  they  expect  to  make  as  good  a  showing 
in   the   future. 


The  Position  of  the  Engineer  on  the 
Question  of  the  Method  of 
Flood  Control. 
President  Wilson  has  authorized  the  state- 
ment that  legislation  providing  for  Federal 
financing  and  direction  of  flood  control  will 
be  urged  upon  Congress  at  its  next  session. 
Commenting  on  this  announcement,  the  Wash- 
ington correspondents  of  the  daily  papers  men- 
tion that  a  serious  obstacle  to  "flood  control 
legislation  is  the  disagreement  among  engi- 
neers upon  questions  of  methods.  The  feeling 
is  strong  that  experts  in  stream  hydraulics 
have  divided  into  contending  factions  com- 
mitted to  radically  diff'erent  methods  of  solv- 
ing the  problem  of  flood  regulation.  This  is 
unfortunate.  It  is  unfortunate  because  it 
tends  to  confirm  in  its  indifference  to  flood 
control  a  public  whose  apathy  is  the  excuse 
of  congress  for  inaction.  It  is  doubly  un- 
fortunate because  it  is  a  belief  based  on  im- 
pressions  only   partially    supported   by    facts. 

If  we  seek  for  sources  of  the  belief  that 
engineers  disagree  on  methods  of  flood  con- 
trol wc  lind  that  they  are,  mainly,  two:  One 
is  the  positive  disagreement  between  engi- 
neers regarding  the  influence  of  forests  upon 
run-off.  The  other  is  the  apparent  disagree- 
ment between  engineers  regarding  the  utility 
as  a  means  of  flood  control  of  flood  water 
detention  reservoirs.  The  active  and  often 
acrimonious  discussion  by  engineers  of  these 
two  questions  and  the  espousing  vigorously 
by  engineers  of  one  or  the  other  side  of  the 
discussion  have  been  construed  to  have  a 
broader  significance  than  they  really  possess. 
Because  engineers  have  disagreed  whether 
forests  do  or  do  not  materially  retard  the 
run-off  into  the  streams  of  rain  and  snow,  it 
has  been  concluded  that  they  thus  have  op- 
posite views  of  what,  under  conditions  as  they 
.Tre,  it  is  necessary  to  do  to  control  floods. 
Because,  also,  engineers  have,  for  speci-fic  flood 
works,  taken  sides  for  and  against  flood  deten- 
tion reservoirs,  it  has  been  concluded  that 
they  are  divided  into  one  party  advocating 
reservoir  construction  in  all  cases,  and  an- 
other party  contending  against  reservoir  con- 
struction in  any  case. 

It  is  not  difRciiIt  to  .see  how  the  conclusions 
instanced  have  been  come  to,  but  the  more 
important  thing  to  understand  is  that  they  do 
not  conform  to  the  facts.  .And  they  ccrt.iinly 
do  not.  There  are.  party  to  every  dispute, 
extremists  who  demancl  all  or  nothing.  There- 
fore we  lind  here  and  there  one  who  claims 
all  merit  for  reservoir  control  of  Moods.  .And 
we  b.iye  hero  anti  there  on.'  who  grants 
no  merit  to  reservoir  control.  These  men  do 
not  truly  represent  engineers,  and  their  ex- 
treme and  divergent  opinions  are  not  the 
opinions  generally  of  experts  in  stream  hy- 
draulics, I'roof  of  this  assertion  can  be  fouiid 
ill  the  rejiorls  and  writings  on  flood  control 
of  both  the  army  engineers  and  r)f  prominent 
hydraulic  engineers  in  private  practice— a 
df)zcn  of  these  reports  and  articles  have  been 
recorded   within  the  year  in  these  columns. 

So,  also,  when  wc  consider  the  controver.sy 
between  engineers  of  river  control  and  im- 
provement about  the  influence  of  fiirests  on 
floods  wc  find  that  it  does  not  indicate  a  divi- 
sion   of   opinion    on    proper   works    for    flood 


regulation.  Patently  in  many  places  opinion 
on  forest  influence  cannot  have  a  part  in  the 
flood-control  problem.  The  forests  are  gone 
in  many  states  in  which  flood  regulation  is 
most  demanded.  Forests  and  their  influence 
on  floods,  be  it  much  or  nothing,  are  not 
a  part  of  the  problem  of  planning  flood  control 
works  in  these  states.  No  engineer,  though  he 
believes  that,  bad  the  forests  remained,  floods 
would  have  been  smaller,  will  hold  his  hand 
in  doubt  from  designing  flood  control  works 
for  a  stream  whose  drainage  basin  has  been 
denuded  of  timber.  Flood  control  works  are 
designed  to  meet  the  conditions  that  are,  and 
all  engineers  are  in  accord  on  this  doctrine, 
however  vigorously  one  may  dispute  with  an- 
other what  the  conditions  would  be  if  lumber- 
ing had  not  cleared  the  land  of  trees. 

Excluding  here  and  there  the  extremist,  en- 
gineers who  have  studied  most  flood  control 
problems  are  convinced  that  they  are  not  alike 
in  any  two  instances  and  tl'.at  a  single  meth- 
od of  solution  for  all  is  neither  economic  nor 
technically  defensible.  In  any  specific  case  of 
stream  control  there  is  no  greater  divergence 
of  engineering  opinion  about  methods  than 
there  is  about  methods  of  water  purification  or 
sewage  disposal  or  shop  arrangement.  Like- 
wise in  many  cases  either  of  two  or  more  pos- 
sible methods  of  flood  control  will  he  equally 
effective  and  often  not  greatly  different  in 
cost. 

There  i.s  nothing  in  this  assertion  of  the 
position  of  engineers  on  flood  control  meth- 
ods that  is  unknown  to  the  expert  in  stream 
control,  and  nothing  that  will  not  appear  rea- 
sonable and  consistent  to  the  engineer  whose 
knowledge  in  this  specialty  is  only  incidental. 
The  argument  is  presented,  therefore,  not  to 
correct  an  error  among  engineers,  but  to  point 
out  the  direction  in  which  the  engineer  needs 
to  advise  the  public.  There  are  various  en- 
gineering means  for  controlling  floods.  There 
are  levee  systems,  channel  enlargement  and 
rectification,  and  detention  reservoirs.  No  one 
means  is  the  best  under  all  conditions.  Indeed 
the  combination  of  two  or  more  may  be  the 
wisest  plan  for  a  particular  case.  Legislation 
authorizing  federal  financing  and  direction  of 
flood  control  cannot,  therefore,  wisely  be  leg- 
islation specifying  a  particular  metluni  of 
flood  control.  We  believe  that  engineers 
should  express  ihemselves  forcefully  on  this 
point,  and  even  more  forcefully  in  opposition 
to  the  notion  that  they  are  arrayed  in  hos- 
tile camps  prepared  to  contend  one  party  for 
wholesale  construction  nf  detention  reservoirs 
and  the  other  party  for  universal  levee  con- 
struction as  the  only  prooer  method  of  flood 
control    lor   the   United   States. 


Designing    Flexible    Joints    for    Sub- 
merged Pipe  Lines. 

The  subjects  of  design  and  construction  of 
submerged  water  pipe  lines  arc  ones  of  peren- 
nial interest  to  water  works  engineers  and 
water  dcpartinenl  oflicials.  The  editors  fre- 
quently arc  reminded  of  this  fact  by  the  nu- 
merous requests  receivcil  from  readers  in  the 
water  works  field  for  information  relative  In 
the  lie^t  methods  of  handling  submerged  pipe 
line  work.  It  is,  therefore,  with  the  greatest 
confitlence  in  its  utility  that  we  call  attention 
to  the  article  entitled  :  The  Designing  of  Flex- 
ible Joints  for  .'submerged  Water  Pipe  Lines 
of  Cast  Iron  and  Steel,  which  wc  publish  in 
the  water  works  section  of  this  issue. 

In  the  article  mentioned  2fl  forms  of  flexible 
joints  arc  illustrated  and  dcscrilied.  The  mer- 
its and  defects  of  each  form  shown  are  crit- 
ically discussed.      Our  contributor,   Mr.   Emil 
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Kuichling,  lias  made  a  very  thorough  study  of 
the  literature  of  this  subject  and  in  his  article 
reviews  fur  our  readers  the  features  of  all  of 
the  published  descriptions  of  flexible  joints. 
He  also  indicates  the  rational  method  of 
stress  computation  for  the  component  parts  of 
flexible,  spherical  joints.  The  essentials  of 
strong  and  serviceable  joints  of  this  type  are 
clearly  presented  in  his  discussion. 

The  article  relates  almost  wholly  to  the  de- 
sign of  joints  and  but  incidentally  to  the 
actual  laying  of  submerged  lines.  Little  is 
said  about  the  employment  of  divers  for  mak- 
ing up  submerged  joints,  and  of  the  precau- 
tions necessary  to  insure  dependalile  joints 
made  in  this  manner.  In  his  long  and  ex- 
tensive practice  in  water  works  engineering 
Mr.  Kuichling  has  found  it  wise  to  place 
more  dependence  upon  well-designed  joints 
made  up  above  water  by  competent  workmen 
than  upon  joints  put  together  with  great 
difficulty  by  divers.  His  article  is,  therefore, 
restricted  to  a  thorough  study  of  the  design 
of  joints  rather  than  to  a  study  of  construc- 
tion methods  employed  in  laying  submerged 
pipe  lines. 

This  article  should  be  read  and  preserved 
for  reference  by  every  water  works  engineer. 
The  author's  treatment  of  his  subject  is  so 
comprehensive  and  so  clear  that  his  readers 
will  in  future  approach  problems  of  this  char- 
acter with  greater  confidence  in  their  ability 
to  construct  dependable  submerged  pipe  lines 
containing   flexible  joints. 


Four  Months  Allowed  for  an  Appraisal 
of  Public  Utilities  in  Ohio. 

The  Public  L'tililies  (dminission  of  Ohio 
has  issued  an  order  requiring  nearly  all  classes 
of  utilities  under  its  jurisdiction  to  file  an 
appraisal  of  their  properties  before  the  first 
of  -August.  The  giving  of  only  four  months 
in  which  to  perform  so  large  a  task — large  at 
least  for  the  large  companies — indicates  that 
the  Commission  does  not  appreciate  the 
amount  and  kind  of  work  involved  in  an  ap- 
praisal of  this  sort.  .A  year  would  be  none 
too  much  time  in  which  to  appraise  the  prop- 
erty of  a  large  company,  and  we  doubt  not 
that  it  will  be  necessary  to  extend  the  time 
at  least  eight  months  beyond  the  four  that 
are  specified. 


In  this  connection  it  may  be  remarked  lliat 
there  is  a  growing  tendency  on  the  part  of 
commissions  to  require  utility  companies  to 
submit  appraisals  that  are  subsequently 
checked  by  the  engineers  of  the  commission. 
It  is  rare  that  engineers  differ  much  as  to 
the  quantities  listed  in  an  appraisal,  yet  it  is 
the  gathering  of  the  quantities  that  takes 
most  of  the  time  and  causes  most  of  the  cost 
of  an  appraisal.  Moreover,  it  is  usually  not 
difficult  to  check  the  quantities,  provided'  they 
are  reported  in  such  a  way  as  to  facilitate 
checking.  Thus  if  the  count  of  poles  is  re- 
corded by  lines  or  by  areas,  it  is  a  simple 
matter  to  recount  certain  lines  or  areas  at 
random;  and  if  the  random  recount  checks 
the  count  there  is  small  doubt  as  to  the  ac- 
curacy of  the  entire  count. 

Hurriedly  made  appraisals  are  apt  to  be  a 
curse  to  all  concerned.  Not  only  is  property 
overlooked,  but,  what  is  of  much  greater  im- 
portance, unit  costs  are  grossly  underesti- 
mated. A  careful  study  of  cost  involves  a 
thorough  analysis  of  accounting  records.  This 
fact  is  one  that  comparatively  few  would-lic 
appraisal  engineers  even  yet  appreciate.  The 
tendency  is  to  spend  most  of  the  time  on 
the  inventory  of  quantities,  and  then  hastily 
decide  upon  the  unit  prices  to  be  applied. 
.\  proper  study  of  the  unit  costs  in  a  large 
city  like  Cleveland  would  keep  a  staff  of  ex- 
pert engineers  busy  six  or  eight  months.  .\ 
unit-cost  investigation  is  not  the  sort  of  work 
that  can  be  split  into  many  elements  and 
assigned  to  many  men.  The  elements  are  so 
interdependent  and  the  importance  of  the 
work  is  so  great  that  unit-cost  studies  must 
be  delegated  to  a  few  very  well  trained  en- 
gineers if  there  is  to  be  justice  done. 


Another  Non-Technical  Board  Recom- 
mended to  Supervise  Engineer- 
ing Work. 

.•\s  a  result  of  an  investigation  of  the  state- 
aid  road  work  in  New  York  state,  Mr.  Jas. 
W.  Osliornc,  a  special  commissioner  of  in- 
vestigation appointed  by  the  governor,  has 
made  an  interesting  and  valuable  report.  Of 
course  he  finds  that  road  work  should  be 
"taken  out  of  politics."  and  quite  naturally 
he    recommends    the    creation    of    a    commis- 


sion  whose    function    it   shall   be   to    select   a  ( 
chief  engineer,  "who  shall  be  the  responsible  ' 
executive  head   of   the    [highway]    department  • 
with  a  salary  sufficient  to  compensate  and  at- 
tract  an   engineer   of   eminence." 

i\ll  this  is  excellent,  but  all  this  excellence 
is  marred  by  the  further  recommendation 
that  the  "board  of  highway  commissioners 
shall  consist  of  representative  citizens  to  be 
selected  one  from  each  of  the  eight  judicial 
districts  of  the  .state,  who  shall  serve  without 
salary." 

The  governor  is  to  appoint  this  board  of 
eight  "representative  citizens."  Their  condi- 
tion of  appointment,  it  seems  to  us,  is  fraught 
with  political  danger.  There  is  doubtful  merit 
in  the  suggestion  that  they  be  men  of  ditferent 
political  faiths,  since  this  very  difference 
am.ong  political  appointees  would  probably  re- 
sult in  friction.  The  aim  evidently  is  to  se- 
cure a  board  corresponding  to  a  board  of 
directors  who  shall  select  a  chief  engineer 
and  have  a  voice  in  the  larger  policies  of 
executive  management.  The  means  to  this 
end   seem  to   us   inadequate. 

Highway  construction  is  almost  entirely  a 
technical  matter.  The  executive  in  charge  of 
it  should  unquestional)Iy  be  an  engineer.  .-Xnd 
liy  an  extension  of  the  same  reasoning  that 
leads  to  this  conclusion,  it  must  be  also  con- 
cluded that  the  highway  commission  should 
itself  be  mainly  composed  of  engineers  and 
road  builders.  '  We  add  "road  builders,"  for 
among  contractors  there  are  many  men  who 
are  well  informed  both  al)out  road  economics 
and  about  the  ability  of  engineers  as  eco- 
nomists and  executives. 

Certainly  there  is  advantage  in  having  a 
highwav  commission  that  has  enough  tech- 
nical knowledge  to  be  able  to  weigh  intel- 
ligently the  merits  of  engineers  who  are 
under  consideration  as  the  executive  hea(l  of 
a  highw-ay  department.  Even  such  a  high- 
way "commission  as  that  suggested  by  Mr. 
Osborne  is  infinitely  to  be  preferred  to  pop- 
ular election  as  a  means  of  securing  a  com- 
petent head  of  a  highway  department.  Is 
it  not  clear,  however,  that  as  a  commission 
of  lawyers  is  best  qualified  to  select  a  judge, 
so  a  commission  of  road  engineers  and  con- 
tractors is  best  qualified  to  select  a  highway 
engineer? 


The    Designing  of   Flexible  Joints   for 

Submerged  Water  Pipe  Lines  of 

Cast  Iron  and  Steel. 

Contrlliuted  by   IJmil    Kniihllni,-,   .M.   Am.   Soc.  C. 
E.,  Consulting  Civil  Engineer,  New  York  City. 

It  sometimes  happens  in  water  w-orks  prac- 
tice that  a  line  of  heavy  iron  pipe  must  be 
laid  across  a  river,  or  other  body  of  com- 
paratively deep  water,  in  cases  where  a  suit- 
able bridge  is  not  available  and  the  natural 
bed  of  the  body  of  water  is  of  more  or  less 
yielding  material  into  which  the  heavy  pipe 
may  be  expected  to  settle  to  some  extent.  In 
such  a  case  the  usual  comparatively  rigid 
joints  become  inadmissible  unless  a  firm 
foundation  for  the  pipe  is  provided  and  a 
number  of  joints  are  made  by  divers  under 
water.  Since  lK)th  of  these  expedients  may 
involve  large  expense  and  uncertainty,  con- 
sideration in  such  cases  is  given  to  the  use  of 
flexible  joints  which  can  be  coupled  securely 
above  water  and  which  will  be  practically 
watertight  against  eitlier  internal  or  external 
pressure  after  all  movements  of  the"  parts, 
due  to  lowering  a  line  of  several  lengths  of 
pipe  and  its  subsequent  settlement  into  the 
yielding  bed,  are  completed.  Very  little  in- 
formation about  the  principles  of  proportion- 
ing the  parts  of  such  a  flexible  joint  is  given 
in  most  text-books  on  water  works,  or  in  the 
articles  published  in  engineering  journals  de- 
scribing the  laying  of  submerged  pipes,  and 
therefore    it    has    seemed    to    the    writer    that 


a  more  comprehensive  treatment  of  this  mat- 
ter will  be  of  interest. 

The  subject  is  very  broad,  and  its  consid- 
eration must  liere  be  limited  to  flexible  joints 
of  cast  iron  and  steel  pipes  of  relatively  large 
diameter  and  subjected  to  much  pres.sure, 
therebx-  excluding  references  to  connections 
made  with  leather,  rubber  and  canvas  sleeves 
and  interlinked  sections  of  tliin  corrugated 
metal  and  wire,  b'lexiliility  may  be  provided 
in  one  or  more  directions  or  planes.  The  fa- 
mihar  swinging  gas-light  bracket  permits  mo- 
tion in  only  one  plane,  but  by  using  a  combi- 
nation of  several  such  joints  and  links  of  pipe, 
the  axes  of  some  joints  being  at  right  angles 
to  the  axes  of  the  others,  the  burner  can  be 
brought  into  almost  any  desired  position.  This 
form  of  joint  is  very  old.  It  is  shown  in  con- 
nection with  tlie  discharge  jiipe  of  hand  fire- 
pumps  in  I'.elidor's  "Architecture  Hydrnii- 
liqiic."  Paris,  17:i!l,  and  in  LcupnUl'i  "Tlwajri 
Macluiiannii  Ilydraulicarum,"  Leipzig,  1771 ; 
and  probably  it  was  not  a  novelty  at  that  time. 
The  only  instance  of  its  use  with  a  large  sub- 
merged water  main  appears  to  have  been  in 
a  line  of  20-in.  cast  iron  pipe  laid  in  1850  un- 
der Chelsea  Creek  at  Boston,  Mass.,  and 
which  was  taken  up  and  replaced  by  a  larger 
pipe  aliout  18!)!l,  as  described  by  C.  M.  Sa- 
ville,  C.  E.,  in  Engineering  News  of  Feb.  28, 
1001  A  section  of  this  joint  is  shown  in 
Pig.   1. 

These  20-in.  pipes  were  cast  in  9-ft.  lengths 
with  flanged  ends,  and  the  flexible  joint  was 
inserted   at   every   third   length,   thus   forming 
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a  series  of  offsets  about  -'lo  ft.  long  which  arc 
rigid  laterally,  but  admit  of  motion  vertically 
The  amount  of  such  motion,  however,  i- 
necessarily  limited  because  the  pipes  are  l)olt- 
ed  together  tightly,  and  any  appreciable  in- 
crement in  the  length  of  the  line  due  to  set- 
tling must  be  obtained  by  a  corresponding 
slipping  at  the  terminal  socket  joints.  The 
hinge  joints  were  made  watertight  willi  thin 
leather  gaskets  covered  with  white  lead,  and 
when  the  parts  were  disconnected  after  near- 
ly .")0  years,  the  leather  was  found  to  be  in 
excellent  condition.  In  this  type  of  joint  tin 
residual  tensile  strength  of  the  bolts  in  tlu 
flanges,  after  compre-sing  the  gasket,  should 
lie  equal  to  that  of  the  barrel  of  the  pipe,  and 
the  clamp-ring  at  the  hinge  must  be  able  t- 
resist  the  longitudinal  forces  caused  b 
the  elongation  or  contraction  of  the  flange: 
sections  of  pipe  by  changes  of  temperatun 
It  would,  however,  be  preferable  to  minimize 
this  action  by  using  one  or  two  ordinary 
socket  joints  in  each  30-ft.  section. 

Flexibility  in  all  directions  is  afforded  by  a 
ball  and  socket  or  spherical  joint  withoui 
much  more  expense  for  labor  and  material 
than  is  involved  in  the  above-described  hingt 
joint.  The  spherical  joint  seems  to  have  been 
invented  by  James  Watt  in  181o  for  a  15-in. 
cast  iron  water  pipe  wdiich  was  laid  in  that 
vear  under  the  River  Clyde  at  Glasgow.  Scot- 
land, and  reference  to  the  invention  is  made 
in  Arago's  "filoge  Ilistorique  de  Watt."  read 
before   the   French    .\cademy   of    Sciences   on 
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Flfli.  1-29.   Various   Forms  of  Flexible  Joints   Which    H.ive    Been    Used    in    Amcnci    and   Europe   for   Submerged   Pipe   Lines  of   Cast 

Iron    and    Steel. 

i'lK.   I  — lliiiK.'  J..liit.  Clii-l.icii  1  • k.   Hoxli.ii.   .\liiM»  .   I\..ip      l'lt:M    :  and    :;     .'^cimcwlml    ill)"<li,  '■!    liilriKliiruil    by    Ja^^>•^^ 

Watt  In   1810  tiir  lint    iindcr   Itlvi-r  Civil.-.  i;Iiiiik(>«,   .>irolliin<l.      I'lK     I    -.IdIiiI    Kimliiir   tn    twn    |>r.  .•lulv   hn-nch.      FIB.    G— 

Roch.-Ktor.   N.    v..   In    1S7I.    In-    KulrlillnK.      KIk.    7     Hi.ltcKliiin.    Ilolliuiil.    In    ix:':,  tiy  (!.  .1.    I  p.'  .!•  i  '1.   prior  to  IX, 0      ns.  .• 

—  By   Krrnrh  .ukUu-.i.    \>n\i-'.     KIk.    1"     Hy    ICnKllsli   ..niilr r.    II     .1.    Miiih'ii.     filoi     i,.    1    s;;       Kli:      ii      K..     \\ .  •■!.    Kni;lan.l        l-_  k.-. 

}..   IS  nnfl   n  — V.-irk.iiH  Ivpm  of  Joint   l.v  .lohn   K.   Wiinl  of  I'hllll|>HlMUK.   N.    .1.      V\is.    If.     .sirfnulli.'ned    \V.ir<l  "-.    Npw    \hiU   CJly. 

Flc.    li;_I,atf.«t    d>'Velopi'n<-iit   »(   Waril   Joint    now    l.iin-    l.ild   liv    Hoard   of    Water  Mipply.    New    York  Clly.   In    :  ■  «■    1  oi  k   Bay.      !•  Iij. 

1"     Hy  .T,  T.   PannlMit.   l>-7.'>.     I''lt;     l^     KH.'i-  MfiH.  niMir   Mv^tikmiI,    I7nKliind.  hy  Cro.    I'".   Dparoii.   In   Isjl.      l"i^.    K'     U  ill.inicti"   KlviT  i  rosslni,'. 

Porllniiil.  Ore.   bv  1     \V     Snillli       Klir.   JO— .Sam.'   h  I  >.    I  >.   Clnrko.    IN;i7.      I''ii.-.    Jl      11\    .1.    U.    Kah  on.    i:van-<ton.    Ill       I''ltt.    ■-'.-Hv   ••olii\v.ll-\\  II- 

">x  Co..   .WwbiirKh.    N.    Y.      I-'lB.   2.1— Hv  Walker   .M...     ■       .    1  i-ntoii,    MIoh.      KIk.  24  -Hv  Alba  L.  Ilolmos.  (;rand  Itnplils.  Mlrh.   KlK.   J.'. 

toint  for  Pnltlmorc,  Mel.     Fl«.  26— By  N.  K.  Stuckei,  tiuawa.  III.     FlK.  27— Wm.    It.    IIIII.   Syracuse,   N.    Y.     KIk.   2S— I 
Ik.  2»— KoohcMtHi.   N.   Y..  bv   K.   KulrhllnK. 
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Dec.  8,  1834,  in  the  following  picturesque 
terms : 

Watt  was  consulted  about  the  serious  prob- 
lem of  laying  a  large  water  pipe  across  the 
river,  and  his  solution  was  soon  ready.  A  few 
days  previously  he  had  seen  a  lobster  on  the 
table  and  had  discovered  how  the  mechanism  of 
the  crustacean's  tail  might  be  reproduced  in 
iron  so  as  to  form  a  series  of  articulations 
which  would  have  complete  lle.xibllity.  He 
therefore  suggested  the  use  of  an  articulated 
iron  pipe  which  would  be  able  to  adapt  itself 
to  all  present  and  future  irregularities  in  the 
bed  of  the  river.  The  Glasgow  Water  Co. 
thereupon  ordered  such  a  pipe  1,000  ft.  long  to 
be  made  and  laid  in  accordance  with  Watt's 
plans,   and   Its  success   was  complete. 

The  invention  is  also  mentioned  briefly  in 
Burnet's  "History  of  the  Water  Supply  to 
Glasgow,"  pubHshed  in  1869. 

The  writer  has  made  an  extensive  search  in 
engineering  literature  for  an  authentic  draw- 
ing of  Watt's  ball-joint,  and  was  able  to  find 
only  two  somewhat  dissimilar  sketches  of  it. 
One  of  these  is  given  by  Prof.  L.  J.  Le  Conte, 
C.  E.,  of  the  University  of  California,  in  a 
discussion  of  flexible  joints  in  Trans.  Am. 
Soc.  C.  E„  Vol.  3.3  (1895).  p.  284,  and  the 
other  is  contained  in  G.  Meissner's  "Die  Hv- 
draulik,"  \'ol.  1.  p.  5.53,  Jena,  1878.  The  la't- 
ter  is  like  Fig.  3,  but  as  this  design  has  been 
attributed  to  some  other  British  engineer  by 
different  authors,  the  writer  gives  preference 
to  Prof.  Le  Conte's  drawing,  which  is  here 
reproduced  as  Fig.  2.  It  is  described  as  fol- 
lows : 

The  15-in.  cast  iron  pipe  was  made  in  9  ft. 
lengths  with  flanged  ends,  and  had  ball-joints 
Interposed  at  variable  distances,  depending  upon 
the  profile  of  the  bottom  of  the  trench.  The 
length  of  the  sections  between  ball-joints  was 
generally  28.5  ft.,  except  at  the  middle  of  the 
line,  where  a  single  10  ft.  length  became  neces- 
sary in  order  to  fit  the  ground.  The  ball  sur- 
faces were  not  turned  at  all,  being  made  water- 
tight by  means  of  an  adjustable  packing  joint 
similar  to  an   ordinary  stufflng  box. 

It  should  be  remarked  that  the  flanges  at 
the  outer  ends  of  the  ball  and  bell  castings  in 
Fig.  2  were  added  by  the  writer  to  conform 
to  a  small  drawing  of  the  entire  river-cross- 
ing printed  in  Smiles'  "Lives  of  Boulton  and 
Watt,"  London,  1866.  which  indicates  that 
such  flanges  were  used. 

.\  brief  verbal  description  of  Watt's  ball- 
joint  is  also  given  in  John  M.  Goodell's 
"Manual  of  VVater  Works  for  Small  Cities 
and  Towns,"  New  York.  1899,  p.  209.  It  is 
there  slated  that  the  ball  "was  held  within  the 
bell  by  a  lead  ring  pressed  firmly  into  place 
by  a  ring  of  angle-iron  bolted  to  the  bell." 
From  Fig.  2  it  appears  that  this  clamp-ring 
was  a  single  casting  having  a  diameter  large 
enough  to  slip  over  the  end  flange  of  the  ball 
piece,  but  smaller  than  the  diameter  of  the 
ball,  otherwise  it  would  have  to  be  divided 
into  two  halves;  and  it  is  also  plain  that  the 
spherical  flange  of  the  ring  could  not  be  in- 
serted snugly  into  the  bell  unless  the  inner 
surface  of  the  latter  is  cylindrical  or  slightly 
conical.  Furthermore  if  the  spherical  sur- 
faces of  the  ball,  bell  and  ring  were  left  rough, 
instead  of  being  accurately  turned  in  a  lathe, 
considerable  leakage  would  have  resulted  from 
the  abrasion  of  the  lead  packing  by  the  re- 
peated movement  of  the  rough  ball  in  the 
process  of  laying  the  pipe,  and  the  work  could 
not  be  called  completely  successful ;  but  with 
an  elastic  fibre  packing,  such  as  is  used  in 
stuffing  boxes,  and  a  fairly  smooth  surface  of 
tlic  ball,  the  joints  might  have  remained  prac- 
tically watertight.  The  parts,  however,  were 
not  adapted  to  resisting  much  longitudinal 
tension,  and  hence  the  sections  of  pipe  were 
fastened  to  timber  platforms  of  corresponding 
length  provided  with  strong  wrought  iron 
hinges  at  each  of  the  ball  joints,  whereby  the 
pipes  were  relieved  of  stress  while  being  de- 
posited  in   the   trench. 

After  Watt's  invention  became  more  widely 
known,  several  modifications  of  the  ball  and 
socket  joint  were  made  by  European  engi- 
neers. These  were  characterized  by  accurate 
workmanship  and  the  omission  of  a  lead  bear- 
ing.   Figure  3  is  taken  from  Becker's  "Was- 


serbau,"  Stuttgart,  1856,  and  the  descriptive 
text  attributes  its  design  and  use  to  English 
engineers  whose  names  are  not  mentioned. 

Figure  4  is  a  similar  design  taken  from 
Humber's  "Treatise  on  the  Water  Supply  of 
Cities  and  Towns,"  London,  1876,  and  Chi- 
cago, 1879.  In  this  design,  and  probably  also 
in  the  preceding  one,  the  clamp-ring  is  made 
in  two  halves,  so  that  the  tendency  to  burst 
it  by  a  pull  on  the  joint  is  transmitted  to  the 
flange  of  the  bell.  In  this  respect  prefer- 
ence must  be  given  to  Fig.  3,  unless  the  bolts 
indicated  in  Fig.  4  fit  tightly  into  the  bolt 
holes.  Watcrtightncss  is  ultimately  obtained 
by  rusting  or  the  accumulation  of  fine  silt. 

An  early  French  design  is  Badois'  joint, 
Fig.  5.  It  is  characterized  by  cutting  away 
the  heels  of  the  diametral  flanges  to  form  a 
triangular  groove,  into  which  a  thick  cord  of 
India  rubber  is  placed  and  powerfully  com- 
pressed by  the  flange  bolts,  thus  securing  in- 
itial watertightness.  This  joint  is  shown  in 
nearly  all  French  treatises  on  water  supply 
published  since  1860.  It  w-ill  be  noticed  that 
the  clamp-ring  is  here  continuous,  and  that 
the  diameter  of  the  ball  is  made  large  enough 
to  allow  tlie  ring  to  pass  over  the  end  flanges. 
The  joint  is  also  made  with  ordinai'y  spigot 
ends  for  use  with  connecting  pipes  having 
the  common  sockets. 

In  regard  to  the  sizes  of  these  early  joints, 
little  information  is  available  except  tliat  after 
Wall's  death  in  1819,  his  spherical  joints  were 
used  in  three  other  lines  of  water  pipe  under 
the  Clvde  at  Glasgow,  namely,  an  I8-in.  line 
in  1830,  a  25-in.  line  in  18.38,  and  a  40-in. 
line  in  1840;  also  lliat  Hadois'  joint  was  used 
in  a  French  river  crossing  with  I2-in.  pipe. 

In  1871  a  joint  similar  to  that  of  Badois 
was  designed  by  the  writer  for  use  with  a 
deflection  of  20.7°  on  the  long  36-in.  wrought 
iron  intake  pipe  of  the  first  conduit  of  the 
Rochester,  N.  Y.,  water  works.  This  joint 
is  shown  in  Fig.  6.  The  tendency  to  burst 
the  clamp-ring  by  a  pull  on  the  joint  was 
recognized  by  strongly  ribbing  the  diametral 
flanges,  and  waterlighlness  was  secured  by 
a  closely  fitting  narrow  ring  of  rubber  belt- 
ing, which  was  slipped  over  the  ball  between 
the  flanges  and  compressed  by  the  bolts  until 
stopped  by  thin  sheet  iron  rings  or  washers 
on  the  bolts.  These  joints  were  used  very 
successfully  on  the  work,  and  subsetniently 
similar  joints  of  smaller  sizes  were  designed 
for  the  w-ater  intakes  of  two  or  three  other 
municipalities.  An  improvement  would  be 
made  by  substituting  for  the  separate  wash- 
ers a  continuous  ring  of  plate  iron  perforated 
for  the  flange  bolts. 

.'\nolhcr  modification  of  this  type  of  joint 
is  the  one  designed  in  1892  by  G.  J.  Dejongh, 
C.  E..  for  a  24-in.  submerged  pipe  at  Rotter- 
dam. Holland,  and  published  in  the  Transactions 
of  the  Dutch  Society  of  Engineers  for  1893.  It  is 
shown  in  Fig.  7,  and  is  characterized  by  a 
large  overlap  of  the  clamp-ring,  the  reinforce- 
ment of  the  latter  with  a  thick  steel  ring 
shrunk  upon  the  radial  flange,  and  the 
strengthening  of  the  ball,  bell  and  flanges  by 
means  of  ribs.  The  dimensions  arc  such  as 
permit  the  clamp-ring  to  pass  over  the  end 
flanges  and  allow  a  dcfleclion  of  26°.  Water- 
tightness  is  secured  by  means  of  a  ring  of 
solid  rubber  compressed  in  the  triangular 
groove  formed  at  the  heel  of  the  diametral 
flanges.  The  joints  weighed  5,075  lbs.  and 
cost  $159.20  each,  complete. 

It  may  be  remarked  that  'the  early  cast  iron 
pipes  were  made  with  flanged  ends,  bolted 
together  and  consequently  very  rigid.  Nu- 
merous breaks  occurred  in  the  mains  from 
settlement  and  contraction  in  cold  weather, 
so  that  a  demand  soon  arose  for  a  diflferent 
and  less  expensive  style  of  connection.  Vari- 
ous expedients  were  tried,  such  as  screw 
joints  and  plain  spigot  ends  in  smooth  sleeves 
with  wooden  packing,  etc.,  tmtil  at  some  time 
between  the  years  1780  and  1820  pipes  were 
made  by  casting  a  simple  bell  or  socket  at 
one  end.  They  were  connected  by  placing  a 
gasket  around  the  spigot  end  and  filling  the 
remainder  of  the  annular  space  in  the  socket 
with  melted  lead,  substantially  as  done  at  the 
present  time. 

In   a    discussion    nn    water   works   in    Proc. 


Inst.  C.  E.,  Vol.  14,  1855,  p.  40,  the  distin- 
guished English  engineer  Jamc?  Simpson « 
stated  that,  according  to  the  evidence  before 
a  committee  of  the  House  of  Commons  in 
1821,  "the  socket  joint  originated  in  a  broad 
iron  collar  being  placed  over  the  ends  of 
two  pipes  whose  flanges  had  been  cut  oft,  the 
cavity  being  subsequently  filled  with  lead' 
and  set  up.  Prior  to  1746  socket  pipes  had 
scarcely  ever  been  used."  These  joints  af- 
forded the  requisite  slight  flexibility  to  facili- 
tate laying  in  a  trench  and  prevent  fracture 
by  settlement,  and  also  allowed  each  length 
of  pipe  to  contract  in  winter  by  slipping  slight-i 
ly  on  the  lead  packing.  After  the  reliabilityi 
of  lead  as  a  packing  material  had  been  es-I 
tablished  by  long  experience,  it  was  applied, 
to  ball  and  socket  joints  in  order  to  obtain 
watertightness  and  reduce  the  expense  of 
lathe  work  by  turning  only  one  of  the  spheri- 
cal surfaces  and  allowing  the  melted  lead  to 
form  the  corresponding  surface.  Tliis  proc- 
ess developed  a  second  type  of  flexible  joint, 
of  which  the  following  are  representatives: 

To  provide  only  a  slight  flexibility,  such  as 
occurs  from  the  settlement  of  heavy  pipes 
in  yielding  soil,  an  English  engineer,  whose 
name  is  unknown  to  the  writer,  designed  at 
some  time  prior  to  1870  the  joint  shown  in 
Fig.  8,  which  is  taken  from  Plate  12  of  Hum- 
ber's "Treatise  on  the  Water  Supply  of  Cities 
and  Towns,"  London,  1876.  A  short  length 
of  the  bell  and  spigot  was  machined  to 
true  spherical  surface,  and  the  joint  finishedl 
by  a  poured  lead  packing  recessed  into  the 
bell  and  calked.  This  device  was  used  suc- 
cessfully on  lines  of  large  mains  in  Liver- 
pool. A  similar  joint,  designed  by  the  French 
engineer  Dore,  at  a  dale  unknown  to  the 
writer,  is  shown  in  Fig.  9.  This  illustration 
is  taken  from  Lueger's  "Wasserwersorgung 
der  Stadte,"  Leipzig.  1908,  Vol.  2,  p.  Iii7, 
where  it  is  described  as  one  of  the  oldest 
forms  of  flexible  joint.  It  resembles  closcl\ 
Ward's  joint,  which  is  described  below. 

.Another  method  of  securing  moderate  flex- 
ibility in   a   socket  joint  is   shown   in   Fig.   10.' 
It  was  devised  by  the  English  engineer.  H.  } 
Marten,    and    is    described    bv    him    in    Proc, 
Inst.    C.   E.,   Vol.   74,   1883,   p.    176,   where   li. 
slates  that  a  22-in.   main  which   he  had   pi 
vided    with    such    sockets    some   years    befo: 
had    settled    without    leakage    a    vertical    di- 
tance  of  13  ft.  in  a  length  of  300  to  4-50   it 
ow'ing  to  a  subsidence  of  the  ground   caused 
by  mining  operations.     The  frequency  of  subn 
sidences    in   the   mining   districts   of   Englandi 
stimulated  engineers  to  invent  pipe  loints  that 
would    yield    and    still    remain    water    tightJ 
One  of  the  most  interesting  of  these   devices' 
is  that  of  W.  Williams,   of  Liverpool,   shown 
in  Fig.  11,  taken  from  London  "Engineering' 
of   July   9,    1869.     The   spigot   of   the  pipe   l^ 
provided  with  a  short  spherical  surface  whost 
diameter  is   slightly  greater  than   that   of  the' 
cylindrical   socket,   both    surfaces   being   care- 
fully  turned   and   bored.     The  socket   or   bell 
Is  also  strongly   reinforced  by  having  a   thick, 
ring  of  wrought  iron  shrunk  upon  it.     I'efori 
inserting  the  spigot  end,  the  bell   is  cxpandei 
by  heating,  and  after  cooling  it  will  grip  ihf 
spigot  powerfully.     The  tests  of  this  joint  ex- 
hibit  remarkable  results,  but  it  did  not  conn 
into  extensive  use. 

The  best-known  spherical  joint  for  watei-« 
pipes  is  that  which  was  invented  in  l."^62  b>:.| 
the  late  John  F.  Ward,  M.  Am.  Soc.  C.  E.;- 
while  superintendent  of  the  Warren  Foundrj'?; 
&  Machine  Co.,  of  Phillipsburg.  X.  J.  Itij 
that  year  he  laid  a  long  line  of  8-iii.  pipe  fit-lj 
ted  with  this  joint  across  the  Delaware  RiveM 
from  Easton,  Pa.,  to  Phillipsburg,  and  in  thtj 
following  year  he  obtained  a  I',  .'^  paten'} 
(No,  39,691)  on  his  invention,  which  wa;< 
termed  an  "Improvement  in  Pipe  Coupling,'  'j 
The  device  is  made  in  several  ways,  as  showfi 
in  F'igs,  12.  13  and  14,  and  has  been  use< 
for  many  lines  of  submerged  pipe  of  all  sizei 
from  6  to  36  ins.  in  diameter. 

In  Fig.  12  the  bell  is  bored  to  a  true  siihcri' 
cal  surface  for  the  required  overlap  on  eacl 
side  of  the  central  diameter,  and  the  cylin 
drical  spigot  is  thickened  and  grooved,  the  enc 
being  turned  in  a  lathe.  The  annular  spaci: , 
between  the  bell  and  spigot  is  then  filled  witl.j 
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Tielted  lead,  which  is  held  to  the  spigot  by 
)ne  or  more  grooves  and  slides  over  the 
imooth  spherical  surface  of  the  bell  v.hen  the 
ipigct  i>  (letlccted  in  any  direction;  and  it  a 
slight  leakage  develops  on  testing,  the  end 
jf  the  lead  at  the  face  of  the  bell  can  be 
:alked.  Objection  is  sometimes  made  to  the 
retreat  of  the  edge  of  the  lead  within  the  bell 
jn  "ne  side,  and  its  projection  beyond  the  bell 
an  the  opposite  side,  whereby  calking  is  ren- 
dered difficult;  hence  the  spigot  is  then  pro- 
i-idcd  with  a  smoothly  turned  spherical  sur- 
face, while  the  interior  of  the  bell  is  cast  with 
grooves  to  hold  the  lead  immovably,  and  a 
'■■-  cling  ring  at  the  inner  end  of  the  lead 
-cd  to  match  the  smooth  surface  of  the 
:,  as  shown  in  Fig.  13.  In  this  style  of 
loint  the  outer  edge  of  the  lead  packing  is  al- 
wav  -  flush  with  the  face  of  the  bell,  and  can 
ihertiore   be   readily   calked. 

In  some  cases  it  was  deemed  desirable  to 
limn  the  degree  of  flexure  and  bring  the  parts 
to  a  firm  bearing,  without  injury  to  the  lead 
packing  or  danger  of  splitting  off  the  inner 
i-(I.i;l  ..f  the  bell.  This  was  accomplished  by 
miiiji lying  Fig.  12  so  as  to  provide  two  stop 
ring*  "n  the  spigot  and  a  shoulder  in  the  bell 
as    indicated    in    Fig.     14. 

F.xpcrience     with     these     spherical     joints 

showed    that   there   was   a   tendency   to   burst 

Ihe  cast  iron  bells  when  a  strong  longitudinal 

pull   was   developed   in  the  line,  and   this  led 

to  the  practice  of  reinforcing  the  bell  with  a 

rhi.k   hoop   of  wrought   iron   or  steel   shrunk 

it.  as  shown  in  Fig.  15.    This  method  of 

-ihening    Ward    joints    was    applied    in 

IT"   iiy  the  late  James  Duane,  M.  .^m.   Soc. 

C.   E..   then   assi.^tant   engineer   in   the   Water 

ri''  :rtment  of  the  city  of  New  York,  as  dc- 

1    in    Engineering    Xews     of     May    18, 

and    has    been    continued   very   success- 

full>    with    all    the    submerged    pipes    laid    by 

thr    -ity   since   that   time.     These  pipes   range 

•■  froin  G  to  .ii]  ins.,  and  an  excellent  ac- 

of  the  manner  in  which  they  were  laid, 

and  repaired  i>  given  in  a  paper  by  W. 

iitz.   C.    E.,   published   in   the   "Proceed- 

uiv:     <t{  the   Municipal   Engineers  of  the  Citv 

of  Xew  York,"   1904,  pp.   130-155.    The  latest 

''•      !  pment    of    this    joint.    Fig.    IG.    is    now 

I    tiling   carried   out   by   the    New   York 

:    of    Water    Supply   in   a  line   of   36-in. 

'on   pipe  about  9.800  ft.  long,   laid  in   a 

■  d  trench  in  the  irregular  bottom  of 
'    New    York    Bay    from    Bay    Ridge    in 

l)n  to  Tompkinsville,   Statcn   Island. 

1 .11-   joint   is    formed   on   the   end-;   of   each 

pit)!'  so  as  to  make  the  deflection  about   10°- 

■"'      he   laying   length    12   ft.   and   the   weight 

lbs.;  a  wrought  ir^m  or  steel  tire  4  ins. 

.ind    I'i   ins.   thick   is   to   be  pressed   or 

k    v.itim    the    smoothly    turned    cast    iron 

.Uiich  has  a  face  thickness  of  about  3V4 

ins ,   and    whose   inner   surface   will   be   bored 

to  n  true  spherical  surface  having  a  radius  of 

"4    Ins.;   the  melted   lead   packing  has   a 

of  S'/4   ins  ,  a   thickness   ranging    froin 

•i  \  in.,  and  a  weight  of  about  280  lbs.; 

novelty  is  the  provision  in  each  bell  of 

lidistant   steel   gib   screws,   %    in.   in  di- 

r  with  sriuared  end.     .'Vflcr  the  lead  has 

;i'nired.  these  screws  are  removed  and  a 

nixture    of   graphite    and    thick    mineral 

•  is  forced  into  the  shrinkage  space  be- 
i   the   lead   and   the  bell;   then   soft   lead 

V4   in.   in   diameter  and    1    in.    long   arc 
I  in  the  holes  and  compressed  by  means 

•  gib  screws  sufficiently  to  make  a  joint 
shall  remain  watertight  after  being  dc- 

1    10°   in   any   direction. 

'     1-  evidently  expected  that  by  thus  forcing 

a  little  luiire  lead  into  the  parking,  the  latter 

«■<"  ■  iiiuic  compressed  and  be  made  tn  Hnw 

'Iv  atui  fill  any  cavity     r  siiace  untlcr  the 

'■lit    this   process   is   associated    with    the 

r  that   the  plugs  may  become   hardened 

'■   powerful   pressure   of   the  gib   screws 

'Ore  the  softer  spherical  surface  of  the 

■  ail  when  movement  takes  place,  thereby 
■g  leakage ;  the  latter,  hnwevcr,  can  1«? 
'  d   by   having   a   diver   calk   the   exposed 

'f  the   lead   packing  at   the   face   of  the 

The  behavior  of  lead  under  such  condi- 

is  still  obscure  aiirl  deserves  careful  in- 

■vcstigation.    From   a  number  of   experiments 


made  by  the  writer  about  20  years  ago,  it  was 
found  that  soft  lead  would  yield  or  flow 
slightly  if  subjected  for  a  long  time  to  much 
lower  pressures  than  are  usually  given  in  hand- 
books for  the  ultimate  compressive  strength  of 
the  metal.  The  latter  is  frequently  said  to 
range  from  1,600  to  2,000  lbs.  per  square 
inch,  depending  on  the  ratio  of  the  height  of 
the  test  specimen  to  its  base;  and  in  his  "En- 
gineer's Pocket-Book,"  1902,  p.  921,  Traut- 
wine  states  that  a  prism  of  soft  lead  1  in. 
square  in  cross-section  and  2  ins.  high  suf- 
fered a  reduction  of  1/200  its  height  under  a 
pressure  of  1,200  lbs.,  while  the  writer  found 
a  slight  yet  appreciable  compression  in  a  sam- 
ple about  '2  in.  thick  after  constant  pressure 
of  about  1,000  lbs.  per  square  inch  during  two 
weeks. 

A  flexible  joint  with  lead  packing  was  de- 
signed in  1875  by  the  late  J.  T.  Fanning,  M. 
.•\m.  Soc.  C.  E.,  for  a  24-in.  submerged  pipe, 
which  is  shown  in  Fig.  17  taken  from  p.  463 
of  a  recent  edition  of  his  book  on  "Hydraulic 
and  Water  Supply  Engineering,"  New  York, 
1899,  where  it  is  described  as  a  modification 
of  the  Glasgow  universal  joint,  as  follows: 

The  difficulty  heretofore  found  in  malsins  the 
back  part  of  the  lead  packing  firm  and  solid 
is  here  overcome  by  separating  the  bell  into 
two  parts,  so  as  to  permit  both  the  front  anJ 
rear  portions  of  the  packing  to  be  driven.  The 
loose  clamp-ring  is  pushed  back  and  the  ball 
entered  Into  the  bell  nearly  to  contact;  the  lead 
packing  is  then  poured  and  tightly  driven, 
after  which  the  clamp-ring  is  bolted  into  posi- 
tion and  its  lead  packing  poured  and  firmly 
driven.  This  secures  solid  lead  in  front  and 
rear. 

The  joint  shown  permits  a  deflection  of 
11°-15',  and  the  clamp-ring  is  continuous  and 
large  enough  to  slip  over  the  ball. 

In  1891  the  late  Geo.  F.  Deacon.  M.  Inst.  C. 
E.,  found  it  expedient  to  lay  a  line  of  12-in. 
lap-welded  steel  pipe  800  ft.  long  on  the  ir- 
regular bed  of  the  River  Mersey,  near  Liver- 
pool, England,  to  afford  a  temporary  water 
supply,  and  used  the  spherical  cast  iron  joint 
with  lead  packing  shown  in  Fig.  18.  The  de- 
scription is  taken  from  London  "Engineer" 
of  June  5,  1891.  The  exterior  of  the  ball  and 
the  rear  interior  portion  of  the  bell  were 
turned  to  a  true  spherical  surface,  and  the 
front  portion  of  the  bell  was  provided  with 
two  %-iii.  holes.  I  in.  apart,  through  which  to 
pour  the  melted  lead,  and  also  with  a  4^-in. 
hole  to  serve  as  a  vent  for  gases  formed  in 
the  space  during  the  operation. 

It  will  be  noticed  that  the  castings  are  very 
light,  and  yet  they  withstood  severe  strains 
while  the  pipe  was  being  pushed  across  the 
ri\er  :n  -'7',i  minutes  l)\  pulling  <<n  wire  ropes 
attached  to  the  rear  end.  The  entire  line 
of  pipe  had  previously  been  coupled  together 
on  greased  ways  on  one  shore,  and  the  ends 
were  closed  tightly  by  plugs ;  and  as  the  pipe 
moved  outward  its  head  end  was  supported 
from  a  boat,  two  other  boats  being  brought 
into  similar  service  at  intervals  of  about  250 
ft.  After  it  had  been  pulled  over,  the  plugs 
were  removed  and  water  admitted,  whereupon 
its  sinking  to  the  bnttoni  was  controlled  from 
the  two   intermediate   boats. 

A  modification  of  Fanning's  joint  was  made 
in  1893  by  I.  W.  Smith,  Chief  Engineer  of 
the  Portland,  Ore.  Water  Board,  for  a  line 
of  28-in  cast  iron  pipe  about  2,000  ft.  long 
to  be  laid  under  the  Willamette  River  in  that 
city.  The  design  is  shown  in  Fig.  19,  which 
is  taken  from  a  very  interesting  accoimt  of 
the  work  bv  Messrs.  F.  and  .A.  S.  RitTIc,  in 
Trans.  ..\m.'  Soc.  C  E.,  I89.\  Vol.  .33.  p  257. 
F..ich  pipe  had  the  unusual  length  of  17  ft. 
and  wcighcfl  very  nearly  .'i  tons.  On  being 
coupled  together  the  length  between  centcm 
of  l)alls  was  \i>  ft.,  and  provision  was  tnadc 
for  a  deflection  of  15°.  The  large  overlap  of 
6Si  ins.  on  the  ball,  whose  exterior  diameter 
was  40  ins.,  caused  the  smallest  diameter  of 
the  clamp-ring  In  become  about  .39  ins.,  or 
less  than  the  diameter  of  the  ball,  so  that  it 
was  necessary  to  make  it  in  two  halves  with 
flanges  for  bolting  •  -  •'■  -  and  to  tr.insmit 
the  bursting  force  by  a  pull  on  the 

joint  to  the  continu  ..  :.....,.;c  of  the  bell,  the 
split   clamp-ring   was    recessed    into   the   bell 


flange,  as  shown.  The  bell  was  also  strength- 
ened longitudinally  by  32  equidistant  ribs.  Ma- 
chine work  was  required  on  the  exterior 
spherical  surface  of  the  ball,  the  faces  of  the 
clamp-ring  and  bell,  and  the  projecting  rib 
on  the  interior  of  the  latter  where  the  lead 
packing  is  stopped  and  a  bearing  is  given  to 
the  ball.  The  lead  was  first  poured  and 
calked  into  the  space  between  the  ball  and  the 
bell;  then  the  clamp-ring  was  bolted  in  place; 
and.  lastly,  the  space  between  the  ring  and 
the  ball  was  filled  with  melted  lead,  the  calk- 
ing of  which  caused  the  split  ring  to  bear 
against  the  shoulder  of  the  recess  in  the 
bell-flange. 

It  happened  that  the  lathe-work  on  the  balls 
did  not  produce  truly  spherical  surfaces.  This 
caused  much  fear  that  the  watertightness  of 
the  joints  would  be  injured  seriously,  but  as 
the  time  necessary  for  correcting  the  error 
was  not  available,  a  test  was  made  of  a  line 
of  eight  pipes  that  had  been  connected  and 
laid  in  place.  The  outer  end  was  closed  by 
cast  iron  cap  and  water  was  admitted  from 
the  main  on  the  shore,  the  expectation  being 
that  the  hydraulic  pressure  on  the  terminal 
cap  would  produce  a  longitudinal  pull  on  the 
joints  sufficient  to  cause  the  lead  to  flow  and 
stop  any  leakage.  At  10  lbs.  pressure  per 
square  inch  it  was  found  that  every  joint 
leaked  considerably,  but  on  increasing  the 
pressure  the  leakage  diminished,  until 
at  45  lbs.  it  ceased  and  the  eight  leaky 
joints  had  become  entirely  tight.  The  suc- 
cess of  this  trial  justified  the  acceptance  of  the 
slightly  defective  lathe-work,  and  the  laying 
of  the  pipe  was  allowed  to  proceed  on  con- 
dition that  each  additional  length  of  200  ft. 
be  tested  in  like  manner.  When  a  length  of 
about  650  ft.  of  pipe  had  been  laid,  a  pres- 
sure of  nearly  250  lbs.  per  square  inch  was 
applied  for  a  few  mirutes,  which  had  the  ef- 
fect of  pulling  the  spigot  end  of  the  shore 
pipe  about  V*  in.  out  from  its  socket.  In  all 
13  tests  were  made,  the  last  one  requiring 
the  maintenance  of  a  water  pressure  of  200 
lbs.  per  square  inch  for  24  hours.  The  leak- 
age at  this  time  was  estimated  as  being  about 
%  gal.  ner  minute.  "During  each  of  the  11th 
and  12th  tests  a  bell  burst,  the  fracture  ex- 
tending spirally  around  the  pipe  for  half  its 
length,  and  probably  being  caused  by  the 
wedging  of  the  ball  in  its  socket." 

From  these  data  a  computation  can  be  made 
in  regard  to  the  longitudinal  pull  exerted  on 
the  joints.  With  a  pressure  of  45  lbs.  per 
square  inch  on  the  cross-sectional  area  of  the 
28-in.  pipe,  the  pull  was  ^  615.75  X  45^27,- 
709  lbs.;  with  200  lbs.  pressure  it  was  123,1.50 
lbs.,  and  with  250  lbs.  pressure  it  was  l.">3,937 
lbs.  It  is  also  stated  that  the  leakage  stopped 
when  the  smallest  of  these  three  pulls  acted 
in  the  first  test.  This  implies  that  the  lead 
packing  had  yielded  somewhat  to  the  radial 
pressure  of  the  ball  against  the  clamp-ring 
caused  by  the  pull  of  27,7^9  lbs.  The  hearing 
surface  of  the  lead  under  the  clamp-ring  is 
about  3  ins.  wide  upon  the  ball,  and  the  angle 
made  by  the  middle  radius  of  this  surface  with 
the  vertical  axis  of  the  ballis  oc  ^  13°  —  47'; 
hence  the  vertical  diameter  of  the  ball  at  this 
point  is  -  III  cos  <x  =;W .,*."!  ins.,  the  mean  cir- 
cumference is  122.05  ins.,  and  the  area  of 
.said  surface  is  about  366  sq.  ins.  The  aver- 
age radial  pressure  q  in  pounds  per  square 
inch  against  this  surface  is  balanced  by  the 
corresponding  portion  f>  of  the  said  lonciludi- 


nal  pull  r  =  27,700  lbs.;  and  as  />  = 


709 


.366 

75.7  lbs.,  we  have  from  the  parallelogram  of 
forces  described  below : 

V     Lh)     {o-2m-5)  =  '''-^''^' 

for  I  lie  average  stress  on  the  said  por- 
tion of  the  lead  packing.  This  stress, 
however,  depends  on  the  angle  oc,  and  if  it 
were  computed  for  the  adjoining  equal  area 
under  the  flange  of  the  bell,  we  would  have 
oc=:4° — 40',  and  an  average  stress  of 
75" 

.=fl30.4  lbs.  per  square  inch.    With 


'7  — 

II I  IS  1.36 

the  much  higher  water  pressures  used   in  the 
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tests,  it  is  not  surprising  tliat  the  joints  be- 
canie  tight  and   that  some  of  the  bells  burst. 

In  1897  plans  were  made  for  another  sub- 
merged pipe  under  the  Willamette  River  at 
Portland,  Ore.  This  pipe  was  to  consist  of 
lap-welded  steel  tubes  J^-in.  thick,  with  an 
exterior  diameter  of  24  ins.  and  from  18  to 
20  ft.  long.  The  separate  lengths  were  to  be 
connected  by  means  of  cast  iron  flanges,  and 
a  flexible  joint  permitting  a  deflection  of  15° 
was  to  be  inserted  at  every  second  length. 
This  joint,  which  was  designed  by  D.  D. 
Clarke,  M.  .\m.  Soc.  C.  E.,  now  chief  engi- 
neer of  the  Portland  water  works,  is  shown  in 
Fig.  20,  taken  from  Engineering  News  of 
Feb.  10,  1898.  The  specifications  required  the 
spherical  joi  ts  to  be  put  together  in  the  shop 
and  tested  under  a  water  pressure  of  2.50  lbs. 
per  square  inch.  The  smoothly  turned  ball  is 
inserted  until  it  rests  on  the  internal  projec- 
tion of  the  bell,  which  is  bored  to  fit ;  a  thin 
gasket  is  then  driven  against  said  projection 
and  melted  lead  is  poured  into  tin-  remainder 
of  the  annular  space.  The  ball  is  then  re- 
moved to  ascertain  whether  the  lead  casting 
is  perfect,  and  if  not,  it  is  cut  out  and  the 
process  repeated.  The  ball  is  then  replaced 
and  the  continuous  clamp-ring  is  applied  with 
a  separating  gasket  in  the  recessed  joint;  an- 
other thin  gasket  is  placed  over  the  lead  and 
the  annular  space  between  the  ball  and  the 
clamp-ring  is  filled  with  melted  lead;  the 
clamp-ring  is  then  withdrawn  and  the  lead 
casting  examined.  If  perfect,  the  separating 
gasket  in  the  recessed  joint  is  removed  and 
the  clamp-ring  bolted  up  securely.  In  case 
of  leakage  the  exposed  edge  of  the  lead  pack- 
ing is  calked,  and  while  the  hydraulic  pres- 
sure is  acting,  the  ball  is  to  be  turned  in  every 
direction  to  prove  the  workmanship.  Pro- 
vision ia  also  made  for  shrinking  tliick  steel 
hoops  around  the  flange  of  the  bell  and 
clamp-ring. 

It  was  doubtless  intended  to  retain  tlie  lead 
packing  within  the  compound  socket  formed 
i)y  the  bell  and  clamp-ring,  and  presumably 
the  interior  surfaces  of  these  members  were 
to  be  made  rough  enough  for  the  purpose. 
Such  roughness,  however,  is  not  indicated  in 
the  illustration  referred  to  and  hence  the  lead- 
locking  recesses  in  bell  and  clamp-ring,  shown 
in  Fig.  20,  were  added  by  the  writer.  The 
separation  of  the  packing  by  a  gasket  at  or 
near  the  recessed  joint,  affords  opportunity 
for  leakage  through  the  same,  but  this  can 
be  avoided  by  using  a  thin  gasket  in  said 
recess.  In  this  design  the  radial  stress 
against  the  clamp-ring,  due  to  a  longitudinal 
pull,  is  not  transmitted  to  the  bell,  but  the 
overlap  at  the  diametral  joint  will  carry  to 
the  bell  most  of  the  force  required  to  turn 
the  ball  in  its  lead  bearings.  It  is  also  of 
interest  to  note  the  connection  of  the  steel 
pipes  to  their  cast  iron  end  flanges  by  means 
of  lead  packing,  as  with  the  usual  bell  and 
spigot  pipe.  With  such  connections  the  ap- 
plication of  high  wa'ter  pressure  for  testing 
sections  of  the  submerged  pipes  does  not 
.seem  very  desirable;  but  on  the  other  hand, 
these  socket  joints  will  allow  each  length  of 
pipe  to  contract  by  reduction  of  temoerature 
without  inducing  a  great  longitudinal  pull  on 
the  ball  joints.  The  design,  therefore,  gives 
evidence  of  very  thorough  study. 

The  magnitude  of  the  longitudinal  force 
or  pull  exerted  by  the  contraction  of  a 
wrought  iron  or  mild  steel  pipe  due  to  lower- 
ing its  temperature  is  easily  computed.  For 
each  degree  Fahrenheit,  the  elongation  or 
contraction  of  these  two  metals  is  about 
O.OOOOO.'iO  of  their  length,  and  their  modulus 
of  elasticity  in  tension  or  compression  is  about 
,10,000,000  lbs.  per  square  inch.  The  range 
of  temperature  in  natural  streams  and  public 
water  supplies  is  about  '1.5°  I-".,  or  from  77° 
in  summer  to  32°  in  winter.  Hence  the  con- 
tractile'stress  in  winter  upon  the  metal  of  a 
pipe  that  was  laid  in  summer  between  two 
rigidlv  fixed  points  will  be  =4."'.XO.00000.56X 
30,000,000  =  7,.560  lbs.  per  square  inch  of  sec- 
tional area.  If.  however,  the  temperature  of 
the  submerged  pipe  at  the  time  of  laying  was 
02°  instead  of  77  F.,  the  contractile  stress  in 
winter  will  be  only  =30X0.00000.56X30,- 
000,000  =  5,040   lbs.  per   square    inch.     In   the 


case  of  tlic  21-in.  sloci  pipe  mentioned  above, 
the  sectional  area  of  the  metal  is  27.83  sq. 
ins.,  so  that  if  the  contractile  stress  were  only 
•"i,000  lbs.  per  square  inch,  the  longitudinal 
force  or  pull  on  the  ball  joints  would  be  13!!.- 
l."iil  lbs.  unless  the  intermediate  socket  joints 
yield  somewhat.  An  axial  pull  of  this  mag- 
nitude corresponds  to  a  water  pressure  of  328 
lbs.  per  square  inch  against  the  capped  end 
of  the  said  pipe,  and  for  the  given  overlap 
of  6  ins.  the  ball  will  exert  an  average  com- 
pressive stress  of  1,2.52  lbs.  per  square  inch 
against  the  lead  packing  under  llie  clamp- 
ring. 

.Another  form  of  spherical  joint  with  lead 
[lacking  is  shown  in  F"ig.  21.  This  was  in- 
vented by  Jos.  G.  Falcon  of  Evanston,  111., 
and  is  described  in  Engineering  News  of 
June  8,  1893.  It  requires  careful  machine 
work  on  the  surface  of  the  ball,  and  also  on 
the  flanges  of  the  bell  and  clamp-ring  to  make 
a  close  fit  in  order  to  avoid  fracture  of  the 
latter.  The  joint  has  been  made  for  sizes 
up  to  24  ins.,  and  has  been  used  successfully 
on  numerous  pieces  of  submerged  pipe  work. 

The  flexible  joint  shown  in  Fig.  22  is  made 
by  the  Coldwell-Wilcox  Co.,  of  Newburgh, 
N.  Y.,  for  both  steam  and  water  pipes.  The 
clamp-ring  is  here  fastened  to  the  bell  with 
lap-bolts,  which  must  be  strong  enough  to 
prevent  bending  vvhen  the  pressure  due  to 
turning  the  ball  is  brought  into  action,  and 
for  the  saine  reason  these  bolts  should  fit 
snugly  into  the  bolt  holes  of  the  ring.  Care 
should  also  be  taken  to  secure  ample  overlap 
of  the  clamp-ring  in  order  to  avoid  exces- 
sive stress  on  the  lead  packing. 

The  ball-joint  shown  in  Fig.  23  is  made  by 
the  Walker  Manufacturing  Co.  of  Fenton, 
Mich.,  in  sizes  up  to  24-in.  In  this  design  a 
generous  overlap  is  provided,  but  a  powerful 
leverage  is  thereby  exerted  on  the  bolts  when 
the  ball  is  turned.  At  the  bell  watertightness 
is  sought  by  the  compression  of  an  inlaid 
hoop  or  ring  of  lead,  while  at  the  clamp-ring 
a  suitable  bearing  alone  is  required.  If  there 
is  much  movement  of  the  ball,  after  the  joint 
is  made,  the  narrow  lead  packing  in  the  bell 
may  become  abraded  or  unduly  compressed  in 
places,  whereby  leakage  will  ensue ;  hence 
some  provision  should  be  made  for  conve- 
iently  stopping  such  leakage  otherwise  than 
by  driving  wedges  under  the  flange  of  the 
bell. 

.\  somewhat  similar  joint,  invented  by  the 
late  A.  L.  Holmes  of  Grand  Rapids.  Mich.,  is 
shown  in  Fig.  24,  taken  from  Engineering 
News  of  Nov!  22,  1890.  It  consists  of  a  ball, 
two  bells  and  two  clamp-rings  with  their 
necessary  bolts.  Careful  lathe  work  is  ob- 
viously required  on  all  the  spherical  surfaces 
in  contact,  and  tneans  must  be  provided  for 
holding  the  ball  so  that  the  planes  of  its 
edges  will  be  parallel  to  the  planes  of  the 
clamp-rings,  at  least  while  the  joint  is  being 
made.  In  the  description  mentioned,  refer- 
ence is  made  to  the  use  of  a  slightly  projecting 
copper  ring  placed  in  a  groove  near  each  end 
of  the  ball  to  insure  watertightness;  but  if 
such  packing  is  omitted,  dependence  in  this 
respect  'must  be  placed  on  bringing  the  bells 
into  absolute  contact  with  the  ball  by  means 
of  the  clamp-rings  and  bolls. 

A  slight  modification  of  this  device  was 
recently  made  in  securing  moderate  flexibility 
for  the  joints  of  the  new  steel  high-pressure 
water  mains  of  Baltimore,  Md.  These  pipes 
are  of  cast  steel  in  lengths  of  20  ft.,  and  from 
8  ins.  to  20  ins.  in  diameter.  The  'joint  for 
S-in.  pipes  is  shown  in  Fig.  2.5,  taken  from 
Engineering  Record  of  Sept.  10,  1910.  and 
The  Cornell  Civil  Engineer  of  1910.  p.  211. 
.■\11  the  spherical  surfaces  are  accurately  turned 
in  a  lathe.  While  a  joint  is  being  made  the 
steel  segmental  ball  is  held  erect  by  means  of 
a  ring  bolt  screwed  into  a  threaded  hole  at 
the  top,  mitil  its  edges  arc  parallel  to  the  two 
steel  clamp-rings,  and  the  clamp-bolts  are 
then  drawn  up  to  bring  the  hells  in  contact 
with  the  ball.  Tests  under  high  water  pres- 
sure proved  that  these  joints  did  not  leak 
and  still  retained  some  mobility.  In  general 
there  is  little  fear  of  corrosion  when  steel  or 
iron  surfaces  remain  in  contact,  but  if  a  por- 


tion of  the  surface  is  accessible  to  moisture, 
rusting  will  ensue  and  the  frictional  resistance 
to  motion  will  be  correspondingly  increased. 
.Another  style  of  spherical  joint  is  shown  in 
Fig.  26.  It  is  flexible  only  while  being  ad- 
justed to  the  required  deflection,  after  which 
it  remains  rigid.  The  bolts  are  of  different 
lengths,  and  beveled  washers  are  needed  t6 
provide  a  proper  bearing  for  head  and  ntlt 
unless  they  are  suitably  bent.  In  some  eases 
watertightness  is  secured  by  inserting  and 
compressing  a  narrow  ring  of  lead  or  copper 
in  a  groove  cut  in  each  bell  at  the  bottom 
of  the  flange,  as  indicated  in  Fig.  23.  Joint! 
of  this  kind  were  used  in  laying  a  line  (3 
M-in.  cast  iron  pipe  550  ft.  long  under  the 
Illinois  River  at  Ottawa,  111.  The  work  was 
done  under  the  direction  of  City  Engineer 
N.  E.  Stucker,  and  is  described  'in  Engineets- 
ing  News  of  April  18,  1895.  It  seems  that 
wedge-shaped  wooden  gaskets  were  used  be- 
tween the  flanges  of  the  ball  joints,  and  plain 
sheet  rubber  ga.skets  at  the  end  flanges ;  alsp 
that  the  ball  was  kept  from  turning  independt 
tlently  of  the  bells  by  a  hinged  bolt  on  eaci 
side.  .  .All  bolts  were  inserted  and  drawn  up 
by    divers. 

In  the  foregoing  a  variety  of  flexible  jointS 
adapted  to  pipes  of  diameters  up  to  36  ins., 
have  been  described,  and  it  remains  to  refer 
to  those  of  larger  size.  The  great  weight 
and  cost  of  cast  iron  nipes  of  large  diameter 
led.  in  1888,  to  the  use  of  comparatively  light 
and  cheap  steel  plate  pipes  and  flexible  joints! 
of  structural  steel  for  the  long  intake  of  the 
Toronto,  Out.,  water  works.  These  pipe? 
were  48  and  60  ins.  in  diameter  and  werife 
riveted  up  into  sections  -55  and  .57  ft.  lon^ ! 
respectively,  the  total  lengths  being  4,660  and 
6,027  ft.  To  give  them  some  opportunity  tO 
settle  in  the  soft  clay  bottom  of  Toronto  Bay 
in  which  they  were  laid,  65  flexible  join^ 
were  inserted  in  the  48-in.  pipe,  and  15  in  tl] 
60-in.  pipe.  The  joints  were  designed  an 
made  in  1888  by  Wm.  H.  Law,  C.  E.,  of  tH 
Central  Bridge  and  Engineering  Co.,  of  Pj 
terborough,  Ont.,  and  in  1893  a  number 
similar  72-in.  joints  were  made  by  him  £^ 
the  same  city.  A  general  description  of  th 
work  is  printed  in  Engi  eering  News  of  Od 
17,  1891,  and  June  29,  1893.  as  well  as  in  tl 
annual  reports  of  the  City  Engineer  of  Tg 
ronto  for  the  period  of  years  indicated. 
may  also  be  remarked  that  Mr.  Law's  pl^ 
has  subsequently  been  copied  with  slight  moj 
ifications  by  other  engineers. 

Figure   27   shows   the   design   for  joints 
the  72-in.  pipe  which  permits  a  deflection 
15".     The  ball  is  a  hollow  spherical  zone 
cast  iron,    1%   ins.  thick   after  turning  in  tH 
lathe,    and   is   attached    by   many   countersuB 
%-in.   rivets  to  a  short  cylindrical  section 
pipe   Vj   in.   thick  provided  at  its  end   with 
steel   4-in.  x  4-in.  x  1-in.    flange.     The   conic 
bell  is  made  of  the  same  steel  plate,  sligh]^ 
bent  over  near  the  ends  to  bring  it  to  cylii 
drical    form   to   receive  the  end   flange   and ' 
welded  outside  ring  of  steel  angle  6  ins.  x  3^ 
ins.   X    %   ins.,   as   well   as   an   inside   ring 
steel  channel  3  ins.  x  1 M  ins.  x   !^  ins.,  who| 
edges   are   planed   off   to   match  the   curve 
the   ball.      The    angle,   plate    and    channel 
securely   fastened   together  with   two   rows 
%-in.    rivets,    and    after    being    fitted    to    tB 
ball,  the  space  within  the  channel  ring  is  fill^ 
with   melted   lead   entering  through   a  narroj 
crevice  between  the  ball   and  the  edge  of  tlf 
channel.    The  clamp-ring  is  made  in  like  ma 
ner,  but  the  steel  angle  is  here  6  ins.  x  4  in 
X  %  in.  to  compensate  for  the  plate  thickne 
of    the   bell.      The    vertical   legs   of   the   angi 
rings  are  provided   with  holes   for   I -in.  bolf 
spaced    about   6    ins.    apart,    and   the   joint 
completed   by   placing  a  thin  packing  of  so 
dry    wood    between    the   two   angle-rings   aij 
drawing  up  the  bolts  tightly. 

In  this  joint  the  lead  bearings  on  the  bi 
have  an  overlap  of  fi  ins.,  which  makes  tH  _ 
versed  sine  of  the  arc  covered  by  the  bear- 
ings  =  0.451  in.;  but  in  the  ball  joints  of  the 
48-in.  pipe  the  overlaps  and  angles  arc  only 
4  ins.,  wiiich  gives  a  versed  sine  of  about  fl.28 
in.  While  the  latter  may  be  large  enough  to 
prevent  the  joint  from  being  pulled  apart  by 
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i  the   longitudinal   coinraclile   force   in   the  sec- 
tions of  pipe,  yet  the  resulting  stress  on  the 
lead   packing   will   be   great   enough   to   cause 
a   considerable    permanent     compression    and 
flow  of  the  metal,  with  slight  subsequent  leak- 
age  when   the  temperature   rises.     The   thick- 
ness of  the  pipe  is  here   ^  in.  and  the  sec- 
I  tional  area  of  the  steel  is  5G.9  sq.  ins.,  so  that 
i  with    a    contractile    force    of    only    5,000    lbs. 
I  per  square  inch,  the  longitudinal  pull  will  be 
'  281,500  lbs. ;  the  area  of  one  lead  ring  3  ins. 
i  wide  is  530.4  sq.  ins.,  and  the  angle  from  the 
vcr/ical  axis  to  the  middle  point  of  the  bear- 
I  ing  is  5°  04.1)' ;  hence  the  average  compressive 
i  stress  on  the  lead  is  0,001  lbs.  per  square  inch, 
;  which   will   probably   cause   the   lead   to   How. 
!  Similarly,  in   the  T'i-in.  pipe   with   a  thickness 
I  of  '•;  in.,  the  contractile  force  is  500,500  lbs.; 
i  the  area  of  one  lead  ring  3  ins.  wide  is  752.2 
;  sq.  ins.,  and  the  angle  from  the  Tertical  a.xis 
to  the  middle  point  of  the  bearing  is  6°  20'; 


Fig.   30.   Notation    Diagram    for    Stress    Com- 
putation   in     Unsupported     Flexible 
Spherical    Joint. 

hence  the  average  compressive  stress  on  the 
lead  is  6,757  lbs.  per  square  inch,  which  is  also 
excessive.  This  computation  shows  that  the 
lead  rings  of  both  joints  should  have  been 
much  wider  to  conserve  watertightness. 

Mexible  joints  of  this  description  were  used 
in  the  long  steel  54-in.  intake  pipe  of  the 
Syracuse,  \.  Y.,  water  works,  and  the  similar 
60-in.  intake  pipes  of  the  Rochester,  N.  Y., 
and  Duluth,  ^linn.,  water  works.  The  first 
of  these  works  was  carried  out  under  the' di- 
rection of  Wm.  R.  Hill.  M.  Am.  Soc.  C.  E., 
and  is  described  in  Engineering  News  of 
June  15,  1893,  and  also  in  Trans.  Am.  Soc. 
C.  E.,  Vol.  34,  18!»o,  p.  23;  the  second  was 
done  under  the  writer's  direction  in  1893-4, 
and  is  described  in  the  Report  of  the  Execu- 
tive Board  of  the  City  of  Rochester,  N.  Y., 
for  1894-5,  Engineering  News  of  April  11, 
1895,  and  Trans.  Am.  Soc.  C.  E.,  Vol.  33,  1895, 
p.  273;  and  the  third  was  planned  in  1890  by 
W.  P.  Patton,  M.  Am.  Soc.  C.  E.,  then  City 
Engineer  of  Duluth,  and  is  described  in  En- 
gineering News  of  May  5,  1898. 

In  the  Syracuse  work  it  was  decided  to 
connect  the  several  sections  of  the  54-in.  in- 
take pipe  under  water  by  means  of  divers, 
and  one  end  of  each  section  and  flexible  joint 
was  accordingly  provided  with  a  strong  cast 
iron  cylindrical  .socket  having  an  external 
(laiigc  near  its  middle  to  afford  a  bearing  for 
a  number  of  hook-bolts,  by  which  a  loose  ring 
of  '■.•-ill.  lead  pipe  placed  around  the  .spigot 
of  the  Cfinnecling  section  could  be  forced  and 
expanded  against  the  socket  and  a  fillet  rivet- 
ed around  the  spigot  end  so  as  to  make  a 
tight  joint.  With  such  connections  and  the 
elasticity  of  the  numerous  hook-bolts,  con- 
siderable room  was  given  for  the  slight  con- 
traction of  the  sections  in  winter  without  caus- 
ing a  great  longitudinal  pull  on  the  flexible 
joints,  and  hence  it  was  deemed  suflicient  to 
equip  the  latter  with  diametral  ring-  inarle  of 
4-in.  X  4-in.  x  O/liJ-in.  steel  angles  and  4-iii. 
channels  whose  flanges  were  planed  off  sufli- 
cicntly  to  leave  ronm  for  a  melted  lead  pack- 
ing %  in.  thick. 

The  60-in.  Duluth  intake  pipe  was  laid  in 
the  same  manner  as  the  Syracuse  pipe;  near 
the  shore  it  was  placed  in  a  deep  trench  814 
ft.  long  and  extended  700  ft.  farther  out  into 
Lake  Superior  to  a  point  where  the  water 
was  67  ft.  deep.  Observations  of  the  tem- 
perature variations  of  the  water  showed  a 
very  small  range,  the  highest  in  summer  be- 
ing only  40°  F. ;  hence  in  this  case  also  the 
longitudinal  forces  acting  on  the  ball-joints 
were  inconsiderable.  The  diametral  steel  an- 
gles and  channels  were  of  the  same  dimen- 
sions as  at  Syracuse,  but  they  were  strength- 


ened by  adding  rings  of  steel  plate  ^  in. 
thick,  as  shown  in  Fig.  28,  which  also  shows 
the  steel  socket  joints  with  hook-lxilts  and 
loose  ring  of  lead  pipe  as  packing.  These  lat- 
ter joints  were  made  by  a  diver,  as  at  Syra- 
cuse. 

In  the  Rochester  work  the  60-in.  steel  intake 
pipe  was  laid  in  water  from  20  to  50  ft.  deep 
without  divers.  The  pipes  were  riveted  to- 
gether to  form  lengths  of  about  110  ft.,  to 
which  the  bell  and  ball  parts,  respectively,  of 
the  flexible  joints  were  riveted,  and  were 
then  transported  as  required  on  small  pon- 
toons to  clusters  of  braced  piles  driven  in  the 
line  at  the  points  where  ball-joints  occurred. 
Two  strong  winches  were  located  on  each 
cluster  of  piles,  one  holding  above  water  the 
bell  end  of  the  pipe  previously  laid,  and  the 
other  supporting  the  ball  end  of  the  new- 
pipe  to  be  connected.  When  thus  held  by  the 
winches  the  pontoons  were  free  to  return  to 
the  shore  for  another  pipe,  and  meanwhile 
the  diametral  flanges  were  securely  bolted  to- 
gether above  water.  The  joint  thus  completed 
svas  then  lowered  to  the  bottom  by  one  of  the 
winches,  water  being  admitted  from  the  bell 
end  of  the  new  pipe,  and  the  two  winches 
were  taken  to  the  next  cluster  of  piles.  Where 
the  bottom  was  soft,  a  large  timber  platform 
was  attached  below  the  flexible  joint  and 
sunk  with  it  to  serve  as  a  support. 
_This  joint,  which  permits  a  deflection  of 
17''-20'  in  any  direction,  is  shown  in  Fig.  29. 
It  is  characterized  by  a  large  overlap  of  the 
3-in.  lead  bearings,  resulting  from  the  use 
of  welded  6-in.  x  4-in.  .x  %-in.  steel  angles 
for  the  diametral  flanges,  and  the  substan- 
tial reinforcement  of  the  same  by  welded 
steel  rings  HVj  ins.  wide  and  Hi  ins.  thick. 
The  diameter  of  the  ring  on  the  clamp  bear- 
ing is  73  ins.,  and  with  a  stress  of  15.000  lbs. 
per  square  inch  it  will  resist  a  bursting  pres- 
sure of  GIG  lbs.  per  square  inch;  the  average 
diameter  of  the  lead  bearing  is  09.42  ins.,  cor- 
responding to  a  circumference  of  218.1  ins., 
and  as  this  bearing  is  3  ins.  wide,  its  area 
is  654.3  sq.  ins.;  the  angle  that  the  middle  of 
the  bearing  surface  makes  with  the  vertical 
axis  is  oc=7''-23';  the  cross-sectional  area 
of  the  metal  of  the  pipe  is  71.2  sq.  ins.,  and  it 
was  known  from  observations  that  the  tem- 
perature of  the  water  at  the  bottom  of  the 
lake  ranged  from  39°  to  57°  F..  whereby  the 
contractile  stress  would  be  3,024  lbs.  per 
square  inch,  and  thus  produce  a  longitudinal 
pull  of  215,309  lbs.;  hence  the  average  pres- 
sure on  the  lead  bearings,  under  this  null,  be- 
comes 2,560  lbs.  per  square  inch.  The  work 
of  laying  the  pipe  was  actually  done  at  a  time 
when  the  water  at  the  bottom  was  consider- 
ably cooler  than  57°  F..  and  therefore  the 
bearinp   stress   is  correspondingly  less. 

It  may  be  added  that  to  avoid  danger  of 
loosening  during  transportation,  the  lead  was 
locked  into  the  channel  rings  by  flowing  while 
meltetl  into  48  equidistant  holes.  Vi  in.  in  di- 
ameter, bored  through  each  flange;  and  all 
the  rings  were  carefully  examined  for  sound- 
ness of  the  lead.  The  diametral  steel  flanges 
were  connected  with  48  bolts  %  in.  in  di- 
ameter, each  of  which  was  regarded  as  hav- 
ing a  sectional  area  of  0.5  sq.  in.  at  base  of 
threads,  and  hence  easily  able  collectively  to 
resist  the  longitudinal  pull  computed  above: 
and  the  same  remark  applies  also  to  the  shear 
on  the  48  rivets  through  the  bearing  rings. 

The  foregoing  has  been  written  with  the 
view  f)f  pointing  out  that  flexible  joints  of 
large  water  pipes  are  capable  of  rational  com- 
putation with  regard  to  the  requisite  ^lrength 
of  the  component  parts.  So  far  as  the  writer 
has  been  able  to  learn,  no  other  designs  than 
those  submitted  above  have  been  published, 
and  many  of  them  are  defective  in  one  or 
more  respects.  To  make  such  joints  perma- 
nently watertight  is  a  diflicult  matter,  es- 
pecially if  motion  lakes  place  frequently  after 
the  work  is  completed,  and  the  best  results 
will  probably  be  attained  by  <lesigns  in  which 
the  bearing  surfaces  are  of  hard  no.i-corro- 
sivc  and  highly  clastic  metal. 

It  is  clear  that  a  badly-rusted  surface  will 
cause  serious  damage  to  any  soft  packing  ma- 
terial  if   any  attempt  is   made   in  after  years 


to  change  greatly  the  existing  deflections  in 
a  line  of  submerged  pipe.  Lead  should  not  be 
subjected  to  an  excessive  compressive  stress 
as  otherwise  it  is  liable  to  flow,  in  which  event 
leakage  will  ensue  after  relaxation  of  longi- 
tudinal pull  by  rise  of  temperature,  etc.,  sets 
in.  Packings  of  organic  material  are  gen- 
erally objectionable,  as  they  sometimes  decav 
when  kept  m  water  for  a  long  time,  besides 
losing  their  resilience  when  subjected  to  great 
pressure.  Accuracy  of  workmanship  and 
smoothness  of  spherical  surface  is  also  neces- 
sarj'  to  avoid  abrasion  and  consequent  leak- 
age. \  ertical  settlements  of  the  line  of  pipe 
should  be  prevented  as  far  as  possible  by  pro- 
viding a  firm  foundation  or  support,  and  in 
doubtful  ground  it  is  expedient  to  provide 
ample  strength  of  all  the  parts,  as  the  longi- 
tudinal pull  may  then  become  very  great;  the 
limit  in  this  case  being  obviously  the  tensile 
strength  of  the  pipe  itself. 

Little  has  been  said  in  the  foregoing  about 
the  work  of  laying  submerged  pipes,  as  this 
requires  far  more  space  than  is  now  available 
Many  different  methods  have  been  used  and 
a  good  description  of  them  cannot  fail  to  be 
of  great  interest  to  those  who  have  such 
w-ork  in  charge.  Much  might  also  be  said 
about  the  employment  of  divers  to  make  sub- 
merged joints,  and  the  precautions  that  are 
necessary  to  insure  good  results.  In  general 
this  kind  of  work  is  extremelv  diflicult  and 
the  writer  has  therefore  placed  more  depend- 
ence on  well-designed  joints  that  are  put  to- 
gether under  proper  supervision  by  compe- 
tent mechanics  above  water,  than  on  those 
made  with  much  trouble  by  divers  whose 
workmanship  can  be  proved  onlv  by  careful 
and   long-continued  tests. 

The  method  of  computing  the  stresses  in 
the  components  of  a  spherical  joint  has  al- 
ready been  indicated.  The  probable  longi- 
tudinal pull  due  to  construction  of  the  pipe 
by  fall  of  temperature,  etc.,  should  first  be 
determined,  and  after  this  the  permissible 
maximum  compressive  stress  on  the  packing 
material  is  to  be  chosen.  The  latter  in  turn 
will  govern  the  area  and  overlap  of  the  bear- 
ings, as  well  as  the  thicknesses  of  the  ball 
clamp-ring  and  flange  of  the  bell,  and  its  ac- 
tion on  these  members  must  be  compared  with 
the  stress  resulting  from  the  leverage  of  the 
spigot  or  ball  in  the  socket  or  bell  while  the 
pipes  arc  being  laid.  This  latter  stress  mav 
become  verv  large  and  hence  an  effort  is  made 
to  keep  it  within  a  reasonable  limit  by  re- 
ducing the  number  of  pipes  to  be  supported 


,," 


Fig.    31.       (a)     Component     Vertical     Forces 

Acting  on   One-Half  of  Circular   Bearing 

of  Mean   Diameter  c   (b)   Semi-Ellipse 

Area   of    Which    Equals   Resultant 

of  Foregoing  Components. 

by  a  single  joint.  The  conditions  are  shown 
diagrammatically  in  Fig.  .30.  where  A.  R  and 
("  denote  three  pipes  and  bells,  of  which  A 
and  ('  are  supported,  while  the  joint  B  is  free. 
Let  It'  denote  the  weight  of  one  length  /, 
of  pipe ;  then  from  the  common  theory  of 
flexure,  equilibrium  is  maintained  when  the 
mr  ment  II' f.  is  balanced  bv  the  two  equal 
forces  .9  acting  within  the  bell  B  on  the  lever- 
arm  /'.-  hence  in  this  particular  case 

IV  L 

Sh=n'L    and  S  = 

h 
We  thus  have  the  magnitude  of  the  force  S. 
which  is  the  resultant  of  all  the  component 
vertical  forces  acting  on  one-half  of  the  cir- 
cular bearing  who.sc  mean  diameter  is  d. 
These    component    forces,    however,    vary    in 
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magnitude  from  E  to  F,  as  indicated  in  Fig. 
31a,  and  it  may  be  assumed  that  the  result- 
ant S  can  be  fairly  represented  by  the  area 
of   the   semi-ellipse  E  G  H,  Fig.  31b,   whose 

d 
semi-axes  are  E  F  =  —  and  F  G=c  q,  where 

2 
c  denotes  the  width  of  the  bearing  and  q  the 
maximum  pressure  per  unit  of  area.    On  this 
basis  we  will  have 

For  example,  in  the  case  of  60-in.  Roches- 
ter intake  mentioned  above,  the  figures  were 
M^  =  28,000  lbs.,  L  =  1,320  ins.,  </  =  69.42  ins., 
fc:=9   ins.,  and   c=3   ins  ;   hence 

_  /4_  28,000  X  1,320\ 
'  ~  V  >^  9  ;■  3  X  69.42  / 
^2.j,107  lbs.  per  square  inch  on  the  bearing. 
This  was  obviously  inadmissible,  and  there- 
fore provision  was  made  for  supporting  the 
joints  B  and  C,  so  that  the  weight  on  the  two 
semi-circular  bearings  of  a  joint  would  be  only 
about  14,000  lbs.  and 

_  /4  14.000        \ 

'~U'^2X3X  69.42^ 
=  42.8  lbs.  per  square  inch,  or  twice  this  in- 
tensity if  the  ball  rested  on  only  one  of  the 
two  lead  rings. 

To  determine  the  stress  on  the  bearings 
when  a  longitudinal  pull  P  acts,  use  is  made 
of  the  parallelogram  of  forces  shown  in  Fig. 
32.  From  the  overlap  DA  =  n,  and  the  radius 
C.'l  ^  r.  tile   angle  DCA  =  oc    is   found    from 


sm     oc  : 


and   sin    oc  • 


the  mean   di- 


ameter .-IB  =  di  of  the  bearing  surface  is  de- 
rived from  (/,  ^2  r  cos  oc  ;  hence  if  c  denotes 
the  width  of  the  bearing,  the  area  of  the 
latter  will  be  /J  =  "diC,  and  the  proportional 
part  of  the  pull  P  that  acts  on  each  unit  of 

P 
area  of  the  bearing  will  be:  [>= — .     For  the 

A 
sake  of  simplicity,  it  will  be  assumed  that  this 
surface   is    a    relatively   narrow    conical    zone, 
instead    of    a   spherical    one,    so    that    all    the 


elementary  longitudinal  forces  />  will  be  equal, 
and  can  each  be  considered  as  the  resultant 
of  a  transverse  force  /  and  a  normal  force  g, 
the  magnitude  of  the  latter  being 

= (JL\ _ /  P  \ 

'      \sin  a/      \2wcr  X  sin  a  X  cos  oc/ 


\2Trcn  Xcosa/ 


iTcnyjl  —  — 


Fig.    32.  Notation    and    Force    Diagram    for 
Stress   Due   to    Longitudinal    Pull  =  P. 


henct 


il   q  is  given,  we  will  have  the  relation 


en 


'!■ 


^  Wg) 


in  which  c,  n  and  )•  are  variables.  It  may  be 
added  that  r  depends  on  the  values  adopted 
for  n  and  c,  the  required  deflection,  and  the 
radius  ;-..  and  thickness  x  of  the  pipe. 

If  there  are  no  intermediate  yielding  joints 
between  the  flexible  ones,  the  pull  P  will  be 
determined  by  the  contractile  force  due  to 
the  given  range  of  temperature,  y"F :  and  if 
the  cross-sectional  area  of  the  mild  steel  pipe- 
is  denoted  by  A,  square  inches,  we  will  have : 
/-'  =  0.000005t;  X  .30000000  X  y  X  .-i,  =-  l(S8yA, 
and 

168y.4i            26.74y^i 
Q  = 


Ircn  cos  a 


cn\l 
For   cast    iron    the   figures   in    tlie    numerator 


_ 


will  be  different,  depending  on  the  values 
taken  for  the  modulus  of  elasticity  E  and  the 
coefficient  of  contraction.  The  latter  may  be 
considered  to  be  the  same  as  for  mild  steel, 
but  the  former  is  uncertain,  as  it  appears  to 
vary  with  the  tensile  stress  applied ;  hence 
the  w-riter  can  only  state  that  some  good  au- 
thorities give  a  value  of  £  =  15,000,000  lbs. 
per  square  inch  for  this  material  in  tension 
and    compression. 

The  expansive  stress  produced  in  the  bell 
and  clamp-ring  by  the  pull  P  is  governed,  by 
the  action  of  the  uniform  transverse  forces 
/,  which  are  the  vertical  components  of  the 
aforesaid    forces    g,    the    relation    being    ex- 

P 

pressed    by     /  —  g  X  coso:  = ,    per    unit 

tan  oc 

of  area  of  the  bearing  surface:  and  if  these 
rings  are  wider  or  narrower  than  the  hori- 
zontal width  c  cos  oc  of  the  bearing,  the  uni- 
form expansive  pressures  must  be  correspond- 
ingly reduced  or  increased  to  h  per  unit  of 
area.  For  the  sake  of  simplicity,  it  will  here 
be  assumed  that  the  rings  have  a  width  c. 
an  average  depth  or  thickness  c,  an  internal 
mean  diameter  rf;,  and  a  permitted  tensile 
stress  of  .f  lbs.  per  square  inch  of  the  sec- 
tional area  cic;  hence  tlie  necessary  thickness 
;i  of  the  ring  will  be  found  approximately 
from    the    familiar    formula    for    thin    pipes: 

^1  = .     If  the  thickness  is  relativelv  large. 

2  .j 

a  modification  of  this  expression  is  necessary, 
whereby  the  value  of  ri  will  be  somewhat  m- 
crcased. 

h  shouM  be  remembered  that  the  forcgo- 
ini;  formulas  have  been  based  on  a  conical 
bearing-surface  in  order  to  facilitate  their 
development.  Strictly  considered,  the  actual 
spherical  surface  should  be  taken  into  accomn, 
but  as  this  leads  to  complex  mathematical  ex- 
pressions, the  writer  has  omitted  this  part  of 
the  subject.  Attention  should  also  be  called 
to  the  fact  that  the  various  figures  shown 
herewith   are   not   drawn   to   scale. 


Some  Design  and  Erection  Features  of 

the  Superstructure  of  the  Salmon 

Bay  Bascule  Bridge  in  Seattle, 

Wash. 

Contributed    by   H.    A.    Gc-rst,    Bridge   Dcpt.,    G. 
N.  Ry.,  St.  Paul,  Minn. 

The  Salmon  Bay  bascule  bridge  is  located 
on  the  Great  Northern  Ry.'s  new  main  line 
between  Metum  and  Interbay  (Seattle), 
Wash.  The  bridge  is  about  six  miles  from 
the  Great  Northern  Ry.'s  King  St.  passenger 
station  in  Seattle.  Its  axis  lies  almost  due 
north  and  south  and  crosses  the  Salmon  Bay 
waterway  at  an  angle  of  G7°.  The  govern- 
ment requires  a  clear  width  of  opening  of  150 
ft.,  perpendicular  to  the  axis  of  the  channel, 
at  an  elevation  of  2.'>  ft.  below  extreme  low 
tide.  To  obtain  this  clearance  it  was  neces- 
sary to  make  the  length  of  the  movable  leaf 
of  the  bascule  span  200  ft.  0  ins.  from  the 
center  of  the  main  trunnions  to  the  center 
of  the  skewed  end  floorbcam  at  the  free  end 
of  the  span.  Tbe  upstream  movable  truss  is 
207  ft.  long,  and  the  downstream  fixed  truss 
is  193  ft.  long.  The  movable  leaf  is  the 
largest  and  heaviest  of  this  type  on  the  Pa- 
cific coast,  and  the  bascule  bridge,  taken  as 
a  whole,  is  the  second  largest  of  its  type  in 
the   country. 

DESIGN     FEATURES. 

In  the  spring  of  1912  the  railway  company 
officials  decided  on  the  Strauss  low  trunnion 
type  of  bascule  for  this  particular  crossing. 
The  structure  is  designed  to  carry  two  tracks 


spaced  14  ft.  0  ins.  on  centers.  The  trusses 
;ire  spaced  32  ft.  0  ins.  on  centers  and  afford 
a  7-ft.  0-in.  side  clearance  from  the  center 
line  of  the  track  to  the  inner  edge  of  the 
trusses.  Tbe  .-Kmcrican  Railway  Engineering 
.'Vssociation's  general  specifications  were  used 
for  the  design  of  the  structural  parts  of  the 
bridge,  the  live  load  assumed  being  Cooper's 
E-55  loading.  Slight  modifications  were 
adopted  in  the  matter  of  dead  load  stresses, 
however,  and  a  dead  load  tensile  stress  of 
22,000  lbs.  per  square  inch  was  allowed  in 
combination  with  live  load  tensile  strcs.ses. 
When  dead  load  compressive  stresses  were 
considered  the  dead  load  stress  was  decreased 
three-elevenths,  and  the  allowable  stress  was 
taken  at  its  usual  value.  The  specifications 
of  the  Great  Northern  Ry.  for  steel  structures 
were  used  for  materials  and  for  their  fabri- 
cation, except  as  modified  and  supplemented 
by  a  special  set  of  specifications  furnished  by 
the  Strauss  company. 

The  bridge,  when  open,  was  designed  to 
withstand  a  wind  pressure  of  15  lbs.  per 
square  foot  acting  in  any  direction,  and  the 
operating  machinery  was  made  strong  enough 
to  hold  the  span  stationary  against  tliis  wind 
pressure.  Two  main  electric  motors  each  of 
100  IIP.  capacity  were  designed  to  open  or 
close  the  movable  leaf  through  an  arc  of  83° 
in  IVi  minutes,  against  a  wind  pressure  of 
2%  Ib.s.  per  square  foot.  These  motors  were 
also  of  sufficient-  capacity  to  operate  the 
movable  leaf  against  a  wind  pressure  of  10 
lbs.  ner  squ.Trc  foot  at  a  slower  speed.  The 
maximum  torciuc  due  to  the  15-lb.  wind  pres- 
sure   amofnted    to    6,9.')5,S00    ft.    lbs.,    which 


caused  a  tooth  pressure  on  each  ol  tlu-  two 
operating  racks  of  1U),0(10  lbs.  The  ln-Ib. 
wind  pressure  caused  a  torque  of  2.1"0  it.  lbs. 
at  each  of  the  main  operating  motors,  .Mtcr- 
nating  current.  3-phase.  (iO-cycle  and  lli'-volt. 
is  used  for  the  electric  motors.  .\  -"i-IIP. 
electric  motor  is  used  for  operating  the  end 
latches,  with  a  hand-power  auxiliary  provided 
for  emergencies.  .-X  25-HP.  gasoline  engine 
and  also  a  hand-operated  gear  are  provided 
for  use  in  raising  and  lowering  the  IiascuU- 
leaf  if  for  any  reason  the  electric  power  is 
temporarily  cut  off.  The  unit  stresses  used 
in  the  calculation  of  the  size  of  the  machinery 

parts  were  as   follows: 

Stress,  lbs. 
Item—  per  pq.  in. 

Slow  .speeii  sh.iftlnff lii.OOO 

niBh    spcpd    shafting 'i:-'''^Il 

Slow   speed   Bears IT.riOO 

Modlum   speed   Rears 12. .100 

Hl.^h    speed    gears 9.0'W 

The  trunnion  bearings  were  designed  f^ir  a 
maximum  pressure  of  2,000  lbs.  per  scpiarc 
inch.  The  counterweight  was  designed  to 
rotate  about  a  point  53  ft.  0  ins.  above  the 
top  of  the  tics,  the  counterweight  trtmnion 
being  .31  ins.  in  diameter.  The  extreme  length 
of  the  counterweight  frame  is  about  imi  ft. 
The  total  movable  weight  of  the  bascule  is 
about  4.700,000  lbs. 

Emergency  air  brakes,  with  cast-iron  shoes 
acluatcfi  by  a  toggle  mechanism,  are  pro- 
vided for  on  each  of  the  tw.>  operating 
struts.  The  air  brakes,  which  are  attached 
to  the  strut  guides,  swivel  on  the  outer  ends 
of  the  main  operating  or  rack  pinion  sliafts. 
Compressed  air  is  supplied  to  the  cylinders  of 
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ihe  air  brak 
square  inch 
compressor 
air  buffer  is 


es  at  a  pressure  of  100  lbs.  per 
by  an  electric,  direct  current  air 
of  3-H.P.  nominal  rating.  An 
also  provided  on  the  free  end  of 


upon  lo  handle,  singly,  more  than  22  tons,  the 
weight  of  one  counterweight  hnk.  The  first 
member  set  in  the  counterweight  truss  was 
so  placed   (its  position  being  fi.xcd  by  calcula- 


j    1.  Progress  View  of   Salmon    Bay  Bascule  Bridge,  Seattle,  Wash.,  Showing  Method 

Used  for  Erection. 


70  ft.  of  the  movable  leaf  were  erected  the 
placing  of  the  T.3o  cu.  yds.  of  concrete  in  the 
counterweight  was  begun.  The  lagging  for 
the  concrete  block  was  placed  on  a  12xl2-in. 
cribbing,  laid  crosswise.  This  lagging,  which 
consisted  of  2.xlO-in.  fir  planks,  was  held 
tightly  in  place  by  means  of  pairs  of  wedges. 
As  the  concrete  block  was  only  a  few  feet 
from  the  deck,  when  the  spari  was  in  the 
open  position  a  substantial  support  was  ob- 
tained by  placing  the  cribbing  directlv  on  the 
floor  stringers  and  girders.  The  side  plates, 
which  were  %  in,  in  thickness  and  had  rim 
angles  turned  inward,  conformed  to  the  out- 
Ime  of  the  concrete.  Wooden  forms  were 
required  Only  on  the  top,  bottom  and  ends. 
The  concrete  used  in  the  .counterweight  was 
a  1 :2%  -..5  mix  of  Portland  cement,  sand,  and 
gravel,  test  blocks  being  made  beforehand 
to  msure  that  the  weight  of  148  lbs.  per  cubic 
foot  was  approximately  attained.  The  center- 
of-gravity  calculations  were  made  on  the 
basis  of  this  weight.  The  sand  and  gravel 
were  obtained  from  Richmond  beach,  which 
is  several  miles  from  the  bridge  site.  The 
grading  of  aggregates  ran  very  uniform  in 
sizes.  The  bottom  5  ft.  of  the  concrete 
counterweight  were  poured  practically  con- 
tinuously. This  portion  was  then  allowed  to 
set  for  36  hours,  which  tended  to  develop 
slab  action  and  to  relieve  the  supporting  floor 
system  underneath  the  lagging  of  a  consider- 
able part  of  the  load  caused  by  the  pouring 
of  the  remainder  of  the  concrete.  Figure  1 
shows  a  view  of  the  partially  erected  bascule 
span  and  the  counterweight  girders.  The  view 
was  taken  after  the  bottom  o  ft.  of  the  con- 
crete counterweight  had  been  poured  and 
allowed  to  set,  and  shows  the  guy-derrick  in 
place. 

Eight  adjustment  pockets  were  left  in  the 
counterweight  monolith,  these  pockets  provid- 
ing space  for  832  adjustment  blocks  should 
the  same  ever  be  required.  Each  adjustment 
block  weighs  about  160  lbs.,  and  under  nor- 
mal condition  it  is  estimated  that  about  one- 
half  of  the  total  number  of  blocks  will  be 
required  in  the  counterweight.  .\s  the  con- 
crete counterweight  is  about  21x34x28  ft.  in 
size  it  will  require  several  months  before  it 
is  cured  sufliciently  to  enable  the  final  adjust- 
ments to  be  made. 

A  hoisting  tower,  measuring  127  ft.  from 
base  to  top,  was  erected,  and  a  suspension 
cable  was  strung  from  the  bridge  over  the 
lop  of  the  tower  and  down  to  a  "dead-man" 


the  niHvulilc  leaf.  This  consists  of  a  cylinilrical 
plunger  which  comes  in  contact  with  a  I -in. 
thick  steel   plate  on  fhc  concrete   r^st  pier. 

The  operating  machinery  and  all  motors, 
rxccpt  the  end  latch  mnior,  arc  located  on 
the  stationary  part  of  the  bascule,  being  placed 
in  a  shcct-stecl  house  having  a  reinforced^ 
concrete  floor.  The  bridge  is  operated  from' 
a  twii-si.,ry  house.  10x12  ft.  in  plan,  where 
the  iiciiss.iry  controllers,  switchboard  and 
nicchaiiual   interlocking  stand  arc  placed. 

KRKCriON    FF.ATURKS, 

The  tower,  including  the  two  2')-ft.  tower 
'pan',  was  erected  by  means  of  a  ilerrick-car 
of  2'i  tons  cap.icity  having  a  .'.O-ft,  boom. 
Tnr  rniinterwcight  girders,  the  side  plates  and 
the  lower  portion  of  counterweight  trussc.* 
were  raised  into  position  by  means  of  the 
ncrrick-car.  assisted  by  a  guy-derrick,  which 
*»«  placed  on  the  machinery  floor  about  27 
{••  •'•I'ove  the  deck.  This  guy-derrick  had  a 
Iw-ft.  tnast  and  a  f)0-ft.  boom,  and  could 
natidlc.  alone,  the  heaviest  piece,  which 
Weighed    about    2.i    tons.      It    was    not    called 


tion )  that  the  movable  leaf  portion,  which 
was  erected  in  front  on  the  main  trunnion, 
was  not  disturbed  during  the  insertion  of  the 


Fig.   2.    Lift    Span    Practically   Completed    in      H.iiscd     Position — View     Also     Shows     Fixed 

Span. 


two   coimtcrwcight    links.     The   movable   leaf 
was  erected   in   a  nearly  vertical  position,   its 
axis  being  only  7°  30'  from  the  vertical. 
After  the  counterweiRht  trusses  and  about 


on  the  opposite  side.  From  this  cable  there 
was  suspended  a  rectangular  wooden  chute 
for  spouting  the  concrete  into  place.  It  was 
found   that   the  most   desirable  slope   for  this 
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chute  was  1  to  3%,  as  the  coarse  aggregate 
did  not  "run  away"'  on  this  slope.  The  bot- 
tom and  sides  of  the  chute  were  built  of 
surfaced  fir  planks.  The  skip  was  hoisted 
by  means  of  a  So-HP.  electric  motor,  and  the 
concrete  mixer  was  operated  by  a  10-HP. 
motor.  Barring  delays,  about  40  %-cu.  yd. 
batches  of  concrete  per  hour  could  be  mixed 
and  placed  by  the  concreting  plant. 

The  movable  leaf  was  erected  by  two  addi- 
tional "jumps''  of  the  guy-derrick.  Figure  2 
shows  a  view  of  the  lift  span  practically  com- 
pleted, with  the  guy-derrick  in  its  highest 
position.  The  view  also  shows  the  adjacent 
fixed  span.  The  principal  advantage  of  the 
guy-derrick  scheme  is  that  the  various  part."; 
of  the  structure  can  be  picked  up  from  beliind 
the  counterweight  and  trusses  by  "booming 
out,"  and  can  then  be  placed  in  the  structure 
by  turning  the  derrick  through  tlie  required 
angle.  In  the  A-frame  or  stiff-leg  derrick 
scheme,  their  moving  up  docs  not  require  as 
much  time,  but  a  material  track  would  have 
been  necessary  alongside  of  the  movable  leaf 
if  this  method  of  erection  had  been  adopted. 
As  the  distance  from  low-  tide  to  top  of  lie 
is  65  ft.  a  trestle  would  have  been  very  ex- 
pensive. 

The  bascule  structure  contains  about  \,\''^> 
tons  of  steel,  not  including  motors  and  appur- 
tenances, and  required  appro.ximately  40,<i00 
field  rivets  and  liolts.  The  assenililing,  erect- 
ing and  riveting  of  this  bridge  required  an 
average  force  of  22  bridgemen  for  about  si.x 


Painting  of  and  Paints  for  Steel  Rail- 
road Bridges. 

To  obtain  .satisfactory  results  in  painting 
steel  railroad  bridges  requires  not  only  the 
use  of  good  paints  l)ut  a  proper  application  of 
the  paints.  Different  parts  of  the  bridge  are 
subjected  to  different  exposures,  and  this  fact 
must  be  taken  into  consideration.  The  com- 
paratively short  life  of  railroad  bridges  under 
existing  conditions  is  sufficient  evidence  that 
the  subject  of  paints  and  painting  is  an  ex- 
tremely important  one.  The  follow-ing  data 
on  the  difficulties  and  deficiencies  of  railway 
bridge  painting  were  taken  from  a  paper  by 
Mr.  W.  G.  Wilson,  presented  before  the  recent 
convention  of  the  Kaihvay  Bridge  and  Build- 
ing Painters. 

Even  though  paints  and  paint  materials  are 
now  made  better  than  ever  before,  conditions 
are  changing,  and  every  year  adds  to  the  diffi- 
culties of  those  in  charge  of  painting  steel 
railroad  bridges.  The  object  of  this  paper  is 
to  deal  with  some  of  the  causes  of  paint 
deterioration  and  the  consequent  rusting  of 
the  steel.  It  should  be  mentioned  that  condi- 
tions as  bad  as  we  now  have  to  contend  with 
have  probably  come  to  stay,  and  we  must 
make  every  effort  to  meet  them.  The  railway 
foreman  of  painters  can,  by  careful  observa- 
tion, analyze  the  conditions,  and  by  common 
sense  methods  do  much  to  improve  the  situa- 
tion. 


Fig.     3.   View    of    Completed     Salmon     Bay    Bascule     Bridge — Movable     Span     in     Closed 

Position. 


months.  Fir  ties,  surfaced  on  all  four  sides 
and  dipped  in  "Carbolineum"  paint,  were  used 
for  the  floor  system  of  the  bascule,  tower, 
and  adjacent  spans,  except  the  north  and 
south  approaches,  which  are  of  ballasted  deck 
construction.  Figure  3  shows  a  view  of  the 
completed  bridge  in  the  closed  position.  The 
view  also  shows  some  of  the  pockets  left  in 
the  concrete  counterweight  for  adjustment 
purposes. 

PERSONNEL. 

The  structural  steelwork  and  the  machinery 
were  furnished  by  the  Fort  Pitt  Bridge  Works 
of  Pittsburgh,  and  were  erected  by  the  Ger- 
rick  &  Gerrick  Co.  of  Seattle.  The  Strauss 
Bascule  Bridge  Co.  of  Chicago  designed  the 
bridce.  The  bascule  and  its  approaches,  in- 
cluding a  lfi."i-ft.  double-track  span,  were  con- 
structcil  under  the  direction  of  Mr.  Ralph 
Budd.  chief  engineer,  and  Mr.  John  A.  Boh- 
land.  bridge  engineer.  Great  Northern  Ry.  The 
writer  was  in  direct  charge  of  the  erection 
of  the  south  approach,  the  IG.j-ft.  span  and 
the   bascule   span. 


Hydraulics  Laboratory,  University  of  Ill- 
inois.— The  Hydraulics  Laboratory  of  the 
fnivrrsilv  has  just  added  another  piece  of 
apparatus  to  its  equipment.  There  is  being 
installed  a  'l-in.  3-sfage  De  Laval  Ccnirifugal 
Pump.  This  nunip  will  be  driven  by  a  flO- 
1 1  P.  Wcstingbnuse  variable  speed  induction 
motor  and  will  be  capable  of  giving  a  dis- 
ihareo  nf  27."  «als.  per  minute  atjainst  a  head 
of  400  ft.  The  pump  will  be  arranged  so  that 
water  can  be  drawn  from  the  laboratory 
standpipe  into  the  puifip  and  in  this  manner 
the  total  available  head  of  450  ft.  can  be  had. 


Different  surfaces,  different  climates,  differ- 
ent exposures  and  different  conditions  of  appli- 
cation require  different  paints  and  composi- 
tions. The  greatest  mistake  in  railway  bridge 
painting  is  the  use  of  any  one  particidar  kind 
of  paint  to  meet  all  conditions  on  all  parts  of 
a  structure  alike  or  on  all  bridges  regardless 
of  locations  or  conditions. 

Good  linseed  oil  and  pigment  will,  when 
applied  lo  all  parts  of  a  bridge  alike,  give 
splendid  protection  to  such  parts  as  have  sun- 
light and  open  air  exposure,  and  may  utterly 
fail  on  such  parts  as  have  w'et  surfaces,  or  are 
exposed  to  srdt  brine,  smoke  or  acids. 

A  bridge  built  at  a  high  elevation  in  open 
dry  air  and  sunlight  and  of  open  truss  con- 
struction can  be  easily  protected  with  any 
good  linseed  oil  paint.  A  bridge  built  low 
over  water,  swamp  or  marshy  ground,  of 
riveted  plate  girder  construction,  carrying 
heavy  freight  traflic  on  main  lines  cannot  be 
protected  on  all  parts  w'ith  a  pure  linseed  oil 
paint.  This  kind  of  a  bridge  requires  special 
attention,  with  a  special  moisture  proof  paint. 
If  this  bridge  is  painted  with  linseed  oil  paint 
the  upright  parts  may  be  in  good  condition 
two,  three  or  four  years  after  painting.  The 
horizontal  parts,  tops  of  chords,  tie  plates, 
tloorbcams,  struts  and  gusset  plates,  under 
severe  conditions,  will  rust  within  a  few 
months,  and  some  rme  condemns  the  paint 
and  tries  another  and  another  of  the  same 
nature,  but  probably  another  firm's  make,  only 
to  ineet  the  same  results.  Now  the  fault  is 
not  the  paint  at  all,  but  that  of  the  engineer 
or  painter.  The  painter  must  solve  the  diffi- 
culty, hut  to  do  so  he  will  have  to  resort  to 
something   different    than    the    ordinarv'    way. 


Find  out  why  paint  has  failed — and  right  here 
)s  where  the  test  of  efficiency  comes  in.  The 
railway  maintenance  of  way  painter  can  find 
the  way  and  save  the  destruction  of  the  bridge 
if  he  is  a  bridge  painter  as  well  as  a  house 
painter,  and  he  must  be  both  to  be  equal  to  the 
job. 

What  are  the  causes  of  paint  failing  to 
protect  only  on  parts  of  the  structure?  Dif- 
ference in  exposure,  nothing  else.  Moisturi 
and  oxygen  destroys  the  iron  or  steel  and  the 
problem  is  to  keep  the  moisture  away  from  the 
iron  and  steel.  It  may  be  difficult,  but  you 
can  do  it.  Paint  to  protect,  not  merely  to 
coat  over,  as  many  contractors  do.  Work  as 
the  railroad  painter,  not  as  the  contractor. 

Painting  may  be  preservation  of  structure 
or  destruction  of  structure.  I  have  seen  plenty 
of  it  done  both  ways.  Every  square  foot  of 
surface  which  the  contractor  can  avoid  clean- 
ing and  removing  rust  from  is  money  in  hi? 
pocket.  It  does  not  matter  much  to  him  if 
the  surface  is  wet  or  dry.  If  the  inspector  is 
not   looking  his  men  will  paint  it  over. 

In  a  good  many  instances  the  inspector  is 
a  railroad  carpenter,  not  a  painter,  and  any 
place  that  is  covered  with  paint  is  painted,  so 
far  as  he  is  concerned.  He  can  understand 
the  quantity  of  paint  put  on,  but  does  not  under- 
stand properly  rubbing  and  w'orking  it  out.  In 
cases  of  this  kind  the  work  is  sure  to  be  defec- 
tive. 

.'\nother  deficiency  originates  from  the  prac- 
tice of  allowing  carpenters  to  paint  the  tops 
of  bridges  when  laying  new  bridge  ties.  The 
painter  will  have  a  standing  order  to  supply 
the  paint  to  the  division  general  foreman  of 
carpenters,  who  has  orders  to  paint  the  tops 
of  all  bridges  when  laying  ties.  This  work 
is  done  at  all  seasons  of  the  year  and  in  all 
kinds  of  weather.  The  carpenters  have  no 
proper  tools  for  cleaning  the  rust  from  the 
iron.  Probably  a  wire  brush  and  broom.  If 
the  rust  is  very  thick  some  of  the  coarser 
scales  may  be  scraped  off.  Snow  and  ice  may 
be  only  partially  removed,  or  there  often  is  a 
drizzling  rain  falling.  No  matter,  arrang[e- 
ments  have  been  made  to  run  trains  over 
other  track.  The  ties  must  be  laid  and 
top  of  the  bridge  must  have  a  heavy  slush 
of  paint  regardless  of  conditions.  The  paint 
cannot  dry  or  fasten  itself  to  the  iron  under 
such  treatment  and  serves  only  to  catch  dirt, 
sand,  ashes  and  cinders ;  this  when  a  scatter- 
ing of  brine  from  refrigerator  cars  is  sprin- 
kled into  it,  makes  a  salt  pad  to  hold  moisture 
and  promote  rust.  The  intent  of  the  order  is 
good,  but  the  outcome  could  not  be  worse 
The  remedy:  Leave  the  application  of  paint 
to  the  painter  and  allow  no  paint  to  be  applie<l 
to  iron  or  steel,  except  under  the  most  favor- 
able conditions. 

Every  condition  brings  up  against  the  great- 
est difficulty  of  all — corrosion,  rust.  We 
paint  to  preserve.  Then  let  us  be  very  care- 
ful or  we  may  paint  to  destroy — and  defeat 
the  verj-  purpose  of  painting.  Protection  of 
railway  iron  or  steel  in  bridges  is  a  very  com- 
plicated matter.  Corrosion,  we  can  easily 
account  for,  as  it  is  simple  and  easy  to  under- 
stand, involving  the  presence  together  of  free 
oxygen  and  water.  The  chemical,  or,  inore 
strictly  speaking,  electro-chemical  reaction^ 
may  lie  divided  into  two  stages:  First,  sohi 
tion  of  a  small  portion  of  iron,  and,  secondh 
oxidation  of  this  iron  to  ferric  hydroxide  o; 
iron  rust.  The  red  oxide,  thus  formed,  is 
•  insoluble;  therefore,  when  precipitated,  it 
leaves  the  way  clear  for  more  iron  to  enter 
the  solution  and  for  the  further  combination 
of  iron  with  oxygen.  These  conditions  will 
continue  so  long  as  there  is  any  oxygen,  water! 
nr  iron  left.  "The  absence  of  either  water  or 
free   oxygen   makes   corrosion   impossible. 

The  rate  of  corro.sion  depends  among  other 
things  on  the  amount  of  each  of  the  elements: 
present.  It  depends  principally  on  tempera-l 
ture  and  the  character  of  the  water,  galvanicj 
action  between  different  materials,  elcctroly-1 
sis  from  stray  currents  and  many  other  minor 
influences.  It  would  be  simple  enough  if  W«j 
had  only  oxygen,  water,  galvanic  action,  etc.,' 
alone  to  deal  with,  for  then  any  good  linseed 
oil  and  pigment  would  preserve  the  structure 
Right    here    is    where    the    difficulties    thicker 
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and  multiply.  Things  that  dissolve  and  de- 
stroy paint  are  numerous,  sulphurous  acid  gas, 
carbonic  acid  gas,  salt  brine,  cinders,  dirt,  coal 
dust  drippings  from  soft  coal  cars,  etc. 

Linseed  oil,  the  most  desirable  vehicle  for 
all  paints  to  be  used  on  wood,  on  account  of 
'lieing  porous  to  some  extent  is  very  susccp- 
itible  to  the  destructive  influences  of  these  de- 
jstroyers  of  paint.  After  carefully  investigat- 
jing,   so  far  as  limited  means  would  allow,  it 

■  is  my  opinion   that   a   pJ-epared   paint   vehicle 
made   of   linseed   oil    reinforced     with     China 

;wood  oil  is  a  very  great  improvement  in 
.waterproofing  the  paint.     1   have  tried  several 

■  kinds  of  paints  said  to  contain  China  wood 
j9il,  and  some  paint  oils  said  to  contain  Oiina 
;  wood  oil,  and  have  found  that  they  would  dry 

(|uicker,  with  a  liardncss  and  non-porosity  that 
would  outwear  linseed  oil  under  hard  expo- 
;  sure.  Tests  were  made  on  bridges,  painting 
parts  with  the  same  salt  brine  exposure  or  ex- 
posure to  smoke,  engine  exhaust  and  gases.  The 
result  was  that  where  linseed  oil  paint  lasted 
well  for  three  to  four  months,  linseed  and 
China  wood  oil  paints  lasted  one  year  in  good 
condition.  On  a  bridge,  where  the  floor  sys- 
tem was  painted  two  coats  of  red  lead  and 
two  coats  of  black  carbon,  salt  brine  exposure 
had  destroyeil  the  linseed  oil  paint  in  six 
months,  with  the  same  exposure.  China  wood 
oil  paint  stood  two  years  in  fairly  good  con- 
dition, and  parts  of  the  same  floor  system, 
painted  with  a  patent  moisture-proof  paint 
stood  two  years  in  good  condition.  A  mixture 
composed  of  1  gal.  of  heavy  red  lead  in  lin- 
seed oil,  1  pint  of  heavy  No.  OG  liquid  gum 
binder.  %  gal.  of  asphaltum  varnish,  V*  gal. 
of  extra  car  varnish  was  applied  to  the  tops 
of  tie  plates,  floorbeams,  struts  and  brace 
plates,  after  thorough  cleaning;  it  dried  in 
splendid  condition  and  allowed  the  application 
of  two  heavy  coats  in  one  day  under  exposure 
that  would  destroy  straight  linseed  oil  paint 
before  it  could  dry  at  all.  On  parts  of  this 
same  bridge,  not  subjected  to  direct  moisture 
and  brine  exposure,  black  carbon  paint  lasted 
well,  three  to  four  years. 

With  a  special  reinforced  linseed  oil  paint 
absorption  of  moi.sture  can  be  overcome  to 
such  an  extent  that,  by  proper  cleaning  and 
touching  up  each  year,  all  parts  of  the  struc- 
ture will  be  preserved  alike.  On  main  line 
tracks,  under  bad  exposure,  all  bridges  should 
and  must  be  carefully  cleaned  and  touched  up 
by  a  competent  man.  with  a  heavy  moisture- 
proof  reinforced  oil  paint,  at  least  once  a 
year.  .\  light  expense  which  will  save  one- 
half  to  three-fourths  of  the  present  cost  of 
raiUvay  bridge  painting.  I  am  writing  from 
arinal  experience.  My  plan  is,  when  a  bridge 
'1  good  condition,  keep  it  so.  It  is  the 
way  to  paint  to  preserve  the  structure. 

(Jrdinarily  '!i  per  cent  of  the  cost  of  bridge 
painting  is  for  cleaning;  GO  per  cent  of  the 
cleaning  can  be  eliminated.  That  means  cut- 
tint;  the  regular  cost  of  bridge  painting  in 
half. 

It  is  commonly  granted  that  red  lead  and 
linseed  oil  make  the  best  priming  coat  and 
Idler  for  bridge  painting;  but  to  all  rules 
ihcrc  are  exceptions. 

The  writer  knows  of  large  bridges  subjected 
to  excessive  salt  brine  drippings,  coal  dirt, 
cinders,  soft  coal  and  ashes,  into  which  hot 
and  cold  water  from  shilling  engines  is  con- 
stantly being  il ripped.  To  make  a  bad  matter 
worse,  engines  from  trains  on  tracks  passing 
imder  the  bridge  suliject  it  to  the  action  of 
sulphuretted  hydrogen  ami  sulphuric  acid. 
These  agencies  (juickly  destroy  red  lead  and 
oil.  which  is  about  the  worst  material  that  can 
be  used  in  parts  of  structures  subjected  to 
the^c  conditions  or  in  train  sheds.  The  rust- 
ing of  surfaces  subjected  to  these  conditions 
is  greatly  accelerated  by  galvanic  action, 
which  causes  pitting  and  destroys  the  lighter 
members  of  the  structure,  thus  necessitating 
constant  replacing  and  much  expense  for  re- 
pairs. There  are  cheap  nuii-drying  black  ja- 
pan clastic  roof  paints  which  will  protect  un- 
der these  conditions,  and  by  careful  cleaning 
and  painting  once  or  twice  a  year  will  pre- 
serve Ihe  structure.  If  a  cheap  non-drying 
black  japan  roof  paint  will  give  belter  results, 


in  these  situations,  why  cannot  a  paint  made 
of  better  materials  and  with  the  ultimate  ob- 
ject of  protecting  iron  under  severe  conditions 
help  solve   the  difficulty? 

There  are  several  specialties  made  for  this 
very  purpose  by  chemists  and  paint  makers 
who  are  eminent  authorities.  Special  non- 
porous,  non-absorbent  paints  that  lock  up  the 
pores  of  any  surface  to  which  they  are  ap- 
plied; paints  that  do  not  dry  by  oxidation, 
and  contain  no  tar.  Special  paints  for  special 
purposes  will  greatly  aid  in  the  preservation 
ol    structures   under   severe  conditions. 


Substructure  Work  for  the  Fall  River 

Bridge   and   Repairs   Required   by   a 

Partial  Failure  of  its  Foundation. 

The  following  article  treats  of  the  methods 
used  in  constructing  a  highway  bridge  in  deep 
water,  of  the  partial  failure  of  its  foundation, 
and  of  the  methods  used  to  stren.gthcn  it.  The 
data  were  taken  from  a  paper  by  James  W.  Rol- 
lins, presented  before  the  Boston  Society  of 
•Civil  Engineers.  The  original  contract  was 
let  in  December,  190G,  and  the  bridge  was 
opened  to  traffic  in  the  spring  of  1908.  In  July, 
1911,  some  of  the  piers  settled  and  tipped  badly, 
making  it  necessary  to  reconstruct  their 
foundations.  After  an  investigation  it  was  de- 
cided to  repair  the  foundations  of  some  of 
the  pittrs  and  to  reconstruct  those  of  others, 
and  this  work  was  accordingly  done  under  a 
separate  contract  by  the  original  contractors. 

DESCRIPTION    OF    BRICGE    ANn   ORIGINAL    SUBSTRUC- 
TURE  WORK. 

The  Fall  River  bridge,  w-hich  spans  the 
Taunton  Great  River  at  Fall  River,  Mass.,  is 
a  highway  structure  with  a  oO-ft.  roadway  and 
two  10-ft.  sidewalks.     It  is  a  deck  bridge  and 


sonry  foundation  (see  Fig.  2).  The  first 
course  of  this  grillage  was  longitudinal,  the 
second  made  an  angle  of  4-5°  with  the  first 
course,  the  third  was  at  right  angles  to  the 
second  course,  and  the  fourth  was  at  right 
angles  to  the  firot  course.  The  timbers  were 
fastened  together  with  lx20-in.  drift  bolts  at 
each  intersection.  These  timbers  were  sized 
one  way  to  make  the  courses  of  even  thick- 
ness. Hook  bolts,  made  of  lV4-in.  iron  rods, 
were  run  through  the  two  top  courses  and 
fastened  every  4  ft.  They  were  so  shaped  at 
the  top  that  the  loops  in  the  ends  of  the  verti- 
cal rods  holding  the  sides  of  the  caisson  to 
the  bottom  would  drop  clear  of  the  hooks 
when  the  rods  were  unfastened  and  driven 
down  after  the  masonry  was  completed.  The 
top  course  of  the  grillage  was  then  thoroughly 
calked  in  both  horizontal  and  end  joints  with 
oakum  and  pitch,  and  the  grillage  was 
launched,  it  having  been  built  on  timber  launch- 
ing ways  and  floated  to  the  derrick  or  lighter 
which  was  to  be  used  for  constructing  the 
sides. 

The  sides  of  the  caisson  were  built  of  Gxl2- 
in.  vertical  posts  spaced  24  ins.  on  centers,  and 
planked  with  3-in.  or  4-in.  planking,  depend- 
ing on  the  depth  of  the  water  (see  Fig.  2). 
These  posts  were  from  16  to  24  ft.  high,  vary- 
ing with  the  depth  of  the  water  and  the  size 
of  the  caisson,  it  being  considered  undesirable 
to  have  more  than  one  joint  in  the  sides.  The 
height  of  the  sides  was  limited  by  the  weight 
— from  20  to  30  tons — which  could  readily  be 
handled  by  the  lighter  or  derrick. 

On  top  of  the  0xl2-in.  vertical  posts  were 
spiked  Gxl2-in.  caps,  and  1^-in.  rods,  with 
turnbuckles  and  with  nuts  at  the  top  ends  and 
loops  at  the  lower  ends,  were  placed  with  the 
loops  over  the  hook  bolts  in  the  grillage,  these 
holding  the  sides  down  firmly  to  the  grillage. 
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Fig.    1.  Contract    Drawing   for   Piers  of   Fall    River     Bridge,     Showing     Paucity     of     Data 

Furnished  to  Contractors. 


consists  of  three  200-ft.  spans,  two  100-ft. 
spans,  and  a  double-leaf  Scherzer  rolling  lift 
span  with  a  100-ft.  opening. 

The  contract  drawing  for  the  piers  was 
merely  a  cross-section  of  the  river,  showing 
ihe  position  of  its  bottom  and  the  location  and 
size  of  each  pier,  with  no  further  details  ex- 
cept an  indication  as  to  whether  the  footings 
were  lo  rest  on  rock  or  on  pile  foundations 
(see  big.  1). 

The  specifications  provided  that  "Piers  1,  3 
and  .'(  shall  be  placed  on  foundations  prepared 
on  firm,  solitl  ledge.  Pier  I  shall  be  built  on 
a  foundation  of  piles  cut  off  40  ft.  below 
low  water;  Pier  5  on  piles  cut  off  15  ft.  below 
low   water." 

It  was  evident  from  an  examination  of  the 
river  section  and  from  a  consideration  of  the 
rec|uiremenls  of  ihc  specilications  that  piers 
.N'os.  2  and  3  must  be  built  on  pneumatic 
foundations,  as  rock  was  aKiut  liO  ft.  below 
low  water.  After  ronsidting  with  the  engineer 
the  contractors  decideil  to  build  piers  N'os.  I. 
4  and  '>  on  pile  foundations,  and  piers  Xos.  2 
anil  ■'!  on  pncimiatic  foundations.  Working 
plans  were  accordingly  made  for  constructing 
the  piers  which  were  to  have  pile  founda- 
tions by  means  of  open  caissons  and  heavy 
wooden  grillages. 

r'or  each  caisson  a  timber  grillage  was  built 
of  12xr2-in.  yellow  pine  timbers  extending 
alwut  4   ft.  in  each  dirccliftn  beyond  the  ma- 


All  the  joints  in  the  sides  and  ends  were  thor- 
oughly calked.  The  sides  and  ends  were  then 
thoroughly  braced  and  cross  braced  to  keep 
the  caisson  in  shape  and  to  withstand  the  water 
pressure  until  the  masonry  was  built. 

The  masonry  was  then  laid,  beginning  at  the 
center  and  working  towards  the  ends.  When 
the  weight  of  the  masonry  sunk  the  b(.>x  in  the 
water  lo  within  4  ft.  of  Us  top  the  second  set 
of  sides,  made  similar  to  the  bottom  set.  were 
hoislerl  into  place,  the  posts  of  the  second  set 
being  fastened  to  the  cap  on  Ihe  first  and  then 
calked  tightly  and  braced  as  before.  This 
prix-ess  was  continued  with  the  third  and 
fourth  sets  of  sides,  until  the  bottom  of  the 
loaded  caisson  at  high  tide  floated  about  1  or  2 
ft.  al)ove  the  tops  of  the  piles  upon  which  it  was 
to  rest.  Generally  pile  dolphins  are  driven  to 
keep  the  caissons  in  position,  but  at  Fall  River 
the  water  was  loo  deep.  Consequently  heavy 
anchors,  consisting  of  15-ton  concrete  moor- 
ing blocks,   were  used. 

After  the  caisson  was  lined  up  l>oth  ways  by 
the  engineers  and  leveled  it  was  scuttled  at 
high  water  by  knocking  out  the  plugs  which 
bad  previously  been  put  in  below  the  water 
line,  and  was  allowed  to  sink  upon  the  pile 
fotnidation.  Additional  masonry  was  then  laid 
as  rapidly  as  possible  to  add  to  the  weight  of 
the  caisson,  but  it  was  not  placed  above  the 
low  water  mark.  If  the  masonry  inside  the 
caisson  was  below  the  outside  water  level  when 
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the  caisson  was  sunk,  the  plugs  were  put  back, 
were  calked,  and  then  the  water  inside  the  cais- 
son was  pumped  down  below  the  masonry 
level.  .'Vt  this  time  the  lines  and  levels  were 
again  run,  and  the  masonry  was  trued  up  to 
its  proper  position,  the  bottom  section  which 
was  built  when  the  caisson  was  afloat  having 
been  made  large  enough  to  afford  an  offset  of 
about  6  ins.  at  the  top,  thus  giving  sufficient 
room  for  a  true  adjustment  of  the  pier  above 
the  water  line.  The  masonry  was  then  finished 
above  high  water. 

As  the  masonry  was  built  up  tlie  braces  were 
taken  out  and  the  sides  of  the  caisson  were 
maintained  by  short  braces  placed  froin  them 
to  the  stonework.  When  the  last  side  was  in 
position   long   rods,   placed    from   the   top   cap 


Grillage  IS'IO  t&c 

Fig.    2.  Cross    Sections    of    Caisson    for    Pier 

No.    4,    Showing    Type    of    Construction 

and    Arrangement   of    Rods   and 

Hooks — Fall   River  Bridge. 

to  the  turnbuckle  below  the  cap  in  the  lirst 
set,  were  substituted  (one  by  one)  for  the 
short  rod  ends  which  extended  from  the  turn- 
buckle  to  the  first  cap,  so  that  the  entire  flota- 
tion pressure  of  the  sides  came  upon  these  rods 
(see  Fig.  2).  To  release  the  sides  the  top 
nuts  were  taken  off,  and  the  rods  were  driven 
down  so  that  the  loops  in  the  lower  ends  were 
driven  clear  of  the  hook  bolts  in  the  grillage, 
thus  freeing  the  sides,  which  floated  up  when 
released  and  were  used  again  on  other  piers. 

Both  on  account  of  the  depth  of  water  at 
the  draw  (about  GO  ft.)  and  the  small  amount 
of  earth  covering  above  the  ledge,  riprap  was 
ordered  deposited  around  the  fender  piles  to 
hold  them  in  place  and  to  help  support  them. 

The  contract  for  the  bridge  complete  was 
awarded  in  December,  1900,  and  work  was  be- 
gun at  once.  All  masonry  work  was  com- 
pleted by  Oct.  1,  1907,  and  the  steelwork 
and  approaches  were  finished  and  the  bridge 
opened   for  traflfic  in  the  spring  of  1908. 

FAIH.RE    OF    FOUNDATIONS    AND    REPAIR    WORK 
REQUIRED. 

On  July  20,  1911,  the  writer  was  told  that 
one  of  the  piers  of  the  Fall  River  Bridge  had 
settled.  Me  was  asked  to  go  to  Fall  River 
the  next  day  to  meet  the  county  commissioners, 
to  find  out  what  had  happened,  and  to  deter- 
mine what  should  be  done.  .\t  this  meeting  it 
developed  that  p'er  No.  ■!  had  .settled  2  ft.  at 
the  bridge  scat  level  at  the  south  end,  about 
8H  ins.  at  the  north  end,  had  moved  upstream 
to  the  north  about  12  ins.,  and  had  tipped  •'i  ins. 
to  the  east. 

Various  theories  were  advanced  as  to  the 
cause  of  the  failure.  .At  that  time  the  writer 
held  that  the  piles  had  been  crippled  in  driv- 


ing and  had  been  broken  olt,  as  the  bottom 
was  practically  hardpan.  Having  been  in 
actual  charge  for  the  contractors,  and  having 
full  knowledge  of  all  details  of  construction, 
lie  offered  to  investigate  and  report  to  the 
county  commissioners  as  to  the  cause  of  trou- 
ble. This  otter  was  accepted  and  he  was  given 
instuctions  "to  do  all  necessary  work  to  pro- 
tect temporarily  and  to  preserve  said  bridge." 

Divers  went  down  and  reported  that  the 
piles  were  broken  off,  and  that  the  pier  was 
resting  on  them.  Another  diver  of  great  ex- 
perience was  sent  down  and  he  reported  in 
part  that  the  filling  had  been  scoured  out 
around  the  piles  to  a  depth  of  2  to  3  ft.,  thus 
exposing  the  piles,  many  of  which  at  the  south 
end  of  the  pier  had  been  broken  off  at  the 
ground  line.  He  brought  up  a  piece  of  one 
of  these  piles  and  reported  that  "this  portion 
of  the  pile  bears  evidence  of  the  ravages  of 
the  teredo  and  has  been  eaten  away  to  such  an 
extent  that  but  little  of  the  pile  was  left  at 
the  time  of  the  breakage,  whicli  explains  in  a 
large  measure  the  cause  of  the  pier's  failure." 
This  report  was  made  on  July  27,  and  was  the 
lirst  intimation  of  the  true  cause  of  the  failure- 
— namely,  the  ravages  of  the  teredo.  It  w'as 
common  knowledge  that  the  teredo  was  to  be 
found  in  Taunton  Great  River  and  was  very 
active  on  the  wooden  structures  in  that  vicin- 
ity, but  no  one  thought  of  the  possibility  of 
its  w'orking  4.5  ft.  below  the  water  hne. 

The  first  conclusion  was  that  the  phr  was 
resting  on  the  crippled  piles  and  on  solid  bot- 
tom, careful  observation  having  been  inade 
daily  and  no  further  settlement  having  been 
noted.  Plans  were  then  made  to  jack  up  the 
trusses  on  each  side  of  the  pier  and  to  block 
them  in  their  true  line  and  grade,  so  as  to, 
permit  the  bridge  to  be  opened  to  traffic.  In 
studying  this  plan  it  was  found  tliat  the  trusses 
weighed  .WO, MOO  lbs.  each  for  one  span  and 
about  -100,000  lbs.  for  the  other  span,  and  that 
there  was  no  room  on  the  pier  to  place  jacks 
and  nothing  in  the  steel  construction  at  the 
pier  strong  enough  to  hold  the  dead  load  of 
the  bridge  on  the  jacks. 

Further  study  of  conditions  showed  a  great 
uiicertainty  of  stresses  and  resistance  to  them. 
Pier  No.  3  was  tipped  4  ins.  to  the  east — i.  c, 
along  the  line  of  the  bridge ;  spans  Nos.  4  and 
•5  were  "butted"  against  each  other  on  pier 
No.  5,  and  span  No.  5  was  solidly  against  the 
Fall  River  abutment ;  so  that  the  stability  of 
jiier  No.  4  would  be  tnicertain  if  the  load  of 
span  No.  4  was  taken  oft'.  Consequently,  to 
avoid  the  danger  of  losing  span  No.  4  should 
pier  No.  4  collapse,  and  also  to  provide  means 
to  jack  up  that  span  into  its  original  position 
after  repairing  the  pier,  it  was  decided  to  drive 
piles  under  the  panel  point  nearest  to  pier  No. 
4,  about  40  ft.  away,  and  to  place  blocking  on 
these  pile  bents  close  enough  to  support  span 
No.  4  should  it  settle  further.  The  water  at 
this  point  was  40  ft.  deep,  and  the  bottom  of 
the  river  was  hardpan.  Therefore  the  heaviesj 
piles  obtainable — 60- ft.  yellow  pine  piles  with 
8-in.  tips — were  driven  in  groups  of  24  under 
each  truss,  using  a  pile  hammer  hung  on  leads 
suspended  from  the  top  chords  of  the  trusses. 
This  proved  very  slow  and  diflicult  work. 

On  account  of  a  long  legal  controversy  be- 
tween the  city  of  Fall  River  and  the  county 
commissioners,  the  latter  being  in  authority  in 
the  matter,  several  weeks  elapsed  before  it 
was  decided  what  should  be  done  to  protect 
the  pier  and  who  should  do  the  work. 

To  prevent  further  settlement  of  pier  No.  4 
the  writer  advised  the  dumping  of  crushed 
stone  around  the  foundation  and  the  employ- 
ment of  a  diver  to  push  it  back  under  the 
grillage  as  far  as  possible.  A  temporary 
foundation  would  thus  be  formed,  as  the  bot- 
tom of  the  river  was  hard,  with  no  trace  of 
silt. 

Acting  upon  the  advice  of  the  wTiter  to  get 
the  opinions  of  experts,  the  county  commis- 
sioners secured  the  services  of  an  engineer — 
an  expert  on  deep  foundation  work— and  the 
city  of  Fall  River  retained  two  consulting  en- 
gineers. The  consulting  engineers  for  the  city 
and  the  writer,  working  independently,  devel- 
oped almost  identic.il  plans,  which  were  adopt- 
ed. These  plans  called  for  the  following  work: 

The  construction- of  a  bulkhead  around  the 


pier,  on  the  outside  of  which  was  to  be  placed 
crushed  stone  and  riprap.  Betw-een  the  bulk- 
head and  the  grillage  rich  concrete  was  to  be 
deposited,  and  then  a  rich  cement  grout  under 
pressure  was  to  be  forced  through  pipes  to  fill 
all  the  space  under  the  pier.  For  this  work 
6-in.  w-rought  iron  water  pipes  6  ft.  long  were 
placed  between  the  crippled  piles  under  the 
grillage.  Elbows  were  put  on  these  pipes,  and 
vertical  pipes  about  8  ft.  long  were  fastened 
to  them  (see  Fig.  3)..  A  second  set  of  grout- 
ing pipes  2  ins.  in  diameter  was  also  put  in 
to  make  sure  that  the  space  between  the  grill- 
age and  the  river  should  be  made  solid. 

The  second  operation  consisted  of  building 
a  form  of  3-in.  planks,  about  8  ft.  high,  on  a 
long  timber  frame  made  of  6xr2-in.  hard  pine 
timbers,  which  extended  5  ft.  above  high  water. 
The  height  of  this  form  was  about  .50  ft.  These 
frames  were  thoroughly  cross  braced,  and 
were  made  in  t.vo  sections  on  the  sides,  each 
about  30  ft.  long,  the  ends  being  made  in  one 
piece. 

The  forms  were  weighted  with  rails,  and 
were  sunk  o  ft.  outside  of  the  grillages.  A 
%xl8-in.  iron  plate  on  the  lower  edge  afforded 
a  seal  into  the  bottom  of  river  or  into  the 
crushed  stone  which  had  been  deposited  around 
the  pier.  The  forms  were  held  rigidly  by 
struts  placed  against  the  grillage,  rods  with 
turnbuckles  being  used  to  hold  the  forms  up 
to  the  struts  (see  Fig.  3). 

Riprap  and  crushed  stone  were  then  placed 
outside  of  the  form  up  to  its  top,  and  1:2:3 
concrete  w-as  deposited  through  8-in.  tremies 
from  the  top  of  the  bridge  into  the  space  be- 
tween the  grillage  and  the  forms.  This  con- 
crete was  a  wet  mix  and  was  brought  up  above 
the  top  of  the  grillage  all  around  the  pier.  It 
was  allowed  to  set,  and  then  a  rich  concrete, 
composed  of  1-in.  pebbles,  sand  and  cement, 
was  forced  into  the  6-in.  pipes ;  but  with  no 
great  success,  due  probably  to  the  fact  that 
the  concrete  which  was  deposited  outside  of 
the  grillage  under  considerable  pressure  had 
been  forced  into  all  the  larger  cavities  under 
the  grillage.  The  whole  mass  was  then  made 
solid  by  forcing  grout  tlirough  the  2-in.  pipes 
until  a  pressure  of  100  lbs.  per  square  inch 
would  produce  no  flow,  after  which  a  large 
quantity  of  riprap  was  deposited  around  the 
pier.  The  riprap  was  brought  up  to  a  greater 
height  on  the  weak  side  of  the  pier  (see 
Fig.  4). 

LEGAL    COMPLICATIONS    CONCERNING   RESPONSIBIL- 
ITY  OF   FAILURE. 

While  all  of  this  work  was  going  on  a  very 
interesting  legal  controversy  was  being  waged 
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Fig.    3.   Foundation    for    Pier    No.    4,    Show- 
ing   Manner    of    Grouting    Around    Piles 
and    Grillage — Fall    River   Bridge. 

concerning  the  responsibility  for  the  failure  of 
this   bridge,   which    had   cost   about   $1,(1110,000 
and  had  been  built  only  two  years.     Its  orig-        . 
inal  cost  was  divided  between  the  towns  and        n 
cities   interested.   Fall   River  paying  the   larg-        " 
est  share,  about  -55  per  cent.     The  legislative 
act  authorizing  the  bridge   provided   that   the 
cost  of  iTiaintenance  and  repairs  should  be  di- 
vided between  the  city  of  Fall  River  and  the 
towns  of  Somerset  and  Swansea  and  that  98        J 
per  cent  of  this  cost  should  be  paid  bv   Fall        I 
River.  " 
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The  plan  of  pier  No.  4,  the  damaged  pier, 
as  furnished  to  the  contractors  by  the  engineer, 
called  for  piles  to  be  sawed  off  at  grade,  eleva- 
tion—  4U.0  (see  Fig.  1).  They  were  then  to 
be  tilled  in  to  their  tops  with  gravel  or  broken 
stone,  and  the  pier  was  to  be  built  in  an  open 
caisson  resting  on  a  4- ft.  wooden  grillage  con- 
sisting of  IJxlJ-in.  timbers.  This  construction 
was  carried  out,  the  pier  was  completed  and 
the  bridge  was  accepted  and  paid  for. 

On  August  31  the  engineer  wrote  to  the  joint 
board,  advising  the  use  of  riprap  at  the  fender, 
and  stated  that  for  protective  purposes  riprap 
should  also  be  placed  on  the  river  side  of  the 
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Fig.  4.  Completed    Repairs  at   Pier  No.  4  of 
Fall    River   Bridge. 

Somerset  abutment  and  adjoining  piers  Nos.  i 
and  4.  On  the  same  date  he  asked  the  con- 
tractors for  a  proposal  to  place  riprap  as  above 
outlined,  and  a  proposal  was  made  to  the  joint 
board  by  them  to  place  riprap  for  $3.50. per 
cubic  yard,  lo  the  extent  required  and  as  di- 
rected by  the  engineer.  This  proposal  was 
accepted  on  Sept.  4,  and  about  4.500  cu.  yds.  of 
riprap  were  placed  about  the  fender  pier,  the 
Somerset  abutment,  and  pier  No.  1 ;  but  none 
about  piers  Xos.  2,  s,  4  and  5. 

The  writer  had  doubts  about  the  sufficiency 
of  the  quantities  of  riprap  placed,  owing  to  the 
prevalence  of  the  teredo,  and  wrote  the  resi- 
dent engineer  to  that  effect.  However,  the  en- 
gineer did  not  think  it  necessary  to  riprap  the 
piers.  Consequently  the  work  of  riprapping  was 
stopped,  and  the  responsibility  of  not  protect- 
ing the  grillages  and  piles  was  placed  on  the 
cnsinecr,  who  has  never  shirked  this  re- 
sponsibility, or  tried  to  place  it.  even  in  part, 
upon  the  contractors. 

The  .ictual  cost  of  repair  to  all  the  piers,  the 
work  having  been  done  by  the  contractors  with- 
out any  pro!lt,  was  about  $60,0fK).  The  repair 
work  I'n  pier  No.  4  cost  about  $25,000,  and  was 
finally  paid  for  by  the  state,  and  the  bridge 
made  a  part  of  the  state  highway. 

.\  question  of  great  importance  to  engineers 
and  contractors  was  brought  up  by  this  failure. 
The  plan  shown  in  Fig.  1  was  all  that  was  pro- 
vided to  >1k>w  the  construction  of  the  piers, 
and  the  cuntract  provided  that  "the  contractor 
must  infiirm  the  engineer  as  to  the  process  he 
proposes  to  use  in  preparing  the  foundations 
and  laying  stone;  also  for  driving  piles;  and 
must  receive  the  approval  of  the  engineer  be- 
fore beginning  work."  Under  this  provision 
the  engineer  presented  plans  to  build  piers 
Nos.  I.  4  and  5  on  piles,  in  open  caissons,  and 
piers  N'os.  ■>  and  3  on  pneumatic  foundations, 
and  all  work  was  done  in  acmnlance  with 
these  plans,  under  the  direction  and  inspection 
of  the  enviueers,  and  to  their  satisfaction,  and 
was  acccptcfl  by  the  commission.  The  con- 
tractors did  not  know,  nor  did  they  inquire 
as  to  the  authority  of  the  engineer  lo  make 
these  plans,  hut  took  it  for  granted  he  had  the 
authority.  The  contract  sketch  plan.  Vig.  1. 
indicates  no  particular  method  of  construction, 
unless  one  infers  an  open  cofferdam  to  rock 
in  fifl  ft    of  water — a  practical  impossibility. 

The  cuntract  further  providerl  that  "should 
it  he  found  desirable  by  the  engineer  to  make 
alierntions  in  the  form  or  character  of  any 


part  of  the  work,  he  may,  with  the  approval  of 
the  joint  board,  order  such  alterations  to  be 
made,  defining  them  in  writing  and  drawings, 
and  they  shall  be  made  accordingly."  Changes 
were  made  in  pier  Xo.  1,  and  it  was  built  on 
piles  and  was  not  carried  to  rock  as  originally 
provided.  This  change  was  approved  in  writ- 
ing by  the  joint  board,  and  allowances  were 
made  for  the  change  as  provided  in  contract. 
Piers  Nos.  2  and  3  were  to  be  built  on  solid 
rock  and  were  so  built  in  pneumatic  caissons. 
Piers  Nos.  4  and  5  were  built  on  piles  sawed 
off  as  specified,  but  were  built  on  grillages  in- 
stead of  directly  on  the  piles.  The  latter  was 
considered  as  a  change,  but  no  record  was 
found  of  its  approval  by  the  joint  board.  As 
the  engineer  was  dead  and  the  members  of 
the  joint  board  probably  did  not  know  the . 
difference  between  an  open  caisson  and  an 
open  cofferdam,  none  of  them  had  any  recol- 
lection of  the  matter  having  been  brought  to 
their  attention.  The  contractors  were  there- 
fore in  the  position  of  having  carried  out  the 
plans  of  the  engineer  in  good  faith,  and  be- 
cause the  latter  did  not  get  the  written  ap- 
proval of  the  joint  board,  doubtless  consider- 
ing these  changes  a  matter  of  detail,  the  con- 
tractors were  charged  with  the  responsibility 
for  tliis  lack  of  authority.  It  would  therefore 
seem  that  more  than  an  engineer's  signature  on 
plans  and  his  written  order  to  do  work  may 
be  necessary  to  protect  a  contractor  from  trou- 
ble, both  financial  and  otherwise,  even  though 
the  work  is  done  in  good  faith  and  to  the  sat- 
isfaction  and   acceptance   of   the   engineer. 

PERSONNEL. 

The  bridge  was  built  under  an  act  of  the 
Massachusetts  Legislature  by  a  joint  board  of 
nine  men,  consisting  of  the  Harbor  and  Land 
Commission,  the  Railroad  Commission,  and  the 
County  Commission  of  Bristol  County.  Mr.  E. 
K.  Turner  was  the  engineer  in  charge  of  mak- 
ing plans  and  specifications,  and  Mr.  R.  M. 
Berrian  was  engineer  of  construction  until  his 
death,  when  Mr.  Turner  again  took  up  the 
work  and  finished  it.  with  Mr.  R.  F.  Stoddard 
as  resident  engineer  during  the  entire  con- 
struction. J.  P.  Worcester  &  Co.  were  the 
engineers  for  the  steelwork.  The  Holbrook, 
Cabot  &  Rollins  Corporation,  of  Boston,  had 
the  general  contract  for  the  original  bridge  and 
for  the  reconstruction  work. 


Some  Methods  and  Costs  of  Encasing 

Steel  Structures  in  Concrete  to 

Prevent  Corrosion. 

Two  methods  of  cacasnig  .steel  structures 
in  concrete,  namely  encasement  by  pouring 
and  encasement  by  cement  gun,  are  dis- 
cussed in  one  of  the  appendixes  of  the  re- 
port of  the  Committee  on  Steel  Structures  of 
the  American  Railway  Engineering  Associa- 
tion.    The  report  states: 

(1)  If  the  floor  is  protected  by  concrete 
encasement  poured  in  place,  the  cost  will  be 
approximately  25  cts.  per  square  foot  for  an 
envelope  3   ins.  thick. 

(2)  Encasement  3  ins.  thick  placed  by 
cement  gim  will  cost  nnproximately  23  cts.  per 
square   foot. 

Specific  samples  of  concrete  encasement 
work  arc  quoted  as  follows  from  W.  F. 
lordan,  manager  Grand  Central  Terminal 
Improvements,  New  York  Central  &  Hudson 
River  R.  R.,  and  from  G.  F..  Tebbetts,  Bridge 
Engineer,  Kansas  City  Terminal  Ry  ; 

GRAND  CENTRAL   TERMINAL. 

The  cement  gun  is  being  used  at  the  Grand 
Central  Terminal  for  fireproofing  and  pro- 
tecting a  part  of  the  steel  structure.  The 
yard  is  in  two  stories,  the  upper  tracks  being 
siipporteil  on  a  steel  structure  with  concrete 
j.Tck-archcs,  It  was  necessary  lo  get  the  up- 
per tracks  in  service  at  an  early  date,  so  the 
firoroofing  of  the  exposed  parts  of  the  steel 
below  the  pack-arclies  was  not  done  at  the 
litne  the  floor  was  built. 

The  lower  parts  of  the  beams,  the  girders 
and  columns  arc  now  being  fireproofed  with 
the  cement  gun,  using  a  minimum  thickness 
of  2  ins.;  the  average  tbickness  is  from  2V4 
to  3  Ins.,   as   in   the  angles   and   around   the 


stiffeners  there  is  generally  more  than  the 
minimum  thickness. 

The  fireproofing  is  reinforced  with  a  wire 
mesh,  HixlVi  ins.  of  No.  12  wires;  this  is 
attached  to  '/4-in.  rods,  which  are  bent  around 
the  steel  and  fastened  to  it. 

The  mixture  has  generally  been  1  to  3,  but 
in  cool  weather,  and  where  the  steel  is  sub- 
iect  to  vibrations  from  the  trains  running  on 
it,  a  1  to  2  mixture  is  fpund  to  be  more 
economical,  as  it  is  not  as  likely  to  drop  off. 
It  is  necessary  with  this  machine  to  use  fine 
sand,  as  sand  with  pebbles  in  it  clogs  the 
hose ;  all  of  the  sand,  therefore,  has  to  be 
carefully  screened. 

We  find  that  a  cubic  foot  of  1  to  3  mix- 
ture, when  weighed  in  a  box  of  1  cu.  ft.  ca- 
pacity after  being  moderately  shaken  down, 
weighs  93  lbs.;  if  this  mixture  is  wet  and  ap- 
plied w'ith  a  trowel,  after  setting  it  will 
weigh  127  lbs.  to  the  cubic  foot,  when  shot 
through  a  cement  gun  onto  a  steel  structure 
and  set  up,  it  weighs  144  lbs.  per  cubic  foot. 
From  this  one  gets  an  idea  of  the  density  of 
the   fireproofing  made  with  this  apparatus. 

In  applying  the  mixture  of  sand  and  ce- 
ment with  the  cement  gun  from  20  to  25  per 
ceiit  of  it  is  lost.  Some  bounces  off  as  it 
strikes  the  structure,  some  is  shot  by  the 
steel  in  working  around  the  angles  and  to 
get  a  smooth  surface  the  mason  scrapes  off 
the  irregularities,  and  to  get  a  good  surface 
it  is  floated. 
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F'q.     I.      Typical     Concrete    Encasement    of 
Deck    Plate   Girder,    Kansas   City   Ter- 
minal   Ry. 

The  labor  required  to  operate  one  machine 
is  as  follows ;  1  foreman,  1  operator  of  the 
machine.  I  no^/letnan.  2  masons  for  floating, 
•t  laborers  screening,  mixing  and  charging  the 
machines.  Carpenters  are  used  when  neces- 
sary to  erect  scaffolds. 

One  of  these  machines  uses  compressed  air 
to  the  amount  of  100  ft.  of  free  air  per 
minute  at  a  pressure  from  35  to  40  lbs.  The 
hose  througli  which  the  mixture  is  conveyed 
wears  out  quite  rapidly  and  renewals  amount 
to  about  $1  per  day.  We  have  averaged  cov- 
ering about  500  sq.  ft.  per  day  of  the  thick- 
ness mentioned  above.     This  method     would 
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appear  to  give  an  excellent  protection  for  the 
steel.  The  material  is  very  dense  and  the 
mctliod  of  application  such  that  every  nich 
of  the  structure  is  uniformly  protected.  The 
great  thickness  used  in  this  work  is  due  to 
the  numicipal  laws  requiring  at  least  2  ins.  of 
fire  protection. 

KANS.\S    CITY    TERMIN.M-S. 

Ou  the  new  structures,  which  the  Kansas 
City  Terminal  Railway  Co.  is  buildmg,  the 
encasement  is  applied  in  the  majority  of  cases 
by  use  of  the  cement  gun.  This  machine  con- 
sists essentially  of  a  hopper  into  which  the 
cementitous  materials,  made  up  of  1  part 
Portland  cement  to  3  parts  dry  screened  sand, 
arc  placed:  a  horse  connected  to  the  bottom 
of  the  hopper,  through  which  the  mixture  is 
forced  bv  air  pressure;  a  nozzle  at  the  end 
of  the  hose,  to  wliich  another  hose  supplying 
water  is  attached  for  hydrating  the  materials. 
.^t  the  end  of  the  hose  is  a  cylindrical  nozzle 
having  an  annular  ring  at  its  base,  to  vvhich 
the  hose  delivering  the  water  is  attached.  This 
water  is  delivered  inside  the  nozzle  in  the 
form  of  a  fine  spray,  through  which  the  ma- 
terials from  the  gun  pass.  The  nozzle  is 
made  of  brass,  and  to  prevent  wear  on  the 
nozzle  proper  a  rubber  lining  is  used.  This 
lining  can  be  replaced  whenever  necessary. 

Before  adopting  the  cement  gun,  the  claims 
of  the  company  "selling  it  were  investigated 
and  test  panels  'were  encased.  The  conclusion 
reached  was  that  if  the  cost  was  not  too 
great,  it  would  solve  the  problem  of  encase- 
ment. Comparative  estimates  made  arc  shown 
below  ; 

Eiicasoncnl  by  Pourinq  in  Forms. — En- 
casement to  be  3  in.  in  thickness :  mixture  to 
be  1  :2  ;t  concrete:  reinforcement,  wire  mesh 
and  bars. 

Stone.  1   ou.  yd.  at  $1.25 .$1.25 

Unloadini;  1   cii.  yd.  at  20  cts 20 

Loss  In  handling  at  a  per  cent 07 

Sand,   V-  eu.   yd.   at   GO  cts .30 

Unloading  %  cu.  yd.  at  6c OJ 

Loss  in  handling  at  5  per  cent -OZ 

Cement,    l?i    bbls.   at  $1.25 2.19 

Unloading  1%   bbls.   at  5  cts 09 

Loss  In  sacks  at  .t  per  cent 03 

Total    •••,••   S^.IS 

1  cu.  vd.   equal  to  108  sq.  ft..  3  in.   thick. 

Cost  of  material  per  sq.  ft JO.OM 

Korms,   Jl.fi3   B    M.  at   $0.050 081 


Mixing  and  placing  at  $.").40  per  cu.  yd 050  that  check   verv   closely   with   the   above.         ^ 

Insurance  on  payroll  at  5  per  cent ■     -00^  The  steel  wo'rk  to  be  encased  was  designel 

$0,173  with  open  holes  11-16  in.  in  diameter  in  webs, 

Overhead   and   protit  at   s   per   cent   -f-   15  stiffeners   and   flanges,  so  that  in  placing  and 

per  cent  =  23  per  cent •     ■°^''  attaching    the    reinforcement    there    would   be" 

Cost  per  sq.  ft.  of  encasement  =  $0,210.  am.ple   provision    for   rigid   attachment   to   the 

Kncasement  per  sq.  ft $0,216  structure.       In     attaching     reinforcement     to 

Mesh  No.  3  at  $0  06. 018  ;  ^j           ^          j    ^j^er    large    surfaces,    the 

Bars,   No.   5,   at  $0.03 Olo  f                            ,                                n     -\-     i           i     ■ 

bars    were    placed    on    small    \  -shaped    iron 

Total  cost  per  sq.  ft $0,249  saddles   and  wired  through  the   webs  to  each 

Say.  25  cents  per  square  foot.  oXh(tv.     On  flanges  the  rods  were  run  through 

Encnsement  by   Use   of  Cement   Gun.— En-  steel    eyebolts    attached    to    the    lower    flange, 

casement   to   be   3   ins.   in  thickness;   mixture  the  mesh  being  attached  to  the  bars  by  wiring. 

1  :3    mortar;    reinforcement,    wire    mesh    and  At   the   junction   of   the   concrete   encasement 

liars,  .'\verage  number  of  square  feet  covered  ^^jth    the   floor,    which    is   also   of   concrete,   a 

in  a  day  of  10  hours,  27.")  sq.  ft.     Loss  due  to  cpiice  was  provided  by  use  of  mesh  placed  in 

gun  work,  20  per  cent.     Loss  due  to  handling  the  floor  previously  cast,  this  splice  being  four 

sand.  .30  per  cent.     Quantity  of  sand  used   in  inclies   in    width.      Figure      1      shows     typical 

placing  2T.5  sq.  ft.  3  ins.  thick,  4  cu.  yds.  method  of  attaching  reinforcement  to  girders. 

.Sand.  4  cu.  yds.  at  $0.fiO $2.40  'fhe    steel    girders    were    shipped    from    the 

Unloading  and  screening  4  yds.   at  $2.51...     1.00  chnns   with   a   shon   coat  of  lin^^eed   oil    whicM 

Cement,  by.  bbls.  at  $1.25 6.SS  S"0PS   witn   a   snop   coac  oi    imscca   ou.   w  myy 

Unlo.ading  5%  bbls.  at  $0.15 83  was    removed    by   the    use    of    a    caustic    soda; 

Loss  in  sacks  at  5  per  cent 11  wasli    before    encasement    was    started.      .Ml 

^l^'sobne^'or  compresso;;-12ga!sVaV$0.i.5ii     LSG  rust  spots  were  removed  with  a  wire  brush 

Oil  waste  and  handling  per  day 60  Our   experience   has    shown    that     the      1  :d 

mixture   placed   in   the   gun   gives   a   resulting 

1  foreman,  10  hrs.,  at  37.5  cts fljl  '"9'-tar    of    approximatelv    1 :2^,i    this    change 

1  finisher,  10  hrs.,  at  35  cts 4.50  being  due  to  loss  of  sand.     The  sand  must  be 

1  nozzleman,  10  hrs.,  at  32.5  cts 3.25  nearly  dry,  the  drver  the  better,  a  mixture  of 

1  gunman,  10  hrs.,  at  30  cts 3.00  ^riarse    and    fine    Qrains    n-jvinc-    better    results 

2  laborers,  10  hours,  at  22.5  cts 4.50  coarse    ana    nne    giains^i\ing    iittier    resu  is 

1  boy,  10  hrs.,  at  12V4  cts 1.25  with    considerably    less    loss,    than    either    the 

coarse  or  fine  alone. 

T.     „■  c      t„     „«..  ,io„                             «o  nn  The   sand   must   be   screened     as'    particles 

Repairs,   etc.,   per  day $J.Uu  -,..,.,           i         ^t                        i 

Scaffolding  for  275  sq.  ft.  at  $0.15....  4.13  Over    %    in.    in    diameter    clog    the    gun    and 

6.13  cause   serious  delavs. 

Interest  on  gun    $3,000  at  5  per  cent.. $0.41  -phe    comnressor    should    be    a    machine    of 

Insurance  on  payroll  at  5  per  cent 9i  ,   ■             ■..           j           •    .^     „   j-   .        •_ 

1.38  very  ample   capacity  and   an   intermediate   air 

-— — —  storage  tank  is  an  advantage. 

Total    ■■.•■ •••• ;■■■;■ -o- ■■•■*  It   was    found   that   it  was   verv   difficult   to 

Overhead  and  profit  8  per  cent  and  2o  per  ^i        i              a                <■          '  ■   j 

cent  =   33  per  cent 13.53  encase    the    lower    flange    of    a    girder,    espe- 

■  ciallv  so  the  lower  face,  and  in  our  work  we 

Cost  of  encasement il^hll  cast'this  portion  in  quite  a  few  cases. 

Cost   per  sq.    ft $«.l»b>.  '                        ^ 

Mesh  No.  ",  per  sq.  ft.  at  $0.06 Ois  It  was  also   a   difficult  proposition  to  get  a 

Bars,  No.  5.  per  sq.  ft.  at  $0.03 -"15  good,    clean    job    around    stiffeners    and    side- 

$0.2298  walk  bracket  members.     On   the  brackets  V- 

Say,  23  cents  per  square  foot.  shaped  forms  were  made  and  used  as  a  back- 

.\  comparison  of  the  above  shows  a  saving  ing  for  the  gun  work,     .^s  to  finish,  the  ap- 

of  2  cts.  per  square  foot  in  favor  of  the  gun  pcarance  is   fairly  good,  though   far  from  the 

work    over   the    poured    encasement,      and      it  smooth,  even   lines  of  cast  work  and  a   great 

might  be   stated   that   since  this   estimate  was  deal  depends  upon  the  finisher  as  to  the  final 

made  we  have   received  bids  on   actual  work  appearance. 


Equipment  and  Methods  for  Maintain- 
ing Bituminous  Surfaces  and 
Bituminous  Pavements. 

The  importance  of  thorough  and  continu- 
ous maintenance  of  bituminous  pavements  is 
impressing  itself  upon  the  minds  of  engineers 
engaged  in  highway  work  more  forcibly  every 
riay.  The  tremendous  increase  in  the  square 
vardage  of  new  construction  of  that  type  of 
pavement  within  the  past  few  years  has  kept 
1  iiilders  so  busy  with  new  methods  and  im- 
provements in  materials  that  better  methods 
of  maintenance  have  suffered  somewhat  from 
neglect.  At  the  present  time,  however,  many 
well  constructed  pavement  surfaces  are  be- 
ginning to  show  those  signs  of  neglect  which, 
unfortunately,  are  characteristic  of  pave- 
ments  in   many   sections  of   this  country. 

In  order  to  carry  on  a  system  of  continu- 
ous maintenance  it  is  necessary  to  organize 
and  equip  small  gangs  which  may  be  readily 
increase<l  in  size  should  occasion  demand,  and 
which,  bv  working  continuously,  become  expert 
in  the  details  of  their  work.  Mr.  William  H. 
Farrington,  M.  .^m.  Soc.  C.  E..  in  a  paper 
published  in  Proc.  Am.  Soc.  C.  E.,  Vol.  XL., 
pp  4-')7-4fi3,  discusses  the  organization,  equip- 
ment and  methods  of  carrying  on  this  class 
of  work  and  the  plan  outlined  is  given  here 
as  he  presented  it. 

The  maintenance  of  bituminous  surfaces 
and  bituminous  paveinents  is  divided  natur- 
ally info  three  stages.  The  first  includes  what 
is  usually  classified  as  ordinary  maintenance, 
such   as   patching,   covering,   etc.    The   second 


covers  rc-trcatmcnt  of  the  surfaces  and  the 
renewal  of  the  seal  coats  on  the  pavements  : 
and  the  third  includes  the  re-shaping  or  re- 
surfacing of  roadways  carrying  bituminous 
surfaces,  and  the  re-surfacing  or  reconstruc- 
tion of  the  pavements. 

It  is  assumed  that  maintenance  work  will 
usually  be  handled  by  a  department  with  its 
own  gangs  and  equipiiicnt,  rather  than  by 
contract,  except  possibly  in  case  of  extensive 
re-surfacing. 

PalchinQ.— For  patching,  only  a  small  gang 
is  needed,  and  the  ef|uipment  is  simple.  There 
should  be  one  or  two  portable  melting  ket- 
tles, a  small  portable  tool-house,  and  one  or 
two  small  tents  for  the  laborers,  unless  a  van 
is  provided. 

The  methods  to  he  followed  in  patching 
the  different  kinds  of  surfaces  and  pavements 
are  much  the  same.  Generally,  one  should 
use  the  same  kind  of  bituminous  material  for 
patching  as  was  used  in  forming  the  surface, 
and  ordinarily  it  is  not  advisable  to  select  a 
much  heavier  grade,  except  with  stone,  slag, 
or  chips,   for   filling  depressions. 

In  the  writer's  ojiinion.  only  the  lightest, 
or  so-called  dust-laying,  oils  or  tars  should 
be  used  without  the  addition  of  some  grit : 
and.  even  with  these,  a  light  covering  is 
probablv  economical.  If  applied  without  cov- 
ering, however,  patching  is  usually  not  ad- 
visable, as  the  cost  of  an  additional  applica- 
tion is  small. 

In  patching  an  ordinary  oil  or  tar  surface, 
one  should  first  attend  to  the  depressions. 
Slight  depressions  can  be  filled  with  oil,  or 
tar,   and   sand,   gravel,   or   chips:   but    if   they 


are  deep,  stone  or  slag  should  be  added.  Tlie 
depressions  should  be  cleaned,  and  the  edges 
cut  out  if  necessary,  in  order  to  allow  a  thor- 
ough bonding  of  the  new  and  old  material. 

.'Vlthough  the  best  results  are  obtained  by 
mixing  tlie  bituminous  material  and  sand,  or 
stone,  etc.,  before  applying,  satisfactory  re- 
sults may  be  obtained  without  mixing,  if  the 
work  is  done  carefully.  In  lilling  slight  de- 
pressions, where  the  materials  are  not  mixed 
before  applying,  a  thin  coating  of  oil  or  tar 
is  spread  over  the  bottom  and  covered  with 
sand,  gravel,  or  chips.  If  stone  or  slag  is 
used  with  oil  for  filling  deep  depressions,  the 
stone  or  slag  is  spread  over  the  oil  with 
which  the  bottom  has  been  coated,  then  more 
oil  is  applied  and  covered  with  grit.  If  tar 
is  used,  the  methods  are  similar,  but  more 
bituminous  material   is  required. 

.'\fter  filling  the  depressions,  any  bare 
places,  or  [ilaces  where  the  bituminous  sur- 
face is  practically  worn  through,  should  be 
coated,  the  surface  first  being  cleaned  and 
grit  being  spread  over  the  oil  or  tar.  In  no 
case  should  much  more  than  '/4  gal.  of  bitu- 
minous material  per  square  yard  be  used  for 
coating  the  surface,  as  any  surplus  oil  or  tar 
will  result  eventually  in  the  rolling  of  the 
surface  and  the   formation   of  bunches. 

Most  of  the  so-called  cold  tars  may  be  ap- 
plied without  heating,  as  may  the  lighter 
grades  of  the  so-called  cold  oils,  or  road  oils: 
but  the  heavier  grades  must  he  heated  in 
order  to  give  the  best  results  in  patching. 

A  much  heavier  oil  or  tar  than  that  used 
in  the  surface  is  inadvisable  for  patching,  vet 
a  somewhat  lighter  grade  may  be  used.    Ex- 
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clk-nt  results  are  obtained  by  patching  a 
■ot  oil  or  tar  blanket  with  the  heaviest  cold 
oil  or  tar,  and  with  these  there  is  much  less 
chance  for  the  formation  of  bunches  than 
with    the    heavier    materials. 

If  a  pavement  composed  of  stone  and  bitu- 
'ninous   material   is   constructed   properly,   not 

until   in   the   way   of   maintenance   should   be 

■  L<|uircd  for  some  time,  but  depressions  will 
iovelop  eventually,  and  some  patching  will 
i-  needed.  In  patching  bituminous  pavements, 

j     including  those  composed  of  sand  and  oil,  the 
I     methods    are    similar    to    those    for    a    bitu- 
ininiuis    surface,    except    that,    with    the    sand 
.11(1  oil  pavements,  deep  depressions  should  be 
lied  with  heavy  oil  and  sand,  properly  heat- 
I    and    mixed    before    applying:    or,    if    the 
heavy   oil    is    not    available,    or    there   are    no 
1 1     facilities   for  heating   the   sand,  an  oil  similar 
'      to  that  used  for  surface  work  will  give  good 
results  with  slag  or  cinders,   without   mixing. 
Cn7'ering. — On  any  bituminous  surface,  and 
especially   one  in  the   formation  of   which   oil 
is    used,    more    or    less    covering    with    sand, 
gravel,    or    chips    will    be    required,    either    to 
take   up   free  oil   or  tar,   which   will   work   to 
the  surface  for  .some  time  after  it  is  applied, 
or  later  to  prevent  the  picking  up  of  the  sur- 
face,  which   may   soften   under  certain   condi- 
tions.    Covering   is   also  partly  a   remedy    for 
the  .slippery  condition   incidental   to  any   bitu- 
minous  surface  during  cold   weather. 

Rc-OiUnii  or  Rc-Tarvialing. — For  re-treat- 
ing a  bituminous  surface,  practically  the  same 
equipment  is  required  and  the  same  methods 
should  be  followed  as  for  the  original  treat- 
ment, except  that  usually  less  bituminous  nia- 
•crial  is  needed. 

The  life  of  a  bituminous  surface,  or  the 
length  of  time  elapsing  before  re-treatment  is 
necessary,  will  depend  on  local  conditions,  and 
the  amount  and  kind  of  travel,  etc.  Where 
conditions  are  favorable  for  such  treatment, 
however,  and  the  travel,  especially  the  horse- 
drawn  travel,  is  not  too  heavy,  a  bituminous 
surface  consisting  of  grit  and  al)Out  Vz  gal. 
per  square  yard  of  the  heaviest  hot  oil  suit- 
able for  blanket  work  should  last   from  three 

■  i  live  years  without  re-treatment,  if  iiatched 
icasionally  and  otherwise  maintained  prop- 
erly. In  re-treating  such  a  surface,  not  more 
than  Vi  pal.  of  oil  per  square  yard  should  be 
used,  unless  practically  all  the  original  sur- 
face is  gone;  and  it  is  not  economical  to  de- 
lay re-treatment  until  this  point  is  reached, 
as  without  the  protection  of  the  bituminous 
surface,  the  road  metal  will  tend  to  ravel 
and   the  roadway  to  disintegrate. 

.■\  bituminous  surface  formed  l)y  the  appli- 
cation of  from  1/C  to  V*  gal.  of  light  oil  per 
square  yard,  with  a  small  quantity  of  cover- 
ng,  will  last  at  the  best  not  more  than  one 
cason,  and  it  will  probably  be  necessary  to 
•iver  such  a  surface  quite  heavily  in  the  fall 
n  order  to  carry  it  through  the  winter  and 
luiil  another  application  is  made  the  follow- 
Mg  year.  Where  from  %  to  %  gal.  per 
-'liiare  yard  lA  the  heaviest  cold  oil  is  used 
with  grit,  re-treatment  with  about  the  same 
quantity  of  oil  will  usually  be  necessary  the 
icond  year:  but,  after  that,  the  applicatinn 
■  I  from  \/Ct  to  %  gal.  per  square  yard  per 
>eason  should  he  sufTicient,  and  an  applic.i- 
tion  may  not  be  necessary  each  year,  although 
if  omitted  the  patching  will  naturally  be  in- 
creased. 

If  refined  coal-gas  tar  is  used,  about  %  gal. 
per  5(|uare  yard  is  required  during  the  first 
■md  second  seasons.  After  that,  with  cold 
•  ir,  a  Vi-  to  %-gaI.  application  will  usually 
'(•  necessary  after  each  season,  although  the 
larly  application  may  be  omitted  occasion- 
dly  With  hot  tar.  ordinarily  a  %-  to  '/^-gal. 
i|)plication  .should  be  made  every  second  year. 
Where  unrefined  water-gas  tar  is  applied, 
two  %-gal.  applications  are  advisable  each 
year,  but,  if  only  one  V4-Kal.  application  is 
in.ide,  a  considerable  quantity  of  patching 
will  he  required. 

.•\s  to  equipment,  for  handling  the  lighter 
'.■rades  of  bituminous  materials,  one  or  two 
dislributf.r  carts  and  a  pump  for  transferring 
these  materials  from  the  tank-cars  arc  re- 
quired, and  there  should  be  a  tool-house,  al.so 


tents  lor  the  laborers,  unless  vans  are  pro- 
vided. 

Kor  handling  the  heaviest  grades  of  oil  or 
tar  used  for  surface  work,  the  following  plant 
is  needed:  One  In-  or,  l:i-ton  steam  loUer, 
one  portable  heating  boiler,  one  steam  pump, 
two  steel  tank-wagons,  one  pressure  distrib- 
utor (if  iv.ounted  separately,  or  two  if  at- 
tached to  the  tank  wagons),  one  or  two  water- 
ing carts,  one  'i-horse  sweeper,  one  portable 
tool-house,  and  two  large  tents  or  vans  for 
laborers. 

As  to  distributors,  for  handling  the  road 
oils  or  the  corresponding  grades  of  tars,  a 
gravity  machine  may  be  used  with  good  re- 
sults, if  the  bituminous  material  is  broomed 
after  it  is  applied :  but  the  cost  of  distribu- 
tion will  be  less  and  the  results  more  satis- 
factory if  a  pressure  distributor  is  used.  For 
thi.':  work,  a  distributor  cart  with  a  pump 
mounted  on  a  frame  back  of  the  tank  and 
connected  by  chain  with  a  large  sprocket 
l)oited  to  one  of  the  rear  wheels  is  most 
satisfactory.  Under  favorable  conditions, 
good  results  have  been  obtained  with  gravity 
machines  in  distributing  even  the  heaviest 
grades  of  bituminous  materials  for  surface 
work-  but  the  chances  of  failure,  if  the  con- 
ditions are  not  favorable,  are  such  that  they 
should  always  be  applied  by  pressure  dis- 
tributors if  possible.  The  distributor  just 
described,  or  one  with  a  gas-engine  pump 
mounted  cither  on  the  tank-wagon  or  on  sep- 
arate gear,  may  be  used,  but  one  operated  by 
steam  will  give  the  best  results.  One  advan- 
tage of  the  steam  distributor  is  the  pos- 
sibility of  cleaning  out  the  pipes  and  nozzles 
)iy  blowing  steam  through  them.  Of  the  steam 
distributors,  there  seems  to  be  little  choice 
l)etween  the  one  using  the  direct  pressure  of 
steam  in  the  tank  for  distributing  and  the 
pui'.ip  type,  each  having  its  advantages. 

To  facilitate  covering,  the  sand  or  other 
material  should  be  piled  in  advance  on  the 
side  of  the  road. 

Before  commencing  to  distribute  the  bitu- 
minous material,  the  surface  should  be  cleaned 
with  a  horse  sweeper,  and  with  hand-brooms, 
if  necessary.  Any  depressions  .should  be  filled 
and  the  surface  patched  as  needed. 

Where  the  heavier  grades  of  oil  or  tar  arc 
used,  it  is  well  to  water  the  old  surface  be- 
fore distributing  the  new  bituminous  material. 
but  watering  is  not  necessary  with  the  lighter 
grades   unless   the   surface   is  unusually   dry. 

It  is  advisable  to  cover  the  bituminous  ma- 
terial lightly  at  first,  applying  more  grit  as 
needed  for  though  some  Intuminous  material 
will  take  up  only  enough  grit  to  form  a  good 
mixture,  without  reference  to  the  quantity 
put  on,  in  other  cases,  if  there  is  surplus 
covering,  the  oil  or  tar  will  continue  to  work 
up  until  the  mixture  is  weakened  to  such  an 
extent  that  the  best  results  cannot  be  ob- 
tained. 

Seal  Coals. — Although  a  seal  coat  or  wear- 
ing coat  may  not  in  all  cases  be  necessary  on 
pavements  composed  of  broken  stone  and 
i)ituminous  material,  the  writer  believes  that 
it  is  economical  and  should  usually  be  ap- 
idied,  either  in  connection  with  construction, 
or  later,  except  possibly  where  asphalt  is  used 
in  the  pavement.  The  equipment  and  methods 
for  applying  or  renewing  such  coats  are  sim- 
ilar to  tiiose  for  the  re-treatment  of  the  sur- 
face :  but,  unless  asphalt  is  used,  the  bitu- 
minous material  for  the  seal  coal  should  be 
of  a  lighter  grade  than  that  incorporated  in 
the  pavement.  Oil  may  be  used  with  good 
results  on  a  tar  pavement,  and  is  advantage- 
ous, in  .some  cases,  in  that  it  Is  less  slippery 
than  tar  and  also  acts  to  some  extent  as  a 
dust   absorbent. 

Re-Shal'inri  or  Rc-Surfaciufj. — .Mthnugh  a 
surface  consisting  of  grit  and  suitable  bitu- 
minous material  will  carrv  ordinary  travel 
and  relieve  the  road  metal  of  much  of  the 
wear,  it  alone  is  not  a  permanent  form  of 
treatment.  .\s  a  result  of  the  gradual  wear 
of  the  road  metal,  and  because  repealed 
treatment  and  patching  with  bituminous  ma- 
terial will  cause  the  formation  of  bunches 
and  an  uneven  surface,  re-shaping  or  re- 
surf.-xcing  of  the  roadway  will  be  necessary, 
eventually. 


When  this  stage  is  reached  it  is  always 
well  to  consider  a  more  permanent  form  of 
pavement:  for  it  is  an  established  fact  that 
a  bituminous  surface  will  not  carry  a  large 
amount  of  horse-drawn  travel,  and  will  fail 
under  certain  conditions  which  the  writer  be- 
lieves are  not  as  yet  clearly  understood  ;  and, 
although  a  bituminous  surface  may  have  been 
satisfactory  in  a  certain  locality  in  the  past, 
the  conditions  may  change  or  the  travel  in- 
crease  largely. 

It  is  assumed,  however,  that  there  will  not 
always  be  money  available  for  the  construc- 
tion of  a  bituminous  pavement,  in  which  case 
the  alternative  is  the  re-shaping  or  re-sur- 
facing of  the  roadway  and  the  application  of 
another  bituminous  surface. 

The  equipment  needed  for  re-shaping  or 
re-surfacing  work,  to  be  done  in  connection 
with  re-oiling  or  re-tarviating.  is  the  same  as 
that  for  re-treatment,  except  that  two  steam 
toilers  will  be  needed,  also  a  straight-tooth 
:nd  a  spring-tooth  harrow. 

If  stone  is  to  be  crushed,  there  should  be 
a  portable  crushing  outfit. 

In  re-shaping  or  re-surfacing  a  roadway 
with  a  bituminous  surface,  the  old  surface 
should  firs;  be  thoroughly  broken  up  with 
the  roller  picks  or  a  scarifier  and  removed 
with   stone   forks. 

The  loosening  of  the  road  metal,  partly  ac- 
complishtd  by  the  roller  picks  or  scarifier 
used  in  breaking  up  the  surface,  should  be 
completed  with  a  straight-tooth  harrow,  the 
use  of  which  also  tends  to  shake  the  worn 
out  material  to  the  bottom.  This  should  be 
followed  by  a  spring-tooth  harrow,  which, 
becaiise  cf  the  curved  teeth,  will  bring  the 
stone  or  larger  particles  of  road  metal  to  the 
top.  The  surface  should  be  shaped  with 
rakes,  any  new  stone  or  other  road  metal 
needed  should  he  put  on,  and  the  road 
watered  and  thoroughly  rolled.  If  any  con- 
siderable quantity  of  new  stone,  etc..  is  used, 
the  voids  should  be  partly  filled  with  sand, 
stone  screenings,  or  chips:  but.  if  only  a 
small  quantity  of  new  road  metal  is  put  on, 
there  will  usually  be  sufficient  fine  material 
in  the   road  to  bond   it. 

Either  a  macadam  binder  or  the  heaviest 
road  oil  may  be  used,  but,  ordinarily,  the 
former  will  give  the  best  results.  About  % 
gal.  of  oil  per  square  yard  should  be  used 
in  two  applications,  with  a  covering  of  grit 
after  each. 

Ordinarily,  it  is  not  advisable  to  use  tar 
for  such  re-shaping  or  re-surfacing  work, 
unless  a  bituminous  pavement  is  to  be  formed 
by  penetration  In  this  case,  usually  more 
new  stone  or  other  road  metal  is  needed,  and 
the  voids  {.■■r  about  2  ins.  below  the  surface 
should  not  be  filled  with  fine  material.  For 
grouting  1%  gal.  of  heavy  tar  should  be  used, 
and  a  seal  coat  should  be  formed  by  the 
applicatioi:  of  about  V4  gal.  of  a  lighter  tar 
with  grit:  <<t.  if  preferred,  asphalt  may  be 
used   instead  of  tar. 

The  foregoing  description  of  maintenance 
work  applies  to  a  bituminous  surface  on  a 
roadway  of  broken  stone,  slag,  or  screened 
gravel,  ralhtr  than  to  such  a  surface  on  un- 
screened uravd:  but  though  the  methods  for 
handling  a  .••urface  on  the  latter  form  of  road- 
way are  somewhat  different,  mention  can 
only  he  nia<le  of  the  fact  that  although,  for 
the  first  application,  one  should  use  a  fairlv 
liglu  grade  of  bituminous  material  which  will 
penetrate  somewhat  below  the  road  surface 
and  thus  form  a  real  bond  between  the  bitu- 
minous n'aterial  and  the  gravel,  heavier 
grades  of  oil  or  tar  may  be  used,  with  good 
results,    for   later   treatment. 

Rr-SurjarUip  of  Bituminous  Pavement. — 
In  a  fii^cus•.ion  on  maintenance,  it  does  not 
seem  ■'dvisabic  to  devote  much  space  to  the 
re-surfaring  of  bituminous  pavements,  be- 
cause such  work  is  probably  better  classified 
as  reconstruction  than  maintenance,  but  at- 
tention is  c.'uled  to  the  fact  that  the  life  of 
pavement i  composed  of  broken  stone  and  bitu- 
minous material  is  as  yet  problematical  on 
roads  outside  of  cities  and  large  centers,  be- 
cause such  pavements  have  been  in  use,  under 
these  conditions,  only  a  few  vears. 
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Storage  and  Repairs. — Incidental  to  a  con- 
sideration of  equipment  is  the  question  of 
proper  care  and  up-keep  of  the  outfits.  There 
should  be  at  headquarters,  a  suitable  storage 
place,  with  sufficient  equipment  and  proper 
facilities  for  making  ordinary  repairs.  It  is 
not  only  advantageous  to  have  the  repairs 
made  by  or  under  the  supervision  of  those 
responsible  for  the  apparatus  during  the 
v;orking  season,  but,  by  having  the  work 
done  by  men  from  the  regular  force,  it  is 
possible  to  keep  the  most  competent  men  busy 
during  the   winter. 

It  the  amount  of  work  done  warrants  the 
employment  of  a  storekeeper,  there  should 
be  kept  at  all  times  at  the  storage  place  a 
sufficient  stock  of  tools,  etc.,  to  supply  the 
needs  of  all  the  gangs. 

Reports  and  Accounts. — It  is  not  possible, 
in  the  time  at  the  writer's  disposal,  to  con- 
sider in  detail  the  question  of  the  reports. 
records,  and  accounts  which  should  be  kept 
on  maintenance  work.  The  writer  believes, 
however,  that  although  a  consideration  of 
cost  is  not  of  especial  value  in  a  discussion 
covering  work  in  widely  separated  localities. 
a  comparison  of  the  cost  of  work  in  different 
localities  in  one  section  is  valuable,  and  is 
necessary  in  order  to  determine  what  equip- 
ment and  methods  are  most  economical,  and 
also  whether  the  work  is  handled  efficiently. 

Daily  reports  giving  details  of  the  labor 
.;ost  should  be  submitted  by  the  foreman, 
and  a  record  of  these,  as  well  as  of  bills  for 
materials,  supplies,  etc.,  should  be  kept  in 
such  a  way  that  the  cost  of  the  different 
kinds  of  work  can  be  easily  ascertained  at 
anv  time. 


Methods  and  Cost  of  Laying  5,689  Sq. 
Yds.  of  Vitrified  Brick  Pave- 
ment at  Carlisle,  Pa. 

Contributed  by  .John  C.  Hiteshew,  City  lOngineer, 
Carlisle,   Pa. 

During  the  past  season  5,689  sq.  yds.  of 
vitrified  brick  pavement  were  laid  by  the 
street  department  of  Carlisle,  Pa.,  under  the 
supervision  of  the  writer.  The  section  paved 
comprised  two  blocks  on  High  St.  and  one 
block  on  Hanover  St.  On  Hanover  St.  the 
paving  extended  over  the  full  width.  The 
Valley  Railways  Co..  whose  tracks  occupy  the 
center   of   the   street,   in   accordance   with   the 


same  contractor  at  a  contract  price  of  28  els. 
per   linear   foot. 

The  intersection  of  High  St.  and  Hanover 
St.  being  a  summit,  the  paving  at  the  street 
crossings  was  made  flush  with  the  sidewalls, 
as  shown  in  Fig.  1.  The  same  construction 
was  used  at  alley  crossings.  This  method  of 
treating  crossings  is  similar  to  that  used  at 
Atlantic  City,  N.  J. 

The    pavi.'ment    was    laid    in    short    sections. 
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Slope  into  Gutter 
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Section  AA  Section  B-B 

Fig.  1.  Part  Plan  and   Sections  Showing   De- 
tails of  Street  Crossing   Having   Pave- 
ment  Flush   With   Sidewalk. 

the  sections  being  so  alternated  that  traffic 
was  not  seriously  interrupted  at  any  time. 
TIic  old  macadam  pavement  with  which  the 
street  was  formerly  paved  was  used  as  a 
base  for  the  brick  paving.  In  grading  the 
base  the  old  macadam  was  spiked  up  with  a 
1.3-ton  Kelly-Springfield  roller,  shaped  and 
thoroughly  dry  rolled.  In  shaping  the  base 
spikes  were  set  to  grade  at  7  ft.  intervals 
across  the  street  and  the  final  shaping  done 
by  hand  picking.  After  rolling  new  spikes 
were  set  which  supported  the  2  x  8-in.  x  lO-ft. 


TABLE     I.— COST     OF     BRICK     PAVIXG     AT 
CARLISLE,    PA. 

Cost  per    Total 

Item —  sq.  yd.      cost. 

Unloadingr,  hauling  <fc  piling  bricks$0.065  $369.78 
Grading  &  i oiling  n'acadam  base  .091  517.70 
Stone    cusliion    and    rolling    with  • 

500-lb.    roller    052        295. 83» 

227,560   brick   at   $21   per  M S40     4,778.78' 

Laying  and  rolling  brick 034        193.43'' 

Cement   grout   fiirer 06S        386.85 

Expansion  joint   010         56.89 

Totals    $1.16  $6,599.24 

Total  number  of  sq.  yds 5.689 

Cost  per  sq.   yd $1.16  , 

Note. — An  average  of  7,000  brick  per  man  per 
day  were  laid. 


TABLE    II.— COST    OF    LABOR    AND    MATE- 
RIALS   FOR    BRICK    PAVING 
AT  CARLISLE,  PA. 
Item —  Rate. 

Foreman,    per    hour $  0.2."; 

I^aborers.    per    hour 0.16 

Holler  engineer,   per  hour 0.25 

Cement,  per  bbl.   (net) 1.32 

Sand,    per  ton l.jO 

Brick,    per    M 21.00 


grouted  with  a  1  :1%  cement  grout.  The 
pitch  expansion  joints  were  filled  after  the 
grout  had  set  sufficiently  to  allow  the  removal 
of  the  expansion  boards.  The  green  pave- 
ment was  covered  with  ^'^-in.  of  sand  and 
kept  damp  for  several  days.  Traffic  was 
turned   on  at  the  end  of  five  davs. 
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Factors  Limiting  the  Selection  of  Ma- 
terials and  of  Methods  in  High- 
way Construction. 

There  is  no  feature  connected  with  the 
economic  design  of  highways  which  calls  for 
more  careful  study  and<  consideration  on  the 
part  of  the  engineer  than  the  selection  of  the 
type  of  surfacing  to  be  used.  A  sufficient  num- 
ber of  data  must  be  gathered  so  that  the  choice 
of  wearing  surface  and  its  attendant  details 
such  as  crown,  maximum  curvaturi".  width, 
etc.,  may  be  based  upon  facts  and  figures  and 
not  upon  the  personal  preference  of  the  en- 
gineer or  board  of  commissioners.  While 
this  is  always  the  effort  of  the  conscientious 
road  official,  it  is  often  a  difficult  matter  to 
determine  just  what  factors  enter  into  the 
question  and  the  relative  importance  of  these 
factors.  In  this  connection,  it  is  well  to  re- 
member   that    an    economic    surfacing    is    not 
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Fig.    2.   Method    of    Setting     Concrete    Curb  Along    Railroad    Tracks. 


Fig.     3.   Method     of     Using     Short     Striking    Template. 


terms  of  their  franchise,  paved  the  portion 
taken  up  by  their  right-of-way.  On  High 
St.  the  Cumberland  Valley  R.  R.  built  a  con- 
crete curb  along  Iheir  tracks. 

Concrete  curbs  were  used  throughout  and 
were  constructed  by  contract.  The  curb  along 
the  tracks  of  the  Cumberland  Valley  R.  R. 
was  (ixl8  ins.  in  dimension,  set  at  a  distance 
of  2  ft.  from  the  inside  of  curb  to  rail.  The 
concrete  was  a  1:2:3  mix  with  a  1:1  finish 
coat  and  was  constructed  at  a  contract  price 
of  35  cts.  per  linear  foot.  The  curb  for  the 
borough  (1,200  ft.)  was  of  a  1:2:4  mix  with 
a  1  :2  finish  coat  and  was  constructed  by  the 


guides  for  the  striking  template.  The  cushion 
coat  of  crushed  stone  screenings  was  placed, 
and  struck  off  to  a  depth  of  l'/4  ins.  by  means 
of  a  short  striking  template  drawn  by  two 
men,  as  illustrated  in  Fig.  3.  The  cushion 
was  rolled  with  a  .SOO-lb.  roller  drawn  by  hand. 
The  brick  were  laid  by  one  foreman  and 
two  men,  one  of  the  men  breaking  half-brick 
to  fill  in  ends  of  courses.  Usually  there  were 
three  men  carrying  to  each  brick  layer  or  an 
average  of  7.000  brick  were  laid  by  each  man 
per  day.  Vitrified  shale  paving  brick  were 
used.  Rolling  was  done  with  a  .l-ton  horse 
roller  drawn  hy  twelve  men.    The  joints  were 


merely  a  function  of  the  first  cost  of  the  im- 
provement, but  is  dependent  upon  a  variety  of 
'■omplicated  conditions  among  which  may  be 
mentioned:  the  character  of  the  rnad  and 
supporting  country,  traffic,  materials  available, 
legal  considerations,  aiul  climatic  C'lnditions. 
As  a  means  of  approaching  their  question, 
Mr.  P.  E.  Green,  M.  .^m.  Soc.  C.  E.,  has 
evolved  a  diagrammatic  outline  of  factors  in 
road  work  which  is  interesting  and  new  in 
some  of  its  features.  The  diagram  and  Mr. 
Green's  discussion  are  given  here  as  presented 
by  him  in  a  paper  entitled  :  Factors  Limiting 
the    Selection    of    Materials    and    Methods    in 
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Highway  Construction,  publislied  in  Vol.  XL 
Proc.  Am.  Soc.  C.  E.,  pp.  441-446. 

The  subject  of  economic  construction  may 
be  logically  divided  into  two  interlocking  gen- 
eral sections,  namely  :  "The  Selection  of  Ma- 
terials." and  ''Methods  of  Construction."  Each 
of  these  main  headings  may  be  further  divid- 
ed into  numerous  and  important  parts.  All 
these  parts  should  be  taken  into  consideration 
by  any  public  authority,  such  as  a  city,  county, 
or  state,  when  it  is  proposed  to  enter  on  a 
general  scheme  of  highway  improvemetit  such 
as  is  so  common  at  this  time.  In  this  way 
it  is  not  difficult  to  make  a  logical  selection 
of  the  various  materials  and  methods  involved 
in  the  construction  of  a  system  of  streets  or 
highways  :  and  the  scheme  or  plan  of  future 
construction  may  be  laid  out.  This  does  not 
mean  that  only  one  material  shall  necessarily 
be  selected  for  any  one  street  or  highway.  It 
siniplv  means  that  the  class  or  type  of  ma- 
terial shall  be  selected,  and  that  choice  must 
ultimately  be  made  between  several  more  or 
less  suitable  products. 

A  diagrammatic  outline  of  such  a  general 
scheme  covering  the  subject  of  this  discussion 
is  herewith  submitted.  It  is  not  claimed  that 
it  is  particularly  novel  or  complete,  but  is 
presented  for  discussion  and  improvement. 
Although  intended  primarily  for  country  high- 
ways, it  may  be  used  with  equal  facility  lor 
citv   streets. 


ence  to  materials,  methods,  etc.,  and  simple 
tables  prepared.  Too  often  some  essentials 
are  not  considered  seriously  or  are  forgotten, 
and  for  this  reason  much  money,  time,  and 
labor  are  wasted.  From  time  to  time,  some- 
what similar  schemes  have  been  advanced,  but 
frequently  they  deal  with  only  one  essential, 
such  as  irattic,  to  the  exclusion  of  other  im- 
portant elements.  For  X'.Kample,  in  addition 
to  traffic,  the  character  of  a  city  highway 
should  depend  on  the  layout  of  the  city,  its 
topography,  population,  business,  education, 
and  wealth  :  and,  further,  the  location  of  the 
city  as  regards  the  availability  of  standard 
materials,  such  as  brick,  wood  block,  crushed 
stone,  gravel,  sand,  tar,  asphalt,  etc.,  etc.,  is 
vitally   important. 

Considering  the  problem  of  a  country  high- 
way system,  many  entirely  different  factors 
enter  into  the  selection  of  the  material,  such 
as  vicinity  of  cities,  large  or  small;  general 
populatioti  and  wealth  of  the  surrounding 
country  :  whether  or  not  the  highway  is  to  be 
a  trunk  line  for  through  traffic,  and  if  so, 
whether  such  traffic  is  light,  high-speed  traffic, 
or  lieavy,   low-speed,  commercial  traffic. 

If  the  highway  is  a  secondary  one,  as  re- 
gards the  through  traffic,  it  still  may  be  a 
trunk  line  as  regards  its  commercial  traffic, 
such  as  a  road  leading  from  a  trucking  district 
to  any  one  of  our  large  cities.  Such  a  high- 
way  inay   be   comparatively   a   short   one,   yet 


surrounding  country  and  its  inhabitants.  Such 
roads  are  generally  paid  for  only  by  local 
taxation. 

The  effect  of  "climate"  is  more  important 
than  is  often  considered.  Some  pavements, 
such  as  the  various  bituminous  pavements, 
concrete,  etc,  are  very  much  affected  by  the 
temperature.  Thus  a  surface  mixture  of 
asphalt  suitable  for  Chicago  is  not  suitable 
for  New  Orleans :  and  concrete  as  a  wearing 
surface  should  do  better  in  Houston  than 
Buffalo. 

Three  zones  may  be  recognized :  Xorthern. 
embracing  the  New  England  States.  New- 
York,  Pennsylvania,  Ohio.  Illinois,  etc.:  the 
Intermediate,  such  as  Virginia,  Kentucky, 
Tennessee,  Arkansas,  etc.;  and  Southern,  siicli 
as  -Mabama,  Mississippi,  and  Texas,  which 
have  little  winter.  In  the  Northern  States, 
the  selection  must  be  of  materials  not  etTected 
by  extremes  of  temperature,  freezing  and 
thawing.  For  the  Intermediate,  it  is  not 
necessary  fc.r  the  materials  to  withstand  great 
variations  in  temperature.  For  the  Southern, 
materials  which  might  utterly  fail  in  the 
North  because  of  inability  to  withstand  ex- 
treme cold  or  great  variations  in  tempera- 
ture, mav  be  verv  satisfactory.  Furthermore, 
t!ic  exceedingly  heavy  and  continuous  rains 
following  long' hot,  dry  spells  in  the  southern 
.sections  must  be  taken  into  account. 

.-\  grc.it  deal  of  money  might  often  be  saved 


Fig.    4.    Five-Ton    Roller,    Drawn    by    Twelve      Men,    Rolling    Pave- 
ment  Prior  to  Grouting. 


Fig.  5.     Finished  Surface  of   Bnck     Pavement    at    Carlisle,    Pa. 
No  Paving  Between  Car  Tracks. 


The  scienlific  selection  of  the  material  In  be 
used  in  the  construction  of  a  liigliway  depends 
on  all  the  items  named  in  the  diagram.  The 
diagram  itself  looks  somewliat  complicated, 
but  its  use  is  very  simple.  Before  commenc- 
ing any  large  scheme  of  highway  improve- 
mcnl.  the  outline  may   be  studied   wih   re  fer- 


tile  character   of    its    traffic   actually    makes   it 
a   trunk   line. 

The  least  impi.>riant  class  of  country  roads 
is  generallv  referred  to  as  'local  roads." 
These  art  exactly  what  the  name  signilies. 
and  whellicr  or  not  they  are  to  be  improved 
dc:>cnds  on   the  wealth  and  eilucation  of  the 
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IX  TI.I.N'E  OF  "FACTORS"   IN    ROAD   WORK. 


I. — SeIp«-tWni 
IPilals 


— Ch:iiacter  of  roail 
(clt.v  or  .....T.i'vi 


fThrouKh    tnitllc    roart    —   ooin- 
(      p;eitlul      oi-      piiasenKer.      or 

Trunk  '      both. 

,  Conimerti.ll       road.       Inil       not 
(  I       noccHmirll.v    throuttli    tratne. 

I  Secondarv  f  ConnecttnK    Important    centers 

I  t^cal        "  I      to  trunk   lines. 

passenKpr:  or 


2-  Tnitll' 


3.— Climate. 


fn.st 
iIImk: 


Much   IlKlit 
{  Heavy    hiiiil  ..„. 
■     Jnlv    loral    haiilliiK. 
^  Roadway   widths  required 
I  Northern. 

I  Intermedl 

'  .Southern, 


4.— Chnmcter  of  sup- 
porting   country — 


cdlate. 

rn. 

Propeitv   viil  1' 
Vicinity  of 
TopoKriipli' 
Character  <■' 
■Iderntloii)). 


:iii.l    lienetlt   to  he  derived. 


5. -Miiterl.Tl." 


Closa. 


UBlnK  road — esthetic  con- 

I  riivfilcal  condl- 
'  Superior.  '      tfonn     kovcmi- 

I  InK,     Kuch     .■»■< 

wear,  crown. 
'  Inferior.  dimt.      winltn- 

tlon.   etc.,   etc. 


Coat— mnlnlenancc  charttcii. 
r'hnriiciiT  iinil  iippearnnce. 

K:f'-  "f  tnnillltn;  m.'iterlalx, 
|K.l:itl..n   ■•!  iii,itrl:il  to  roadway  »vUIth 

I   nrniiiilziitlonH   KovirnlnK. 

provementH -railway  rates. 


,    !  -  I.iiWH   nn.;    l.-K.il   nrniiiil/.iitlonH    Kovirn  nK. 
II.-Method»   of   con-   f   zi-loctlon  of  r..lhvny»  " "''  '■;?,'',fl"V'"'  !"|^„P 

struetlon  S.— KxIsMnir  Rnnd  rmul.t  an  ufTcctlng  haul— w 

'    <.— Av.illablllty  of  labor. 


ngon  or  truck. 


by  considering  carefully  the  various  classes  of 
pa\ing  material,  which  may  be  suitable  for 
the  same  purposes  and  yet  may  vary  widely 
in  cost  in  the  different  parts  of  the  country. 
Thus,  wood  bU>ck  pavement  may  be  a  very 
reasonable  one  for  the  business  streets  of 
small  cities  in  regions  close  to  the  sources  of 
supply,  but  fur  other  cities,  similar  in  size, 
but  not  so  situated,  it  would  he  a  grave  mis- 
take to  use  it.  because  of  its  prohibitive  cost. 
This  same  wood  block  pavement  lias  a  chai;- 
aclerislic  in  common  with  sheet  asphalt :  it 
must  receive  a  certain  minimum  tral'tic  or  it 
may  f;'.il.  On  a  wide  roadway,  ha\ing  "iily  a 
irailic  aU.ng  the  center,  the  blocks  outside  this 
used  -trip  will  curl  up  under  the  sun  and 
swell  and  "blow  up"  if  a  rainy  fall  follows 
a  !io;,  dry  summer. 

Furlher.  such  a  inalerial  as  trap  rock, 
tliuiigli  making  good  macadam  highways  in 
New  York,  probably  better,  as  far  as  wear  is 
concerned,  than  any  of  the  limestone  used  in 
the  West  or  Soutli.  would  he  iinpossible  for 
■.liese  l.ist  locatiiins.  Yet  the  writer  h.is  seen 
speiiiicalion.':.  for  roads  hundreds  ^if  miles 
aw?v  from  granite  iiiiarrics,  which  called  for 
granite  top  m.iradani.  though  lineal  limcslone 
at  half  the  cost  would  wear  nearly  as  well. 
.\fain.  there  are  sections  of  the  counlrv 
whore  the  high  cost  of  cement,  but  the  com- 
paratively low  cost  of  good  stone  or  gravel 
makes  a  concrete  base  for  a  pavement  quite 
expensive,  but  a  crushed  stone  or  a  natural 
gravel  rolled  base  would  cost  less  and  be 
nearly,  if  not  entirely,  as  durable.  Of  late 
years,  too  little  attention  b.i<  brrn  naid  lo  the 
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m;icarlam  base  as  a  foundation  for  a  durable 
pavement.  The  public  has  been  educated  to 
think  tliat  concrete  is  the  only  possible  foun- 
dation. The  situation  is  similar  to  that  of 
the  septic  tank  in  sewage  disposal.  Many 
public  officials  have  heard  and  believe  that 
such  a  tank  turns  sewage  into  drinking  water. 

In  those  parts  of  the  country  in  which  there 
has  been  much  road  work  and  improvement, 
it  is  much  easier  to  get  competent  foremen 
and  good  labor  than  in  sections  where  little, 
if  any,  of  such  work  has  been  done.  The  re- 
sult of  good  workmanship  is  very  apparent. 
The  local  officials,  also,  are  better  educated  in 
these  matters  and  more  inclined  to  give  an 
engineer  sway. 

It  should  be  remembered,  also,  that  the 
character  of  the  highways,  whether  city  or 
country,  must  depend  largely  on  the  ability 
of  the  taxpayers  to  pay  for  them.  A  sparsely 
settled  region  may  be  very  desirous  of  having 
pood  roads  and  be  willing  to  be  taxed  for 
their  construction,  within  reason,  but  Wiscon- 
sin, for  instance,  is  far  less  able  to  pay  $10,000 
per  mile  for  highways  than  is  Mass.aohusetts. 
The  road  mileage  depends  only  to  a  limited 
degree  on  tlic  population. 

There  can  be  little  question  of  tlie  benefit 
derived  from  the  construction  of  good  high- 
ways, but  the  degree  of  immediate  benefit 
should  have  much  to  do  with  the  selection  ot 
the  material  for  such  improvement.  It  might 
be.  and  frequently  appears,  that  the  benefits  in 
the  long  run  from  a  thorouglily  high-class 
permanent  construction  will,  theoretically,  far 
exceed  those  derived  from  any  cheaper  con- 
struction. Because  of  the  large  immediate  ben- 
efit received  from  the  cheaper  construction. 
however,  and  because  the  taxpayers  are  tmable 
to  pay  for  the  more  expensive  construction,  it 
may  be  much  better  finance  to  put  in  the 
cheaper  highway,  and  thus  not  overburden  tlie 
community.  Future  development  and  growth 
of  wealth  may  provide  equitably  for  the  con- 
struction of  a  better  improvement.  It  is  a 
real  recognition  of  this  principle,  not  alto- 
gether possessed  by  some  engineers,  that  has 
justified  in  many  cases  the  voting  of  long- 
•erm  bonds  for  short-lived  improvements.  Sucli 
a  principle  must  be  used  with  caution,  how- 
ever. It  cannot  be  defended  in  New  York  or 
Illinois,  but  certainly  can  in  Texas  and  Okla- 
homa. 

In  addition  to  the  various  points  noted  thus 
far,  the  esthetic  features  of  the  wearing  sur- 
face of  a  highwav  should  not  be  forgotten. 
In  many  cases,  this  feature  should  be  made  a 
very  large  factor  in  the  selection  of  the  proper 
material.      Thus,    a    smooth,    well    built    brick 


pavement  might  be  nearly  as  noiseless  as  one 
of  bituminous  concrete,  and  might  have  a 
much  less  maintenance  charge  and  be  more 
sanitary  ■  but.  along  a  scenic  highway  where 
the  adjoining  country  is  very  highly  devel- 
oped esthetically,  such  as  in  the  vicinity  of  a 
large  city  where  there  are  many  great  es- 
tates, it  is  quits  probable  that  the  bituminous 
concrete  pavement  would  be  considered  more 
suitable,  pleasing,  and  satisfactory  by  those 
who  pay  for  it.     Such  a  road  would  be  used 


existing  roadway  widths,  and  several  curves 
tried  on  the  same  sheet.  In  this  manner,  it 
was  finally  decided  that  a  parabolic  curve 
having  the  equation: 


-^ 


X 

-  +  1G. 

6 

would  express  the  desired  relation,  in  this 
equation,  }' ^  the  roadway  width,  in  feet,  and 
A'  =  the   numher   of   vehicles. 


1  SherldkD  Roftd  Kta.3 

2  tJberldkD  Road  Stm.3 

3  PnlrU  A^c  qdJ  -21st  Si- 

1  Suulh  I'ark  Are  nad  l^Jtb  Sc- 
6  Oartield  miil.t>et.Pr*trle  and  IndUoft 
6  UbetidaD  Hold  tiU.l 
T  Urud  Bhd.'.Dd  Un  St. 
8  Grand  Bbd.uid  38lb  St. 
'i  Oakw'wd  [llTd.aad  VlDu«afiei  .^ta- 
10  MicblssD  A"'-  and  39th  St. 
U  MlobUao  Ale.  and  33rd  SU 

12  Mkbl^Q  Ave.  and  16U)  Si. 

13  MlcLl^a  Ate.  atid  Kubia^OD  Su 
ii  Mkbigao  A*e.  aod  Van  Buron  St. 
10  Jacksoa  aU<i  acid  U  Stllo  St- 

IG  JacksoQ  LIlvd.BDd  AshlaudOttd 
17  WaablQjioD  llUJaadUttt  Ava 
in  JacksoD  Blvd. and  Ualsted  iit. 
1-J  Jaakaoo  Blvd.and  oaklef  E.vd. 
^0  ^Bcramtiato  DUd.aad  Jaekiou  BLvd. 


Fig.     1 


1.5  20  i»  30 

Number  of  Vchales,  ia  Ttiousuiids 
Curve     Showing     Relation     Between  Width   of    Roadway    and    Probable   Traf- 
fic   for   Several    Streets    In   Chicago,     Illinois. 


largely  by  .•lutomobilists  and  comparatively 
little  by  truck  gardeners.  If  this  highway 
were  lined  by  truck  farms,  however,  could 
there  be  any  doubt  that  the  selection,  if  made 
between  the  two,  should  be  brick,  especially 
as  it  has  been  demonstrated  that  the  bitumin- 
ous concrete  does  not  withstand  iron-tired 
traffic?  This  selection,  moreover,  would  be 
the  correct  one,  even  if  the  pleasure  traffic 
was  very   large. 

One  of  the  points  which  it  is  believed  has 
been  neglected  in  the  past  is  the  relation  of 
traffic  to  roadway  width,  especially  where 
traffic  is  dense.  It  seems  to  the  writer  that 
it  IS  possible  to  establish  a  logical,  if  em- 
pirical, formula  which  would  be  a  considerable 
help  at  times  in  tlie  solution  of  this  vexatious 
probleiTi  Some  years  ago.  in  preparing  a  re- 
port on  a  popular  scenic  highway  hear  Chi- 
cago, a  traffic  census  was  taken  at  various 
points,  and  in  addition  statistics  on  other  pop- 
ular park  highways  in  Chicago  were  obtained. 
These  were  plotted,  together  with  the  various 


Thus,  if  it  is  determined  from  a  traffic  cen- 
sus that  within  .5  or  10  years  a  highway  will 
have  a  probable  traffic  of  2,000  vehicles,  the 
formula  would  give  a  roadway  width  of  .34 
ft.,  as  shown  on  Fig.   1. 

The  diagram,  or  formula,  is  of  course 
faulty  as  it  takes  into  account  only  two  fact- 
ors, but  it  has  been  a  help  in  arriving  at  con- 
clusions at  times,  and  is  offered  for  what  it 
is  worth. 

-Attention  should  be  called  to  the  fact  that 
because  it  is  decided  that  the  roadway  is  to 
be  of  a  certain  width,  say  -34  ft.,  it  does  not 
follow  that  the  entire  road  should  be  paved 
with  an  expensive  material.  Cuyahoga  Coun- 
ty, Ohio  (Cleveland),  has  hundreds  of  miles 
of  roads  improved  on  one  side  with  brick 
and  on  the  other  with  plain  macadam  or 
gravel.  The  empty  wagon  and  light  horse 
traffic  prefer  the  latter.  Winona  County,  Min- 
nesota, has  paved  the  central  8  ft.  of  some  of 
its  highways  with  concrete,  and  provided  wide 
macadam  shoulders. 


A  Discussion  of  the  Present  Status  of 
Water   Supply   and    Sewage    Dis- 
posal Conditions  in  Chicago. 

The  innuuiltce  .in  drainage  i>t  the  Chicago 
Real  Estate  Board  made  a  report  on  January 
7,  lfll4,  covering  the  present  condition  of  the 
water  supply  and  sewage  disposal  of  tiie  city. 
The  report  criticised,  unfavorably,  some  of 
the  existing  conditions,  and  a  reply  to  it  was 
jirepared  by  I-angdon  Pearse,  Engineer  in 
Charge  of  the  .Sanitary  Division,  and  sub- 
mitted to  the  engineering  committee  of  the 
Sanitarv  District  of  Chicago  on  January  29, 
lfil4.  The  report  by  Mr.  Pearse  was  pub- 
lished, however,  but  a  short  time  ago  and  we 
arc  now  presenting  the  substance  of  the  two 
reports  to  our  readers.  The  Harbor  and 
River  Improvement  Committee  of  the  Chicago 
Real  Estate  Board  also  made  a  report,  dated 
February  4,  UM4.  in  furtherance  of  the  sug- 
gestions made  by  the  Drainage  Committee 
previously  menticmed.  This  report  contem- 
plated the  securing  of  outside  expert  advice 
relative  to  the  sanitary  situation  in  Chicago  as 
will  be  hereafter  more  fully  explained.  In  a 
further  report  l)y  the  Harbor  and  River  Im- 
provement    Committee     the     engagement     of 


three  experts  of  international  reputation  was 
announced  and  the  present  article  also  covers 
this  action  fully.  Since  the  critical  point  in 
the  situation  here  discussed  is  the  continued 
diversion  of  water  from  Lake  Michigan  for 
the  purpose  of  diluting  the  city's  sewage  the 
problem  is  one  of  more  thwi  local  interest. 
The  asserted  lowering  of  lake  levels  with  the 
attendant  eflfect  upon  shipping  has  made  the 
problem  one  of  concern  to  Canada  as  well 
as  this  country.  The  amount  of  water  Chi- 
cago can  divert  for  this  purpose  is  now  the 
subject  of  a  suit  in  the  federal  courts  as 
herein  explained. 

KKPORT   OF   I)K.\IN.\GE  COMMITTKK  OI"  REAL  ESTATE 
BOARD. 

The  members  of  this  committee  are  Messrs. 
John  \V.  .Mvord,  Henry  H.  Walker  and  Hyde 
W.  Perce.  This  conmiittec,  in  its  report  men- 
tioned, assigned  numliers  to  the  various  points 
raiseil  and  as  these  numbers  were  also  ad- 
hered to  by  Mr.  Pearse  in  his  reply  we  .ire 
using  them  here.  The  various  points  made, 
both  in  the  report  of  the  committee  and  in 
Mr.  Pearse's  reply,  can  be  here  given  only  in 
substance  but  it  is  our  purpose  to  present  the 
essentials  of  both  arguments  as  briefly  as 
possible. 


y    the         I 


Taking    up    now    the    points    raised    1 
drainage  committee  of  the  Real  Estate  iioard 
we  have :   , 

(1)  The  condition  of  the  city  water  sup- 
ply during  the  past  few  months  has  been 
unsatisfactory  in  point  of  clarity  and  clean- 
liness. 

(2)  There  has  been  a  distinct  rise  in  the 
typhoid  death  rate  during  the  past  year  and 
this  causes  suspicion  to  be  first  cast  upon  the 
water  supply  as  the  cause. 

(3)  Health  Commissioner  Young  stales 
that  Chicago  suffers  17,000  deaths  annu.nlly 
from  preventable  diseases.  It  is  apparent  that 
a  considerable  proportion  of  these  preventable 
diseases  inay  be  caused  directly  or  indirectly 
by  an  impure  water  supply. 

(4)  The  city  council  has  been  stirred  by 
these  conditions  to  investigate  the  subject, 
and  an  agitation  has  been  started  to  prevent 
promiscuous  dumping  of  impure  materials  in 
the  lake. 

('•'))  Trustee  Sullivan  of  the  Chicago 
Drainage  Board  in  reviewing  the  work  of  tlie 
Sanitary  District,  stated  on  Jan.  1,  1014,  that 
121,000  cu.  yds.  of  septic  sludge  were  re- 
moved from  Bubbly  Creek,  in  the  stock  yards 
district,  during  1013,  and  dumped  behind  bulk- 
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heads   at   the   lake   shore  at  the   foot  of   12lli 
St. 

(G)  In  Kis  report  of  Nov.  2.5,  1910,  \Ir. 
Wisrier,  Chief  Engineer  of  the  Sanitary-  Dis- 
trict, in  collaboration  with  Mr.  C.  D.  Hill  and 
Dr.  W.  A.  Evans  and  others,  demonstrated  the 
following  conclusions: 

1st.  The  present  drainage  flow  is  insuffi- 
cient to  purify  the  sewage  which  now  reaches 
it. 

2d.  Large  quantities  of  filth  produced  in 
the  stock  yards  district,  and  in  the  North 
Branch  and  West  Fork  of  the  Chicago  River, 
are  not  brought  within  influence  of  the  drain- 
age canal  flow  and  constitute  a  growing 
menace. 

:U1.  The  legal  capacity  required  in  the 
channel.  2ii.000  cu.  ft.  per  minute  per  100.000 
population,  is  an  insufficient  ratio  for  effective 
dilution. 

4th.  By  a  series  of  chemical  tests  the  puri- 
fying capacity  of  the  channel  flow  is  shown  to 
have  been  for  some  years  past  exhausted,  es- 
pecially in  summer  time  by  reason  of  the 
denlction  of  its  dissolved  oxygen. 

.'ith.  Steps  should  be  immediately  taken  for 
additional  and  further  relief  in  the  near  fu- 
ture bv  artificial  purification  in  aid  of  the 
channel,  which  additional  works  will  cost  the 
city  a  probable  further  expenditure  of  from 
twenty  to  twenty-hve  million  dollars. 

(7)  The  federal  government  has  never 
authorized  withdrawal  from  the  Great  Lakes 
at  a  rate  nf  more  than  4,167  cu.  ft.  per 
nd  of  dibition  water,  and  the  State  law- 
ting  the  Sanitary  District  explicitly  re- 
■  imres  the  withdrawal  of  20,000  cu.  ft.  per 
minute  per  100.000  population,  which  require- 
ment at  the  present  time  cannot  be  much  less 
than  S,O0(l  cu.  ft.  oer  second,  or  about  double 
the  amount  permitted  by  the  federal  govern- 
ment. 

(><)  .•Kt  this  lime  and  for  some  years  past, 
the  .Sanitarv  District  has  actually  withdrawn 
from  Lake  Michigan,  at  most  times,  between 
T.nOO  rind  l*.000  cu.  ft.  per  second,  or  very 
nearlv  the  entire  rcqinrements  of  the  State 
law.  '.-ill  in  spite  of  the  fact  that  this  is  in 
violation  of  the  requirements  of  the  general 
government. 

(9)  The  mentioned  report  of  Mr.  Wisner 
is  conclusive  that  not  even  this  amount  of 
flow  is  suflicient  to  effectively  purify  the  sew- 
age actually  reaching  the  main  channel  in 
summer,  wliile  the  sewage  from  the  important 
areas  named  cannot  at  such  seasons  be 
brought  into  contact  with  the  flow  of  the 
main  channel  until  putrefaction  is  completed, 
no)  The  .Sanitary  District  has  brought 
suit  against  the  general  government  in  the 
hope  'if  obtaining  the  authorization  for  a 
flow  of  10,(100  cu.  ft.  per  second,  which  amount 
was  ailoptcd  by  the  International  Waterway 
Commission  as  all  that  could  properly  be  al- 
lowed the  City  of  Chicago  for  its  sanitary 
needs,  but  it  is  evident  that  even  should  the 
Sanitarv  District  of  Chicago  be  successful  in 
this  suit,  and  could  compel  the  general  gov- 
ernment to  allow  10,000  cu.  ft.  per  second  to 
be  withdrawn,  this  amount  of  flow  would 
nnlv  slight Iv  exceed  the  amount  which  the 
Saiiilarv  District  is  now  withdrawing,  .and 
which  amount  has  been  declared  insuflicient 
for  the  present  purpose  of  purification,  by  the 
Chief  ICnginecr  of  the  Sanitary  District. 

Vllhough  the  canal  has  been  in  operation 
only  l.T  years,  it  has  reached  the  limits  of  its 
capacity  for  the  present  populatinn.  The  mat- 
ter has  been  further  complicated  bv  extend- 
ing the  District  limits  so  as  to  give  relief, 
through  the  Sag  Canal  to  large  areas  to  the 
south,  and.  through  the  F.v.tnstnn  channel,  tn 
large  areas  to  the  north.  The  main  channel 
was  not  designed  to  provide  for  these  areas, 
and  the  International  Waterway  Commission 
declared  that  these  added  territories  could  he 
sniiablv  and  economically  cared  for  by  mcth- 
'«  of  sewage  treatment. 
The  committee  of  the  Real  Estate  Board 
concluded  its  report  by  stating  that  the  time 
IS  ripe  for  the  appointment  of  a  board  of  cn- 
pcns.  not  previously  connected  with  Chicago 
sanitarv  matters,  to'  study  present  conditions 
and  recommend  a  policy  for  the  future  .sani- 
tary protection  of  the  city. 


REPLY    TO    rOREGOINC    REI>ORT    AS    M.\DE    BV    L.\NG- 
DON   PE.^RSE. 

Mr.  Langdon  Pearse,  Division  Engineer,  in 
charge  of  the  Sanitary  Division  of  the  Sani- 
tary District  of  Chicago,  made  a  report  to  the 
chairman  of  the  Engineering  Committee  of 
the  Sanitary  District  in  which  he  covered  the 
present  sanitary  situation  in  Chicago,  with 
particular  reference  to  the  statements  pub- 
lished in  the  report  of  the  drainage  committee 
of  the  Chicago  Real  Estate  Board,  the  gist  of 
which  report  is  above  given.  Mr.  Pearse  took 
up  the  matters  contained  in  the  committee 
report  item  by  item  and  the  substance  of  his 
report  follows : 

(1)  The  condition  of  the  water  supplied 
to  Chicago  during  the  past  few  months  has 
been  hygienically  good.  Tests  show  that  the 
number  of  bacteria  is  low.  The  indications 
are  that  the  water  has  been  safe  for  people 
to  drink. 

During  the  last  few  months  a  storm  oc- 
curred on  Lake  Michigan  of  unusual  severity. 
The  result  was  that  the  lake  water  was  thor- 
oughly agitated,  the  bottom  of  the  lake  being 
stirred  up  by  wave  action,  thus  making  the 
w-ater  appear  turbid  as  it  was  drawn  from  the 
faucets.  This  condition  does  not  occur  con- 
tinuously, but  only  under  such  extraordinary 
storm  action. 

(2)  The  rise  in  the  typhoid  fever  death 
rate  in  1013  has  been  very  slight,  and  of  the 
deaths  from  preventable  disease  so-called, 
about  1-1.000  in  the  City  of  Chicago,  only  240 
were  from  typhoid  fever,  approximately  1.7 
per  cent  of  the  so-called  preventable  deaths. 
This  would  be  at  the  rate  of  a  little  less  than 
10  per  100.000.  wdiich  is  a  lower  death  rate 
from  tvphoid  fever  than  in  most  of  the  cities 
in  the'  United  States  with  a  population  of 
over  100.000.  In  1012  only  4  cities  out  of  -"il 
had  a  lower  typhoid  fever  death  rate  tlian 
Chicago. 

The  slight  increase  in  the  typhoid  death  rate 
over  that  of  the  previous  year  has  been 
accounted  for  by  the  Health  Department  as 
being  due  to  a  certain  milk  infection  and  to 
a  "tvphoid-carrier"  who  came  from  St.  Louis, 
and  Was  located  in  a  down  town  restaurant, 
working  as  a  waitress. 

The  analy.sis  of  the  wafer  sunply  shows  that 
hvgicnicallv  it  was  better  in  1013  than  it  was 
iii  1012. 

C.3)  The  committee  report  gives  the  im- 
pression that  a  very  large  proportion  of  the 
1.1.000  deaths  from  diseases  said  to  be  pre- 
ventable mav  he  traced  to  water,  directly  or 
indirectlv.  I'n  1013,  however,  onlv  24fi  deaths 
were  reported  from  typhoid.  Of  the  other 
deaths.  3,2."i3  were  from  diarrboeal  diseases  of 
children  under  two  vears  old.  and  of  the 
total  number  of  3.V20I  deaths  in  the  course 
of  the  vear,  10..")nn  were  of  children  five  years 
and  under.  In  1013  preventable  diseases 
claimed  I'lUmi  victims,  but  in  this  list  of  pre- 
ventable diseases  arc  included  such  diseases 
as  tuberculosis,  pncumnnia,  diarrboeal  dis- 
eases of  infants  under  two  years,  influenza, 
and  whooping  cough,  .\dding  the  actual  num- 
ber of  deaths  in  1013  from  these  causes,  we 
arrive  at  12.1.'i3  deaths,  and  if  to  this  we  add 
diplitheria,  croup,  scarlet  fever,  measles,  and 
smallpox,  we  make  a  total  of  14.317.  .\n  in- 
spection of  these  diseases  and  the  number  of 
deaths  shows  that  the  proportion  of  deaths 
due  to  causes  commonly  recognized  as  water- 
borne  diseases  is  vcrv  small.  It  is  also  clearly 
.apparent  that  in  order  to  reduce  the  deaths 
from  preventable,  diseases  thai  sanitation  must 
tend  in  other  directions  than  the  water  supply 

(■[)  While  the  city  council  has  invesliyaled 
the  conditions  outlined  and  has  frowned  upon 
promiscuous  dumping  of  impure  material  in 
the  lake,  the  council  .ipnarenlly  does  nf't  clif- 
ferentiate  between  impure  water  and  muddv 
water,  nor  iloes  it  understand  relation  between 
dumping  and  turbidity.  Present  laws  arc  suf- 
ficient to  control  the  dumping  situation. 

('i)  Sanitary  precautions  were  taken  in 
dumping  behind  the  closed  breakwater  at 
Twciilh  street  the  material  taken  from  Bub- 
bly Creek.  Inspection  and  bacterial  tests 
showed  that  such  dumping  exerted  no  practi- 
cal Influence  on  quality  of  water  taken  in  at 
the  siippiv  cribs.    It  w'as  undesirable  to  carry 


this  material  eight  miles  out  into  the  lake 
because  the  scows  would  have  to  pass  by  the 
crib  at  the  mouth  of  the  river,  nor  could  the 
material  be  dumped  elsewhere  at  reasonable 
cost. 

(0)  The  exhaustive  report  to  which  the 
committee  refers  as  of  date  of  Nov.  2.5,  1010, 
was  actually  of  date  of  Oct.  12,  1911.  Mr. 
Pearse's  reply  to  each  of  the  five  subhead- 
ings under  item  0  of  the  committee's  report 
follows : 

1st.  Mr.  Wisner.  in  his  conclusions,  says 
that  the  present  scheme  of  sewage  disposal 
by  dilution  has  been  a  pronounced  success, 
and  that  the  canal  for  twelve  years  has  fur- 
nished a  most  efficient  and  economical 
method  of  disposal  of  the  sewage  of  the  Dis- 
trict. 

2nd.  Reference  is  made  to  large  quanti- 
ties of  filth  produced  in  the  Stock  Yards  dis- 
trict and  in  the  North  branch.  Mr.  Wisner 
called  attention  to  these  nuisances.»nd  stated 
that  the  conditions  can  be  matjcrially  im- 
proved by  the  removal  of  the  settling  sus- 
pended matter. 

3rd.  The  committee  states  that  the  legal 
capacity  required  in  the  channel,  viz..  200 
cu.  ft.  per  minute  per  1,000  population,  is 
an  insufficient  ratio  for  effective  dilution  in 
Chicago.  The  ratio  stated  is  fixed  by  law 
as  the  minimum  dilution,  and  is  fixed  as  a 
minimum,  dilution  on  the  basis  of  domestic 
wastes  only,  on  the  assumption  that  industrial 
wastes  will  be  removed,  or  so  treated  as  not 
to  require  oxygen.  Under  the  provisions  of 
the  law,  the  ratio  therein  stated  is  adequate 
to  handle  the   domestic   sewage. 

Itb.  No  reference  is  made  by  the  com- 
mittee to  the  fact  that  the  exhaustion  of  the 
oxvgen  occurs  many  miles  from  the  city,  and 
th.-it  oxygen  required  to  maintain  the  liquid 
under  most  favorable  conditions  is  put  back 
into  the  liquid  at  Lockport  by  passage  over 
dams. 

.5th.  The  committee  .states  that  it  was  the 
conclusion  of  the  Chief  Engineer  that  steps 
should  he  immediately  taken  for  addition,-\l 
and  further  relief  in  the  near  future  by  arti- 
ficial purification  in  aid  of  the  channel, 
which  additional  works  will  cost  a  probable 
further  expeniliture  of  twenty  to  twenty-five 
million  dollars.  The  Chief  Engineer,  how- 
ever, clearly  stated  in  his  report  that  the 
steps  to  be  taken  were  contingent  upon  the 
assumption  of  lO.rtfiO  cu.  ft.  per  second  as  the 
diversion  from  Lake  Michigan.  No  one 
could  tell  at  that  time  (or  even  today)  what 
the  diversion  will  be.  as  the  m.itter  is  still 
in  the  federal  courts.  These  suggestions 
were  made  for  further  study  and  were  not 
cntirelv  baseil  on  the  relief  of  the  channel 
as  such,  but  were  to  aid  in  clearing  up  local 
nuisances  in  places  which  the  conditions  of 
dilution   do  not  reach. 

('7"»  The  committee  would  give  the  im- 
pression that  the  federal  government  has 
never  authorized  withdrawal  from  the  lake 
at  the  rate  of  more  than  4.1(>7  cu.  ft.  per 
second.  The  Sanitary  District,  on  the  con- 
trary, has  never  recognizcil  the  right  of  the 
Federal  government  to  fix  the  total  diver- 
sion. If  the  committee  had  stated  that  the 
permit  was  only  for  the  withdrawal  of  •1,107 
cu,  ft.  per  second  through  the  Chicago  River, 
the  truth  would  have  been  .stated.  For  sev- 
eral vears.  the  Sanitary  District  has  been 
drnxving  more  water  than  that  from  the  lake, 
at  tiu'cs  up  to  10.000  cu.  ft.  per  second:  nor 
lias  it  ever  denied  this.  The  feileral  c'vern- 
mcnt  at  present  is  seeking  to  enjjiin  the  Dis- 
trict 'rom  using  more  than  4.l(i7  cu.  ft.  per 
■111-.. 11.1  .i<  a  total  diversion  from  the  lake. 
If  tliis  injunction  is  enforced,  it  will  impress 
upon  the  conipuinitv  the  immediate  expendi- 
ture of  over  $I00.0()0.0(10  to  nicrelv  duplicate 
w-orks  now  in  service,  w-ithout  their  efficiency 
in  protecting  the  w-ater  supply  of  the  citv. 
and  including  cost  of  operation  the  damage 
to   the  taxpayers   will   exceed   $-2nn,(iu(i.0(iu. 

("81  The  committee  does  not  slate  its  source 
of  information  concerning  the  withdrawal  of 
w.iter  from  the  lake,  nor  where  it  learned  that 
the  withdrawal  was  a  violation  of  the  re- 
quirements of  the  general  government.  The 
facts  are  the  Sanitary  District  has  never  stip- 
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ulated  or  agreed  with  the  federal  government 
on  the  total  diversion.  It  has  always  been 
understood  by  the  government  officials  and 
others  who  were  posted  that  the  capacity  of 
the  channel  of  the  District  was  and  is  It.OOii 
cu.  ft.  per  second.  In  nine  of  the  published 
reports  has  mention  ever  been  made  of  a  di- 
verison  of  less  than  lO.OdO  cu.  ft.  per  second. 
Hence,  there  is  no  violation  of  the  require- 
ments of  the  federal  government,  bccau.se  no 
requirement  has  ever  existed,  except  in  so  far 
as  n'lvigation  is  concerned  in  a  small  part  nf 
the  Chicago  River.  Water  can  be  pumi)ed  in 
otherwise,  through  Thirty-ninth  street  and 
the  South  Fork.  The  Sanitary  District  was 
organized  and  the  works  now  existing 
planned  and  built  with  full  knowledge  on  all 
sides  of  the  capacities  of  the  channel  and 
works  and  the  intentions  of  the  District.  It 
was  not  until  a  few  d:iys  before  the  opening 
of  the  completed  channel  in  January.  IDOli, 
«hat  any  authority  was  assumed  by  the  gov- 
ernment, even  as  regards  the  question  of 
velocities  in  the  Chicago  River,  and  then  the 
;authority  assumed  by  the  government  was 
only  over  a  diversion  of  'l.Wu  cu.  ft.  per 
■second  from  the  standpoint  of  velocities  in 
a  section  which  had  not  then  been  improved. 
The  Sanitary  District  has  now  spent  over 
;Sll."0<"'.i""'  in  improving  the  Chicago  River 
and  reducing  velocities,  and  is  preparing  to 
do   more. 

(!•)  The  committee  gives  the  impression 
that  the  sewage  from  certain  important  areas. 
such  as  the  Stock  Yards,  cannot  lie  brought 
into  contact  with  the  How  of  the  Main  Chan- 
nel until  putrefaction  is  completed,  and  this 
is  credited  to  Mr.  Wisner.  The  language 
used  is  not  specific,  because  if  putrefaction 
were  completed  no  water  would  be  rc(|uired 
tor  dilution.  The  committee  fails  to  distin- 
guish between  questions  of  local  nuisance  due 
to  sludge  deposits  and  questions  of  dilution 
and  velocity.  There  is  no  doubt  concerning 
the  point  that  the  minimum  dilution  fixed  by 
law.  3',3  cu.  ft.  per  .second  per  l.fiOO  people, 
is  not  sufficient  to  cover  tlic  industrial  wastes 
in  addition  to  the  domestic  load.  The  ques- 
tion '  f  ultimate  i)urification  of  sewage,  how- 
ever, is  a  different  proi)osition  from  the  ques- 
tion  of   local   nuisance. 

The  committee  did  not  find  out  what  tlie 
real  relations  were  between  the  Sanitary  Dis- 
trict and  the  federal  government,  and  the 
purposes  of  the  suit  referred  to  in  their  head- 
ing I'l.  The  government  has  never  been  sued 
by  the  District,  because  the  District  does  nut 
admit  that  the  government  has  any  rights  in 
the  premises.  What  has  happened  is  that  the 
government  has  sued  to  enjoin  the  District 
from  taking  more  than  a  total  diversion  of 
4,107  cu.  ft.  per  second  from  the  lake:  in 
other  words,  to  prevent  the  District  from  fol- 
lowing its  charter  requirements.  The  re- 
striction of  the  diversion  to  that  figure  would 
render  useless  a  large  proportion  of  the  sum 
spent  on  the  Drainage  Canal  and  its  appur- 
tenances, and  would  in  addition  require  the 
•expenditure  of  around  $100,0011.000  in  the 
course  of  the  next  ten  years  to  get  to  the 
point  where  the  District  practically  is  today. 
The  extra  cost  of  operating  would  raise  the 
damage  to  over  $200,000,000.  This  burden 
of  expense  seems  inequitable  and  ill-consid- 
■ercd  The  investigations  of  the  District  have 
shown  that  this  expenditure  would  benefit 
onlv  a  few,  namely,  the  ore  shippers  through 
the  St  Clair  River.  Fluctuations  in  lake 
levels  caused  by  variations  in  the  rainfall 
and  by  winds,  and  even  by  the  acts  of  the 
government  engineers  themselves,  in  dredg- 
ing channels  between  the  lakes,  have  had  a 
far  greater  influence  on  the  lake  levels  than 
any  draft  the  Sanitary  District  can  ever 
■make. 

With  wind  variations  in  the  lake  levels  of 
1  to  r,  ft.  in  a  day.  it  is  inconceivable  that 
a  draft  of  the  Satiitary  District,  which  will 
produce  only  a  theoretical  lowering  of  the 
lake  level  would  have  injured  shipping,  and 
as  a  matter  of  fact  the  levels  of  the  lake 
rose  after  the  opening  of  the  drainage  canal 
for  over  ten  years.  The  committee  is  entire- 
ly correct  in  stating  that  the  city  of  Chicago 
is   facing  a  grave  situation,  but  there  is  an 


apparent  immediate  practical  relief  which  is 
well  within  the  control  of  the  citizens  of  the 
Sanitary  District  of  Chicago,  viz.,  arousing 
of  sufficient  public  opinion  and  interest  to 
wipe  out  all  idea  of  private  gain  and  force 
representatives  of  the  people  in  Congress  at 
Washington  to  grant  definitely  to  the  District 
a  diversion  of  14,000  cu.  ft.  per  second.  It 
would  seem  that  at  the  present  day  that  sanita- 
tion and  public  health  were  sufficiently  en- 
trenched to  be  put  above  private  gain. 

The  policy  of  the  Sanitary  District  of  Chi- 
cago in  extending  its  boundaries  is  entirely 
correct  from  an  engineering  standpoint,  as 
the  problems  being  solved  by  the  Sanitary 
District  intimately  concern  the  citizens  of 
Chicago  and  the  citizens  of  the  outlying  ter- 
ritory, and  as  yet  no  territory  has  been  added 
which  would  in  the  immediate  future  seri- 
ously embarrass  the  District.  The  Interna- 
tional Waterways  Commission  said  on  the 
liest  of  expert  advice,  namely,  a  report  signed 
liy  Messrs.  Hering  and  Fuller  in  190.5.  that 
the  Calumet  region  could  be  cared  for  both 
suita1)ly  and  economically  by  methods  of 
sewage  purification,  but  both  gentlemen  were 
asked  to  report  on  methods  other  than  dilu- 
tion, and  both  have  time  and  again  before 
;ind  since  1905  reiterated  the  fact  that  the 
Iiest  and  most  economical  method  for  the  en- 
tire territory  of  the  Sanitary  District  was 
sewage  diversion  and  dilution. 

During  the  past  two  years  the  Sanitary  Dis- 
trict has  employed  a  number  of  the  most 
eminent  consulting  engineers  in  the  United 
States,  men  of  recognized  standing  and  re- 
pute, of  impartial  judgment,  trained  by  long 
experience.  .Among  these  has  been  George 
W.  Fuller,  .Mien  Hazen,  F.  P.  Stearns,  Ru- 
dolph Hering,  (Gardner  S.  Williams  and  John 
R.  Freeman.  The  various  phases  of  -the 
water  and  sewage  situation  and  the  lake 
levels  were  considered  by  these  experts.  The 
weight  of  the  opinion  of  these  gentlemen  is 
wholly  to  the  fact  that  at  present  Chicago 
has  a  remarkably  good  water  supply,  and  that 
this  condition  is  due  entirely  to  the  diversion 
of  the  sewage.  Sewage  disposal  by  dilution 
has  also  been  approved  after  actual  inspection 
of  conditions,  and  the  present  scheme  is 
warmly  endorsed.  The  expenditure  of  vast 
sums  of  money  to  replace  sewage  facilities 
which  would  be  thrown  away  by  the  reduction 
of  the  diversion  is  deprecated,  nor  is  it  felt 
that  such  a  course  would  put  the  city  back 
in  as  good  a  condition  as  regards  the  char- 
acter of  water 'supply  as  it  is  today. 

With  the  aid  of  this  array  of  engineering 
advice,  supplemented  l)v  the  engineering  crops 
of  the  Sanilarv  District,  marked  progress  has 
been  made  along  definite  lines  to  keep  in- 
formed of  the  conditons  existing  both  here 
and  abroad  and  learn  what  can  be  done,  and 
when  the  time  is  ripe  to  go  ahead.  So  long 
as  the  present  injunction  proceedings  are 
pending,  nothing  can  be  done,  unless  the  citi- 
zens of  the  Sanitary  District  will  go  over 
the  heads  of  the  courts  by  awakening  the 
representatives  and  senators  in  Congress  to 
pass  an  act  authorizing  a  diversion  of  14,000 
cu.   ft.   per   second. 

From  the  standpoint  of  sewage  disposal  in 
Chicago,  it  is  time  that  the  public  realized  that 
the  history  of  the  art  of  sewage  disposal 
shows  that  of  all  the  known  processes  for 
this  purpose  available  in  1887  to  Chicago  and 
cities  of  large  size,  the  dilution  method  was 
the  only  one  which  has  stood  the  acid  test  of 
time  City  after  city  in  F.ngland  and  on  the 
Continent  is  abandoning  farms.  The  use  of 
intermittent  sand  filters  has  become  restricted 
to  small  communities,  and  then  only  in  re- 
gions where  sand  is  comparatively  cheap,  and 
the  process  of  chemical  precipitation  is  used 
only  under  special  circumstances,  within  al- 
ways narrowing  limits.  There  is  perhaps  no 
city  in  the  United  States  having  a  sewage 
plant  on  which  so  much  depends  as  is  the 
case  in  the  Sanitary  District,  nor  is  there  any 
city  of  its  size  or  even  over  100,000  people 
in  which  the  works  have  as  yet  been  operated 
continuously,  as  would  he  required  here,  if 
the  desires  of  some  were  followed.  In  Balti- 
more, the  works  constructed  have  not  received 
their   load    of    sewage,    as    the    sewer    system 


has  only  recently  been  installed,  and  connec- 
tions are  being  made  slowly.  In  Columbus, 
the  works  have  been  operated  intermittently, 
because  in  the  winter  the  high  Mows  of  the 
river  are  sufficient  to  carry  along  the  sewage 
without  creating  any  objectionable  conditions. 
Until  a  diversion  by  water  is  agreed  upon, 
either  by  Congress  or  by  the  final  decision 
of  the  Supreme  Court  of  the  United  States, 
only  tentative  schemes  can  be  discussed,  sub- 
ject to  assi|Uned  conditions.  The  authorities 
of  the  Health  Department  of  the  City  of 
Chicago  are  thoroughly  conversant  with  the 
condition  of  tlie  water,  and  the  authorities  of 
the  Sanitary  District  have  followed  very 
carefully  the  condition  of  the  drainage  canal 
and  have  consulted  the  best  obtainable  advice, 
and  have  studied  how  the  results  obtained 
compare  with  those  in  other  cities.  From  this 
mass  of  information,  carefully  collected  from 
unbiased  sources,  there  is  no  doubt  that  the 
conditions  in  Chicago  today  are  not  a  sub- 
ject of  alarm,  and  that  the  scheme  followed 
of  diverting  the  sewage  and  diluting  it  with 
water  is  the  best,  most  economical,  and  most 
efficient  means  of  handling  the  sewage  of  the 
city  and  protecting  the  water  supply.  From 
the  information  in  the  hands  of  the  City  and 
the  Sanitary  District  of  Chicago,  with  the 
knowledge  of  the  exact  diversion  that  can  be 
had,  plans  will  be  readily  and  properly  crys- 
tallized, whichever  way  the  matter  may  de- 
velop. 

ACTION     BY     H.\RnOR     AXD      RIVER      IMrROVF.MEXT 

CO.MMITTKE   OF   THE    CHICAGO   REAL    ESTATE 

HOARD. 

-As  stated  in  the  opening  paragraph  of  this 
article,  the  committee  on  harbor  and  river 
improvement  of  the  Chicago  Real  Estate 
Board  in  its  report  dated  Feb.  4,  1914,  ad- 
vised the  employment  of  three  experts  not 
previously  interested  in  Chicago  sanitary 
matters  for  the  purpose  of  studying  and  re- 
porting upon  a  proper  sanitary  policy  for 
the  city,  relative  to  water  supply  and  sewage 
disposal.  .\  second  report  by  the  harbor  and 
river  improvement  committee  dated  .April  1. 
1914,  announces  the  engagement  of  the  three 
experts.  We  quote  from  this  report  as  fol- 
lows : 

-Acting,  .t-s  we  believe,  in  tlie  best  interests 
of  our  city,  as  a  wliole,  and  with  a  view  to 
(letermininsr  tlie  proper  future  sanitary  policy 
for  this  city,  not  alone  as  to  the  questions  aris- 
ing as  to  its  drainage,  but  those  connected  with 
its  water  supply  and  public  he.alth,  we  have 
secured  the  services  of  a.  board  of  three  dis- 
tinguished sanitary  experts,  who  will  convene  in 
this  city  during  the  month  of  April,  to  study 
the  i)i-oblems  outlined  to  your  Board  (the  Chi- 
cago Real  Estate  Board)  in  the  reports  of  the 
Drainage  Committee,  presented  ,lan.  7.  1914, 
and  the  turlher  reports  of  the  Harbor  and  River 
Committee,   presented   Feb.   4.   1011. 

In  view  of  the  recent  statement  of  the  Presi- 
dent of  the  Sanitary  District  that  we  are  facing 
B  possible  expenditure  of  over  $200,000,000  for 
further  sanitary  protection,  in  case  the  l'.  S. 
Government  suit  is  adversely  decided,  we  be- 
lieve that  this  study  is  of  the  utmost  importanes 
at  the  present   time. 

The  personnel  of  the  board  (of  experts)  will 
be  as   follows: 

Mr.  C.eorge  A.  Soper,  President  of  the  Metro- 
politan Sewerage  Commission  of  New  Ynrlc 
City. 

Mr.  Arthur  J.  Martin,  Sanitary  Expert  of 
London,  England,  Past  President  of  the  British 
Sanitary   Institute. 

Mr.  .lames  D.  Watson  of  Birmingham.  Eng- 
land, President  of  the  Institute  of  Sanitary  En- 
gineers, and  long  Chief  Engineer  of  the  Birm- 
ingham, Tame  and  Rea  District  Drainage 
rJoard. 

These  gentlemen  are  all  eminent  in  their  pro- 
fession, and  men  of  long  experience  In  sanita- 
tion, and  it  Is  believed  can  bring  helpful  advice 
as  to  the  future  sanitary  protection  of  this 
city,  not  only  as  to  its  drainage,  but  as  to  Its 
water  supply  problems. 

The  findings  of  Messrs.  Soper,  Martin  and 
Watson  will  be  reported  in  this  jouriial. 
Following  the  plan  here  indicated  the  action 
and  opinions  of  the  engineers  for  the  Sani- 
tarv  District  of  Chicago,  relative  to  the  forth- 
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coming   report   by   the   experts   above   named, 
will  also  be  reported  in  this  journal. 


Data  on  Removal  of  Suspended  Matter 
by  Sewage  Screens. 

Few  data  have  been  pubhshed  which  show 
the  efficiency  of   sewage   screening.     Most   of 
these  data  arc  summarized  in  the  present  arti- 
cle.    In  most  cases  sewage  screens  have  been 
I    installed  to  prevent  injury  to   or  stoppage  of 
i    pumping  machinery.     Screens  for  this  service 
do  not  require  a  fuier  mesh  than  is  formed  by 
j    bars   spaced   about  one   inch  apart.     In   some 
[    places  it  has  been  found  desirable  to  remove 
I    as  much  of  the  floating  and  suspended  matter 
I     as  i)racticable  by  means  of  much  finer  gratings 
I    or   screens,   since   a   large   proportion   of   this 
matter   is   unstable   or   slowly   putrescible   and 
tends  to  accumulate  in  the  interstices  of  sew- 
age filters  from  which  it  must  be  removed  at 
considerable  expense.     In  order  to  secure  in- 
formation   as    to    the    amount    of    suspended 
matter   removed    from    sewage   by   screens   of 
various  sized  openings  Messrs.  T.  C.  Schaetzle 
and.  E.  R.  Davis  performed  a  series  of  e.xperi- 
nients  in  IfH.'J  upon  the  sewage  of  Ithaca.  N. 
Y.     The    results    of    these    experiments    were 
incorporated    in   a   thesis    for   a    degree    from 
Cornell  University.    The  thesis  mentioned  also 
summarized  in  small  space  the  literature  of  the 
subject.     An  abstract  of  the  thesis  mentioned 
was   published   in   the   Cornell   Civil   Engineer 
and  the  information  here  given  is  taken  from 
that   source. 

Kni;incer  I'".  Knichling  in  his  report  on  "The 
Disposal  of  the  Sewage  of  the  City  of  Roch- 
ester. .\.  Y.,"  made  in  February,  1907,  states : 
In  seneral  it  may  be  said  that  it  i.s  tlie  sus- 
pended matter  which  imiiarts  to  sewage  its  of- 
fensive appearance  and  causes  the  serious  com- 
plaints about  the  pollution  of  natural  water 
courses.  The  quantity  of  such  suspended  mat- 
ter I'untamed  in  sewage  varies  widely  in  differ- 
ent places,  and  also  at  different  sea-sons,  days 
and    hours   in    the   same   place. 

The  Cornell  experiments  conclusively  d.em- 
onstrate  the  truth  of  the  foregoing  statement 
a«  regards  hourly  variation.  This  variation  in 
quantity  and  (|uality  iluring  2-1  hours  was 
plainly  shown  by  Messrs.  Hazen  and  Whipple 
in  their  experiments  on  the  sewage  of  Pater- 
son.  \.  J.,  made  in  lOOfJ.  They  showed  that 
at  a  number  of  different  points  in  the  city  the 
dried  •suspended  matter  ranged  from  45  to  641 
p.  p.  m.  by  weight.  Similarly,  in  the  report 
on  the  purification  of  the  sewage  at  Columbus, 
Ohiii.  made  in  100.5  by  George  .\.  Johnson, 
It  i'i  shown  from  daily  analysis  extending  over 
a  period  of  ten  months  that  the  dried  suspend- 
ed matter  ranged  from  12  to  X\>  p.  p.  m.,  with 
an  average  of  .'ori  parts. 

•  Mthough  the  (juantity  of  suspended  matter 
that  can  be  removed  from  sewage  by  screen- 
ing has  usually  been  regarded  as  insignificant, 
owing  to  the  relatively  large  width  of  the 
space.'  between  the  bars  of  the  gratings  ordi- 
narily used,  during  the  last  decade  the  use  of 
fine  screens  has  made  great  headway  in  Ccr- 
many.  In  a  discussion  by  Kenneth  Mien,  cn- 
Rinecr  of  thf  Metropolitan  Sewerage  Commis- 
sion of  New  York  City,  he  savs: 

At  present  this  may  almost  he  spoicen  of  as 
the  xtnndarrl  treatment  In  that  country.  Elsc- 
whpri-  little  has  been  done  In  this  dlrortlon,  al- 
thoiiKh  the  Wcand  nrreen  wiiH  adopl('<l  lit  Uead- 
Init,  I'a.  Of  tho  various  types  of  f.ennan 
■erpcnii  the  rotary  screen  employed  at  KranK- 
lort  and  the  Inclined,  perforntcd  plate  used  at 
Dresden  are  the  most  fumlliar  to  American 
eiiKliieers. 

I.css  familiar  in  .\mcrica  is  the  drum  screen 
nnented  by  (;.  VVind.schild  of  Dresden.  In 
■  screen  some  of  the  objection',  to  tine 
' 'Cns  appear  U)  have  been  overcome.  They 
iirc,  ihrrcforc,  more  nearly  in  competition  with 
sctllinv;  tanks  for  the  removal  of  suspended 
vilids. 

Mr,  .Mien  believes  that  there  is  a  definite, 
thoiiph  somewhat  limited,  field  for  the  em- 
ployment of  fir,c  screening  in  .America.  The 
removal  of  even  '.'0  to  2.'>  per  cent  of  the  sus- 
pended matter  will  render  many  sewages  fit 
for  discharge  into  bo, lip.;  r.i  water  .ifTording 
ample  dilution. 


ITHACA   RESULTS. 

."^t  Ithaca  all  sewage  passes  to  a  pumping 
station  and  is  pumped  into  septic  tanks.  As 
the  sewage  enters  the  pumping  station  it 
passes  through  a  bar  screen  with  %-in.  open- 
ings. This  screen  removes  rags,  sticks,  fruit 
peelings,  etc.  Between  the  pumps  and  septic 
tanks  a  Mi-'m.  mesh  screen  was  installed.  The 
screenings  removed  from  this  screen  fluctu- 
ated in  amount  from  hour  to  hour.  Thus  at 
4  a.  m.  and  11  a.  m.  the  amount  of  screenings 
removed  was  2.0  lbs.  and  103.97  lbs.  per  1,- 
000,000  gals,  respectively.  These  figures  are 
for  dry  screenings.  The  moisture  content  of 
the  screenings  ranged  from  42.8  per  cent  to 
89.6.3  per  cent,  with  an  average  of  79.4  per 
cent  for  all  runs  taken.  In  studying  the  ratio 
of  flow  to  suspended  matter  removed  it  was 
observed  that  in  general  with  an  increase  in 
flow  there  is  an  increase  in  screenings  re- 
itioved.  Likewise  there  is  a  general  fluctuatitm 
in  the  percentage  of  moisture  as  the  amount 
of  screenings  removed  increases  or  de- 
creases, though  remaining  close  to  80  per  cent. 

COMPIL.-\TI0N    OF   SCREENING   D.^TA    FROM    V.\R10US 
CITIES. 

.\t  Providence,  R.  I.,  the  matter  collected 
on  a  grating,  the  bars  of  which  are  1  in.  apart, 
was  at  the  rate  of  41  lbs.  per  1,000.000  gals,  in 
1906;  at  the  Dorchester  sewage  pumping  sta- 
tion in  Boston  the  rate  in  1897  was  300  lbs. 
per  1,000,000  gals.,  with  a  similar  spacing, 
whereas  at  the  several  pumping  stations  of 
llic  Metropolitan  Sewerage  System  of  Boston, 
with  screens  composed  of  %-in.  bars,  1%  ins. 
center  to  center,  and  a  similar  series  stag- 
gered in  front  of  these,  providing  an  effec- 
tive clear  space  of  %  in.,  the  results  obtained 
varied  from  13-5  to  397  lbs.  removed  per 
l.oiiO.OOO  gals,  of  sewage.  .At  the  nortliern 
outfall  works  of  the  London  sew'ers  it  w'as 
243  lbs.  with  a  grating  consisting  of  bars 
spaced  %  in.  apart;  at  the  pumping  stations 
of  the  Berlin  sewerage  system  the  rale  in 
1900  was  212  lbs.  with  bars  spaced  0.6  in.  apart ; 
and  at  Charlottenburg  it  was  about  200  lbs.  in 
1902. 

As  stated  previously,  the  clogging  of  filters 
has  recently  directed  the  .attention  to  the  de- 
velopment of  a  satisfactory  system  of  fine 
screening  whereby  sewage  treatment  may  be 
facilitated  and  rendered  less  expensive.  .Mong 
this  line  experiments  have  been  made  with 
plates  as  well  as  stationary  and  revolving 
screens. 

In  1898  experiments  were  made  at  Leeds, 
England,  with  zinc  plates  perforated  with  %- 
in.  holes,  resulting  in  obtaining  1..33  cu.  yds. 
of  well-drained  matter  per  I,onO,(K)0  gals.,  or 
at  the  rate  of  30  lbs.  per  cubic  foot  it  removed 
1.080  lbs.  per  1,000,000  gals.  Similar  results 
were  obtained  at  Wcisbaden,  Germany,  during 
1902  by  passing  the  sewage  of  the  entire  city 
through  a  set  of  three  screens  having  clear 
openings  of  O.CO,  0.16  and  0.04  in.  respectively. 
The  material  collected  amounted  to  1.%  cu. 
yds.  or  1,098  lbs.  per  l.iMHXdnO  gals.  In  lOfM 
these  screens  were  remodeled  and  changed  to 
four  in  number  with  clear  openings  of  1.6, 
it.60,  O.lli  and  O.Oii  in.  From  these  I.9."i  cu. 
yds.  or  l,."i81  lbs.  per  I,ll"l),n00  gals,  were  ob- 
tained. Kxperiments  were  also  made  at  Dres- 
den in  I9illi  with  a  large  revolving  «crcen  of 
sheet  metal  perforated  with  slots  0.08  in.  wide, 
and  it  was  found  to  collect  an  average  of 
0,n.w  cu.  yrls.  or  692  lbs.  per  1,000.000  gals,  dur- 
ing continuous  service.  The  screen  was  a 
circular  di.sc  l.'i.l  ft.  in  diameter,  inclined  Ki° 
from  the  hori/oiital  so  that  about  one-half  of 
its  .surface  was  subinergcd.  In  all  the  above 
cases  the  moisture  content  was  about  7."j  per 
cent. 

Willi  a  similar  flevicc  the  colleclion  at  Cov- 
entry, luigland.  was  rcporlcil  to  be  from  J.Mi 
to  300  lbs.  per  I.OiKl.iiiiO  );,ils.  In  \><<Mi  a  m  rrrn 
of  an  endless  belt  of  wire  cloth  wilh  meshes 
about  0?i  in  «fiiiare  was  used  at  Sutton,  Eng- 
land. "  ■•■suit  of  removing  1,200  lbs. 
per  1,0"  .  and  in  I!I04  a  similar  appa- 
ratus Willi  '^  I  in.  square  extracted 
matter  at  <■  '  iermanv.  al  the  rale  ot 
O.Vl.'i   r-     .                        •     "'^     |H-r    I.Ooft.noO   gals 

An  ii  !  was  made  in  190S 

by    Iiii;_  '    Grrmaii    town    of 

.50,000  inhabitants    i  prulmUy   Brombcrg)   with 


a  wire  cloth  screen  having  meshes  only  0.06 
in.  sq.  The  whole  of  the  sewage  was  passed 
through  the  apparatus,  both  when  the  screen 
was  kept  stationary  and  when  it  moved  like  an 
endless  belt  in  the  outlet  sewer.  When  sta- 
tionary the  maximum  collection  in  one  hour 
was  13,770  lbs.  per  1,000,000  gals.;  during  four 
consecutive  hours  9,ol4  lbs.  per  l,uoo,ooii  gals., 
and  the  minimum  rate  in  one  hour  207  lbs.  per 
1,000,000  gals.  When  the  screen  moved 
through  the  sewage,  the  velocities  ranging 
from  0..5  to  2.0  ins.  per  second,  the  collection 
was  14  per  cent  less  during  the  four  hours  of 
greatest  flow  in  dry  weather. 

In  this  country  experiments  have  been  made 
at  several  places.  At  Reading,  Pa.,  the  crude 
sewage  is  mostly  domestic  in  character,  al- 
though it  contains  a  little  trade  wastes,  but  no 
street  washings.  The  screen  is  a  revolving 
horizontal  cylindrical  frame  covered  with  brass 
wire  cloth  having  meshes  about  1/40  in.  square. 
The  quantity  of  solid  matter  collected  in  1908 
was  reported  as  being  0.698  cu.  vds.  per  1,- 
000,000  gals. 

During  the  investigations  of  the  sewage  at 
Columbus,  Ohio,  in  1904-1905  the  liquid  exam- 
ined was  passed  through  a  screen  having 
meshes  O.-j  in.  sq.,  the  same  being  pl.iced  in 
the  main  outlet  sewer  paraMel  with  the  line 
of  flow  to  facilitate  its  cleaning.  The  report 
states  that  this  screen  never  became  clogged 
sufficiently  to  require  attention.  Considerable 
coarse  material  which  passed  through  this 
screen  was  caught  by  the  screens  in  the  screen 
chamber,  necessitating  the  cleaning  of  these 
screens  from  live  to  six  times  each  day. 
.\bout  300  lbs.  or  0.17  cu.  yd.  of  wet  screen- 
ings were  thus  removed  on  an  average  per  1,- 
000,000  gals,  of  sewage.  In  the  report  these 
screens  are  described  as  being  two  in  number, 
set  vertically  near  the  outlet  end  of  the  cham- 
ber, and  formed  of  "diamond  mesh  wire 
doth  woven  with  No.  12  wire.  The  first 
screen  had  a  clear  opening  of  0.5  in.  and  the 
second  0.375  in."'  From  these  data  tlie  wet 
screenings  amounted  to  0.17  cu.  yd.  per  1,- 
0011,000  gals. 

At  the  Philadelphia  experimenial  plant  the 
sewage  was  delivered  through  24  '*-in.  noz- 
zles upon  the  conical  surface  of  a  screen  hav- 
ing 32  meshes  per  inch  (clear  openings  o..",  mm. 
s(iuare).  From  September.  1909,  to  -April.  1910, 
the  screen  removed  the  equivalent  o:  -"iiio  lbs. 
..f  dry  solids  per  1,000,000  gals,  of  sewage. 

The  effect  of  screening  on  subse<|uenl  treat- 
ment was  found  to  be  (according  to  Ellsner, 
Spillner  and   .Mien)  : 

1.  .\  more  uniform  sewage  by  eliminating 
in  part  the  irregularities  due  to  trade  wastes. 

2.  .\  reduction  in  the  sludge  subsequently 
treated. 

:i.  .\n  increase  of  the  moisture  in  the 
sludge  subsequently  treated. 

4.  .A  finer  siib.scquent  and  one  more  sfad- 
ilv   pumpcrl, 

5,  .An  entire  absence  during  nine  months  of 
dogging  sprinkler  nozzles  using  settled 
screened  sewage. 

At  Waterbiiry  with  a  %-in.  mesh  ot  gal- 
vanized wire  nothing  of  particular  impor- 
tance was  noted  except  that  Mo  lb>  or  0.t>8 
cu.  yd.  of  screenings  were  reiiioveil  per  1,- 
000 00(1  g:ils.  of  sewage.  .At  riainfieM.  N.  J., 
with  openings  in  the  screens  ofV,;  in,  in  the 
clear,  from  o  is  to  0.22  cu.  yd.  of  MTccnings, 
with  a  moisture  content  of  85  per  cent,  was 
removeil  per   1.000,000  gals. 

At  Pawtii'I.ii  T?  I  ,  the  material  rcmovea 
by    a    scren  •  d    of    wooden    strips    % 

ill,  by  it  ins  .iced  %  in.  apart,  ranged 

from  519  to  l.iCl  lbs.  of  dry  .solids  per  I.- 
000.1100   gals,   of   sewage. 

Ill   the  experiments   at   Ithaca    from    >'       ' 
lii    to    Mav    10,    ini3,    the    material    ren 
per  l.onO.rtoo  vjai-  '  ■'•ct,  from  notlm 

l.Jlo  !bs.  iier   I.'  .,  with   an  a\  ■  •    .  - 

i.f  :fi."*.3  lbs.;  will  II, 1-  HI)  the  weight  varied 
1I011I  noibing  to  1K1  lbs.,  with  an  average  of 
•..'7  lb',   per   1,000,000  gals. 

Summarizing,  it  might  be  said  that  with  bar 
vcreens  liavinu  an  open  space  from  hii  in. 
to  I  in.  the  weight  of  wet  screenings  removed 
is  noted  to  range  from  41  to  307  lbs.  per 
1. 000,000  gals. 
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\\  itii  plates  and  wire  screens  the  weight 
removed  wet  ranges  from  14(i  to  l.'i.TTO  lbs. 
per  1,000,000  gals,  sewage,  whereas  the  vol- 
umes vary  between  the  limits  of  0.08  to  10.2-5 
cu.  yds.  wet  screenings  per  1,000,000  gals. 
When  considered  as  the  number  of  parts  per 
million _  removed  the  limits  ranged  from  0.0 
and  .30.">.2,  while  in  most  cases  the  .screenings 
contained  V.5  per  cent  moisture,  fingineer  E. 
Kuichling  says : 

In  jjeneral  it  has  been  found  that  witli  tlii> 
iis'.ial  coarse  gratings  at  sewage  piuuping  sta- 
tions, the  quantity  of  suspended  matter  arrest- 
ed Is  from  3  to  10  cu.  ft.  per  1.000.000  gals.,  and 
that  such  matter  in  its  wet  state  ranges  in 
weight  from  20  to  C".  lbs.  per  cubic  foot.  On  be- 
ing completely  dried,  it  loses  from  .".0  to  To  per 
cent  of  its  weight,  so  that  on  an  average  it  can 
be  assumed  that  such  coarse  screening  lemove.s 
about  104  lbs.  of  dried  matter  per  1.000.000  gals.. 
or  about  12.5  parts  by  weight  per  million.  Most 
of  this  matter  is  organic  and  more  or  less  quick- 
ly putresclble  in  character. 

I'ine  screens,  however,  remove  a  nnich  larger 
amount  proportionately,  but  owing  to  the  diffi- 
culty in  keeping  the  finer  mesh  screens  clean 
the  coarser  materials,  such  as  towels,  sticks, 
peelings,  etc.,  arc  first  removed  by  bar  screens 
so  that  the  proportion  removed  by  the  finer 
screens  as  they  are  now  operated  does  not 
give  a  fair  test  of  just  what  tiuantity  of  sus- 
pended matter  they  will  remove. 


Principles  and  Methods  for  the  Valua- 
tion of  Railroad  Property  and  Other 
Public  Utilities. 
(Continued  from  Page  420.) 

-M'PRECI.MIOX. 

The  valuation  of  some  items  of  iiroperty. 
such  as  land  and  water  rights,  differs  from 
the  valuation  of  other  property  in  several  re- 
spects. Land  in  most  situations  increases  in 
value  from  year  to  year,  especially  in  grow- 
ing cities.  Terminal  land  of  railroads  and 
land  of  other  public  service  corporations 
sometimes  increase  in  value  so  rapidly  that 
the  (|ucstion  arises  as  to  the  justice  of  basing 
rates  upon  the  present  value  of  the  land 
rather  than  its  original  cost. 

Your  committee  is  aware  that  the  decisions 
of  the  higher  courts  indicate  that  present 
prices  should  be  used  in  making  a  \aluation 
of  land  as  well  as  of  structural  [iroperty,  and 
that  the  present  practice  generally  gives  to  the 
iotj)oi'ation  as  tr)  the  individual  the  so-called 
unearned  increment  due  to  appreciation  in 
land  values. 

This  in  incompatible  with  the  fundamental 
principle  that  the  corporation  is  entitled  to  a 
fair  return  ujion  the  fair  value  of  its  prop- 
erty, because,  if  the  land  is  valued  at  the  in- 
creased price,  and  the  appreciation  in  the 
value  of  the  land  is  not  included  in  the  ac- 
counting, the  corporation  would  receive  a  sum 
in  addition  to  a  fair  return  amounting  to  the 
apnrcciation  in  the  value  of  the  land. 

The  courts  have  recognized  that  the  cor- 
poration is  entitletl  to  earn  from  the  public 
the  sum  necessary  tn  offset  the  depreciation 
in  the  value  of  its  structural  property;  simi- 
larly, the  public  is  entitled  to  receive  from 
the  corporation  due  recognition  of  the  in- 
crease in  value  of  tlio.sc  portions  of  its  prop- 
erlv  which  appreciate  in  value.  The  prin- 
ciple involved  in  the  two  cases  is  the  same, 
and  there  is  nn  rea.son  to  think  that  its  ap- 
plication to  both  would  not  be  supported  bv 
the  higher  courts. 

Vnur  committee  therefore  recommends  a,*- 
ihc  best  way  of  conforming  to  the  equities  of 
the  case  luider  commission  control,  that  the 
land  or  other  property  which  appreciates  in 
value  be  valued  at  present  prices,  and  that  the 
appreciation  in  the  value  of  such  property  be 
offset  against  the  depreciation  in  the  value  of 


l.li.NHk.M,   CONCLUSIONS. 

Mr.  (i;-o.  \V.  l'\iller  states  that  for  sewage 
of  aliout  !M.(  gals,  per  capita  per  day  screens 
with  clear  spaces  of  O.o  in.  will  remove  from 
-"i  to  (i  cu.  ft.  of  screenings  per  l.OOO.OOO  gals, 
of  sewage.  T^ikcwisc,  that  in  order  to  cause 
an  effective  removal  of  organic  matter  the 
clear  openings  must  be  less  than  0.4  in. 

Mr.  J^.  Kuichling  cites  the  case  of  flam- 
burg  as  an  illustration  of  what  can  be  accom- 
plished by  moderately  fine  screens.     He  says : 

Hamburg  is  a  munifcipality  with  a  present 
liopulation  of  over  820,000  and  an  area  of  about 
:i0  square  miles.  It  is  located  on  tlie  River 
lOlbe.  and  its  sewage  lias  for  many  years  been 
disciiarged  in  the  crude  state  into  the  river 
whose  minimum  How  is  about  r).200  cu.  ft.  per 
second.  It  is  also  one  of  the  busiest  ports  for 
shipping  in  the  world,  and  its  docks  and 
wharves  are  alwajs  crowded  with  vessels.  To 
relieve  the  tidal  waters  of  some  of  the  pollu- 
tion, the  sewage  has  for  several  years  past  been 
screened  through  gratings  with  bars  spaced 
about  O.G  in.  apart,  and  the  effluent  is  dis- 
charged at  the  bottom  of  the  river  through 
three  submerged  steel  pipes  6. 50  ft.  in  diam- 
eter, extending  respectively  2,o00;  32S  and  436  ft. 
out  from  the  shore  line.  The  result  lias  been 
entirely  satisfactory  and  it  is  now  reported  to 
he  almost  impossible  to  detect  any  evidence  of 
sewage  pollution  in  traversing  the  river  with  a 
vessel.  The  suspended  matters  in  the  sewage 
that    pass    through    the   screen   seem   to   remain 


near  tlie  bottom,  and  to  be  finally  carried  out 
to  sea  by  the  current. 

The  screenings  from  screening  plants  difitSI 
greatly  both  in  amount  and  in  character.  Tfe 
meshes  of  the  screen  or  the  spacing  of  the 
bars  may  run  from  1.0  in.  (i.'imm.)  to  0.04  in, 
1  1  mm.),  according  to  whether  it  is  desired 
in  keep  coarse  matter  from  the  pump,  or  to 
secure  the  greatest  possible  clarification  of 
the  sewage  ro  prevent  the  clogging  of  filtetgi 

The  amount  varies  with  the  days  of  tliij 
week,  as  well  as  during  the  course  of  thjB 
(lay.  Since  most  of  the  coarser  suspend^ 
matter  consists  of  wastes  from  habitations, 
the  amount  reaches  its  ma.ximum  about  noon, 
or  shortly  before,  and  commences  to  disap- 
pear about  midnight,  reaching  its  minimum 
between  4  and  •">  o'clock  in  the  morning.  The 
material  is  almost  wholly  organic  and  con- 
sists of  scraps  of  vegetables  or  fruit,  cloth, 
hair,  wood,  paper  and  lumps  of  fecal  matter. 

The  amount  of  material  varies  so  widely 
that  it  is  impossible  to  state  just  what  to  ex- 
pect any  definite  sized  .screen  to  remove. 

The  amount  of  water  contained  is  small  as 
compared  with  that  in  the  sludge  of  sedimen- 
tation basins  and  amounts  to  from  70'  to  80 
per  cent.  On  account  of  its  organic  origin  it 
is  highly  putrescihle. 

The  weight  of  the  screenings  i-emoved  de- 
pends to  a  large  extent  upon  the  thoroueh- 
ness  with  which  they  are  drained  before  be^ 
ing  weir,hed. 


the  other  ])r(ipert\.  This  method  would  keep 
the  valuation  of  the  land  or  other  appreciat- 
ing property  approximately  commensurate 
with  its  market  value  from  time  to  time,  and 
the  corporation,  having  in  effect  paid  to  the 
puldic  the  amount  of  the  appreciation,  would 
thereafter  be  entitled  to  earn  a  fair  return 
on  the  appreciated  value  of  the  property  in 
exactly  the  same  »vay  that,  having  been  paid 
by  the  public  the  amount  of  the  annual  depre- 
ciation of  the  other  property,  the  corporation 
must  accept  a  return  upon  the  depreciated 
value  of   such   property. 

.•\ttention  is  called  to  a  very  clear  discussion 
if  this  question  bv  Commissioner  T^Ialtbie  of 
the  New  York  Public  Service  Commission 
for  the  First'  District,  in  re  Gas  and  Electric 
Rates  of  the  Queens  Borough  Gas  and  Elec- 
tric Co.* 

Land  differs  from  most  property  in  that  it 
generally  appreciates  in  value,  and  the  question 
has  been  raised,  whether  land  should  be  in- 
cluded In  "fair  value"  In  rate  cases  at  its  orig- 
inal cost  or  at  its  estimated  value  at  the  time 
the  rate  is  to  be  fixed.  It  is  well  settled  that 
other  property  should  be  taken  at  its  then 
value,  but  it  lias  been  argued  that  in  the  ca.se 
of  land  the  original  cost  should  be  used.  While 
it  is  evident,  therefore,  that  each  case  must  be 
decided  upon  the  facts  peculiar  to  It,  the  Com- 
mission believes  It  proper  In  this  case  to  follow 
the  general  rule,  as  stated  by  Judge  Hough  of 
the  tJnlted  States  Circuit  Court  (Consolidated 
Gas  Co.  V.  City  of  New  York,  157,  Fed.  Rep., 
.s.-,5): 

"  Vpon  reason,  it  sccrtia  clear  that  in  solving 
this  ec|uatlon  the  phis  and  minus  quantities 
.shoiilrl  oe  equallv  con.'^idercd.  and  .appreciation 
nn<l  depreciation  treated  ;»like.  Nor  can  I  con- 
ceive of  a  case  to  whiih  this  procedure  is  more 
appropriate  than  the  one  at  bar  " 

Thu.i,  land  has  been  taken  at  Its  fair  value 
and  not  at  its  original  cost,  and  the  annual 
appreciation  of  land  has  been  treated  as  a  profit, 
rsy  this  method,  all  property  is  treated  abso- 
lutely alike,  as  Judge  Hough  suggests.  No 
difference  Is  made,  except  that  as  depreciation 
represents  a  decrease  In  assets,  It  Is  placed  as 
a  <lcblt  against  operation,  while  appreciation  Is 
placed  as  credit  because  it  Is  an  Increase  In 
assets.  Land  has  sometimes  been  treated  like 
other  property  only  to  a  degree ;  that  Is,  each 
class  has  been  appraised  at  Its  present  worth 
or  value.     That  has  been  done  In  this  case.     But 
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if  property  is  to  be  taken  at  its  depreciated 
value  where  it  lias  depreciated,  an  entry  must 
regularly  be  made  in  estim.ated  operating  ex- 
penses equal  to  the  average  annual  deprecia- 
tion. Conversely,  if  land,  or  any  other  prop- 
erty wliich  genuinely  .appreciates  in  value,  is  to 
be  taken  at  its  appreciated  value,  then  an  entry 
must  be  made  in  tlie  estim.ated  receipts  equal 
to  the  average  annual  appreciation.  Unless  tills 
is  done,  it  is  obvious  that  the  consumer  will 
be  burdened  with  all  the  estimated  decreases  In 
assets  but  not  credited  witli  the  increases  In 
assets.  If  the  principle  laid  down  by  the  courts 
is  tp  be  followed  in  part,  it  should  be  followed 
In  whole. 

It  is  suggested  that  the  annual  increase  in  the 
value  of  land  which  is  treated  as  income  is  not 
actually  received.  Increase  in  the  value  of 
unoccupied  land  is  not  realized  until  sold  or 
put  into  use,  but  It  is  real,  nevertheless,  although 
payment  may  be  deferred.  Lilcewise.  ii.-iyments 
to  the  depreciation  fund  are  not  actually  ex- 
pended :  yet  they  have  been  considered  legiti- 
mate charges  in  practically  every  case.  Fur- 
thermore, the  anminl  increment  is  no  more 
indefinite  than  the  total  increment — the  present 
value.  But  if  the  present  value  can  be  deter- 
mined, it  is  possible  to  deterniino  past  niiinioJ 
appreciation  with  positive  accuracy,  for  it  Is 
only  a  simple  mathematical  calculation.  It  Is 
also  probably  as  easy  to  estimate  increa.se  In 
the  near  future  as  It  is  to  estimate  what  obso- 
lescence, which  Is  a  form  of  depreciation,  there 
will  be  in  the  future. 

Indeed,  the  problem  of  handling  appreciation 
is  much  simpler  than  depreciation.  If  the  prop- 
erly is  growing  more  valuable,  the  Investor 
need  not  worry  :  and  if  the  state  i*ecogni'/.es  his 
right  to  earn  a  fair  return  upon  the  increase, 
he  Is  fully  protected.  It  is  not  necessary  that 
the  Increase  be  represented  by  stocks  or  bonds, 
for  if  the  earning  power  Is  there,  he  will  re- 
ceive a  return  thereon,  regardless  of  the  amount 
of  securities.  In  fact,  the  existence  of  an  In- 
crease which  Is  not  represented  by  .securities  Is 
on  element  of  safety,  a  reser\e  fund  of  a  valu- 
able kind. 

There  Is  a  further  similarity.  The  exact 
amount  of  depreciation  and  the  annual  rate  are 
not  definitely  known  until  the  piece  of  property 
is  actually  repl.iced  or  has  become  useless.  The 
total  appreciation  and  the  average  annual  rate 
are  not  known  until  the  land  Is  sold,  hut  when 
it  has  been  disposed  of   tand  plants  are  contin- 
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lally  bein^  removed  and  the  iand  ?oId)  they  be- 
ome  absolute  certainties.  Why  should  these 
natters  be  considered  less  definite  when  applied 

0  land  than  when  applied  to  the  buildings 
hereon?     The   depreciation    of   the    buildings   is 

1  charge  against  operation  ;  why  should  not  the 
ippreclation  of  land  be  a  credit? 

METHOD   OF  VALUING   LAND. 

ft  is  more  difficult  to  appraise  correctly  pub- 

'  rvice  land  than  to  appraise  tlic  striictural 

rrty,  as  the  views  oi'  different  appraisers 

iiid  vary  widely.     For  this  reason  and  be- 

-r  of  the  decisions  of  the  cotirts  on  these 

niatters,    to    be    discussed    subsequently,    it    is 

he  view  of  the  committee  that  in  case's  where 

'and  has  been  purchased  in  fairly  recent  times 

!ind  its  cost  is  known,  that  the  present  value 

bf  the  land   should   be  based   upon  its   actual 

frost  plus  its  subsequent  appreciation  in  value. 

•;uch    appreciation    to    correspond    to    that    of 

icigliboring  property. 

Where  tlie  valuation  cannot  be  made  in  this 
Way,  it  is  the  view  of  the  committee  that  land 
-■an  be  valued  most  correctly  on  the  basis 
►)f  present  prices  of  neighboring  land  of  simi- 
lar character,  augmented  by  the  ratio  ordi- 
Tiarilv  found  to  obtain  in  that  region  between 
laiiil  acquired  by  public  service  corporations, 
on  the  one  hand,  and  by  private  parties  on 
the  other,  and  subject  Icj  the  value  of  im- 
■provemcnts  upon  the  land  obtaining  at  the 
|tin)e  of  purchase,  said  improvements  being 
appraised  at  their  present  day  prices. 
:  Due  consideration  also  should  be  given  to 
ithe  increased  cost  and  value  of  pul)lic  service 
Ipriiperty  where  it  has  been  necessary  to  take 
a  strip  of  land  running  through  a  large  tract. 
In  such  a  case  the  severance  of  the  property 
into  two  parts  decreases  the  value  of  the  land 
not  taken  and,  therefore,  augments  the  cost 
and  value  of  the  strip  of  land  acquired. 

In  applying  either  of  the  above  methods. 
care  should  be  taken  to  use,  as  far  as  prac- 
ticalile.  as  a  basis  for  valuation,  land  which 
has  not  been  affected  in  value  by  the  use  lo 
which  the  public   service  property   is  devoted. 

I>ccisions  of  Courts  and  Co)iiinissioiis  Re- 
laliiig  10  Land. — In  the  valuation  of  land, 
courts  and  commissions  have  generally  adopt- 
ed  present   values   instead   of   original   cost. 

The  decision  of  the  United  States  Supreme 
Court  in  the  Consolidated  Gas  Co.  case*  con- 
tains this  statement: 

And  we  roncur  with  the  court  below  In  hold- 
Ins;  that  the  value  of  the  property  Is  to  be 
delirinlned  as  of  the  time  when  the  Iniiuiry  is 
mii.lo  regarding  the  rates.  If  the  property 
which  legally  enters  Into  the  consideration  of 
thf  (lUcHtlon  of  rates  has  Increased  in  value 
iilnri!  It  was  acquired,  the  company  Is  entitled 
to  the  benefit  of  such  Increase.  This  Is.  at  any 
rail',  the  reneral  rule.  AVe  do  not  say  there 
may  not  possibly  be  an  exception  to  It  where 
the  properly  may  iiave  Increased  so  enormousl>' 
In  value  as  lo  render  a  rale  permitting  a  rei- 
iKiniihle  rilurn  upon  such  increa.sed  value  unjust 
lo  liip  pulillc.  How  such  facis  should  be  treated 
In  not  a  question  now  before  us,  as  this  case 
iliMK  not  present  It. 

In  the  case  referred  lo,  real  estate  was  an 
impiirtanl  item,  as  it  represented  upward  of 
•lb  per  cent  of  the  value  of  the  tangible  prop- 
erty. 

()ii  June  0,  lliKI,  the  opinion!  of  the 
I'nited  .States  .Supreme  Court  in  the  Miniie- 
soia  kale  cases  was  delivered  by  Mr.  Justice 
lluuhcs.  This  opinion,  in  its  treatment  of 
land  values  of  a  railroad  corporation,  is  so 
far-reaching  and  important  that  it  will  be 
discussed  .it  leiiKtIi. 

Three  similar  cases  are  included  in  the  opin- 
ion. The  suits  were  brought  by  stockholders 
ni  the  Niirthern  Pacific  Railway  Co.  and  of 
Iwn  other  companies,  respectively,  In  restrain 
the  enforcement  of  orders  of  the  Railroad  .md 
Warehouse  Commission  of  the  State  of  Min- 
nes' ta  prescribing  maximum  charges  lor  the 
'■■  ■•  'lorlation  of  freight  and  passengers.  Tlic 
had  been  beard  belnre  a  master  and 
cd    by    the    I'nited    Slates    Circuit   Court 

•Wilcox  v.  Consolidated  Qns  Co.,  212  U.  S.. 
19.    .Tanuary   4.    1509. 

tSlmpsnr  et  al.  v.  Shepard;  same  v.  Kenned\': 
jnni.-  v.  Shllliiber.  a.lO  V.  S..  S.".2.  June  l».  I'.H.T. 
This  opinion  has  also  been  published  na  Senate 
Document  No.   r.<,  63d  Corn;..  FIrft  Scss. 


in  favor  of  the  railroads.  They  were  appealed 
to  the  Supreme  Court  and  the  decision  of  the 
Circuit  Court  reversed  in  two  instances.  In 
ihe  third  instance  it  was  sustained  on  the 
.ground  that  the  prescribed  rates  w-ere  confis- 
catory. The  case  of  the  stockholders  against 
the  Northern  Pacific  Railway  Co.  was  used 
as  the  basis  for  the  extended  discussion  of 
land  values. 

The  lower  court  found  that  the  value  of  the 
portion  of  the  railway  system  in  the  State  of- 
-Minnesota  was,  in  roimd  numbers,  $'JO,0<iO,000, 
and  in  making  up  this  valuation,  land  for 
right  of  way,  yards  and  terminals  was  in- 
cluded at  $21,000,000,  exclusive  of  overhead 
charges. 

The  net  profits  of  the  company  for  the  year 
ending  June  30,  1908,  were  equal  to  (i  per  cent 
on  the  entire  estimated  value  of  the  property. 

.\  very  large  part  of  the  land  valued  was 
terminal  property  in  St.  Paul.  Minneapolis, 
and  Duluth.  the  total  for  these  terminals 
amounting  to  $17,300,000,  out  of  the  total  of 
$21,000,000.  The  original  cost  of  the  terminal 
property  was  $4,500,000. 

The  testimony  upon  which  the  valuation  of 
the  land  was  based  was  to  the  effect  that  ex- 
Iierience  had  shown  that  where  a  railroad 
company  is  compelled  to  obtain  a  given  prop- 
erty it  has  to  pay  much  more  tlian  the  m.arket 
value  of  contiguous  or  similarly  situated 
property,  and  a  witness  used  a  multiple  to 
show  tiie  relation  between  these  values.  In 
addition,  where  a  strip  or  other  portion  of  a 
property  is  required,  the  railway  company  has 
necessarily  to  pay  for  damages  to  the  remain- 
ing property,  caused  by  severance  or  other- 
wise, and  a  further  multiple  was  used  to 
cover  this  feature. 

The  court  was  dealing  with  [)ropcrty  which 
as  a  whole  had  increased  greatly  in  value 
since  its  acquisition  and  probably  with  widely 
conflicting  estimates  of  value*.  Terminal  lands 
in  large  cities  represented  by  far  the  greater 
part  of  the  total  value  of  the  property.  This 
statement  is  made  in  the  opinion  in  regard  to 
the  Cost-of-Reproduction  Method  of  valuing 
this  property    (page  4-52)  : 

Moreover,  It  is  manifest  that  an  attempt  to 
estimate  what  would  be  the  actual  cost  of  ac- 
quiring the  right  of  way,  if  the  railroad  were 
not  there,  is  to  indulge  In  mere  speculation.  The 
railroad  has  long  been  established;  to  it  have 
been  linked  the  activities  of  agriculture,  indus- 
try and  trade.  Communities  have  long  been 
dependent  upon  its  service,  and  their  growth 
and  development  have  been  conditioned  upon 
the  facilities  It  has  provided.  The  uses  of  prop- 
erly in  the  communities  which  It  serves  .are  to 
a  large  degree  determined  by  It.  The  values 
of  property  along  Its  line  largely  depend  upon 
Its  existence.  It  Is  an  Integral  part  of  the  com- 
munal life.  The  assumption  of  its  non-exist- 
ence, and  at  the  same  time  thai  the  values  that 
rest  upon  It  remain  unchanged.  Is  lm|iosslble 
and  can  not  be  entertaineil.  The  conditions  of 
ownership  of  the  property  and  the  amounts 
which  would  have  to  be  palil  in  acquiring  the 
right  of  way.  supposing  the  rallro.td  to  be  re- 
moved, arc  wholly  beyond  reach  of  any  process 
of  rational  determination.  The  cost  of  repro- 
duction method  is  of  service  In  a.scertalning  the 
present  value  of  the  plant,  when  It  is  reason- 
ably applied  and  when  the  cost  of  reproducing 
the  properly   may  be  ascertained  with  a  proper 


•In  a  [lap'T  by  Mr.  C.  V.  .'<tii|)les.  member  of 
.Minnesota  Rallrrad  and  Wnrelumse  Commis- 
sion, dated  .Seplimber  1.").  lUi:;.  and  entitled. 
•'The  I'nri-llnblllly  of  Unsupported  iinlnlon  ICvl- 
denco  In  Determining  L.iind  V.iliic>s  In  Itallrond 
Apprals.'ilH."  comparisons  are  miidi'  between  the 
expert  opinion  evidence.  In  behalf  of  respond- 
ents an  1  petitioner,  of  the  vahie  of  a  given 
terminal  property  In  the  ritv  of  .><t.  Paul.  .Seven 
witnesses    for   the    >■  valued    the    prop- 

•  rlv  at  from  J7.'i.:M  1  ,   with  an  averag.; 

of  Jl.lO.nsr),   whlh-  !i'  wllnesses    for  the 

petitioner  placed  the  v.ilii.-  :il  from  IL',00:)  to 
ifi.39.1,  with  an  average  of  JH..'.?!,  The  Jury  In 
this  case   mad"  nr.   iiwnril   of  Ji'..'..;il8. 

The  p.'iper  also  rpf»'rs  to  lilgb-class  terminal 
lands  In  St.  Paul  and  Mlnncnpohr  bought  at  .i 
coniparatlvelv  recent  date  (apparently  between 
190(1  and  I9fi'. )  ivhlch  cost  $:i,(ir.;>.2?,9.  and  these 
lands  were  vahii  d  as  of  .Iiine  30.  I90fi.  b.v  six 
real  estate  exp<'ilM  employi'<l  bv  the  ralliuads. 
at  »in,ini.R31,  o(|unl  to  329.2  per  cent  of  the 
actual  cost  to  th<'  carriers.  ,-ilthouRh  It  Is  slated 
that  "there  was  no  material  advance  In  values 
from   1900  to   1900.   Inclusive." 


degree  of  certainty.  But  it  does  not  Justify  the 
acceptance  of  results  which  depend  upon  mere 
conjecture.  It  is  fundamental  that  the  Judicial 
power  to  declare  legislative  action  invalid  upon 
constitutional  grounds  is  to  be  exercised  only 
in  clear  cases.  The  constitutional  invalidity 
must  be  manifest,  and  if  it  rests  upon  disputed 
questions  of  fact  the  invalidating  facts  must  be 
proved. 

This  opinion,  when  taken  literally,  appears 
to  be  rather  drastic,  but  taken  in  connection 
with  the  cases  under  discussion  it  is  not  un- 
reasonable. 

Some  of  the  objections  to  the  reproduction 
method  here  set  forth  apparently  would  not 
apply  to  the  case  of  aqueduct  or  reservoir  prop- 
erties, which  have  little  or  no  effect  upon  the 
value  of  lands  near  them,  except  as  such  value 
is  decreased  by  severance.  It  should  not  af- 
fect the  valuation  of  strips  of  land  for  rail- 
roads along  those  portions  of  the  line  where 
the  value  of  the  property  has  not  been  ma- 
terially affected  by  reason  of  the  presence 
of  the  railroad.  Other  objections  would  not 
apply  if  rational  and  equitable  theories  were 
used  by  the  experts  making  the  valuation. 

Two  other  related  portions  of  the  opinion 
are    (pages  450  and  453)  : 

It  is  "at  once  apparent  that,  so  far  as  the 
estimate  rests  upon  a  supposed  compulsory 
feature  of  the  acquisition,  it  cannot  be  sus- 
tained. It  is  said  that  the  company  would  be 
compelled  to  pay  more  than  what  is  the  normal 
market  value  of  property  in  transactions  be- 
tween private  parties ;  that  it  would  lack  the 
freedom  they  enjoy,  and.  in  view  ot  its  needs. 
it  would  have  to  give  a  higher  price.  It  Is  also 
^aid  that  this  price  would  be  in  excess  ot  the 
present  market  value  of  contiguous  or  similarly 
situated  property.  It  might  well  be  asked,  who 
shall  describe  tjie  conditions  that  would  exist, 
or  the  exigencies  of  the  hypothetical  owners  of 
the  property,  on  the  assumption  that  the  rail- 
road were  removed?  But.  aside  from  this,  it  is 
impossible  to  assume,  in  making  a  judicial  find- 
ing of  what  it  would  cost  to  acquire  the  prop- 
erty, that  the  company  would  be  compelled  to 
pay  more  than  its  fair  market  value.  It  is 
equipped  with  the  governmental  power  of  emi- 
nent domain.  In  view  of  its  public  purpose,  it 
has  been  granted  this  privilege  In  order  to  pre- 
vent advantage  being  taken  of  its  necessities. 
It  would  be  free  to  stand  upon  its  legal  rights 
and  It  cannot  be  supposed  that  they  would  be 
disregarded. 

That  question  [the  substantial  question  to  be 
decided]  is  whether.  In  determining  the  fair 
present  value  of  the  property  of  the  railroad 
company  as  a  basis  of  its  charges  to  the  public, 
it  is  entitled  to  a  valuation  of  its  right-of-way 
not  only  in  excess  of  the  amount  Invested  in  it. 
but  also  In  excess  of  the  market  value  ot  con- 
tiguous and  similarly  situated  property.  For 
the  purpo.se  of  making  rales,  is  its  land  devoted 
to  the  public  use  to  be  treated  [Irrespective  of 
Improvements!  not  only  as  Increasing  In  value 
by  rea.son  of  Ihe  activities  iind  general  pros- 
perity of  Ihe  community,  but  as  conslantly  out- 
stripping In  this  Increase  all  neighboring  lands 
iif  like  ch.'iracler.  devoted  to  other  uses? 

The  rule  laiil  down  in  the  above  ([uotations, 
that  nothing  can  be  allowed  in  valuing  public 
service  proiierly  for  the  additional  cost  on 
account  of  the  compulsory  feature  of  the  ac- 
(juisition  of  the  property,  is  one  which,  in 
some  cases,  would  do  great  injustice  to  the 
corporation  if  the  original  cost  of  property 
were  not  known  and  it  were  necessary  to  as- 
certain its  value  by  other  means. 

It  is  a  matter  of  conmion  knowleilgc  to  cri- 
gincers  and  others  connected  with  the  ac(|uisi- 
lion  ■if  rights  of  way  or  of  tracts  of  land 
within  specilied  lioundarics,  that  the  nnmici- 
pality  or  public  service  corporation,  even  if 
exercising  the  right  of  eminent  domain,  is 
compelled  to  pay  much  more  for  such  prop- 
crtx  than  the  ordinary  market  value  of  the 
land  acquired. 

To  take  a  specific  instance,  namely  :  the  ac- 
qiiisilion  of  real  estate  for  the  Wacliusctt 
Reservoir  in   Massachusetts. 

In  order  to  make  a  preliminary  estimate  of 
the  cost  of  acijuiring  the  real  estate,  the  first 
step,  after  the  preparation  of  plans  showing 
the  properties,  was  the  selection  of  one  man 
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as  an  appraiser  in  each  of  the  municipahlics 
in  which  the  site  of  the  reservoir  was  situated, 
choosing  in  each  case  the  man  best  acquainted 
with  the  properties  and  their  value.  These 
experts,  some  of  whom  owned  propertj-  re- 
quired for  the  reservoir,  were  instructed  to 
value  all  of  the  property,  except  mills  and 
water  rights,  on  a  liberal  basis.  The  aggre- 
gate valuation  so  obtained  was: 

Land    (4.772    acres) $244,000 

Buildings     453,000      »697.000 

The  cost  of  acquiring  the  same  property, 
exclusive  of  overhead  charges,  was  $1,182.- 
000,  which  was  $48r),000,  equal  to  C9  per  cent. 
in  excess  of  the  original  liberal  appraisal  of 
the  value.  This  excess,  which  was  due  to  the 
compulsory  feature  of  the  acquisition,  was 
not  wholly  unexpected,  as  in  the  preliminary 
estimates  of  the  cost  of  the  property  .50  per 
cent  was  added  to  the  experts'  valuation,  and 
to  the  sum  so  obtained  15  per  cent  was  added 
for  overhead  charees,  exclusive  of  interest. 
making  a  total  of  $1,200,000. 

If  it  if  necessary,  in  making  a  preliminary 
estimate,  to  add  a  percentage  to  the  ordinary 
value  of  the  property  to  cover  the  extra  cost 
when  the  taking  is  compulsory,  why  should 
not  a  similar  percentage  be  added  to  the  ordi- 
nary value  of  the  property  in  estimating  the 
cost  of  reproduction? 

If  the  real  estate  had  all  been  land,  and  the 
experts'  valuation  had  been  based  on  actual 
sales  rather  than  a  liberal  market  price,  it  is 
probable  that  the  cost  of  acquisition  would 
have  been  from  two  to  three  times  the  pre- 
liminary valuation. 

This  reservoir  is  situated  in  a  part  of  a 
state  where  land  values  are  very  nearly  sta- 
tionary, and  any  attempt  to  appraise  at  the 
present  time  on  the  basis  of  the  value  of 
contiguous  and  similarly  situated  property. 
without  the  use  of  multipliers,  would  result 
in  a  valuation  much  less  than  the  original 
cost  of  the  property. 

The  situation  is  so  very  different  from  that 
involved  in  the  valuation  of  terminal  proper- 
ties in  the  Minnesota  Rate  Cases,  that  it 
hardlv  iieems  possible  that  with  the  facts  pre- 
sented the  courts  could  do  the  injustice  which 
would  result  from  neglecting  the  compulsory 
feature  as  affecting  the  cost  of  acquiring  such 
pror>ertv. 

The  hasty  reader  of  the  opinion  under  con- 
sideration might  easily  reach  the  conclusion 
that  under  no  circumstances  w-ould  a  value 
of  public  service  property  in  excess  of  the 
market  value  of  contiguous  and  similarly  sit- 
uated prnnerty  be  approved.  The  portions  of 
the  opinion  referred  to,  given  without  tlie 
context,   arc  as   follows : 

It  Is  also  said  that  the  price  [a  price  neces- 
sarily paid  for  propertyl  would  be  in  excess  of 
the  present  market  value  of  contiguous  or  sim- 
ilarly situated  property.  It  might  well  be  asked, 
who  shall  describe  the  conditions  that  would 
exist,  or  the  exigencies  of  the  hypothetical  own- 
ers of,  the  property,  on  the  assumption  that  the 
railroad   were   removed? 

That  question  is  whether  •  •  *  tlir-  r.iil- 
road  comrany  •  ♦  •  Is  entitled  to  a  valua- 
Uon  of  its  right-of-way  not  only  in  excess  of 
the  amount  Invested  in  it,  but  also  in  excess  of 
the  m.irUet  value  of  contiguous  and  similarly 
situated   property. 

This  (|iicstion  is  answered  in  part  bv  the 
followine  statement : 

It  Is  not  admissible  to  attribute  to  the  prop- 
erty own<d  by  the  carriers  a  speculative  incre- 
ment of  value  over  the  amount  Invested  In  It 
and  beyond  the  value  of  similar  property  owned 
by  other.',  solely  by  reason  of  the  fact  that  it 
Is  used  In  the  public  .service. 

The  Increase  [In  value]  so  allowed  •  •  • 
cannot  properly  extend  beyond  the  fair  aver.Tge 
of  the  normal  market  value  of  land  In  the 
vicinity  having"  a  similar  character. 

The  company  would  cort-ilnly  have  no  ground 
of  complaint  If  It  were  allowed  a  value  for  these 
lands  equal  to  the  fair  average  market  value  of 
■Imll-ir  land  In  the  vicinity,  without  additions 
by  the  u.se  of  multipliers,  or  otherwise,  to  rover 
hypothetical   outlays. 

The  language  employed  is  somewhat  per- 
plexing,   but    when    the    above    extracts    from 


the  opinion  are  read  in  connection  with  the 
context  and  are  also  considered  in  connection 
with  the  circumstances  of  the  case,  it  seems 
clear  that  they  arc  not  to  be  construed  as 
meaning  that  the  courts  would  not  permit 
\aluations,  for  instance,  of  strips  of  land,  at 
a  price  in  excess  of  the  value  of  contiguous 
and   similarly   situated   property. 

When  a  strip  of  land  is  taken  from  the 
middle  of  a  large  tract,  the  owner  of  the  tract 
is  entitled,  legally  and  equitably,  not  only  to 
the  value  of  the  strip  based  upon  the  price 
of  similar  and  contiguous  land,  but  he  is  en- 
titled to  the  consequential  damages  to  the 
remainder  of  the  tract,  all  of  which  enhances 
the  cost  and  consequently  the  value  of  the 
strip  taken.  It  is  obvious  that  the  court  could 
not  under  such  circumstances  refuse  to  recog- 
nize such  extra  cost  and  value  of  the  strip. 

Still  another  part  of  the  opinion  calls  at- 
tention to  a  further  increase  in  the  valuation 
of  land  which  had  been  approved  by  the  lower 
court.  The  statement  is  made  that  the  amount 
allowed  for  real  estate,  exclusive  of  overhead 
charges   (page  450) : 

Was  included  in  the  total  on  v.hich  4^2  Per 
cent  was  allowed  in  Item  30  for  "Engineering, 
superintendence,  legal  expenses,"  and  again  was 
included  in  the  total  on  which  5  per  cent  was 
■illowed  in  Item  37  for  "Contingencies,"  and,  in 
addition,  was  included  in  the  total  on  which 
10  per  cent  was  allowed  in  Item  39  for  "Interest 
during  construction." 

Elsewhere  the  opinion  states   (page  455)  : 

We  also  think  it  was  error  to  add  to  the 
amount  taken  as  the  present  value  of  the  lands 
the  further  sums  calculated  on  that  value,  which 
were  embraced  in  the  items  of  "engineering. 
.supei"intendence,  legal  expenses."  "contingen- 
cies," and  "interest  during  construction." 

If  this  ruling,  instead  of  being  applicable 
to  the  particular  circumstances  of  the  case 
under  consideration,  is  intended  to  have  a 
general  application,  it  is,  in  the  judgment  of 
tlie  committee,  inc(|uitable  because  the  items 
of  cost  "engineering,  superintendence,  legal 
expenses,"  "contingencies"  and  "interest  dur- 
ing construction"  are  real  items  of  cost  in 
the  acquisition  of  land,  and  should  lie  included 
in  any  attempt  to  determine  the  value  of  tlie 
land  on  the  basis  of  the  cost  of  reproducing 
the  property,  if  correct  results  are  to  be  at- 
tained. 

The  committee  believes  that  the  proper  pur- 
pose of  a  cost  of  reproduction  estimate  of  the 
value  of  real  estate  is  to  ascertain  the  cost 
of  acquiring  such  real  estate  under  the  con- 
ditions existing  at  the  time  of  its  acquisition, 
except  that  if  it  he  admitted  that  the  property 
is  to  share  in  the  increase  in  the  value  of 
neighboring  land  not  affected  by  the  use  to 
which  the  public  service  property  is  devoted, 
it  is  necessary  to  use  the  present  rather  than 
the  original  prices.  In  order  to  do  this  the 
overhead  charges  nuist  necessarily  l^e  in- 
cluded. 

The  detailed  records  of  the  cost  of  acquisi- 
tion of  a  large  tract  of  real  estate  are  avail- 
able in  the  case  of  the  Wachusett  Reservoir, 
as  shown  by  the  followine  stateinent  cover- 
ing all   payments   from    1805  to  Dec.    1,   lOOH: 

Direct   Payments   for    Property   Acquired. 

Mill  property  an. I  watei  rights,  includ- 
ing all  land  and  buildings  owned  in 
connection   with    the    mills $1,402,000 

Paid    for    real    estate    in    reservoir    and 

margins    936,200 

Paid  for  rea!  estate  beyond  the  margins 
of  the  reservoir 503,700 

Total   $2,841,900 

Overhead  Charges. 

.\dmlnlstratlon  expenses  1.70%  $50,000 

F.nglneering   2.94%  83,600 

Legal    and    expert 4.(57'?!,  132.800 

Taxes  an.l  tax  '^nulvalents 2.24%  63,600 

Care  of  properly  during 

consi  ruction    $84,700 

Less    credits    for    rents, 

el. 67,600     0.60%  17,100 

12.21%  $'3,189,000 
To  the  above  nverbcad  charges  there  should 
be  added  the  portion  of  the  expenses  of  the 
.State  Treasurer's  office  and  of  the  State  Le- 
gal Department,  attributable  to  this  work, 
which  were  paid  for  out  of  general  funds  and 
therefore  did  not  appear  in  these  accounts. 
This  would  increase  the  above  overhead 
charges  to  at  least   I.'^  per  cent,  ami  after  de- 


ducting 2.24  per  cent  attributable  to  taxes  and 
tax  equivalents,  there  would  remain  lii.Tii  per 
cent  for  "engineering,  superintendence,  legal 
expenses." 

Omissions  and  contingencies  which  are 
necessary  items  in  an  estimate  are.  in  the  case 
of  book  accounts,  included  in  the  actual  pay- 
ments and  do  not  appear  separately.  Interest 
during  construction  does  not  appear  in  these 
accounts,  but  they  ftu'nish  the  data  from 
which  it  may  be  computed. 

The  reservoir,  although  not  completed,  was 
sufficiently  far  advanced  at  the  end  of  1903 
so  that  it  could  be  utilized  to  a  limited  extent, 
and  this  date  has  been  fi.xed  as  the  date  of 
operation. 

Payments  on  account  of  real  estate  in  the 
preceding  years  were  as   follows : 

1S9G  5  903.00fli 

1897  642,00(1'. 

189S  4S2.000 

1S99  37."i,000 

1900  229,000 

1901 147,000 

1902  170,00.1 

1903  134,00(( 

$3,082,00yt 

To  conform  with  the  rate  of  interest  gen- 
erally used  in  this  report,  it  will  be  assumed 
that  the  interest  on  these  payments  was  5 
per  cent  compounded  yearly,  instead  of  the 
smaller  amounts  actually  paid.  On  this  basis 
the  interest  payments  during  construction 
would  have  been  $057,000.  making  the  charge 
for  interest  during  construction  31  per  cent 
of  the  total  of  all  expenditures  to  the  time 
when  the  property  was  first  operated.  This 
is,  of  course,  an  unusual  charge  for  interest 
during  construction.  Much  of  the  property 
was  acquired  a  long  time  before  it  was  need- 
ed because  more  advantageous  settlements 
could  be  made  by  so  doing. 

The  real  estate  in  the  neighborhood  of  this 
reservoir,  as  already  stated,  has  changed  lit- 
tle in  value  since  the  time  of  its  acquisition, 
and  if  it  were  to  be  valued  at  the  present 
time  on  the  b.asis  of  the  cost  of  reproduction 
without  including  the  extra  cost  due  to  the 
compulsory  feature  of  the  acquisition  and  to 
the  overhead  charges,  the  resulting  value 
would  be  approximately  half  its  actual  cost. 
It  hardly  seems  possible,  in  a  case  like  that 
just  stated,  that  if  the  cost  were  not  known 
and  it  were  necessary  to  determine  the  value 
of  the  real  estate  on  the  basis  of  that  of  sur- 
rounding property,  the  court  would  sustain  a 
ruling,  which,  when  literally  applied,  would 
confiscate  approximately  half  the  value  of  the 
real    estate. 

The  opinion  itself  indicates  that  the  court 
would  accept  the  full  amount  of  the  actual 
investment  (which  would  necessarily  inchule 
the  compulsory  feature  and  the  overhead 
charges)  unless  such  investment  was  reckless, 
or  improvident,  or  improper  in  some  other 
way.  It  also  clearly  recognizes  that  the  pres- 
ent value  is  not  limited  to  the  amount  of  the 
actual  investment,  but  involves  the  recogni- 
tion of  the  fair  value  of  the  property  if  it  be 
more  than  its  cost.  These  features  are  shown 
by  the  following  quotations   (pages  454.  455)  : 

It  is  clear  that  in  ascertaining  the  present 
v.alue  we  are  not  limited  to  the  consideration  of 
the  amount  of  the  actual  investment.  If  that 
has  been  reckless  or  improvident,  losses  may 
be  .sustained  which  the  community  does  not  un- 
derwrite. As  the  company  may  not  be  protected 
in  Its  actual  investment,  if  the  value  of  its 
property  be  plainly  less,  so  the  making  of  a 
.lust  return  for  the  use  of  the  property  involves 
the  recognition  of  its  fair  value  if  it  he  more 
than  its  cost.  Tlie  property  is  held  in  private 
cwnership  and  It  is  that  property,  and  not  the 
original  cost  of  it,  of  which  the  owner  may  not 
be  deprived,  without  due  process  of  law. 

Assumitig  th;it  the  company  is  entitled  to  a 
reasonable  sb.are  in  the  gener.al  prosperity  of 
the  communities  which  it  serves,  and  thus  to 
attribute  lo  its  property  an  mcrease  In  value, 
.still  the  Increase  so  allowed,  apart  from  an.v 
improvements  it  may  make,  cannot  properly 
extend  beyond  the  fair  average  of  the  normal 
market  of  land  In  the  vicinity  having  a  similar 
character.  Otherwise  we  enter  the  realm  of 
mere  con.(ecture. 

I'ntil    the    opinion    given    in    ihc    Minnesot.i 
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Rate  Cases  shall  have  been  materially  modi- 
fied by  the  Supreme  Court,  it  is  especially  de- 
sirable, in  the  case  of  all  properties  of  fairly 
recent  origin,  to  ascertain  the  actual  cost  of 
acquiring  the  real  estate,  and  to  use  such 
actual  cost  as  a  basis,  adding  to  the  cost  of 
the  land  an  increase  in  value  proportionate 
to  that  of  similarly  situated  land  not  affected 
in  value  by  the  use  to  which  the  public  serv- 
ice properly  is  devoted. 

Special  Value  of  Land. — It  is  sometimes 
claimed  that  land  has  a  special  value  for  rail- 
'  road,  reservoir,  or  other  public  service  pur- 
■  poses,  either  by  reason  of  its  special  avail- 
I  ability  and  adaptability  for  the  purpose  for 
,  which  it  is  to  be  used,  or  because  it  is  an  in- 
'  ter-connected  body  of  land  specially  available 
I  and  adapted  by  shape  and  location  for  the 
'  special  use. 

ij  The  committee  believes  that  this  special 
||  value  should  not  be  included  in  a  valuation. 
I  except  to  the  extent  of  recognizing  all  the 
I  elements  which  cause  such  property  to  cost 
I  much  more  than  ordinary  property,  but  if  the- 
j  actual  cost  has  been  augmented  by  a  recogni- 
tion of  the  special  value  of  land  for  the  pur- 
I  pose  for  which  it  is  acquired,  allowance 
I  should  be  made  for  such  added  cost  and 
I  value.  The  case  is  one  where  the  conditions 
which  prevailed  at  the  time  of  the  acquisition 
I  of  the  property  should  control  rather  than 
I  the  present  conditions. 

Court    Decisions    as    to    Special    Value    of 
Land. — .^  leading  case  is  that  of  Boom  Co.  v. 
I  Patterson,    decided   years   ago   by   the   United 
I  States  Supreme  Court.     It  was  held  that  Pat- 
j  terson,   who  owned  tliree  islands  in  the   Mis- 
\  sissippi  River  above  St.  Anthony  Falls,  about 
:  an   eighth   of   a   mile    from   its   western   bank, 
I  was    entitled    to    payment,    not    only    for    the 
'■  value  of  the  islands  as  such,  about  $.'500,  but 
'   for   their    availability    and    adaptability,    when 
connected    with    one    another    and    with    the 
main  land  by  booms,  for  creating  a  receptacle 
in  which  millions  of  logs  could  be  stored,  and 
the   court   affirmed   a   judgment   which    added 
about   $5,-"p00   for  the   availability   and   adapta- 
:  bility  of  these  islands  for  the  purpose  stated. 
In   the  arid   lands,   where  irrigation   is  nec- 
essary   for    the    growth    of    crops,    there    are 
many    properties    containing     small     reservoir 
sites  and  in  the  Eastern  states  there  are  prop- 
erties along   streams  where  there  are  utilized 
or     unutilized      falls.      Such     properties     are 
bought  and  sold  and  have  a  market  value,  and 
arc  properly  valued  at  a  special  price  on  ac- 
count of  their  availability  and  adaptability  for 
these  purposes. 

It  is  now  claimed  in  some  cases  that  land 
suitable  for  a  site  for  a  great  dam,  or  land 
forming  a  part  of  a  great  reservoir  site,  or 
again,  land  available  for  a  railroad  location 
through  a  narrow  pass  in  the  mountains,  has 
a  -special  value  by  reason  of  its  availability  and 
adaptability  lor  these  purposes.  This  claim 
is  urged  even  where  the  dam  and  reservoir 
arc  of  such  magnitude  and  involve  so  great 
a  cost  that  they  could  not  be  built  except  by 
the  community  acquiring  the  property,  and 
where  the  pass  through  the  mountains  is  so 
located  that  the  possibility  is  remote  that  it 
Would  ever  be  used  by  a  railroad. 

In  nearly  all  cases  the  availability  and  adap- 
tabilitv  of  these  properties  for  the  purposes 
named  are  not  recognized  until  preliminary 
investigation';  are  made  and  action  is  taken 
thereon  which  finally  results  in  their  selection. 
I'p  to  the  time  of  such  investigations  the 
market  value  ><i  the  property  is  inrlependent 
of  any  consideration  of  such  availability  and 
adaptability.  P.etwcen  the  time  of  such  in- 
vesliRalion  and  the  actual  takini;  I'f  the  prop- 
erty by  condemnation,  there  is  sninctimc-s  an 
interval  of  years  rlnring  which  some  of  the 
property  may  he  solil  to  speculators  who  have 
icnriwlcdge  9f  the  enhanced  price  usually  paid 
for  property  when  the  taking  is  compulsory, 
and  thereby  what  is  in  a  sense  a  new  market 
value  may  be  created. 

Occurrences  during  this  interval  of  time 
may  furnish  a  basis  for  testimony  that  there 
has  been  a  recognition  nf  the  special  value  of 
the  property  for  the  puri)oscs  for  which  it 
is  taken,  but  if  so,  it  is  an  added  value  in- 
cidental to  the  necessary  interval  of  time  be- 


tween the  investigation  and  taking  based  upon 
the  necessities  of  the  buyer,  and  is  one  which 
should  not  be  recognized.  In  order  to  re- 
ceive consideration,  the  special  value  should 
have  existed  before  the  beginning  of  the 
earliest  proceedings  which  led  to  the  taking. 
Assuming,  for  the  purpose  of  discussion, 
that  the  land  taken  has  a  special  value  to  the 
community  or  public  utility  requiring  it,  be- 
cause better  adapted  for  the  proposed  uses 
than  any  other,  and  that  this  special  avail- 
ability and  adaptability  should  be  considered 
in  determining  the  value  of  the  property,  how 
is  it  possible  to  determine  the  amount  of  such 
additional  value  by  other  than  the  most  specu- 
lative and  hypothetical  methods?  One  meth- 
od sometimes  used  is  that  of  comparing  the 
cost  of  works  at  the  selected  site  with  the 
cost  of  works  at  a  site  which  is  less  available 
and  adapted  to  the  purpose.  For  example,  it 
may  be  assumed  that  the  place  selected  for 
the  site  of  a  dam  is  in  the  narrow  part  of  a 
gorge  where  20  acres  required  for  the  con- 
struction of  the  dam  would,  for  ordinary  pur- 
poses, be  valued  at  $100  an  acre,  or  $2,000  for 
the  W'hole  property.  .Assuming,  further,  that 
the  most  available  of  other  sites  is  at  a  point 
up  stream  or  down  stream  where  the  cost  of 
the  dam  would  be  increased  by  $1,000,000, 
how  could  the  sum  so  ascertained  be  used  to 
determine  the  special  value  of  the  better  site? 
It  clcarlv  would  not  he  equitable  to  pay  the 
owner  o'f  the  site  $1,000,000  for  the  special 
value  of  his  property,  and  yet  the  computation 
does  not  indicate  any  other  sum. 

The  other  class  of  evidence,  as  to  such 
value,  would  be  opinion  evidence  based  upon 
knowledge  acquired  and  sales  made  in  the  in- 
terval between  the  first  investigations  and  the 
date  of  taking  of  the  property,  and  this  kind 
of  evidence,  although  more  plausible,  should 
not.  in  the  opinion  of  the  committee  and  as 
already  suggested,  be  used  to  create  a  special 
value  for  availability  and  adaptability  when 
such  value  did  not  exist  before  the  investiga- 
tions were  made. 

The  subject  of  the  special  value  of  land  is 
referred  to  in  Mr.  Justice  Hughes'  opinion 
in  the  Minnesota  Rate  Cases.  The  discussion 
related  to  "the  endeavor  to  apply  the  cost- 
of-reproduction  method  in  determining  the 
value  of  the  riuht  of  way"    (page  451)  :* 

It  Is  urged  that,  in  this  view,  tlie  company 
would  be  bound  to  pay  the  "railway  v.ilue"  of 
the  property.  But.  supposing  the  railroad  to 
be  obliterated  and  the  lands  to  be  held  by  oth- 
ers, the  owner  of  each  parcel  would  be  entitled 
to  receive  on  Its  condemnation  its  fair  market 
value  for  all  its  available  uses  and  purposes. 
If,  In  the  case  of  any  such  owner,  his  prop- 
erty had  a  peculiar  value  or  special  adaptation 
for  railroad  purposes,  that  would  be  an  element 
to  be  considered.  But  still  the  inquiry  would 
be  as  to  the  fair  market  value  of  the  property  ; 
as  to  what  the  owner  had  lost,  and  not  what 
tht  taker  h:i,l  Krilned.  The  owner  would  not 
be  entitled  to  demaml  payment  of  the  amount 
which  the  property  might  be  deemed  worth  to 
the  company  ;  or  of  an  enhanced  value  by  virtue 
of  the  purpose  for  which  It  was  tal<cn  ;  or  of 
an  Increase  over  its  fair  market  value,  by  rea- 
son of  .tny  added  value  supposed  to  result  from 
lt»  combination  with  tracts  acquired  from  oth- 
ers so  as  to  make  It  a  part  of  a  continuous 
railroad  right-of-way  held   In  one  ownership. 

A  recent  opinion  upholding  an  allowance 
for  reservoir  availabililv  and  adaptability  is 
that  of  llie  I'niled  States  Circuil  Court  of 
.\ppeals.  decided  July  I.'),  101.1,  and  il  relates 
to  a  parcel  of  land  taken  for  the  .Ashokan 
Reservoir  of  the  N'cw  York  Water  Supply. 

That  the  Ashokan  site  Is  peculiarly  suitable 
for  reservoir  purposes  cannot  be  disputed.  In- 
deed, it  may  almost  be  said  that  It  is  the  only 
available  location  for  a  reservoir  from  which 
Ihe  (freat  City  of  New  York  ciin  be  supplied 
with  an  abundance  of  pure  water.  t..ccated.  as 
the  city  Is.  on  a  narrow  peninsula,  between  two 
tidal  rivers.  It  la  evident  that  the  choice  of  sites 
which  the  Sloto  can  control  Is  an  excecdInKly 
limited  one.  A  ({lance  ot  the  map  seems  to  dem- 
onstrate the  proposition  that  the  supply  of  water 
for   such    an    Immense    number    of    people    mu.st 


•Simpson  ct  il.  v.  Shepard;  aamo  v.  Kennedy; 
same  v.  Shillaber,  2.10  V.  S.,  362,  June  9.  1913. 


come  from  a  reservoir  located  west  of  the  Hud- 
son and  above  the  New  Jersey  line.  The  Ash- 
okan site  could  not  escape  the  attention  of  a 
competent  engineer  employed  to  make  the  selec- 
tion. The  process  of  exclusion  would  inevitably 
bring  him  to  the  Esopus  watershed.  Its  avail- 
ability for  furnishing  New  Tork  with  pure  water 
was  appreciated  fourteen  years  ago.  when  the 
Hamapo  Company  was  organized  for  the  pur- 
pose of  selling  the  water  in  question,  not  only 
to  the  City  of  New  York,  but  to  other  cities  of 
the  State  located  on  both  banks  of  the  Hudson. 
The  availability  of  the  Ashokan  site  induced 
the  City  of  Kingston  to  make  a  careful  exam- 
ination of  its  capacity  for  furnishing  a  supply 
of  water  to  that  city.  In  short,  without  enter- 
ing further  into  details,  it  can  hardly  be  dis- 
puted that  the  ^shokan  site  was  the  natural 
place  for  the  reservoir  which  is  to  supply  the 
fast-increasing  multitude  of  people  who  dwell 
on  both  sides  of  '.he  Hudson,  and  that  this  avail- 
ability had  been  proved  and  was  publicly  known 
long  before  the  City  of  New  York  instituted 
these  proceedings.  It  must  have  been  evident 
to  all  Intelligent  land  owners  that  their  prop- 
erty would,  in  the  near  future,  inevitably  be 
acquired  as  part  of  an  immense  water  system. 
That  this  demand  increased  the  value  ot  these 
lands  follows  as  a  necessary  conclusion.  To 
value  them  only  according  to  the  tons  ot  hay 
or  the  bushels  of  potatoes  they  produce  Ignores 
the  other  element  of  value,  namely,  that  their 
possession  was  necessary  in  order  that  water 
might  be  furnished  to  the  increasing  millions 
along  the  banks  of  the  Hudson. 

To  refer  to  a  minor  feature  of  this  opinion, 
it  refers  to  the  city  of  Kingston  as  having  ex- 
amined the  Ashokan  Reservoir  site  with  ref- 
erence to  its  capacity  for  furnishing  a  supply 
of  water  to  that  icty.  Kingston  had,  in  1910, 
a  population  of  25,908.  The  estimated  cost  of 
the  reservoir  upon  this  site  is  upward  of  $30,- 
000,000,  making  the  cost  per  inhabitant  of 
Kingston  the  prohibitive  sum  of  $1,150,  show- 
ing that  a  reservoir  upon  this  site  would  be 
unavailable  and  unadapted  to  the  use  of  King- 
ston on  account  of  its  cost,  and  how  little 
weight  should  be  given  to  such  evidence  that 
there  was  competition  for  such  a  propertv 
w-hich  would  give  it  a  special  market  value. 

The  .•Appellate  Division  of  the  Supreme 
Court  (130  App.  Div.,  350.  356)  and  Court 
of  Appeals  (195  N.  Y.,  573)  of  New  York 
State,  passed  upon  a  similar  case  (McGoveru 
vs.  City  of  New  York)  relating  to  the  com- 
pensation for  other  parcels  of  land  taken  for 
the  Ashokan  Reservoir,  and  reached  the  op- 
posite conclusion  from  that  reached  by  the 
I'nited  States  Circuit  Court  of  Apcpals. 
The  .\ppellate  Division,  referring  to  the  ac- 
tion of  the  Commissioners  making  the  award, 
said : 

Their  duty  was  to  award  compensation  for 
the  taking  of  the  land  and  not  for  the  use  to 
which   It  will  be  applied  when   taken. 

It  Is  only  when  It  Is  shown  that  It  has  a 
market  value  for  some  particular  use  that  the 
availability  and  adaptability  of  the  property  to 
the  use  can  be  taken   into  account. 

It  Is  true  that  he  [the  owner]  Is  not  limited 
in  compensation  to  the  use  which  he  makes  of 
his  property,  but  Is  entitled  to  a  fair  market 
value  for  any  use  to  which  It  is  adapted  by 
virtue  of  Its  location  and  for  which  It  is  avail- 
able. •  •  •  Tlic  value  of  property  Is  not 
limited  by  the  present  use,  or  the  use  for  which 
it  Is  sought,  as  cither  may  be  more  or  less  than 
its  market  value.  For  example,  land  may  be 
valuable,  abstractly  considered,  for  reservoir 
purposes,  but  its  market  value  would  depend 
upon  a  demand  for  such  a  purpose.  If  no  one 
desired  the  property  for  a  reservoir.  Its  value 
might  be  much  less  than  tor  any  other  purpose. 

•  •  ••  No  evidence  was  given  in  the  pres- 
ent case  tending  to  show  that  before  the  land 
wan  taken  by  the  city  It  was  regarded  as  more 
valuable  because  of  Its  advantage  of  location 
I  nd  .adaptability  for  use  as  a  rcsirvoir. 

The  appellant  did  not  prove  or  attempt  to 
prove  that  the  value  of  the  property  in  ques- 
rlon,  or  any  of  the  property  included  In  the 
rcKervolr  site,  hod  been  Increased  by  Its  adapt- 
ability or  availability  for  reservoir  purposes 
before    the    commencement    of    this    proceeding. 
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I'hcre  is  no  shadow  of  evidence  of  any  prior 
demand  for  tlie  property  as  a  reservoir  site  or 
'if  any  customer  wlio  would  give  more  for  it 
for  tliat  purpose,  or  of  any  circumstance  by 
whlcli  tlie  value  of  tlie  parcel  in  question,  as  a 
part  of  a  natural  reservoir  site,  could  be  esti- 
mated or  determined. 

These  cases  went  to  the  United  States  Su- 
preme Court  and  were  decided  in  June,  1918. 
The  judgment  of  the  lower  court  was  sus- 
tainetl,  hut  the  points  considered  in  this  re- 
port were  not  treated  at  lengtli.  The  court 
referred  to  "the  difficulties  in  the  way  of  such 
evidence  (that  relating  to  availahilitv  and 
adaptabihty)  and  the  wide  discretion  allowed 
to  the  trial  court"  and  added,  "Much  depends 
upoii^  the  circumstances  of  the  particular 
case.'  , 

In  the  judgment  of  the  committee,  the  en- 
hancement of  the  value  of  land  on  account  of 
its  availability  and  adaptability  for  special 
purposes,  in  cases  where  the  property  is  es- 
pecially available  and  adapted  only  to  the 
coinmiinity  or  public  uti'lity  acquiring  it,  is 
against  sound  public  policy,  and  a  jii^st  con- 
sideration of  the  right  of  the  public  to  have 
public  works   created  at  a   fafr  cost. 

EXCE.'SS    OR   PEFICIENXV   OF  P.\ST   E.^RNINGS. 

It  is  the  view  of  the  committee  that  an  ex- 
vcss  or  deficiency  of  past  earnings  of  an  un- 
re.aulated  property  should  not  be  considered 
in  making  a  valuation  of  the  property,  except 
as  they  may  be  useful  in  determining  the  de- 
velopment expenses.  The  committee  has  been 
led  to  reach  this  conclusion,  not  because  it 
would  necessarily  be  inequitable  to  consider 
such  past  earnings,  and  especially  recent  earn- 
ings, but  there  seems  to  be  no  rational  basis 
upon  which  they  can  be  included.  They  are 
important  as  indicating  whether  the  rales  are 
too  high  or  too  low. 

If  one  attempts  to  consider  past  earnings 
in  making  a  valuation,  many  questions  arise. 
Shall  the  consideration  include  the  earnings 
for  2,  r,,  or  10  years,  and  if  so,  why  not  for 
a  much  longer  period?  If  the  earnings  have 
l)een  more  or  less  than  a  fair  return  upon  the 
capital  employed  added  to  a  proper  sum  to 
cover  obsolescence  and  depreciation  of  all 
items  of  property,  is  the  corporation  account- 
able to  the  public  for  the  surplus  or  deficien- 
cy, as  the  case  may  be? 

From  the  time  that  a  public  service  commis- 
sion is  autliorized  to  control  rates,  to  fix  the 
amount  that  the  corporation  may  earn  as 
a  depreciation  allowance,  and  to  control  meth- 
ods of  accounting,  it  is  desirable  and  proper 
to  fake  into  account  the  excess  or  deficiency 
of  earnings.  The  public  service  corporation 
should  be  required  to  account  for  its  sur- 
plus, and.  on  the  other  hand,  due  considera- 
tion should  be  given  in  fixing  rates  to  any 
deficiency   which    may   occur. 

The  subject  has  been  very  well  discussed 
by  Commissioner  Prouty  of  the  Interstate 
Commerce  Commission  in  Spokane  vs.  North- 
ern Pacific* 

Referring  to  a  surplus  which  had  been  ac- 
cumulated and  invested  in  'be  property,  he 
states: 

Should  the  Government  today  take  note  of 
that  surplus  for  the  purpose  either  of  so  reduc- 
inpr  the  rates  of  the  company  that  no  earnings 
can  be  made  upon  this  much  of  the  property  or 
with  a  view  to  In  some  sense  turn  that  surplus 
back  again  Into  the  hands  of  the  public? 

•  •  •  During  all  this  period  the  exce.os  has 
gone  Into  the  property,  which  ha.s  gradually 
become  more  valuable,  and  this  Increased  value 
bis  reflected  It.self  In  the  market  price  of  the 
rccurlfles  of  that  company.  It  Is  Impossible  to 
restore  what  has  been  Improperly  taken  In  the 
way  of  excessive  rates  to  those  persons  from 
whom  It  has  been  received.  The  Government, 
under  those  nlrcumslances.  cannot  lay  hold  on 
this  .'JurpUis  .OB  a  fimtl  held  in  trust  for  the 
public. 

This  case  strongly  Illustrates  the  f.act  that  If 
any  Government  tribunal  Is  to  <lo  justice  be- 
tween the  railway  and  the  public.  It  it  Is  to 
feel  any  confidence  In  the  correctness  of  Its 
conclusions.   Its  supervision   must   be   continuous 


•Spokane   v.    Northern    Pacific    Raltway   Com- 
pany,  15  I.   C.   C.   R.,   376,   41.5,  February  9,  1909. 


and  not  spasmodic.  There  must  be  some  point 
of  departure  and  from  that  point  the  knowledge 
of  the  Government  must  be  accurate  and  com- 
plete. After  earnings  have  once  been  "capital- 
ized" and  benefits  have  been  "conferred,"  when 
the  various  independent  organizations  have  been 
perfected,  if  i.s  impossible  to  either  know  or 
to  undo. 

AIlAl'T.MION    .\.MD    SOLIDIFIC.\TION, 

Wlicii  items  of  property  are  first  ready  for 
use  or  for  operation,  they  are  .generally  in- 
complete. If  the  item  of  property  is  a  ma- 
chine, it  requires  testing  and  minor  change> 
or  sometimes  the  replacement  of  parts  before 
it  will  cjperate  smoothly.  A  railroad  road- 
bed, built  of  earth  that  has  been  dumped 
without  consolidation,  will,  as  the  result  of 
running  trains  and  the  effect  of  weather  con- 
ditions, settle,  and  eartli  will  be  washed  from 
the  fresh  slopes,  so  that  additional  earth,  bal- 
last and  labor  will  be  required  to  produce  a 
solid  and  full-sized  embankment.  All  such 
costs  required  to  complete  machines  and 
structures  are  properly  chargeable  to  the  cap- 
ital account,  and  if  the  unit  prices  used  in 
making  the  valuation  do  not  cover  these 
items,  they  should  be  added. 

If  a  valuation  is  to  be  based  on  book  ac- 
counts, it  is  equally  proper  to  include  these 
items  in  the  valuation,  provided  duplication 
is  avoided.  If  the  accounts  are  so  kept  that 
these  expenditures  have  been  charged  to  op- 
eration, swelling  the  operating  and  diminish- 
ing the  capital  account,  then  they  would  ap- 
pear as  development  expenses,  because  the 
deficiency  of  earnings  in  the  early  years  of 
the  operation  of  the  property  would  be  great- 
er than  if  they  had  been  properly  charged  to 
the   capital   account. 

Embankments  and  the  slopes  of  cuttings  may 
become  more  stable  on  account  of  the  .growth 
of  grass  and  weeds,  and  may  therefore  be 
considered  to  be  more  valuable,  but  such 
value  as  this,  which  is  not  the  result  of  ex- 
penditure by  the  corporation,  should  have  no 
place  in  the  valuation  of  the  property. 

SHOULD    R.\TES     BE    B.'iSED     ON     PHYSIC.\L     V.\LUE 
ONLY  ? 

There  are  several  reasons  why  a  physical 
valuation,  taken  by  itself,  furnishes  an  un- 
satisfactory basis  for  determining  rates,  and 
other  reasons  why  it  does  not  seem  equitable 
to  omit  other  considerations. 

The  method  of  valuation  recommended  by 
the  committee  is  (with  some  exce[)tions )  based 
upon  the  cost  of  reproduction  of  the  identical 
existing  features  of  the  property.  It  protects 
the  actual  investment  in  the  property,  so  far 
as  this  can  be  done  where  a  deduction  is  made 
for  the  depreciation  of  the  existing  perishable 
property  and  where  present  instead  of  original 
prices  are  used.  The  result  is  a  physical  val- 
uation dealing  with  the  cost  of  the  existing 
structures,  with  little  regard  for  merit  or  ef- 
ficiency. 

Efficiency  Should  Be  Recognised. — Engi- 
neers probably  recognize  much  better  than 
others  that  the  intrinsic  value  of  any  prop- 
erty is  not  always  proportionate  to  its  cost. 
One  property  may  have  been  exceptionally 
well  designed  and  located  and  be  of  such  a 
character  that  it  can  be  operated  at  compara- 
tively small  cost  and  give  a  high  grade  of 
service,  while  another  property,  having  the 
same  physical  valuation,  may  have  the  oppo- 
site characteristics,  being  poorly  designed  and 
located,  expensive  in  operation,  and  furnish- 
ing unsatisfactory  service. 

If  the  general  principle,  a  fair  return  on  the 
fair  value  of  the  property,  is  to  be  construed 
as  a  fixed  percentage  on  the  physical  value 
of  the  property,  the  inferior  service  would  be 
pa,id  for  at  a  higher  rate  than  the  better  serv- 
ice. To  avoid  this  result,  some  modification 
of  the  physical  valuation  or  of  the  rate  of 
return  upon  such  valuation  should  be  made 
by  the  rate-making  body,  with  a  view  to  ob- 
taining  more   equitable   results. 

Although  the  committee  recognizes  that 
sound  public  policy  requires  a  suitable  reward 
for  efficiency,  it  has  been  unable  up  to  this 
time  to  formulate  general  rules  which  recog- 
nize this  feature,  and  commends  its  special 
consideration   to   Public   Service   Commissions 


and  to  the  courts  in  the  cases  coming  before 
them. 

Boslvn  Consolidated  Gas  Company  Sliding 
Scale. — A  method  of  recognizing  efficiency 
was  put  into  practical  use  in  Massachusetts 
in  190(),  by  a  legislative  act*  which  provides 
that  the  Boston  Consolidated  Gas  Co.  shall 
sell  gas  at  a  "standard  price"  of  90  cents  per 
1.<I00  cu.  ft.  and  that  the  company  may  pay 
its  stockholders  a  "standard  rate"  of  7  per 
cent  per  annum  on  the  par  value  of  its  stock. 
If  during  any  year  the  price  charged  by  the 
company  is  less  than  the  "standard  price,"  the 
company  may,  during  the  following  year,  in- 
crease its  dividends  above  the  "standard  rate" 
one-fifth  of  1  per  cent  for  every  cent  of  rei 
duction  in  the  price  of  gas  below  the  stand's 
ard. 

Other  parts  of  the  act  provide  for  main- 
taining a  surplus  fund  and  limiting  its  rate  of 
increase  and  total  amount :  for  issuing,  with 
the  approval  of  the  public  service  body,  such 
additional  stock  as  may  be  necessary  at  its 
market  value;  for  reporting  each  year  the 
cost  of  manufacture,  including  depreciation, 
and  for  readjusting  the  "standard  price"  at 
any  time  after  10  years  from  the  date  of  the 
original  act. 

Under  the  provisions  of  this  act.  gas  is  now 
sold  for  80  cents  per  1,000  cu.  ft.,  and  the 
company  pays  a  9  per  cent  dividend  to  its 
stockholders. 

Should  a  Higher  Return  Be  Made  Upon  an 
Old  Favorably  Located  Property?— It  ^  is 
frequently  the  case  that  an  old  property  which 
has  been  in  existence,  say,  30  years  or  more, 
is  so  favorably  located  that  it  has,  at  appar- 
ently reasonable  rates,  rendered  satisfactory 
service  and  paid  continuously  for  upward  of 
20  years  more  than  average  dividends  upon 
the  stock.  As  instances  of  this  kind  of  prop- 
erty may  be  cited  railroads  between  important 
tcrminal.s,  water  works  having  a  supply  from 
nearby  and  adequate  sources,  and  gas  works 
in  growing  cities  and  towns.  .\s  a  result,  the 
stock  of  such  companies  has  been  sold  far 
■ibove  par  and  the  investment  in  such  stock 
has  not  been  regarded  as  speculative  because 
the  investors  had  every  reason  to  suppose  that 
the  existing  conditions  would  be  likely  to 
continue   indefinitely. 

The  question  then  arises  whether  the  fail- 
ure to  regulate  the  rates  of  such  property  for 
a  long  term  of  years  has  not  in  efTect  war- 
ranted the  assumption,  made  by  those  invest- 
ing in  the  property,  that  rates  producing  the 
same  liberal  return  would  continue ;  also 
whether  as  a  matter  of  equity  the  rates  should 
not  in  the  future  be  fixed  on  a  basis  pro- 
ducing a  more  liberal  return  than  on  proper- 
ties wdiich,  by  reason  of  poorer  location,  al- 
though charging  higher  rates  and  furnishing 
less  satisfactory  service,  earn  smaller  returns 
than  the  more  favorably  located  property. 

It  has  been  held  by  the  committee  that  the 
unfavorably  located  public  service  property 
is  not  entitled  to  more  than  reasonable  rates 
for  the  service  it  renders  even  though  the 
property  in  question  becomes  a  losing  ven- 
ture ;  conversely,  the  committee  believes  that 
the  favorably  located  old  property  should 
equitably  receive  liberal  treatment  by  rate- 
making  bodies. 

rONTINUOrS    REGUL.XTIOXS    BY    COMMISSIONS. 

The  committee  has,  in  several  instances, 
called  attention  to  the  difficulty  of  carrying 
out  certain  equitable  and  desirable  features  of 
valuation  and  rate  regulation  where  the  con- 
trol of  such  matters  is  spasmodic,  and  not 
based  upon  continuous  commission  control  in 
connection  with  legislation  adapted  to  obtain- 
ing the  desired  results. 

Some  of  the  defective  features  of  spas- 
modic  regulation   without  adequate   laws  ai;e; 

1. — Valuations  vary  from  time  to  time  with 
changes  in  the  prices  of  labor,  materials,  and 
land,  involving  undesirable  gain  or  loss  to 
the  investor  or  the  rate-payer,  as  the  case  may 
be,  and  increasing  the  hazard  of  the  investor 
and  consequently  the  rate  of  interest. 

2. — It  is  impr.icticable  to  take  account  of  an 
excess  or  deficiency  of  past  earnings,  because, 
if  the  public  service  corporation  is  allowed  to 
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..iiY^c  rates  wliich  result  in  tlic  accumulation 
j)£  a  surplus  or  deticienc)-,   neither  the  corpo- 
ation  nor  the  public  can  be  compelled  subsc- 
ntly  to  account  one  to  the  other  therefor. 
—The   prevailing   lack   of    method    in    dc- 
crmining  depreciation   allowances  may   result 
n  earnings  by  the  corporation  of  much  more 
ir  less  on  this  account  during  the  life  of  each 
item  of  property  than  its  value,  and  a  similar 
lifficulty   is   encountered    in   properly   account- 
mg    for   the    appreciation    of    land   and    other 
.n.perty  which  increases  in  value. 
./here  it  is  feasible  to  obtain  suitable  legis- 
i  n  and  the  appointment  of  intelligent  and 
independent    commissions    governed    in    their 
'actions  by  considerations  of  equity,  uniformly 
fair   relations   between   the   investors   and   the 
public   can   be   maintained    much   more   evenly 
than    imder    present    conditions.      Accounting 
under  such  cimtrol  would  have  a  more  impor- 
tant place  than  at  present. 

■  Under  sucli  control  the  valuation  of  a  new 
iproperty  would  be  based  mainly  upon  book  ac- 
counts with  such  adjustments  as  might  be 
.necessary  for  the  value  of  services  rendered 
and  not  paid  for;  of  risks  incurred,  if  the 
I  commission  acting  for  the  public  would  not 
lassume  the  cost  of  accidents  and  failures,  and 
of  the  use  of  money  upon  \vhich  interest  wa.^ 
I  not  actually  paid.     The  cost  of  developing  the 

•  business  could  also  be  determined  on  the  basis 

•  the  accounts. 

Howances  for  the  depreciation  in  the  value 
;    perishable  property  and   for  the  apprecia- 
tion in  the  value  of  land  could  be  made  on  a 
,  rational  basis  and  charged  periodically  to  the 
capital    account.      If    the   net   depreciation    al- 

•  lowance  in  any  year  or  series  of  years  were 
.  made  too  small  or  too  large,  the  effect  of  the 
;  error    would    be    diminished    liecause    the    in- 
vestor  would   have,   respectively,   a   larger   or 
smaller   remaining   capital   entitled   to   an   an- 

,  nual  return.  If  after  a  series  of  years  the 
depreciation  allowances  should  prove  to  be 
more  or  less  than  the  actual  depreciation  of 
the  property,  the  allowances  could  be  in- 
creased or  diminished  to  provide  a  proper  ad- 

'.  justment. 

:  A  good-sized  surplus  is  desirable  for  pre- 
venting frequent  changes  in  rates  and  divi- 
dends, and  for  producing  stable  conditions 
The  gradual  creation  of  such  a  surplus  would 
be  warranted  under  cxmtinuous  commission 
control  if  it  were  to  lie  held  for  the  benefit  of 
the   public   when   not    needed    for   maintaining 

'  authorized   uniform  dividends. 

!  SUMM,\RV. 

1. — Report  Limited. — This   report   is   limited 
I  to  the  discussion  of  valuation  for  the  purpose 
of    rate-making.      Valuations    for    other    pur- 
poses  differ   in   some   respects,    for   legal   and 
■   other  reasons. 

2. — General  Principles.  —  The  valuation 
'  should  be  such  as  to  lead  to  equity  as  be- 
tween the  owner  on  the  one  hand  and  the 
public  on  the  other.  The  rates  should  yield  a 
fair  return  upon  the  fair  value  of  the  prop- 
erty. The  owner,  in  addition  to  a  reimburse- 
ment of  the  current  e.\|)cnses  of  operation,  is 
entitled  {a)  to  an  annual  return,  covering  in- 
terest and  profit,  for  the  use  of  his  capital, 
having  in  view  the  risks  incidental  to  the  in- 
vestment, and  (b)  an  annual  allowance  to 
provide  for  the  net  depreciation  in  value  of 
all  the  items  of  physical  property,  resulting 
from  all  causes,  this  allowance  to  be  suflicicnt 
to  pay  for  all  items  of  property  at  the  time 
they  cease  to  have  value.  As  earnings  are 
based  to  a  large  extent  upon  rates,  the^  can- 
not serve  as  a  basis  of  valuation  for  rate- 
making. 

•*. — Method  of  Determining  Physical  lvalue. 
— The  committee  recommends  the  use  of  the 
actual  reasonable  cost,  subject  to  suitable  pro- 
visions for  the  cost  of  developing  the  busi- 
ness, for  depreciation,  etc.,  as  the  best  basis 
for  valuation  of  a  new  or  recently  created 
property,  and  in  the  case  of  an  old  property, 
the  estimated  cost  of  reproducing  the  proper- 
ty, with  similar  adjustments.  .-Vs  the  actual 
cost  of  a  new  property  should  be  substantially 
the  same  as  the  ifairly  estimated  cost  of  re- 
production of  such  a  property,  this  is  in  cfTcct 
a  recommendation  of  a  practically  uniform 
method  of  valuation. 


■J. — future  Properties  Under  Continuous 
Commission  Control  and  suitable  legislation 
could  be  valued  best  on  the  basis  of  actual 
reasonable  cost,  using  book  accounts  for  the 
ascertainment  of  the  cost  of  developing  the 
business  and  making  proper  charges  in  such 
accounts  for  depreciation.  Under  this  method 
the  corporation  would  avoid  the  hazard  due 
to  the  rise  and  fall  in  prices. 

■^.—Identical  Plant  Should  Be  Valued.— 
The  valuation  should  be  predicated  upon  the 
identical  existing  plant,  and  not  upon  a  sub- 
stitute plant  capable  of  furnishing  equally 
efficient  service. 

'<". — Unused  Property. — The  courts  have  in- 
dicated that  the  property  to  be  considered  in 
making  a  valuation  for  rate-making  should  be 
only  that  devoted  to  the  public  use.  A  com- 
mission may  or  may  not  permit  the  inclusion 
of  a  pan  or  the  whole  of  the  unused  property 
in  the  valuation,  depending  upon  the  basis 
adopted  Iiy  it. 

T.-  Penroduction  Should  Be  Under  Oriijlnal 
Rather  Than  Present  Conditions. — The  valu- 
ation should  be  based  on  the  conditions  exist- 
ing at  the  lime  the  various  portions  of  the 
property  were  built,  but  on  the  prices  prevail- 
ing at  or  near  the  time  of  the  valuation.  As 
the  result  of  the  adoption  of  this  view-,  the 
cost  of  pavements  laid  over  water  pipes  after 
their  installation  would  not  lie  included  in 
tlie  valuation,  but  the  extra  cost  of  piecemeal 
construction  would  lie  included.  Ownership 
would  not  at  all  times  control  as  to  the  prop- 
erty to  be  valued ;  for  instance,  a  railroad 
built  along  the  margins  of  a  reservoir  by  a 
water  works  corporation  as  a  substitute  for 
one  occupying  the  site  of  the  reservoir  would 
be  valued,  while  service  pipes  belonging  to 
the  corporation,  if  laid  at  the  expense  of  the 
rate-payers,  would  not  be  valued. 

.*>. — Inventory. — The  inventory  of  the  prop- 
erty should  be  made  in  detail  and  include  an 
allowance  for  omissions  varying  in  amount 
with  the  care  and  completeness  with  which  it 
has  been  made.  Due  allowance  should  be 
made  for  the  amount  by  which  the  actual 
overrun    the   theoretical   quantities.     , 

t). — Unit  Prices  prevailing  at  or  near  the 
date  of  the  valuation  should  be  used  rather 
than  original  prices,  but  to  make  a  valuation 
more  stable,  the  normal  or  average  prices  pre- 
vailing during  a  period  of  from  live  to  ten 
years  prior  to  the  date  of  the  valuation 
should  l)e  used,  except  where  the  prices  are 
steadily  rising  or  falling,  when  prices  nearer 
the  date  should  be  used. 

JO. — Overhead  Charges  should  include  the 
indirect  and  incidental  expenses  not  covered 
by  the  unit  prices  used :  preliminary  expenses, 
incidental  to  investigation,  promotion  and  re- 
port; commission  for  sale  of  securities;  inci- 
dental expenses  during  construction,  includ- 
ing engineering,  inspection  and  other  fees,  ad- 
ministration charges,  general  expenses,  con- 
tingencies, and  interest  and  taxes  during  con- 
struction. Such  charges  have  frequently  been 
underestimated. 

//, — Pezetopment  n.\-penses  should  be  in- 
cluded in  the  valuation.  They  have  some- 
times heretofore  been  referred  to  as  "Going 
Value"  when  this  term  has  been  defined  as  the 
investment  ncccssarj-  to  put  the  plant  into  suc- 
cessful operation  and  to  create  revenues  that 
justify  its  construction.  They  have  also  been 
defined  as  the  di (Terence  between  the  actual 
return  and  a  fair  return  upon  the  fair  valuo 
of  the  propertv  durinf;  the  early  years  of  the 
operation  of  the  original  plant  and  of  subse- 
quent additions.  The  development  expenses 
connected  with  ordinary  aihlitions  to  a  plant 
arc  a  nniHi  smaller  percentage  than  those  con- 
nected with  the  original  plant. 

J2.-~U'orhinfi  Capital. — .\  reasonable  sum 
should  be  included  in  the  valuation  for  work- 
ing  capital. 

/.?. — Depreciation  .///(Ut'dHrr.— The  corpor.i- 
tion  is  entitled  to  an  annual  allowance  sufli- 
cicnt to  pay  for  all  items  of  property  at  the 
time  they  cease  to  have  value. 

fl—The  Depreciated  Value  of  Properly 
Should  Be  Basis  for  Rate-making. — The  de- 
preciation allowance  is  in  effect  a  re-payment 
in  instalments  from  the  rate-payer  to  the  cor- 
poration  of  a  part  of  its   investment  in   par- 


ticular items  of  property,  and  the  sums  re- 
paid should  not  thereafter  appear  in  the  valu- 
ation of   such  items. 

lo. — E.rpcctation  of  Life  is  a  necessary  fac- 
tor in  determining  depreciation  allowances  to 
pay    tor   items   of   property   during   their   life. 

Itj. — Equal-Annual-Payment  Method  of  De- 
termining Depreciation  Allozfances.  —  The 
most  desirable  method  is  one  which  shall  dis- 
tribute the  combined  annual  charges  on  ac- 
count of  the  plant  as  equally  as  practicable 
among  the  rate-payers  of  different  years ;  this 
result  is  reached  by  the  Equal-Annual-Pay- 
ment Method  recommended  by  the  committee. 
By  it  the  depreciation  allowances  for  any 
given  item  of  property  are  so  adjusted  from 
year  to  year  that,  when  taken  in  connection 
with  the  amount  which  the  rate-payer  must 
contribute  on  account  of  such  item  for  a 
fair  return  on  the  remaining  investment  there- 
in, and  for  repairs  and  operation  thereon,  they 
are  substantially  equal  in  each  year  of  the 
life  of  such  item.  The  method  is  illustrated 
by  Table  V  and,  to  aid  in  its  application,  ex- 
tended depreciation  tables  are  appended. 

Under  this  method  the  depreciation  allow- 
ances are  credited  to  the  capital  account,  and 
not  distributed  as  dividends,  and  replacements 
becomes  charges  against  capital.  The  amount 
paid  to  the  corporation  annually  for  depre- 
ciation allowances  would  be  used  for  addi- 
tions, replacements,  betterments,  or  the  ex- 
tinguishment of  outstanding  obligations,  and 
when  not  needed  for  these  purposes,  would 
temporarily  increase  the  working  capital ;  the 
investment  would  be  kept  intact  and  earning 
a  return  on  the  full  amount  invested.  This 
method  conforms  to  the  decisions  of  the  hig- 
est  courts. 

17— The  Sinking-Fund  Method  assumes 
that  returns  are  to  be  based  on  the  full  value 
of  an  item  of  property,  and  that  uniform  an- 
nual payments  will  be  made  to  a  sinking  fund 
which  is  to  be  held  intact  with  accretions  of 
interest  until  the  end  of  the  life  of  the  item 
in  question.  This  method  does  not  meet  the 
requirements  of  the  courts  in  that  they  object 
to  the  establishment  of  sinking  funds  by  pub- 
lic service  corporations,  and  the  highest  court 
has  decided  that  returns  must  be  based  upon 
the  depreciated  and  not  the  full  value  of  the 
pro|)erty.  Sinking  fund  computations  are  used 
to  determine  the  depreciation  allowances  of 
the  Equal-.\nnual-Payment  Method,  the  al- 
lowances for  each  year  being  equal  to  the 
sinking  fund  payment  added  to  the  interest  on 
the  accumulated  fund  at  the  beginning  of  the 
year. 

JS. — Straight-Line.  Actual-Inspection,  and 
Replacement  Methods  of  Determining  Depre- 
ciation.— The  Straight-Line  Method  in  the 
case  of  long-lived  property  distributes  the 
burden  very  unequally  among  the  rate-payers 
of  different  years,  as  will  be  seen  by  Table  VI. 
The  .'\ctuaI-Inspection  Method  does  not  de- 
termine the  amount  of  the  annual  deprecia- 
tion allowance  wdiicb  the  corporation  is  en- 
titled to  earn,  and  is  likely  to  be  unfair.  The 
Replacement  Method  does  not  provide  for 
paying  for  items  of  property  during  their 
life,  and  is  especially  unfair  in  the  case  of 
long-lived   items  of   property. 

]'■*. — .'Ippreciotiou. — Land  and  water  rights 
generallv  appreciate  in  value  from  year  to 
year.  The  committee  recommends  that  such 
appreciation  be  treated  in  the  same  way  that 
the  depreciation  of  the  perishable  property  is 
treated,  but  on  the  opposite  side  of  the  ac- 
count. Under  present  practice  the  apprecia- 
tion generally  inures  to  the  benefit  of  the  cor- 
poration, and  it  may  not  be  feasible  to  carry 
out  the  committee's  recommendation  except 
under  necessary  legal  authority  and  continu- 
ous commission  control. 

20.— Method  of  Valuing  Aniirf.— Land  should 
be  valued  at  present  rather  than  original 
prices.  On  account  of  the  difficulty  of  cor- 
rectly appraising  the  value  of  public  service 
land  and  of  recent  decisions  of  the  highest 
court,  land  which  has  been  purchased  at  a  fairly 
recent  date  should  be  valued  on  the  basis  of 
its  cost  with  ailditions  proportionate  to  the 
increase  in  the  value  of  neighboring  land  not 
affected  by  the  use  to  which  the  public  service 
land   is   devoted.     When   it   is   not  practicable 
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to  use  the  cost  as  a  basis,  land  can  be  valued 
most  correctly  on  the  basis  of  present  market 
value  of  neighboring  land  of  similar  charac- 
ter, augmented  by  the  ratio  ordinarily  found 
to  obtain  in  that  region  between  land  acquired 
by  public  service  corporations,  on  the  one 
hand,  and  by  private  parties  on  the  other,  and 
subject  to  the  value  of  the  improvements  upon 
the  land  obtaining  at  the  time  of  purchase. 
Those  valuing  land  in  cases  coming  before  the 
courts  should  pay  due  regard  to  the  decision 
in  the  Minnesota  rate  cases  fully  discussed  in 
this  report. 

21. — Past  Earnings. — It  is  the  view  of  the 
committee  that  an  excess  or  deficiency  of  past 
earnings  of  an  unregulated  property  should 
not  be  considered  in  making  a  valuation,  ex- 
cept as  may  be  useful  in  determining  devel- 
opment expenses;  but,  under  continuous  com- 
mission control  and  proper  legislation,  it 
would  be  desirable  to  take  such  earnings  into 
account   from   the  beginning  of   such   control. 

2'^. — Adaptation  and  Solidification  should  be 
included  in  valuation  to  the  extent  they  may 
have  involved  the  expenditure  of  money.  The 
increased  value  due  to  adaptation  and  solidifi- 
cation which  has  resulted  from  the  action  of 
the  elements  and  natural  causes  without  the 
expenditure  of  money  should  not  be  so  in- 
cluded. 

23. — Efficiency  Should  Be  Regarded. — A 
physical  valuation,  dealing  with  the  cost  of 
existing  structures  with  little  regard  to  their 
merit  or  efficiency,  is  not  by  itself  a  satisfac- 
tor\-  basis  for  rate-making,  because  it  does 
not  offer  the  reward  for  efficiency  which  sound 
public  policy  requires.  The  committee  believes 
that  some  incentive,  such  as  a  share  of  the 
profits  or  savings  resulting  from  special  effi- 
ciency, should  be  given  to  the  corporation, 
but  has  not  been  able  up  to  this  time  to  form- 
ulate general  rules  for  providing  such  reward. 

(The  End.) 


Comments  on  Methods  of  Computing 
Earthwork  Overhaul. 

To  THF.  Editors:  In  your  issue  of  Jan,  14, 
1914,  you  describe  a  method  of  computing 
overhaul,  as  given  by  Mr.  Frank  Gahrtz.  1 
wish  to  make  a  few  comments  upon  the  sub- 
ject and  to  submit  a  method  which  I  have  fre- 
quently seen  in  use. 

It  is  a  fact  that  overhaul  computations  are 
often  made  incorrectly  as  shown  by  the  com- 
parison of  methods  given  by  the  American 
Railway  Engineering  Association  and  by 
Molitor  and  Beard's  "Manual  for  Resident 
Engineers."  The  error  in  the  two  methods 
named  arises  from  the  assumption  that  the 
overhaul  diagram  is  a  trapezoid,  which  is  sel- 
dom the  case.  But  these  methods  give  cor- 
rect results  when  the  diagram  is  divided  into 
any  convenient  number  of  trapezoids,  as 
shown  by   Table  I  and  by  Fig.   1. 

The  result  as  shown  (11,370  units)  differ.-; 
from  Mr.  Meier's  figures  by  only  360  units, 
certainly  a  much  more  allowable  error  than 
that  of  Molitor  and  Beard's  method  (3,73ii 
units  too  small),  or  the  American  Railwa> 
Engineering  Association  method,  810  units  in 
error.  It  can  readily  be  seen  that  large  mis- 
takes can  be  made  by  using  either  of  these 
two   named    methods.     A   little   study   of   the 
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300 
825 
1,375 
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1,800 
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Course  in  Highway  Engineering,  Kansas 
State  Agricultural  College. — The  Board  of 
Administration  of  the  Kansas  State  Agri- 
cultural College,  Manhattan,  Kansas,  has  es- 
tablished an  engineering  course  in  highway 
engineering  to  begin  next  year.  The  course 
is  ofl'ercd  as  an  option  for  students  in  civil 
engineeriro:.  The  college  year  is  divided  into 
three  terms.     Five  hours  of  strictly  highway 


TABLE    I. 


^-Ft.   hauled.^        Aver.        O.  H. 

From           To       dist..  ft.      stas.  Cu.  yds. 

500              600            550            0.50  600 

600              700            650            1.50  550 

700              800            750            2.50  550 

800              900            850            3.50  450 

900           1,000            950            4.50  400 

1,000           1,100         1,050            5.50  300 

1,100           1,200         1,150            6.50  300 

1,200          1,315         1,257.5         7.575  250 

Total    11,370  cu.   yds. 

3,400 
Free    1,800 

Check     5,200 


diagram  on  the  part  of  the  computer,  and 
consideration  of  the  fact  that  overhaul  is  rep- 
resented by  an  area,  would  eliminate  serious 
mistakes  of  the  kind  mentioned. 

On  all  approximate  estimates  the  writer 
uses  a  method  by  areas.  The  case  under  con- 
sideration may  be  illustrated  as  follows :  By 
the   aid   of   a  planimeter  the  area,  below   the 
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Fig.  1. 


work  will  I  e  given  the  second  term  of  the 
sophomore  jcar;  ten  hours  the  first  term, 
four  hours  Ihe  second  term,  and  ten  hours 
the  third  term  of  the  senior  year.  W.  S. 
Gearhart,  state  engineer,  has  been  appointed 
professor  of  highway  engineering  in  charge. 
Most  of  the  work  will  be  given  by  L.  E. 
Conrad,  professor  of  civil  engineering,  but  a 
part  of  the  practical  subjects  will  be  handled 
by  Mr.  Gearhart  and'  his  assistants.  The 
board  also  established  a  ten  weeks'  short 
course  in  highway  engineering  for  county  en- 
gineers .nnd  surveyors,  to  be  given  during 
December,   January   and    February. 


500-ft.  "frechaul  line,"  is  found  to  be  3.55 
square  inches.  Each  square  inch  represents 
8,000  "yard-stations"  (4  stations  hor.  by  2,000 
yards  vcr.).  Thus  the  total  area  (3.55)  mul- 
tiplied by  8,000  will  give  2,840,000  "yard  sta- 
tions." This  amount  divided  by  3,400  yards 
(ordinate  between  1,800  yds.  and  5,200  yds.) 
gives  average  haul  distance,  8.353  stations. 
Deduct  free  haul  of  5  stations,  leaving  "over- 
haul distance"  of  3.353  stations.  Thirty-four 
hundred  yards  hauled  3.353  stations  equals 
11,300  units  of  overhaul — a  pretty  close  approx- 
imation for  planimeter  work.  The  operation 
should  not  take  more  than  five  minutes  once 


the  diagram  is  constructed,  regardless  of  size 
of  diagram  or  irregularity  of  outline. 

It  is  surprising  to  notice  the  number  of 
slipshod  methods  used  in  computing  over- 
haul, and  the  excuses  advanced  for  them,  such 
as  the  following:  "Overhaul  only  costs  1 
cent  per  yard,"  "Further  approximations  are 
not  warranted  by  the  nature  of  original  cross- 
sections,"   and   others. 

Hints   for  plotting  diagrams,   and   overhaul 
definitions    may    be    found    in    the    .American 
Civil   Engineer's   Pocket   Book,   page   14'2. 
Very   truly  yours. 

F.  T.  Howes, 
Assist   Engr.   Oliver   Iron   Mining  Co. 

Hibbing,  Minn.,  Jan.  20,  1914. 

Tu  THic  EriiTORS  :  With  regard  to  the  methods 
of  calculating  overhaul  described  in  your  issue 
of  Jan.  1 1.  11I14,  the  writer  would  like  to  point 
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out  that  Gahrtz's  Method  HI  will  on  exam- 
ination be  found  on  the  whole  less  favorable 
to  the  contractor  than  Method  H.  as  unless 
the  material  is  hauled  in  only  one  direction 
from  a  cut  Method  II   favors  the  contractor. 

It  is  obvious  that  Method  III  is  mathe- 
matically correct  though  rather  cumbersome. 
However,  in  all  cases  a  simple  and  exact 
graphical  solution  is  available,  based  on  the 
fact  that  the  total  number  of  equivalent  yards 
of  overhaul  is  equal  to  the  shaded  area  under 
the  haul  curve  and  outside  the  freehaul  lim- 
its, as  shown  by  Fig.*  2.  The  writer  would 
however,  like  to  point  out  that  in  many  cases 
the  use  of  Method  II  may  have  been  speci- 
fied or  implied  before  the  contract  was  let. 
and  that  unless  Method  H  happens  to  work  a 
hardship  on  the  contractor  the  use  of  any 
other  method  is  hardly  legitimate. 
Very  trulv  yours, 

J.  R.  W.\M 

City    Engineer's    Office,   Waterloo,   la. 

Jan.   28,   1914. 

Use  of  Stadia  Hairs  for  Running  Grades. 
— Stadia  wires  may  be  used  for  running  grade 
lines.  Thus  when  the  telescope  is  level  the 
upper  and  lower  wires  give  +  0..5  per  cent, 
and  — 0.5  per  cent  grades  running  of  course 
from  the  telescope  axis.  If  the  telescope  axis 
is  4  ft.  above  the  ground  ;  and  point,-;  on  the 
ground  at  a  distance  that  would  be  reached 
by  a  +  0.5  per  cent  grade  are  desired,  the 
rodman  must  set  the  target  at  4  ft.  on  his 
rod.  All  points  on  which  the  rod  is  held 
where  the  target  shows  behind  the  upper 
stadia  wire  are  on  a  4-  0.5  per  cent  grade 
from»the  site  of  the  instrument.  ."Mso.  after 
first  noting  a  distant  object  covered  by  the 
middle  wire  when  the  telescope  is  level,  by 
moving  the  telescope  vertically  until  the  top 
or  bottom  wire  covers  the  same  object  the 
other  wire  will  cover  objects  on  a  +  1.0  per 
cent  or  a  — 1.0  per  cent  grade.  By  similar 
combinations  1.5  and  2.0  per  cent  grades 
may  be  run.  Grades  of  intermediate  per  cents 
may  be  run  approximately  by  this  method  by 
estimation. 


Roads  in  Ohio. — The  various  kinds  of 
roads  in  Ohio,  amounting  to  a  total  of  81,299 
miles,  are  divided  as  follows:  Brick,  500, 
concrete.  06;  earth,  54,242;  gravel,  14,944; 
macadam,  11,403;  miscellaneous,  74. 
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An  Interesting  Court  Decision  on  "De- 
velopment Cost"  and  "Unearned 
Increment." 

Sopie  time  ago  the  Supreme  Court  of  Okla- 
homa rendered'  a  decision  in  which  the  "Wis- 
consin method  of  determining  going  value" 
was  favorably  considered.  But  the  first  east- 
ern state  court  decision  in  which  the  "Wis- 
consin method'  is  given  approval  has  just 
been  rendered  by  the  Supreme  Court  of  New 
York,  in  a  case  involving  the  rates  for 
gas  charged  by  the  Kings  County  Lighting 
Co.,  of  Brooklyn.  The  full  text  of  the  de- 
cision will  be  given  in  our  next  issue. 

The  most  important  part  of  the  decision 
relates  to  "going  value"  or  "development 
cost."  The  court  holds  that  "going  value" 
must  be  determined  and  separately  set  forth 
by  the  public  service  commission.  The  com- 
mission can  not  hereafter  say  that  it  "has 
given  the  matter  consideration"  without  stat- 
ing definitely  the  dollars  and  cents  result  of 
that  consideration.  This  last  is  unquestion- 
ably a  rational  ruling.  The  court  holds  that 
the  accrued  deficit  in  fair  return  constitutes 
the  development  cost  or  "going  value."  While 
this  is  beyond  question  true,  we  think  the 
court  has  failed  to  note  that  this  theory  of 
.irriving  at  development  cost  does  not  accord 
with  the  "cost  of  reproduction  theory"  of  ap- 
praising property.  It  does  not  even  accord 
logically  with  the  court's  decision  that  "the 
company  is  entitled  to  have  all  increment  in 
land  treated  as  an  additional  profit  and  not 
as  an  ordinary  income.  In  brief,  the  court 
has  failed  to  see  that  the  "development  cost" 
theory  is  part  and  parcel  of  the  agency  theory 
of  public  utility  control,  which  agency  theory 
is  a  relatively  new  theory  that  cannot  be 
made  entirely  retroactive  without  leading  both 
to  inju<;tice  and  inconsistency.  The  "Wiscon- 
sin method"  of  determining  development  cost 
is  a  logical  deduction  from  the  agency  the- 
ory, but  courts  and  commissions  usually  fail 
to  ask  by  what  right  a  company  can  be 
forced  to  make  an  accounting  today  for  all 
its  previous  acts  when  in  truth  it  was  not 
an  agent  in  the  present  sense  of  that  term. 
We  speak  in  one  breath  of  the  legal  principle 
that  forbids  the  enforcement  of  retroactive 
laws,  and  in  the  next  breath  we  adopt  a  the- 
ory that  virtually  makes  every  utility  commis- 
sion law  retroactive  in  the  fullest  sense.  This 
is  a  serious  matter,  and  one  that  has  never 
been  presented  squarely  to  any  court.  What 
is  a  sound  law  for  the  present  and  future  is 
not  necessarily  a  law  that  can  be  appealed 
to  for  the  past. 

.•\  careful  reading  of  the  decision  under 
discussion  discloses  the  fact  that,  while  the 
court  favors  the  "Wisconsin  method,"  it  does 
not  declare  it  to  be  the  only  method  that  may 
be  used  in  estimating  "going  value."  The 
court  says:  "It  is  proper  for  this  court,  how- 
ever, to  indicate  a  permissible  method  or 
methods."  And  the  court  comments  not  un- 
favorably upon  the  method  of  estimating  the 
cost  of  building  up  the  existing  business  in 
a  hypothetical  period  of  t:mr,  which  is  a 
method  that  goes  logically  with  the  cost  of 
reproduction   theory. 

The  court  refuses  to  follow  the  V.  S. 
Supreme  Court  decision  in  the  Consolidated 
Gas  case,  as  to  allowing  the  cost  of  pave- 
ment laid  over  mains  hut  not  paid  for  by 
the  company.  Here  again  the  court  follows 
the  agency  theory.  But  it  immediately  aban- 
dons the  agency  theory  when  it  refuses  to 
regard  increment  in  land  value  as  income. 
The  court  says : 

We  .Tgree  with  the  Appellate  Division  that  an- 


nual increase  in  the  value  of  land  is  not  in- 
come. Of  course,  under  the  rules  of  the  Ames 
case,  land  might  become  so  valuable  as  to  re- 
quire its  use  for  other  purposes  and  as  to  make 
.T  rate  based  on  it  unfair  to  the  public.  The 
present  is  not   such  a  case. 

We  repeat  what  we  have  had  occasion  to 
say  several  limes  in  the  recent  past,  that  until 
commissions  and  courts  see  clearly  that  there 
are  at  least  two  theories  of  rate  control  there 
can  be  no  consistency  in  the  various  decisions 
involving  appraisals  and  rates.  There  are  two 
clearly  separate  theories:  (1)  The  Agency 
Theory  and  (2)  the  Competitive  Theory. 
There  is  a  third  that  is  a  mixture  of  the  two, 
and  it  is  this  third  theory  that  has  actually 
prevailed  for  many  years,  and  is  still  in  active 
existence  even  in  such  states  as  Wisconsin. 
In  some  measure  public  service  companies 
have  been  treated  as  public  agents  and  in 
some  measure  they  have  not.  Insofar  as 
they  exercise  powers  of  eminent  domain  they 
are  public  agents.  But  insofar  as  they  are 
forced  to  engage  in  cut-throat  competition 
with  other  companies,  and,  indeed,  with 
municipally  owned  plants,  they  are  not  public 
agents. 

It  is  essential  to  get  back  of  the  mere 
words  that  state  our  theories,  and  ascertain 
the  facts  that  do  or  do  not  justify  the  appli- 
cation of  a  given  theory.  It  is  essential  to 
distinguish  between  what  is  a  fair  and  legal 
theory  to  apply  in  the  future  and  what  is  a 
fair  and  legal  theory  to  be  used  in  inter- 
preting the  past. 


The  Need  of  Better  Designed  Erection 

Equipment. 

Occasionally  there  is  lirought  to  the  atten- 
tion of  the  engineer  an  account  of  some  "acci- 
dent" in  connection  with  the  erection  of  some 
structure — perhaps  a  cable  has  broken,  or  a 
chain  has  failed,  or  such  a  little  thing  as  a 
hook  has  straightened  out  or  fractured.  It  is 
quite  common  practice  to  refer  to  such  occur- 
rences as  "accidents"  instead  of  as  "failures," 
intimating  thereby  that  they  are  beyond  con- 
trol and  are  to  be  expected  on  construction 
work.  If  no  one  is  killed  or  seriously  injured, 
mention  of  such  failures  seldom  gets  beyond 
those  in  direct  charge.  It  is  unquestionably 
true  that  the  number  of  these  failures  could 
be  greatly  reduced  if  engineers  would  give 
more  attention  to  construction  equipment. 
Moreover,  much  of  the  success  of  a  completed 
project  is  due  to  a  correctly  designed  and  well 
balanced  erection  equipment.  On  account  of 
the  apparent  simplicity  of  such  equipment  en- 
gineers and  contractors  arc  somewhat  inclined 
not  to  give  its  design  serious  consideration, 
but  arc  content  to  accept  the  manufacturer's 
product  without  even  checking  its  rated  capac- 
ity. Too  often  is  it  true  that  the  builders  of 
erection  devices  forget  that  it  is  necessary  to 
keep  in  mind  the  principles  of  mechanics  and 
to  be  governed  by  the  working  strciiglh  of 
various  materials.  It  must  be  renumbered 
that  erection  equipment  is  not  ordinarily  used 
under  the  most  favorable  conditions,  ror  is  it 
always  operated  by  men  who  appreoi.Ttc  its 
limitations.  In  the  construction  of  large 
bridges  and  special  structures  we  arc  brgin- 
nini^  to  rcali/,c  that  the  design  of  the  erection 
equipment  is  a  part  of  the  engineer's  work 
and  should,  not  be  left  entirely  to  the  manu- 
facturer or  even  to  the  contractor.  In  ordinary 
bridge  and  building  conslructinn.  however, 
such  equipment  is  not  given  sulTuient  atten- 
tion. It  is  not  difficult  to  determine  the 
strength  of  various  parts  of  cnnstruclion  de- 
vices, vet  we  believe  that  engineers  in  turieral 
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are  not  well  informed  on  this  subject.  Those 
who  have  made  a  study  of  erection  equipment 
realize  that  under  existing  conditions  it  is 
essential  that  low  working  stresses  be  used ; 
yet  an  inspection  of  the  construction  details 
of  such  equipment  as  derricks  and  cranes, 
where  impact  is  to  be  expected,  will  show  that 
the  unit  stress  is  frequently  as  high  as  the 
clastic  limit  of  the  material. 

In  this  issue  we  are  publishing  a  paper 
which  treats  of  the  strength  of  equipment  for 
handling  loads.  Formulas  are  given  for  de- 
termining the  strength  of  hooks,  rings  and 
chains,  and  the  strength  of  ropes  and  cables 
is  also  considered.  Various  details  of  erection 
equipment  are  discussed,  and  some  of  the  com- 
mon defects  of  such  equipment  are  pointed 
out.  The  working  stresses  recommended  by 
the  author  are  considerably  lower  than  those 
in  common  use,  but  there  is  need  for  large 
factors  of  safety  in  the  various  parts  of  erec- 
tion devices.  Although  the  subject  is  by  no 
means  treated  exhaustively,  some  valuable  data 
are  given,  and  the  author  is  to  be  commended 
for  having  formally  brought  to  the  attention 
of  engineers  the  need  of  better  designed  erec- 
tion equipment. 


Should  Some  Failures  of  Bituminous 

Maca'dam  Built  by  the  Penetration 

Method  Cause  Its  Abandonment? 

If  the  answer  to  the  above  question  be  af- 
firmatively given  simply  because  of  "some 
failures,"  every  type  of  road  in  existence 
would  be  abandoned  for  the  same  reason — 
"some  failures."  When,  however,  any  type 
of  road  shows  a  large  percentage  of  entire 
or  partial  failure  in  the  hands  of  competent 
road  builders,  tlien,  and  not  till  then,  should 
that  type  of  road  be  regarded  with  great 
suspicion.  Judging  road  types  by  this  cri- 
terion we  fail  to  be  in  accord  with  the  recom- 
mendation of  the  consulting  engineers  who 
advocated  the  discontinuance  of  road  con- 
struction by  the  penetration  method  in  Xew 
York  state. 

There  have  been  many  instances  cited  pro 
and  con  to  indicate  the  good  and  bad  features 
of  loads  built  by  pouring  bitumen  into  the 
voids  of  broken  stone  after  it  has  been  spread 
i!pon  the  subgradc.  We  shall  select  but  one 
example,  yet  on  that  one  it  would  be  safe  to 
risk  the  entire  argument  in  favor  of  continu- 
ing the  use  of  the  penetration  method.  The 
example  we  select  is  the  road  system  of  Los 
.\ngeics  county,  California.  The  large  mile- 
age of  asphalt-macadam  in  that  county,  and 
the  fact  that  the  "mixing  method''  has  not 
been  used  there  at  all.  serve  to  make  this  ex- 
ample worthy  of  careful  study. 

Some  of  the  earlier  a.sphalt-macadam  roads 
built  by  the  county  went  to  pieces,  or,  to  ex- 
press the  facts  more  precisely,  rutted  badly 
under  traffic.  Upon  digging  up  the  rutted 
portions,  it  was  found  that  an  excess  of  as- 
phaltic  oil  had  been  used  in  some  cases,  and 
m  nearly  all  cases  it  was  apparent  that  the 
broken  stone  had  not  been  sufficiently  rolled 
before  pouring  the  oil  over  the  surface.  .-Xs  a 
result  of  this  experience,  the  specincations 
were  so  changed  as  to  provide  a  water-bound 
niaca<lam  base  with  a  thin  top  of  asphalt-ma- 
cadam made  by  the  penetration  process.  Roads 
thus  made  have  been  in  existence  several 
years  under  exceedingly  dense  traffic,  and  have 
given  satisfactii>n.  In  extensive  traveline.  the 
writer  has  nowhere  seen  as  large  a  mileage 
of  as  fine  roads  in  the  same  area  as  may  be 
seen  in  Los  .■\ngclcs  county. 

In  this  connection  it  may  not  be  amiss  to 
remark  that  eastern  cnsincers  arc  far  too  apt 
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to  attribute  western  successes  in  road  build- 
ing to  "climate."  A  poor  bituminous  road, 
however,  will  fail  in  any  climate. 

California,  it  should  be  remembered,  was 
the  state  tliat  pioneered  tlie  penetration  meth- 
od of  bituminous  macadam  construction.     In- 


deed the  penetration  method,  as  it  is  now 
called,  was  itself  an  evolution  from  the  sur- 
face sprinkling  of  "dirt  roads"  with  asphaltic 
oil.  the  next  step  in  that  evolution  being  the 
sprinkling  of  asphaltic  oil  upon  successively 
applied  layers  of  gravel.     In  view  of  the  his- 


tory of  the  penetration  method  it  is  rather 
remarkable  that  so  many  eastern  highway  en- 
gineers have  failed  to  visit  Califori:ia.  and 
seem  to  have  given  so  little  weight  to  the 
descriptions  of  satisfactory  roads  buiit  in  that 
state. 


Construction  Plant  and  Methods  Em- 
ployed in  Building  a  Reinforced 
Concrete   Standpipe,    100   Ft. 
High  and  40  Ft.  in  Diam- 
eter, at  Fulton,  N.  Y. 

The  construction  of  the  reinforced  concrete 
standpipe  al  Fulton.  X.  Y.,  was  begun  on  Oct. 
1,  1913.  In  that  latitude  the  winters  are  se- 
vere, so  that  speed  in  construction  was  requis- 
ite owing  to  the  nearness  of  tlie  winter  season. 
Realizing  this  fact,  those  in  charge  of  con- 
struction operations  planned  every  detail  of 
the  work  with  a  view  to  rapid  construction. 
Good  construction  was  of  course  also  essential. 
Special  precautions  were  taken  to  insure  the 
securing  of  a  seamless  watertight  cylinder. 
The  construction  plant  and  methods  employed 
are  here  descrilied  from  information  con- 
tributed to  the  "Concrete-Cement  .Age"  by  .Mr. 
.\llen  L).  Whipple,  construction  engineer  witli 
the  A.  Monsted  Co.  of  .Milwaukee,  Wis.  The 
copy  for  illustrations  shown  herewitli  was 
made  available  for  our  use  through  the  cour- 
tesy of  the  journal  named. 

The  Fulton  standpipe  is  of  the  slip  joint 
type  and  is  40  ft.  in  inside  diameter  and  10(1 
ft.  high.  The  use  of  a  radial  truss  within 
the  standpipe,  which  was  used  as  a  support 
for  the  inside  working  platform  during  con- 
creting operations  and  was  ultimately  used 
to  support  the  dome  forms  for  the  concrete 
roof,  was  the  distinctive  construction  method 
employed  on  this  job.  This  truss  was,  of 
course,  gradually  raised  from  the  bottom  to 
the  top  of  the  standpipe  as  hereinafter 
described. 

Handling  the  Centcrmg. — Two  methods  of 
handling  the  falsework  were  permitted  under 
the  specifications.  If  seamless  work  was  to 
be  realized,  the  method  of  building  two  or 
more  sets  of  forms  designed  to  be  set  up  one 
on  top  of  the  other  and  tilled  successively 
could  not  be  considered.  The  time  which 
would  necessarily  elapse  between  the  fdling  of 
one  set  of  forms  and  the  next  would  be  sev- 


such  leakage.  As  the  stresses  ordinarily  set 
up  in  such  walls  tend  to  produce  horizontal 
cracks,  the  presence  of  these  bonded  planes 
would  be  an  eletnent  of  worry  and  danger  and 
tuight  even  negative  the  demonstration  of  the 
theory  involved. 

Something  like  the  foregoing  consideration 
led  the  contractor  to  believe  that  the  system 
of  gradually  and  continuously  sliding  ihe  form 
work  up  the  comparatively  green  wall,  keep- 
ing the  forms  continually  tilled  with  fresh  con- 
crete, was  the  ideal  method  to  adopt  This 
was  accordingly  done.  The  movement  of  the 
forms  was  so  slow  and  gradual  that  an  on- 
looker would  not  have  readily  noticed  that  the 
forms  were  moving  at  all;  still  they  iiverai^rd 
a  vertical  movement  of  .j  ft.  per  day. 

The  excavation  disclosed  a  gravel  bed  un- 
derlaid with  a  tine  sand,  which  was  cemented 
just  sufficiently  to  stand  up  in  the  bank,  as 
shown  in  Fig.  1.  Although  the  surface  of 
this  sand  bed  stood  at  a  considerable  angle, 
a  careful  consideration  of  the  surrounding  con- 
ditions and  the  character  of  the  bed  ittelf  con- 
vinced all  parties  that  a  practically  imiform 
and  satisfactory  bearing  had  been  found  at 
the  level  shown,  which  was  somewhat  deeper 
than  originally  intended.  Fig.  1  gives  a  good 
idea  of  the  shape  of  the  foundation  and  shows 
a  part  of  the  foundation  steel  in  place,  as 
well  as  the  combined  inlet  and  outlet  pipe. 
N'o  outside  forms  were  used  for  the  founda- 
tion, except  the  small  piece  shown  wdiere  the 
pipe  emerges.  The  concrete  was  cast  directl\ 
in  contact  with  the  bank,  with  the  desire  of 
preventing  any  artificial  drainage  surface 
around  the  foundation. 

Luihtinq  for  Night  JFor^.— Electric  lights 
were  installed  to  furnish  light  for  the  night 
work  and  proved  to  be  cpiite  satisfactory.  They 
were  disposed  in  clusters  on  poles,  one  group 
on  the  post,  over  the  inlet,  another  at  the  cor- 
ner of  the  cement  shed  and  another  at  the 
corner  of  the  office  building  in  tlie  middle 
distance,  and  in  other  locations  not  shown  in 
this  view.  Cirhon  filament  lamps  were  used 
where  they  were  liable  to  rough  treatment  or 


Fig.  1.    View  of  Completed  Excavation  for  Reinforced  Concrete  Standpipe  at   Fulton.   N. 
Showing    Foundation    Reinforcement    and    Combined    Inlet    and    Outlet    Pipe 
in   Place,  and   Concreting   Plant. 


cral  hours  under  the  best  of  conditions,  and 
the  setlinR  process  of  the  cement  would  have 
progressed  so  far  that  a  bonded  joint  would 
have  been  required  at  each  setting.  While 
it  is  not  certain  that  these  planes  of  separa- 
tion would  have  leaked,  it  is  Mr.  Whipple's 
opinion  that,  with  the  class  of  labor  available, 
there    woi:ld    have    been    great    probabdity    of 


excessive  vibration,  and  tungsten  lamps  were 
used  for  the  more  solid  and  piotected 
positions. 

The  concrete  was  deposited  througii  spouts, 
suspended  from  a  cable  attached  to  the  tower 
at  one  end  anil  made  fast  to  a  convenient  tree 
at  the  other ;  the  upper  spout  was  open,  being 
shaped    like   the   letter    V    and    provided    with 


angles  at  tlic  upper  edges  to  act  as  stififeners. 
This  arrangement  served  to  convey  practically 
all  of  the  concrete  used  on  the  entire  job,  the 
cable  and  spout  being  raised  up  the  tower  as 
the  job  progressed. 

CONSTRUCTIO.V    PLANT. 

The  plant  used  was  as  follows:  An  erect- 
ing tower  of  timber  was  built  as  a  first  op- 
eration to  a  height  of  164  ft.  in  order  that 
there  should  be  no  necessity  of  handling  tim- 


Fig.  2.  View  Showing  the  Placing  of  the 
Graphite  and  Sheet  Copper  Slip  Joint  at 
Base  of  Shell  of  Fulton,  N.  Y.,  Reinforced 
Concrete  Standpipe. 

bcr  over  the  heads  of  concrete  laborers  work- 
ing at  the  base  of  the  tower.  Particular  at- 
tention is  called  to  this  tower.  It  w-as  0  ft. 
X  \2  ft.  in  plan  and  was  provided  with  a  com- 
plete stairway  witliin  the  structure  from  bot- 
tom to  top,  for  the  use  of  the  oiler  who  cared 
for  the  running  gear  at  the  top  the  hoist,  for 
the  use  of  a  man  at  tlie  hopper  who  regulated 
the  flow  of  concrete  in  the  chutes  and  for  all 
laborers  engaged  on  the  tank  in  goinc  to  and 
from  their  work.  Experience  has  proven  that 
it  is  economy  in  the  long  run  to  build  an  ex- 
pensive tower.  The  time  saved  by  the  men 
in  going  to  and  from  their  work  repays  the 
extra  cost,  not  to  mention  the  increased  rigid- 
ity of  the  tower,  and,  greatest  of  all,  the 
prevention  of  accidents. 

The  plant  further  consisted  of  a  Smith 
cciiK'rete  bucket  hoist,  the  rails  of  which  are 
mounted  outside  the  tower  on  the  side  oppo- 
site or  furthest  removed  from  the  standpipe. 
This  bucket  was  raised  by  a  "single  lead" 
cable  in  conjunction  with  a  Lidgerwood  hoist- 
ing engine,  as  shown  in  F'ig.  1.  An  additional 
811  II I^,  boiler  was  installed  near  the  hoist- 
ing engine  to  furnish  steam  for  heating  water 
and  such  other  purposes  as  might  be  ri  quired.  , 

The  mixer  selecteil  for  this  job  was  a  .Smith  4 
".\'o.    1(»4    Mascot."      This    little    mixer    per- 
formed  all   the   work   required   of   it   fully  up 
to  the  contractor's  expectations. 

The  total  yardage  of  the  shell  for  this  stand- 
pipe  is  very  small,  approximately  IVi  cu.  yds. 
per  foot  of  height,  and,  as  Mr.  Whipple  is 
particularly  insistent  that  concrete  be  not  al- 
lowed to  remain  over  five  minutes  in  a  revolv- 
ing mixer,  after  the  water  is  added,  a  very 
small  capacity  per  batch  was  indicated,  for 
the    reason    tliat   possible   accidental   or    unex- 
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ectcd  difficulties  in  handling  steel,  etc.,  might 
lakf  it  impossible  to  receive  a  large  batch  im- 
nediately,  while  a  small  batch  could  almost 
Iways  be  accommodated  in  the  wall.  This 
ibviates    ih-    .v.-.-^^t.     ^.j    h<iMi!i._r    the    bntch 


.'troke  all  necessity  for  a  scaffolding  or  staging 
from  the  ground  up.  Figure  4  shows  the 
floor  laid  over  the  radial  truss.  Tiie  floor 
boards  were  put  down  in  sucli  manner  as  to 
effect   the  lenst   ciutinj,'  "t   tin-   'niiiber,  as  this 


the  movable  forms  for  the  use  of  the  work- 
men who  rubbed  down  the  exterior  surface 
with  carborundum  rubbing  bricks,  as  called 
for  by  the  specifications.  As  the  height  increased 
an  outside  railing  was  added  to  this  hanging 
exterior  scafTold.  Figure  5  is  a  view  of  the 
dome  forms. 

The  Fulton  standpioc  was  designed  bv  the 
Concrete  Steel  Engineering  Co  of  Xew  York 
City.  Messrs.  Chas.  F.  Bornefeld  and  E.  H. 
Harder  were  resident  engineers.  One  of  them 
was  present  days  and  the  other  nights  while 
the  concrete  shell  was  being  poured.  The  A. 
M ousted  Co.  uf  Milwaukee  was  the  contractor, 
being  represented  on  the  construction  work  bv 
Mr    Allen  D.  Whipple. 


Fig.  3.    View,  from  Concreting  Tower,  of  Mo 
and  for  Supporting  Working  Platform  and 

in  the  revolving  mixer,  or  worse  yet,  depos- 
iting it  in  the  bucket  or  hopper  during  an  en- 
forced wait.  In  other  words,  the  contractor's 
desire  was  to  produce,  as  nearlv  as  possible 
with  a  b;itch  mixer,  a  ct)ntinuous  flow  of  fresh- 
ly mixed  concrete,  comparable  in  volume  to 
the  yardage  put  in  during  24  hours  continuous 
operation. 

The  machine  was  driven  by  a  gasoline  en- 
gine, mounted  on  the  same  truck.  The  gaso- 
line drive  for  the  mixer  made  it  possible  for 
the  hoisting  engineer  to  give  a  maximum  of 
attention  to  the  operation  of  hoisting,  as  the 
little  gasrdine  engine  rcf|uired  attention  only 
at  the  time  of  changinc  crews,  to  see  'hat  fuel 
and  oil  were  supplied  in  sufficient  quantities 
for  the  succeeding  shift.  Hot  water  was  used 
for  the  mixing  operation  from  the  beginning 
of  the  shell  to  the  end  of  the  job. 

THK    SLIP  JOINT. 

ligure  J  shows  how  the  slip  joint  at  the 
bottom  of  the  wall  was  marie.  The  graphite 
paste  was  spread  first  upon  the  concrete  foun- 
dation and  the  sheet  copper  was  laid  imme- 
diately on  top  f)f  this.  I'pon  this  copper  sheet 
Ihe  wall  was  built 

This  view  shows  also  the  construction  of 
the  woollen  circular  ribs  of  the  jacking  forms, 
suppcirled  on  pieces  of  the  segmental  combi- 
nation Wood  and  idaster  forms,  which  were 
previmisly  U"-e<l  to  secure  the  smooth  wall  of 
the  elevated  portion  of  the  center  of  the  loun- 
(Inti'in.  This  wall  or  rise  is  shown  cicarlv 
just  below  the.  wooden  rings. 

PRfM'.RKSS   OF   FORM    WOKK, 

The  illustrations,  higs.  .'t  ami  I,  show  two 
stage.i  in  the  erection  of  the  jacking  forms. 
I'ig.  •'(  is  a  view  taken  from  the  hoistinE  tower 
anci  Fivj.  .|  Is  a  detail  of  the  ussembly  of  the 
wiM>den  circular  ribs  of  the  jacking  forms 
with  the  vertical  jack  yoke  posts  and  the  radial 
truss  covered  by  the  working  floor. 

The  central  radial  truss  vias  designed  strong 
enough  to  supp<irt  the  dome  forms  after  the 
sliill   had  been  poured.     This  eliniinateil   at   a 


vable  Radial  Truss  for  Bracing   Inside   Form 
Roof  Forms  of  Fulton,   N.  Y.,  Standpipe. 


decking  w'as  used  as'ain  for  llie  surface  of 
the  dome  forms.  Figure  4  also  shows  the 
completed    forms  shortly   after  they  began  to 


Comment  Upon  the  Value  of  a  Detailed 

Map  of  the  Distribution  System  of 

Small  Water  Works  Installations. 

lu  nil.  EmniK.s;  It  seems  to  me  that  there 
can  not  be  too  much  stress  laid  upon  the 
necessity  of  keeping  complete  records  and  de- 
tailed information  about  all  the  conditions 
that  exist,  or  are  known  to  exist,  in  the  dis- 
tribution system  of  a  small  water  works  plant. 
I  say  "of  a  small  water  works  plant"  because 
it  is  now  the  general  practice  to  keep  such 
records  for  large  plants. 

A  good  illustration  of  the  vilue  of  these 
records  came  under  my  observation  today.  We 
had  about  100  ft.  of  G-in.  main  to  lower  to 
conform  to  new  street  grade  and  before  com- 
mencing the  work  I  ordered  examined  the 
valves,  etc..  necessary  to  cut  out  this  section 
of  street,  to  .see  that  they  were  in  good  work- 
ing order  so  that  in  case  an  accident  occurred 
while  lowering  the  main  we  could  be  sure  that 
we  could  cut  off  the  water  without  delay. 
Upon  examination  of  the  maps  which  are  sup- 
posed to  show  valves,  etc..  we  found  that  there 
were  no  valves  shown  and  so  we  had  to  hunt 
for  them.  This  we  did  and  the  result  of  our 
hunt  showed  us  that  there  were  vaKes  but 
such  arrangements  of  valves  and  mains  as  1 
have  never  seen  before.  On  one  street  the 
crrss  main  was  not  connected,  but  was  laid 
under  the  main  we  wished  to  lower.  On  the 
next  cross  street  the  main  was  connected,  but 
there  were  no  valves.  On  the  next  cross  street 
the   main   was   laid   under   the   main   we   were 


1..  ,.      i 


■  'fry^- 


Fig.  4. 


View  of  Completed   Forms  Shortly   After  They   Had   Begun  to   Move. The  Jacking 

Forms  Are  Also  Shown. 


move.  The  jacks  which  accomplishe.l  the  ver-  lowering,  but  there  were  no  records  of  where 
tical  movement  of  the  forms  are  shown  at  each  the  new  mains  and  the  old  mains  were  con- 
voke.     .\n    exterior    scaffold    was    attached    to       i  tilnl       Thf    mains    that    were    on    the    cross 
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streets  were  laid  about  ten  years  after  the 
main  we  were  working  upon.  It  seems  that 
to  save  a  httle  money  the  consulting  engineer 
had  ordered  every  other  connection  left  out, 
so  that  we  had  practically  two  interlocking  but 
not  gridironing  systems  to  control,  with  about 
tnough  valves  to  control  one  system. 

After  spending  one  day  in  locating  all  the 
valves  we  went  around  to  clo.se  them  so  that 
we  would  be  sure  they  would  cut  off  the  water. 


his  cti'orts  to  educate  non-technical  officials; 
he  must  e.xpect  to  have  much  resistance  to 
overcome.  Educational  work  of  this  character 
is  ati  important  function  of  the  teclinical  man 
in  municipal  service.  No  amount  ot  impa- 
tience on  his  part,  due  to  tlie  slowness  of  city 
officials  to  appreciate  the  importance  of  certain 
matters  advanced  by  Iiim  from  time  to  time, 
can  excuse  him  for  failing  to  continue  his  edu- 
cational efforts.    These  observations   arc  gen- 


Fig.  5.    View  Showing   Centering   For   Dome  of  Fulton,   N.  Y.,   Standpipe. 


As  we  went  to  close  one  of  them  the  top  piece 
of  the  stem  and  the  licad  nut  were  thrown 
up  into  the  air  and  were  immediately  followed 
by  a  regular  gusher.  The  main  was  under  tiO 
lbs.  pressure  and  there  were  no  hindrances  to 
the  full  and  free  flow  of  water  through  the 
stem  hole  in  the  top  of  the  valve.  After  we 
succeeded  in  cutting  off  the  water  from  this 
valve,  we  found  that  its  stem  had  been  broken 
some  time  ago.  (At  least  two  years  ago,  as 
the  writer  has  had  charge  that  long  and  the 
break  occurred  before  he  took  charge.)  The 
stem  broke  just  above  the  collar  which  holds 
it  stationary  in  the  valve  body,  and  the  per- 
son who  repaired  it  took  out  the  gate  and  tlic 
lower  section  of  the  stem  and  reset  the  top 
section  in  the  stuffing  box  with  a  full  charge 
of  packing  and  let  it  go.  This  arrangement 
held  until  we  started  to  turn  the  stem,  when 
it  blew  out  as  before  stated. 

Now  the  point  of  my  argument  is  this.  Had 
there  been  any  records  made  on  this  valve 
and  filed  where  they  could  have  been  found, 
we  would  have  known  that  this  wa.i  a  dead 
valve,  that  the  stem  was  just  sticking  in  the 
body  of  the  valve,  and  we  would  have  repaired 
it  long  ago.  .-Ks  it  was  the  only  record  was  in 
the  mind  of  the  man  who  did  the  v.ork,  and 
as  he  is  not  here  his  mind  record  was  not 
available  for  use  when  needed.  For  that  rea- 
son we  had  to  prospect  and  find  the  trouble, 
as  we  did  unexpectedly  and  much  to  our  dis- 
comfort. 

Had  there  been  a  proper  map  made  of  this 
system,  such  as  I  have  tried  to  get  made,  we 
would  have  saved  one-half  the  cost  of  it  this 
forenoon  and  would  still  have  had  the  map 
for  future  use. 

Very  truly  yours, 

M'Kf.an  Maffitt. 
Superintendent  Florence  Water  Department. 

Florence,  S.  C,  April  7,  1914. 

(We  pul)lish  this  letter  to  present  an  exam- 
ple of  the  trouble  which  is  sure  to  arise  in 
any  city  which  fails  to  keep  proper  records  of 
the  nature  and  location  of  its  underground 
water  works  structures.  Illuslration's  of  this 
character  could  be  multiplied  almost  indefinite- 
ly. The  condition  is  well  undcrstooil  by  en- 
gineers and  in  considerable  measure  i?  due  to 
engineers,  but  an  additional  illustration  of  its 
possibilities  for  making  trouble  is  worth  while. 
However,  the  chief  thing  we  would  have  our 
water  works  readers  observe  is  their  duty  to 
urge  upon  city  co\mciIs  the  need  of  adequate 
records  of  all  underground  structures.  The 
need  must  be  urged  again  and  again  until  it 
is  recognized  and  suitable  action  taken.  The 
technical  municipal  employe  must  be  patient  in 


cral  and  are  not  directed  at  our  correspondent, 
although  suggested  at  this  time  by  his  letter. 
— Editors.) 


Removal  of  Anchor  Ice  by  Means  of 

Compressed  Air  at  Moline,  111., 

Water  Works. 

Many  and  varied  methods  have  been  pro- 
posed for  the  removal  of  anchor  ice  from  wa- 
ter supply  intake  structures.  Many  plants 
have  methods  of  their  own  and  these  have 
met  with  varying  degrees  of  success.  The 
use  of  air  for  this  purpose  is  not  nev/.  The 
success  of  this  method  at  the  Moline,  111., 
water  works,  however,  has  been  such  that 
troubles  formerly  encountered  tliere  with  an- 
chor ice  are  no  longer  experienced,  and  the 
application  of  the  method  to  Moline  conditions 
is  here  described  as  of  possible  interest  to 
some  water  department  officials.  Our  inform- 
ation is  taken  from  a  paper  by  L.  A.  Fritze, 
chemist  of  the  Moline  water  department,  be- 
fore the  Illinois  Water  Supply  .Association. 

The  water  is  supplied  to  the  plant  through 
two  intake  pipes,  a  20-in.,  3oO  ft.  In  length, 
and  an  18-in.,  3,500  ft.  in  length.  The  water 
flows  by  gravity  to  a  well  and  is  then  pumped 
to  the  filler  plant.  The  intake  pipe  with  this 
air  attachment  extends  something  like  3-50 
ft.  into  the  river.  It  is  open  and  unprotected 
at  its  mouth  :  no  crib  or  other  device  has  been 
built  about  tlie  pipe. 

Formerly  a  centrifugal  pump  was  so  ar- 
ranged that  it  could  l)e  connected  to  tl.c  18-in. 
line,  and  in  an  emergency  the  water  could  be 
drawn  through  this  line  until  the  well  was 
filled,  and  then  the  valve  on  the  choked  '20-in. 
line  was  opened,  letting  the  full  pressure  bear 
against  the  obstruction.  The  depth  of  the  well 
is  about  20  ft.,  and  the  head  usually  obtained 
by  this  means  is  but  1.5  ft.  This  system,  while 
helpful  at  times,  could  not  he  relied  upon,  for 
as  long  as  the  18-in.  line  remained  open 
things  were  satisfactory,  but  just  as  soon  as 
the  ice  began  to  choke  the  plant  was  at  a 
standstill. 

During  the  past  year  the  chief  cngimer,  Mr. 
Buck,  has  attempted  to  improve  the  plan  by 
connecting  the  blower  used  to  air  wash  the 
filters  to  the  20-in.  line.  The  blower  used 
is  of  the  Root  make,  giving  a  large  volume 
of  air  under  low  pressure;  that  is,  up  to 
about  10  lbs.  At  times  for  very  short  periods 
the  pressure  has  been  forced  up  to  .30  lbs. 
The  connection  between  the  blower  and  the 
line  is  through  a  2V4-in.  pipe  connected  to 
the  intake  pipe,  near  the  raw  water  well  end. 


On  nights  when  the  temperature  conditions 
indicate  a  sliglit  freezing,  the  height  of  the 
water  in  the  raw  water  well  is  carefully 
watched.  When  the  level  begins  to  drop,  the 
blower  is  started  and  in  a  very  short  time 
the  line  is  completely  cleared.  At  times  when 
the  line  has  been  choked  tight,  thi  blower 
has  without  fail  cleared  llie  line  in  a  few  min- 
utes. The  maximum  pressure  needed  or  used 
for  this  purpose  runs  about  10  lbs.  per  square 
inch.  From  the  accompanying  diagram  the 
layout  of  the  raw  water  well  and  the  air  con- 
nection can   be  clearly  understood. 

The  Mississippi  River  water,  turbid  and  col- 
ored, seems  to  be  affected  in  no  way  in  the 
formation  of  anchor  ice,  other  than  the  tem- 
perature. It  is  claimed  by  some  tnat  the 
appearance  of  this  ice  occurs  only  on  certain 
nights — nights  following  clear  days,  or  a  clear 
night,  not  cloudy  ones,  etc.  Clear  days  and 
cloudy  days  alike  seem  to  have  little  influ- 
ence over  the  ice  problem  in  the  Mississippi 
River  so  far  as  we  have  been  able  to  observe. 
The  main  trouble  usually  becomes  noticeable 
after  midnight  and  remains  until  the  appear- 
ance of  daybreak. 

There  are  a  number  of  plants  wliere  the 
local  conditions  are  such  that  the  use  of  this 
method  is  not  warranted,  but  at  such  places 
usually  the  ingenuity  of  the  engineer  has  been 
brought  to  serve  and  the  troubles  are  com- 
bated in  a  satisfactory  manner.  However,  at 
some  places  where  the  unprotected  intake  is 
at  the  mercy  of  the  weather,  the  use  of  air 
will  probably  be  much  handier,  as  well  as 
more  efficient,  than  the  reverse  flow  of  water. 


Methods  and  Unit  Costs  Used  in  Ap- 
praising the  Water  Works  of  Hon- 
olulu, Hawaii. 

I. — DISTRlnUTIOX    SYSTEM. 

The  latest  annual  report  of  Mr.  J.  W.  Cald- 
well, Superintendent  of  Public  Works  of 
Honolulu,  contains  a  very  interesting  and 
valuable  report  on  the  appraisal  of  the  city's 
water  works  and  sewerage  systems.  The  ap- 
praisals were  made  for  rate  making  purposes. 
Existing  financial  records  were  very  faulty. 
The  flat  rates  in  vogue  were  unscientific  and 
the  empirical  basis  upon  which  they  were 
predicated  could  not  be  determined  by  the 
present  officials.  The  appraisals  were  made 
under  the  immediate  direction  of  Mr.  A.  C 
Wheeler,  assistant  superintendent  of  public 
works,  from  whose  report  to  Mr.  Caldwell 
the  information  here  given  has  been  taken. 
The  organization  of  the  appraisal  staft'  is  in- 
dicated in  the  accompanying  diagram. 

eO' Intake  Pipe  from  Pool 


18'  Intake  from  Riven 


Z'/i'Conn  from  low 
pressure  blower 


ZZj^    Suction  to  Pump 


Raw  Water  Pit 
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Plan   Showing    Intake    Pipe   and   Compressed 

Air    Connections    in    Raw    Water    Pit    of 

Moline,    III.,    Water   Works. 

The  present  article  relates  to  the  appraisal 
of  the  water  works  distribution  system.  Of 
special  interest  is  the  discussion  on  the  life 
of  water  pipe  of  various  materials.  The 
reader  will  not  fail  to  note  the  short  life  as- 
sumed for  such  pipe,  and  the  local  conditions 
affecting  the  life  of  pipe  will  also  be  noted.  .X 
second  article  will  relate  to  the  appraisal  of 
the  pumping  stations  and  machinery,  reser- 
voirs and  miscellaneous  structures.  The  ar- 
ticles relate  primarily  to  the  methods  and 
unit  costs  used  in  making  the  appraisals. 

GENERAL     APPRAISAL     METIIOII     USEH. 

Records  of  costs  of  the  Honolulu  W'ater 
Works  have  not  been  as  definite  as  might  be 
wished.  It  is  very  difficult  to  determine  ex- 
actly   what    the    cost    of    pipe    and    properties 
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were    for    work    clone    under    the    monarchy. 
Again,  original  costs  of  buildings,  pumps,  and 
jsome  pipe   lines  are  difficult  to  obtain  owing 
to  the  fact  that  the  labor  was  contracted  and 
the  materials    furnished  by  the  territory  and 
that  complete  records  are  not  obtainable.     In 
general,  it  has  been  assumed  that  the  original 
costs    are,    in    this    case,    misleading,    indeter- 
minate,  and   unsatisfactory. 
t     Tlie  method  used  in  making  this  appraisal 
iwas  to  compute  by  one  way  or  -another  the 
'cost  of  duplication,  based  on  prices  of   labor 
and  material   for  Jan.   1,   1914. 

i  DEIEK.MIXIXG     DEPRECI.\TIOX     USED    I.V     VALUING 
I  THE   DISTRIBUTING    SYSTEM. 

In  assuming  the  correct  amount  to  be  set 
aside  as  depreciation  fund,  the  appraisers 
were  confronted  with  the  difficulty  that  the 
water  works  had  never  set  aside  anything  for 
maintenance,  repairs  or  duplication,  at  the 
end  of  the  life  of  the  factor.  For  instance, 
a  pipe,  the  probable  life  of  which  is  35  years 
and  which  has  been  in  the  ground  lor  17% 
years,  may  be  assumed  as  having  one-half  the 
value  of  a  pipe  which  is  just  installed.  Its 
probable  useful  life  is  only  17%  years  as  com- 
pared with  3o  years  for  a  new  pipe.  Had 
the  water  works  department  set  aside  a  fund 
for  renewal  of  this  pipe  at  the  date  of  its  in- 
stallation, it  would  be  comparatively  easy  to 
compute  the  required  sums  to  set  aside  each 
year,  which  would  replace  the  pipe  at  the 
end  of  its  life.  However,  no  sums  of  any 
kind  have  yet  been  placed  at  interest  for  du- 
plication of  any  of  the  water  works  property. 

The  appraisers  were  therefore  confronted 
with  the  problem  of  determining  exactly  what 
depreciation  rate  to  assume  for  the  differ- 
ent factors  making  up  the  total  of  the  water 
works  property.  There  are  two  means  of 
solving  this  difficulty  for  pipe,  which  con- 
stitutes about  one-half  of  the  water  works 
property. 

First  Solution. — All  pipe  lines  can  be  as- 
sumed as  having  an  equal  length  of  life, 
which  length  must  pecessarily  be  less  than  the 
actual  length  of  life  of  any  pipe  which  will 
now  be  laid.  For  instance,  if  we  assume  35 
years  as  the  probable  life  of  pipe  in  the 
ground  in  Honolulu,  for  our  deductions  in 
this  solution,  we  must  assume,  say,  l.j  or  20 
years  and  work  out  a  depreciation  rate  from 
this  term  of  years  and  distribute  it  indis- 
criminately over  all  the  pipe  lines  in  the  city. 
This  rate  would  give  a  sinking  funi"  large 
enough  to  replace  the  old  pipe,  but  the  old 
pipe  renewed  would  be  paid  for  out  of  sink- 
inK  funds  collected  for  the  other  pipe.  For 
instance,  pipe  15  years  of  age  would  be  paid 
for  out  of  the  sinking  fund  for  new  pipe 
recently  laid  and  the  sinking  fund  for  the  new 
pipe  would  be  built  up  from  increments  set 
aside,  say,  15  years  hence. 

Second  Solution.— .\x\oXhcT  method  would 
be  similar  to  this,  but  computed  in  a  differ- 
ent manner.  Let  us  say  that  each  pipe  must 
pay  for  itself  at  the  end  of  its  life;  then  the 
pipe  which  has  been  in  the  ground  15  years 
will  have  a  sinking  fund  figured  on  its  own 
value  and  such  that  it  will  aniounc  to  the 
value  of  the  pipe  at  the  end  of  20  years.  This 
rate  would  be  3.3C  per  cent.  The  pipe  which 
has  just  been  laid  and  whose  lenKlh  of  life 
is  35  years  would  have  a  deprccialiun  rate  of 
1.3i)  per  cent.  This  method  would  absolutely 
guarnntoe  sufficient  money  in  the  sinliiiiK  fund 
to  renew  any  and  all  pipe  when  tlii,-;  pipe  is 
35  years  of  age.  While  the  depreciation  rale 
can  tic  computed  for  any  one  year  at  consid- 
erable cxprnse,  it  would  seem  belter  to  com- 
pute the  total  sinking  fuml  by  this  incthnd ; 
then  average  the  total  valtu-  and  tot.ij  sinking 
fund,  compute  the  proportion  renuiied  and 
assume  this  as  a  proper  rate  for  a  period  of 
say  5  or  10  years.  This  will  hold  true  for 
a  certain  period,  but  gradually  as  the  pipe 
becomes  .30  vears  of  age  and  is  renewed  and 
the  new  pipe  takes  its  place  with  thr  longer 
term  of  years  at  this  high  rate,  the  sinking 
fund  will  be  found  excessive  anci  must  he  re- 
duced. .Such  a  method  as  above  described, 
however,  allows  a  very  easy  and  simple  com- 
putation, anti  while  it  is  evident  that  the 
amount  will  beromc  more  and  more  excessive, 
it  is  believed   that  with   the  system  now  sug- 


gested for  reporting  pipe  lines  and  connec- 
tions, the  depreciation  rates  in  future  years 
can  be  re-computed  without  considerable 
trouble. 

PIPE   SYSTEM. 

Pipe  in  Honolulu  has  been  reported  for  the 
use  of  this  appraisal  on  mimeograph  sheets. 
These  sheets  were  made  out  to  show  the  pipe, 
valves,  manholes  and  hydrants.  The  present 
worth,  depreciation,  and  cost  of  duplication 
has  been  computed  and  set  down  on  these 
cards  and  summaries  made  of  the  totals.  The 
pipe  constitutes  almost  one-half  of  the  prop- 
erty  of   the  water   works   department. 

LIFE   OF    PIPE. 

Cast  Iron  Pipe. — In  order  to  work  out  the 
present  worth  and  depreciation  values,  it  is 
necessary  to  make  an  assumption  as  to  the 
expected  and  probable  life  of  pipe  in  the 
ground.  This  applies  also  to  hydrants,  valves, 
and  manholes. 

Some  research  was  made  in  Honolulu  to 
determine  the  probable  life  of  pipe.  Old  pipe 
was  taken  up  and  examined  and  compared 
with  new  pipe  of  the  same  kind. 

Test  of  Old  Pipe— On  Oct.  1   a  test  was 
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made  on  old  cast  iron  water  pipe  at  the 
Bcrctania  St.  pumping  station.  The  pipe  is 
known  to  be  at  least  .30  years  old,  having  been 
in  use  for  .30  years  and  sustaining  an  cvcr- 
agc  water  pressure  of  30  to  '10  lbs.  This  pipe 
was  taken  up  and  laid  on  Ilobron  .-Xve..  Kai- 
muki  District,  six  years  ago  and  has  been 
there  sustaining  a  pressure  of  from  OC  to  70 
lbs.  This  pipe  in  appearance  seems  to  be 
sound  and  practically  as  good  as  new.  Ex- 
amination shows  the  metal  to  be  clean  at 
the  fracture  and  sound  throughout  with  very 
few  pit  holes   and  cracks. 

The  pipe  was  tested  by  hydraulic  pressure 
from  the  inside.  First,  the  ends  of  the  pipe 
were  faced  off  in  a  lathe,  then  plates  were 
fastened  at  each  end,  held  in  place  by  a  rod 
through  the  center  of  the  pipe.  Consider- 
able difficulty  was  encountered  in  making  the 
joints  tight,  .'\sbcstos  washers  were  fust  used 
with  valve  rubber  seat.  The  rubber  was  found 
loo  soft  and  the  asbestos  disintegrateil  in  the 
water  so  as  to  allow  of  leaks.  The  apparatus 
was  then  dismantled  and  re-assembled,  using 
gasket  rubber  for  washers  and  winding  the 
inside  rod  with  asbestos  wicking.  .Vrranged 
in  this  manner  the  pipe  withstood  a  pressure 
of  over  500  lbs.  and  then  leaked  slightly,  due 
to  the  elongation  of  the  inside  rod.  The  rod 
used  was   I   in. 

The  pipe  being  filled  with  water,  the  hy- 
draulic pump  was  started  and  the  pressure 
run  up  to  somewhat  over  .500  lbs.  The  gage 
read  only  to  .500  lbs.,  while  the  needle  showed 
con.siderably  beyond  the  500-lb.  niar^-.  This 
pressure  was  the  limit  of  the  capacity  of  the 
pump  and  the  pipe  showed  no  signs  oi  break- 
ing.    No  cracks  or  leaks  occurred. 


-An  examination  of  the  pipe  made  during 
and  after  the  test  showed  no  effects  from  the 
pressure  and  it  may  be  assumed  that  the  pipe 
is  safely  able  to  carry  any  pressure  which 
would    occur    in   ordinary   use. 

E.xample  of  jo-Vear-Old  Pipe.— It  was 
found  necessary  to  remove  about  500  ft.  of 
'2-in.  cast  iron  pipe  from  Robello  lane,  ow- 
ing to  insufficient  pressure.  An  examination 
of  the  pipe  taken  up  shows  the  inside  heavily 
incrusted.  This  incrustation  does  not  dimin- 
ish the  area  by  more  than  10  or  20  per 
cent,  but  is  so  rough  and  has  so  many  pro- 
tuberances and  ridges  that  the  friction  of  the 
water  in  the  pipe  must  be  very  greatly  in- 
creased. Most  of  the  pipe  appears  solid  and 
sound.  The  pipe,  however,  was  pitted  in  places 
almost  entirely  through  the  shell.  These  pits 
are  invariably  on  the  outside  and  not  on  the 
inside.  From  the  appearance  of  theec  pits,  it 
is  evident  that  the  pipe  could  not  have  lasted 
much  longer,  even  though  no  trouble  was  en- 
countered on  the  inside  from  incrustation. 
This  pipe  was  condemned  by  the  superintend- 
ent of  water  works  and  sold  for  its  metal 
value.  Here  is  a  case,  then,  of  a  cast  iron 
pipe,  whose  length  of  life  was  not  over  30 
years,  and  whose  usefulness  towards  the  end 
of  30  years  was  much  diminished  by  the  in- 
crustation. 

Five  men  have  been  consulted  as  to  their 
estimate  of  the  probable  life  of  cast  iron  pipe 
in  the  ground  in  Honolulu.  Their  estimates 
varied  from  35  to  50,  with  an  average  of 
42  years. 

Mr.  Sedgwick,  chemist  and  statistician,  has 
been  instructed  to  obtain  such  data  as  he 
could  regarding  the  length  of  life  of  pipe  in 
Honolulu:     He  states  as   follows: 

It  was  the  general  opinion  that  the  life  of 
an  ordinary  pipe  here  is  about  30  years.  I  have 
not  found  mi'.cli  proof  of  tliis. 

Sly  own  opinion  is  that  the  life  of  the  pipe 
will  depend  on  tlie  soil  in  which  It  is  laid,  and 
the  character  of  the  water  that  passes  through 
it.  I  believe  some  pipe  would  not  last  more 
than  23  years,  and  some  would  last  £,0  years, 
the  pipes  beins  of  the  same  quality.  The  moun- 
tain waters  will  have  a  tendency  to  clog  th«f 
pipe,  so  reducing  its  delivering  capacity.  The 
artesian  waters  that  contain  considerable  quan- 
tities of  salt  win  have  a  tendency  to  eat  the 
pipe. 

In  one  Instance  a  4-in.  pipe  in  use  for  '3 
years  was  found  so  heavily  Incrusted  that  a 
1-ln.   pipe  could  not  be  put  through   It. 

During  a  conversation  with  Mr.  Sedgwick 
he  stated  that  it  was  his  opinion  that  in  mak- 
ing an  appraisal  we  would  be  perfectly  safe 
in  assuming  30  years  as  the  average  length  of 
life;  while  he  felt  sure  of  this,  he  also 
thought  that  we  would  not  be  far  wrong  in 
increasing  this  to  35  years. 

Sc:'ere  I.oiat  Conditions. — There  are  rec- 
ords of  pipe  in  Eugland  and  the  United  States 
which  have  been  in  the  ground  considcrabl> 
longer  than  30  years;  steel  pipe,  wrought  iron 
pipe,  and  cast  iron  pipe  having  been  known 
to  last  50.  75  and  even  over  100  years.  Pipe 
taken  up  in  London,  which  was  laid  in  1803. 
showed  incrustation,  but  vcrv  little  reduc- 
tion in  cross  section  of  metal.  It  nust  be 
rememliercd,  however,  that  Honolulu  lies  on 
the  seashi're,  that  some  of  the  streets  arc 
sprinkled  with  salt  water,  that  street  car  lines 
run  near  many  of  the  pipes  and  that  the  water 
which  is  used  in  Honolulu  will  incriist  pipe 
in  25  years  to  a  large  amount.  If  it  is  possi- 
ble to  clean  the  pipes,  it  is  our  belie;  that  40 
or  5i»  years  or  even  more  would  be  suitable 
life,  biit  as  this  process  is  uncertain,  rnd  has 
never  been  used  in  Honolulu  successfully,  we 
have  assumed  that  35  years  would  be  the 
proper  length  of  life  for  pipe  in  Honolulu. 

Life  of  Steel  Ti/'i'.— Fourteen-inch  galvan- 
ized steel  pipe  in  Maui  has  been  known  to 
la^t  12  years,  while  .3U-in.  pipe  in  other  places 
has  been  almost  useless  at  the  end  of  8  years. 
.Sixteen-inch  pipe  laid  in  Honolulu  in  18t)8 
was  condcinned  in  I'.'Oi),  although  a  portion  of 
this  line  is  used  to  the  present  day.  Thirty- 
inch  riveted  iron  pipe  has  been  in  use  30 
years. 

The  Honolulu  Gas  Co.  has  reported  that 
black  iron  pipe  protectnl   with   red  lead  has 
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been  totallj'  destroyed  in  three  years  in  the 
soil  of  Honoluhi.  This  may  be  unusual  or  it 
may  be  that  the  gas  pipes  arc  more  subject 
to  corrosion  and  electrolysis  than  water  pipe. 
It  has  been  assumed  for  the  purpose  of  this 
appraisal  that  10  years  is  a  reasonable  length 
of  life  for  steel  and  palvanized  steel  pipe. 

Wood  Stare  Pipe. — There  is  a  very  small 
quantity  of  wood  stave  pipe  in  Honolulu.  A 
portion  of  this  lies  in  the  Upper  Makiki  Val- 
ley and  the  balance  in  Upper  Xuuanu  Valley. 
The  pipe  in  Upper  Makiki  Valley  was  laid  in 


TABLE 

I— HONOLULU       PIPE       HAULING 

DATA,    1911. 

Size  of 

Length. 

Length. 

Total 

Cost  Per 

Pipe. 

Feet. 

Miles. 

Cost. 

Ton  Mile. 

Xrisc. 

600 

.95 

.95 

Misc. 

S.300 

1.57 

1.50 

.995 

Misc. 

6,300 

1.23 

1.50 

1.200 

Misc. 

8,000 

1.53 

1.00 

.653 

Misc. 

7,000 

1.33 

1.50 

1.130 

Misc. 

23,000 

4.36 

2.50 

.573 

IS  Ins. 

27,000 

5.12 

3.00 

.575 

12  Ins. 

6,000 

1.14 

1.00 

.887 

12  Ins. 

30,000 

5.69 

3.10 

.545 

S  Ins. 

7,000 

1.33 

2.00 

1.505 

s  Ins. 

6,000 

1.14 

1.74 

1.530 

6  Ins.  , 

20,000 

3.78 

3.00 

.795 

G  Ins.  4 
r,  Ins.  * 

13,000 

2.46 

2.40 

.975 

15,000 

2.84 

2.00 

.704 

6  Ins. 

21,000 

3.98 

2.50 

.627 

Misc. 

13,000 

2.46 

1.40 

.670 

Misc. 

7,000 

1.33 

1.00 

.754 

Misc. 

21,000 

3.98 

2.10 

.527 

864 

1907  and  is  now  in  very  poor  shape.  The  pipe 
in  Nuuanu  Valley  was  laid  in  IDOil  and  is 
now  in  fair  condition. 

THE    VALUATION    OF    WATER    PIPi;. 

Local  Cost  Records  Xot  Suitable  for  Unit 
Prices. — The  records  of  the  water  works  de- 
partment do  not  go  into  the  details  of  cost 
of  laying  water  pipe  to  such  an  extent  that 
we  would  be  warranted  in  assuming  the  fig- 
ures as  a  basis  for  the  cost  of  re-production. 
Such  records  as  we  have  are  usually  com- 
posed of  items  for  extras,  and  omitting  items 
for  hauling,  superintendence  and  sometimes 
material,  pig  lead,  yarn  and  cast  iron  pipe 
have  been  purchased  in  large  quantities  and 
sometimes  delivered  to  some  central  point 
from  which  they  were  distributed  to  the  dif- 
ferent jobs.  The  cost  of  hauling  to  such  a 
central  point  was  uniformly  omitted  in  the 
cost  of  separate  and  isolated  jobs.  Similarly, 
in  most  cases,  the  amount  of  pig  lead  or  other 
materials  used  was  fmiitted  in  the  statement 
of  total  cost  of  the  pipe. 

Much  of  the  work  of  laying  water  pipe  in 
the  last  two  or  three  years  has  been  done  by 
contract.  The  territory  would  contract  for 
materials,  such  as  valves,  fittings,  lead  and 
yarn  and  supply  these  articles  to  another  con- 
tractor. This  contractor  would  then  excavate 
the  trench,  sometimes  haul  the  pipe  and  ma- 

TABLE  IT— COMPLETE  ITEMIZED  COST  OF 
CAST  IRON  PIPE  LINES  IN  SOFT  MATE- 
RIAL IN   HONOLULU. 

Items   In   Dollars   per   Linear   Foot. 

Size  of 


Pip 

e. 

Lead  and 

Iron 

Ins. 

Laying. 

Yarn. 

Hauling. 

-1-5%. 

Total. 

2 

$0,337 

J0.0200 

JO.OLtX) 

$0,263 

$  0.G40 

3 

.337 

.0251 

.0200 

.351 

.7331 

4 

.3;i7 

.0314 

.02560 

.456 

.8500 

1, 

.337 

.0388 

.0333 

.592 

1.0011 

6 

..137 

.0466 

.0420 

.746 

1.1716 

8 

.337 

.0654 

.0015 

1.092 

1.5.559 

10 

.415 

.0827 

.0840 

1.491 

2.0727 

12 

.500 

.1021 

.1095 

1.942 

2.6536 

14 

.593 

.1226 

.1380 

2.455 

3.3086 

15 

3.6.JO0 

i« 

.693 

.1367 

.1700 

3.020 

4.0197 

IS 

.800 

.1692 

.2100 

3.620 

4.7992 

20 

.915 

.1798 

.2400 

4.280 

5.614S 

24 

1.I6S 

.2113 

.3250 

5.780 

7.4843 

SO 

1.600 

.2913 

.4720 

8.370 

10.7333 

tcrials,  and  sometimes  have  the  pipe  and  ma- 
terials delivered  to  him;  back-fill  tb'?  trench 
and  rc-nutal  the  surface.  Extras  were  some- 
times included  in  the  way  of  taking  up  old 
pipe  and  hauling  the  same  away,  and  lowering 
the  pipe.  Some  contracts  included  the  care 
and   repair  nf   the  service  connections. 

It  is  evident,  therefore,  that  it  is  rather 
complicated  to  work  out  the  cost  of  reproduc- 
tion from  this  data. 

Time  and  Method  of  Obtaining  Unit  Costs. 
— It  is.  therefore,  assumed  that  the  proper 
way    to    arrive    at    the    cost    of    reproduction 


would  be  to  take  eacli  separate  item  of  cost, 
compute  it  as  closely  as  possible,  and  total 
the  sum.  Prices  were  obtained  from  firms 
for  materials,  hauling  and  of  accessories  for 
the  pipe  system.  The  cost  of  laying  was  com- 
puted from  present  and  old  records  in  the 
water  works  department,  from  data  furnished 
by  contractors  and  the  gas  company,  and 
from  a  general  knowledge  of  the  cost  of  con- 
struction in  Honolulu.  All  costs  have  been 
made,  as   regards  time,   for  Jan.   1,   1914. 

Unit  Costs  of  Pipe. — The  problem  of  ap- 
praising the  pipe  lines  of  the  water  works  de- 
partment has  been  divided  and  computed  as 
follows : 

The  itemized  cost  of  the  pipe  was  com- 
puted with  a  unit  cost  for  liydrants,  valves, 
connections  and  meters.  Connections  have 
been  ignored  as  a  separate  item  and  have  been 
included  in  the  regular  length  of  pipe  and  in 
the  extra  number  of  joints  figured  for  the 
given  length  of  pipe.  This  was  deemed  as 
accurate  as  any  other  practical  method. 

CAST    IRON    PIPE    LINES. 

Unit  Cost  of  Metal. — The  w-eight  of  pipe 
has  been  computed  for  all  sizes  from  2-in.  to 
30-in.  These  figures  were  taken  from  "Gil- 
lette's Hand-Book  of  Cost  Data"  ;ind  may 
be  assumed  as  accurate.  These  weights  are, 
however,  class  "C"  pipe,  which  has  been  used 
almost  entirely  in  the  water  works  depart- 
ment. The  weight  per  pipe  length  in  pounds 
was  taken  from  the  table,  the  weight  per 
foot  in  tons  was  computed,  allowing  12  ft. 
per  pipe  length.  .\  ton,  as  a  unit  weight  was 
used  in  preference  to  a  pound  in  both  hauling 
and  cost  of  pipe.  T'rom  quotations  from  the 
Honolulu  Iron  Works  and  previous  contracts, 
it  has  been  assumed  that  $40  per  ton  is  a  fair 
and  accurate  price  of  pipe,  delivered  in  Hono- 
lulu. Five  per  cent  breakage  was  then  al- 
lowed for  broken  pipe,  defective  pipe  and 
for  pipe  which  would  have  to  lie  cut  in  order 
to  fit  in  tlie  pipe  line.  Witli  these  data,  the 
computations  have  been  made  for  the  cost 
of  the  pipe   for  each   linear  foot  of  jiipe  line. 

I'nit  Costs  of  Lead  and  Yarn. — The  quan- 
tity of  lead  and  yarn  used  in  caulking  joints 
has  been  taken  from  "Gillette's  Hand-Book 
of  Cost  Data,"  checked  from  other  sources 
and  was  first  computed  in  weiglit  for  each 
joint.  The  cost  of  lead  has  been  assumed 
at  $110  per  ton  or  5.,')  cts.  per  pound.  Yarn 
has  been  assumed  at  $100  per  ton  or  5  cts.  a 
pound.  Recent  figures  and  quotations  show 
that  these  assumptions  on  the  prices  of  lead 
and  yarn  arc  about  correct.  With  these  prices 
the  cost  for  lead  and  yarn  per  joint  Mas  com- 
puted. While  tlu"  length  of  pipe  is  uniformly 
12  ft.,  joints  have  been  assumed  to  occur 
every  10  ft.  in  order  to  allow  for  pipe  cut 
off  for  any  reason  and  for  connections  to 
valves,  hydrants  and  fittings.  The  cost  of 
lead  and  yarn  was  then  reduced  to  a  linear 
foot  basis  and  assumed  in  the  regular  com- 
putation  of   cost   of   pipe. 


house  to  the  pipe  line.  Thus  pipe  a  short  dis- 
tance from  the  wharf  has  in  some  occasions 
had  a  high  cost  for  hauling,  due  to  the  fact 
that  the  pipe  had  to  be  stored  before  it  could 
be  installed.  In  looking  over  hauling  data 
and  referring  to  the  contract  of  I'Jll  for  haul- 
ing large  amounts  of  pipe,  we  find  that  the 
cost  of  hauling  pipe  from  the  wharf  or  store- 
house to  the  site  has  run  between  95  cts.  and 
$3.10,  as  shown  in  Table  I.  Worked  out,  the 
cost  of  hauling  amounted  to  86.4  cts.  per  ton 

TABLE  III— COMPLETE  ITEMIZED  COST  OF 
CAST  IRON  PIPE  LINE  IN  HARD  MATE- 
RIAL IN  HONOLULU. 

Items   in   Dollars   per  Linear   Foot. 

Size  of 


Pipe. 

Lead  and 

lion 

In.s. 

Laying. 

Yarn. 

Hauling. 

+0%. 

Total. 

$0,741 

$0.02 

$0.02 

$0,263 

$  1.014 

3 

.741 

.0251 

.0200 

.351 

1.1371 

4 

.741 

.0314 

.02560 

.45ii 

1.254U 

r. 

.741 

.0388 

.0333 

.Wi2 

1.4051 

6 

.741 

.0466 

.0420 

.746 

1.5756 

s 

.741 

.0654 

.0615 

1.092 

1.9599 

10 

.913 

.0827 

.0840 

1.491 

2.5707 

1" 

1.1000 

.1021 

.1095 

1.943 

3.2546 

14 

1.3050 

.1221; 

.1380 

2.155 

4.0206 

15 

4.4350 

16 

1.523 

.1367 

.1700 

3.020 

4.8497 

18 

1.760 

.1692 

.2100 

3.620 

5.7592 

?M 

2.100 

.17>JS 

.2400 

4.280 

6.7998 

M 

2.662 

.2113 

.3250 

5.780 

8.8783 

30 

3.520 

.2913 

.4720 

8.370 

12.6533 

mile.  .Assuming  a  2%-mile  haul  and  allow- 
ing 10  per  cent  for  fittings  and  breakage, 
would  give  the  cost  item  for  hauling  as  $2,365 
per  ton.  Considering  all  things,  it  is  be- 
lieved that  this  item  would  approximate  the 
cost  of  hauling  for  all  parts  of  Honolulu. 
Quotations  have  been  received  from  both  the 
Honolulu  Construction  &  Draying  Co.  and 
Hustace-Peck  Co.,  stating  that  their  estimate 
for  hauling  is  $1  per  ton  mile  for  pipe  to  any 
and   all   parts   of   Honolulu. 

Unit  Cost  of  Laying. — Under  this  heading 
of  laying  has  been  included  the  cost  of 
trenching,  laying,  caulking,  yarning,  and  back- 
fill. Data  on  this  item  are  very  scarce  in 
this  office.  During  the  years  1904  and  190.!) 
the  department  of  public  works  laid  consid- 
erable pipe  by  day  labor.  Summaries  of  these 
reports  changing  the  prices  paid  for  labor, 
caulkers  and  foremen  to  the  present  prices, 
would  give  about  .'iO  cts.  a  foot  of  12-in.  pipe 
for  soft  material  and  $1  a  foot  for  hard  ma- 
terials, as  indicated  in  Tables  II  and  III,  re- 
spectively. As  some  of  the  reports  of  this 
year  have  been  made  in  a  careful  and  detailed 
manner,  we  have  assumed  these  data  as  being 
fairly  correct.  Unfortunately,  however,  we 
have  no  data  for  other  sizes  than  12  in.  ex- 
cept one  report  on  an  8-in.  pipe.  It  seems 
fair  to  assume  that  the  cost  of  laying  pipe 
would  vary  with  the  size  of  the  trench.  As- 
suming for  a  12-in.  pipe,  a  trench  of  18  ins. 
by  30  ins.,  or  an  area  of  .540  sq.  ins.,  and  com- 
puting the  sizes  of  all  trenches  from  8  ins. 
to  30  ins.,  we  have  figured  out  the  cost  pro- 


TABLE   IV— COMPARATIVE   PIPE   LINE   COST   DATA. 

Page  676.  "Gillette's 

Cost  Data."  using 

Honolulu  prices. 

fi-ln   line.   Ohio    •• 1156 

6-ln  line,   Portervllle.  Cal.,  page  672,  "00  ft.  soft,  ,■•38  ft.  hard..  1..503 

s-ln,  same,  SOO  ft.  soft,  1,758  ft.  hard 1364 

4-ln,   same,   900   ft.   soft,    1.916    ft,    li:ncl 0.809 

lO-ln    S!\me,    138   ft 2.085 

1-ln.    at   Alliance,    O.,    page   071 (  •••36 

6-ln.,   not  corrected   for .5951 

8-ln                 labor                \  7863 

lii-ln.               and                  : 1.0697 

12-ln.             costs                   ■ I  1.3245 

14-ln.,   Wllkes-Barre  (partly  corrected) 2.9iO 


Appraisers 
estimate. 

1.1616 

1.4216 

1.7759 
(  .850  (soft) 
)  1.254  (hard) 
I  2.0727  (soft) 
(2.5707  (hard! 
.850 

1.1616 

1.5559 

2.07 

2.50 

4.0206 


Unit  Cost  of  Hauling. — .\s  all  nipe  laid  in 
Honolulu  has  been  shipped  into  the  country 
from  the  coast,  the  item  of  hauling  plays  a 
rather  indefinite  part  in  the  cost  of  the  pipe 
line.  Pipe  at  Kaimuki  may  cost  less  for  haul- 
ing than  pipe  on  Punchbowl,  although  the 
distance  to  Kaimuki  is  perhaps  three  times 
as  gjreat  from  the  wliarf  as  is  Punchbowl. 
Agam  the  size  of  pipe  would  make  consider- 
able difference  in  the  cost  of  ton-mile  haul. 

Pipe  for  different  jobs  have  bad  in  many 
cases  a  double  haul,  first  from  the  wharf  to 
the   store-house   and    second    from    the   store- 


portionatclv  to  the  area  and  have  checked 
these  results  with  all  possilile  available  data. 
Table  IV  gives  the  comparative  results  of 
the  cost  of  pipe  laid  in  the  states  with  the 
material  costs  of  labor  wages  altered  to  suit 
the  present  conditions.  While  considerable 
discrepancies  show  in  this  table,  it  must  be 
remembered  that  in  most  cases  the  specifica- 
tions called  for  more  work  than  the  simple 
laying  of  pipe;  work  such  as  lowering  of  ex- 
isting pipe,  removal  of  existing  pipe,  difficult 
connections,  service  connections  and  other  work 
has  been  required.    In  other  cases,  certain  ma- 
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lerials  have  been  furnished  which  are  not  eas- 
ily and  accurately  computed,  so  that  it  must  be 
assumed  that  these  data  arc  not  such  that  they 
should  be  used  as  a  criteria  for  the  cost  of 
duplication   of    the   water   works    system. 

L'nit  Cost  Summary. —  Tables  II  and  III 
show  a  summary  of  these  four  iten.s  with 
the  total  cost  per  foot.  In  the  work  these 
totals  have  been  simplified  by  taking  the  near- 
est even  figures  to  two  decimals  and  applying 
them  directly  to  the  reports  of  pipe  lines  now 
existing  in  Honolulu.  These  totals  are  the 
imit  values  applied  to  the  mimeographed  re- 
ports on  pipe  lines,  and  the  total  valuo  of  the 
pipe  was  computed  by  multiplying  the  total 
length  in  feet  by  this  unit  value.  It  will  be 
noted  that  the  valves,  manholes  and  hvdrants 
have  been  computed  separately  and  that  their 
depreciation  rate  and  values  have  been  kept 
distinct   from  the  pipe. 

DEPRECI.MION    AXl)  V.ALL'E. 

Manholes.— Tht  manholes  in  the  water 
works  varv  greatly  in  size  and  condition.  As 
a   rule,   they   are   made   just   large   enough   to 


accommodate  the  valve,  and  manhole  frames 
are  made  as  small  as  possible.  While  their 
costs  vary  considerably,  it  has  been  assumed 
that  on  an  average,  $20  apiece  would  replace 
the  manholes.  The  lengtli  of  life  assumed  for 
a  manhole  is  20  years.  This  assumption  has 
been  made  considering  the  rather  light  con- 
struction used  on  some  of  the  lines  and  the 
heavy   traffic   which    passes   over   other    lines. 

Hydrants. — The  value  of  hydrants  has  been 
obtained  from  present  prices,  being  $48.50. 
The  life  assumed  is  30  years,  which  i.i  rather 
small,  if  proper  care  is  taken  of  the  hydrants. 

Valfcs. — The  cost  of  valves  has  been  ob- 
tained from  quotations  at  the  present  time 
as  shown  in  Table  V.  Valves  have  been  as- 
sumed to  last  30  vears,  the  same  as  the  hy- 
drants. 

Meters. — The  value  of  meters  has  been  as 
sumed  as  $15.  This  includes  the  cost  of  in- 
stallation. It  has  been  known  that  in  certain 
portions  of  Honolulu  meters  will  wear  out 
much  faster  than  in  other  parts.  Certain 
meters  in  the  \uuanu  Svstem  have  worn  out 


m  18  months,  due  evidently  to  the  grit  car- 
ried in  the  water.  It  is  generally  assumed 
that  meters  will  last  '20  to  30  years,  but  for 
the  purpose  of  this  appraisal,  10  years  has 
been  assumed  as  the  length  of  life. 

Senice  Connections. — The  value  of  service 
connections  has  been  computed  at  an  aver- 
age of  $5.25  apiece,  and  the  probable  length 
of  life  at  15  years. 

T.\BLi:  V— V.AI.t  K  OF  GATE  VALVES. 

Size. 

Ins.  Value. 

2     $     5.05 

3     7.00 

4     10.40 

5     13..i0 

6     •. 16.50 

8     27.00 

10     45.00 

12     62..>0 

14       78.00 

If,     104.00 

16     130.10 

18     175.00 

20     212.00 

24     200.00 

30     550.00 


Cost      Accounting      on      Construction 

Work — :Detailed  Description  of  an 

Efficient  System. 
II. 

In  our  issue  of  .\pril  8,  1914.  we  published 
Part  I  of  a  paper,  by  Mr.  Leslie  H.  .Mien 
of  the  .-Xberthaw  Construction  Co.  of 
Boston,  giving  details  of  an  efficient  cost 
accounting  system  in  use  by  this  company  on 
construction  work.  We  are  giving  the  re- 
mainder of  thi^  important  paper  in  this  issue. 
Section  IV.— The  Work  in  the  Office— La- 
bor Records. 
(a)    working  up  the  ti.me  sheet. 

.As  soon  as  the  time  sheets  come  into  the 
office,  the  total  cost  of  each  operation  is 
worked  out  and  entered  in  the  column  headed 
"For  Office  Use"  on  the  time  sheets,  as  shown 
in  Fig.  (>.  At  the  end  of  the  week  the  totals 
arc  drawn  off  on  to  an  abstract  sheet,  shown 
in  Fig.  I'l,  ?nd  the  items  arc  totaled.  The 
overhea  I  labor  e.xpense  f  superintendent,  time- 
keeper, waterboy,  etc.)  is  then  distributed  by 
af'ditic  a  percentage  to  each  item,  and  the 
complete  cost  of  each  operation  for  the  week 
is  determined.  The  quantities  are  then  written 
underneath  each  one  and  the  unit  costs 
worked  out.  They  are  then  entered  on  the 
office  record  sheets,  which  will  be  described 
in  the  next  section,  and  under  them  is  entered 
the  total  quantity  of  work  done  to  date  (which 
is  obtained  from  the  office  sheetl  and  the 
average  cost  of  the  work  to  date. 

fn)    THE  weekly  si-mmarv. 

Figure  II  shows  a  copy  of  the  weekly  sum- 
mary of  labor  costs.  The  top  line  shows  the 
total  amount  spent  during  the  week  on  the 
items.  The  sccnn<I  line  shows  the  quantity 
done.  :>nd  the  third  line  the  unit  cost.  There 
are  then  left  two  or  three  line;  for  notes;  in 
the  case  of  concrete  the  number  of  barrels 
of  cement  used  and  the  number  of  cubic  feet 
of  concrete  obtained  with  a  barrel  of  cement 
is  noted.  The  two  lower  lines  show  the  total 
quantilv  of  that  kind  of  work  done  to  date 
and  the  average  cost.  Four  copies  of  this 
sheet  are  made  every  week,  and  arc  furnished 
to  the  heads  of  the  firm  and  the  general  .su- 
perintendent, and  one  copy  goes  to  the  su- 
nrrinten<lent  in  the  field.  He  also  has  a  copy 
of  the  analysis.  With  these  two  he  is  able  for 
himself  to  see  how  the  costs  of  bis  work  are 
running  and  how-  they  compare  with  the  es- 
timate. Most  of  our  superintendents  al.so 
work  out  daily  unit  costs  in  the  field  on  the 
larger  items  of  the  work,  tn  keep  more  close- 
ly in  touch  with  their  costs.  Wc  believe  in 
letting  our  men  know  jnst  what  we  expect 
of  them  in  the  way  of  costs,  of  letting  them 
know  just  how  they  are  coming  up  to  or  bet- 
tering our  expectations.  Since  wc  adopted 
the  pl.in  of  leltine  them  know  what  the  week- 
ly   costs    were    there    li.is    been    a    ni.nrkrd    im- 


provement   in    the   unit   costs   and   a    real   en- 
thusiasm  for  getting  low  costs. 

I  may  be  asked  why  we  do  not  "go  one 
better"  and  work  out  daily  costs  in  the  office 
instead  of  weekly.  The  reason  this  is  not 
done  is  not  on  the  ground  of  expense^lthough 
it  would  be  a  very  expensive  proceeding — but 
because  if   we  worked  out  the   cost  of  every 


pense  in  money  and  no  quantity,  the  next  a 
large  quantity  with  small  expense  and  exceed- 
ingly  low   unit   cost. 

(C)     THE  OFFICE  LABOR   SHEETS. 

Figiire  12  shows  the  regular  record  of  the 
labor  which  is  kept  in  the  oflice.  This  sheet 
shows   only  a   few   items  and  there  should  be 
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l-ig.    10.     Waste    siicci — Quantities  and   Unit  Costs. 


item  each  day  wc  should  have  sucli  an  over- 
whelming inas.s  of  figures  to  study  that  wc 
should  never  have  any  clear  i<lea  as  to  how 
the  job  stood  ;  and  then,  again,  the  costs  would 
show  such  astonishing  variations  from 
day  to  day  that  in  many  cases  they  would  lie 
useless.  For  example,  suppose  a  line  of  sheet 
piling  set  up  and  braced  one  night,  but  not 
driven  right  down  until  the  next  ilay,  follow- 
ing our  rule  (to  report  quantity  when  work 
is    done>    one    ilav    woubl    slinw    .•»    large    cx- 


about  ten  or  twelve  sheets  for  every  job.  It 
will  be  seen  that  the  first  column  contains  the 
date,  the  next  the  quantity  of  work  done  dur- 
ing the  week,  the  next  the  unit  cost  of  that 
work,  and  the  next  column  the  total  cost  of 
that  work.  The  next  column  contains  the 
average  cost  of  the  work  to  date,  comliining 
the  week's  work  witli  all  the  previous  weeks. 
In  the  case  of  concrete,  two  additional  col- 
umns arc  use<l.  giving  cement  used  and  the 
proportion  of  the  mix.     These  are  entered   up 


466 


Engineering    and    Contracting 


Vol.  XLI.     N.J.  16. 


from  week  to  week  from  the  abstract  men- 
tioned previously.  The  totals  are  kept  in  pen- 
cil at  the  foot  of  the  columns  and  altered 
from  week  to  week,  so  that  it  is  a  simple 
matter   to   add   one   week's  work  to   the   total 


tered  in  red  and  in  tlie  same  columns  as 
debits,  as  there  are  very  few  of  them  and  it 
would  be  cumbersome  to  have  to  keep  double 
columns  for  each  item  to  provide  for  possi- 
ble credits. 
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Fig.    11.      Weekly   Summary. 

of  the  preceding  week  and  work  out  the  av-  To  get  hold  of  the  information  entered  in 

erage  unit  cost.  these  sheets  the  procedure  is  as  follows :     All 

On  some  items,  such  as  forms,  the  cost  of  bills   are   sent  to   the   job  to   be   checked  and 

making,    erecting    and    stripping    of    forms    is  returned  to  the  head  office,  from  whence  they 

carried  in  separate  columns,  and  another  col-  are  paid.     As  soon  as  the  receipted  bills  come 


umn  is  kept  for  the  total  unit  cost  of  the 
work  to  date.  This  is  obtained  by  adding  tlic 
totals  of  the  three  money  columns  and  divid- 
ing by  the  number  of  square  feet  erected.  This 
inclusive  unit  cost  does  not  give  quite  such  an 
accurate  idea  of  the  cost  as  the  three  subdi- 
visions do,  as  all  the  making  is  done  at  the 
beginning  of  the  job  and  some  of  the  strip- 
ping may  not  come  until  a  good  while  after, 
but  is  in  many  cases  a  very  useful  figure  to 
have,  and  it  is,  of  course,  the  figure  which 
compares  with  the  analysis  which  is  made  out 
at  the  beginning  of  the  job.  As  already  men- 
tioned, when  the  cost  of  the  item  for  the 
week  has  been  entered,  the  average  is  worked 
out  and  then  the  resulting  average  and  the 
total  quantity  to  date  is  transferred  back  to 
the  waste  sheet  from  which  the  weekly  sum- 
mary is  made  out. 

Section    V.— In    the    Office— The    Material 
Records. 

Figures  l.T  and  14  show  a  part  of  the  ma- 
terial records  kept  in  the  head  office.  These 
arc  entirely  distinct  from  the  bookkeepers' 
records  and  are  not  a  ledger  account.  No 
merchants'  names  appear  as  a  rule,  but  chiefly 
quantities  of  materials  and  costs. 

The  records  are  kept  on  loose  .sheets  and 
at  the  start  of  the  job  columns  are  headed  for 
each  item  that  appears  in  the  analysis.  In 
some  cases  these  items  are  subdivided.  Then 
every  item  of  expense  is  entered  under  its 
proper  heading  regularly  as  the  work  goes  on. 
Freight  in  every  case  is  entered  with  the 
item  to  which  it  relates.  Demurrage  also  is 
entered  in  the  columns  of  "Cement,"  "Brick," 
"Lumber,"  etc..  as  the  case  may  be.  The  col- 
umn headed  "Cement"  will  also  contain  items 
of  freight,  freight  on  empty  bags,  credit  on 
emptv  hags,  tests,  demurrage,  etc..  so  that 
the  final  price  per  barrel  of  cement  that  ap- 
pears in  the  final  summary  may  be  several 
cents  higher  than  the  price  entered  on  the 
original  order,  especially  if  manv  empty  bags 
have  been  lost.  There  is  no  column  for  all 
lumber.  Lumber  is  entered  under  "Plant," 
"Forms."  "Roof  Plank,"  "Cofferdams."  "Tem- 
porary Buildings,"  etc..  according  to  the  use 
it  is  to  be  put  to.  If  lumber  is  bought  for 
sheeting  trenches  .-ind  afterwards  used  for 
forms,  it  is  first  entered  to  the  excavation 
item  and  then  its  second-hand  value  is  cred- 
ited and  charged  to   forni';      Credits  arc  cn- 


in    tiiev   are   sent   to   the   cost   accountinu   de- 


and  another  page  taken  when  one  is  tilled. 
Wlien  the  bills  are  checked  at  the  job,  the 
material  clerk  notes  on  same  what  the  ma- 
terial was  used  for  (as  in  the  case  of  lumber 
just  referred  to).  This  information  is  usual- 
ly put  in  by  using  the  timekeeper's  code  and 
then  there  is  no  question  in  the  cost  account- 
ing department  as  to  where  to  cliarge  any 
unusual  item.  The  use  of  the  waste  book  is 
simply  to  save  time.  The  weekly  labor  sum- 
maries take  precedence  in  the  cost  account- 
ing room,  and  on  the  last  three  days  of  the 
week  we  are  much  too  busy  getting  these 
out  to  give  any  time  to  the  material  sheets. 
These  can  be  entered  up  later  in  spare  mo- 
ments. Once  a  month,  at  least,  each  job  is 
brought  up  to  date  and  the  total  compared 
with  the  bookkeeper's  ledger. 

All  orders  are  also  examined  by  the  cost 
accounting  department,  and  a  note  sheet 
kept  on  each  job  of  all  large  orders  and  sub- 
contracts, so  that  when  a  monthly  statement 
is  made  of  the  financial  standing  of  the  job 
these  can  be  included.  The  saving  or  loss 
on  the  estimate  when  a  contract  such  as  paint- 
ing is  sublet  is  not  made  when  the  final  pay- 
ment has  been  made,  but  when  the  order  is 
given,  and  should  be  taken  into  account  then. 
We  do  not,  however,  keep  a  record  of  any 
but  the  big  orders,  as  the  thousand  and  one 
small  items  of  nails,  bolts,  tools,  etc.,  are 
billed  and  paid  for  very  soon  after  receipt 
and  quicklv  fiiid  their  place  in  our  records 
from  the  bills. 

Section  VI. — The  Monthly  Statement. 

Figure  15  shows  the  statement  which  is  pre- 
pared monthly  to  ascertain  the  amount  of 
money  saved  or  dropped  on  the  job.  These 
are  not  made  for  every  job  on  the  same  day, 
but  by  taking  two  or  three  jobs  in  turn  each 
week  we  make  it  part  of  our  regular  routine 
without  undue  pressure  at  any  time. 
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Fig.   12.     Office   Labor  Sheet. 


partmcnt.  They  are  then  entered  up  in  a 
waste  book  and  at  once  returned  to  the  book- 
keepers. One  waste  book  only  is  kept,  and 
the  bills  are  entered  as  they  come  in,  a  page 
at    a   time   being   kept    for   each   job   number, 


The  weekly  summaries  showed  labor  costs 
only.  If  any  item  (excavating,  for  instance) 
was  costing  20  cts.  per  yard  more  than  the 
estimate,  it  did  not  show  how  many  dollars 
the   total   loss  amounted  to.     Every  job  flue- 
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tuates  from  week  to  week.  Some  items  are 
over  the  estimate  and  some  show  a  saving. 
This  statement  lirings  these  items  all  into 
view  in  such  a  way  as  to  show  how  serious 
an  over-run  may  be,  and  the  linal  lootin.as 
show  within  a'  very  small  amount  just  liow 
the  job  stands. 

The  way  the  sheet  is  made  up  is — first  to 
copy  from  the  analysis  the  description  of  all 
the  items  and  place  the  unit  prices  in  the 
column  provided  on  the  left.  Then  from  the 
labor  and  material  records  to  enter  in  the 
"Actual  Cost"  columns  quantities  of  work 
<lone  and  materials  purchased,  with  their  unit 
costs  and  total  costs  to  date.  Then  to  work 
out  in  the  "Estimated  Cost"  column  the  cost 
of  the  quantities  done  at  the  estimated  prices. 
Then  to  enter  all  sub-contracts  made  in  the 
"Actual  Cost"  column  and  the  corresponding 
"Estimated  Cost,"  and  finally  to  work  out  the 
totals  saved  or  lost  on  each  group  of  items. 

A  glance  at  the  sheet  fsce  I'ig.  15")  will 
■show  some  considerable  variations  from  the 
original  estimate.  It  is  not  within  the  scope 
of  this   paper  to   discuss  the   actual   costs  on 


ment  shows  a  saving  on  sand  and  stone  off- 
set by  an  overrun  on  teaming.  It  is  not  neces- 
sary at  this  time  to  discuss  the  other  varia- 
tions, but  simply  to  note  that  the  difference 
l)etween  the  savings  and  the  losses  shows  a 
net  loss  of  $2.'^0  on  the  estimated  total. 

The  amount  of  contractor's  profit  does  not 
appear  on  these  sheets  or  in  any  of  the  cost 
accounting  records,  and  the  amounts  of  sav- 
ing or  loss  in  the  monthly  statement  have  to 
be  added  to  or  deducted  from  the  estimated 
profit. 

Section  VII. — Monthly  Comparison  of  Best 
Performances. 
Table  2  shows  a  statement  which  we  pre- 
pare monthly  showing  the  unit  labor  costs  of 
the  three  or  four  principal  items  of  construc- 
tion on  all  jobs  during  the  preceding  month. 
A  copy  of  this  sheet  is  sent  to  every  one  of 
our  foremen  and  superintendents.  This  is  not 
an  essential  part  of  our  system,  but  it  is 
awaited  with  great  interest  by  our  field  su- 
perintendents and  has  proved  a  very  useful 
factor  in  stimulating  a  general  interest  in  the 


ferred  elsewhere,  and  is  a  good  illustration 
of  the  necessity  of  unceasing  vigilance  in  su- 
perintendence to  avoid  sudden  drops  like  this. 
Tc  rest  of  the  carpenter  work  was  very  well 
done,  showing  a  saving  of  $044  on  the  forms. 
Plant  continued  to  run  high;  111)  tons  less 
of  stone  was  used  tlian  estimated,  owing  to 
its  being  extremely  well  graded  and  there- 
fore economical  in  use.  Cinders  cost  three 
times  the  estimated  amount,  owing  to  there 
being  none  available  at  the  owner's  plant  and 
no  other  factories  near  which  could  supply 
us.  Some  of  the  cinders  had  to  be  teamed 
four  miles. 

Section  IX — The  Final  Summary. 

When  tlie  job  is  completed  and  all  accounts 
are  paid,  the  figures  are  w-orked  up  into  a 
final  rummary  which  shows  the  costs  in  the 
same  manner  as  the  original  estimate.  The 
cost  of  plant,  cement,  etc.,  is  added  to  labor 
cost  of  forms,  and  in  general  figures  are  com- 
piled which  correspond  with  the  prevailing 
uictliods   of   figuring  construction   work. 

The  final  summary  on  the  job   from  which 
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is  work,  but  it  will  be  well  to  point  out 
what  i-.  shown  on  the  sheet  and  to  give  a  few 
explanaliiins  as  to  local  condition'^  to  mako 
thing-;   clear. 

It  will  be  seen,  first,  that  concrete  labor  is 
running  very  close  to  the  estimate,  although 
the  quantity  place<l  in  the  footings  was  18 
yds.  in  cNCcss  of  that  estimated.  Plant  shows 
a  loss  of  $2(>K,  chiefly  on  the  labor  items.  .\n 
old  construction  elevator  was  sent  to  the  job, 
which  was  rather  out  of  repair  and  several 
pans  had  to  be  refilled  or  remade  before  it 
cniilil  be  erected.  There  is  also  a  loss  on  the 
sand  and  stone.  It  was  fouml  that  the  crusher 
which  hail  been  counted  on  to  supply  us  could 
not  lie  ilepcnded  on,  and  we  therefore  had  to 
pnrrh;ise  from  a  quarry  further  away,  which 
had  a  railroad  delivery,  and  to  unload  and 
team  from  the  railroad,  which  was  ahojii  a 
mile  away.  As  we  were  tints  using  tcnms 
regularly  we  decided  to  buv  f.  o.  h.  teams  al 
the  pit.  instead  of  f.  o.  b.  at  the  job,  so  as  to 
keep   teams    steadily    employed,    so   the    statc- 


limekecping  and  cost  accounting  work,  and  is 
an  additional  incentive  to  our  men  to  try 
for   low   costs. 

The  costs  shown  on  this  statement  arc  near- 
ly always  lower  than  c)ur  aver.igc  costs,  as 
they  show  the  best  work  done  month  by 
month  and  do  not  bear  any  preliminary  ex- 
pense or  other  incidental  items.  They  will 
give  some  idea  of  what  run  be  done  under 
favorable  circmustances.  but  woidcl  not  be  a 
safe   guide    for   estimating    future   wurk 

Section  VIII. — The  Final  Comparison. 

Figures  It!  aiirl  17  show  the  final  comparison 
of  estimated  with  actual  costs.  This  is  simi- 
lar to  the  monthly  slalenient  fScction  \'l) 
au'l  needs  no  further  explanation  as  to  the 
method  nilopied,  hut  a  brief  notice  of  some 
of  its  chief  features  will  he  of  interest 

The  cost  of  laying  wood  screeds  to   • 
the  top  flooring  was  unexpectedly   bi.L'! 
bulk  of  it  was  ilone  in  one  week  at  the  close 
of  the  job  when  the  best  men  had  been  trans- 


niv  other  exhibits  have  been  taken  is  not  yet 
made  up,  so  I  have  taken  one  from  another 
job,  a  storage  building  completed  last  year 
(sec  higs.  18  and  11'.)  It  shows  the  method 
of  setting  out  the  ligurcs  sn  that,  at  a  glance, 
any  nf  ibc  important  details  of  the  cost  can 
be  referred  to.  The  final  summaries  of  all 
the  jobs  are  bound  together  in  a  loose-leaf 
liook  and  are  not  filed  with  the  job  records. 
Tbev  are  thus  always  at  hand  for  ready  ref- 
rrince   when   estimating    future   work. 

Conclusions. 

The  system  has  been  used  by  the  .'\berthaw 

I  ,  ...t,..  .,,,„   Cn.   for   over  two  years,  and   it 
!iig   to  liiok   back  and   see  what   re- 
lic traced  to  an  accurate  system  of 
<-'si   accounting.     In   comparing  my   esliuiates 
..f    five    years   ago   with   those   made   today,   I 
ud    that    I    e«timate    concrete    labor   at    least 
'I   per  cent   lower   than   then.     On   the   other 
'■and.    I    have    found    that    not    half    cnouch 
money  used  tr  be  figured  for  plant  and  tools. 
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Fig.  15.     Monthly  Statement. 

Our    labor   costs   on    forms   have   come   down      saving   on   this   item   is   due   to    improved   de- 
over  25  per  cent,  but  I  think  that  most  of  the      signs  and  methods  of  erection  than  to  a  study 


TABLE  II.  —  COPY  OF  SAMPLE  SHEET 

SHOWING  MONTHLY  COMPARISON  OP 

BEST  PERFORMANCES. 

Principal  Unit  Costs  for  Month  of  October,  1911. 

Concrete — Unload,   mix   and   place. 

N.B.     2  mixers  on  Job  941. 

Job         Cu.  Unit 

No.          yds.  cost. 
Largest    6    days'    run   of 

concrete    917           313  ?0.71 

941         2,205  .SSV. 

944            602  .62«, 

946            558  .57 
Largest    1    day    run    of 

concrete     917            107V4  .80% 

941            451  .38 

944            150  .54% 

•       946            233  .51H 
Lowest  day's  unit  cost — 

floors    917              96  .68Vi 

941            408  .31% 

944              16%  .31H 

946            132  .38 
Month's      average      unit 

cost    917            700  1.17 

941         5,030  .59H 

944         1.418  1.02 

946            393  .84 
Per  100 

Forms — Erecting   only.                     Sq.  ft.  sq.  ft. 

Floor    forms 917       45,628  $3.53 

941     291,016  3.92 

944       82,107  6.24 

946       24,568  7.10 

Wall    forms    917       None  None 

941       31.556  5.80 

944         3.855  9.59 

946       15,247  7.47 

Column  forms    917         3,723  3.17 

941       41,260  7.15 

944        11,494  9.08 

946         7,095  10.05 

Tons.  Per  ton. 
Placing'   floor  steel   (beam 

and   slab)    917         S2.18  $5.36 

941       886.5  4.17 

944         63.82  6.47 

946         37.00  6.S5 
Bend    and    place    column 

steel   917          6.56  5.30 

941         14.33  2.84 

944         15.92  8.62 

946           7.33  14.71 

of  the  unit  costs.  Steel  reinforcement  is  han- 
dled for  probably  10  per  cent  less  than  be- 
fore. Our  superintendents  have  all  got  a 
good  knowledge  of  costs,  and  are  really  in- 
terested   in    following    them    from    week    to 

week.     If  a  special  and  unusual  piece  of  con- 
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Fig.   16.      Final    Statement    of    Costs    (Continued    in    Fig.   17). 
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struction   work   is   to    be   built,   our    men    are 
keen  to  find  out  just  what  it  costs. 

Some  time  ago  a  large  job  began  to  show 
high  unit  costs ;  six  weeks  after  the  footings 
were  complete  the  monthly  statement  showed 
that  labor  had  overrun  the  estimate  by  $10,- 
000.     From   any   point   of   view   but   the   cost 

i  accounting  the  job  looked  all  right — well  or- 
ganized, and  a  large  force  of  men  all  work- 
ing busily.     Each   week's   report   showed   unit 

;  costs  as  high  as  its  predecessor.  .\t  the  e.x- 
piration  of  the  si.x  weeks  the  organization  of 

.  the  job  was  entirely  changed ;  a  new  car- 
penter foreman  was  put  on  and  several  other 

'  alterations  in  the  force  were  made,  and  at 
once   costs    began   to   go   down.     At   the   end 

'  of  the  whole  job  the  whole  of  the  $10,000 
over-run  had  been  picked  up  and  a  saving 
of  about  $700  made  on  the  estimated  labor 
costs.  It  is  not  often  that  such  extensive 
changes  are  needed,  but  often  on  a  job  some 
item  runs  too  high  for  two  or  three  weeks. 
Special   attention   is  given   to   that  item   until 


unit  costs  worked  out,  so  that  we  were  able 
to  compile  data  showing  how  much  each  post, 
joist,  etc.,  cost  to  erect. 

Although  the  system  may  at  first  sight 
seem  to  be  complicated  and  costly,  it  is  not  so 
in  fact.  The  work  in  our  office  is  all  done 
by  my  two  assistants,  who  work  with  adding 
machines,  and  I  give  not  more  than  one-fifth 
of  my  own  time  to  supervising  and  directing 
it.  Our  total  payrolls  in  the  summer-time 
sometimes  amount  to  as  much  as  $18,000  a 
week,  and  this  is  all  handled  by  these  two 
men  without  difficulty,  and  leaves  my  chief 
assistant  time  to  visit  the  jobs  occasionally. 
In  the  field  we  spend  little  more  than  other 
contractors  do  on  timekeeping.  On  a  job 
having  a  payroll  of  $1,500  to  $2,000  a  week, 
one  timekeeper  at  $15  would  give  his  whole 
time  to  timekeeping.  All  the  materials  would 
be  looked  after  by  a  material  clerk  at  about 
the  same  wage.  Larger  and  smaller  jobs 
would  have  different  organizations  as  their 
needs  required. 


out  without  mathematical  computation  the  in- 
termediate figures.  .-X  great  deal  of  labor 
may  be  saved  in  this  way.  But,  in  dealing 
with  contractor's  cost,  the  costs  have  to  be 
computed  first  and  the  plotting  of  a  curve 
of  costs  does  not  save  any  labor  or  show  any 
'  new  facts  which  were  not  easily  discernible 
by  tlie  computed  figures.  All  you  get  is  a 
wavy  line  which  may  be  satisfactory  to  the 
eye,  but  is  of  no  real  use  and  adds  nothing 
to  your  previous  knowledge.  It  does,  how- 
ever, give  a  visual  impression  which  is  help- 
ful to  some  who  do  not  readily  take  in  the 
significance  of  figures.  In  my  own  work,  if 
I  were  to  draw  curves  I  should  have  to  keep 
over  200  up  to  date  by  alterations  each  week 
and  should  need  a  special  assistant  for  the 
purpose. 

For  the  establishment  and  conduct  of  a 
proper  cost  accounting  system  on  construc- 
tion work,  the  chief  requisites  do  not  seem 
to  be  so  much  a  high  degree  of  technical  skill 
and  expert  knowledge  as  much  as  a  common- 
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Fig.   18.      Final  Summary  of  Cost  Accounts  (Continued  in  Fig  19). 


Fig.   19.      Final     Summary     of     Cost     Accounts 
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(Continued  from 


it  is  reduced  to  its  normal  level.  I  believe 
that  our  system  is  a  reliable  barometer,  show- 
ing from  week  to  week  what  our  jobs  are 
doing.  The  contractor  does  not  want  a  post- 
mortem which,  however  interesting,  does  not 
bring  hack  lost  profits.  He  wants  to  know 
as  the  job  goes  along  whether  he  is  making 
money  or  not,  where  his  profits  or  losses  are, 
and  whether  his  losses  can  he  stopped. 

Our  system  is  elastic  enough  to  take  care 
of  any  special  situations  or  furnish  any  in- 
formation required.  A  little  time  back,  I 
wished  to  analyze  closely  the  cost  of  our 
form  work  with  a  view  to  furnishing  our 
chief  engineer  with  data  which  would  guide 
him  in  making  the  most  economical  form  de- 
signs possible.  It  was  a  simple  matter  for 
me  in  laying  out  the  code  for  three  jobs  to 
subdivide  the  form  work  symbols  by  adding 
fourth  letters,  and  get  the  cost  and  quantities 
0/  posts,  joists,  mud  sills,  panels  and  beam 
sides,  etc..   all   reported    separately   and   their 


I  think  the  difficulties  which  are  hardest  to 
overcome  and  which  need  the  most  careful 
attention  are:  lirsl,  getting  the  timekeepers 
interested  enough  to  study  their  work  and 
divide  the  time  rightly;  second,  seeing  that 
quantities  are  reported  for  every  item  and 
reported  correctly.' ;  and.  third,  having  the 
figures  handled  in  the  office  by  men  that  un- 
derstand them.  My  assistants  have  been 
picked  not  from  the  ranks  of  bookkeepers  but 
from  our  own  timekeepers.  I  am  sure  all 
the  time  that  they  know  the  meaning  of  the 
figures  they  are  handling  and  can  detect  er- 
rors as  they  occur. 

As  I  am  sure  to  be  asked  why  I  have  not 
mentioned  the  subject  of  curves  or  shown 
any  in  this  paper,  I  will  anticipate  the  ques- 
tion by  saying  that  I  do  not  draw  curves  of 
any  of  my  cost  figures.  Where  there  is  a 
progression  in  figures  or  costs  between  a 
known  low  point  and  known  intermediate  and 
high   points,  a  curve   may  be   drawn   to  find 


sense  view  of  the  problem  to  be  tackled  and 
patient  persistence  in  working  out  the  details, 
refusing  to  be  halted  by  any  obstacles.  It 
is  easy  to  pay  large  fees  to  experts  to  install 
a  system.  It  is  not  so  easy  to  plug  away 
week  after  week  working  out  the  system,  pa- 
tiently instructing  men,  detecting  errors,  cor- 
recting them,  overcoming  opposition,  and  get- 
ling   results. 

This  paper  has  not  been  easy  to  write,  and 
certainly  has  been  very  difficult  to  make  in- 
teresting. .'Vs  far  a-s  I  know,  it  is  the  first 
time  that  a  paper  on  the  principles  and  rr>eth- 
ods  of  cost  accounting  on  construction  work 
has  been  prescnteil,  although  many  have  been 
read  on  tlie  subject  of  costs.  If  this  effort 
accomplishes  anything  towards  the  establish- 
ment of  accurate  and  uniform  methods  of 
figuring  costs  in  contracting  work,  I  feel  sure 
that  my  company  will  not  be  the  loser,  and 
Ihat  I  shall  be  more  than  recompensed  for 
the  time  put  in  in  compiling  these  remarks. 
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The  Strength  of  Equipment  for  Han- 
dling Loads. 

The  engineer  and  tlie  contractor  are  fre- 
quently required  to  pass  upon  tlie  strength  of 
various  parts  of  the  contractor's  equipment. 
.Accidents  due  to  weak  and  fauh.v  derails  are 
not  uncommon.  If  such  accidents  are  hirgely 
to  be  avoided  it  will  be  necessary  lor  those 
in  charge  to  become  more  familiar  with  the 
strength  ot  handling  equipment,  instead  of 
depending  upon  the  manufacturer  for  all  de- 
signs. The  following  data  on  the  strength  of 
equipment  for  handlmg  loads  were  abstracted 
from  a  paper  by  Mr.  Kdward  Godfrey,  struc- 
tural engineer,  R.  W.  Hunt  &.  Co.,  presented 
before  the  Engineers'  Society  of  Western 
Pennsylvania.  The  working  stress  recommend- 
ed by  the  author  is  smaller  than  that  commonly 
used,  but  when  we  consider  the  fact  that  han- 
dling equipment  is  often  used  by  men  wdio  do 
not  have  a  clear  conception  of  tlie  strengths  of 
various  materials,  low  working  stresses  are 
advisable. 

STRE.NGTH    Of    HOOKS. 

Some  time  ago  the  writer  was  asked  to  pass 
upon  the  safety  of  a  piece  of  equipment  wliich 
was  purchased  as  a  J2-ton  derrick.  The  tir^l 
liefect  he  found  was  a  6-ton  hook.  Other 
parts,  although  not  so  weak,  were  far  below 
their  requirements.  It  is  not  difficult  to  deter- 
mine the  safe  load  for  a  hook  of  any  given 
shape  and  dimensions.  The  critical  section  is  a 
horizontal  one  just  beside  the  opening  of  the 
hook.  In  any  of  the  hooks  shown  in  Fig.  1  the 
bending  movement  at  this  critical  section  is /'n. 
If  in  the  case  of  a  plain  round  rod,  curved  into 
a  hook,  we  assume  that  the  inner  diameter  of 
the  hook  is  twice  the  diameter  of  the  rod  the 
bending  moment  is  3/2Pd.  Using  10,000 
lbs.  per  square  inch  as  the  safe  fiber 
stress  and  0.982  tf  as  the  section  modulus 
of  a  circular  section,  we  have,  when  direct 
tension   is   considered, 

P  —  600  dr. 

From  this  equation  it  is  found  that  a  %-in. 
round  rod  of  ordinary  structural  steel  made 
into  a  hook  of  this  proportion  would  sustain 
safely  a  suddenly  applied  load  of  r^bout  loO 
lbs.  A  1-in.  rod  would  safelv  carry  a  load  of 
COO  lbs. ;  a  2-in.  rod,  2,400  lbs' ;  and  a  3-in.  rod, 
5,400  lbs. 

If  the  rod  is  flattened  at  the  side  of  tlie 
Iiook  the  same  amount  of  metal  will  give  a 
stifFer  and  more  efficient  hook.  Assuming  that 
the  rod  is  flattened  at  the  side  of  the  liook  in 
the  shape  of  an  ellipse,  with  the  long  diameter 
equal  to  twice  the  short  diameter  and  the  in- 
ner diameter  of  the  hook  equal  to  ihc  long 
diameter  of  the  ellipse,  we  obtam  the  fol- 
lowing : 

The  diameters  of  the  ellipse  of  area,  having 
an  area  equal  to  that  of  a  circular  section  of 
diameter  d  are  1.4  M  d  and  0.70"  d.  The  sec- 
tion modulus  of  the  same  ellipse  =  0.130  d', 
and  the  bending  moment  Po  =  1.414  Pd.  -Add- 
ing the  direct  tension  to  the  extreme  fiber 
stress  for  bending  we  have,  for  a  total  tiher 
stress  of  10,000  lbs., 

/'  =  870  d\ 

Hence  a  1-in.  rod  made  into  a  hook  of  these 
proportions  will  safely  carry  a  load  of  870 
lbs.:  a  2-in.  rod,  3,180  lbs. ;' and  a  3-in.  rod, 
7,a30  lbs. 

The  foregoing  values  are  given  to  show  ap- 
pro.ximately  the  capacity  of  hooks  made  of 
rounti  rods  and  the  advantage  of  the  simple 
expedient  of  flattening  the  rods  at  the  side  of 
the  hooks.  For  any  special  hook  made  of  a 
round  rod  the  capacity  can  be  determined  by 
using  the  actual  <liamcter  of  the  inside  of  the 
hook  and  of  the  rod  used. 

Standard  hooks  are  made  with  the  dimen- 
sions ai)d  proportions  .shown  in  Fig.  1  (c). 
The  thickening  of  the  cross-section  near  the 
inner  part  of  the  hook  has  the  double  advan- 
tage of  bringing  the  center  of  gravity  of  the 
section  closer  to  the  line  of  application  of  the 
load  and  of  increasing  the  area  of  metal  re- 
sisting tension.  .\  hook  is  more  apt  to  fail 
due  to  the  tension  in  the  extreme  fiber  at  the 
section  of  maximum  bendinc  than  due  to  com- 
pression, and  a  tension  failure  is  more  dis- 
astrous, as  the  hook  would  not  bend  but  would 


break   suddenly   without   warning.     Hence  the 
importance  of  added  tensile  strength. 

The  style  of  hook  shown  in  Fig.  Ic  w-as  de- 
signed and  its  proportions  worked  out  by  Mr. 
Henry  R.  Towne,  and  is  described  in  his 
treatise  on  "Cranes."  The  writer  has  taken 
these  dimensions  and  has  worked  out  the  sec- 
tion modulus  of  the  hook  as  well  as  the  loca- 
tion of  the  center  of  gravity  of  the  section. 
The  section  modulus  for  tension  was  found  to 
be  0.15  times  the  cube  of  the  diameter  of  the 
rod  used  in  making  the  hook.  A  few  of  the 
stated  capacities  of  these  hooks  are  given  in 
the  accompanying  table : 

Diameter   of   rod.                            Capapitv  ot  hooli, 
in  inches.  in  tons. 

%    % 

%  54 

ly*  1V4 

1%    2 

ZVi    5 

3H    10 

The  writer  has  tried  a  number  of  these 
hooks,  and  he  finds  that  the  extreme  fiber 
stress  for  these  capacities  is  close  to  18,000 
lbs.  per  square  inch.  This  means  that  these 
hooks,  in  order  to  be  safe  for  suddenly  ap- 
plied loads,  should  be  made  of  iiigh  carbon 
steel  and  not  of  the  ordinary  grade  of  struc- 
tural steel. 

Some  special  hooks  arc  in  use,  such  as  those 


are  apt  to  overstress  the  steel.  Soft  steels  are 
not  free,  however,  from  this  danger  of  sud- 
den and  sharp  breaks  when  subjected  to  re- 
peated excessive  stresses. 

Hooks  are  sometimes  annealed  after  they 
have  been  in  service  for  some  time  to  restore 
the  metal  to  its  original  condition.  1  he  com- 
mon notion  is  that  steel  crystallizes  in  service 
and  that  annealing  restores  the  structure  wliich 
is  injured  by  this  crystallization.  This  is  one 
of  the  half-truths  that  give  rise  to  much  mis- 
apprehension. Steel  can  be  made  to  g:ve  serv- 
ice indefinitely  without  any  deterioration ;  fur- 
thermore, it  is  impossible  to  change  ".l^e  crys- 
talline structure  of  cold  steel.  Steel  will  re- 
main permanently  uninjured  if  the  fiber  stress 
never  equals  or  exceeds  the  elastic  limit.  Re- 
peated application  of  fiber  stresses  close  to  or 
in  excess  of  the  elastic  limit  will  eventually 
rupture  the  steel.  Unfortunately,  equipment 
for  handling  loads  is  very  often  made  of  such 
size  that  tlie  loads  handled,  when  shock  is  con- 
sidered, are  sufficient  to  stress  the  steel  close 
to  the  elastic  limit.  The  result  is  that  such 
parts  as  hooks  and  chains  are  apt  to  fail  in 
service,  and  that  every  precaution  is  needed 
to  avoid  such  a  failure. 

Steel  which  has  been  badly  treated  b\-  apply- 
ing stresses  close  to  the  elastic  limit  is  ren- 
dered   brittle.      Annealing    restores,    to    some 


Fig.    1.     Various    Types    of    Hooks    Used    for    Handling    Loads. 


used  for  picking  up  girders  by  their  flanges. 
If  we  assume  that  the  lines  0.4  and  OB  (Fig. 
2)  make  angles  of  GO"  with  the  vertical  the 
force  acting  along  each  line  is  equal  to  the 
load  lifted,  or  P.  The  critical  section  is  at 
the  bend,  and  the  bending  moment  is  Pa. 
.Assuming  that  a  is  twice  the  thickness  of  the 
bar  of  which  the  hook  is  made  we  find  that 
at  10,000  lbs.  per  square  inch,  wlier.  direct 
tension  is  considered, 

_  P  =  770  bd. 

By  using  this  formula  it  is  found  that  a 
2x^-in.  bar  made  into  a  hook  of  these  pro- 
portions would  safely  lift  a  load  of  770  lbs.; 
a  4xl-in.  bar  would  safely  lift  a  load  of  3,080 
lbs. ;  etc. 

As  in  the  case  of  the  other  hooks,  the  pro- 
portions may  not  be  the  same  as  those  as- 
sumed here.  In  any  given  case  these  dimen- 
sions may  be  measured  and  the  capacity  of  the 
hooks  v.orkcd  out  by  the  method  given. 

The  unit  stress  assumed  in  the  foregoing  is 
based  on  the  use  of  ordinary  structural  steel. 
This  unit  stress  takes  into  account  the  shock 
of  a  suddenly  applied  load.  If  high  carbon 
steel  were  used  the  unit  stress  could  be  higher 
and  the  capacity  of  the  hooks  would  be  cor- 
respondingly higher. 

High  carbon  steel  is  often  used  for  hooks 
because  a  smaller  hook  may  be  used  with  the 
stronger  material.  If  the  fiber  stress  never 
exceeded  the  elastic  limit  of  the  niateiial,  high 
carbon  steel  would  be  entirely  safe  for  hooks. 
The  load  on  hooks,  however,  is  apt  to  be  quite 
variable  and  to  be  dropped  some  distance  in 
the  handling.  If  the  fiber  stress  equals  the 
elastic  limit  a  sufficient  number  of  applica- 
tions would  break  the  hooks.  In  softer  steels 
the  hook  would  probably  be  bent  and  thus  give 
warning,  but  in  high  carbon  steel  it  would 
snap  off  without  warning.  This  is  the  danger 
of   using  hard,   brittle  steels  where   the  loads 


extent  at  least,  the  toughness  of  the  sled  and 
will  often  forestall  failure. 

The  idea  that  steel  is  rendered  crystalline  by 
shock  is  a  mistaken  one.  Steel  is  crystalline 
under  any  condition.  If  it  is  broken  suddenly 
it  will  show  the  crystals  more  clearly  in  the 
fracture,  wliereas  if  the  same  piece  i.s  pulled 
apart  slowly  in  a  testing  machine  the  crystals 
will  be  drawn  out  like  fibers.  .Accidental  breaks 
are  almost  always  sudden  ones — thev  show 
crystalline  fractures — hence  tlie  comnc^n  idea 
that  steel  crystallizes  in  service. 

STRENGTH    OF   RINGS. 

Rings  are  required  on  the  ends  of  rliains  to 
throw  over  hooks  and  to  pass  t!ie  chain 
through  in  forming  slings.  Closed  rings  cari 
be  made  of  a  much  smaller  diameter  rod  than 
open  ones,  but  round  rings  must  be  of  larger 
rods  than  the  links  of  chain,  which  are  usually 
of  oval  shape.  Furthermore,  ■^ince  I'.ie  rin«s 
^re  of  larger  diameter  than  tlie  links  of  the 
chain  they  require  a  further  increase  in  the 
size  of  the  rod  for  equal  safety. 

If  a  circular  rin.g  whose  diameter  is  D.  made 
of  a  round  rod  of  diameter  d.  has  a  load  P 
applied  in  the  manner  in  wdiich  it  vould  be 
used  in  a  chain  the  bending  amount  at  the 
point  of  application  of  the  load  is 

A/ =  0.1.502  P  D: 
and  at  the  side  of  the  ring, 

M  =  0.0008  P  D. 

There  is  a  direct  pull  at  the  side  of  the  ring, 
the  unit  stress  of  which  will  be  added  to  that 
found  by  this  last  bending  moment,  but  in  a 
rinc  of  ordinary  proportions  this  will  not  be 
sufficient  to  make  the  extreme  fiber  stress  as 
great  as  that  at  the  point  of  application  of  the 
load.  Hence  the  greater  moment  is  the  cri- 
terion. Equating  this  to  the  section  modulus 
of  the  rod   (0.0982  d'^')   and  using  an  extreme 
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,  fiber  stress  of  10,000  lbs.  per  square  .inch  the 
safe  capacity  of  the  ring  is 
6170  <P 
P  = . 

I  ^ 

I      Hence  a  ring  of  %-in.  diameter  steel,  3  ins. 

I  in  diameter,  has  a  safe  capacity  of   JtiO  lbs.: 

i  a  4-in.  ring  of  %-in.  steel  has  a  capacity  of 

;  650  lbs.;  a  6-in.  ring  of  1-in  steel,  a  capacity 

•  of  1,030  lbs.;   a  7-in.   ring  of   \V*-\n.  steel,  a 

;  capacity  of   1,720   lbs.;   and   an   8-in.    ring   of 

1%-in.  steel  a  capacity  of  2,600  lbs. 

These  values  are  very  low,  and  for  quiescent 
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Fig.  2.    Special    Hook   for    Handling   Girders 

loads  they  could  be  twice  this  amount  or  more. 

Oval  links  are  stronger  tlian  round  ones 
because  the  bending  moment  is  less.  Without 
going  into  the  e.xact  theory  to  determine  the 
bending  moment  on  an  oval  ring  it  is  close 
enough  to  consider  that  the  strength  of  an 
oval  ring  is  equal  to  that  of  a  round  ring  of 
a  diameter  equal  to  the  short  diameter  of  the 
oval  ring. 

The  writer  knows  of  no  standard  in  use  for 
the  safe  strength  of  rings,  so  that  be  cannot 
make  any  detinite  statement  as  to  the  degree 
of  safety  usually  employed.  He  lias  seen  rings 
break  in  service,  which  is  a  good  fign  that 
they  were  overtaxed  in  that  service. 

STREN'GTH    OF   CH.M.NS. 

The  safe  loads  which  chains  may  carry  are 
usually  taken  as  one-third  of  the  ultimate 
strength  of  the  chain  under  test.  The  test  load 
is  usually  one-half  of  the  ultimate  strength  of 
the  chain.  This  load  is  usually  applied  to  the 
chain  after  its  manufacture.  It  is  by  no  means 
a  safe  load  for  the  chain,  although  it  is  some- 
times considered  as  such.  Applied  to  the 
chain  once,  it  elongates  the  links  somewhat, 
and  its  application  will  usually  delect  any 
badly  welded  links :  but  repeated  applications 
of  this  load  would  in  time  break  the  chain, 
as  it  stresses  the  fibers  beyond  the  clastic 
limit. 

When  a  chain  is  stressed  to  the  point  of  rup- 
ture in  a  testing  machine  the  links  elongate 
and  become  straight  and  parallel  along  the 
sides.  The  failure  i<  then  one  of  direct  ten- 
sion on  the  steel,  and  the  bending  stresses  of 
the  original  link  are  not  present.  For  this 
reason  the  ultimate  strength  of  a  steel  or 
wrought-iron  chain  is  not  in  itself  a  proper 
criterion  of  its  safe  load. 

There  is  another  way  in  which  a  chain  can 
be  broken.  This  is  by  the  process  of  repeated 
applications  of  a  load  which  will  stress  the 
txtrcine  fibers  of  the  metal  beyond  the  clastic 
limit.  The  links  need  not  be  appreciably  dis- 
torterl  by  this  load,  but  the  metal  is  gradually 
made  brittle  and  will  eventually  fail  ;it  a  load 
equal  to  or  less  than  that  which  it  has  repeat- 
edly carried.  The  break  will  be  short,  showing 
a  crystalline  fracture,  and  the  majority  of  ob- 
servers will  say  that  the  steel  was  crystallized 
in  service,  or  that  it  was  a  poor  grade  of 
metal,  or  was  burnt — all  of  which  are  wrong. 
This  false  interpretation  nf  failures  which  re- 
sult from  overloading  the  equipment  is  so 
common  that  it  has  become  engmcering  sec- 
ond nature  to  incorporate  it  into  practically 
every  report  on  such  failures,  Rings,  hooks, 
bends,  and  chains  all  fall  in  the  sainc  class. 
Men  reason  that  the  member  is  perfectly  safe 
because  the  load  is  carried  once,  or  3  number 
of  times,  or  because  the  ultimatestatic  load 
required   to   rupture   the   member  is   three  or 


four  times  that  which  it  is  carrying.  When 
failure  takes  place  they  say  "bad  steel  or 
crystallization."  This  error  of  judgii'.ent  has 
taken  hold  of  the  engineering  profession,  and 
from  the  writer's  experience  in  trying  to  root 
out  sundry  other  errors  he  believei  it  bids 
fair  to  abide  for  many  years. 

The  standard  safe  loads  used  on  chains  in 
one  bridge  shop  are  shown  in  the  following 
table : 

Diameter  ol  chain.  Capacity  of  chain, 

inches.  tons, 

%    1 

H    2 

%    3 

%    3 

%    6 

1       S 

1  1/16    10 

IH    11 

1  3/16    12 

l',4    14 

These  values  are  in  agreement  with  com- 
mon practice.  The  loads  are  about  oiic-third 
the  ultimate  strengths  of  the  chains. 

By   applying  the    formula,   for   round   rings 

prcviouslv  given,  i.  e.,  P  =  6,170 — ,  and  assum- 

D 
ing  the   short   diameter  of   a   link   to   be   2% 
times  that  of  the  rod  (Z?  =  2%  d)  we  find  that 
P=2,500  d\ 

Solving  this  equation  for  various  values  of 
d  we  find  that  the  safe  capacity  of  a  %-in. 
chain,  according  to  the  above  assumption  is 
350  lbs.;  that  of  a  %-in.  chain  is  620  lbs.;  that 
of  a  %-in.  chain  is  1,400  lbs.;  that  of  a  1-in. 
chain  is  2,500  lbs.;  and  that  of  a  1%-in.  chain 
is  3,900  lbs.  It  %vill  be  seen  that  these  values 
are  exceedingly  low,  something  like  one-sev- 
enth of  the  commonly  used  "safe"  loads.  Even 
if  doubled,  i.  e.,  if  20.000  lbs.  is  taken  as  the 
extreme  fiber  stress,  the  values  are  still  very 
low.  There  is  one  allowance  which  might  be 
made  in  determining  this  theoretic  strength  of 
a  chain,  namely,  a  reduction  in  the  l:ver  arm 
because  of  the  fact  that  the  links  fit  together 
to  some  extent  and  do  not  have  bearing  only 
at  a  point.  After  making  such  allowance, 
however,  it  is  plainly  seen  that  the  commonly 
used  safe  loads  on  chain  are  such  as  to  stress 
the  fibers  to  the  elastic  limit.  This  is  win- 
chains  get  brittle  and  break — why  they  need 
frequent  annealing.  It  also  explains  why  so 
many  coroner  juries  have  deliberated  over  a 
little  piece  of  "defective,"  "burnt,"  or  "crystal- 
lized" steel. 

.\  stud-link  chain  is  stronger  than  an 
ordinary  chain  because  the  studs  prevent  the 
links  from  flattening  and  thus  decrease  the 
bending  moment.  The  advantage  of  stud- 
link  chain  over  ordinary  chain  is  much 
greater  than  that  .shown  in  ultimate  tests 
because  of  the  diminished  bending  moincnt, 
something  that  does  not  show  up  in  ultimate 
test  loads,  but  does  appear  in  a  large  number 
of  applications  of  a  supposedly  safe  load. 

.Another  point  which  should  be  considered  is 
that  a  chain  which  is  safe  for  lifting  a  certain 
load  may  be  overstressed  in  lifting  that  load 
by  improper  hitching.  Referring  to  I-ig.  3,  if 
the  spread  of  the  chain  is  such  as  to  give  an 
angle  of  more  than  60  with  the  vertical,  the 
stress  in  the  two  parts  of  the  chain  will  be 
greater  than  the  load  lifted.  It  is  not  difficult 
to  determine,  in  a  practical  manner,  when  the 
angle  is  too  flat.  If  the  parts  of  the  chain  are 
not  equal  to  twice  the  vertical  height  Bl)  the 
force  triangle  is  flatter  than  an  ei|uila'cral  tri- 
angle, and  the  stress  on  the  twn  parts  of  the 
chain  is  greater  than  the  load  lifted  A  load 
of  the  capacity  of  the  chain  should  not  then 
be  lifted. 

.\  chain  is  usually  ma<lc  cither  of  wrought 
iron  or  of  soft  steel  that  is  capable  of  being 
welded.  \  wrought-iron  chain  is  better  than 
a  steel  chain  of  ordinary  quality,  because  it 
will  better  withstand  the  weather,  and  also  be- 
cause wrought-iron  welds  arc  more  reliable 
than  steel  welds.  Furthermore,  wmu^'ht-iron 
links  are  less  apt  to  brc.ik  abruptly;  tliey  will 
bend  and  give  warning  of  approaching  failure. 

There  is  not  iniicli  diflfcrence  in  the  slrengtli 
of  a  wrougbl-iron  and  a  soft  steel  chain.  The 
grade  of  steel  used  in  the  manufacture  of  the 
latter  has  an  ultimate  strength  of  but  little 
more  than  .Vi.dOO  lbs.  per  square  incli,  which 
is  about  the  upper  limit  of  wrought  iron. 


Chains,  as  well  as  rings  and  hooks  are  com- 
monly annealed  to  restore  the  toughness  of 
the  steel  or  iron.  This  annealing  usually  con- 
sists merely  of  building  a  fire  and  of  throwing 
the  chain  into  it ;  of  heating  it  red  hot,  and 
then  allowing  it  to  cool.  The  toughness  of  the 
metal  seems  to  be  restored  by  this  process,  for 
a  chain  which  is  quite  brittle  can  be  rendered 
useful  by  annealing.  The  fact  that  the  chain 
is  brittle  and  needs  to  be  annealed  indicates 
that  it  has  been  subjected  to  service  which  has 
stressed  the  fibers  close  to  or  above  the  elastic 
limit.  This  common  practice  of  annealing 
chain.s,  as  well  as  the  frequent  breaks  which 
occur,  are  the  outcome  of  the  still  mere  com- 
mon practice  of  overloading  equipment  for 
handling  loads. 

STREN-GTH   OF  C.VDLES  ASD  ROPES. 

Hemp  and  sisal  ropes  and  steel  cables  are 
much  used  in  handling  loads.  .\s  a  rule  there 
is  more  safety  in  the  use  of  cables  than  in  the 
use  of  chains  or  hooks.  When  loaded  excess- 
ively the  cables  will  stretch  appreci;.bly  and 
thus  give  evidence  of  their  distress.  They  will 
not  last  long,  however,  especially  with  the 
small  sheaves  that  it  is  customary  tc  use  in 
hoisting  equipment.  They  seldom  break  sud- 
denly and  the  wear  or  deterioration  is  plainly 
visible  on  the  surface  in  broken  wires,  which 
is  a  decided  advantage. 

The  ultimate  strength  of  a  few  sizes  of 
Manila  rope  are  given  in  the  following  table: 
Diameter  of  rope,  Ultimate   stiensrth 

inches.  of  lope.  pounds. 

Ml     TSO 

%     2.250 

»i     5.000 

1         9,000 

1V4     22.500 

2  "     39.000 

Sisal  rope  is  about  three-quarters  as  strong 
as  Manila.  The  strength  of  ropes  is  quite 
variable  because  of  the  different  qualities  of 
materials  used  in  their  manufacture.  The 
factor  of  safety  should  be  five  or  six  for  a 
good  life  of  rope. 

The  ultimate  strengths  of  a  few  sizes  of 
steel  cables  made  of  200,000-lb.  steel  are  given 
below,  these  breaking  loads  being  for  cables 
having  hemp  centers,  with  6  strands  of  19 
wires  each  of  so-called  crucible  steel: 
Diameter  of  cal)le.  Ultimate  strength 

inches.  of  cable,  pounds. 

>4     4.S00 

%     10,000 

V-     17,60(1 

»J     38,800 

1         08,000 

IV.     144,000 

2         248.000 

The  writer  is  informed  that  there  is  very 
little  steel  cable  made  in  this  country  of 
crucible  cast  steel.  The  material  generally 
used  is  an  imported  open-hearth  steel. 

The    proper   safe   load   on   a   steel   cable   is 

,8 


Fig.  3.    Improper  Spread  of  Chains. 


governed  somewhat  by  the  use  to  which  it  is 
to  be  put.  If  it  is  to  sustain  a  steady  pull  in 
a  stationary  position  a  factor  of  safety  of 
three  will  be  sulVicient.  ll  it  is  to  be  passed 
continually  over  small  sheaves  and  subjected 
to  varying  loads  the  factor  of  safety  should 
be  \\\K  or  six.  In  general  the  larger  t'le  factor 
of  safely  used  the  greater  the  life  of  the  cable. 
It  is  difficult  to  make  an  end  hitch  on  a 
steel  calile  which  will  be  as  strong  as  inc  cable 
itself.  The  usual  metliod  is  t«')  bare  and  broom 
the  ends  of  the  wires,  pickle  thcni,  and  then 
put  lb:  1  end  in  a  conical  socket  and 

pour  11  around  it.     It  might  be  rea- 

soned i.  .1'.  ..-  'iis  is  the  strongest  end  detail, 
it  is  the  proper  one  to  use  on  the  cable  in 
practice.  This  is  not  the  case,  however,  and 
.1  better  end  detail  is  made  by  looping  the 
cable  around  a  thimble  and  bolting  vith  sev- 
eral  clamps   the   free  end   to  the  cable   itself. 
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This  kind  of  hitcli  probably  would  not  show 
such  good  results  in  a  testing  machine,  because 
at  the  ultimate  load  of  a  cable  it  is  drawn 
down  in  diameter  and  would  slip  through  the 
clamps.  At  the  working  load,  however,  this 
would  not  take  place.  The  socket  detail  is 
uncertain.  It  is  impossible  to  tell  whether  or 
not  the  wires  are  held  firmly  in  the  metal 
without  pulling  the  joint  apart  and  thus  de- 
stroying it.  Furthermore,  there  may  be  un- 
equal stresses  on  the  several  wires,  as  well  as 
some  tendency  to  anneal  due  to  contact  with 
the  hot  metal.  It  can  be  readily  seen  whether 
or  not  the  clamped  type  of  end  hitch  is  prop- 
erly made. 

As  will  be  more  fully  explained  under 
"Sheaves,"  the  sheaves  and  drums  far  cables 
should  not  be  too  small.  Curving  the  cable 
to  a  short  radius  while  under  stress  is  detri- 
mental. The  outside  wires  are  thereby  over- 
stressed,  and  the  life  of  the  cable  is  siiortened. 
This  is  particularly  detrimental  when  the 
drums  or  sheaves  are  close  and  are  so  located 
as  to  bend  the  cable  in  different  directions; 
hence  it  is  important  in  the  proper  use  of 
cables  to  avoid  such  conditions  in  the  design 
of  the  equipment. 

Cables  should  be  lubricated,  not  only  to  pre- 
vent rust,  but  to  allow  the  wires  to  .slide  on 
each  other  so  as  to  diminish  the  stresses  due 
to  the  bending  of  the  cables.  Sometimes  a 
mixture  of  linseed  oil  and  pine  tar  is  used  as 
a  lubricant ;  sometimes  mica  axle  grease  is 
used. 

Cables  in  service  gradually  wear  out  due  to 
the  breaking,  one  after  another,  of  the  wires. 
These  breaks  arc  on  the  outside  of  the  cable 
where  they  can  be  seen  and  counted.  If  they 
are  quite  generally  distributed  along  the  cable 
the  reduction  in  its  strength  is  not  great,  un- 
less the  breaks  are  quite  numerous.  Mr.  S. 
Diescher  states  that  when  it  is  found  that 
within  the  length  of  the  pitch  of  a  strand 
about  lO  per  cent  of  the  wires  are  broken  it 
is  time  to  discard  the  cable.  There  are  114 
wires  in  the  ordinary  cable,  therefore  when 
41)  of  these  are  broken  in  the  length  of  the 
cable  in  which  a  strand  makes  a  i-omplete 
whirl  it  is  time  to  throw  away  the  cable.  This 
count  can  readily  be  made.  It  shoidd  be  made 
at  several  points  along  the  cable  and  the  con- 
dition of  the  cable  should  be  judged  by  the 
worst  section,  not  by  the  best  or  the  average. 

THE    SHE.-\VES. 

It  is  a  general  rule  that  the  sheaves  for 
ropes  and  cables  should  be  of  a  diameter  equal 
to  -30  or  40  times  that  of  the  cable  or  ropes. 
Although  this  rule  is  observed  in  stationary 
sheaves,  for  elevators,  inclines,  etc..  it  is  very 
generally  ignored  in  equipment  for  handling 
loads.  This  is  not  a  very  serious  matter,  how- 
ever, as  it  simply  means  that  the  cables  will 
wear  out  in  a  shorter  time.  The  rule  can 
scarcely  be  adhered  to  in  ordinarv  equipment, 
as  30-in.  sheaves  on  a  derrick  using  a  %-in. 
cable  would  be  very  much  in  the  way. 

In  the  matter  of  the  sizes  of  pins  in  sheaves 
there  is  room  for  improvement  in  common 
practice.  If  the  ordinary  methods  of  design- 
ing bridge  pins  were  applied  to  sheave  pins 
many  of  them  would  be  found  to  be  very 
highly  overstressed.  Many  designers  figure 
such  pins  for  shear  only.  This  is  a  mistake, 
as  the  bending  moment  is  the  governing  factor 
in  a  pin,  in  fact  it  is  the  only  one  which  needs 
to  be  considered. 

The  writer  has  checked  the  designs  of  many 
derricks  and  has  talked  with  the  designers. 
There  is  a  general  clisrcgard  of  engineering 
principles,  particularly  in  the  matter  of  bend- 
ing  moments  on  pins,   exhibited   both   by  the 


designers  and  by  their  work.  Pins  IV*  to  2.0 
ins.  in  diameter  are  the  common  standards. 
The  extreme  fiber  stresses  computed  in  the 
usual  way  are  often  in  excess  of  the  ultimate 
strength   of  the   steel. 

Wlien  the  pins  are  in  iron  or  steel  bearings 
they  may  be  considered  as  having  high  bearing 
pressure,  thus  shortening  the  lever  arm  for 
bending,  but  when  thev  are  in  wood  the  high 
pressure  would  crush  the  fibers  of  the  wood. 
It  is  important  in  such  cases  that  the  pins  be 
of  extra  large  size  .so  that  they  will  not  bend. 

DERRICKS. 

In  addition  to  the  parts  already  mentioned, 
all  of  which  are  used  in  derricks,  there  are 
other  parts  of  derricks  which  need  attention 
from  the  standpoint  of  strength  of  design, 
such  as  the  mast,  the  boom,  the  guys,  the  stiff - 
legs,  the  goose-necks,  the  gudgeon  pin,  etc. 

In  a  guyed  derrick  the  mast  must  be  high 
enough  to  allow  the  boom  to  pass  under  the 
guys.  In  many  stiff-leg  derricks  the  boom  is 
twice  as  long  as  the  mast.  Derricks  with  masts 
30  to  35  ft.  long  and  booms  60  to  70  ft.  long 
are  not  uncommon  ;  such  derricks  need  special 
care  on  account  of  the  long  boom,  snd  the 
problems  entailed  thereby.  One  of  these  prob- 
lems is  the  difficulty  of  obtaining  support  for 
the. long  and  slender  boom.  Frequently  the 
dead  end  of  the  boom  line  is  hitched  to  the 
boom  at  about  the  middle  of  the  boom  in  order 
to  support  the  weight.  The  writer  sees  no 
objection  to  this  so  long  as  the  stress  is  not 
too  great  for  the  size  of  the  boom. 

Hog  rods  with  one  or  two  intermediate  posts 
are  very  useful  in  reducing  the  unsupported 
length  of  a  boom.  These  should  be  used  where 
slender  booms  are  employed.  It  is  best  to  use 
them  on  all  four  sides  of  the  boom. 

In  designing  a  long  boom  the  ordinary  col- 
unm  formula  is  not  applicable.  The  straight- 
line  formula  for  columns,  although  excellent 
for  Ijridge  members,  fails  when  an  attempt  is 
made  to  use  it  for  slender  columns.  The  Gor- 
don-Rankine  formula,  witli  the  constant  usual- 
ly given,  is  unreliable  and  unsafe  when  used 
for  slender  colunms.  The  Euler  formula, 
when  properly  interpreted,  i.  e.,  when  it  is 
linderstood  that  the  formula  gives  the  abso- 
lute ultimate  load  which  a  column  will  sus- 
tain, is  the  proper  formula  for  slender  col- 
umns. The  common  idea  that  the  F.'der  for- 
mula gives  the  load  which  a  slender  column 
can  hold  in  equilibrium  is  totally  false  and 
gives  rise  to  error. 

If  the  modulus  of  elasticity  of  wood  is  taken 
at  1,500,000,  the  unit  stress  in  a  column  at  its 
ultimate  lo?d  is  given  bv  the   formula, 

(/- 
A"  :=  1,200,000  — . 

r- 

where  K  is  the  stress  per  square  inch,  and  d 
and  /  are  the  minimiun  width  and  the  length, 
respectively,  of  the  boom,  both  in  inciies. 

I'~or  example,  .n  llxl4-in.  boom  70  ft.  long, 
supported  for  its  own  weight,  will  have  an 
ultimate  strength  of  330  lbs.  per  square  inch. 
I'or  safe  load,  the  factor  of  safety  should  be 
at  least  two.  This  boom  would  then  be  safe 
for  Ui5  lbs.  per  square  inch  of  load  or  for  a 
total  load  of  .32.300  Ib.s.  This  boom,  if  sup- 
ported at  its  ends  only  in  a  horizontal  posi- 
tion, will  have  an  extreme  fiber  stress  from 
its  own  weight  of  nearly  000  lbs.  per  square 
inch,  yet  it  will  not  fail  from  this  stress.  It 
will,  however,  be  very  greatly  weakened  as  a 
compression  member.  Tliis  Iioom  is  -ine  which 
failed  in  a  derrick  while  lifting  a  load  of  18.- 
000  lbs.  The  computed  unit  stress  from  this 
load  was  170  lbs.  per  square  inch,  which  is 
just    about    the   allowable    safe   load,    but    the 


boom  was  not  supported  for  its  own  weight, 
and  in  its  inclined  position  the  extreme  fiber 
stress  due  to  its  weight  was  590  lbs.  per  square 
inch. 

The  strength  of  slender  compression  mem- 
bers under  lateral  loads  is  something  which 
has  not  received  proper  attention  in  engineer- 
ing literature.  The  writer  will  not  attempt  to 
go  into  this  further  at  this  time  except  to  point 
out  that  long  booms  sliould  be  so  supported 
that  their  weight  will  not  be  such  a  large 
factor  in  producing  stress. 

The  base  detail  of  a  derrick  is  important, 
especially  in  a  derrick  having  a  long  boom, 
on  account  of  the  large  horizontal  force  act- 
ing at  the  foot  of  the  mast.  The  writer  knows 
of  one  case  where  a  derrick  was  set  on  two 
12xl2-in.  timbers.  With  a  low  boom  the  hor- 
izontal force  was  sufficient  to  rock  these  heavy 
timbers.  The  sheaves  for  the  boom  line  and 
the  hoisting  line  were  placed  between  these 
limbers.  The  solution  in  this  case  was  to  bolt 
the  timbers  together,  using  spacing  blocks. 

The  gudgeon  pin  is  the  vertical  pm  at  the 
top  of  the  mast.  The  goose-necks,  which  are 
large  iron  straps  fastened  on  the  ends  of  the 
stiff-legs,  pass  over  this  gudgeon  pin.  This  pin 
is  sometimes  too  small  and  is  often  not  firmly 
held  at  the  extreme  end  of  the  mast,  and  as  a 
result  the  fibers  of  the  mast  are  crushed  or 
the  pin  is  bent.  There  should  not  be  merely 
a  ferrule  driven  in  the  top  of  the  mast,  with 
the  pin  in  a  hole  in  the  wood,  but  there  should 
be  a  steel  plate  over  the  end  of  the  mast  in 
which  the  pin  fits  snugly.  Furthermore,  this 
plate  should  be  bent  down  over  the  sides  of 
the  mast,  or  a  detail  equivalent  to  this  should 
be  provided.  The  splitting  of  the  mast  should 
also  be  prevented  by  placing  bolts  through  it 
near  the  end  of  the  mast. 

CRANES. 

The  various  manufacturers  of  traveling 
cranes  have  standard  cranes  for  given  capac- 
ities. Data  furnished  by  these  companies 
show  the  clearances  necessary  in  a  building, 
the  wheel  spacing,  the  loads  on  the  wheels, 
and  the  required  size  of  rail.  Roughly,  the 
load  on  a  pair  of  wheels  is  about  dotibic  the 
capacity  of  the  crane.  The  wheel  bases  usually 
run  from  7  to  12  ft.  A  number  of  these  stand- 
ard tables  are  shown  in  the  writer  s  book 
of   "Tables." 

The  maximum  moment  on  a  crane  girder 
will  occur  when  the  center  of  the  span  bisects 
the  distance  between  the  load  near  the  center 
and  the  center  of  gravity  of  the  system  of 
loads  on  the  span.  With  a  single  pair  of  wheels 
the  maximum  moment  is  given  when  one 
wheel  is  placed  a  distance  from  the  center  of 
span  e(|ual  to  one-quarter  of  the  dist.mce  be- 
tween the  wheels,  except  when  the  distance 
between  wheels  is  grater  than  0.59  of  the  span 
when  one  load  .'it  the  center  of  the  .-pan  will 
give  the  maximum  moment.  With  four  wheels 
all  on  the  span,  the  maximum  moment  is  ob- 
tained when  one  of  two  inner  wheels  is  placed 
a  distance  from  the  center  of  span  equal  to 
one-fourth  of  the  distance  between  the  two 
inner  wheels. 

Traveling  cranes  or  gantries  are  of  many 
forms  and  present  many  problems  as  to 
strength,  one  of  the  very  greatest  being  that 
of  securing  adequate  bracing.  More  wrecks 
have  been  caused  by  the  lack  of  bracing  in 
the  false  work  and  erection  equipment  than 
from  any  other  single  cause,  if  reinforced 
concrete  wrecks  be  excluded.  Timber  traveler.^ 
are  usually  well  braced,  but  it  seems  that  the 
larger  travelers  are  relatively  less  efficiently 
braced  than  the  smaller  ones. 


I 


SlcDCSdl 


Practical    Instructions    to     State     Aid 

Road  Foremen  in  Wisconsin. 

Successful  road  construction  is  based  upon 
careful  and  conscientious  attention  to  small 
details.     Methods  and   details  of  construction 


of  course  differ  widely  in  different  localities. 
Mr.  A.  R.  Hirst,  state  highway  engineer  of 
Wisconsin,  in  Hullctm  No.  4,  Wisconsin  State 
Highw.iy  Commission,  entitled,  "Instructions 
to  County  Highway  Commissioners  and  Fore- 
men for  Building  State  Aid  Roads  in  1914," 
points  out  the  methods  which  i)roduce  the  best 


results  in  his  state.     The  instructions  are  use- 
ful and  are  published  in  abstract  as  follows: 

GRADING. 

Slakintj  Out. — Before  starting  to  move  any 
earth,  stake  out  the  new  center  line  for  the 
distance  expected  to  be  constructed  that  year, 
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according  to  the  center  measurements  piven 
'  on  the  grade  sheet.  If  the  stakes  do  not 
'  line  up,  or  if  the  new  center  Hne  does  not 
;  strike  the  old  grade  to  the  hest  advantage, 
i  set  the  stakes  where  tney  should  be  and  make 
j  corrections  on  the  grade  sheet  accordingly. 
I  This  precaution  will  sometimes  save  costly  er- 
'  rors  in  grading.     It  is  best  to  set  th'*  grade 

and    slope    stakes    before    grading    is    begun. 

Make  the  cuts  and  fills  indicated  on  the  plan 

and   grade   sheet,   filling   slightly   in   excess   to 

allow   for  settlement. 

If  the  cut  or  fill  given  for  any  station  on 
;  the  grade  sheet  does  not  make  the  grade  line 
'  work  out  in  accordance  with  the  way  it  looks 
:  on   the   plan   or   is   obviously   wrong,    hx   that 

station   so   it   looks   right   and   reasonable   and 

build  accordingly.  About  500  measurements 
■  and  computations  are  necessary  before  the 
'  grade  sheet  of  a  mile  of  road  is  completed,  and 


wheeled  scrapers  from  75  to  300  ft.,  wagons 
(preferably  dump  wagons)  for  distances  over 
300  ft. 

In  those  few  cases  where  no  surveys  have 
been  made,  stake  out  a  center  line  for  the 
road  and  cut  the  humps  and  fill  the  hollows 
until  you  believe  a  satisfactory  job  is  secured. 
Then  shape  up  to  cross-section  with  road  ma- 
chine. Do  not  crown  the  center  portion  of 
roads  whicli  are  to  be  immediately  surfaced. 

Cross-Sections  and  Slofcs. — No  subject  in 
road  construction  has  more  difficulties  than 
the  subject  of  cross-sections.  Any  number 
of  cross-sections  may  be  drawn  and  still  some 
conditions  will  not  be  covered.  The  commis- 
sion has  for  1014  drawn  up  a  number  of  cross- 
sections  giving  dimensions  in  cuts  and  fills  for 
all  conditions  of  soil  and  locality  commonly 
encountered,  and  when  these  conditions  are 
encountered  they  must  be  followed.     No  road 
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Fig.  1.     standard  Cross  Section   for    Roads    In   Wisconsin. 


it  need  not  be  surprisinw  if  .111  occasional  mis- 
take is  made. 

If  a  cut  is  producing  too  nnicli  lill,  raise 
the  grade  e(|uallv  at  every  point  in  cut  and 
on  fill  until  it  bal.nnces.  If  not  enough  dirt 
is  produced,  lower  the  line  equally.  The  Com- 
mission will  not  object  to  any  rhange  in  line 
or  grade  that  lessens  work  and  secures  es- 
sentially the  same  results  that  the  (ilans  sent 
out  Would  have  secured.  If  possible  notify 
the  Commission  before  making  changes,  but 
if  not  possible  without  delaying  the  work,  ad- 
just matters  then  and  there  and  go  ahead. 

Slip  scrapers  will  be  found  to  be  thj-^  best 
tool    to    move    dirt    distances    up    to    75    ft., 


will  he  accepted  which  is  narrower  than  L'O 
ft.  wi<le  on  top  of  fills  or  narrower  than  -I 
ft.  between  ditches  in  cuts,  unless  a  lesser 
wiclth  is  especially  authorized. 

In  the  case  of  roads  to  be  surfaced,  leave 
the  rough  grading  perfectly  flat  in  the  center 
for  a  width  etiual  to  the  width  of  the  surfac- 
ing, plus  !•  It.  On  9  fl.  roads  beyond  the 
edge  of  this  flat  portion,  the  crorj-seclion 
shall  be  rough  graded  exactly  to  the  shape 
shown  (on  the  standard  cross-section  sheet 
for  earth  roads)  as  proper  for  the  soil  and 
construction  conditions  encountered.  This  will 
make  the  subgrading  work  much  easier  as  no 
dirt   has   then   to   be   moved,   except   with   the 


road  machine,  to  make  the  trench  for  stone. 
It  is  best  to  do  the  grading  and  culvert  work 
well  in  advance  of  the  surfacing.  That  work 
is  most  successful  on  which  the  gradirg  gang 
is  out  of  the  way  of  the  gang  laying  stone  or 
gravel. 

For  roads  which  are  simply  to  be  praded 
use  the  Cross  Section  for  Earth  Roads  (shown 
in  Fig.  1)  which  fits  the  conditions  you  are 
encountering.  The  change  in  cross-section  for 
different  soil  conditions  is  very  important,  and 
the  finished  cross-section  for  9  ft.  macadam 
and  gravel  roads  should  be  the  same  as  the 
earth  road  sections  for  similar  conditions.  It 
is  well  to  remember  on  all  work  that  on  fills 
about  2  ft.  in  width  will  usually  be  lost  be- 
fore the  road  finally  settles,  and  to  make  fills 
wider  than  the  final  width  called  for. 

Slopes  in  cuts  must  be  hand  trimmed  to 
the  slope  required  for  the  soil  encountered. 
Easing  up  on  work  by  leaving  steep,  un- 
trimmed  slopes  is  the  poorest  economy,  and 
will  not  be  allowed.  Keep  your  ditfh  lines 
and  edges  of  fills  straight  and  true.  Xothing 
will  have  more  efi'ect  upon  the  looks  of  a  job. 
In  the  case  of  contracts  for  grading,  the 
cross-section  and  slopes  required  must  be 
specified  in  the  body  of  the  contract  and  if 
different  cross-sections  are  to  be  used  at  dif- 
ferent sections,  so  state,  and  give  the  cross- 
section  numbers. 

Guard  Rait. — Guard  rail  should  be  placed 
wherever  the  drop  from  tlie  fill  to  a  landing 
place  is  more  than  4  ft.,  unless  slopes  of 
1  to  3  or  easier  are  used. 

Ditches. — In  the  final  shaping  up  of  the 
road  with  the  road  machine,  be  extremely 
careful  not  to  dig  in  too  deep  in  the  ditches 
at  any  point  so  as  to  leave  sumps  to  hold  wa- 
ter, and  if  such  places  are  made  be  sure  to 
fix  them  so  that  they  will  drain  out,  either 
by  further  trimming  with  the  road  machine 
or  by  hand  dug  ditches.  Nothing  gives  a 
worse  impression  than  standing  water  in  the 
ditches  along  a  newly  built  road,  and  it  is 
usually  possible  to  avoid  it  both  when  newly 
built  and  thereafter  if  care  is  used  in  the 
final  trimming  up.  Ko  road  except  on  marshes 
is  completed  until  the  ditches  are  so  cut  that 
they  run  clear  a  short  time  after  rains 

Where  roads  across  marshes  arc  built,  cut 
the  ditches  as  far  away  from  the  center  line 
as  is  reasonably  possible  (never  less  than  lOvfe 
ft.),  and  clear  and  grub  the  entire  distance 
between  the  ditches.  In  some  cases  water  will 
have  to  stand  in  such  ditches,  but  bottom  of 
ditch  levels  will  be  furnished  by  the  division 
engineer  wherever  the  fall  is  small  but  drain- 
age is  possible.  The  thing  which  should  dif- 
ferentiate state  roads  from  other  roads  is 
the  securing  of  the  best  possible  dramagc  in 
every  case. 

Tile  Underdrain. — Those  places  which  should 
be  tile  underdrained  are  usually  designated  on 
the  plans,  but  some  of  these  spots  may  he 
missed  by  the  surveying  engineer.  Tile  should 
be  used  in  all  cases  where  the  road  is  naturally 
spongy  or  springy,  or  where  running  water  is 
encountered  in  cuts.  This  holds  true  for  roads 
to  be  only  graded  and  drained  as  w'll  as  for 
surfaced    roads. 

Cuherls  and  Brid<>cs. — If  any  con^Tctc  or 
wood  floored  steel  bridges  lie  on  the  roa<l, 
>ur facing  material  can  be  placed  >ip  to  the 
ends,  but  in  the  case  of  wooden  bridges  where 
the  new  span  will  be  over  6  ft.  or  where  a 
steel  bridge  is  to  be  replaced  with  a  new  one 
in  a  year  or  two,  it  is  best  to  stop  permanent 
construction  25  ft.  from  each  end,  and  put  in 
a  temporary  surfacing. 

In  staking  out  a  culvert,  establish  the  cen- 
ter line  of  the  road  from  the  stakes  at  least 
.'KiO  ft.  on  each  side  of  it.  lay  out  cne-half 
the  total  length  of  the  culvert  on  cr.ch  side 
cf  the  center  stakes  nearest  the  culvert,  and 
stretch  strings  between  these  last  stakes.  The.se 
strings  will  give  you  the  inside  edge  of  your 
outside  end  wall  forms.  Re  super-careful  to 
see  that  the  end  walls  are  parallel  to  the  cen- 
ter line  of  the  road.  .After  lining  up  and  set- 
ting up  the  end  wall  forms,  sight  along  these 
in  both  directions  and  see  that  they  look  right 
and  are  right  before  starting  to  place  the 
concrete. 

.Maintenance  for  Earth   Roads. — The   Com 
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mis.sion  has  directed  tliat  in  1914  there  be  with- 
held from  the  amounts  available  for  the  con- 
struction of  earth  roads  a  sum  sufficient  to 
(1)  keep  the  road  dragged  the  balance  of 
the  season;  (2)  run  over  tlie  road  with  the 
road  machine  the  following  spring;  (3)  rem- 
edy any  erosions  in  fills  or  ditches  which  may 
have  shown  up  during  the  lirsl  winter,  and  (4) 
provide  for  the  dragging  of  the  road  the  whole 
of  the  second  season.  The  amount  to  be  with- 
held will  usually  be  about  $1U0.00  per  mile, 
though  tliis  will,  of  course,  vary  with  the  kind 
of  soil  and  the  length  of  the  cuts  r.rid  fills. 
In  general,  the  heavier  the  original  work  the 
larger  the  maintenance  fund  necessary.  It  is 
absolutely  necessarv  that  the  above  n'.eans  be 
taken  to  keep  in  good  condition  newly  graded 
earth  roads,  and  the  cost  of  tliis  work  is  a 
proper  charge,  against  the  construction  fund, 
inasmuch  as  no  freshly  graded  road  can  be 
made  a  good  road  in  one  season.  The  towns 
will  not  properly  attend  to  them,  and  it  is 
inevitable  that  if  they  are  not  properly  cared 
for  in  the  months  immediately  following  con- 
struction they  will  become  (unless  soil  condi- 
tions are  excellent)  almost  as  bad  as  they 
originally  were. 

The  best  arrangement  possible  to  make  for 
dragging  is  to  purchase  a  drag  and  to  place 
it  in  the  hands  of  some  interested  farmer  liv- 
ing along  or  near  tlie  road  to  be  maintained. 
and  to  pay  him  a  fixed  sum  per  mile  foi  drag- 
ging the  road.  The  common  price  is  now 
$O.T."-S1.00  per  mile  of  road  dragged  for  two 
round  trips  over  the  road.  The  man  who 
does  the  dragging  should  also  be  given  author- 
ity to  correct  any  small  defects  as  they  show 
up  and  to  keep  the  culverts  open.  A  little  care 
;n  arranging  for  the  proper  maintenance  of 
dirt  roads  will  furnish  an  object  lesson  to  the 
community  which  may  be  of  more  value  to 
it  than  the  construction  of  the  road  itself. 

The  grading  of  sand  roads  without  surfac- 
ing sliould  be  discouraged,  unless  it  is  intended 
to  surface  them  at  a  very  early  date.  It  is. 
of  course,  proper  to  cut  down  hills  and  fill 
across  marshes  on  sandy  roads,  and  even  wlicre 
the  surface  of  the  new  road  is  poor,  hauling 
is  usually  better  than  on  the  old  road,  but  the 
regrading  of  sandy  roads  where  the  grades 
at  present  are  light  is  not  beneficial,  and  it 
should  be  discouraged.  Where  sandy  spots 
;.re  encountered  in  grading  any  earth  mad, 
arrangements  should  be  made  to  cover  these 
sandj  spots  with  clay  and  make  a  sand-clay 
road,  or  to  cover  tliem  with  gravel  or  some 
other  surfacing  material.  It  produces  a  very 
bad  effect  to  grade  a  road,  possibly  spoiling 
the  old  clay  surface  in  the  process,  and  leav- 
ine  the  newly  graded  road  almost  impassalile 
aue  to  sand.  Judgment  in  matters  of  this 
kmd  will  be  very  much  to  your  credit. 

PRF-P.\RING    FOR    SURF..\C1NG. 

(.Ml  instructions  under  this  head  apply 
equally  well  to  stone,  gravel,  shale,  or  disin- 
tegrated granite  surfacing.) 

U'idlli  of  Surface. — Practically  all  surfaced 
road?  will  be  built  with  a  stone  or  gr'ivel  sur- 
face, !'  ft.  wide,  which  experience  in  Wiscon- 
sin has  proven  to  be  ample  for  00  per  cent 
of  even  the  main  traveled  roads.  T!""''  width 
trsually  arouses  some  antagonism  in  a  com- 
munity until  they  have  traveled  the  v.iad  for 
a  few  months,  but  if  properly  built  and  not 
humped  up  in  a  "hog  back,"  the  prejudice  soon 
wears  away  and  the  people  think  the  road 
"wide  enough  but  not  long  enough."  The  0 
ft.  road  has  won  its  way  until  it  is  the  stand- 
ard width  in  practically  every  countv  in  Wis- 
consin which  has  been  building  stone  o\  gravel 
roads. 

Road?  near  cities  or  villages  with  very  heavy 
traftic  will  be  built  I"),  1 1),  or  even  18  it.  wide. 
If  plans  arc  sent  out  for  a  it  ft.  rc^d  and 
the  county  highway  comniissinncr  or  the  town 
board  tliink  it  must  he  wider  to  properly  ac- 
commodate the  travel,  take  the  matter  up  with 
the  Commission.  I'.ut  remember  always  that 
even  the  dirt  shoulder  of  the  new  road  will 
probably  be  better  at  all  times  than  the  old 
road  e\cr  dared  to  be  at  the  same  season  of 
the  year. 

Poiiil  i>f  Bcgiiiuiiiii — Where  a  road  is  to  be 
'urfrced  with  crushed  stone  or  crushed  and 
-crecned  gravel,  it  is  best  to  commence  work 


at  the  end  of  tlie  road  farthest  away  from 
the  supply  of  material.  The  roller  can  then 
be  tun  continuously  without  interfering  with 
til..'  teams  delivering  material. 

On  sandy  soils  it  is  best  to  modify  this  rule 
and  build  in  sections  of  about  1,000  ft.  at  a 
time,  starting  1,000  ft.  from  the  end  of  the 
road  nearest  tlie  source  of  material  and  work- 
imr  back  toward  the  source.  When  this  is 
coinpleted,  take  another  1.00(1  ft.  section,  etc., 
driving  over  the  completed  sections  and 
around  the  section  under  construction.  By  this 
method  the  road  may  be  used  as  fast  as  com- 
pleted ;  shoulders  and  subgrade  will  be  kept 
in  better  shape;  many  cubic  yards  of  surfac- 
ing material  will  be  saved,  and  a  far  better 
road  will  be  gotten  than  if  the  material  being 
placed  is  hauled  over  continuously. 

In  those  few  cases  where  pit  run  gravel  is 
used,  and  especially  when  used  on  .i  sandy 
subgrade,  it  is  best  to  commence  work  at  the 
end  nearest  the  gravel  pit,  hauling  over  the 
first  course  for  1,000  ft.  or  more  before  laying 
the  second  course.  Fill  all  ruts  as  they  ap- 
pear in  each  course  immediately,  either  by  the 
use  of  a  small  grader,  a  road  drag,  or,  prefer- 
ably, by  raking  in  by  hand. 

Laying  Out  Subgrade  or  TrencJi. — Starting 
at  the  desired  point,  set  two  stakes  opposite 
the  reference  stake,  the  distance  between  them 
being  the  width  of  the  new  road.  To  do  this, 
refer  to  the  grade  sheet,  which  gives  Ihe  dis- 
tance from  the  side  stake  (placed  when  the 
survey  was  made)  to  the  center  of  the  new 
load.  Subtract  from  this  distance  one-half 
the  desired  width  of  road  and  put  in  a  stake 
with  inside  edge  at  this  distance  from  the  ref- 
erence stake.  Opposite  this  stake  place  another 
with  its  inside  edge  distant  the  width  of  the 
road  from  the  inside  edge  of  the  first  one.  All 
stakes  for  subgrade  should  be  made  cf  %-in. 
round  iron  about  24  ins.  long,  and  about  ~o 
should  be  kept   on   each   surfacing  job. 

Stake  out  TOO  or  800  ft.  at  a  time.  Be 
sure  that  the  stakes  are  in  line,  except  at 
bends  or  on  curves.  Usually  curves  will  have 
to  be  staked  out  by  eye  to  get  good  results. 

Ploii<  Work. — With  a  road  plow  cut  as  close 
to  the  inside  edge  of  stakes  as  possible  with- 
out disturbing  them,  turning  the  furrow  toward 
the  center  of  subgrade.  Plow  about  5  ins. 
deep.  One  furrow  on  each  side  is  generally 
sufficient.  Plow  should  be  equipped  with  shoe 
(ir  wheel  and  coulter.  If  a  rooter  is  used, 
three  furrows  on  each  side  will  usually  be 
necessary.  Make  first  cut  about  ,5  ins.  deep 
as  close  to  stakes  as  possible,  the  next  6  ins. 
nearer  the  center  of  the  road.  Drop  the  shoe 
down  so  rooter  will  run  about  .3  ins.  deep  for 
the  third  cut.  working  ti  ins.  nearer  center  of 
subgrade  than  previous  furrow. 

Grader  Work. — A  light  grader  that  can  be 
handled  with  two  horses  is  best.  Use  with 
the  blade  so  set  as  to  move  the  plowed  ground 
from  the  center  of  trench  or  subgrade  on  to 
the  bank  outside  of  stake  line.  This  work 
cannot  be  accomplished  neatly  with  tlie  grader 
alone,  as  some  of  the  earth  will  roll  back  into 
the  trench  under  the  best  of  conditions.  Make 
I  he  trencli  deep  enough.  The  depth  at  the 
sides  should  be  at  least  the  total  loost  deptn 
of  the  two  courses  of  material  and  more  than 
this  on  sandy  soils.  It  is  much  easier  to 
throw  out  excess  material  witli  the  road  grader 
after  the  surface  is  laid  than  it  is  to  bring 
extra  material  up  frorri  tlie  ditches  or  to  haul 
it  in  liy  wagons  during  the  finishing  wlicn  the 
trench  has  not  been  made  deep  enough  to  liold 
the  stone.  .Vothing  is  more  essential  than  a  ■ 
good  solid  shoulder,  and  the  time  to  get  it  is 
before  material  is  placed  in  the  trench.  In 
i;lay  soils,  after  making  the  trench,  plow  drains 
through  the  shoulders  every  50  ft.  on  both 
sides  and  every  2.5  ft.  at  low  points  between 
hills  and  immediatelv  clean  them  out  so  they 
will  drain  the  subgrade  in  case  of  rain. 

The  following  procedure  is  not  advised,  as 
it  is  usually  the  nitist  expensive  way  of  get- 
ting shoulders.  If  the  road  has  once  been 
covered  with  crushed  stone  or  gravel,  and  it 
is  not  desired  to  tear  up  the  old  surface, 
shoulders  can  be  brought  up  to  the  stakes  by 
bringing  in  dirt  with  the  road  machine  from 
the  side  banks  or  from  the  ditches  (if  the  lat- 
ter material  is  fit  to  use),  or  can  he  hauled  in 


witli  wagons.  If  the  old  road  has  a  crown  of 
1  in.  to  the  foot,  it  will  take  approximately 
1,100  cu.  yds.  of  compacted  material  per  mile 
to  build  up  6-in.  shoulders  and  retain  the 
minimum  width  of  20  ft.  on  top.  The  cost 
of  hauling  and  placing  this  material  is  usually 
very  much  greater  tlian  the  value  of  the  stone 
or  gravel  saved.  As  a  matter  of  fact,  no  ma- 
terial is  wasted  if  the  subgrade  or  trencli  is 
cut  in  the  old  surface,  the  stone  or  gravel 
thrown  out  making  an  excellent  shoulder. 
Failure  is  inevitable  if  an  attempt  is  made  to 
build  a  gravel  or  stone  road  witli  a  heavy 
roller  without  first  getting  proper  shoulders 
to  support  the  material  while  it  is  being  rolled. 

Hand  Work. — Straighten  up  stakes  and  drive 
them  firmly.  Tie  a  chalk  or  binder  twine  line 
to  stakes  on  each  side  so  line  will  draw  on 
inside  faces  of  stakes,  drawing  it  tight.  It  is 
usually  best  to  put  in  additional  stakes  at  50 
ft.  points  so  this  line  will  not  sag.  These  lines 
are  to  guide  the  laborer  in  trimming  the  shoul- 
ders so  the  edges  will  be  straight  :.nd  the 
grade  unjform.  On  a  9  ft.  road,  if  these  lines 
are  set  7  in.  above  center  of  subgrade,  thev 
will  be  1  ft.  higher  than  the  bottom  of  trench 
at  the  shoulder.  On  a  1.5  ft.  road  set  lines  C 
ins.  above  center  of  subgrade.  They  will  then 
be  1  ft.  higlier  than  the  bottom  of  trench  at 
the  shoulder.  The  blade  of  an  ordinary  square 
point  dirt  shovel  is  1  ft.  long  and  can  be 
used  by  the  laborer  to  tell  when  trench  is 
deep  enough  at  sides  bv  setting  blade  ot  shovel 
up  to  line.  Clean  out  drainage  trenches  through 
shoulders,  so  that  they  really  drain  out  from 
the  trench.  This  will  keep  the  trench  from 
filling  up  in  case  it  rains.  It  is  well  to  widen 
the  trench  and  road  on  the  inside  of  curves, 
and  to  elevate  the  outer  edge  of  curves 

Rolling  Subgrade. — .'Vfter  the  subgr<*de  has 
been  properly  shaped  to  the  same  crown  (or, 
better,  a  slightly  greater  crown)  tlian  the  fin- 
ished road  is  to  have,  it  should  be  ro'led  un- 
til hard,  especially  if  recently  filled.  Any  hol- 
lows that  develop  during  the  rolling  should 
be  filled.  Roll  enough,  but  stop  before  the 
top  layer  of  eartii  starts  to  slip.  Wet  spots  in 
the  subgrade  should  be  shoveled  out,  filled 
with  good  earth  or  cinders  and  rolled.  Don't 
leave  sink  holes  with  the  expectation  of  filling 
them  witii  crushed  stone.  They  must  be  dug 
out  and  refilled  with  good  material  if  a  firm 
surface  is  to  ever  be  gotten  at  that  point. 

CRUSHED    STONE    SURF.ACING. 

Weights  of  Surfacing  Material. — Wh.en  buy- 
ing by  weight,  to  find  the  amount  rtquired, 
estimate  that  limestone  weiglis  2.-500  lbs.  per 
cubic  yard  of  27  cu.  ft.;  granite,  disintegrated 
granite,  and  quartzite  2,800  lbs. ;  unscreened 
gravel  or  sand  3,000  lbs.,  and  crushed  gravel 
2.(>50  lbs.  Finer  crushed  sizes  will  wei^h  more 
than  coarse  sizes.  The  above  averages  the 
three  sizes  commonly  used  if  they  ::re  dry. 
Screenings,  sand,  and  gravel  are  often  shipped 

TABLE  I— NUMBER  OF  CUBIC  YAED.S  OK 
MATEI^dAL  PER  MIEE  TO  MAKE  A  GIVEN 
LOO.SE  DEPTH  FOR  VARIOUS  WIDTII.> 
OF  ROAD. 

Width    of    surfacing. 
9  ft.  14  ft.  15  ft.  l(i  ft.    IS  (I. 
Depth  of  loose  mate-      C:u.     Cu.     Cu.      Cu.      Cii. 
rial   In   Inches.         yds.    yd.s.    yds.     yds.     yds. 
IVi  in.  (screenings).      ISO      280      300      325       .167 

:i    in 440      6S4      73.3      782        88i1 

4  in r)87      913      079  1,043     1.171 

.■>  in 734  1.141  1.222  1,304     l.Je.'S 

6  In SSO  1. 309  1. 406  1,565     1,750 

Square  yards  of  sur- 
face  per  mile 5,280  8,213  8,800  9.387  10,560 

wet  and  will  then  weigli  far  in  exce.=s  of  the 
above. 

Spreading. — The  simplest  and  most  satisfac- 
tory wa>  to  spread  stone  accurately  to  a  defi- 
nite depth  is  to  know  how  many  cubic  yards 
are  in  a  load,  and  figure  from  Table  II  how 
many  feet  of  road  it  should  cover  to  the  depth 
required,  and  to  spread  it  over  that  many  feet 
and  no  more  or  no  less.  It  is  much  the  most 
convenient  to  have  all  loads  liaulcd  the  same 
size,  in  which  case  the  spreader  can  measure 
accurately  just  how  to  dump  each  load.  To 
find  tlie  capacity  in  cubic  yards  of  a  wagon, 
multiply  the  inside  length  by  the  wi  1th  and 
then   by   the   height    (all   in   feet)    and   divide 
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It  takes  a  good  man  to  make  a  good  spread- 
er. Much  of  the  looks  of  the  road  depends 
upon  his  work  and  much  of  the  money  avail- 
able can  be  wasted  by  a  careless  workman 
who  puts  on  too  much  material.  Check  the 
loose  depth  of  the  stone  often  and  see  that  he 
is  spreading  each  load  to  the  proper  distance 
so  that  stone  is  neither  too  thick  nor  too  thin. 

Daily  Otitpul. — For  macadam  roads,  much  of 
the  stone  will  be  locally  crushed,  usually  with 
portable  jaw  crushers.  The  screen  should  be 
in  two  sections  4  ft.  long,  ,30  ins.  in  diameter. 
the  first  section  with  perforations  ^'a-in.  in 
diameter,  and  the  second  with  perforations  2 
ins.  in  diameter.  The  bin  should  have  three 
sections  with  a  total  capacity  of  not  over  25 
tons,  and  should  be  portable. 

.Arrangements  for  stone  supply  to  the  crush- 
er should  be  such  as  to  permit  crushing  not 
less  than  7.5  cu.  yds.,  and  preferably  100  cu. 
yds.  per  working  day.  .A  daily  output  of  less 
than  T.ii  cu.  yds.  means  an  expensive  job. 

On  roads  of  crushed  stone  or  on  any  road 
where  a  roller  is  at  work  all  the  time,  the 
ciusher  and  roller  must  work  to  rapacity  if 
the  road  is  to  be  built  cheaply.  On  thf;se  roads 
a:  least  T.J  cu.  yds.  of  surfacing  material 
should  be  placed  each  day,  and  if  possible 
even  more  should  be  placed,  up  to  100  en.  yds. 

Vv'hen  a  one-course  gravel  road  is  built  and 

T.\BLE  n— NUMBER  OF  LINE.\R  FEET  OF 
-FT.  ROAD  A  LOAD  OF  A  GIVEN  SIZE 
-HOI'LD  COVER  FOR  VARIOUS  LOOSE 
HEPTH.S. 

Weight  Lit  Length  spread  for  loose  depth 

load.  in  inches. 


o 

^ 

7J 

Lbs. 

Lbs. 

3  ins. 

\  ins. 

5  ins. 

6  ins. 

2.80M 

2..>00 

1 

12  ft. 

9       ft. 

7.2  ft. 

r,     ft. 

3,500 

:!.12.5 

IVi 

loft. 

11.25  ft. 

0     ft. 

7.5  ft. 

4,200 

:;,7aO 

1% 

IS  ft. 

13.5    ft. 

10.8  ft. 

9  ■  ft. 

t,900 

4,37D 

1% 

21ft. 

15.75  ft. 

12.G  ft. 

10.5  ft. 

3,f.00 

.-,,000 

2 

24  ft. 

18       ft. 

14.4  ft. 

12      ft. 

$,.';oo 

.■..(125 

2 '4 

27  ft. 

20.25  ft. 

1G.2  ft. 

13.5  fl. 

7,000 

t;.250 

2% 

30  ft. 

22.5    ft. 

IS     ft. 

15     ft. 

T.TOO 

(..f.-t. 

2% 

33  ft. 

24.75  ft. 

19. S  ft. 

16.5  ft. 

■   inii 

7.500 

36  ft. 

27       ft. 

21.G  ft. 

18      ft. 

1  "ore  men 

mtist 

compel  spreaders  to 

use   this 

:    ble 

I    the  roller  finishes  it  later,  speed  is  not  so  es- 

'    scntial,  but  on  every   road  there   is  ?   certain 

■    fxed    job    cost    and    daily    cost    which    is    the 

'    same  whether  much  or  little  material  is  placed 

daily.     The    most   economical    road    is   always 

the  one  built  in  the  least  working  days.    Work 

gangs  of   such   size  that   they   can   pioduce   a 

'    L'ood  output  each  day. 

Firxl  Course— (1^0.  1  stone,  usually  2  ms. 
■  V/^  ins.  in  size,  usually  spread  to  a  loose 
Ucptb.  of  r,  ins.,  never  more  than  (>  ins.  and  sel- 
dom less  than  1  ins.') 
'  The  first  course  of  rock  or  gravel  can  now 
be  dumped  on  the  subgrade  and  spread  to 
the  required  thickness  with  rakes  and  •^hovels, 
after  which  it  is  to  be  rolled  until  it  is  packed 
firm  anrl  hard  and  there  is  no  niovcmem  under 
foot  as  vou  walk  on  it.  On  very  sandv  soils, 
to  keep  the  sand  from  working  up  through 
the  stone,  place  a  fair  covering  of  clav,  marsh 
hay,  hay,  straw,  or  weeds  (good  in  tl"  order 
nameil  I  liefore  placing  anv  stone.  Shoulder 
trenches  should  be  filled  with  the  No,  1  stone 
so  as  to  make  blind  drains.  Cover  the  stone 
in  the  trench  with  sods,  grass  side  down,  or 
with  hav  or  straw  to  keep  dirt  from  dogging 
the  water  course.  Care  should  be  used  in 
rolliii,'  the  first  course  to  keep  the  roller  in 
••  trcn.li  an<l  not  to  overl.ip  the  slonc  and 
.  rush  the  shoulders.  Roll  from  outer  edge 
toward  center.  Clav  or  screenings  are  seldom 
!ieccssar\'  on  the  first  course.  Place  about  '.00 
ft.  of  first  course  stone  before  startup,  to  lav 
\o.  2.  No.  1  bin  docs  not  usuallv  hold  this 
much,  but  No.  2  stone  can  be  put  in  the  bot- 
tom course  until  the  first  course  is  laid  .00 
^f  ahead,  provided  the  two  sizes  arc  kept  in 
■liar.ite  strips,  laving  sav  the  first  li'i  ft.  of 
o.  1  and  then  starting  with  No.  2.  Some 
:cier  to  pile  the  No.  2  until  the  No.  1  is  far 
iiough  ahead  and  use  it  when  the  end  of 
e  wiirk  is  reached. 
Wnrr.ntmjy.— .-Mthough    not    much    r.sed    in 


Wisconsin,  many  highway  engineers  claim  that 
a  good  stout  spike-toothed  harrow  is  a  ne- 
cessity in  properly  compacting  stone  and 
gravel,  and  that  a  large  part  of  the  rolling 
of  the  two  first  courses  can  be  saved  by  thor- 
ough harrowing  after  spreading. 

Second  Course. —  (No.  2  stone,  usually  Vz-in. 
to  2  ins.  in  size;  usually  spread  to  a  loose 
depth  of  4  ins.,  never  more  than  5  ins.,  sel- 
dom less  than  .S.) 

The  second  course  of  stone  is  now  hauled 
on  top  of  the  first  and  spread  evenly  to  the 
depth  called  for.  This  course  is  rolled  com- 
mencing on  each  outer  edge  with  the  rear 
wlieel  half  on  the  stone  and  half  on  the 
shoulders  and  rolling  toward  the  center.  The 
roller  should  be  run  over  this  course  a  num- 
ber of  times  until  the  stone  or  gravel  is 
brought  to  shape  and  fairly  well  compacted 
before  screenings  or  dust  is  applied.  .-Ml  low 
places  that  have  shown  up  sliould  be  filled 
with  No.  2  stone  and  high  spots  raked  down 
so  that  the  surface  presents  a  smooth,  even 
appearance. 

Third  Course  of  Screenings. —  (No.  3  stone, 
usually  from  dust  to  %-in.  in  size.  Not  neces- 
sary in  pit  run  gravel  or  shale  roads.) 

Screenings  may  be  hauled  at  any  time  after 
subgrade  has  been  finished.  Dump  in  piles 
with  inner  edge  about  2  ft.  from  edge  of 
trench  or  subgrade.  Never  dump  screenings 
on  the  second  course.  If  a  cubic  yards  of  27 
cu.  ft.  is  dumped  in  one  place,  the  centers  of 
piles  should  be  about  30  ft.  apart  for  a  9  ft. 
road,  or  about  18  ft.  apart  for  a  V>  ft.  road. 
A  cubic  yard  of  screening  under  ordinary  con- 
ditions will  cover  about  27.5  sq.  ft.  of  surface. 
.\  cubic  yard  of  screenings  bought  by  weight 
is  not  a  cubic  yard  by  measure,  especially  if 
wet. 

Use  a  square  point  dirt  shovel  to  apply 
screenings.  Put  them  on  very  thinly  with  a 
quick  sweeping  motion,  working  from  one  end 
of  the  road  toward  the  other  .  Keep  roller  run- 
ning constantly  while  putting  on  the  screen- 
ings. Repeat  this  process  until  all  voids  be- 
tween stones  are  filled.  Roll  until  stone  stops 
moving  and  the  surface  is  hard,  and  all  second 
course  stone  slightly  covered  with  screenings. 
It  is  necessary  to  bind  quartzite  or  granite 
with  some  good  cementing  material,  such  as 
clayey  pea  gravel  or  disintegrated  granite.  If 
neither  of  these  are  available,  it  is  best  to  use 
a  limestone  top  course  or  bind  tlie  granite 
with  a  bitumen.  Clays  and  liniestons  screen- 
ings have  not  proven  to  be  satisfactory  bind- 
ing materials  for  this  class  of  stone.  If  clay 
is  used,  apply  it  dry  a  little  at  a  time,  and 
after  the  voids  are  well  filled  and  the  road 
is  rolled,  cover  the  surface  with  screenings, 
preferably  with  the  dust  screened  out.  Don't 
use  too  iTiany  screenings — just  enough  to  nice- 
ly cover  the'  road  at  all  stages  is  just  right. 
Too  many  screenings  simply  allow  the  road 
to  rut  more  easily. 

F/i<.t/ii)i,f/.— With  the  stone  covered  with 
screenings  the  road  is  ready  for  water.  On 
clay  soils  trim  down  shoulders  with  load  ma- 
chine before  applying  water  to  prevent  too 
much  mud  at  sides.  Don't  try  to  finish  over 
400  ft.  of  road  at  one  time.  It  will  dry  out 
before  you  get  it  soaked.  It  is  customary  to 
finish  up  each  night  or  every  other  night  the 
road  readv  for  finishing.  If  screenings  stick 
to  tires,  scrape  them  oft'  or  keep  tires  well  wet 
,,r  both.  Sprinkle  road  until  screenings  are 
thorouglilv  soaked  and  tires  run  clean.  When 
road  is  wet  enough,  follow  sprinkler  with  roll- 
er. If  screenings  pick  up  on  roller  wlieels, 
stop  rolling  and  applv  more  water.  Keei> 
roller  as  close  to  sprinkler  as  possible.  If 
bare  spots  or  holes  appear,  put  on  enough  dust 
to  cover  them.  Sprinkle  and  roll  unid  water 
is  continiiallv  carried  alom:  in  front  of  the 
roller  wheels',  at  everv  point  of  the  ro;.d  being 
flushed.  Road  is  then  finished.  Pit  run  gravel 
roads  are  (lushed  in  about  the  same  w;ay,  but 
must  be  very  wet  when  rolled  or  quite  dry. 
.\  rainy  day  is  the  best  time  to  finish  a  road. 
If  the  road  fails  to  compact  and  is  spongy 
under  the  roller,  the  subgrade  is  too  wet.  Take 
the  roller  off  and  wait  until  the  roa<I  dries 
out.  or  if  conditions  are  very  bail,  die  out  the 
stone  and  mud  underneath,  refill  with  cood 
drv  material  and  surface  again.    Use  tile  drain 


where  necessary.  Never  have  more  than  600 
ft.  of  unfinished  road  on  your  hands.  Keep 
the  work  compact  and  finish  as  you  go. 

Trimming  Up. — After  the  road  has  dried 
sufficiently,  use  a  road  machine  to  smooth 
off  the  shoulders  to  proper  slopes.  Trim  shoul- 
ders so  water  can  get  from  center  of  road 
to  ditches  at  every  foot  of  the  road's  length. 
Remove  all  surplus  material.  Roll  shoulders 
as  far  out  as  is  safe  to  take  roller  and  trim 
off  the  excess  dirt  remaining.  Road  is  then 
finished  and  can  be  thrown  open  to  travel. 
Whenever  the  ground  permits,  it  is  a  good 
plan  to  smooth  off  and  widen  one  or  both  of 
the  ditches  so  as  to  permit  teams  to  use  them 
as  a  dirt  road  in  dry  weather  and  as  snow 
roads. 

Surface  Treatments.— It  is  very  necessary 
to  place  on  macadam  and  gravel  roads  a  pro- 
tective coating  of  some  bitumen  to  prevent 
excessive  wear  and  the  unraveling  incident  to 
heavy  automobile  traffic.  It  is  best  to  apply 
these  bituminous  coatings  some  months  after 
the  waterbound  macadam  or  gravel  road  is 
built.  The  ordinary  treatment  consists  of 
sweeping  the  roads  entirely  free  of  dur.t,  horse 
droppings,  and  other  dirt  so  that  the  stones 
are  exposed  as  much  as  possible  without  loos- 
ening them.  It  is  then  wise  to  thoroughly  wet 
the  road,  thus  further  cleaning  it,  and  after  it 
lias  dried  out,  to  apply  the  bitumen.  The 
bitumen  should  consist  preferably  of  a  refined 
tar.  or  an  asphaltic  oil  containing  at  least  80 
per  cent  of  asphalt.  Paraffin  base  oils  should 
not  be  used,  and  the  application  of  oils  con- 
taining less  than  80  per  cent  of  asphalt  (usual- 
ly known  as  light  oils)  is  not  advisable. 

The  bitumen  should  be  applied  at  the  rate 
of  about  one-half  gallon  per  square  yard  of 
surface.  Some  types  of  bitumen  are  simply 
.ipplied,  left  24  hours  or  more  to  thoroughly 
soak  in,  and  the  road  then  thrown  open  to 
travel.  Other  types  of  bitumen  arc  applied 
as  above  and  immediately,  or  a  few  hours  after 
application,  there  is  applied  a  coating  of  sharp, 
clean  sand  or  screenings  (preferably  with  the 
dust  eliminated)  to  absorb  the  surplus  bitumen. 
The  road  is  then  either  rolled  and  thrown  open 
to  traffic  or  thrown  open  to  traffic  without 
rolling.  The  cost  of  applying  surface  treat- 
ments of  bitumen  will  vary  from  5  to  10  cts. 
per  square  yard  of  surface  treated,  the  varia- 
tion being  the  difference  in  the  price  of  the 
bitumens  and  the  difference  in  other  conditions. 
.\n  advisablejprocedure  for  roads  built  in  1914 
is  to  throw  them  open  to  traffic  until  the  early 
part  of  next  summer.^  Surface  defects  should 
then  be  corrected  and  the  bitumen  applied  as 
above. 

OTHER  SURFACES. 

Gravel. — Gravel  roads  built  of  gravel  just 
as  it  occurs  in  the  oit  can  be  built  in  one  course 
and  fair  results  secured  if  no  roller  is  avail- 
able to  roll  it  until  after  all  material  is  placed, 
but  it  makes  a  much  better  road  if  the  gravel 
is  laid  in  two  courses  of  5  or  6  ins.  each  loose, 
and  each  course  thoroughly  rolled.  If  no  roll- 
ei  or  traction  engine  is  available  for  the  first 
ccurse,  make  the  trench  and  commence  to  lay 
an<l  spread  gravel  commencing  at  the  end  from 
which  the  gravel  is  hauled,  hauling  all  gravel 
lor  the  road  over  the  first  course.  If  this 
n.akes  hard  hauling,  apply  clay  until  the  gravel 
jiacks,  and  keep  the  ruts  raked  full.  After 
hauling  a  good  stretch  of  the  first  course, 
laying  second  course  can  commence  and  the 
lop  course  rolled  wdicn  a  roller  is  available.  No 
sirne  larger  than  4  ins.  should  be  allowed  in 
the  bottom  course,  and  none  larger  than  2  ins. 
in  the  top  course.  Always  rake  the  larger 
stone  to  the  bottom  of  the  course  being  placed. 
Rake  thoroughly. 

The  foregoing  is  not  the  advised  procedure, 
.-.nd  roads  will  not  be  so  constructed  except 
when  permission  is  given  in  writing  by  the 
division  engineer. 

The  Commission  prefers  to  have  pit  run 
cravel  roads  built  just  as  stone  roads  are  built 
except  that  no  screenings  or  third  course  is 
required.  Crushed  gravel  should  be  laid  in 
three  courses  in  exactly  the  same  manner  as 
is  crushed  stone.  When  at  all  doubtful  as 
to  the  advisability  of  using  a  gravel  as  it 
comes  from  the  pit.  notify  the  State  Commis- 
sion, and  an  inspector  will  be  sent  to  look  it 
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over  with  you  and  to  determine  how  best  to 
handle  it.  Crushing  and  screening,  screening 
out  sand  or  excess  clay,  or  adding  clay  and 
harrowing  it  in  will  often  work  wonders  with 
a  gravel  that  does  not  pack  well. 

Shale. — In  a  few  counties  shale  roads  are 
being  built.  Shale  must  he  laid  in  a  trench 
and  in  two  thoroughly  rolled  courses  to  get 
the  best  results.  .A  slight  covering  of  clayey 
gravel  will  produce  a  much  better  wearing  sur- 
face than  the  shale  alone. 

Saiid-Clay. — Roads  built  by  placing  clay  on 
sand  and  thoroughly  mixing  them,  or  vice 
versa  will  give  good  results  when  properly 
built. 

Bitiimiiwus  Macadam. — The  construction  of 
bituminous  macadam  roads  has  not  been  en- 
couraged by  the  Commission.  In  especial  cases 
macadam  roads  should  be  built  with  the  top 
course  of  stone  mixed  with  the  bitumen  either 
by  the  penetration  method  or  the  mixing  meth- 
od.    This  will  be  especially  true  where  gran- 


iri  dry  bearings.  Good  lubrication  of  all  ma- 
chinery is  the  first  step  toward  its  economical 
maintenance. 

Keep  a  good  supply  of  extra  parts  on  hand 
in  case  of  breakage,  especially  for  rock  crush- 
ers. An  extra  link  for  the  elevator  chain  may 
.'>ave  many  valuable  hours.  Extra  crusher  dies 
should  always  be  on  hand. 

A  tool  box  equipped  with  waterproof  cover 
and  fastened  with  a  padlock  is  a  necessity. 
This  box  should  contain,  among  other  things, 
a  good  supply  of  bolts  of  assorted  sizes  and 
lengths,  with  washers  to  match;  also  rivets, 
screws,  nails  and  spikes.  In  brief,  keep  con- 
stantly on  hand  a  generous  supply  of  every- 
thmg  likely  to  be  needed  in  case  of  a  break- 
down. 

Insist  that  the  roller  operator  keen  his  ma- 
chine clean  and  in  good  repair.  .\\\  grease 
and  dust  should  be  removed  from  the  machine 
sometime  before  the  close  of  each  day's  work. 
A   roller  that  has   the   appearance   of  a  piece 
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Fig.    1.     Comparison    of    Profiles   of    Routes  Between  Tryon,  N.  C.  and    Saluda,  N.  C. 


ites  or  quartzites  are  used  as  second  course 
material  and  good  binding  material  is  not 
available  at  a  reasonable  cost.  Experience  has 
demonstrated  that  the  harder  rocks  bound  with 
clay  have  not  proven  to  be  a  satisfactory  sur- 
facing under  heavy  automobile  traffic,  and  the 
tendency  will  undoulitcdly  be  to  build  such 
roads  only  when  good  binding  gravel  or  a 
bitumen  is  used  as  a  binder  for  the  second 
course.  Where  county  highway  commission- 
ers have  the  problem  of  constructing  macadam 
roads  with  stone  other  than  limestone,  it 
would  be  advisable  to  consider  thoroughly  this 
matter  of  bituminous  surfacings  before  bind- 
ing with  clay. 

Concrete. — Concrete  is  a  coming  type  of  con- 
struction for  heavily  traveled  roads  and  for 
roads  subject  to  overflow,  especially  v.hen  the 
overflow  is  rapid.  Don't  build  any  .stretch  of 
concrete  road  without  instructions  from  the 
state  commission  as  to  how  to  build  that  espe- 
cial piece  and  what  materials  to  use.  To  be 
successful  they  must  be  properly  built  of  good, 
clean,  screened  material,  and  of  a  mixture 
iiot  leaner  than  1  part  cement,  2  narts  sand  and 
:^'/i  parts  clean  gravel  or  crushed  ."^lone  not 
larger  than  2  ins.  in  size.  Concrete  roads  will 
not  be  built  of  pit  run  gravel  except  upon  per- 
mission   from  the  state  highway  engineer. 

The  ordinary  cost  will  be  about  $1.20  a 
square  yard,  although  it  may  vary  from  90  cts. 
tc  as  high  as  $1.75. 

CKNERAL    NOTES. 

Care  of  Machinery. — Koad  machinery  is  an 
txpensiye  investment,  but  doubly  so  if  care 
's  not  exercised  in  its  maintenance.  If  a  few 
simple  and  inexpensive  precautions  are  ob- 
served, It  will  result  in  an  annual  saving  of 
thousands  of  dollars  to  the  counties. 

In  the  case  of  rollers,  rock  crushers  and 
crusher  power,  which  during  operation  are 
constantly  exposed  to  dust,  a  liberal  supply  of 
oil  or  grease  should  be  used  to  flush  all  bear- 
ings and  thus  prevent  the  rapid  wear  resulting 
Ironi  the  presence  of  grit  and  foreign  matter 


of  junk  after  a  single  season's  work  is  evi- 
dence of  inexcusable  neglect  on  the  part  of 
the  county  highway  commissioner,  foreman 
and  roller  man. 

On  the  larger  jobs,  a  small  portable  black- 
smith's outfit  is  very  useful.  With  this  equip- 
ment, rooter  and  plow  points  and  small  tools 
can  be  sharpened  as  often  as  may  be  necessary 
without  the  delay  incident  to  sending  them  to 
a  blacksmith.  Dull  tools  make  expensive  work. 

When  the  season's  work  is  completed,  all 
machinery  should  be  cleaned  thoroughly,  and 
a  coating  of  heavy  oil  applied  to  all  polished 
surfaces,  boiler  jackets,  shafts,  etc.,  thus  pre- 
venting rust.  Also  paint  smoke  boxes  and 
stacks.  Machinery  should  be  stored  under 
cover.  It  is  not  necessary  that  storage  sheds 
have  tight  sides,  but  a  good  roof  is  essential. 
It  is  not  the  usual  practice  to  keep  rock  crush- 
ers under  cover,  but  if  this  is  done  the  ma- 
chine will  be  in  better  running  order  when 
work  is  again  begun.  Rollers,  road  machines, 
power  engines,  wheelers,  slips,  plows  and 
sprinkling  wagons  should  always  be  protected 
during  the  winter  season.  Drain  all  water 
from  all  machinery  before  leaving  it. 

Reminders. — Have  all  loads  hauled  of  the 
same  size.     It  helps  to  make  spreading  easy. 

Keep  traffic  off  the  road  surface  while  it  is 
being  built.  A  road  can  not  be  cheaply  or 
satisfactorily  finished  with  teams  constantly 
passing  over  the  stone. 

Don't  lay  stone  in  the  mud  ;  wait  until  the 
road  dries  out.  If  side  drains  are  properly 
made  and  are  kept  open,  the  subgrade  will 
clear  of  water  immediately  after  rains,  leav- 
ing it  dry  and  hard. 

No  good  stone  or  gravel  road  was  ever  built 
without  a  good  solid  subgrade  to  start  from. 

Don't  roll  first  course  of  stone  too  much. 
If  dirt  comes  up  so  it  shows,  stop  rolling. 

Don't  be  afraid  to  roll  the  second  course 
after  you  commence  to  apply  screenings.  The 
more  it  is  rolled  the  better  the  road  will  be. 

If  the  stone  crawls  ahead  of  roller,  loll  very 


slowly.  In  general,  it  is  best  not  to  run  roller 
too  fast. 

Put  screenings  on  evenly  and  a  thm  layer 
at  a  time — the  roller  will  work  them  into  the 
spaces  between  the  stones. 

Don't  forget  to  grade  whenever  possible  a 
dirt  road  in  the  ditches  of  surfaced  roads.  It 
will  be  much  used  in  dry  weather. 

The  foreman  who  makes  a  reputation  as  a 
road  builder  is  the  one  who  has  the  capacity 
of  taking  care  of  men  and  tools,  who  knows 
what  good  work  looks  like  and  does  it,  and 
who  is  content  with  no  work  that  he  does  un- 
less he  has  done  his  best. 

Attention  to  the  little  details  that  seem  hard- 
ly worth  while  will  make  the  difference  be- 
tween a  fine  road  and  just  a  road. 


Location  and  Construction  of  a  Section 
of  Mountain  Road  Between  Ashe- 
ville,  N.  C,  and  Spartanburg,  S.  C. 

Contributed  by  Albert  \V.  Merrick,  M.   \Vn.  Soc. 
C.    E.,    Boone,    la. 

Mountain  road  construction  is  interesting 
because  of  the  unusual  features  of  location 
generally  presented  and  the  heavy  excavation 
usually  necessary.  The  great  expense  involved 
in  constructing  mountain  roads  makes  any 
data  on  roads  already  built,  or  in  process  of 
construction,  of  great  value  to  the  engineer 
or  contractor   engaged   in  this  class  of   work. 

The  road  between  Asheville,  N.  C,  and 
Spartanburg,  S.  C,  a  distance  of  about  6ii 
miles,  was  completed  about  a  year  ago,  with 
the  exception 'of  a  section  8V2  miles  long  be- 
tween Tryon  and  Saluda  in  Polk  Co.,  N.  C. 
The  location  and  construction  features  inci- 
dent to  the  finishing  up  of  this  section  arc 
described  in  some  detail. 

Location. — Some  idea  of  the  difficulty  in 
locating  either  highways  or  railways  in  this 
section  may  be  had  when  it  is  known  that 
the  maximum  grade  of  the  Southern  Railway 
in  this  locality  is  4.8  ner  cent.  A  natural  out- 
let for  a  highway  is  provided  by  the  Pacolet 
River  whicli  rises  near  Saluda,  flows  east- 
wardly  and  passes  just  north  of  Tryon.  This 
outlet  had  not  previously  been  taken  advant- 
age of  on  account  of  the  rocky  and  precip- 
itous walls  of  the  valley  which  in  manv  places 
approach  close  to  the  stream. 

in  determining  the  location  two  routes  were 
considered:  (1)  by  way  of  Howard  Gap. 
where  a  road  already  existed,  and   (2)   a  val- 
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Fig.    2.      Details    of    Construction    Showing: 

(a)    Cross-section    of    Road,    (b)    Placing 

of     Holes     for     Blasting. 


ley  location  by  way  of  the  Pacolet  River 
.About  three  miles  of  the  lower  end  of  the 
Howard  Gap  route  could  have  been  entircl) 
relocated  so  as  to  secure  a  maximum  grade 
of  about  six  per  cent,  but  this  would  nave 
added  one  mile  to  the  distance  betwee'i  Tryon 
and  Saluda,     The  valley  or  Pacolet  River  lo- 
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iiion   involved  tho  construction  of  five  miles 

new   road   with   heavy   rock   cuts  and   four 

iilgcs   across    the    Pacolet    River.     A    fairly 

"(i   road   already   existed    for   a  distance  of 

.'-   miles   from   Tryon  to   an   old   river   ford. 

I  rom    this    point    relocation    and    heavy    rock 

.  e.xcavation   was   necessary,     (irade  profiles  of 

;  the   two    routes    are    shown    in    Fig.    1.     The 

'  Pacolet   River  route  was  adopted. 

In  locating  the  adopted  route  improvements 
in  alignment  and  grade  were  intro<l;iccd  in 
;  the  portion  along  the  river.  The  relocation 
I  from  the  old  ford  to  Saluda  is  along  a  rock 
■  cliff,  the  road  being  a  shelf  cut  in  the  rock. 
;  The  cross-section  adopted  is  shown  in  Fig. 
■_'  (a). 

(  onstniction. — In   making  the   rock   cxcava- 
liuii,  drill   holes  are   located   about  ."i   It.   from 
•  the   inside    line    of    the    t'lnished    roadway   and 
I  about  8   ft.  apart  limgitudinally,   as  illustrated 
in  Fig.  2(b;.      The  holes  are  'i  ins.  in  diam- 
eter at  the  top  and  i  ins.  at  the  bottom.     In 
,  blasting,  the  hole  is  sprung  with  l%-'2  .<;ticks  of 
40  per  cent   dynamite  and   loaded  with   about 
'   four    keys     (100    pounds)     of    black    powder. 
Anv   irregular   points   of   rock   which    may   be 
'  left    are    broken    off    with    small    charges    of 
>  dynamite.     Most  of  the  rock  excavation  is  in 
'  gneiss.     .Vfter  blasting   ( excejit  in  ledge  rock) 


Notes    on    Street    Lighting    for    Small 
Towns. 

In  the  construction  of  pavements  in  small 
towns  the  road  engineer  is  sometimes,  called 
upon  to  give  an  opinion  upon  the  method  of 
lighting  to  be  used  and  the  placing  of  the 
lamp  posts.  Mr.  .\.  P.  Little,  assistant  pro- 
fessor of  electrical  engineering  in  the  Okla- 
homa Agricultural  and  Mechanical  College, 
Stillwater,  Okla.,  in  his  paper,  "Street  Light- 
ing for  Small  Towns."  has  discussed  these 
questions  in  a  clear  and  elementarj-  manner, 
and  a  portion  of  his  paper  is  given  here. 

A  small  town  should  not  attempt  to  rival 
a  large  city  in  its  street  lighting.  In  towns 
and  villages  the  density  of  populatio.i  is  less 
and  the  value  of  real  estate  lower  than  in 
cities.  Hence,  if  the  same  degree  of  ilhimina- 
tion  is  attempted,  the  cost  per  caii'ta  and 
the  ratio  of  the  value  of  lighting  equipment 
to  property  value  may  become  e.xeessivcly 
large. 

Choice  of  llliiiiiinaiits. — The  choice  of  il- 
luminants  lies  between  tungsten  incardescent 
lamps  and  arc  lamps.  The  carbon  filament 
lami)  is  obsolete  for  this  purpose  because  of 
its  low  efficiency,  yellow  light,  rapid  decrease 
in    candIe])owcr    with    age,    and    its   shrrt   life. 


Fig.  3.    View  Showing  Type  of  Rock  Excavation. 


the  rock  usually  stands  at  a  ^lope  of  Vi  :1.  The 
character  of  the  rock  excavation  is  shown  in 
Fig.  3.  .*\  Sullivan  sleani  drill  is  used,  sup- 
plied by  a  portable  horizimlal  boiler.  Xegro 
labor  is  used  for  breaking  up  smaK  stone, 
wheeling  dirt  and  refuse  and  cleaning  up  after 
blasting.  For  some  of  the  heavier  cuts  in 
earth  a  revolving  steam  shovel  is  used. 

N'Alural  r(jck  quarried  and  cut  roughly  to 
dimension  dii  the  site  is  used  for  all  box  and 
arch  culverts  and  abutments  fur  steel  bridges. 
At  one  bridge  site  the  rock  ledges  forming 
the  banks  of  the  river  were  blasted  smooth 
anil  used  for  abutments.  The  four  "lO  ft. 
bridges  for  river  crossings  have  riveted,  pony 
trusses  and  a  clear  madway  of  l(i  ft. 

The  road  will  be  surfaced  with  sand-clay. 
On  sections  of  the  mad  having  a  clay  base.  •> 
ins.  of  sand  will  be  applied  and  throughly 
incorporated  with  the  uuilerlaying  clay.  The 
surface  will  be  rolleil.  On  the  rock  sections 
both  sand  and  clay  wil!  be  hauled.  This  will 
be  mixed  and  rolled  to  form  the  surface.  .'\ 
sum  of  $10,000  is  available  for  the  work  of 
surfacing. 

The  location  and  construction  of  the  road 
is  in  charge  of  Mr.  S.  i.'.  Cromwell.  .Mr.  W. 
L.  Webster,  resident  engineer,  is  located  at 
Tryon.  N.  C.  The  conrract  for  grading  and 
bridge  work  (except  st-el  bridges")  was  let 
to  Mr.  C.  D.  Greer. 


The  average  lite  i>i  the  series  tungsten  is 
about  1,0011  hours,  while  that  of  the  carbon 
filament  is  OOli;  the  efficiency  of  the  tungsten 
is  about  .So  candlepower  i)er  watt  ;  that  of 
the  carbon  .•')  candlepower  per  watt.  Of  the 
arc  lamps  the  open  I).  C.  arc  is  now  seldom 
used,  although  if  kept  in  proper  trim  it  gives 
better  results  than  the  .\.  C.  enclosed  arcs 
which  have  largely  superceded  it.  The  new 
types  of  arc  lamps — magnetite  tlanie  and  car- 
bon rtamc — arc  being  rapidly  introduced  and 
it  is  not  unreasonable  to  expect  that  these  will 
to  a  large  extent  replace  the  older  types  of 
carbon  arcs.  The  nilrugen  filled  tungsten 
lamps  recently  brought  nut,  which  give  Iwn 
candles  per  watt  ('_"/4  lilne^  as  efiicient  as  the 
ordinary  timgsten),  will  nn  doubt  conic  into 
extensive  use  for  street  lighting. 

Plnriitfi  (if  l.itlhts. — The  method  of  lighting 
which  is  least  expensive  in  first  cost  and  main- 
tenance is  by  means  ol  tiuigslen  lamp;  brack- 
eted from  pole's  at  street  intersections.  Over- 
head suspension  at  street  intersections  gives 
better  distrihulinn  of  light  but  costs  slightly 
more.  On  business  streets,  where  there  is 
considerable  tr.irtic,  a  l(M>  watt  tungsten  is 
about  the  smallest  that  can  be  used.  Two  hun- 
dred and  fifty  watt  lamps  give  very  satisfac- 
tory service  unless  they  are  spaced  too  far 
apart.  On  residence  streets,  lamps  r.s  small 
as  2o  watts  supported  on  brackets  from  poles 
at    each    street    intersection    have    betn    usetl. 


although  lamps  of  less  than  To  watts  do  not 
give  good  results.  If  the  town  is  ambitious 
to  have  more  artistic  lighting  on  its,  main 
thoroughfares,  closer  spacing  of  the  lights  is 
necessarj-.  These  lights  may  be  mounted  on 
brackets,  as  in  the  plan  outlined  above,  or  bet- 
ter still,  on  ornamental  posts.  Overhead  wires 
are  hardly  permissible  in  ornamental  lighting, 
therefore  the  wires  should  be  run  underground 
in   conduit. 

From  the  standpoint  of  economy  of  power, 
small  units  and  close  spacing  are  desirable. 
For  example :  One  hundred  watt  lamps  spaced 
every  half  block  will  give  the  same  illumina- 
tion midway  between  lights  as  40U  wait  lamps 
spaced  a  block  apart,  because  the  light  inten- 
sity varies  as  the  square  of  the  distance  and 
the  area  to  be  lighted  is  a  long  narrow  strip. 
The  point  at  which  close  spacing  ceases  to  be 
economical  is  reached,  however,  when  the 
cost  of  maintenance  plus  the  increase  in  cost 
of  interest,  depreciation,  etc.,  on  investment 
exceeds  the  saving  on  the  reduced  power  cost. 
No  definite  rule  can  be  given  to  determine 
the  economic  spacing,  because  the  cost  of  pow- 
er, material  and  installation  will  vary  in  dif- 
ferent localities.  Each  design  must  be  worked 
out  separately. 

For  very  bright  illumination  of  streets,  arc 
lamps  will  be  found  very  satisfactory,  espe- 
cially the  high  efficiency  ares  or  nitrogen  filled 
tungstens.  These  should  be  placed  high  above 
the  streets,  not  less  than  Jti  ft.  from  die  pave- 
ment, and  for  the  most  artistic  effect  should 
be  mounted  on  ornamental  posts.  By  short 
or  long  spacing  of  the  arcs  in  the  block,  any 
degree  of  illumination  may  be  obtained. 

EUiiiiiiatioji  of  Clare. —  It  is  very  important 
to  eliminate  glare  as  far  as  possible.  Glare 
occurs  when  a  bright  source  of  light  is  di- 
rectly in  the  line  of  vision.  The  eye  naturally 
adjusts  itself  to  the  brightest  light  in  the 
field  of  view,  and  consequently  objects  in 
the  shadow  are  difficut  to  perceive.  It  does 
not  seem  to  be  possible  to  avoid  it  entirely, 
but  it  may  be  reduced  in  the  following  ways : 

(1)  By  enclosing  lamps  in  opalescent 
globes. 

(2)  By  placing  lamps  high  above  the 
street. 

(3)  By  placing  the  lamps  in  a  line  with 
the  street  curbing. 

(,4)  By  using  shades  or  reflectors  of  proper 
design. 

By  combining  these  methods  as  far  as  prac- 
ticable the  best  results  will  be  obtained. 

.Systems  of  Dislribulion  and  Control. — The 
increase  in  illumination  in  a  growing  town  or 
village  is  usually  gradual — first  a  few  lights 
in  the  business  districts:  then  a  few  on  the 
residence  streets,  gradually  increasing  the 
number  and  size  of  the  lamps  until  quite  a 
respectable  street  lighting  system  is  built  up; 
respectable,  at  least,  in  point  of  size,  .^t  first 
these  lamps  are  supplied  with  current  from 
house-lighting  transformers.  If  the  central 
station  is  not  giving  day  service  it  will  not 
be  necessary  to  turn  them  off  at  any  time.  If 
the  plant  runs  during  the  day,  as  well  as  at 
night,  provision  should  be  made  to  turn  theni 
iitT  and  on,  although  this  is  not  always  done. 
For  instance,  to  burn  an  80  watt  lamp  during 
the  day  from  dusk  to  dusk  will  cost  on  the 
average  of  4  cts.  For  the  equivalent  of  say 
fifty  80  watt  lamps,  this  would  amount  to 
$2.00  per  day,  which  is  much  more  than  it 
would  cost  to  turn  them  on  and  ofT  each 
night,  even  with  individual  switches.  By  con- 
trolling .several  lamps  from  one  switch,  con- 
siderable labor  will  be  saved. 

For  a  small  system  of  a  few  dozen  lamps 
the  parallel  scheme  of  operation  may  be  sim- 
plest anil  most  practical.  In  comparing  the 
scries  and  parallel  system  it  is  well  to  note 
that  the  quantity  of  copper  rcquire.l  varies 
inversely  as  the  square  of  the  voltage  em- 
ployed. For  instance,  to  deliver  a  givet:  amount 
of  power  at  a  certain  per  cent  loss  with  100 
volts  will  require  100  limes  the  weight  of 
copper  that  is  needed  to  accomplish  Mie  same 
result  with  1,000  volts.  Therefore,  for  any 
considerable  number  of  lamps  the  scries  sys- 
tem is  most  economical,  since  the  constant 
potential  system  is  essentially  low  voltage, 
while  the  series  system  may  employ  voltage 
from  500  to  5,000  or  more. 
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Posts. — There  are  a  number  of  oniamental 
posts  on  the  market,  from  the  simple  single 
tungsten  unit  to  the  post  with  several  arc 
lamps.  A  three  to  five  lamp  post  usinp  40  to 
100  watt  lamps  each  enclosed  in  i  crystal 
opalescent  globe  presents  a  rather  mastive  ap- 
pearance and  is  especially  suitable  for  wide 
streets.  For  "white  way"  effects  therft  should 
not  be  less  than  four  posts  to  a  block.  If  sin- 
gle   lamp    posts    are    used,    more    will    be    re- 


(luired  to  the  block   for  good  illumination,  or 
higher  candlepowcr  units  may  be  used. 

The  tungsten  posts  are  ornamental  in  day- 
time as  well  as  at  night,  and  their  ciiicf  dis- 
advantage is  that  the  glare  is  somewhat  dis- 
agreeable because  the  lights  are  usually  placed 
low  to  avoid  excessive  cost  of  posts.  Tungsten 
posts  with  several  lamps  have  the  advantage 
that  they  cast  no  shadow  as  do  single  arc 
lamps.      On    streets    where    arc    lamps    placed 


high  would  give  excessively  deep  shadows  be- 
cause of  the  dense  foliage  of  the  trees,  the 
tungsten  posts  may  be  used  to  advantage. 

Main  St.,  Stillwater,  Okla.,  furnishe;  a  good 
example  of  ornamental  street  lighting.  This 
street  is  lighted  with  eights  posts  to  the  block, 
each  post  having  three  100  candlepower  tung- 
stens, each  enclosed  in  opalescent  globes.  This 
is  the  equivalent  of  six  enclosed  arc  lamps 
to  a  block  and  gives  excellent  results. 


U^ 
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The  Duty  of  Water. 

Contributed  by  Louis  Schmeer.  Long  Beach,  Ca!. 
The  term  "Duty  of  Water,"  denotes: 

(1)  Either  the'  quantity  of  water  required 
per  season  to  irrigate  a  unit  area  of  land — one 
acre,  one  hectare ;  or 

(2)  The  area  irrigated  per  season  by  a 
continuous  flow  of  a  unit  of  quantity — second- 
foot,  second-liter; 

(S)  The  quantity  continuously  flowing 
which  is  required  to  irrigate  a  unit  area  of 
land  per  season — fraction  of  a  second-foot  per 
acre,  second-liters  per  hectare. 

In  the  first  case,  the  units  of  quantity  are 
the  acre-foot  and  the  hectare-centimeter, 
quantities  sufficient  to  cover  the  area  of  one 
acre  one  foot,  the  area  of  one  hectare  one 
centimeter  deep. 

Since  the  area  of  one  acre  is  equal  to  43,560 
sq.  ft.,  one  acre-foot  contains  43,560  cu.  ft. 
=  325,850  gals.  =  1,360  tons  of  water.  Like- 
wise, since  the  area  of  one  hectare  is  equal  to 
10,000  square  meters,  one  hectare-centimeter 
contains  100  cubic  meters  or  100  metric  tons. 

In  the  second  case,  since  there  are  86,400 
seconds  in  24  hours,  a  flow  of  1  sec. -ft.  is 
equal  to  1,083  acre-feet  per  day  or  724  acre- 
feet  per  year.  Likewise  a  flow  of  one  second- 
liter  is  equal  to  0.864  hectare-centimeters  per 
day.  315.36  hectare-centimeters  per  year. 

in  the  third  case,  the  proper  unit  of  quan- 
titv  is  0.01  sec. -ft.,  the  customary  unit  a  min- 
er's inch  equal  to  0.02  sec. -ft.,  the  legal  unit 
a  miner's  inch  equal  to  0.025  sec.-ft.  in  Cali- 
fornia, Montana.  Arizona,  etc. 

Since  1  sec.-ft.  per  year  =  724  acre-feet, 
0.01  sec.-ft.  per  year  =  7.24  acre-ft.,  a  cus- 
tomary miner's  inch  per  acre  per  year  ^14.48 
acre-feet,  a  legal  miner's  inch  per  acre  per 
year  =  18.1  acre-feet  in  California,  etc. 

THE    NET    DUTY. 

The  net  duty  represents  the  quantity  of 
water  actually  used  in  the  production  of 
crops :  the  gross  duty  includes  also  the  quan- 
tities lost  through  seepage  and  evaporation  in 
canals  and  ditches. 

T.-VBLE  I. 


In  Table  I.  based  mainly  on  King's  experi- 
ments. Column  3  gives  the  quantities  of  water 
in  pounds  required  to  produce  1  lb.  of  dry 
matter :  Column  4  the  fraction  of  an  acre-foot 
required  to  produce  one  ton  of  dry  matter; 
Column  5  the  fraction  of  an  acre-foot  required 
to  produce  one  bushel  of  grain  or  potatoes. 
In  the  experiments  on  which  this  table  is 
based  no  water  was  lost  either  by  surface  run- 


TABLB  II. 
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Clayey   loam    Do9  0,11 

Very  shallow^   red   clay  soil.  .  1,129  O.i'i 

Clayey   gravel    1,024  0,79 

Clayey    loam    with    spots    of 

gravel     1,129  0,83 

Gravel    with    a    slight    cover 

of    silt    2,412  l.SO 

Gravely    soil    3,405  2,50 

off  or  by  percolation  beyond  the  reach  of  the 
roots   of   the   plant. 

.'Mthough  the  data  given  are  based  on  actual 
field  e.xperiments,  they  represent  cultural  con- 
ditions more  favorable  than  those  usually  met 
with  in  practical  agriculture  and  the  quantities 
of  water  indicated  are  to  be  regarded  as  the 
minimum  amounts  necessary  to  bring  a  crop 
to  maturity. 

The  data  in  Column  4  indicate  that  slightly 
more  than  one-third  of  an  acre-foot  is  re- 
quired to  produce  one  ton  of  the  cereals,  in- 

TABLE  TIL 


Loss,  In  Inches, 
first  5  days,  un- 
cultivated          11.9 


Top    1 


soil 


dry. 
per  cent 
balance  of 


Top    4-in. 
r,      per 
in    balance   of 
soil     


dry, 
cent 
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-  a   .           ToS        VoM  ,                   ,. 

t.  o  tj           v*^  fl        «*^w  Loss,    m    inches,    m 

j;  c  es  rt  £  «  t.*   .  cultivated     

2                                    ■'EH            n  =  ^'       '5'5'SS  Loss   in  oorrespond- 

--;                             'sc^           _~'5        ^c'So  Ing    6-day    period, 

t"  S;  "1        •/;*''-  oi-'-        oi-'^a  piiltivaterl     

•r  5                 .=  '«       •=■5'=           -z--^       =«.•-■«  Loss.    In    Inches, 

-..■2                 CT.        5  Si's           ii;S        iS^o,  first    3    days,    un- 

-i-  5"        5-2..  S«S        grt^.  cultivated     S.O 

Z'S  Xs        0.S5  ts.is-       tist'oo 

Wheat     4S3  0.333  0.025 

Rarloy     5  464.1  0.341  0.0223 

flats'        20           .-.03.9           0.369           0.0132  I»ss.    in    Inches,    In 

Corn    with    ears     52           270.9           0,199           0,0140  next    3    days,    un- 

I'Pas     ,,,, 1  477,2  0.351  cultivated     

F'otatoes     14           385,1           n.2.S3           0,0175  Loss  In   correspond- 

Clover    hav 40          576,1!          0,423          Inp    3-day    period, 

Decld,     trees 510  0,375  cultivated     .■ 

The    water    requirements    of    crops     under  cludinir    straw    and    stubble,    under    the    most 

various  conditions  of  culture  have  been  close-  favorable  conditions.    The  lesser  (piantity   re- 

Iv   studied,    Hellrie.ael   in   Germany   and   King  quired  bv  corn  is  no  doubt  due  to  the  thor- 

in  Wisconsin  have  done  valuable  work  along  ouch   cultivation   this  plant   receives. 

this   line    of   research ;    manv   imnortant    facts  The   amount  of   water   required   to  bring  a 

have  also  been  broui'ht  to  light  bv  the  U.   S.  crop  to  maturity  depends  upon   many   factors. 

nepartment    of    .•\griculturc.     Hellriegel    and  Of  paramount  importance  are  the  composition. 

King    undertook    both    pot-culture    and    field  texture    and    depth    of    soil    and    subsoil,    the 

experiments  and  determined  the  loss  of  water  method  of  cultivation,  the  method  of  aoolying 

with  great  precision,  the  water,  the  distribution  of  the  rainfall  and 
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1.39 
0.04 

0.S4 
0.29 
0.10 


to  some  extent  the  peculiarities  of  the  plants. 

Table  II  based  on  measurements  of  water 
delivered  to  alfalfa  fields  in  California,  gives 
data  indicating  the  great  influence  of  the 
depth  of  the  soil  and  its  texture  on  the 
amount  of  water  required. 

On  average  soils  in  the  state  of  Washington 
the  amount  of  water  required  to  produce  one 
ton  of  alfalfa  hay  has  been  found  to  vary 
between  0.365  and  0.45  acre-foot,  in  Xew  Mex- 
ico 0.428  acre-foot. 

Perels  found  the  relative  water  require- 
ments of  different  soils  to  be  as  follows ; 

Very   heavy   soils    1.00  

Heavy  soils    1.15  l.oo        .... 

Medium    soils    1.68  1.40         1.00 

Light   soils    2.30  I'.OO         1.3B 

It  is  plain  that  the  water  requirements  of  a 
soil  to  produce  a  given  quantity  of  matter 
will  be  the  less  the  greater  the  fertility  because 
the  loss  due  to  evaporation,  percolation  or 
surface  run-off  will  necessarily  be  relatively 
the  less  the  greater  the  quantity  of  matter 
produced. 

Cultivation  after  the  application  of  water 
just  as  soon  as  the  topmost  3  to  6  ins.  of  the 
soil  become  dry  enough  to  be  converted  into 
powder  and  frequent  and  thorough  cultivation 
thereafter,  reduce  losses  due  to  evaporation 
and  conserve  the  water  contents  of  the  soil. 
The  object  of  cultivation  is  the  destruction  of 
the  capillary  action  by  depriving  the  surface 
layer  of  the  soil  of  its  moisture;  for  capillary 
water  can  not  ascend  into  zones  entirely  dry 
and  consequently  can  not  reach  the  surface 
and   evaporate. 

The  effect  of  soil  cultivation  on  the  loss 
due  to  evaporation  was  investigated  by  Fortier 
and  the  results  of  his  experiments  are  summed 
up  in  Table  III. 

In  Table  IV.  also  by  Fortier.  the  figures  in 
columns  2  to  6  illustrate  the  influenire  of  a 
soil-cover  on  the  loss  due  to  evaporation.  The 
depth  of  water  applied  was  3.2  ins.  .-Xfter  this 
had  sunk  in.  the  soil  was  covered  to  the  depths 
indicated  in  Column  1. 

INFLUENCE    OF    METHODS    OF    IRRIG.\TI0X    ON    THi; 
DUTY   OF   W.ATER. 

There  are  many  ways  of  applying  witer  to 
the  soil  and  the  amount  required  to  bring  a 
crop  to  maturity  depends  to  some  extent  on 
the  method  in  use. 

Sub-surface  irrigation,  apparently  the  ideal 
method  of  applying  water,  is  in  most  situa- 
tions impracticable.  It  is  a  success  onlv  in 
very  porous  soils  in  which  the  water  t.tble  is 
at  no  great  distance  from  the  surface  and  the 

TABLE  IV. 


Total 

First 

Next 

Next 

Next      for 

Depth    of 

3 

4 

4 

3          1" 

cover. 

days. 

days. 

days. 

days.  dny?. 

.  .     0.43 

0,19 

0,0s 

0.02      o.s: 

4-ln.    mulch    . .  . 

..      0,13 

0.n:i 

0  03 

n  O'     0.21 

S-in.    mulch    . . . 

,,      0.04 

n.oi 

0.02 

0.01      0,0s 

32-ln.    mulch    .. 

..     0.01 

0.00 

0,01 

O.on      0.02 

soil  always  contains  a  good  percentage  of 
capillary  moisture.  The  method  was  formerlv 
much  in  voeuc  in  Europe  but  was  found  to 
be  inefiicient.  In  some  localities  it  is  still 
used  on   a   small   scale. 

Furrow  irrigation,  principally  used  in  or- 
chards, vineyards  and  truck  gardens,  if  prop- 
erly anolied.  is  one  of  the  most  economiciij 
and  efficient  methods .  in  use,  Fortier  found 
the   loss    due   to   evaporation   to   depend   in  a 
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I  great  measure  on  the  depth  of  the  furrows 
I  through  which  the  water  flows  and  gives  the 
]  following  data.  Table  V  based  on  experi- 
:  ments  made  in  California, 
i  Check  irrigation,  basin  irrigation,  border 
irrigation  is  the  prevailing  method  of  irrigat- 
!  ing  meadows,  pastures,  clover  and  alfalfa 
I  fields    and.    in    some    localities,    orchards    and 

I ■ 

i  TABLE  V. 

Evaporation  in  a  pe- 
Mithod   of  application.  riod  ol  10  days. 
Water    applied    at    the    sur- 
face,  no  furrow Loss  25  per  cent. 

Water   applied    in   a   furrow, 

3  ins.   deep   Loss  21  per  cent. 

Water   applied    in   a    furrow. 

6    ins.    deep Loss  17  per  cent. 

Water  applied    in   a   furrow, 

9  ;ns.  deep   Loss  16  per  cent. 

:  Water   applied    In   a    furrow, 

12    ins.    deep Loss  12  per  cent. 

'  vineyards.    It  is  also  applied  in  the  culture  of 

rice,  sugar  cane.  etc.    Where  this  method  is  in 

use   the    field    is    divided    into    plots    denoted 

checks   or   basins.     These    are    flat    reservoirs 

'  hounded  by  temporary  or  permanent  levees  or 

'  dikes.    In    meadows,    pastures,    grain   and    al- 

'  falfa    fields,    the    principal    dams    run    along 

contour  lines  and   the  plots  are  0.2.5  to   1    ft. 

apart    vertically :    subdivision    dams    run    with 

the   slope.    Temporary   rectangular   basins   of 

small  area. are   used  to  irrigate  orchards  and 

vineyards. 

;      Sheet    irrigation    is    a    method     frequently 

used    to    irrigate    alfalfa    fields.     Where    this 

•  method  is  used  the  land  is  divided  into  long 
'  rectangles  by  low  dams  running  with  the 
'  slope.    The  water  is  admitted  into  the  beds  at 

,  the  upper  end  from  ditches  running  along 
contour  lines  in  sections  and  flows  down  the 
slone  in  thin  sheets. 

Contour  channel  irrigation  is  a  favorite 
method  in  Europe,  cspcciallv  in  the  South,  of 
irrigating    meadows    and    clover    and    alfalfa 

■  fields.  The  method  is  similar  to  that  described 
last :  the  supply  channels  run  along  contoin- 
lines  in  sections,  tl-.e  water  passes  over  the 
edges  and  flows  in  thin  sheets  down  the  slope. 

•  which  is  usuallv  2  to  4  per  cent.  The  distance 
between    distributors    varies    between    2.")    and 

'  75  ft.    The  plots  are  not  divided  by  levees  as 

'  in  the  sheet  Hooding  system. 

'  Bed  flooding,  another  method  much  in  use 
in  Europe  is  a  combination  of  the  basin   irri- 

,  gation  and  sheet  flooding  methods.  .\  stream 
of  water  flows  constantly  into  a  basin  at  one 

'  end.  the  surface  of  the  bed  is  covered  to  a 
depth  of  3  ins.,  the  surplus  passes  out  at  the 
other  end  into  a  waste  channel.  It  is  claime<l 
that  bv  the  application  of  this  method  the 
fertilizing  contents  of  the  water   are  precipi- 

'  tated  to  a  greater  extent  than  where  contour 
flooding  is  used. 

Wild  flooding  is  a  system  of  irrigation  in 
use  where  the  land  has  not  been  prepared  for 
the  distribution  of  the  water.  It  is  the  most 
wasteful  method.  Water  is  admitted  in 
streams  at  the  highest  points  in  the  field  and 

'  no  attempt  is  made  to  eflfect  an  equal  distri- 
bution. 

Pipe  flooding  is  a  method  in  vogue  in  the 
alfalfa  fields  of  Southern  California.  The 
water  arrives  at  the  head  of  the  field  in  a 
cement  pipe  and  flows  through  a  hydrant  into 
a  (1  or  8-in.  slin-joint  light  steel  pipe  lying 
loose  in  the  field.  From  the  end  of  this  the 
water  flows  into  the  stubble.    The  distribution 

,  begins  at  the  head  of  the  field  and  sections  of 
the  pipe  arc  slipped  on  as  the  distance  from 

■  the  hvdrant  increases.  This  method  of  dis- 
tribution is  efiicicnt  but  costly,  no  expensive 
pronaration  of  the  land  is,  however,  rennired. 

The   seasonal  distribution  of  rainfall  is  an- 
'icr    factor    having    some    influence    on    the 
i.intity  of  water  renuircd  to  mature  a  crop. 
It  has   been   observed   that    in   regions   where 
sumn'or   rains   prevail    .ind    are    frequent    the 
,  roof    system    of    the    cultural    plants    has    a 
tondenc>-  to  develop  near  the   surface.    Since 
the  surface   lavcrs   are   most   exposed   to   the 
evaporatiniT   effects,    they    and    the    roots    em- 
bedded will  lose  their  moisture  easily  -i"''  t^"' 
plant  will  siitTer  luilcss   frcoiiont  showers  oo- 
ciT.    West   of   the    Rocky    Mountains,    where 
winter  rains  prevail  and  no  rain   falls  during 


the  last  part  of  the  growing  season,  the  roots 
recede  from  the  threatening  drought  and  heat, 
growing  downward  toward  zones  where  the 
moisture  accumulated  during  the  winter  is  in 
store.  The  plant  is  in  consequence  but  little 
affected  by  conditions  existing  at  the  surface 
and  will  mature  even  if  no  rain  falls  during 
the  last  60  days.  To  this  is  due  the  fact  that 
a  crop  will  mature  west  of  the  Rockies  with  a 
less  abundant  supply  of  moisture  than  on  the 
great  plains. 

Table  VI  based  on  data  published  by  the 
U.  S.  Department  of  Agriculture,  gives  the 
net  duty  of  water  for  some  of  tlie  common 
agricultural  plants  under  conditions  existing 
in  the  different  states  of  the  West. 

In  Southern  California  the  usual  allowance 
for  citrus  groves  is  one  miner's  inch  (0.02 
sec.-ft.)  continuous  flow  for  every  five  acres. 
This  corresponds  to  a  duty  of  2.23  acre-feet. 

METHODS     OF      ESTIM.ATIN'G      THE     NET     DUTY     OF 
W.VTER. 

In  estimating  the  net  duty  of  water,  the 
quantities  required  to  produce  one  ton  of 
hay,  one  cental  or  bushel  of  wheat,  barley, 
oats,  potatoes,  etc.,  may  serve  as  the  basis  for 
calculations. 

The  figures  given  in  Table  I  above  show 
that  an  average  of  one-third  of  an  acre-foot 
is  required  to  produce  one  ton  of  dry  matter 
in  the  case  of  the  cereals,  provided  there  is  no 
I'ss  due  to  percolation  and  surface  run-off. 
This  holds  also  good  for  alfalfa.  In  practical 
agriculture  these  los.ses  can  rarely  be  entirely 
avoided.  From  experimental  data  given  by  the 
Department  of  Agriculture  it  appears  that 
the  average  amount  of  these  losses  from  com- 
pact, loamy  or  clayey  soils  is  about  1/12  acre- 
foot  per  ton  of  dry  matter  produced.  Conse- 
quently the  actual  amount  required  to  produce 
one  ton  of  dry  matter  in  these  soils  is  %  + 
1/12  =  5/12  =  , J  acre-inches  or  0.417  acre-foot. 

Although  the  texture  of  the  soil  has  no 
direct  influence  on  the  actual  water  require- 
ments of  the  plants  themselves,  it  affects  the 
f|uantities  which  may  be  retained  within  the 
reach  of  the  roots  of  the  plants.  From  clayey 
and  loamy  soils  there  is  little  or  no  percolation 
but  the  evaporation  losses  arc  a  maximum  if 
cultivation  is  neglected.  For  light  sandy  and 
gravely  soils  the  reverse  holds  good.  The 
percolation  losses  far  surpass  the  evaporation 
losses  from  compact  soils  and  the  combined 
losses  will  in  consequence  increase  with  the 
looseness  of  the  soil. 

From  data  at  present  available  it  appears 
that  the  relative  water  requirements  of  soils 
of  diflfercnt  degrees  of  perviousness  are  about 
as   follows : 

1.  .Wera.se   clayey  or  loamv   soils    l.i"' 

2.  Tht   same.   Init  .shallow 2."" 

.■!.     Medium    soils,    sandy    or    gravely    soils 

with    a    Kood    percentage    of    clay    or 
loam    1  •''' 

4.  Light  soils,   .sandy  or  sravelv  soil.s  with 

a  sm.all   percentage  of  clay  or  loam..   -.>•'> 

5.  Loose    soll.x,    soils    conslstlns    of    clean 

sand  01   fine  gravel,  or  a  mixture  of 
bo»    4'" 

The  net  dutv  may  be  estimated  as  follows : 
For   A   probable   yield   of    10   tons    of   alfalfa 


erage  relative  weights  of  kernels  and  straw 
are  as  1  to  1.5.  Hence  30  bus.  of  wheat  repre- 
sent 1,800  X  2.5  =  4.500  lbs.  =  2.25  tons.  This 
gives  for  the  quantity  required,  in  case  of  a 
light  sandy  soil  0.415X2.5X2  =  2.08  acre- 
feet. 

From  these  quantities  it  is  necessary  to  de- 
duct a  percentage  of  the  minimum  amount  of 
rain  falling  within  the  period  of  the  activities 
of  the  plant.  On  the  Pacific  coast  this  period 
includes,  for  alfalfa,  the  time  between  ^larch 
1  and  October  1,  or  7  months.  On  the  middle 
Pacific  coast  the  minimum  rainfall  during  this 
period  is  1.3  ins.  Deducting  from  this  25  per 
cent  as  due  to  showers  too  light  to  be  effective," 
there  remain  0.975  ins.  =  0.08  acre-foot.  Hence 
the  probable  amount  to  be  supplied  to  raise  10 
tons  of  alfalfa  on  the  middle  Pacific  coast  will 
be  0.25  —  0.08  =  6.17  acre- feet. 

In  case  wheat  is  grown  in  the  same  section, 
the  rainfall  to  be  considered  practically  in- 
cludes the  fall  from  seed  lo  harvest  time,  in- 
cluding the  months  from  January  to  the  first 
of  June,  which  is  equal  to  12.3  ins.  Deducting 
from  this,  as  above,  25  per  cent  as  due  to  in- 
effective rains  there  remain  9.225  ins.  or  0.760 
acre-feet.  The  probable  amount  to  be  supplied 
to  produce  30  bus.  of  wheat  .in  a  light  sandy 
soil  in  the  section  described  in  a  dry'  year  is 
consequently  2.08  —  0.769  =  1.311  acre- feet. 

The  minimum  amount  of  rain  falling  within 
the  period  of  the  activities  of  the  plant  is 
taken  in  consideration  in  order  to  insure  the 
growing  of  a  crop  in  every  season.  Fully  .50 
per  cent  of  the  amount  of  1.311  acre-feet 
above  may  be  considered  to  be  an  insurance 
against  a  very  dry  season. 

By  the  method  outlined  above  it  is  possible 
to  estimate  the  amount  of  water  to  be  sup- 
plied for  any  probable  yield  for  the  different 
classes  of  soils  and  different  seasons  with  a 
fair  degree  of  accuracy.  The  minimum 
amounts  of  rainfall  in  the  different  sections 
are   found   in  Table  X. 

PERC0L.\TI0N. 

In  districts  where  the  art  of  irrigation  has 
found  its  highest  development,  cement  pipes 
or  cement  lined  covered  conduits  of  other 
descriptions  convey  the  quantities  of  water 
delivered  by  pumps,  drawn  from  storage 
reservoirs  or  diverted  from  streams,  undimin- 
ished to  the  points  of  application.  In  sparsely 
settled  districts,  where  the  value  of  water  is 
not  sufficiently  high  to  call  for  its  total  con- 
•  versation.  unlinc<l  canals  and  ditches  prevail 
The  losses  due  to  percolation  in  unlined  chan- 
nels are  sometimes  enormous.  According  to 
Savillc  (V.  S.  Dept.  of  Agr.)  the  losses  vary 
between  0,23  and  6.4  cu.  ft.  per  day  for  every 
square  foot  of  the  wet  surface  of  the  channel 
The  seepage  losses  per  mile  of  the  channel 
have  been  foimd  to  vary  between  0.40  .md  5.73 
per  cent  of  the  quantities  carried.  Losses  of 
12  to  15  per  cent  per  mile  are  found  where 
the  channels  pass  through  very  porous,  sandy 
or  gravely  soils  as  in  the  case  of  the  Tnlc 
canal  in  California  (15.73  per  cent  per  mile) 
and  the  Umatilla  canal  in  Oregon  (12  per  cent 
per  mile). 


T.VBLR    Vr.     ACI!E-FEET    PER    SEASON, 
DcsiMlptlon  of  crop.  Arizona,  California.    Idaho. 

Alfalfa  4.r.0  .IIJ 

RarUy  1.60 

Corn     ,  2.10 

Oats     

Onions      «.2fl  ....  •  •  •  • 

Trees,    deciduous  1.27  2,00  2.11 

Trees,     clliiiK 1  »:!  

Peas     2.40 

Potatoes     2.10 

Rice      

Su^nr  beets  2.50 

TomntoeH  4.30 

Wheat    ?  '" 

Hops    

Old    niiMidow 

New   111'     '  .    ■  ■ 

Straw).  «.20 


RAINFALL    NOT 

INCLUDED. 

Montana. 

Texas. 

Utah. 

Wash. 

Wyoni. 

1.3,^ 

.*i.72 

3.51 

3.11 

1.41 

V.53 

1.90 
n  7fi 

1.74 

2.40 

1.35 

1.60 

1.49 

5,69 

6.03 

0.73 

,V.i2 

'.... 

3,63 

1.4« 

t  ss 

1.42 

l.iS 


per  acre,  the  soil  being  sandy  with  a  good 
percentage  of  clav,  wc  have,  since  one  ton 
requires  5  ins.  or  0.416  acrc-fcct,  0.417  X  10  X 
1.5  =  6.25  acre- feet. 

The  amount  required  for  a  probable  .\  leUI 
of  ,30  bus.  of  wheat  is  found  as  follows:  30 
bus.  of  wheat  =  30  X  60=1,800  lbs.    The  av- 


In  the  maiority  of  cases  investigated  by  Sa- 
villc the  daily  losses  per  square  foot  of  we^ 
surface  were  found  to  vary  between  0.5  and 
1.5  cu.  ft. 

The  losses  due  to  percolation  depend:  (\) 
On  the  transmission  capacity  of  the  soil  which 
varies  with  the  porosity,  the  effective  diameter 
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of  the  soil-grains  and  the  temperature  of  tlic 
water. 

(2)  On  the  elevation  of  the  plane  of  sat- 
uration in  a  vertical  passing  through  the 
channel.  When  the  plane  of  saturation  is  on 
a  Ifvel  with  the  surface  of  the  water  in  the 
channel  there  is  a  gain  instead  of  a  loss,  pro- 
vided the  water  in  the  cliannci  is  in  motion: 
seepage  begins  with  the  fall  of  the  watertable 
below  the  bed  of  the  channel  and  increases 
in  anioimt  with  increasing  depression  of  the 
watertable. 

(3)  The  depth  of  water  in  the  channel. 
The  quantities  percolating  increase  with  the 
•effective  head  which  includes  the  depth  of 
water  in  the  channel  and  the  vertical  distance 
traversed  :  they  decrease  with  the  distance  of 


Vahic 
Nature  of  lining.  of  Iv. 

Cement   concrete,    3    ins.    thick 0.0(it> 

Cement-lime    concrete,    3    ins.    thick 0.172 

Coat  of  cement  mortar 0.173 

Coat  of  heavy  oil,  3.67  gals,  per  sq.  yd.   ...   0.24S 

Clay  puddle,  3. .5  inches  thick 0.261 

Coa't  of  heavy  oil,  3  srals.  per  sq.  yd O.Sln 

Coat  of  heavy  oil.  2.33  sals,  per  sq.  yd 0.3G3 

Coat  of   thin   oil,    2..".  sals,   per  sq.    yd 0.4<;3 

Let 

BIV  =  the  bottom  width  of  a  channel, 
D  =  its  depth, 

fl=the  horizontal  projection  of  the  side 
walls  per  foot  of  rise. 
=  tang  a, 
then  for  the  trapezoid 

SH'=Mean  Width  —  Do 
and  the  wet  circumference  of  the  trapezoid 


Mean  width  of  channel. 

2D • 

3D  

4D  

5D  

6D  

8D  

lOD  

12D  

14D  

16D  

18D  ; 

20D  


0.5:1. 
0.22S 
0.2S9 
0.350 
0.411 
0.472 
0..i94 
0.717 
0.S39 
0.961 
1.083 
1.205 
1.327 


TABLE   VIII. 
Values  of  S  in  Formula  Q= 


1:1 
0.234 
0.295 
0.356 
0.417 
0.478 
0.600 
0.722 
0.844 
0.966 
1.088 
1.210 
1..333 


1. .'.:]. 
0.251 
0.312 
0.374 
0.435 
0.496 
0.61S 
0.740 
0.862 
0.986 
1.106 
1.228 
1.350 


:KSD  ,  Side  slope  of  channel. 


2:1. 

0.273 

0.335 

0.395 

0.456 

0.517 

0.639 

0.761  • 

0.883 

1.007 

1.129 

1.251 

1.373 


:.5:1 


0.356 
0.422 
0.483 
0.554 
0.666 
0.788 
0.910 
1.032 
1.154 
1.276 

1.2ns 


3:1. 

0.378 
0.41'< 
0.509 
0.570 
0.692 
0.814 
0.931. 
1.058 
1.180 
1.302 
1.424 


percolation.  The  influence  of  the  depth  of 
water  decreases  rapidly  with  increasing  dis- 
tance of  percolation  and  finally  vanishes.  On 
this  account  the  losses  are  greatest  wheii  water 
is  first  turned  into  a  channel,  they  diminish 
ranidlv  and  finally  become  constant. 

(4)'  The  length  of  time  a  channel  has  been 
in  use.  If  the  plane  of  saturation  is  below  the 
bed  of  the  channel,  percolation  will  cause  it 
to  rise  slowly  to  higher  levels  and  the  perco- 
lation losses  will  gradually  decrease  with  the 
rise  of  the  watertable. 

In  calculating  the  losses  from  unlined'canals, 
the  loss  due  to  evaporation  from  the  surface 
is  usually  neglected  and  the  basis  is  the  seepage 
loss  per  square  foot  of  the  wet  surface  per 
day.  This  may  he  taken  to  be  equal,  excluding 
extremes,  to 

0.2-0.3  for  channels  in  heavy  clasi  soils,  or  for 
old  channels  coated  with  silt. 

0.3-0.5  for  channels   in   common   clay  soils. 

0.0-0.8  for  channels  in  clayey  loams  and  loamy 
clays. 

1.0-1.15  for  channels   in   sandy  loams. 

1.5-1.6  for  channels  m  liprht  loamy  sands. 

6.0-6.5  for  channels  in  clean  sand  or  sand  with 
gravel. 

The  porosity  of  the  concretes  when  used  a? 
ditch  linings  depends  upon  their  composition, 
those  rich  in  cement  being  the  least  porous. 
Their  effectiveness  in  preventing  percolation 
depends  further  on  the  thickness  of  the  slab, 
the  head  of  water  above  it  and  on  the  material 
in  the  back  fill.  A  fi-in.  slab  is  twice  as  efifec- 
tive  as  a  .3-in.  one;  a  depth  of  2  ft.  of  water 
causes  twice  the  flow  due  to  a  depth  of  1  ft.  A 
lining  consisting  of  cobble  stones  laid  in 
cement  mortar  is  practically  impervious ;  a  6- 
in.  concrete  slab  rich  in  cement  nearly  so.    A 


=  MlV  —  Da +  2  VD-+  (aD') 
\ ] 

MIV 


BW 


K  =  the   seepage   loss    per   square    foot   per 

day, 
()  =  the    loss    in    second-feet    per    mile    of 
channel, 
then   for  the  trapezoid 

g  ^  K  [mW  —  Da  +  2  v'£>'-  +  (aZ)')"]5280 
86400 

=  K  [MW  —  Da  +  2  \'D-+  (aD-)] 0.061 1 
and  the  percentage  of  loss  per  mile,  /'  being 
the  velocity  in  feet  per  sec. 

a,  _K[MW—Da+2\D^TiaD^]0.06llxl00 


MWxDxV 


Let 

D=  8 

a=  2 

K=  0..-) 
then 


5=0.5(24— 8x2+2\'8»+(2x8)')0. 0611 

=  1.338  sec.- ft. 
The  percentage  of  loss,  for  V ^2 
1..338  X  100  * 

=  0.348  per  cent. 

24  X  8  X  2 


TABLE  IX. 


Canal. 


State.  Stream. 

Arlzon.a    Salt    River Several 

California    Santa    Ana Gage    

California    Santa    Clara Several     ... 

California    Tule    River Pioneer    ... 

Callfoinia    Tuolumne     Modesto     .. 

California    Tuolumne     Turlock    . . . 

Colorado    Arkansas     Amity     . . . . 

New    Mexico Pecos    Pecos    

Utah     Bear    River Bear    River 

Washington     Yakima    Sunnyslde 


Acre- 

•feet. 

Percentage  for 

Canal. 

Lateri 

al. 

lateral. 

3.42 

. , 

2.16 

2.00 

8.01 

1.41 

18 

13.18 

5.76 

44 

S.34 

7.69 

92 

4.92 

1.82 

47 

7.90 

3.69 

38 

4.84 

1.84 

44 

6.25 

4.73 

75 

simple  1-in.  coat  of  cement  mortar  on  a 
smoothed  soil  surface  is  effective  when  new  ; 
in  channels  not  always  in  use  its  durability  is. 
however,  short :  it  will  soon  crack  and  peel  off. 
A  coat  of  heavy  asphaltic  oils  is  somewhat 
less  effective  but  more  durable. 

The  values  of  K  Cthe  loss  per  square  foot 
per  day)  yiven  below  are  based  on  experi- 
ments made  by  .'\dams  and  Etcheverry,  Uni- 
versity of  California.  The  water  in  the  experi- 
mental channel  had  a  depth  of  3.,5  ft.  and  the 
value  of  K  for  the  back  fill  is  assumed  to 
he  n..".. 


Hanna    gives    the    following    losses    (Table 
VII)  in  per  cent  of  flow  per  mile  of  channel. 


TABLE  VII. 


Capacity  of  channel 
In  second-feet. 

10   or  less 

11-25    

26-50    

51-95     

76-100    


I-,oss  In  pe!"  cent  of  flow 
per  mile. 
K=0.5.     K  =  1.0.      K=l.o. 
4  8  12 

2.5  4.5  7 

1.5  3  4.5 

1  2  3 

(1.7.-.  1.5  2.5 


channel  to  which   the   seepage  loss  is  propor-| 
tional  we  may  put 

log  (Loss  a)  — log  (Loss  b) 

X  = 

log   (Section  a) — log  (Section  b) 
which  gives 
X  =  0..5 

Consequently  the  losses  are  proportional  toi 

Varea  of  section.   The  area  of  the  section  itiayi 

be  conceived  to  be  composed  of  a  number  o{|| 

squares,  each  of  a  depth  D,  so  that 

area  =  iiD' 

Mean  Width 

and,  )!  = ^  the  relative  width  of|| 

D 
the  channel. 

Consequently,    V  area ^  V  relative  widthXZ).! 

Making  this  substitution  for  the  area  of  thej 

section,  the  equation  for  the  seepage  loss  perj 

mile  of  channel  may  be  written 

Q  =  KSD 

in  which  K  has  the  same  significance  as  above 8 

and  6'  is  a  coefficient  varying  with  the  relative! 

MIV 

width  of  the  channel  and  the  side  slope  j 

D 
tang  c.    Values  of  5'  are  found  in  Table  VIII. 
Example : 

Let    A'  =  0..5,    Z>=:10.     relative    width  =.4,|| 

tan  0  =  3. 

From  the  table,  for  a  mean  width  =  4D  and  ( 
tan  a  =  3.  S  =  0.448. 
Inserting  values- 

Q  =  0..5  X  0.448  X  10  =  2.24  sec- ft.  per  mile. 
The  percentage  of  loss,  for  F  =  2. 
0.5  X  0.448  X  10  X  100 

=  0.28  per  cent  per  mile.  | 

40  X  10  X  2 

THE    GROSS    DUTY. 

The  gross  duty  of  water  denotes  the  quan- 
tity  required  to   irrigate  a   unit  area  of  land  [ 
per  season  plus  the  losses  due  to  seepage  and 
evaporation   from   unlined   canals  and  ditches. 

Table   IX,   published  by  the   U.    S.   Depart- 
ment  of    Agriculture,   gives    the   quantities   in  I 
acre-feet  carried  by  main  canals  and  the  later- 1 
als  diverted  therefrom. 

METHOD     OF     ESTIMATING     THE     CROSS     DUTY    OF  | 
WATER. 

In  discussing  the  net  duty  of  water  w-e  have  I 
seen  that  the  quantity  required  for  a  probable  I 
yield  of  10  tons  of  dry  matter  per  acre  on  thej 
middle  Pacific  coast  is  (i.l7  acre-feet.  In  thai 
interior  valleys  of  this  section,  five  crops  of  j 
alfalfa  mature  during  a  season  and  since  each  I 
crop  requires  two  irrigations,  water  will  be] 
applied  ten  times  during  the  seasqn.  In  case  | 
the  field  contains  one  square  mile  or  640  acres, 
one  irrigation  will  probably  last  six  days  or  601 
hours  and  the  ten  irrigations  600  hours  or  I 
2,160,000  seconds.  A  depth  of  6.17  ft.  on  640 1 
acres  will  be  equal  to  172,000,000  cu.  ft.,  which  [ 
divided  by  the  number  of  seconds  is  equal  toj 
70.64  sec.-ft. 

Let  the  length  of  the  distributing  channel! 
be  four  miles,  the  velocity  of  flow  1.66  ft.,  the! 
sideslope  of  the  channel  2:1.  its  mean  width  I 
12  and  its  depth  4  ft.  and  the  probable  seepage  I 
losses  will  be,  since  5"  =  0.33.5  according  to| 
Table  X,  and  assuming  AT  =1.5. 

Q  =  1.5  X  0..335  X  4  X  4  =  8.04   sec.-ft. 

Consequently  the  quantity  diverted  into  the| 
lateral  must  be  70.64  8.04  -=87.68  sec.-ft. 

Let  there  be  10  square  miles  under  a  canal, 
each  requiring  an  equal  amount  of  87.68  sec.-ft. 
Let  the  canal  be  20  miles  long,  the  velocity  of  I 
flow  2  ft.  per  second,  the  sideslope  2:1,  the| 


i-idth  ■■ 


5P,    the   deptl 


I  area 


The  formula  given  above  may  be  simplified. 
To  find  the  power  of  the  cross-section  of  the 


ft.    Then,  since  .9^0.456  and  assuming  K' 
1.5 

Q  —  1.5  X  0.4.56  X  9..36  X  20  =  128    sec.-ft.  _ 
Since  the  quantity  carried  by  the  laterals  isj 
876.8  sec.-ft.,  the  amount  to  be  diverted  into  I 
the   main   canal   must   be   876.8  +  128  =  1004.8 
sec.-ft.    Dividing  the  total  by  the  number  of 
square    miles   gives    100.48   sec.-ft.   per    square 
mile  and   the  gross   duty    in   acre-feet   will  be 
per  acre 

100.48  X  6.17 

=  7.785  acre- feet. 

70.64 


\^Ti\  22,  1914. 
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TABLE    X.-. MINIMUM    MONTHLY   PRECIPITATION  IN  WESTERN  REGIONS. 


TABLE    I. 


District. 

;\'orth    Daliota 

j'pper    Mississippi 

.Ilssouri  Valley 

Northern    Slope 

iliddle  Slope  

Southern    Slope 

Jouthern  Plateau   

iliddle    Plateau 

Northern    Plateau 

s'orth   Pacific  Coast 

iliddle  Pacific  Coast 

southern  Pacific  Co^st. 


Jan. 

0.6 

0.8 

0.5 

0.6 

0.4 

0.6 

0.4 

1.1 

1.6 

5.3 

3.8 


Feb. 
0.5 
0.9 
0.3 
0.4 
0.5 
1.2 
0.4 
0.9 
1.3 
3.0 
3.2 


Mar.  April. 


1.3         1.1 


0.5 
1.5 
0.8 
0.5 
0.5 
0.6 
0.3 
O.S 
1.4 

0   9 

2.'9 


1.4 
2.2 
1.9 
1.0 
1.2 
0.9 
0.1 
0.8 
1.2 
2.0 
1.7 


May. 
2.1 
3.3 
2.4 
1.6 
1.8 
2.0 
0.0 
0.6 
1.1 
1.3 
0.7 


June.  July. 


3.5 
3.8 
3.4 
1.2 
1.2 
3.2 
0.0 
0.4 
1.1 
1.2 
0.1 


1.3         0.7         0.3         0.0 


2.1 
2.7 
2.2 
0.8 
1.7 
1.7 
0.1 
0.1 
0.3 
0.4 
0.0 
0.0 


Aug. 
1.1 
2.0 
1.7 
0.8 
1.5 
2.6 
0.2 
01 
0.2 
0.2 
0.0 
0.0 


Sept. 
0.8 
2.5 
1.0 
0.6 
0.4 
2.1 
0.0 
0.3 
0.6 
1.0 
0.3 
0.1 


Oct. 

1.0 
1.8 
0.7 
0.7 
0.7 
1.4 
0.3 
0.4 
1.1 
2.7 
0.9 
0.4 


Nov. 
0.5 
0.7 
0.5 
0.3 
0.3 
0.3 
0.2 
0.1 
0.9 
3.7 
2.1 
0.8 


Dec. 
0.6 
1.2 
0.5 
0.3 
0.5 
0.7 
0.5 
1.2 
1.6 
5.5 
3.7 
l..> 


In  the  application  of  Table  V'lII  it  is  well  to 
emember  that 


for 
.Mean  Width 

=  -2D 


=  3/1 

=  W 
Itc,  etc. 


the 
Mean  Width 


V2  area 


V  3  area 


the  Depth 
area 


V4  area 


Jare 
2 


area 

3 
I  area 


VIethods   of   Finding    Center    Cut    for 

Economic  Locations  of  Banked 

Irrigation  Ditches. 

^mtrlbuted  by  F.  C.  Snow.  Assistant  Professor 
of    Civil    Engineering,    Montana    State    Col- 
lege,   Bozeman,    Mont. 

In  laying  out  irrigation  ditches  with  banks 
m  botli  sides  or  vifith  a  bank  on  the  lower 
ide  of   the   ditch   only,   if   the   location    is   to 


It  =  the  distance  in  feet  from  the  top  of  the 
b^ks  to  the  bottom  of  the  ditch  meas- 
ured vertically   (depth  of  ditch). 

s  =  slope  of  the  surface  on  a  line  at  right 
angles  to  the  center  line  of  the  canal, 
equals  tan.  Alpha  in  Fig.  2  equals  0.05 
for  a  rise  of  0.5  ft.  vertically  in  10.0  ft. 
horizontal   distance. 

i,  =  slope  of  sides  of  banks  and  ditch,  equals 
tan.  Beta  in  Fig.  2  equals  1.5  for  a  side 
slope  of   1.5   horizontally   to   1   vertically. 

I>  =  per  cent  of  decrease  of  the  volume  of 
earth  in  the  banks  from  its  volume  in  the 
ditch,  expressed  as  a  decimal,  equals  0.1 
if  the  shrinkage  allowance  is  to  be  lO/i 
or  0.9  times  e.xcavation  equals  embank- 
ment. 

d  z=  center  cut  in  ditch  so  that  e.xcavation 
equals  embankment  or  so  that  excava- 
tion equals  embankment  plus  shrinkage 
and  waste. 

CASE    1.      BANKS    ON    BOTH    SIDES    OF    THE    DITCH. 

Figure  1  shows  a  general  method  for  con- 
structing a  diagram  for  this  case.  The  values 
of  the  various  letters  are  given  below. 


0  Va'uesOOS      of     010     S       015       Sm  020 
Level     OSintO  lOinIO        I.SinIO        ZOmlO 

5lopeofsurface(rt  vertical  rise  in  icon  horizontaldistance 

General  Solution  ■*""" 


--'posi 


Banks  on  both  sides  of  Ditch 


e:&.c 


Fig.  1. 


■)e  economic;  that  is,  if  the  amount  of  exca- 
/ation  is  to  equal  the  amount  of  embankment, 
|)r  the  amount  of  excavation  is  to  equal  the 
imount  of  embankment  plus  shrinkage  and 
waste,  it  is  necessary  to  know  what  cut  is 
-cqiiircd  at  the  center  of  the  ditch  at  each 
•tation  so  that  the  above  conditions  may  be 
fulfilled. 

,  An  easy  way  of  obtaining  this  center  cut 
5  by  means  of  a  diagram  having  for  a  basis 
he  slopes  of  the  surface  at  right  angles  to  the 
renter  line  of  the  ditch  and  for  ordinatcs  the 
iropcr  center  cuts.  Following  arc  methods 
for  constructing  diagrams  of  this  kind  for 
■anals  having  any  desired  width  of  bottom, 
my  top  of  hanks,  any  depth,  any  slopes  of 
iides  of  ditch  and  banks  and  any  percent  al- 
lowance for  waste  and  shrinkage,  with  banks 
.in  both  sides  of  the  ditch  or  a  bank  on  the 
lower  side  of  the  ditch  only.  They  arc  based 
Sn  formulas  derived  by  equating  an  exprcs- 
,sion  for  area  in  excavation  times  (one  minus 
the  percent  of  shrinkage)  to  a  similar  ex- 
pression   for   the   area    in    embankment. 

NOTATION. 

^e=  width  of  bottom   of   ditch   in   feet    (base 

in  cut). 
b«  =  width  of  top  of  banks  in    feet    (base  in 

fill). 


(A)    Where  excavation  equals  embankment 
plus  shrinkage  and  waste : 

br 

{l-p)-j  +2LA  +  6, 
C- 


(1  +  P)i 

2/i  (bf  +  Lh) 
(1+  P)L 


D  - 


■D 


b. 


(D)   Where  excavation  equals  embankment: 

ftp 


C  ~ 


D  -  2/> 


"2-+  6f 


+  2/1 


(I'-) 


H-SO-D 

be 
N-  -^  -y  Lh*  b, 

C  -  V 


-FOR    PLOTTING    DIAGRAM    FOR 
CASE  1.  FIG.  1. 

For  Plotting  Curve  T. 
Surface    slope     Value   of   s.       Value  of  center 


Level 

0 

C— H 

0.5   in   10.0 

0.05 

C— H(l-0.00125  G) 

1.0   in    10.0 

0.10 

C— H(1-0.005G) 

1.5    in   10.0 

0.15 

C— H(l-0.01125  G) 

2.0   In    10.0 

0.20 

C— H(l-0.02  G) 

For  Plotting  Straight  Line  X. 
Surface   slops.     Value  of  s.        Value  of  center 

cut. 
1.0   in   10.0  0.10  h— 0.1  N 

2.0   In  10.0  0.20  h— 0.2  N 


The  intersection  of  the  line  X  and  the  curve 
Y  determines  a  value  of  .r  for  the  limit  of  the 
use  of  this  diagram,  which  value  of  s  is  called 
Sm  and  is  the  slope  of  the  surface  when  the 
line  representing  the  surface  passes  through 
the  upper  outside  corner  of  one  of  the  banks 
as  shown  by  the  dotted  line  in  Fig.  2 ;  im  is 
therefore  the  largest  value  of  s  for  which'  it 
is  possible  to  use  the  diagram. 

CASE    2.      A    BANK    ON    THE    LOWER    SIDE    OF    THE 
DITCH    ONLY. 

Figure  2  shows  a  general  method  of  con- 
structing a  diagram  for  this  case.  The  values 
of  the  various  letters  are  given  below. 

(A)  Where  excavation  equals  embankment 
plus  shrinkage  and  waste : 


K  ~ 
I  - 

J  - 


I  - 

(I- 

>Jl'  -  J 
p)b^-+2Lh-i 

b, 

h(b 

2pL 
r  +  Lh) 

2hL 

PL 

-f 


(B)  Where  excavation  equals  embankment: 
h  (b,  +  Lh) 


K- 


be  +  2Lh  +  if 


M-j  +  Lh 


TABLE  n.— FOR  PLOTTING  THE  STRAIGHT 
LINE   OF  DIAGRAM— CASE  2,    FIG.    2. 

Value  of  center 
Surface  slope  Value   of  s. 
level.  0 

2.0   In   10.0      •  0.20 

4.0  In  10.0  0.40 


cut. 
K 
K(1-0.2L)-|-0.2M 
K(l-0.4L)-f-0.4M 


-Xfter  a  diagram  has  been  drawn  by  one  of 
the  methods  explained  above  the  position  of 
the  center  stakes  for  an  economic  location  can 
be  determined  very  easily.  For  example,  be 
equals  5  ft.,  bt  equals  3  ft.,  /i  equals  3  ft.,  L 
equals  1.5,  />  equals  0.1  and  there  are  to  be 
banks  on  both  sides  of  the  ditch.  Figure  3 
shows  a  diagram  for  these  values  for  all  cases 
listed  above  and  the  computations  for  the  same 
are  given  below.  Suppose  that  the  ditch  is  to 
be  located  on  a  0.01  per  cent  grade  with  an 
elevation  at  the  bottom  at  Sta.  O  of  100  and 
the  surface  slope  at  this  station  as  determined 
by  finding  the  difference  in  elevation  between 
two  points  10  ft.  apart  on  a  line  at  right  angles 
to  the  center  line  of  the  canal  is  1.0  in  10.0, 
then  ihc  diagram  shows  that  there  should  be 
a  cut  of  l.Sfi  ft.  at  this  station.  100  plus  1.86 
equals  lOl.Sfi.  which  is  the  elevation  of  the 
surface  at  Station  O  on  th«  center  line  of  the 
ditch.  A  lath  or  other  tall  stake  is  set  up  at 
a  point  on  the  ground  having  this  elevation. 
At  100  ft.  from  this  point,  approximately  along 
the  line  of  the  ditch  a  trial  point  for  Station 
1  is  assumed  and  the  surface  slope  is  deter- 
mined as  before,  say  that  it  equals  0.3  in  10.0, 
the  center  cut  from  the  diagram  correspond- 
ing to  this  surface  slope  is  1.77  ft.  The  ele- 
vation of  the  bottom  of  the  ditch  is  100  minus 
0.01  equals  Ki.'M]  and  of  the  surface  is  !)!196 
plus  1.77  equals  101.73.  A  point  is  now  found 
which  has  this  elevation  and  is  100  ft.  from 
Station  O.  If  this  point  is  fairly  close  to  the 
trial  point  it  can  be  taken  as  Station  1,  but  if 
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the  two  points  are  some  distance  apart  so  that 
the  slope  of  the  surface  is  not  the  same  as  it 
was  for  the  trial  point  then  a  second  trial  is 
made.  When  Station  1  has  been  finally  lo- 
cated by  this  method  a  tall  stake  or  lath  is  set 
up.  Station  2  is  located  in  the  same  manner 
100  ft.  from  Station  1.  Station  3,  100  ft.  from 
Station  2  and  so  on  throughout  the  length. 
of  the  eanal.  Each  station  being  100  ft.  from 
the   preceding   station   and   at   a   point   havmg 


2  X  3  X    1.5  +  3 


0.1  X  .■; 


OA 
2 


\W  — 


For  plotting  straight  line. 

i  =  0,  d  =  1.38. 

5  =  0.40,  d  =  1.30  (1  -  0.40  X  1.5)  +  0.4  X  6.08  =  2.9'J. 

Case  2-B.    Compulations  for  Curve  4,  Fig.  J. 
Example:— iic  =  5.  6t  =  3.  A  =  .^.  L  =  1 .5,  <>  =■  0. 


location  as  a  number  of  them  can  be  seen  atl 
one  time  and  an  average  line  easily  locatedl 
on  the  ground  without  plotting.  If  desired,:') 
however,  a  traverse  may  be  run  locating  the}' 
positions  of  these  preliminary  stakes  fromjj 
which  the  line  can  be  plotted  and  the  tinall 
location  made  on  this  plot  and  transferred  toi 
the  ground.  This  process  is  almost  necessaryl 
when  working  in  brush  or  woods. 

.\fter  thf  linal  line  is  located  stakes  are  set! 
at  lOu  ft.  stations  on  it,  levels  are  run  over  it,l 
the  grade  elevations  determined  and  the  slope'l 
stakes  set  by  the  same  methods  as  used  inll 
other  earth  work  surveys. 


o  I 


0  Values  01      of    O.Z      S     0.3  04 

Level     lOinlO        EOinIO    SOinIO      dOinIO 
Slope  of  surface  (Ft  vertical  rise  inlOOft 

horizontal  distance 

General  Solution 


Bank  on  Lower  side  of  ditch 


Fig.  2. 


the   proper   surface   elevation   and   tall    stakes 
are  set  at  all   stations. 

Compulations  for  Diagrams     Fig.  J. 

Case  t-A.    Computations  for  Curve  1,  Fig.  3. 
Example:— !>c  -  5,  6l  =  3,  A  -  3.  L  -  1.5.  <>  -  0.1.    . 

0.9X  4+2X'-5X3+3 

C-  i =  — —  =  8.63. 

•-  1.1X1.5  1.65 

2  X3f3-t  1.5  X3)  _  _45_  _  2^  27 

1.1  X  1.5  1.65 

AT-  y  +  I.5XJ  +  3  =  10. 


K  = 
M 


3  (3  +  1.5  X  3) 
5  +  2  X  1.5   X  3  +  3 

=  ^  +  1.5  X  3  =  6.(1. 


s  =  0.  d  =  1.32. 

J  =  0.40.  d  =  1.32  fl   -  0.4  X  1,5)  +  0.4  X  6.0  =  2.93 


For  plotting  straight  hne. 
(2. 
1.32  fl  -  0.4  X  1,5)  +  0. 

1  f  the  canal  center  should  follow  exactly 
llic  line  of  stakes  located  as  above  the  location 
w'uld    1-e   economic.     However,   a   final   loca- 


Surveys  and  Plans  for  a  Comprehen- 
sive Land  Reclamation  and 
Drainage  Project. 

(Staff   .Article.) 

The  land  reclamation  and  drainage  project! 
plans  for  which  are  presented  in  thi.;  article,! 
is  exceptional.  A  list  of  the  works  involii^l 
in  land  reclamation  and  drainage  incliidisl 
principally  levees,  pumping  works,  channel  en-f 
largement,  open  ditches,  tile  drain-;,  sluices! 
detention  basins,  settling  basins,  and  outletS.[ 
Few  specific  projects  require  all  of  these  struc-l 
lures  and  for  a  still  smaller  number  are  th^l 
all  included  and  provided  for  in  the  originjilB 
reclamation  plans.  This  is  one  reason  why  tneU 
drainage  and  reclamation  works  of  very  maiiyfl 
reclaimed  areas  are  not  in  ideal  coordination! 
and  proportion ;  they  have  been  ar'.ued  onel 
after  another  to  an  original  partial  plan. 
The  exceptional  feature  of  the  project  illus- 
trated is  that  it  includes  nearly  all  on  the  listl 
of  works  belonging  to  land  reclamation  and! 
drainage  and  that  a  coordinated  plan  pro-| 
viding  for  all  has  been  worked  out. 

General  Plan. — The  area  being  reclaimed  isll 
shown  by  the  map  Fig.  1  and  is  known  _asi 
the  Marion  County  Drainage  District,  beil^l 
situated  in  Marion  county  in  Missouri.  Thisf 
area  is  bounded  on  the  east  by  the  Mississippi 
River,  on  the  north  and  south  by  small  rivers 
wl'.ich    flow    into    the    Mississippi    and    on   tlii.' 


//-\  8.63*- 27.27  -  V47.21  =6.27. 

For  plottine  Curve  Y. 
J  -  0.  d  -  8.63  -  6.87  =  1 .76. 
s  -  0.05.  d  -  8.63  -  6.87  (1  -  0.00125  X  2.75)  - 
8.63  -  6.85  -  1.78. 
-  0.10.   d    -   8.63  -  6.87  (1   -  0.005  X  2.75)  - 
8.63  -  6.77  -  1.86. 
J -0.15,  d  -  8.63  -  6.87  (1  -  0.01125  X  2.75)  - 
8.63  -  6.66  -  1.97. 

For  plotting  straight  line  .Y. 
5  -  0.10.  d  -  3  -  0.1  X  10  =  2.0. 
J  -  0.20,  d  -  3  -  0.2  X  10  -  1.0. 

Case  l-B.    Compulations  for  Curve  Z.  Fig.  3. 
Example:— Jic  ~  5.  tt    ■  3.  »  -  3.  L  -  1.5.  <>  =  0. 

C-   —^—  ■*■  ^  X  3 -9.67. 


!  X  3 


(-1^-) 


.  .30.0. 


5 


7^  -  y  +  1.5  X3  +  3  -  10. 

H  ~  V«!67'  -  30  -V63.5T  -  7.97. 

G  -  Ts-  -  2.25. 

For  plotting  Curve  Y. 
J  -0,  d  -9.57  -  7.97  -  1.70. 
s  -  0.05,  d  -  9.67  -  7.97  (I  -  0.00125  X  2.25)  - 

9.67  -  7.95  -  1.72. 
J  -  0.10.  d  -  9.67  -  7.97  (I    -  0.005   X   2.25)   - 

9.67  -  7.87  -  1.80. 
J  -  0.15,  d  -  9.57  -  7.97  (1   -  0.1 125)  - 

9.67  -  7.77  -  1.90. 

For  plotting  straight  line  X. 
J -0.10,  d-3  -0.1  X  10  =-  2.0. 
J -0.20,  d  -3  -0.2  X  10  -  1.0. 

Cast  2-A.    Compulations  for  Curve  3,  Fit.    t. 
Example:— 6c- S.  fc(  -  3.  fc  -  3.  L  -  1.5,  ;>  -  I. 


Slope  of  Surface  of  Ground 
Fig.  3. 
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0.9  X  5  -I-  2  X  1.5  X3-f  3        16.5 


2  XO.l  X  1.5 


0.3 


-55. 


3  (t  -t-  1.5  X3)       22.5 
•'   "  0.1  X1.5       "0.15~ 


K  -  5.";  -Vsj'  -  15"  -  55  -  5.1  62  -  1.38. 


lion  of  the  line  that  averages  the  position  of 
these  stakes  and  is  made  up  of  a  series  of 
tangents  and  curves  will  not  materially  change 
the'  amount  of  excavation  and  embankment 
and  will  give  a  much  neater  and  in  general 
a  shorter  ditch.  The  tall  stakes  set  at  the 
stations   aid   greatly   in   establishing  this   final 


west  by  a  ridge  of  highland.  All  ptincipal 
topography  is  indicated  on  the  map  Fig-  !•  "" 
which  are  also  shown  the  reclamation  work^ 
Thc^e  embrace : 

1  1  )  The  prevention  bv  levees  of  ovcrflo" 
from  South  Fabius  River,  the  Mississippi 
River  and   N'orth   River. 
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■    (2)     The  construction   of   main  and   lateral  oxploration    trench   is   inspected   and   measured 

llitchcs    and    tile    drains    and    outlets    for    the  hy   the   engineer,    it  and   all   other   excavations 

!lrainagc   of   the   flatlands   within   the   district.  within  the  base  of  the  levee  shall  be  filled  with 

fhe    construction    of   a    holding   or    detention  approved  material.    Said  material  shall  be  thor- 

,iasir.    in    a    part    of    the    Eastern    Sloui;h    l>y  oughly  compacted  while  being  fillid,  to  the  sat- 


the  material  excavated  from  the  exploration 
trench  has  been  deposited  within  the  base  of 
the  levee,  but  if  the  engineer  should  require 
any  of  the  material  excavated  from  the  explor- 
ation trench  to  be  deposited  outside  the  base  of 


Fig.   1.      Map  of  Comprehensive   Drainage  System  for   Marion   County,   Missouri,  Drainage  District. 


leanini;  nut  all  drift  and  making  the  cross- 
cclion    uniform. 

C^)  The  construction  of  a  pumping  plant 
vith  pump  house  and  machinery,  sluiceway, 
•iiclion  and  discharge  bays,  and  other  neces- 
•ary  appurtenances  to  furnish  an  outlet  for 
vaicrs  of  the  district  during  all  stages  of  the 
"aliius,  the  Xorth  and  the  Mississippi  Rivers. 

Lt"ees.— The  protection  of  the  area  from 
iverflow  by  the  bordering  streams  is  accom- 
)lislii-d  by  levees.  The  location  of  these  levees 
s  .shown  by  Fig.  1  and  sections  of  typical 
cvces  are  shown  hy  Fig.  2.  The  Icvcc  con- 
•truclion  demanded  was  imusualy  exacting: 
he  specifications  are  therefore  of  interest  and 
heir  principal  requirements  arc  given  as  fol- 
'1WS : 

Bnae  of  Levee. — The  ground  to  bo  occupied 
■y  the  levee  must  be  cleared  of  logs,  trash, 
vfodx  and  leaves.  Following  this,  the  surface 
•vtvicen  the  slop  stakes  and  to  a  depth  of  fi 
n».  nhall  be  thoroughly  broken  by  plowing  or 
ipading,  and  all  trees,  stumps  and  burled  logs 
■cmovcd  to  a  distance  of  pot  less  than  T>  ft. 
'Utaldc  of  the  Icvco.  Whenever  by  reason  of 
li'lny,  rains  or  other  causes,  the  surface  of  the 
tround    upon    which    the   Icveo    embankment    Is 

0  bo  hullt,  or  whenever  any  part  of  the  levoo 
*'ork  shall  have  been  suspended  so  that  the  un- 
Inlshed  surface  Is  compacted  and  will  not  form 

1  bond  with  the  new  material  to  bo  placed 
■  hereon,  such  surface  shall  be  re-l)roken  with 
tlow  or  spade  ns  above  specified. 

Exploration  Trench. — An  exploration  trench 
"hall  bo  dug  at  or  near  the  center  lino  of  tho 
ievee  when  the  height  of  the  levee  Is  10  ft.  or 
more,  wherever  required  by  the  engineer.  Said 
fxploratlon  trench  shall  not  be  less  than  3  ft. 
'Ie«p  and   n  ft.   wide   at  the   bottom.     After  tho 


isfaction  of  the  engineer.  If  done  by  scrapers, 
wagons  or  appliances  other  than  some  f^rm  of 
excavating  machine  which  drops  the  material 
from  a  height  of  10  ft.  or  more.  All  the  fore- 
going work  shall  be  completed  at  least  300  ft. 
in  advance  of  the  embankment  construction. 
The  side  slopes  In  the  exploration  trench  shall 
be  as  nearly  vertical  as  practicable,  and  shall 
not  exceed   1    ft.   horizontal   to   1   ft.   vertical  on 


the  levee,  then  an  allowance  shall  be  made  for 
the  quantity  of  material  so  deposited  outside 
the  base  of  the  levee,  at  the  contract  price  for 
levee. 

Construction. — (a)  When  this  preparatory 
work  shall  have  been  done,  the  embankment 
construction  shall  be  commenced  and  unless 
otherwise  aulhorizeil  by  the  engineer,  will  be 
.started  full  out  to  the  slope  stakes  and  carried 
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Typical  Sccti 
Fig.    2.     Typical     Levee    Sections,  Marion  County   Drainage   District. 


each  aide.  Tho  engineer  will  give  Instructions 
for  disposing  of  tho  cxcnvntcd  material,  within 
or  adjacent  to  tho  base  of  the  levee.  For  all  of 
tho  material  which  shall  be  taken  from  the  ex- 
ploration trench  poymcnt  shall  bo  made  for  ex- 
cavation only.  In  computing  tho  total  amount 
of  earth  In  the  finished  Icvcc  no  allowance  will 
bo   made   for   tho   exploration   trench   whcrevfi- 


regularly  up  to  the  gross  nil  In  layers  not  ex- 
ceeding 2  ft.  In  thickness.  If  tho  work  should 
bo  done  by  steam  shovel  or  other  acceptable 
machinery  Instead  of  by  teams,  the  manner  of 
cjirrylng  up  the  fill  to  ho  to  the  approval  of  tho 
engineer.  If  dredges  are  used  and  the  material 
Is  so  soft  that  It  will  not  stand  to  the  full 
ii.  ipht  .It   iho  slritic  spfrltlod,  the  work  may  be 
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gone  over  two  or  more  times  to  bring  the  levee 
to  the  proper  height. 

(b)  The  levee  shall  be  built  to  such  height 
and  width  that  when  fully  settled  it  will  be  of 
full  height  required  in  the  plans  and  profiles, 
with  top  widths  and  side  slopes  of  the  dimen- 
sions stated  on  the  profiles.  Allowance  for 
shrinkage  must  be  so  disposed  on  top  and 
slopes  as  to  give  the  required  width  of  crown, 
and  fill  out  the  slopes  to  plane  surfaces  from 
the   edge   of   the   crown   to   base   of   levee.      The 


•^ri" 


Fig.   3.    Typical    Ditch   Section.   Marion 
County    Drainage   District. 

allowance  required  for  shrinkage  shall  be  such 
an  amount  as  the  engineer  may  approve,  but 
in  no  case  shall  the  amount  exceed  2.'>  per  cent. 
Should  the  contractor  fail  to  provide  the  allow- 
ance required  for  shrinkage  during  construction, 
he  will  be  required  to  bring  the  levee  to  full 
grade  and  cross  section  before  acceptance.  The 
contents  of  the  levee  computed  by  the  estab- 
lished net  grade  and  slopes  only  will  be  paid 
for. 

<c)  The  alignment  of  the  crown  of  the  levee, 
when  completed,  shall  not  vary  from  the  theo- 
retical location  of  the  crown  so  as  to  make 
abrupt  or  short  bends  or  reversed  curves  in  the 
alignment  of  the  crown,  or  reduce  the  stabilit.v 
or  effectiveness  of  the  levee. 

(d)  Before  crossing  any  railroad  or  other  per- 
manent crossing,  the  engineer  will  Inspect  that 
part  of  the  work  above  same  and  satisfy  him- 
self that  the  work  has  been  finished  and  all 
requirements  completed  before  the  contractor 
shall   make  said   crossing. 

(e)  The  contractor  shall  give  at  least  30  days 
notice  to  the  engineer  and  the  road  overseer 
before  he  shall  cross  any  public  road.  After 
the  crossing  of  any  public  road,  the  contrac- 
tor shall  maintain  such  barriers  and  red  lights 
at  night  as  shall  effectually  prevent  any  acci- 
dent In  consequence  of  the  work  done  undei 
this  contract.  These  precautions  shall  be  main- 
tained until  the  highway  Is  restored  to  its  for- 
mer  condition   of   usefulness  and   safety. 

Sheetpiling. — In  any  case  where  there  is  spe- 
cial danger  of  settlement  or  seepage,  sheet  pil- 
ing shall  be  driven  to  such  lengths  and  dimen- 
sions as   shall    be   required   by   the  engineer. 

Material  Berm  and  Borrow  Pit. — Only  clean 
earth,  free  from  trash  and  roots,  shall  be  placed 
In  the  levee.  Such  earth  shall  be  procured  from 
the  river  side  of  said  levee  as  the  engineer 
may  direct.  If  done  by  teams,  no  borrow  pit 
.shall  be  made  within  a  zone  of  20  ft.  wide  out- 
side of  and  adjoining  the  base  of  the  levee.  If 
the  work  Is  done  by  drag-line  excavator  or 
dredge,  a  berm  20  ft.  wide,  unless  otherwise 
sperlfled  on  the  drawings,  shall  be  left  at  the 
foot  of  the  levee.  No  material  shall  be  exca- 
vated or  removed  which  would  "under-cut"  the 
slope  of  the  levee  produced.  Where  the  levee 
parallels  a  thre.Ttened  or  cutting  bank  of  the 
river,  the  borrow  pits  shall  not  be  made  con- 
tinuous, but  suitable  traverses  or  dams  shall 
be  left  as  directed  by  the  engineer.  No  frozen 
material  will  be  allowed  to  be  deposited  In  thc 
levee  and  no  levee  shall  be  built  or  extenrtc.1 
upon   frozen  ground. 

0/>cn  Ditches. — The  interior  drain  system  in- 
cUkic^  an  outlet  crtial,  main  canals,  .snhmains 
and  tile  drains.  All  e.Nccpt  the  tile  drains 
are  npen  ditch  sections  of  the  types  shown  hy 
Fifi.  3.  The  construction  of  these  ditches  was 
nowise  of  unusual  character. 

Tile  Drains. — The  tile  drains  system  is  indi- 
cated in  Fig.  1,  and  Figs.  ■\  and  ,5  show  coor- 
dinate structures  as  mentioned  in  the  ahstract 
of  specifications  whicli  follows: 

Quality. — Drain  tile  shall  be  entirely  free 
from  cmcks  and  fire  checks  extending  Into  the 
pipe  in  such  a  way  as  appreci.ably  to  lower  Its 
strength.  No  pipe  shall  be  accepted  having 
pieces  broken  out  in  such  a  way  or  to  such  an 


extent  as  appreciably  to  affect  the  strength  of 
the  pipe,  or  to  permit  the  entrance  of  soil  into 
the  drain.  The  pipe  shells  shall  have  uniform, 
strong,  dense  structures  throughout,  without 
serious  flaws  or  weak  spots. 

All  pipe  shall  give  a  clear  ring  when  stood 
on  end  or  laid  on  one  side,  evenly  supported  at 
the  lower  end  or  along  a  line  of  one  side,  and 
free  elsewhere,  and  tapped  with  a  light  ham- 
mer while   dry. 

All  pipe  shall  be  regular  and  true  in  shape. 
The  average  diameter  shall  not  be  more  than 
2  per  cent  less  than  the  specified  diameter.  No 
two  diameters  of  the  same  pipe  shall  differ 
from  each  other  more  than  7  per  cent,  nor 
shall  the  average  diameters  of  adjacent  pipe 
differ  more  than  4  per  cent. 

Pipe   ma.v   be   furnished  in  lengths  of  1,   2,   2Vz 
and   3    ft.,    but   1    ft.   lengths   shall   not   be   used 
for  sizes  over  15  ins.   in  diameter.     No  pipe  de 
signed  to  be  straight  shall  vary  from  a  straight 
line  more  than  IVi  per  cent  of  its  length. 

If  cement  tiles  are  used,  they  shall  show  a 
uniform  dense  structure,  with  clean  aggregates, 
well  graded  as  to  size  of  materials,  and  with 
the  grains  and  pieces  of  aggregate  well  placed 
and  the  pores  well  filled  with  good  Portland  ce- 
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Outlets     for     Tile     Drains,     Marion 
County    Drainage    District. 


the  tile  hoe,  or  in  case  of  large  tiles  with  tin 
shovel  or  cutting  tool,  in  such  a  way  that  ; 
groove  will  be  made  to  receive  the  tile,  so  th.r 
when  laid  in  it  they  will  remain  securely  li 
place. 

Laying  the  Tile. — The  laying  of  the  tile  mu.vi 
begin  at  the  lower  end  and  proceed  up-stream 
The  tile  must  be  laid  as  closely  as  practicable 
and  in  lines  free  from  irregular  crooks,  thi 
pieces  being  turned  about  until  the  upper  edge; 
close,  unless  there  is  sand  or  fine  silt  which  i 
likely  to  run  into  the  tile,  in  which  case  tli' 
lower  edges  must  be  laid  close,  and  the  uppc 
side  covered  with  clay  or  other  suitable  mate 
rial.  When,  in  making  turns  or  by  reason  m 
irregular-shaped  tile,  a  crack  of  ^4  in.  or  men 
is  necessarily  left,  it  must  be  securely  covers 
with  broken  pieces  of  tile.  Junctions  witi 
branch  lines  must  be  securely  and  carefull' 
made. 

In  all  tile  laying  in  hard  soils,  the  contractm 
shall  shape  the  bottom  of  the  ditch  approxi 
mately  to  fit  the  lower  90°  (45°  each  side  of  th> 
center  line)  of  the  circumference  of  the  pipe 
taking  pains  to  secure  an  extra  firm  bcarint. 
near  the  outer  edges  of  the  90°  strip.  Upon  th. 
concave  surface  so  prepared  the  contractni 
shall  spread  a  layer  1  to  2  ins.  thick  of  pulver 
ized  soil  or  sand  free  from  pebbles  larger  th.Ti 
Vi  in.  diameter,  and  shall  firmly  bed  each  pip' 
truly  to   line  and  grade   thereon. 

Where  the  bottom  of  the  ditch  is  so  wet  anw 
soft  as  to  enable  the  thorough  bedding  of  th 
lowest  90°  of  the  pipe  without  the  use  of  th- 
layer  of  pulverized  earth  or  .sand,  and  still  i> 
firm  enough  to  afford  good  safe  support  to  th- 
pipe  and  its  load  of  ditch  filling,  the  engineci 
may  authorize  the  omission  of  the  layer  ci 
granular  material,  but  such  authorization  shall 
not  excuse  imperfections  of  bedding  of  the  low 
est  90°   of  the  pipe  circumference. 

The  space  between  the  pipe  and  the  bottom 
and  sides  of  the  ditch  shall  be  completel.v 
packed  full  by  hand  with  selected  earth  ami 
tamped  with  a  light  tamper  as  fast  .as  placeil 
all  up  to  the  level  of  the  top  of  the  pipe.  Thi 
side  filling  shall  be  carried  up  as  fast  on  on 
side  of  the  pipe  as  on  the  other. 

Binding    the    Tile. — After    the    tile    have   beci 
laid  and   inspected  by   the   person   in   charge  ' 
the  work,  they  must  be  covered  with  clay  to 
depth  of  6  ins.   unless,   in   the  judgment  of  thij 
engineer,    the   tile   are   sufiiciently   firm,   so  that! 
complete   filling   of   the  ditch   may   be   made  di 


ment.  There  shall  be  no  spots  of  specially 
great  porosity.  Fiactured  surfaces  shall  show 
brokA  pieces  of  aggregate  firmly  bedded  in  the 
concrete.  The  general  appearance  of  the  mate- 
rial shall  be  at  least  equal  to  that  of  first  class 
gravel  concrete  in  proportions:  1  first  class 
Portland  cement;  to  2  clean  coarse  sand;  to  1 
pebbles,  %  in.  to  one-half  thickness  of  the  til,- 
wall    In    size. 

Field  Inspection. — The  engineer  shall  very 
carefully  inspect  all  drain  tile  as  actually  de- 
livered along  the  ditch  for  use.  He  will  cull  out 
and  mark  for  rejection  all  poor  pipe,  and  pipe 
so  rejected  shall  be  promptly  removed  by  thi- 
contractor. 

Digging  the  Ditches. — The  digging  of  each 
ditch  must  begin  at  Its  outlet,  or  at  Its  Junc- 
tion with  .another  tile  drain,  and  proceed  to- 
ward Its  upper  end.  The  ditch  must  be  dug 
along  one  side  of  the  line  of  sur\'ey  stakes,  and 
about  12-lns  distant  from  It  In  a  straight  and 
neat  manner,  and  the  top  soli  thrown  on  one 
side  of  the  ditch  and  the  clay  on  the  other. 
When  a  change  In  the  direction  of  the  ditch  is 
made  It  must  be  done  by  means  of  a  neat 
curve,  but  In  all  cases  the  ditch  must  be  kept 
near  enough  to  the  stakes  so  th.at  they  can  be 
used  In  grading  the  bottom.  In  taking  out  the 
last  draft,  the  blade  of  the  spade  or  cutting  tool 
must  not  go  deeper  than  the  proposed  grade- 
line  or  bed  upon  which  the  tiles  are  to  rest. 

Grading  the  Bottom. — The  ditch  must  be  dug 
to  the  depth  Indicated  by  the  figures  given  with 
the  survey,  which  depth  Is  to  be  measured  from 
the  grade-stakes  which  are  set  for  that  pur- 
pose, and  graded  evenly  on  the  bottom  by 
means  of  the  line  and  gage  method,  target,  or 
any  other  equally  accurate  device  for  obtain- 
ing an  even  and  true  bottom  upon  which  to 
lay  the  tile.     The  bottom   must  be  dressed  with 
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Fig.   5.    Settling    Basin   for  Tile    Drains, 
Marion   County   Drainage   District. 

rectly  upon  the  tile.  In  no  case  must  the  tile 
1)0  covered  with  sand  without  other  material! 
being   first   used. 

Outlet    Protection. — Concrete    abutments.   Fig 
4,  sh.all  be  constructed  at   the  outlet  of  all  tll''| 
drains  according   to  the   drawings   furnished  by, 
the   engineer.      The   concrete   shall   be    made  of 
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I  part  Portland  cement,  2%  parts  of  clean  sand 
iiid  ii  parts  of  crushed  stone  or  gravel,  all 
neasured  in  loose  bulk.  The  pipe  used  at  the 
jutlet  shall  be  vitrified  pipe  of  double  strength, 
lard  burned  and  salt  glazed,  laid  with  cement- 
•il  joints  for  a  distance  of  10  ft.  back  from  the 
lolnt  of  discharge.  The  backfilling  about  the 
xali  shall  be  thoroughly  tamped. 

Surface  Inlets  and  Settling  Basins. — Com- 
lined  surface  inlets  and  settling  basins  shall 
le  constructed  as  shown  by  the  plans.  Fig.  5, 
ind  shall  be  made  of  concrete  consisting  of  1 
wrt  rortland  cement  and  7  parts"  sandy  gravel, 
ill  measured  in  loose  bulk.  The  inlets  shall  be 
■overed  with  a  cast  iron  grating,  made  as 
ihown  in  the  plans. 

Surface  inlets,  made  by  filling  the  trench  with 
atones  3  ins.  to  4  ins.  in  diameter  for  a  length 
if  3  to  6  ft.,  shall  be  constructed  wherever  the 
■iigineer   deems   it   necessary. 

Surface  Relief  Ditch. — A  .surface  relief  ditch 
<hall  be  constructed  at  Submain  P.  This  ditch 
<hall  be  broad  and  not  deeper  than  2  ft.,  and 
,'raded  to  the  stakes  of  the  engineer.  Said 
litch  shall  be  flattened  and  so  constructed  that 
t  will  offer  no  obstruction  in  cultivating  the 
and  nor  prevent  the  planting  and  culture  ot 
■reps   in   it. 

Pumping  Plant.— The  pumping  station  is 
•liown  in  location  on  Fig.  1.  It  comprises  a 
lump.  boiler  and  storage  room,  with  all  neces- 
sary machinery,  and  a  fuel  handling  plant.  The 
lUtlct  ditch  from  the  pumping  station  is  20 
ft.  bottom  width  with  1  on  1  sloped  banks 
ind  8  ft.  beams;  it  is  11  ft.  deep. 

Miscellaneous  Works. — These  include  rail- 
way and  road  bridge  crossings  over  canals  and 
1  variety  of  small  work. 

The  engineers  for  these  drainage  works 
were  the  Edmund  T.  Perkins  Engineering  Co., 
.'hicago,  111. 


A  Method  of  Computation  for  Excava- 
tion Tables. 

Contributed  by  .Albert  S.  Kry.  OHiie  ICngineer. 
.MorKan  Knfflni-erlng  Co.,  Memphis,  Tenii. 

In  Engineering  &  Contracting  for  March 
11,  11)14,  is  an  article  by  Mr.  E.  S.  Blaine  con- 
:eming  the  methods  which  he  used  in  com- 
puting ditch   and   levee  tables  adapted  to   flat 

ountry.  The  Morgan  Engineering  Co.  of 
Memphis,  Tenn.,  has  used  tables  of  a  similar 

haracter   for   some  time  past.     The  niechan- 

cal  work  involved  in  the  compilation  of  the 
■ablcs  used  by  this  company  is  not  unlike  the 
jptrations  mentioned  by  Mr.  Blaine.  But  the 
■inderlying  theory  is  somewhat  diflfcreiitly  con- 
-"civcd.     The  points  of  difference  may  be  best 

irought  out  by  an  explanation  of  the  basic  prin- 
.iplts  upon  which  the  tables  in  use  by  the 
.Morgan  Engineering  Co.  are  founded. 

In  Figure  1,  let  D  represent  the  depth  of 
■  lit,  B  the  width  of  base,  and  s  the  side  slope. 
B  and  s  being  constant,  the  volume  of  earth 
in  a  section  of  fixed  length  is  a  function  of 
Ihc  depth  D.     For  a  section  considered  to  ex- 


Fig.    1. 

:cnd  fifty  feel  each  side  of  a  station,  this  rc- 
ation  is  expressed  by 

|/=in()/27    (DD+sW)    (1) 

:he  unit  of  volume  being  the  cubic  yard 

Now  let  us  suppose  that  the  deplh  is  increas- 
ing uniformly  at  Ihc  rate  of  0.1  ft.  Then  the 
rate  at  which  the  volume  is  increasing,  at  any 
aiivcii  depth,  is  found  by  taking  the  lirst  dif- 
ferential of   (1),  which  is 

dJ'=100/27   (B+2sD)  dD   (2). 

This  equation,  however,  contains  the  vari- 
iblc  D  which  shows  that  the  volume  is  not 
increasing  at  a  uniform  rate.     We  must  there- 


fore carry  our  operations  a  step  further  and 
ascertain  the  rate  at  which  dV  itself  is  chang- 
ing. To  do  this,  we  again  differentiate,  the 
resulting  expression  being 

d'F=100/27    {2s-XdD')    (3). 

By  assigning  a  fixed  value  to  the  incre- 
ment of  depth,  dD,  it  is  seen  that  the  equation 
for  drV  is  constant  for  all  values  of  D.  In 
other  words,  dV  is  changing  at  a  uniform  rate. 

For  purposes  of  illustration,  the  curves  of 
Fig.  2  were  drawn,  B  and  s  being  considered 
constant.  Equation  (1),  which  is  of  the  sec- 
ond degree,   results  in  a  curved   line.     Equa- 


Di+2dD.  The  area  aond  exceeds  abed  by  the 
amount  included  in  the  shaded  rectangles 
aprt  and  Itndk.  The  base  of  each  of  the  lat- 
ter figures  is  sXdD  and  the  height  is  dD. 
Therefore  their  total  area  equals  2sXdD'  and 
the  corresponding  volume  is 

1 00/27  (^jXrfD-"). 
But   this   is   identical   with    (3),  which   shows 
that  the  small  shaded  rectangles  represent  the 
second  ditlerential,  (f  K. 

Bearing  in  mind  the  fundamental  principles 
heretofore  established,  it  becomes  apparent 
that  the  most  convenient  method  of  building 
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tions  (2)  and  (3),  which  are  of  the  lirst  de- 
gree, give  straight  lines.  The  dV  line  shows 
the  rate  at  which  F  is  increasing  for  various 
values  of  the  depth  D.  The  dl'  line  shows 
the  rate  at  which  dV  is  increasing.  Since  d'K 
is  constant  for  all  values  of  D,  the  rf"/''  line 
i«  parallel  to  the  axis  of  D,  which  shows  that 
dl'  is  increasing  at  a  constant  rate. 

Before  proceeding  further,  let  us  return  to 
Fig.  1  and  determine  the  physical  interpreta- 
tion of  each  of  our  differential  equations.  Let 
D,  represent  any  value  of  D  for  which  we 
have  computed  the  corresponding  volume  Fi. 
In  order  to  find  the  volume  when  V  equals 
Di  +  dD,  the  volume  of  the  prism  whose  end 
area  is  abed  must  be  added  to  V\.  The  area 
abed  is  made  up  of  the  rectangle  efgh  and  the 
two  trapezoids  aehb  and  fdcg.    The  mean  base 

dD 

of  each  trapezoid  is  s^D,-\ ).     The  total 

2 

area  abed  is  then  given  bv  BXdD+2j(Di+ 
dD)dD,  whence 


(/ f/=  1 00/27  (  B -I- .'J  [  D, -1- 


dD 


!)(//?..(•«). 


This  is  slightly  different  in  form  from  (2), 
the  term  dD  not  being   present   in  that  cqua- 

tion.  However  (2)  is  a  purely  theoretical 
relation  in  which  D  really  represents  the  limit 

dD 
of  the  expression  1/5-1- )  as  dl)  approaches 

zero.  But  for  the  purposes  at  hand,  wc  desire 
to  assign  Miinr  linitc  value,  such  as  n.l  fl.,  to 
dD.  Wc  have  thus  taken  a  step  outside  of 
the  infinite  realm  and  nuisl  ihcrclorc  not  con- 

dD                    dD 
sider  the  limit  of  (OH )  but  (D-l- )  it- 

2  1 

self.  The  increment  of  volume  being  thus  de- 
termined, it  is  only  necessary  to  add  the 
amount  dV  to  f  to  obtain  the  volume  for 
D^+dD. 

The    volimic    for    Di+2dD    must     next  be 

found     To   the  end  area  for  D,.  wc  add  not 

only  abed,  but  also  aond  to  secure  the  area  fpr 


up  a  set  of  tables  is  by  a  summation  process. 
The  work  is  best  performed  in  two  steps 
which  develop  from  the  following  relations, 
an  arbitrary  value  of  1.0  ft.  being  given  to  D 
at  the  beginning: 

For  £>=1.0,  ('(,.„)=K,  (5) 

For  D=\.\.  i\,.,)=l\+(dl^) (tJ) 

For  D=i:2,  y(,.,)  =  y,+  (dy) +  (dy+ 

(PV)     (7) 

For    73=1.3,    F(,.a)  =  (-',  +  (dK)  4- (rff 

4-«f  F)  4-  (dF4-rf*F4-rf'F)     (8) 

For  Z>=14-»i/10,  F(,4-fi/10)=F4-((yF)4- 

(rfF4-./=F)    

4-(dF4-|.i— 2|<f  F)  4- (</F-r  III— l]rf=F  1.(9) 

The  volume  for  D^\.\  is  clearly  equal  to 
ihe  volume  for  D^I.O  increased  by  the  value 
of  the  rate  at  which  the  volume  is  increasing 
when  D^l.a.  For  £'=1.2.  the  volume  is  equal 
to  the  volume  D=l.l,  plus  the  value  of  the 
rate  at  which  the  volume  is  increasing  when 
Z>=1.1.  But  this  is  equivalent  to  saying  that 
the  volume  for  P--1.2  is  equal  to  the  volume 
for  D=\.\,  plus  the  value  of  the  rate  at  which 
the  volume  is  increasing  when  f>=1.0,  plus 
the  additional  amoimt  by  which  this  rate  is 
itself  increasing.  Following  out  this  line  of 
reasoning,  the  general  equation  (9)  is  ob- 
tained. 

In  the  above  equations,  it  will  be  noticed 
that  the  last  term  in  each  is  the  same  as  the 
last  term  in  the  one  inmiediatcly  preceding 
it  plus  the  quantity  iTI '.  Starting  with  dV , 
d'l'  is  addril.  and  a  first  sub-total  obtained: 
a  second  d'{'  is  addcil  and  a  sciond  sub-total 
secured.  Continuing  this  process  a  set  of 
values  is  found  fr'>tn  which  ihc  lin.il  table  is 
formed.  Beginning  with  the  computed  value 
of  F.  which  is  Fl,  dl'  is  added,  the  result 
being  Fd.i).  To  this  sum.  the  first  sub-total 
is  arlded.  giving  /'(i.i).  The  second  sub-total 
is  then  added  to  F(..i),  Fd.i)  being  obtained. 
Procecdii  '■..  a  (able  is  constructed  be- 

tween   ai  limits.      For    convcnieiiic 

and  rapiiiiii  ..  .|.iration,  only  the  first  few 
decimal  placet  are  used.  .\  slight  cumulative 
error  is  thus  introduced  for  which  correction 
must  be  made,  the  interval  of  sucli  correction 
depending  upon  the  degree  of  accuracy  de- 
sired. 

Since  this  method  of  calculation  is  based 
upon  strict  mathematical  theory,  the  results 
obtained  arc  accurate  and  trustworthy.  It  is 
believed  that  no  other  method  affords  as  easy 
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and  as  simple  a  means  lor  conlpilln.^  taldcs 
of  tliis  character.  Tiie  u.se  of  a  modern  add- 
ing machine  greatly  facilitates  the  mechanical 
work  involved,  making  it  both  rapid  and 
reliable. 


drift  bolted  throu.yh  special  washers  to  the 
cap  pieces.  All  dimensions  of  timbers  are 
given  by  the  drawings.  The  de.sign  is  that 
of  the  engineers  of  the  Sewerage- Water 
I'.nard.   New   Orleans,   La. 


Timber    Lined    Canal    New    Orleans 
Drainage  System. 
(Staff  Article.) 
A  timber  lining  is  being  constructed  on  cer- 
tain of  the  canaFs  of  the  New  Orleans  drain- 
age system  according  to  plans  shown  by  Fig. 
1.  As  indicated  by  the  genera!  plan  the  existing 
canal    bottom    shown    by    the     dotted     line     is 
shaped   to   provide   for   the  timber   lining  and 


Cost  of  Cement  Gun  Lining  of  Small 
Storage  Reservoirs. 

To  THE  Kditoks  :  I  have  liefore  me  the 
article  on  Lining  for  Small  Storage  Reser- 
voirs appearing  in  Engineering  &  Contracting 
of  March  11,  1914,  from  which  the  following 
is  an  e.Ktract : 

A  surface  may  be  also  plastered  with  a  ce- 
ment   gun   whioh   spreads   the   plaster   evenly   by 
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Half  Section 
Fig.    1.     Diagram    Section    and    Details  of  Timber  Lined  Drainage  Canal.  New  Crieans,  La. 


from  the  curbs  of  this  lining  the  banks  are 
graded  by  excavation  or  fill  to  the  new  sec- 
tion shown  by  the  full  lines.  The  timber  sec- 
tion forms  thus  a  sub-channel  carrying  all 
ordinary  flow;  this  timber  sub-channel  is 
structurally  the  special  feature  of 'the  new 
canal. 

The  general  character  of  the  timber  lining  is 
shown  liy  the  enlarged  details.  The  12-in.  piles 
range  from  25  to  40  ft.  in  length,  are  cut  to 
slope  on  top  and  arc  ringed  with  iron.  Piles 
and  transverse  caps  are  of  yellow  pine  and 
the  caps  are  fastened  to  the  pile  heads  by 
both  drift  bolts  and  straps.  The  sheathing  for 
about  I'l  ft.  each  side  of  the  center  is  cypress 
and  for  the  remaining  outside  strips  is  creo- 
sotcd  pine.  The  sheathing  is  spiked  to  the 
caps  with  %x8-in.  boat  spikes,  one  spike  for 
approximately  every  4  ft.  B.  M.  of  sheathing. 
The  curb  or  walling  is  creosoted  pine  and  is 


air  pressure.  It  Is  claimed  that  this  process 
produces  a  very  impervious  plaster  with  as 
many  as  four  parts  of  sand  to  one  part  of  ce- 
ment with  10  per  cent  by  volume  of  the  cement 
of  hydrated  lime.  The  cost  of  this  type  of 
lining  figjres  about  15  cts.  for  square  foot  for  a 
plaster  ^4-ln.  thick.  The  excessive  cost  is  due 
to  a  royalty  on  a  patented  machine.  Special 
conditions  may  justify  this  high  cost  however. 
As  to  where  the  author  got  his  figures  on 
costs  of  cement  gun  work  of  this  character 
or  as  to  whether  the  particular  piece  of  work 
on  which  this  figure  is  based  presented  un- 
usual difficulties,  I  am  of  course  uninformed. 
I  desire  to  say,  however,  that  such  a  price 
under  ordinary  conditions  is  absolutely  un- 
warranted and  a  statement  such  as  this  which 
is  read  by  engineers  not  only  on  the  Pacific 
Coast,  but  all  over  this  country,  cannot  fail  to 
do  great  damage  to  the  cement  gun  business. 


Any  concern  using  cement  guns  which  makes 
such  a  quotation  is  not  only  committing  sui- 
cide, but  is  doing  a  grievous  injustice  to  those 
others  of  us  who  are  doing  a  legitimate  busi- 
ness at  legitimate  prices  and  are  ignoring  the 
fact  that  the  gun  is  a  patented  article. 

The  General  Cement  Gun  Co.  of  Chicago 
is  in  the  business  of  cement  gun  contracting 
in  the  middle  States  and  I  wish  to  say  that 
on  a  job  of  fair  proportions,  aside  from  the 
question  of  scaffolding,  transportation  of  ma- 
chines and  men  and  other  unknown  develop- 
ment expenses  and  assuming  a  cost  on  tlie 
job  of  cement  at  $1.50  per  barrel,  sand  at  $1.50 
per  cubic  yard,  labor  at  an  average  of  30  els, 
per  hour  and  gasoline  at  20  cts.  per  gallon, 
this  company  would  be  very  glad  to  do  such 
work  as  is  mentioned  at  3  cts.  per  square  foot, 
or  under  the  same  conditions  of  work  would 
lay  a  wire  mesh  and  apply  a  gunite  coating  of 
%  in.  at  from  5  cts.  to  5%  cts.,  and  on  either 
basis  would  expect  these  prices  to  pay  a  rea- 
sonable profit. 

Such  a  great  difiference  in  figures  could 
liardly  arise  from  the  difference  between  the 
costs  of  labor  and  material  in  Chicago  and 
San  Francisco. 

I  am  writing  you  this  letter  in  the  hope  that 
you  will  publish  it  and  thus  correct  so  far  as 
possible  the  erroneous  impression  created  by 
the  article,  and  the  fact  that  I  desire  to  pub- 
lish this  letter  should  prove  that  gun  work 
of  this  kind  can  be  done  at  prices  mentioned 
herein.  Yours  very  truly, 

Ch.\s.  a.  Cooper. 
Pres.,   General  Cement  Gun   Co 

Chicago,  111.,  .March  13,  11114. 


1  .-Vnswer  to  this  letter  has  been  made  by 
Mr.  Sessions  as  follows — Editors:) 

To  THE  EniTous  ;  Referring  to  the  above 
quotation  from  my  article  in  Excixekrixg  & 
CoNTR.-\cTiNG  of  JVlarcli-  11,  1914  :  At  the  time 
the  article  was  written  the  price  given  was 
that  quoted  by  a  local  company  for  work  that 
the  writer  had  in  view.  The  price  was  con- 
sidered out  of  reach  and  the  idea  of  using  the 
cement  gun  was  abandoned.  It  seems  thai  ihc 
cement  gun  is  now  established  luider  a  new 
management  here  on  the  coast  and  that  there 
is  not  so  much  of  the  idea  to  sell  guns  as  to 
di)  a  contracting  business  with  them.  The  fol- 
lowing prices  have  been  quoted  for  work  with 
tliis  cement  gun  and  as  a  matter  of  informa- 
tion and  in  justice  to  the  cement  gun  people 
1  would  suggest  that  you  publish  them  as  a 
correction  or  addition  to  the  article  in  ques- 
tion. 

For  a  job  of  about  20,000  sq.  ft.  and  ma- 
terials, etc.,  at  the  following  prices:  Cement, 
per  barrel  $3.20;  sand.  $1.50  per  vard  on  the 
job;  water,  $4.50  per  day:  freight  each  way. 
25  cts.  per  hundred :  railroad  fare,  $3.00  one 
way:  reinforcing  of  Xo.  7-.\  Triangle  Mesh 
h'abric  over  a  backing  of  building  paper,  and 
mixture  of  one  part  of  cement  to  three  parts 
of  sand:  1%  ins.  thick,  14  cts.  per  square 
foot;  1  in.  thick.  10  cts.  per  square  foot;  % 
in.  tliick,  S  cts.  per  square  foot. 

The  mixture  of  1  :3  is  at  the  gun.  there 
l>eing  enough  loss  of  sand  caused  by  rebound 
to  make  the  mixture  in  place  about  I  :2%  to 
1  :2%,  One  gun  will  do  this  job  '.n  about 
three   weeks. 

For  1,000,000  ft.  of  ditch  work  a  price  of  flH 
cts,  has  been  quoted   for  a  lining  1   in.  thick 
Yours  truly. 

C.  R.  Sessions. 

San  Francisco.  Cal.,  March  31.  1914. 


Large  Bridge  to  Be  Constructed  in  Ger- 
many.— It  is  reported  that  construction  will 
soon  be  begun  of  a  railua_\-  bridge  conncctinp 
Rugen,  an  island  in  the  Rallic  Sea  almost  due 
north  of  Kcrlin.  with  the  mainland  of  Ger- 
many. This  bridge,  when  completed,  will  be 
one  of  the  longest  in  the  world,  exceeding 
even  that  over  the  Hwang  ho,  which  is  10,T4fl 
ft.  long.  The  structure  will  probably  include 
a  track  for  pedestrians,  although  none  for 
road  traffic,  and  when  completed  it  will  sub- 
stantially shorten  the  journey  between  Berlin 
and  Hamburg  on  the  one  liand,  and  Stock- 
holm and  Christiania  on  the  other.  The  cost 
is  estimated   at  about  $.5,000,000. 
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Flood   Prevention  and    Protection    as 

Advocated  by  the  Board  of 

Army  Engineers. 

i'rom  time  to  time  we  liave  published  articles 
treating  of  flood  prevention  and  protection 
measures,  and  have  commented,  editorially,  on 
this  subject  in  several  recent  issues.  In  view 
of  its  importance  to  engineers  it  is  instructive 
to  note  the  conclusicMis  reached  by  the  board 
appointed  by  General  Kingman,  chief  of  en- 
gineers, U.  S.  Army,  at  the  direction  of  Secre- 
tary of  War  Garrison.  This  board  of  army 
engineers,  which  went  to  the  scene  of  the 
floods  in  the  Ohio  and  Wabash  valleys  last 
spring  to  investigate  and  devise  practical 
means  of  controlling  flood  waters  in  .Amer- 
ican streams,  has  just  made  its  final  report  to 
Congress. 

The  report  advises  that  the  work  be  placed 
entirely  in  the  hands  of  the  War  Department. 
to  avoid  the  duplication  of  organizations  and 
the  expense  of  forming  new  ones.  It  also 
advises  that  tlie  War  Department  be  given 
control  of  non-navigable  tributaries  of  navi- 
gable rivers.  But  it  rejects  as  impracticable 
the  Pinchot  method  of  forestation  of  water- 
sheds, a  scheme  which  has  been  a  bone  of 
contention  between  engineers  for  many  years. 
It  is  stated  that  no  one  nietliod  can  be  de- 
vised to  fit  the  needs  of  all  streams,  but  that 
each,  stream  must  be  studied  before  any  plan 
of  flood  control  is  adopted  for  it.  Immediate 
work  on  the  surveying  of  streams  is  advised, 
the  authority  to  be  included  in  the  pending 
rivers  and  harbors  bill.  Among  the  rivers 
selected  for  immediate  survey  are  the  fol- 
lowing: Wabash  River  and  its  tributaries; 
the  Cheat  River  of  Pennsylvania  and  West 
Virginia;  the  Tygarts,  West  Fork  and  Kan- 
awha rivers  of  West  Virginia;  the  Muskin- 
gum River  and  its  tributaries  and  the  Scioto 
River,  both  of  Ohio;  and  the  Maumce  River 
of  Ohio  and  Indiana.  The  estimated  cost  of 
these  surveys  is  ^t^O.iMiO,  and  it  is  recommend- 
ed that  this  sum  be  taken  from  the  $2o0,000 
item  in  the  pending  bill  for  the  survey  of 
streams.  .Xmong  the  streams  included  for 
future  surveys  are  the  Mohawk,  the  Delaware, 
the  Susquehanna  and  the  Brazos  rivers. 

In  a  letter  accompanying  the  report  Secre- 
tary of  War  Garrison  summarizes  the  results 
of  the  board's  investigations,  the  recommenda- 
tions of  which  were  adopted  for  his  own  re- 
pi>rt.  In  this  he  was  joined  by  Gen.  Dan  C. 
Kingman,  chief  of  engineers.  Mr.  Garrison 
citeil  in  detail  the  various  methods  proposed 
for  flood  control,  and  made  the  following 
comments: 

(1)  Forestation  and  special  mclhoils  of  plow- 
Itig  arc  not  practical  enough  to  make  It  prodt- 
llble  to  consider  their  employment. 

(2)  Reservoirs,  storage  and  Impeding,  may  be 
uncd  to  advantage,  especially  In  smaller  streams 
where  sites  may  bo  acciulrcd  at  u  reasonable 
cost. 

C)  Moving  structures  of  bulk  out  of  a  flood 
nroa  plves  prompt  and  certain  relief,  not  only 
snvltiK  the  property  removed,  but  reducing  flood 
hclKhts  and  veloilllcs  liy  removing  the  obstruc- 
tions. This  nifthod  should  be  adopted  so  far  as 
pmctlcable  and  new  obstructions  should  be  pre- 
vented. 

(O  Auxiliary  channels,  parallel  and  cut-off, 
may  be  used  to  advantage  In  certain  cases. 

(5)  Levees,  when  properly  built,  have  been 
almost  uniformly  successful.  They  otter  quick 
relief  and  arc  suitable  for  both  local  and  ex- 
'•■nded  uses. 

'  '•)    No   one    method   of   flood    control    can    be 

■ '  ommended  to  the  exclusion  of  others.     Liocal 


conditions  vary  so  greatly  that  what  is  suitable 
for  one  stream  is  likely  to  be  unsuitable  for 
another. 

Legislation  is  recommended  (a)  to  amend 
the  present  law  making  it  unlawful  to  ob- 
struct the  trilnitaries  of  navigable  streams, 
this  prohibition  now  applying  only  to  navi- 
gable rivers,  (b)  to  authorize  the  survey  of 
the  several  rivers  mentioned,  and  (c)  to 
authorize  the  survey  of  other  streams  from 
time   to   time,   as   conditions  may  warrant. 

The  members  of  this  board  of  army  en- 
gineers are  :  Lieut.  Cols.  Francis  R.  Shunk  and 
Henry  Jcrvey,  and  Majors  C.  S.  Bromwill, 
John  C.  Oakes,  Frederick  W.  Altstaetter  and 
Lewis  H.  Rand. 


Emergency  Financing  of  Water  Supply 
and  Sewerage  Projects. 

Many  small  cities  abandon  water  supply 
and  sewerage  projects  when  the  city  officials 
learn  that  the  estimated  cost  of  the  pro- 
jected works  exceeds  the  sum  which  can 
legally  be  borrowed  to  defray  the  cost  of 
the  contemplated  improvement.  Frequently 
the  con.'^titutional  limitations  governing  a 
city's  right  to  borrow  for  public  improve- 
ment construction  are  permitted  to  deprive 
the  city  of  utilities  which  the  inajority  of  the 
citizens  want,  and  for  which  they  are  ready 
to  pay.  That  a  way  is  open  to  cities  in  this 
predicament  is  ivell  illustrated  by  the  methods 
employed  in  financing  the  additional  water 
supply  for  Centralia,  111.,  and  the  new  sani- 
tary sewerage  system   for  Vincennes,   Ind. 

The  facts  in  the  Centralia  case,  which  are 
fully  set  forth  in  an  article  published  in  the 
water  works  section  of  this  issue,  are  briefly 
as  follows:  The  municipal  supply  of  water 
was  obtained  from  a  contaminated  creek 
which  went  dry  every  summer.  The  city  was 
unable  to  borrow  enough  money  to  pay  lor 
new  works  on  account  of  the  bonding  limit 
fixed  by  law.  It  was  deemed  unwise  to 
grant  a  water  works  franchise  for  fear  the 
rates  charged  by  the  water  company  would 
not  be  paid  by  a  railroad  whose  shops  form 
the  city's  chief  industrial  dependency.  A 
committee  of  citizens  then  organized  a  local 
stock  company  to  construct  new  works  and 
made  an  agreement  with  the  city  council  to 
lease  and  operate  these  new  works  and  to 
purchase  them  at  their  full  cost.  The  stock 
company  was  capitalized  at  $l.Vi,OiMi.  Water 
department  revenues  were  pledgeil  to  pay  l! 
per  cent  interest  on  the  total  annual  indebt- 
edness remaining  from  year  to  year.  The  city 
issued  $.jii.iHM)  in  bonds  in  part  payment  of  the 
cost  of  the  works  and  agreed  to  issue  $10,biNi 
worth  of  new  bonds  each  year  and  agreed, 
further,  to  raise  a  similar  amount  each  year 
in  general  taxes  to  be  applied  to  the  balance 
of  the  debt.  The  methods  employed  by  the 
committee  in  securiiig  ihe  capital  slock  suli- 
scriplions  from  local  people  and  in  disposing 
of  the  irregularly  issuc<l  bonds  arc  very  in- 
teresting and  are  fully  explained  in  the  article 
to  which  we  have  referred. 

The  methods  employed  in  financing  the 
Vincennes  sewerage  system  were  fully  dc- 
.scribcil  in  this  journal  for  March  II,  If'll.  but 
arc  here  briefly  reviewed.  In  Indiana  three 
methods  of  financing  scwcr  construction  arc 
ordinarily  employed.  They  arc :  By  appro- 
priation from  tax  budget,  by  assessment  of 
property  benefited,  and  by  bond  issue.  These 
methods  were  cither  impracticable  or  inad- 
visable under  the  local  conditions,  and  were 
abandoned.  The  plan  adopted  was  as  fol- 
lows :  The  council  grantcil  to  an  association 
4S7 


formed  for  that  purpose  a  franchise  to  build, 
operate,  maintain  and  extend  a  well  defined 
system  of  sewers.  For  the  use  of  this  sew- 
erage system  the  city  pays  an  annual  rental. 
With  the  franchise  as  a  basis  bonds  were  is- 
sued by  the  sewer  association.  These  bonds 
draw  interest  at  G  per  cent  and  the  annual 
rental  is  such  that  it  will  pay  the  interest  and 
retire  all  the  bonds  at  the  end  of  '25  years. 
The  city  has  the  right  to  purchase  the  sys- 
tem, after  30  days'  notice  in  writing,  at  prices 
which  decrease  from  year  to  year  as  agreed 
at  the  outset.  .-Kt  a  cost  of  slightly  over  $2 
per  capita  annually  for  25  years  the  city  will 
secure  sewer  service  and  will  then  own  the 
system.  During  this  period  the  system  will 
be  properly  maintained.  This  method  of  finan- 
cing at  Vincennes  has  been  and  promises  to 
remain  very  satisfactory. 

The  methods  of  financial  procedure  here 
indicated  may  be  applicable  to  conditions  in 
other  cities  where  improvements  are  desired, 
but  where  suflicient  funds  are  not  available 
through  regular  channels.  Certainly  these 
methods  should  be  carefully  considered  be- 
fore projected  public  improvements  are  aban- 
doned on  account  of  a  city's  constitutional 
limitations. 


The     Use     of     Manufacturers"     Cata- 
logues by  Engineering  Students. 

It  is  a  common  practice  of  teachers  in  en- 
gineering colleges  to  advise  their  students  to 
write  for  catalogues  of  machinery  and  sup- 
plies. This  is  done  under  the  supposition 
that  the  students  will  study  these  publica- 
tions and  so  gain  knowledge  of  the  character, 
uses,  sources  and  prices  of  machines  and 
supplies  used  in  engineering  construction. 
This  kind  of  knowledge  is  always  valuable 
and  many  times  it  is  essential.  We  doubt, 
however,  that  under  the  present  practice  of 
students  in  collecting  and  using  such  cata- 
logues the  ends  sought  are  attained. 

Thi-  following  statements  relative  to  the 
present  use  of  catalogues  by  students  are 
based  on  a  nine  years'  observance  of  the 
conditions  discussc<I.  It  is  a  common  prac- 
tice among  students  to  write  for  a  consider- 
able number  of  catalogues  at  one  time.  The 
requested  copies  arc  all  received  by  the  stu- 
ilcnt  within  a  few  days.  Coming,  as  they  do, 
in  considerable  number,  they  present  a  rather 
formidable  appearance  to  the  student  who  is 
busy  with  his  studies  or  with  his  other  activi- 
ties' collectively  known  as  "college  life."  .\ 
very  natural  result  of  these  conditions  is  that 
the  various  catalogues  arc  given  but  scant 
attention.  Of  course,  there  are  sonic  students 
who  carefully  and  repeatedly  cx.imine  publi- 
cations i-f  Ibis  character,  but  the  average  stu- 
dent feels  that  the  procuring  of  catalogues  is  in 
itself  so  highly  commendable  and  is  such 
strong  evidence  of  his  alertness  that  their  real 
uses  are  overshadowed  by  the  considerations 
named  and  they  are  alloweil  to  go  practically 
unread. 

It  is  rare  indeed  that  a  student  keeps,  until 
he  becomes  a  buyer,  the  catalogues  he  col- 
lected during  his  undergraduate  days.  On 
graduating  the  student  commonly  disposes  of, 
or  at  least  stores,  his  textbooks  in  order  to 
lighten  the  impedimenta  which  he  must  trans- 
port about  the  country  with  him  in  his  pur- 
suit of  a  livelihood.  If  such  action  is  taken 
with  biviks  he  has  purchased  one  can  readily 
sec  bow  unlikely  it  is  that  he  will  preserve 
manufacturers'  literature  which  he  has  ob- 
tained without  cost.  In  the  light  of  the  fore- 
going we  conclude  that  neither  the  student 
nor  the  manufacturer  profits  from  the  present 
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average  practice  of  students  in  the  use  of 
manufacturers'   catalogues. 

Our  plan  for  bettering  the  conditions  here 
discussed  is,  briefly,  that  each  department  of 
the  college  should  keep  a  file  of  catalogues 
of  all  machinery  and  supplies  used  in  con- 
nection with  the  field  operations  for  which 
the  instruction  given  in  the  department  is 
preparatory,  and  that  students  should  be  re- 
quired to  make  certain  prescribed  uses  of 
these  catalogues  as  a  part  of  their  course  of 
study. 

To  illustrate  our  suggestion  let  us  suppose 
that  a  class  of  civil  engineering  students  is 
taking  up  the  study  of  water  supply.  The 
students,  if  our  suggestion  were  in  force, 
would  consult  the  catalogues  pertaining  to 
this  branch  of  engineering  from  time  to  time 
as  directed  by  the  teacher  in  charge.  They 
would  be  directed  to  look  up  certain  definite 
matters  and  to  report  their  findings  in  a 
notebook  kept  for  that  purpose.  The  scope 
of  the  notes  would,  of  course,  be  indicated  by 
the  teacher  in  accordance  with  the  import- 
ance of  the  portion  of  the  subject  under 
study.  .Such  a  notebook,  if  kept  in  connec- 
tion with  all  the  subjects  taught  in  the  de- 
partment would  be  of  real  value  to  the  stu- 
dent in   the  early  years  following  graduation. 

The  keeping  of  notes  of  this  character 
should  be  encouraged  as  it  constitutes  a  be- 
ginning of  the  preparation  of  the  "handbook" 
which  every  engineer  should  compile  for  him- 


self. This  habit  of  keeping  notes  for  future 
use  can  well  be  formed  by  the  undergratuate 
under  the  guidance  of  his  teachers. 


Reconnoissance  Surveys  As  a  Feature 
of  Extensive  Highway  Improvements. 

There  appears  to  be  in  vogue  but  two  ways 
of  securing  preliminary  information  in  regard 
to  road  construction  in  many  sections  of  the 
country.  One  is  to  make  an  extensive  survey, 
at  a  high  cost  per  mile,  of  roads  which  inay 
not  be  improved  for  several  years  or  possibly 
not  at  all.  and  the  other  is  to  depend  upon 
the  judgment  of  the  engineer. 

The  first  method  is  excellent,  but,  unfor- 
tunately, cannot  be  followed  very  extensively, 
except  in  sections  where  ample  funds  are 
available  and  there  is  some  possibility  tliat 
the  survey  may  have  a  future  value. 

The  .second  method  is  in  more  general  use. 
While  it  is  quite  probable  that  the  engineer's 
judgment  as  to  the  best  route  to  follow  and 
the  approximate  cost  of  a  proposed  road  im- 
provement, even  when  based  upon  a  merely 
superficial  inspection  which  often  is  all  the 
investigation  he  has  an  opportunity  to  make, 
is  much  superior  to  the  ideas  and  opinions 
of  others,  yet  there  is  no  doubt  that  a  more 
careful  investigation,  such  as  is  afiforded  by 
a  reconnoisance  survey,  would  not  only  be  a 
material  aid  to  his  judgment,  but  would  in  a 


large   measure  do  away  with  the  necessity  of 
exercising  it. 

We  believe  that  a  reconnoissance  survey, 
such  as  outlined  in  the  article  in  this 
issue  on  Michigan  practice  in  that  respect,  is 
an  invaluable  aid  in  planning  extensive  high- 
way improvements.  Accurate  data  obtained 
in  this  waj'  furnish  a  means  of  comparison 
and  a  basis  for  estimating  costs  which  are 
free  from  the  element  of  chance  which  neces- 
sarily enters  into  any  estimate  which  is  not 
based  on  such  data. 

In  this  connection,  the  advisability  of  mak- 
ing such  surveys  to  obtain  information  to  be 
used  as  a  basis  for  issuing  bonds  for  high- 
way improvements  cannot  be  too  strongly 
emphasized.  Too  often  bonds  are  issued  for 
road  purposes  with  the  idea  of  accomplish- 
ing work  which  later  is  found  to  cost  much 
more  than  was  originally  intended.  This  usu- 
ally leads  to  unjust  criticism  of  officials  in 
charge  of  work.  The  cause  for  this  criticism 
would  not  have  existed  had  sufficient  prelimi- 
nary data  been  available. 

The  method  of  procedure  described  in  the 
article,  to  which  we  have  made  reference, 
has  nuich  to  commend  it.  The  field  work  is 
done  rapidly  and  ine.xpensively,  and  the  in- 
formation obtained  is  full  and  of  a  useful 
nature.  Surveys  of  this  nature  are  valuable 
and  we  commend  their  use  to  road  officials 
and   highway   engineers. 
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Methods    of    Making    Reconnaissance 
Surveys  for  Trunk  Line  High- 
ways in  Michigan. 

A  reconnaissance  or  preliminary  survey  is 
made  to  obtain  data  which  may  be  used  to 
determine  the  most  desirable  route  to  follow 
for  a  proposed  road  and  its  approximate  cost 


in  selecting  an  economic  route  for  such  a 
road  it  is  necessary  that  accurate  information 
of  utility  and  cost  be  secured.  Moreover,  with 
such  data  at  hand  the  engineer  and  road  com- 
missioner is  able  to  plan  his  work  with  much 
greater  ease  and  more  definite  assurance  of 
its  ultimate  cost.  Surveys  of  this  nature  should 
also  be  made  prior  to  issuing  bonds  for  ex- 
tensive road  improvement.     This  is  especially 


Fig.    1.     Sample    Page    from    Field    Book    of    Reconnaissance  Survey. 


of  improvement.  Methods  of  conducting  these 
surveys  have  been  highly  developed  for  rail- 
road work  but  in  the  highway  field  they  have 
not  received  the  same  attention.  This  is  doubt- 
less due  in  a  large  measure  to  the  fact  that 
in  the  construction  of  short  sections  of  road 
such  surveys  are  of  small  value.  In  the  last 
few  years,  however,  there  has  come  a  demand 
for   the   improvement   of    through    roads,   and 


true  wliere  a  large  mileage  of  improvement  is 
contemplated. 

Mr.  L.  H.  Townsend  of  the  Michigan  high- 
way department  in  a  paper  before  the  Michi- 
gan Engineering  Society  has  described  the 
methods  employed  in  that  state  for  -.his  class 
of  work  and  we  are  indebted  to  him  for  the 
information  contained  therein. 

Division   ten,  section   two.  of  the  Michigan 


Trunk    Line    Highway   Act    reads,   in    part,   as 
follows  : 

Provided  that  on  petition  of  two  or  more  con- 
tiguous counties  tlirougli  their  boards  of  coun- 
ty road  commissioners,  in  counties  under  the 
county  road  system,  or  through  their  boards 
of  supervisors  in  other  counties,  or  upon  his 
own  action,  the  State  Highway  Commissioner 
shall  mal<e  preliminary  surveys  and  such  other 
investigations  as  he  shall  deem  necessary  of 
one  or  more  routes  for  State  Reward  Trunk 
Line  Highways  through  such  counties.  After 
investigation  the  State  Highway  Commissioner 
shall  submit  to  such  county  road  commission- 
ers, boards  of  supervisors,  good  roads  district 
commissioners  or  township  boards,  as  the  ease 
may  be,  maps  showing  feasible  routes  and  ap- 
proximate estimates  of  cost  of  building  over 
each  of  said  routes,  when  the  said  boards  shall 
concur  upon  one  of  such  routes  which  shall 
then  be  known  as  a  part  of  the  State  Rew.ud 
Trunk  Line  Highway   System. 

In  a  general  way  these  routes  were  estab- 
lished, such  as  the  one  beginning  on  Michigan 
Avenue  in  Detroit  and  running  via  Wayne, 
Ypsilanti,  Ann  .Arbor,  Chelsea,  Jackson,  etc. 
But  to  know  which  road  would  be  the  most 
suitable  to  follow,  it  was  necessary  to  have  a 
reconnaissance  made  of  one  or  more  roads 
connecting  the  towns  and  then  select  the 
most  feasible,  as  stipulated  in  the  .■\ct. 

I'lcliiniiiary  Information. — In  all  cases  where 
it  was  possible  the  highway  officials  of  the 
county,  township  or  good  roads  district  were 
requested  to  submit  to  us  the  road  or  roads, 
in  their  respective  communities,  which  tliey 
wished  to  have  the  trunk  line  highway  follow. 
Where  this  was  done,  and  there  was  but  one 
choice  and  no  reconnaissance  was  applied  for. 
we  generally  adopted  that  road  as  a  portion 
of  the  trunk  line  system.  But  whore  they 
failed  to  give  a  definite  choice  or  there  were 
several  contending  routes,  or  where  the  route 
chosen  by  them  did  not  seem  feasible  to  us, 
a  reconnaissance  was  made. 

At  the  beginning  of  my  services  with  the 
state  highway  department  the  method  of  han- 
dling the  reconnaissance  work  had  not  been 
decided  upon.  Owing  to  the  fact  tliot  I  was 
connected  with  the  topographic  branch  fif  the 
United  States  Geological  Survey  for  several 
years,  I  was  very  much  in  favor  of  the  use 
of  the  plane  table.  I  still  contend  that  the 
topography  as  sketched  by  that  survey  gives 
a  clearer  idea  of  the  country  traver'^ed   than 
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any  other  way,  but  since  a  novice  is  liable 
to  misinterpret  topography  and  would  be  mis- 
led in  translating  any  maps  which  we  would 
wish  passed  upon  we  decided  to  resort  to 
some  other  method. 

The  use  of  an  auto  was  considered  but  on 
account  of  the  speed  with  which  it  covered 
the  ground  and  the  inaccuracy  of  the  meas- 
urements taken,  any  information  gathered 
would  be  too  general  for  even  a  reconnais- 
sance. 

Our  final  decision  was  to  use  a  wheel  or 
pace  traverse  and  keep  a  running  set  of  notes 
of  all  inform.ation   gathered. 

Equipment  and  Field  Xotcs. — A  good  bo.x 
■compass,  clinometer,-  tape  and  camera  were 
the  instruments  used ;  the  buggy  wheel  or  pace 
was  employed  as  the  means  of  detennining 
distances.  It  was  rather  a  case  of  being  a 
close  observer  than  in  doing  accurate  instru- 
ment work.  One  had  to  be  on  the  lookout 
for  such  things  as  the  character  of  country 
traversed,    whether    it    was    timber,    cut    over 


.•\  sample  page  from  a  field  note-book  is 
shown  in  Figure  1. 

Maffing. — In  mapping  the  reconi-.aissancc 
work  we  considered  it  the  wiser  plan  to  have 
these  drawings  conform  as  nearly  as  we  could 
to  the  working  plans  for  the  finished  road.  By 
doing  this  they  showed  the  more  essential  fea- 
tures, such  as  profile,  alignment  and  drainage 
of  the  road,  and  were  more  easily  handled  by 
the  officials  to  whom  they  were  submitted. 

A  fair  sample  of  this  portion  of  the  work 
is  shown  in  Figure  2 — a  portion  of  the  recon- 
naissance made  in  Clare  county.  The  small 
sketch  shows  the  routes  followed.  In  this 
county  there  were  several  different  roads 
which  could  be  taken  and  used  as  a  portion 
of  the  trunk  line  highway.  The  heavy  line 
shows  the  one  in  preference.  These  maps 
were  drawn  to  such  a  scale  (1,000  ft.  to  an 
inch)  that  ten  miles  of  road  could  be  con- 
veniently placed  on  a  sheet  20x'^G  ins.  in  size. 
The  width  of  the  road  was  exaggerated  in 
order  that   such   things  as  cuts,   fills,  ditches. 


Summary  of  Street  Traffic  Conditions 
in  a  Number  of  Large  Cities. 

The  rapid  development  of  .American  cities 
in  the  oast  two  decades  has  brought  the  prob- 
lem of  providing  for  present  and  future  traf- 
fic squarely  before  the  engineer.  .\  consid- 
eration of  the  problems  of  other  cities  is  often 
helpful  in  the  solution  of  immediate  diffi- 
culties and  the  summary  below,  taken  from 
the  report  of  the  Manchester  (England) 
Tramways  Committee,  as  presented  by  The 
Surveyor  of  London,  is  of  interest  in  that  it 
gives  the  viewpoint  of  men  who  are  dealing 
with  foreign  trattic  conditions  which  are  often 
much  more  complicated  than  those  in  this 
country. 

An  investigation  was  made  in  part,  for  the 
purpose  of  determining  so  far  as  possible  (1) 
the  probable  increase  in  traffic  in  the  next 
20  years;  (2)  provisions  necessary  to  diminish 
the  increased  congestion  in  the  central  streets 
and  facilitating  traffic  by  means  of  (a)  widen- 
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land,  clearing  or  improved  farms;  approxi- 
mate location  of  buildings,  giving  kind  :  condi- 
tion of  road  grade,  and  if  improved  in  any 
degree — the  width,  alignment  and  drainage; 
kind  of  soil  on  roadway,  whether  sand,  clay, 
loam  or  swamp  (notation  being  given  of  the 
distance  from  the  starting  point  to  the  sev- 
eral changes)  ;  location,  condition  and  size 
.of  ditches,  creeks  and  streams  that  might 
serve  as  outlets  for  water  from  the  roadway ; 
measurements  of  culverts  and  brid'.^es  with 
condition  and  location,  photographing  all  truss 
bridges  and  others  that  might  necil  to  be  re- 
paired or  rebuilt;  bearings  of  roads  traversed 
with  compass,  also  compass  bearings  of  inter- 
soclinv;  r.iilroads,  large  streams  an<l  nads  un- 
less at  right  angles;  noting  intersection  with 
corporate  limits  of  cities  and  village.^,  if  pos- 
sible. The  most  important  features  to  be  nulcd 
were  the  length  and  grade  of  the  hills  gone 
over  on  the  road  in  question.  The  traffic  was 
.ilso  noted  and  divided  inti  three  classes  single 
rips,  douiile  rig?  and  automobiles.  .Mtbongli 
this  dill  not  even  give  a  fair  estimate  as  to 
llie  auiount  of  travel  on  the  road,  it  neverlhe- 
Icss  showed  that  it  was  traveled  to  a  greater 
or  less  extent  and  unriiiestionably  had  an  in- 
fluence on  the  decision  of  the  route  to  be  fol- 
lowed. Consideration  was  also  taken  of  the 
available  road  material  such  as  gravel,  stone. 


etc.,  occurring  within  the  limits  of  the  road 
could  be  shown  clearly.  .-\ll  information 
gathered  was  placed  on,  or  adjacent  to,  the 
plan  of  the  road  except  the  prolile,  which 
was  shown  below. 

JLvlenI  and  Cost. — Nearly  1,200  miles  of 
road  were  covered  by  a  reconnaissance  during 
the  past  summer,  several  hundreil  miles  of 
which  have  already  been  mapped  and  the  re- 
mainder is  being  compiled  as  the  work  de- 
mands it.  The  cost  was  approximately  $l..i0 
per  mile  for  the  major  portion  of  the  field 
work. 


Destroying    Teredos    by    Electricity.— .\ 

new  nutlioci  of  (Icslroyiii)^  teredos,  a  pest 
which  has  caused  eiioniious  cjaniage  in  the 
destruction  of  piles  used  in  wharf.ige  con- 
struction in  north  F'acific  coast  ports,  par- 
ticularly in  Vancouver,  Seattle  and  Tacoma, 
by  turning  an  electric  current  into  the  piles, 
is  being  tried  in  Seattle.  These  pests  have  so 
far  successfully  defied  all  attempts  to  eradi- 
cate them  from  the  timbers  supporting  the 
various  structures  along  the  water  front  in 
the  Pugct  Sound  and  British  Columbia  ports, 
and  a  means  of  destroying  them  wi'.l  prove 
a  great  saving  to  individuals  and  companies 
maintaining  docks  an<l  wharfage  p^iperlies 
on   the  coast. 


ing  of  existing  streets  and  the  construction 
of  new  streets;  (b)  the  use  of  an  arterial 
center  for  street  car  traffic,  and  (c)  the  con- 
struction of  subways. 

GENERAL   PROBLEM. 

.•\s  cities  have  grown,  due  to  the  gradiial 
increase  in  populati  tn,  and  as  the  riding  habits 
of  the  people  have  developed,  especially  in 
the  last  few  decades,  it  has  become  more  and 
more  uitVicult  to  make  the  channels  of  pas- 
senger transport  equal  to  the  ever-growing  de- 
mands. Ill  everv  city  the  main  factors  affect- 
ing the  problem  are  much  the  same.  There 
is  a  constant  migration  of  the  population  from 
the  inner  to  the  outer  zones,  and  this  is  great- 
ly accelerated  by  every  extension  and  improve- 
riient  in  the  means  of  transit.  Suburban  dis- 
tricts rapidly  become  urban,  and  new  suburban 
districts  in  the  outlying  areas  are  always  in 
proi^ress  of  formation.  Smaller  towns  and 
di.stricts  on  the  outskirts  arc  being  drawn  into 
closer  touch  with  the  cities,  and  a  greater 
community  of  interests  is  being  established 
nver  a  gradually  widening  area. 

Every  extension  of  the  means  of  transit  into 
the  outer  zones  adds  to  the  difficulties  of  han- 
dling the  traffic  in  the  central  zone,  and  in 
lime  the  congestion  becomes  so  acute  that  the 
city  authorities  realize  they  are  face  to  face 
with  tnc  inevitable  traffic  problem.     This  con- 
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dition  of  things  arises  sooner  or  later  in  all 
large  cities,  but  some  cities  have  been  con- 
fronted with  the  problem  at  an  earlier  date 
than  others  owing  to  tlie  narrowness  and  bad 
lay-out  of  the  streets  in  the  older  parts  of 
the  city,  to  the  absence  of  suitable  arterial 
roads,  and  to  the  presence  in  the  central  zones 
of  a  large  amount  of  ordinary  vehicular  traf- 
fic, which,  if  it  is  slow-moving,  tends  to  re- 
tard the  "eneral  flow  of  the  traffic. 

XEW    YORK. 

Some  interestini'  features  presented  by  the 
transit  facilities  now  in  operation,  and  those 
which  are  under  construction  in  New  York, 
are  noted  in  the  report.  Greater  New  York, 
with  a  population  of  about  5,()O0.0o0,  and  an 
area  of  3i'-l-  square  miles,  embraces  Manhat- 
tan Island  and  the  boroughs  of  Brooklyn, 
Queens,  Riclimond  and  Bronx.  Manhattan 
Island,  the  original  city  prior  to  the  inclusion 
of  the  adjoining  boroughs  within  the  city  area, 
is  the  most  densely  populated  piece  of  terri- 
tory in  the  world,  and  the  crowding  of  huge 
buildings  for  business  purposes  into  its  lim- 
ited area  has  created  a  transportation  problem 
of  the  most  complex  kind. 

The  most  interesting  feature  of  the  existing 
transportation  facilities  is  the  underground 
railway  in  Manhattan.  This  subway  is  owned 
by  the  city  authorities,  and  is  leased  to  the 
Interhorough  Company.  It  is  constructed  un- 
der the  streets  of  the  city,  and  as  near  the 
surface  as  possible.  The  usual  depth  of  the 
station  platforms  from  the  street  levels  is 
about  2.5  ft.,  and  the  approaches  are  by  short 
flights  of  steps.  The  nearness  of  this  subway 
to  the  street  surface,  and  its  easy  accessi- 
bility as  compared  with  the  deep-level  "tubes 
in  London,  with  their  lifts  and  long  subter 
ranean  passages,  at  once  illustrates  the  ad- 
vantages from  the  passengers'  point  of  view 
of  shallow  underground  railways  as  against 
deep-level  "tubes."  The  subway  has  four 
tracks — tw'o  for  express  services  and  two  for 
local  services.  It  was  originally  built  to 
carry  400,000  passengers  per  day,  but  it  is  now 
carrying  over  1,000,000  per  day,  and  the  traffic 
is  still  increasing. 

The  problem  as  to  the  best  method  of  meet- 
ing the  present  demands  and  making  provi- 
sion for  the  future  occupied  the  attention  of 
ttie  public  service  commissioners  for  several 
years.  Ultimately  they  prepared  a  schefne 
which,  as  regards  breadth  of  conception  and 
thoroughness  in  all  its  details,  is  unsurpassed. 
The  entire  scheme,  when  completed,  will  add 
3.3.'5  miles  of  rapid-transit  lines  to  the  existing 
29r;  miles,  making  a  total  of  G29  track  miles. 
The  total  cost  of  the  new  scheme  when  com- 
pleted will  be  about  ?:M<i,oOO,000— a  figure 
about  equal  to  the  amount  invested  in  the 
existing  rapid-transit  lines  in  New  York.  Thus 
the  total  investment  on  these  undertakings,  as 
outlined,  will  reach  $(;8.5,000,000. 

I>HIL,\riELPHIA. 

The  most  striking  traffic  feature  in  this  city 
is  the  small  mileage  of  rapid  transit  lines  as 
compared  with  what  exists  in  other  large 
cities  in  the  United  States.  The  rapid  transit 
lines  run  between  the  business  district  on  the 
east  side  of  the  city  and  the  suburban  district 
on  the  west,  and  they  cater  only  for  the  flow 
of  traffic  in  these  directions.  The  lines  in  the 
business  area  arc  of  the  shallow  subway  type. 
In  the  outer  area  they  are  elevated.  A  special 
feature  of  the  underground  facilities  is  that, 
at  the  sides  of  the  tracks  laid  for  the  rapid 
transit  trains,  tracks  are  laid  for  street  cars, 
which  enter  the  subway  at  certain  convenient 
places  and  handle  the  local  traffic.  The  sys- 
tem is  designed  so  that  the  tramways  shall 
act  as  tributaries  to  the  rapid  transit  lines. 

BOSTON. 

The  chief  feature  which  characterizes  the 
methods  employed  in  Boston  to  meet  the  pas- 
senger transportation  requirements  is  the  ex- 
cellent way  the  various  means  of  transit  have 
been  devised  to  supplement  one  another.  The 
authorities  have  endeavored  to  eliminate  waste 
of  facilities  by  not  creating  the  unnecessary 
competition  which  accompanies  the  paralleling 
of  different  means  of  transit.  The  car  lines, 
both  on  the  surface  and  underground,  and  the 


rapid  transit  lines  are  all  operated  by  one  com- 
pany—the Boston  l^levated  Railway  Company. 
This  method  of  having  only  one  operating 
authority  for  all  the  means  of  transit  in  a 
city  has  much  to  commend  it.  Under  proper 
conditions  and  safeguards  it  leads  to  the  best 
results. 

CHICAGO. 

In  this,  the  second  largest  city  in  the  United 
States,  the  population  is  widely  spread,  and 
every  endeavor  has  been  made  to  insure  that 
the  transit  facilities  should  keep  pace  with 
the  public  demands.  Developments  are  now 
being  proposed  in  the  direction  of  further 
rapid  transit  lines  to  relieve  the  congestion  of 
the  surface  lines  wdiich,  in  certain  streets  in 
the  heart  of  the  city,  is  becoming  very  acute. 

PITTSBURGH. 

The  question  of  the  provision  of  rapid  tran- 
sit in  this  city  will  have  to  remain  in  abeyance 
for  some  years  until  the  street  car  lines  have 
been  modernized  and  brought  nearer  to  their 
maximum  efficiency  for  dealing  with  the  pas- 
senger transportation  requirements  of  the  city. 
Ultimately,  rapid  transit  lines  will  have  to  be 
provided. 

NEWARK,    TORONTO    AND    MONTREAL. 

In  each  of  these  cities  many  points  connect- 
ed with  the  construction  and  management  of 
the  street  car  systems  were  interesting  and  in- 
structive, but  there  was  nothing  of  impor- 
tance from  which  lessons  might  be  drawn  in 
relation  to  the  special  investigation.  In  each 
of  the  cities  there  are  troubles  with  a  certain 
amount  of  traffic  congestion,  and  suggestions 
have  been  made  in  the  Canadian  cities  that 
r«iief  might  be  provided  by  the  introduction  of 
lapid  transit  facilities,  but  the  subject  has  not 
yet  taken  any  practical  shape. 

PARIS. 

The  city  of  Paris  is  the  only  place  where 
practically  the  whole  of  the  surface  transit 
facilities —  street  car  lines  and  motor  omni- 
buses— are  operated  by  one  authority  on  a 
large  scale,  and  it  was  thought,  therefore,  that 
an  unbiased  opinion  might  be  obtained  as  to 
the  merits  and  demerits  of  the  two  systems 
from  the  point  of  view  of  the  management. 
On  this  question  being  put  to  the  officials  there 
was  a  strong  pronouncement  in  favor  of  the 
street  car  lines,  mainly  on  the  ground  of  less 
cost  in  operation. 

BERLIN. 

In  addition  to  rapid  transit  lines,  there  are 
the  State  railways  within  the  city  of  Berlin. 
One  line  runs  through  the  city,  and  the  other 
is  a  circular  line — the  ringbahn. 

The  large  network  of  street  car  lines  in 
Greater  Berlin  is  operated  by  a  company — the 
Grosse  Berliner  Strassenbahn.  There  are  a 
number  of  important  streets  in  the  heart  of 
the  city  from  which  tramways  are  e.xcluded, 
and  surface  transit  in  these  streets  is'  provided 
for  by  motor  omnibuses. 

VIENNA. 

Vienna  is  the  only  large  city  on  the  Conti- 
nent where  the  street  car  system  is  owned  and 
operated  by  the  municipality,  and  this,  added 
to  the  fact  that  the  city  has  just  had  a  thor- 
ough investigation  made  with  the  object  of 
introducing  a  number  of  new  rapid  transit 
lines  to  meet  the  city's  growing  transportation 
needs,  makes  the  Vienna  problem  very  inter- 
esting. 

At  the  present  time  there  is  a  rapid  transit 
line — the  Stadtbahn  or  State  Railway,  partly 
elevated  and  partly  underground — which  was 
originally  constructed  for  .State  purposes,  and 
is  therefore  not  well  laid  out  for  dealing  with 
local  passenger  transportation.  It  is  a  steam- 
driven  line,  but  is  just  about  to  be  electrified. 
It  forms  a  connection  between  a  number  of 
main  line  railway  stations. 

The  proposed  new  rapid  transit  lines  closely 
follow  the  line  of  the  flow  of  traffic,  and  it 
is  intended  to  construct  them  on  the  shallow 
subway  plan.  With  a  view  of  obtaining  the 
fullest  information  on  the  subject  of  rapid 
transit  lines,  exhaustive  inquiries  have  been 
made  on  behalf  of  the  city  into  the  methods 
of  construction  and  operation  of  the  American 
rapid  transit  lines. 


Tb.e  motor  bus  services  have  not,  so  far, 
Uiade  much  lieadway.  The  municipality,  how- 
ever, is  gradually  introducing  them,  and  con- 
siderable development  may  be  expected.  Ex- 
periments are  now  being  conducted  with  a 
view  to  the  adoption  of  covered  tops  for  the 
upper  decks  of  the  buses. 

.\  proposal  has  been  made  to  the  city  that 
shallow  subways  should  be  constructed  in  or- 
der that  the  street  cars  now  excluded  from  the 
central  area  might  be  brought  underground 
within  that  area,  and  thus  provide  the  through 
services  which  arc  much  needed.  This  pro- 
posal, however,  lias  not  found  favor  with  the 
city  authorities,  they  being  of  opinion  that 
if  subways  are  to  be  constructed  they  must  be 
operated  as  rapid  transit  lines  by  high  speed 
trains,  otherwise  the  cost  of  their  construc- 
tion is  prohibitive. 

HAMBURG. 

The  city  of  Hamburg  has  a  large  network 
of  street  car  lines,  and,  in  common  with  other 
cities,  the  traffic  congestion  along  certain 
arterial  lines  became  so  acute  that  in  recent 
years  steps  had  to  be  taken  to  meet  the  diffi- 
culties. The  street  car  companv  suggested 
the  construction  of  subways,  but  after  a  full 
investigation  the  city  authorities  negatived  this 
proposal,  and  determined  to  construct  lines  for 
high  speed  trains — rapid  transit  lines;  these 
are  partly  in  shallow  subways  and  partly  ele- 
vated. The  lines  form  a  circular  route,  but 
the  flow  of  traffic  along  the  northern  portion 
of  the  route  is  comparatively  small,  and 
scarcely  justifies  its  existence. 

The  city  provided  the  necessary  capital  for  LJ 
the  construction  of  the  lines,  and  the  operat-  ^ 
ing  company  provided  the  capital  for  their 
equipment.  The  company  has  to  pay  to  the 
city  a  certain  percentage  of  the  gross  receipts, 
but  otherwise  is  not  responsible  for  meeting 
the  fixed  charges  on  the  construction  costs. 

LONDON. 

The  defect  of  London's  rapid  transit  sys- 
tem is  that  it  has  not  been  laid  out  in  ac- 
cordance with  a  comprehensive  plan  so  as  to 
meet  the  requirements  of  London  as  a  whok. 
It  has  been  laid  out  piecemeal  in  accordance 
with  the  plans  of  different  private  companies, 
and  there  has  been  no  permanent  authority 
wdiicli  has  exercised  control  over  the  planning 
and  development  of  the  system.  This  method 
of  handling  one  of  the  most  difficult  problems 
a  city  is  faced  with  can  only  end  in  failure  to 
secure  the  most  satisfactory  results. 

Individual  companies  and  authorities  pro- 
moting and  operating  tlie  various  means  of 
transit,  witliout  the  controlling  and  regulating 
influence  of  a  central  authority  acting  in  the 
public  interests,  is  a  condition  of  things  which 
everyone  who  has  studied  the  question  slundd 
not  have  permitted  to  grow  up,  because  it  pro- 
duces anything  but  the  best  results. 

I'rom  the  passengers'  point  of  view,  the; 
main  advantages  of  the  motor  bus  over  the 
street  car  in  London  are : 

(a)  That  its  mobility  enables  it  to  run 
practically  anywdierc.  Narrow  and  congested 
streets  are  not  shut  against  it.  and  it  gives 
the  through  service,  which  the  street  car  is 
unable  to  do. 

(b)  It  can  maintain  a  slightly  higher  av- 
erage speed  than  the  street  car,  and  this  ap-' 
peals  to  the  increasing  desire  on  the  part  of 
the  public  for  more  rapid  transit. 

(c)  It  can  set  down  and  pick  up  passengers 
at  the  crossings,  thus  avoiding  the  danger 
which  is  experienced  in  boarding  and  alight- 
ing from  street  cars. 

There  is  no  other  city  in  any  part  of  the 
world  so  favorably  circumstanced  for  the 
working  of  motor  buses  as  London.  It  has 
the  best  paved  streets  in  the  world.  It  has 
an  immense  population,  which  is  growing  at 
an  estimated  rate  of  loO.itOii  per  annum.  The 
riding  habits  of  the  people  are  increasing  rap- 
idly. They  are  still  a  long  way  below  those 
of  New  York,  so  there  is  ample  scope  for  in- 
creased traffic — new  traffic — and  not  traffic 
necessarily  drawn  from  other  channels.  .And, 
as  has  already  been  pointed  out,  motor  buses 
supply  what  the  tramways  arc  not  permitted 
to  do — they  give  through  services  to  all  parts 
of  the  metropolis.     The  rapid  transit  facilities 
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of  London  arc  not  all  that  could  be  desired 
I  from    the    passengers'    point    of    view.     This, 
I  again,    is    favorable    to    motor-bus    operation. 
'  The  motor-bus  competes   fairly  well  with  the 
rapid  transit  of  the  "tubes."     The  time  occu- 
pied from  lioint  to  point  at  the  street  level  is 
not   much  less   by   "tube"   than  by  motor-bus, 
except  for  long  distance  traffic. 

CONCLUSIONS. 

(1)  That  in  all  cities  and  towns  there  is 
an  immense  potentiality  in  the  riding  habits 
of  the  people.  Everywhere  there  is  a  con- 
tmual  growth  in  the  number  of  journeys  per 

'  head  of  population,  and  the  provision  of  new 
or  improved  transit  facilities  accelerates  this 
growth  in  a  verj-  marked  degree. 

I  (2)  That  in  planning  city  transit  facilities 
a  wide  outlook  is  all  important ;  any  schemes 
carried  out  on  narrow  or  confined  lines  ulti- 
mately result  in  serious  losses  to  the  com- 
munity from  every  point  of  view. 

(3)  It  is  essential  that  every  city  should 
have  a  permanent  authority  directing  the  ini- 
tiation and  carrying  out  of  all  schemes  for 
new  transit  facilities,  in  order  that  there  may 
be  continuity  of  policy,  and  that  future  needs 
of  the  city  and  the  surrounding  districts  over 
a  wide  area  are  properly  looked  after.  It  is 
also  desirable  that  all  the  means  of  passenger 
transportation — both  surface  and  rapid  transit 
— should  be  centralized  under  one  manage- 
ment. If  the  management  is  not  that  of  the 
city  itself,  then  it  sliould  be  subject  to  control 
and  regulation  by  a  permanent  authority  ap- 
pointed by  the  city. 

(4)  That,  in  planning  underground  lines 
for  rapid  transit,  the  aim  should  be  to  supple- 
ment the  surface  transit  facilities;  that  the 
rapid  transit  lines  should  be  laid  so  as  to  fol- 
low as  closely  as  possible  the  direction  of  the 
flow  of  the  greatest  volumes  of  traffic,  and 
the  surface  lines  should  be  adapted  so  as  to 
act  as  feeders  to  the  rapid  transit  lines  at  all 
convenient  points. 

(5)  That,  on  account  of  the  great  initial 
cost,  the  construction  of  underground  rapid 
transit  lines  cannot  be  justified  unless  there  is 
a  very  large  volume  of  traffic  to  be  dealt  with; 
that,  speaking  generally,  underground  subways 
for  street  cars  are  an  unjustifiable  expense 
owing  to  the  comparatively  small  number  of 
passengers  it  is  possible  to  pass  through  them 
l)y  single  or  double  unit  cars.  Underground 
lines,  if  they  are  to  be  placed  upon  a  paying 
basis,  must  be  worked  by  the  high  speed  trains 
operated  at  a  very  close  headway.  This  de- 
mands a  great  density  of  traffic. 

(0)  The  motor  buses  have  proved  them- 
selves to  be  an  exceedingly  valuable  means  of 
surface  transit,  especially  under  conditions 
such  as  exist  in  London  and  Paris;  but  the 
question  of  their  general  adaptability  for  con- 
ditions which  exist  in  other  cities,  and  the 
part  they  will  play  in  the  future,  either  in  sup- 
planting or  supplementing  the  existing  street 
car  facilities,  calls  fur  a  careful  analysis  of 
their  advantages  and  disadvantages  from  the 
local  point  of  view. 


Some   Reasons  for  Failure  of  Certain 
Types  of  Bituminous  Surfaces. 

Contributed    by    Allen    Hoar.    Civil   Enslneer, 
Long    Beach,    Calif. 

That  there  have  been  m^ny  failures  of 
bituminnus  macadam  an<l  gravel  roads  and 
■  iitummons  pavements,  is  not  to  be  wondered 
at.  These  types  of  roads  and  pavements  have 
been  adopted  generally  'hrougliout  the  coun- 
iry  .ind  sulijecte'l  to  ,ill  kinds  of  traffic  cvin- 
ditions.  They  have  been  used  both  wisely 
.'•ni!  unwisely,  without  regard  to  kinds  and  re- 
quirements of  loc.il  traffic  conditions,  and 
have  been  built  of  a  variety  of  materials  and 
l>V  as  many  difTorent  methods.  In  fact  bi- 
tuminous macadam  and  gravel  roails  arc  today 
undrrgoing  the  rigorous  tests  that  wator- 
•>f>i'ni|  m.icadam  luiderwent  a  few  years  ago, 
and  if  iflvcn  half  a  chance,  bituminous  pave- 
ments will  be  found  to  meet  the  present 
needs  of  traffic  conrlitions  just  as  efficiently  as 
■lid  the  wnterbound  macadam  ten  years  ago. 

Thrrc  are  many  different  types  of  hitumi- 
nei>s  macadam  and  bituminous  gravel  pave- 
ments, .-ill.  however,  being  some  slight  varia- 


tion of  the  penetration,  the  hot-mix,  or  the 
petrolithic  methods,  and  each  having  its 
staunch   supporters. 

General  Causes  of  Failure. — The  causes  of 
failure  of  bituminous  pavements  are  numer- 
ous, and  may  be  considered  as  arising  from 
three  principal  causes:  (1)  materials,  (2) 
method  of  construction,  and  (3)  condition 
and  character  of  the  original  surface  or 
foundation. 

The  failure  of  bituminous  pavements  due 
to  the  condition  and  character  of  the  original 
surface,  is  often  the  result  of  improper  care, 
and  failure  on  the  part  of  those  in  charge, 
to  see  that  the  surface  is  properly  prepared 
to  receive  the  application  of  the  binder.  Many 
cases  are  noted  in  the  resurfacing  of  old 
pavements,  where  no  provision  has  been  made 
for  the  proper  care  of  pot-holes  and  ruts,  or 
where  the  surface  has  been  left  in  a  dirty 
condition,  due  to  either  the  accumulation  of 
dust  or  to  loose  dirt  resulting  from  the 
character  of  the  original  surface.  Before  at- 
tempting to  resurface  an  old  road,  all  loose 
dirt  and  dust  should  be  thoroughly  swept  off 
with  wire  or  reed  brooms,  and  all  ruts  and 
pot-holes  should  be  cleaned  out  and  patched. 
Often  it  may  be  necessary  to  scarify  the 
whole  surface  to  a  depth  of  one  or  two 
inches  and  bring  it  to  cross  section  before  ap- 
plying the  bituminous  material. 

Failure  is  often  due  to  the  selection  and 
use  of  materials,  the  physical  properties  of 
which  are  not  at  all  suited  for  the  purposes 
and  needs  of  the  work  in  hand.  Liquid  as- 
phalts containing  large  percentages  of  volatile 
constituents,  which  require  a  long  time  to  set, 
have  been  used  for  top  dressing  and  seal 
coats.  This  results  in  keeping  the  pavement 
in  a  soft  and  sticky  state  for  a  long  period  of 
time.  Coal  tars  and  paraffin  base  petroleums, 
rich  in  free  carbons,  have  been  used  as  bind- 
ers, dependent  for  success  upon  adhesive 
qualities  which  they  lack.  Bituminous  ma- 
terials, chemically  and  physically  unstable  in 
character,  have  sometimes  been  used. 

Just  how  much  of  a  chemist  the  engineer 
must  make  of  himself,  may  be  a  question  to 
some.  l)ut  the  engineer  must  know  his  ma- 
terials, and  if  he  would  devote  more  tiine  to 
a  consideration  of  the  chemical  and  physkal 
properties  of  the  materials  which  he  uses, 
there  would  be  less  failures. 

Failures  are  also  due  to  improper  applica- 
tion of  the  binder,  to  the  use  of  either  too 
large  or  too  small  amounts,  and  to  lack  of  a 
sufficient  covering  of  rock  screenings  or 
coarse  sand.  Probably  the  greatest  percent- 
age of  failures  has  come  from  the  use  of 
too  much  bituminous  material,  resulting  in  a 
thick,  spongy  mat,  easily  cut  and  picked  up 
by  horseshoes  and  iron  tires,  and  which 
creeps  and  becomes  rutted  and  wavy  under 
traffic.  During  the  hot  days  of  summer,  this 
fault  causes  a  disagreeable  condition  due  to 
bleeding. 

Poor  Apl'Ucalion. — Construction  failures 
are  due  for  the  most  part  to  wrong  methods 
of  applying  the  binder,  resulting  in  an  uneven 
distribution  of  the  material,  and  thereby  pre- 
venting a  uniform  mixture  of  the  stone  and 
l>itumen.  The  heavy  spots  nemain  soft  for 
a  long  period  of  time  before  setting,  and  al- 
low a  shifting  of  the  stones  under  traffic. 
This  causes  fine  cracks,  which  soon  develop 
into  ravelling  an<l  finally  disintegration.  The 
ihin  spots  Sfion  show  up  by  ravelling,  due  to 
an  insufficient  film  of  the  binder  to  cover 
and  adhere  to  the  stones.  T<i  obviate  these 
cfTccts,  the  binder  must  be  si)rayed  on  hot 
under  pressure.  The  binder  is  sometimes  not 
hot  enough  to  allow  it  to  penetrate  far  into 
the  aggregate.  Mitch  of  the  success  of  liquid 
asphalt  is  due  to  the  stability  of  its  physical 
properties,  .and  any  asphalt,  the  properties  of 
which  are  changed  to  an  appreciable  extent 
by  heating,  is  unstable,  anci  therefore  little 
better  than  a  coal-tar  or  paraffin  base  pe- 
troleum The  heavier  grades  of  liquid  asphalt 
should  be  heated  to  almost  the  flash  point. 
The  lighter  grades  iln  not  require  sn  much 
hc.1t.  Coal-tars  and  paraffin  prtrolcmns  are 
to  a  more  or  less  degree  unstable,  and  ahove 
certain  comparatively  low  temperatures,  the 
formation  or  carbonci  takes  place,  which,  when 
contained    to    any    appreciable    degree,    tends 


to  make  the  bitumen  to  some  e.\tent  brittle 
and  to  kill   its  binding  qualities. 

Wrong  Size  Stone. — Many  unsatisfactory 
pavements  result  from  the  use  of  wrong  sizes 
of  rock,  either  too  large  or  of  too  uniform 
size.  These  features  prevent  both  a  mechani- 
cal locking  of  the  aggregate,  and  a  uniform 
penetration  of  the  binder,  taking  place.  Poor 
assorting  of  sizes  often  permits  segregation 
during  spreading,  and  results  in  an  ununi- 
form  pavement  of  varying  stability.  The  use 
of  a  wet  aggregate  will  usually  result  in  pre- 
venting a  complete  adhesion  of  the  binder  to 
the  stone,  with  consequent  unsatisfactory  re- 
sults. 

h'oundation. — Many  failures  in  this  type  of 
pavement  are  due  to  faulty  foundations.  Too 
much  attention  can  not  be  given  this  import- 
ant part  of  the  construction. 


Methods  and  Costs  of  Snow  Removal 
in  Scranton,  Pa.,  in  1914. 

The  amount  of  snowfall  during  the  past 
winter  furnished  a  good  opportunity  to  secure 
data  en  the  cost  of  snow  removal.  Scranton, 
Pa.,  with  a  population  of  129.8tJ7  in  U»10, 
provides  an  example  of  the  average  con- 
ditions which  exist  in  small  cities.  The  in- 
formation given  here  is  abstracted  from  a 
paper  by  J.  G.  Hayes,  director  of  public  works 
for  that  city,  presented  before  the  Philadel- 
phia Snow  Removal  Conference. 

Remoiml  by  Hand. — During  the  months  of 
February  and  March  last,  the  city  of  Scran- 
ton, as  well  as  other  cities  in  the  east,  suf- 
fered probably  from  the  most  severe  snow- 
storms in  its  history.  In  some  instances  the 
snow  was  drifted  from  eight  to  ten  feet  in 
depth  at  street  intersections,  and  with  the 
regulai;  force  of  employes,  numbering  250 
men,  intersections  were  opened  where  the 
traffic  was  most  important,  piling  the  snow 
on  the  nearest  corner,  and  later  in  the  day 
removing  such  accumulation  by  means  of  city 
wagons  and  dumping  it  into  the  nearest  sew- 
er manhole.  If,  however,  a  manhole  was  lo- 
cated at  the  street  intersection  which  we  were 
cleaning,  the  snow  was  removed  by  shoveling 
it  direct  into  this  opening,  thus  saving  the 
second  handling.  This,  however,  could  not 
be  done  in  all  cases  on  acrount  of  the  fact 
that  in  some  instances  the  diameter  of  the 
sewer  below  this  manhole  would  not  be  of 
sufficient  size  to  carry  the  accumulation  away. 
The  v.'ork  of  removing  snow  in  this  manner, 
while  eventually  successful,  is  very  slow  and 
expensive.  This  statement  is  proven  by  the 
fact  that  to  remove  the  snowfall  in  February. 
H»ll,  it  cost  the  city  of  Scranton  appro.xi- 
mately  $;3.."«(K"t  for  opening  street  intersections 
alone,  and  to  render  the  principal  streets  of 
the  city  somewhat  passable.  A  conservative 
estimate  of  the  cost  of  removing  snow  in 
thi?  manner  would  be  at  least  85  cts.  per 
cubic  .vard. 

Removal  by  Flusliinq.—T\\c  topography  of 
this  city,  however,  is  an  asset  towards  snow 
removal  by  flushing  it  into  the  sewers.  This 
arrangement  was  never  experimented  with 
by  former  administrations  of  this  city,  but  it 
was  later  found  to  be  successful. 

In  order  to  remove  this  accumulation  by 
the  flushing  method  the  most  important  fe.i- 
tures  to  consider  are  the  sewerage  systems 
and  the  water  pressure.  A  c<instant '  water 
pressure  of  75  lbs.  per  square  inch  exists  at 
each  fire  hydrant  throughout  the  city,  and 
sewers  are  of  ample  area  to  convey  this  ac- 
cuinulation  when  flushed  into  it,  to  the  river, 
which  is  the  nutlet  of  our  sewerage  system. 
The  Scranton  Gas  and  Water  Co.  receives, 
on  a  contract  basis,  $12,000  per  annum  for 
the  water  consumed  through  all  fire  hydrants 
in  the  ci:y,  thereby  rendering  the  removal  of 
snow  by  the  tlushiiig  method  inexpensive 
from  a  standpoint  of  water  consumed.  Tlie 
method  of  removing  snow  in  this  manner 
was  as  an  experiment.  an<l  fried  first  on  Lack- 
awanna avenue,  the  principal  business  street 
of  the  city.  Fire  hose  was  atf.achc<l  to  a  near- 
bv  hydrant  and  the  course  of  the  water  was 
directed  to  the  open  catch  basin,  from  which 
the  grating  had  been  taken  and  the  trap 
removed,  allowing  a  10-in.  opening  direct  into 
the  sewer.     The  men  emploj-cd  on  this  work 
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were  stationed  from  ten  to  fifteen  feet  apart 
and,  with  the  aid  of  necessary  implements 
loosened  and  removed  the  snow  and  ice 
which  had  accumulated.  In  13  hrs.,  with  24 
mer,  14,4-10  sq.  yds.  of  pavement  was  cleaned. 
Notwithstanding  the  fact  that  the  snow  in 
places  was  as  high  as  8  ft.,  but  averaging  the 


height  of  snow  at  .3  ft.,  wiiich  is  very  conserv- 
ative, it  would  leave  43,3-20  cu.  yds.  of  snow 
and  ice  removed  at  a  cost  of  less  than  2.")  cts.  per 
cubic  yard.  In  addition  to  the  small  cost  it 
is  readily  seen  that  such  an  arrangement 
eliminates  the  regular  spring  cleaning,  which, 
under   the  old   .system,  required  the  ice  to  be 


dug  away   from   the   pavement  and   carted  off 
in  wagons. 

On  Penn  avenue,  another  one  of  the  prin- 
cipal thoroughfares  of  this  city,  the  same 
force,  working  eight  hours,  removed  22,420 
cu.  yds.  of  snow  at  a  cost  of  a  trifle  over 
21  cts.  per  cubic  yard. 
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Method  and  Cost  of  Constructing  Sand 

Core  Levee  in  the  Sacramento 

Valley. 

Contributed  by  R.  G.  Clifford,  District  Engineer, 
Natomas  Consolidated  of   California. 

The  e.xtensive  reclamation  work  in  the  Sac- 
ramento Valley  in  California  being  done  by 
the  Natomas  Consolidated  of  California  was 
outlined  in  E.vcineerinc  &  Contr.\ctinc  of 
Jan.  21,  1914,  under  "Current  News"  and  a 
description  of  the  sand-core  levees  mentioned 
will  undoubtedly  prove  interesting  to  those 
engaged   in   reclamation  work. 

There  are  about  81  miles  of  new  levee  be- 
ing built,  enclosing  87,000  acres  of  rich  land 
which  extends  along  the  Sacramento,  Feather 
and  Bear  rivers  and  is  divided  into  two  main 
districts  by  a  cross  canal  just  below  the  mouth 
of  the  Feather  River.  The  sand-core  levee 
begins  at  this  cross  canal  levee  and  e.xtends 
down  along  the  east  bank  of  the  Sacramento 
River  17.7  miles  to  the  .American  River  just 
above  the  city  of   Sacramento. 

Levee  failures  along  the  Sacramento  in  the 
past  have  chiefly  been  from  the  wave  wash 
occurring  during  the  occasional  extreme  flood 
stages  of  short  duration.  Other  causes  are 
over-saturation  during  extended  high  water 
of  levees  built  with  clayey  materials  and  ex- 
cessive percolation  through  underlying  strata 
or  between  the  made-ground  and  the  original 
ground  surface,  causing  a  sliding  or  upheaval 
of  the  levee. 

Economical  construction  of  these  extensive 
levees  necessitates  the  use  of  the  materials 
immediately  at  hand  and  these  consist  of  a 
deep  sand  in  the  river  bottom  and  stratified 
sedimentary  deposits  of  clayey  silt  along  the 
banks.  The  average  height  of  this  17.7  miles 
of  river  levee  is  15  ft.  and  approximately 
4,500,000  cu.  yds.  of  material  were  necessary 
to  construct  a  bank  of  sufficient  stability  to  be 
absolutely  safe  under  conditions  of  maximum 
flood. 

Most  of  the  recent  levee  work  has  been 
done  with  large  clam-shell  dredges  having  5 
or  6  cu.  yd.  buckets,  which  pile  the  river  sand 
up  along  the  hanks  after  clearing  the  timber 
and  brush   from   the  site.     These  sand  banks 


to   the   existing  levees  across  the   river  wlun 
this  minimum  flood  plane  width  was  used. 

IIR.^C  LINE  EXC.WATORS. 

Retaining  dikes.  Fig.  1,  are  thrown  up  first 
by  drag  line  excavators  mounted  on  trucks 
having  10  wheels  in  all  running  on  two  stand- 


The  efficiency  of  operation  increased  very 
materially  after  the  crews  became  trained  to 
handle  this  particular  character  of  construc- 
tion. The  levermen  worked  6  hours  on  and 
12  hours  off,  making  an  average  of  8  hours 
per  day. 


Fig.  2.     Filling   in   Sand  Core  Using  Pipe  with    Bottom   Openings  or   Traps. 


ard  gage  parallel  tracks.  The  booms  are  100 
ft.  in  length  and  .3%  and  4M;  cu.  yds.  Bucy- 
rus  and  Page  buckets  are  employed  in  the 
varying  material  encountered.  These  drag 
lines  backed  down  the  cleared  right  of  way, 
digging  a  deep  cut-off  trench  of  sufficient  size 
to  furnish  material  for  the  two  retaining  dikes 
on  either  toe  of  the  finished  levee.  The  crown 
of  these  dikes  was  kept  about  6  ft.  below  the 
finished  top  of  the  levee  and  was  made  5  ft. 
wide  with  a  natural  slope  of  about  IV2  to  1. 
The  total  yardage  included  in  this  drag  line 
work  for  the  river  levee  is  1,224,400  cu.  yds. 
The  operation  of  Drag  Line  No.  2,  which  did 
fiO  per  cent  of  the  work,  is  given  in  Table  I. 
The   actual   cost  of   excavating  this   743,050 


SUCTION     DREDGE. 

The  suction  dredge  used  was  built  by  the 
Yuba  Construction  Co.,  of  Marysville,  Cal., 
under  the  direction  of  Mr.  S.  L.  G.  Knox, 
now   general   manager   of  the   Natomas   Con- 

TABLE  I.— OPERATION  OF  DRAG  LINE  EX- 
CAVATOR. 
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Fig.  1.     Cross  Section  of  Sand  Core  Levee  Showing    Sequence   of   Construction    Operations. 


are  very  slow  in  accumulating  any  growth  and 
are  thus  left  unprotected  from  scour  and  wave 
wash  unless  brush  or  tule  mats  are  provided 
at  considerable  expense.  .A  heavy  growth  of 
cotton  wood,  willow  and  black  oak  lines  the 
river  throughout  its  length  and  it  was  to  take 
advantage  ot  this  natural  protection  to  cur- 
rent and  w-jve  action  that  first  suggesteil  the 
use  of  a  levee  built  with  a  suction  dredge. 

The  levee  was  located  with  its  center  line 
\U\  ft.  hack  from  the  natural  river  bank  ex- 
cept  where  the  distance  was  less  than  800   ft. 


cu.  yds.   of  core  trench   material   and  placing 
it  in  the  two  dikes  is  divided  as  follows: 

Item—                                                     Cost.  Unit. 

Labor  of  operation ik24,013  jn.0323 

Kuel     S,645  0.0116 

Superintendence  and  enslneeiing.     2,800  0.0033 

Moving    and    erection    at    begin-  „  „„», 

nlnir         2,440  0.0033 

Repairs     H.gnO  O-Of'" 

Total    $49,798  $0.0670 

20    pet.     cnniial    depreciation     on        .  .  „  „.,. 

$28,717  worth  of  equipment 5,i43  0.0077 

Grand   total    $55,541  $0.0747 


solidated  of  California.  The  suction  pump  is 
20  ins.,  driven  by  a  050  hp.  triple  expansion 
steam  engine,  crude  oil  at  85  cts.  per  barrel 
(flrst  cost)  being  used  for  fuel.  The  hull  of 
the  dredge  is  lo'o  ft.  x  .35  ft.  and  0  ft.  deep. 
The  limits  of  digging  are  7  ft.  minimum  and 
3(i  ft.  maxinnun.  although  the  average  has 
been  18  to  32  ft.  The  lift  has  been  from  20- 
to  30  ft.,  with  1,400  ft.  average  length  of  pipe 
used.  The  crew  consisted  of  3  levermen.  3 
engineers.  2  firemen.  2  deck  hands,  all  nn  the 
dredge,  beside  a  shore  gang  of  34  men  total 
for  the  two  12-hour  shifts.  The  levermen 
worked  i>  hours  on  and  12  hours  off,  making 
an  average  of  8  hours  per  day. 

The   dred'.'C   worked   downstream   so  as  not" 


April  I'J,   1914. 
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TABLE 

Date.  Operat- 

1912—  Ing  hours. 

September     21b 

October    744 

November    720 

December  744 

l9i:!— 

January   744 

February    672 

March    744 

April    720 

May   744 

June    720 

July    744 

August     744 

September    720 

October    744 

November   720 

December    2SS 

Total     10,730 


11.— OP 

ERATION 

OF   HYDRAULIC 

DREDGE. 

Pumping  time. 

,— Yardage  movert.^, 

, Fuel 

oil. , 

Per  cent 

V.u. 

vds. 

Cu.  yds.  per 

Cu.  yds 

Hours 

total. 

Total. 

per 

hou 

r.     lln.  ft. 

Total. 

per  bbl 

104 

48 

28.430 

273 

28 

300 

95 

414 

56 

97,4S0 

235 

36 

884 

110 

333 

4G 

78,130 

235 

41 

799 

98 

404 

54 

65,613 

163 

31 

964 

6S 

189 

-d 

24,270 

129 

40 

501 

49 

334 

50 

63,406 

190 

35 

765 

83 

421 

57 

99,.'i5G 

23'i 

30 

909 

109 

474 

66 

171. .U>2 

362 

35 

1,445 

119 

£04 

68 

24S.2SO 

493 

32 

1,709 

145 

442 

61 

200,230 

454 

31 

1,562 

128 

422 

57 

121,280 

2SS 

29 

1,536 

79 

550 

74 

190,358 

346 

33 

2,000 

95 

514 

71 

222,345 

433 

36 

1,995 

111 

573 

77 

176,119 

30S 

49 

:,ios 

84 

438 

61 

133,575 

,305 

43 

1,857 

72 

246 

85 

132,915 

541 

49 

1,102 

121 

6.?62 

59 

2.053,509 

323 

35 

20,436 

100 

liitely  guarantee  the  land  owners  in  this  dis- 
trict against  all  floods. 

Mr.  Emory  is  chief  engineer  for  the  Nato- 
mas  Consolidated  Company  and  is  responsible 
for  the  designing  and  successful  construction 
of  this  type  of  levee. 


to  require  outside  motive  power  for  moving. 
The  pipe  was  extended  across  the  intervening 
space  between  the  river  and  the  levee  center 
and  so-called  pocket  pipe  was  supported  on 
rough  bents  for  an  average  distance  of  700  ft. 
on  a  slight  down  grade,  as  shown  in  the 
accompanying  illustration,  Fig.  2.  Temporary 
wooden  baffles  Vl  ins.  high  kept  the  stream  at 
the  discharge  end  toward  the  center  of  the 
levee  to  prevent  wasliing  of  the  side  dikes. 
The  pockets  are  merely  openings  in  the  bot- 
tom of  the  pipe,  opened  or  closed  as  desired 
by  means  of  simple  sliding  gates  operated  by 
the  attendant.  The  sand  drains  itself  readily 
and  would  build  up  on  slopes  of  from  1  on  10 
to  1  on  4.  depending  on  the  fineness  of  the 
sand  and  the  amount  of  silt  present.  The 
operation  of  the  suction  dredge  for  the  2,053,- 
oOi*  cu.  yds.  handled  to  date  is  given  in  Table 
II. 

The  cost  of  placing  this  2,053,-509  cu.  yds.  of 
sand  core  is  divided  as  follows: 

Cost.      Unit. 

1-abor  of  operation %  53,054     $0.02.".J 

Fuel    20,436         .0100 

Superintendence  ."nd  engineering  7,117  .0031 
Repairs     27,727         .0133 

Total   $108,334     $0.0528 

30    per   cent    yearly    depreciation 

on  $105,300.   cost  of  outfit 28.100         .0137 

Grand   total    $136,434     $0.0665 

Since  there  were  13  cu.  yds.  per  lineal  feet 
of  drag  line  work  against  35  cu.  yds.  of  suc- 
tion dredge  work,  the  average  cost  of  each 
cubic  yard  of  levee  untriinmed  would  be  $0.07, 
including  the  assumed  20  per  cent  deprecia- 
tion charge  on  equipment.  This  cost  included 
the  plowing  of  furrows  parallel  to  the  core 
trench  underneath  the  side  dikes  to  further 
prevent  percolation  between  the  original 
ground  surface  and  the  levee. 

To  compare  with  a  levee  built  by  a  clam 
shell  dredge,  the  side  slopes  being  the  same 
but   with   no  core   trench   excavated,  the   cost 


foothold  for  shrub  and  grass  growth  and  the 
advantage  of  the  core  trench  in  breaking  up 
the  line  of  percolation  and  doing  away  with 
danger  of  the  levee  sliding  on  its  base.  It  is 
also  evident  that  to  take  advantage  of  the 
protection  afforded  by  the  natural  growth 
along  the  river  it  was  necessary  to  use  the 
hydraulic  fill  type  of  levee,  which  in  turn 
necessitated  the  use  of  the  dikes.  The  pres- 
ence of  the  sand  in  the  core  is  the  only  cer- 
tain way  of  preventing  dangerous  burrowing 
by  gophers  and  other  small  animals. 

In  addition  to  the  above  levee  cost  there  is 
a  charge  for  pulling  up  the  sediment  in  the 
dikes  so  as  to  cover  the  levee  faces,  as  shown 
in  the  cross  section  illustrated.  This  covering 
sods  readily  and  is  soon  comparatively  water 
tight,  while  the  growth  starting  on  it  without 
delay  aids  greatly  against  wave  wash.  Little 
of  this  trimming  has  vet  been  done,  but  so  far 
has  cost  about  $3,000  "per  mile,  or  about  $0,012 
per  cubic  yard  of  material  in  the  levee,  the 
work  being  done  by  teams.  Since  a  road  24 
ft.  wide  was  to  be  built  on  the  top  of  this 
levee,  most  of  this  triiuming  cost  would  apply 
to  any  form  of  levee  constructed. 

Comparing  this  type  of  levee  with  the  usual 
dredger  levee  built,  the  cost  is  probably  a 
trifle  higher  since  contracts  can  be  obtained 
for  similar  work  for  $0.07  and  the  cost  plus 
20  per  cent  depreciation  is  probably  a  little 
lower.  As  to  stability,  cost  to  maintain  and 
ultimate  safety  to  the  thousands  of  acres  en- 
closed, there  is  every  reason  to  suppose  that 
the  sand  core  levees  constructed  are  far  su- 
perior to  any  other  type  so  far  built  along  the 
Sacramento  River.  One  of  the  illustrations. 
Fig.  3.  gives  the  condition  of  the  finished  sec- 
tion after  the  high  water  of  1014  had  sub- 
sided and  the  protecting  cflfect  of  the  natural 
thick  growth  of  willows  and  oak  is  evident. 

The  rapid  reclamation  of  all  lands  along 
this  river  will  confine  a  vast  volume  of  water 


Fig.  3.     Completed  Sand  Core   Levee. 


of  the  13  cu.  yds.  of  dragline  work  would 
have  to  be  added  to  the  cost  of  the  suction 
dredge  vardaRc  atnl  the  unit  price  would  be 
$0,004  instead  of  $0.07. 

The  justificnti'n  fur  this  additional  expendi- 
ture is  found  in  tlic  efficacy  of  the  earth 
blanket  on   the   levee   for    furnishing  a   ready 


that  heretofore  has  overflowed  into  the  ex- 
tensive swamp  lanel  h.-isins  in  the  valley  and 
even  with  the  proposed  weirs  and  by-passr.s. 
all  the  levees  will  receive  severe  tests  in  the 
next  few  years,  so  that  it  is  likely  to  be  a 
case  of  the  survival  of  the  fittest,  and  if  is 
believed  that  these  levees  described  will  abso- 


Some  Accounts  of  Dipper  Dredge  Per- 
formance   on    the    New    York 
Barge  Canal. 

Contributed  by  Emlle  Low,  C.  E.,  Buffalo,  N.  Y. 

The  construction  work  on  the  improvement 
of  the  New  York  State  Canals,  popularly 
known  as  the  Barge  Canal,  is  now  so  far 
advanced  that  the  Hon.  John  A.  A.  Bensel, 
State  Engineer,  fixes  the  date  of  the  final 
completion  of  the  work  as  May  15,  1915,  the 
usual  opening  date  of  the  canals  for  naviga- 
tion. The  first  actual  work  of  construction 
was  performed  on  .■Xpril  24,  1905,  at  Fort 
Miller,  in  opening  a  temporarj'  canal  on  the 
Champlain  section.  The  first  work  on  the 
main  channel  was  done  at  Waterford,  Erie 
Canal,  June  7,  1905.  Should  the  prediction  of 
the  State  Engineer  be  realized,  ten  years  will 
have  been  occupied  in  the  building  of  this 
great  waterway. 

In  no  other  public  work,  except  the  Pan- 
ama Canal,  have  quantities  reached  such  high 
figures.  The  required  excavation  will  amount 
to  110,000.000  cu.  yds.,  of  which  over  84,000.- 
000  cu.  yds.  had  been  removed  prior  to  July 
I.  1913.  In  addition  to  the  excavation,  nearly 
9.0OO.000  cu.  yds.  of  embankment  have  been 
built.  Roughly  speaking,  the  excavation 
amounts  to  about  one-third  of  the  cost  of 
the   Barge  Canal,  or  about  $34,000,000. 

The  Barge  Canal  contracts  provide  but  one 
price  for  all  excavation,  a  lump  sum  for  each 
cubic  yard  of  material  excavated  of  every 
name  and  nature,  no  attempt  being  made  to 
classify  the  different  materials  excavated,  as 
earth,  rock,  hard  pan  and  what  not,  the  not- 
able exception  being  Contract  Xo.  12,  where 
the  excavation  is  divided  into  four  classes  of 
material. 

Much  of  the  excavation  was  done  bv  hy- 
draulic dredges,  supplemented  by  dipper  and 
ladder  dredges.  It  is  the  purpose  of  this 
article  to  give  some  information  relative  to 
the  performance  of  the  dipper  dredges,  which, 
though  not  so  extensive  as  that  of  the  hy- 
draulic dredges,  still  comprises  a  large  amount 
of  excavation  on  scattered  sections  of  the 
canal. 

CONTR.^CT     NO.     1. 

The  first  work  of  this  character  was  done 
in  the  Hudson  River,  on  Contract  Xo.  1. 
Champlain  Canal,  and  extending  from  Xorth- 
umberland  to  Fort  Miller,  and  from  Crocker's 
Reef  to  about  one-half  mile  south  of  Fort 
Edward,  a  total  length  of  7.075  miles,  the 
contract  being  held  by  the  Empire  Engineer- 
ing Corporation  and  awarded  .April  1)5,  190.1. 
The  original  estimated  quantity  of  excavation 
was  913.500  cu.  yds.,  and  the  contract  price 
57*4  cts.  per  cubic  yard,  without  classification. 

The  present  Cliamplain  Canal  p.Trallels  tlic 
Hudson  River  between  Waterford  and  Fort 
Edward.  .At  the  latter  place  the  Hudson 
bends  to  the  west.  The  lower  southern 
portion  of  the  canal  is  built  along  the  west 
hank  of  the  river,  crossing  the  sairie  at 
Xorthiimherland.  and  then  to  Fort  Edward 
occupyinB  the  ca<t  bank.  The  Barge  Canal 
lies  in  the  bed  of  the  Hudson  River,  except 
at  two  localities— near  Schuylervillc  and  be- 
tween Fort  Miller  and  Crocker's  Reef — at 
which  points  short  land  lines  have  been  built. 
In  other  words,  the  Baree  Canal  is  a  canalisa- 
tion of  the  Hudson  River,  the  river  being 
made  navigable  bv  btn'lding  a  dam  about  three 
miles  north  of  Waterford.  using  four  exist- 
ing dams,  built  by  private  enterprise  for  power 
purpo.scs.  and  erecting  another  datu  at 
Crocker's  Reef.  To  provide  the  required 
depth  of  12  ft.  of  water,  the  various  pools 
had  to  be  deepened  by  drcdgine.  and  Contract 
N'o.  1  is  a  typical  example  of  this  class  of 
work. 

Two  dipper  dredges,  known  as  the  "Peconic" 
ami  "Pontiac."  were  built  for  this  work,  and 
the  hulls  were  brought  to  the  site  of  opera- 
tions   by    way    of    the    Champlain    Canali    the 
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machinery  being  shipped  in  liy  rail  and  then 
installed.  In  order  to  pass  the  present  locks 
of  the  state  canals,  the  hulls  were  built  to 
these  lock  dimensions,  namely  ;  18  ft.  beam,  'JT 
ft.  long  and  U  ft.  draft.  To  provide  stability 
when  working,  suitable  pontoons  were  at- 
tached, one  on  each  side.  The  d'PPers  have 
3%   cu.  yds.  capacity. 

Generally  the  excavation  was  of  an  earthy 
and   silty  nature,  but  between   Crocker's  Reel 


chme,  but  it  is  estimated  that  during  the  sea- 
son of  1909  about  10,000  cu.  yds.  were  broken. 
.As  there  was  no  classification  of  material, 
one  excavation  price  covering  it  all,  there  was 
no  incentive  to  keep  the  quantities  of  earth 
and  rock  separate.  Of  course,  the  approxi- 
mate quantities  of  each  were  known  to  the 
estimating  engineer  at  the  time  of  fixing  the 
composite  price,  as  is  required  by  the  Barge 
Canal  law. 
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Fig.    1.      Dipper    Dredge    "Buffalo"   on    Section    No.   19,   New  York   State   Barge   Canal, 


and  the  north  end  of  the  contract  there  were 
three  rock  reefs.  To  break  this  rock,  a  Lob- 
nitz  rock  breaker  was  installed.  In  addition 
to  the  plant  named,  the  contractor  had  ni 
commission  two  tugs  and  six  scows,  besides 
five  iocomolives  and  two  traveling  cranes. 
Dredging  operations  were  begun  in  July  and 
.August,  19116.  In  the  beginning  of  the  work, 
the  dredged  material,  after  having  been  placed 
in  dump  scows,  was  towed  by  tugs  to  an  un- 
loading dock,  clammed  out  by  Hulett  buckets 
attached  to  traveling  cranes  and  deposited  into 
dump  cars  and  transported  to  spoil  banks  by 
locomotives.  Later  most  of  the  material  was 
towed  to  dumping  grounds  along  the  shore 
and  deposited.  Occasionally  a  small  amount 
was  taken  to  the  unloading  dock  and  disposed 
as  stated  above. 

The  following  tabulation  shows  the  yearly 
output  of  the  two  dredges: 

Vear  ending—  Cu.  yds. 

September   30,    1906 47,261 

September   30,    1907 384,810 

September  30,   190S 215.22.i 

September  30,   1909 25.924 

September  30,   1910 11,172 

September   30,   1911 -1,814 

Total    6S9.20G 

During  the  fiscal  year  ending  September  30, 
1907,  the  two  dredges  worked  2-1  hours  daily. 
continuously,  except  during  the  winter 
months  of  December,  January,  February  and 
March.  The  working  conditions  for  the  year 
1908  were  about  the  same.  It  will  be  noted 
that  the  quantity  dredged  for  the  year  1909 
was  small.  This  was  due  to  the  fact  that  a 
large  percentage  of  the  excavation  was  broken 
rock.  During  this  period  the  dredge  "Pon- 
tiac"  onlv  worked  during  September  and  Oc- 
tober, 1908,  when  it  was  partly  dismantled  and 
shipped  to  the  Western  Division,  on  Contract 
No.  64,  via  the  Champlain  and  Eric  canals. 
During  the  next  two  year.s  only  the  dredge 
"Peconic"  was  in  commission,  working  gen- 
erally one  8-hour  shift  per  day.  The  dredged 
material  was  practically  all  Hudson  River 
shale,  broken  by  the  Lobnitz  rock  breaker. 
The  excavation  was  completed  September  19, 
1911,  at  which  time  the  dredge  "Peconic"  was 
dismantled  and  with  other  plant  .shipped  to 
Ri-ffalo,  X.  Y. 

The  breaking  of  the  rock,  which  occurs 
mostlv  in  vertical  lavers,  was  commenced  on 
July  20.  190r),  on  the  northcrlv  reef  of  the 
contract.  To  September  30,  1907,  25.480  cu. 
vds.  of  rock  were  broken  by  the  rock  breaker. 
During  the  following  years  the  machine 
worked  intermittently,  beinf  much  of  the  time 
out  of  commission,  mostlv  on  account  of 
hreakage  of  the  points  of  the  ram.  There  are 
no  data  at  hand  of  the  workings  of  this  ma- 


The  output  for  the  year  1907  was  compara- 
tively good,  it  averaging  nearly  1,000  cu.  yds. 
per  day  of  24  hours  for  each  dredge,  repre- 
senting an  income  of  about  $560  per  day, 
which,  however,  is  very  much  smaller  for  the 
rest  of  the  time  while  work  was  in  progress. 

CONTRACT    NO.    26. 

Contract  No.  26  is  for  dredging  a  channel 
in  the  Hudson  River,  at  Fort  Edward,  and 
adjoining  the  north  end  of  Contract  No.  1, 
previously  described.  The  engineer's  estimate 
was  172,000  cu.  yds.,  the  contract  being  held 
by  the  Lake  Erie  Dredging  Co.,  of  Buffalo, 
N.'Y.,  and  the  price  for  excavation  being  34% 
cents  per  cubic  yard,  the  material  being  mainly 
silt,  with  no  hard  material.  The  dredging 
plant  arrived  at  the  site  of  the  work  on  June 
10,  1908,  having  been  brought  from  Buffalo 
via  the  Erie  and  Champlain  Canals.  It  con- 
sisted of  a  1%-cu.  yd.  dipper  dredge,  two 
dump  scows  and  one  small  canal  tug.  The 
dredge,  which  was  an  old  one,  was  like  those 
of  the  Empire  Engineering  Corporation,  of 
Erie  Canal  lock  size,  viz.,  18x97x6  ft.,  with 
pontoons   for   stability  ■  while  dredging. 

The    dredge   began    operations   on    July    13, 

1908,  dredging  a  channel  to  and  in  the  spoil 
area  or  dumping  grounds,  which  was  sepa- 
rated from  the  river  i)roper  by  building  a 
round  timber  bulkhead.  To  pump  the  dredged 
material  from  the  channel  into  the  spoil  area, 
a  Dumping  plant,  consisting  of  a  M-inch  cen- 
trifugal pump,  an  80-HP.  engine,  with  boiler 
of  approximately  100  HP.,  was  assembled  and 
installed  on  a  small  scow,  20x40  ft.  in  size. 
This  plant  for  a  portion  of  the  time  did  not 
handle  the  material  as  well  as  expected,  due 
to  the  large  amount  of  sawmill  refuse  mixed 
with  the  sand  and  gravel.  Operations  were 
continued  to  December  10,  1908,  when  the 
plant  was  laid  up  for  the  winter,  and  opera- 
tions resumed  .Vpril  27,  1909.  The  same 
method  of  disposing  of  the  spoil  was  fol- 
lowed as  during  the  previous  year,  but  it 
had  soon  to  be  abandoned  on  account  of  the 
sawmill  refuse  clogging  the  pump.  The  pump 
was  superseded  by  a  traveling  derrick  oper- 
ating a  Hayward  clam,  the  construction  of 
which  was  begun  on  Mav  7,  and  operation  on 
Julv  10.  1909. 

Due  to  a  chanie  in  contract  No.  27,  adioin- 
ing  on  the  north,  the  quantity  of  excavation 
in  contract  No.  26  was  reduced  to  115.200  cu. 
vds.  Operations  were  continued  to  Dccem- 
lier  11.  1909,  when  the  plant  was  laid  up  for 
the  winter.     Work  w'as  resumed  on  April  25, 

1909,  and  continued  to  June  10,  1910,  when 
the  contract  was  completed. 

The  dredged  material  in  dump  scows,  after 
having  been  spoiled  in  front  of  the  crib  bulk- 


head, and  placed  in  the  spoil  area  by  a  clam 
shell,  was  leveled  to  the  top  of  the  crib  with 
drag  scrapers.  The  yearly  operations  were 
as  follows : 

Year—  Cu.  yds. 

1908  ■ 27,707 

1909     65.664 

191U     8,552 

Total     101.923 

CONTKACT    NO.     19. 

Contract  No.  19  is  for  prism  excavation  in 
Tonawanda  Creek,'  between  the  mouth  of  El- 
licott  Creek  at  the  "Tonawandas"  and  the 
Sulphur  Springs  guard  lock  near  Pendleton, 
the  length  of  the  contract  being  12.46  miles. 
This  contract  is  held  by  the  Great  Lakes  Con- 
struction Company  of  Buffalo,  N.  Y.,  and  was 
awarded  November  26,  1906.  The  engineer's 
estimate  for  excavation  is,  for  rock,  240,000 
cu.  yds.,  and  for  all  excavation  2,842.000  cu. 
yds.,  the  contract  prices  being  60  and  17 V2  cts., 
respectively.  It  might  be  inferred  that  the 
material  is  "classified,"  but  this  is  not  the 
case,  as  the  rock  excavation  occurs  at  the 
eastern  end  of  the  contract,  and  the  all  exca- 
vation, generally  clay,  sand  and  gravel  at  the 
western  end,  the  line  of  demarkation  between 
them  being  well  defined.  Various  excavation 
plants  were  employed  on  this  contract,  a 
Lidgerwood  cableway,  a  Williams  revolving 
derrick,  clam  shell  dredges,  a  hydraulic  dredge 
and  a  dipper  dredge.  Only  the  operations  of 
the  latter  will  be  touched  upon  here. 

This  dredge  called  the  "Buffalo"  is  86  ft. 
long,  29  ft.  6  ins.  beam,  8  ft.  sides ;  the  hull 
is  constructed  of  the  best  grade  of  long  leaf 
yellow  pine.  The  main  engine  is  r2''^xI5  ins. 
double  cylinder,  Bucyrus  make.  The  swing- 
ing engine  is  10x10  in.  double  cylinder.  The 
boiler  is  the  Scotch  marine  type,  8  ft.  4  ins. 
in  diameter,  10  ft.  long,  with  a  working  pres- 
sure of  150  lbs.  The  pinning  up  engines  are 
7%x7  ins.  double  cylinder,  Bucyrus  make.  The 
bow  anchors  are  of  steel,  24  ins.  square.  The 
stem  anchor  is  made  of  oak,  18  ins.  square. 
The  dredge  is  equipped  with  a  2^-;  cu.  yd.  hard 
digging  dipper  and  a  3%  cu.  yd.  soft  digging 
dipper.  The  dredge  will  make  23  ft.  of  water. 
The  cost  was  about  $35,000.  The  present 
Erie  Canal  on  contract  No.  19  is  a  canaliza- 
tion of  Tonawanda  Creek,  secured  by  build- 
ing a  dam  across  the  same,  at  its  mouth 
just  before  entering  the  Niagara  River.  This 
dam  preserves  the  level  of  Lake  Erie,  the  wa- 
ter surface  of  Tonawanda  Creek  being  orig- 
inally 6  to  7  ft.  lower  than  the  lake,  depending 
on  water  fluctuations  caused  by  winds.  As 
the  Barge  Canal  joins  the  Niagara  River  at 
the  "Tonawandas"  the  original  'level  of  Tona- 
wanda Creek  will  be  restored,  bv  taking  out 
the  dam  mentioned  above.  As  the  prescribed 
denth  of  water  in  the  Barge  Canal  is  12  ft., 
this,  coupled  with  the  present  depth  of  the 
Erie  Canal,  7  ft.  and  some  allowance  for  over- 
depth  and  low  water,  dredging  to  a  depth 
of  20  ft.  and  more  was  required  in  excavating 
the  Barge  Canal  prism. 

The  work  of  the  dipper  dredce  at  the  start 
was  mainlv  excavating  from  the  prism,  the 
material  being  deposited  in  dimip  scows,  which 
were  towed  to  points  near  the  shore  at  the 
spoil  banks  and  dumped,  to  be  redredged  by 
two  clam  shell  dredges,  having  booms  of  80 
1(1  lOU  ft.,  respectively,  and  the  dumped  ma- 
terial  then   rcbandled   into   spoil  banks. 

Later  on  the  dipper  dredge  was  rebuilt  and 
was  used  to  dredge  the  hard  material,  ericoun- 
tcrcd  at  the  bottom  of  the  prism,  which  at 
times  verged  close  to  hard  pan.  This  hard 
material  was  dumped  in  various  places  along 
Tnnawanda  Creek,  and  later  rehandlcd  by 
the  hvdraulic  dredge  "Niagara."  The  follow- 
ing tatndation  shows  the  output  of  the  dredge 
for  a  number  of  years: 

Years—  '^".;7?o^i 

iqn?     132.687 

190!)     "f"'!"* 

1010       81.873 

i\  1     3n.50n 

1912     '.'.'.'.'.'.'.'.'.... '.^ 168.198 

Total    441,35* 

The  followine  tabulation  shows  the  cost  of 
labor    for    running   the    dredge    for   a   double 

.shift  of  16  hours: 

Per  mo. 

1  captain    JiST.sn      J157.S0 

1  runner    137.50        137.50 
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cranesmen    106.50  213.00 

;  oilers   77.50  155.00 

I  firemen     77.50  155.00 

I  deckhands     67.50  L'70.00 

scowmen    67.50  270.00 

;  watchman 60.00  60.00 

I  blacksmith 75.00  75.00 

I  $1,493.00 

!  As   the  average   output  of   the   dredge   was 
Inly   about    10,000    cu.    yds.    at    the    contract 

I jlo". — . 

!  i 


Basin,  Buffalo,  N.  Y.  The  new  wall  is  some 
320  ft.  long  and  connects  new  pier  and  bulk- 
head walls  of  concrete  capped  timber  cribs 
with  an  old  masonry  wall  of  an  adjacent  slip. 
A  diagram  section  of  the  sheet  pile  wall  is 
given  by  Fig.  1  (A).  As  indicated  the  wall  is 
located  instream  and  the  land  in  front  of  it  is 
to  be  dredged  out  to  provide  13  ft.  depth  of 
water.  • 


The  details  of  the  structure  as  described 
are  shown  by  Fig.  1,  in  which  (B)  is  a  front 
elevation  of  the  wall,  (C)  gives  sections  at  and 
between  fenders  and  (D)  shows  the  anchor 
beam  and  pile  arrangement.  All  the  essen- 
tial structural  details  are  indicated  by  the 
drawings  and  a  brief  summary  of  the  ma- 
terial and  construction  requirements  follow: 

The  steel  sheet  piling  is  to   be  of  medium 
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Fig.    1.     Details    of    Concrete    Protected    Steel   Sheet   Pile   Bulkhead   Wall,   Barge  Canal   Terminal,    Erie    Basin,    Buffalo,    N.    Y. 


rice  of  l"','^  cts.,  amounting  to  $1,750,  it  is 
pparent  that  this  barely  covered  the  expense 
f  wages  and  coal. 


Concrete    Protected    Steel    Sheet    Pile 
Bulkhead  Wall. 

(Staff  Article.; 
A    bulkhead    wall    of    protected    steel    sheet 
iles   forms   a   part   of  the   work   included    in 
:i«    planned    barge    canal    terminals    at    Frie 


Referring  to  Fig.  1  (A),  a  indicates  the  line 
of  steel  sheeting  driven  to  rock  bottom  and 
held  by  the  anchor  bars  b ;  the  top  of  this 
sheeting  is  incased  in  a  concrete  slab  c  pro- 
vided on  its  water  face  with  fenders  rf.  The 
wall  as  described  is  anchored  back  into  the 
shore  by  tie  rods  t*  connecting  with  a  horizon- 
tal reinforced  concrete  girder  /,  held  by  tim- 
ber piles  (I.  The  lies  c  arc  spaced  11  ft.  8  ins. 
apart  and  the  piles  g  are  driven  in  pairs  on 
each  side  of  a  tie  rod  where  it  is  fastened  to 
the  beam  /. 


steel  and  special  care  to  secure  exact  alignment 
is  to  be  exercised  in  driving  it.  The  holes 
for  the  transverse  reinforcing  bars,  fenders, 
anchor  butts  and  tie  rods  will  be  drilled  after 
the  sheeting  is  driven.  The  concrete  onbed- 
ding  the  top  of  the  sheeting  and  the  tie  rods 
and  that  for  the  anchor  beam  will  be  a  1  :2 :4 
stone  mixture.  All  reinforcement  will  be 
open  hearth  steel  deformed  bars. 

The  wall  as  described  was  designed  in  the 
office  of  the  slate  engineer,  John  A.  Bensel, 
Albany,  N.  Y. 
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Method    of    Financing    the    Additional 
Water  Supply  for  Centralia,  111. 

'niju-IIc.l    ljy    luxissily    iIk'   cili/eils    of    Cen- 

'  I.   111.,   found   a  method   o.f   linancing   the 

'I  inal  water  supply  for  the  city,  although 

ii»litii'.ional   limitations    for   a   time   made   it 

ppear  that    funds   for   the   new   supply  could 

"'   be   secured.      The   metlmd   by   which    this 

:iccomplished    is    of    interest    as    showing 

I  a  conimunity  can  do  in  emergency  finati- 

ng  of   public   utilities.     Our   information    is 

fom  a  paper  read  before  the   Illinois  Water 

upply  Association  by  Mr.  C.  D.  Tufts,  presi- 

ent  of  the  Centralia  Water  Supply  Co. 

'^"irc  20  years   ago   the   city   took   over   a 


pumping  plant  of  the  Illinois  Central  Rail- 
rop.il  located  on  Crooked  Creek,  two  miles 
north  of  the  city,  and  established  a  city  water 
works.  The  Illinois  Central,  being  the  largest 
consumer  of  water,  .secured  a  20-ycar  con- 
tract under  terms  which  fixed  the  price  paid 
at  approximately  1%  cts.  per  1,000  gals,  for 
water  pimiiied  two  miles.  The  creek,  for  the 
past  few  years,  went  dry  every  sununer,  and 
the  qu.Tnlity  of  water  drawn  from  it  was 
always  poor. 

The  municipality  was  unable  to  raise  funds 
to  secure  an  adequate  supply,  on  account  of 
the  unusual  cost,  and  the  constitutional  limita- 
tions. The  coimcil,  as  well  as  the  people, 
were  unwilling  to  turn   to  a  private  corpora- 


tion, the  chief  objeclion  being  that  the  most 
important  industrial  dependence  of  Centralia 
is  the  Illinois  Central  Railroad,  with  its  ex- 
tensive shops  and  terminals,  which  we  feared 
would  not  be  willing  to  pay  the  water  rates 
that  would  be  charged  by  a  private  corpora- 
tion. No  local  capitalists  were  to  be  found 
willing  to  take  over  the  water  business  and 
guarantee  low  rates,  and  we  could  not  expect 
outside  capitalists  to  load  thefnselves  up  with 
our  unfortunate  predicament. 

Confronted  with  this  imperative  demand, 
the  city  coimci!  was  totally  lacking  in  both 
til."  ri.ncertcd  energy  and  the  tools  and  ma- 
terials necessary  for  the  task  before  it.  The 
mayor   called    a    meeting   of   citizens    in    the 
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summer  of  1900  to  unload  on  tliem  the  water 
problem.  In  that  meeting  a  committee  of 
seven  was  raised  and  given  fully  authority 
to  devise  and  carry  into  e.xecution  plans  to 
provide  an  adequate  water  supply.  After 
several  months  of  preliminary  skirmishing  the 
committee  decided  to  follow  a  plan  of  rtnan- 
cing  a  supply  that  had  previously  been  adopted 
in  Mattoon  under  somewhat  similar  condi- 
tions. Prof.  Habermeyer  of  the  University 
of  Illinois,  was  employed  by  the  city  on  the 
committee's  recommendation,  to  make  sur- 
veys and  recommend  a  suitable  site.  He  rec- 
ommended a  site  comprising  the  valley  of 
two  streams  emptying  into  Crooked  Creek, 
some  eight  miles  east  and  up-stream  from  the 
pumping  station. 

Following  the  recommendation  of  Prof. 
Habermeyer,  the  committee  secured  the  em- 
ployment of  Mr.  E.  F.  Harper  of  East  St. 
Louis,  to  make  preliminary  surveys  and  esti- 
mates of  capacity  and  cost.  He  reported  that 
a  dam  800  ft.  long  and  30  ft.  high  would  im- 
pound a  body  of  water  24  ft.  deep  at  the 
dam  and  containing  approximating  1,000,000,- 
000  gals.  The  submerged  area  was  estimated 
at  2.50  acres,  and  the  watershed  8  square 
miles.  .V  spillway  1.50  ft.  in  length  was  pro- 
vided, and  also  about  8  miles  of  20-in.  wood 
conduit  was  laid.  The  estimate  of  cost,  nec- 
essarily only  approximate,  was  $125,000. 

Up  to  this  time  it  had  been  considered  abso- 
lutely impossible  to  raise  by  public  subscrip- 
tion in  Centralia  an  amount  in  excess  of 
$25,000.  Yet  the  spirit  of  "We  Must"  had 
taken  possession  of  the  committee,  and  it 
settled    down   to   work   with    determination. 

A  stock  company  was  organized,  capitalized 
at  $150,000.  and  an  agreement  entered  into 
with  the  city  council  on  the  terms  of  a  con- 
tract under  which  the  city  obligated  itself  to 
lease  and  operate  the  reservoir  and  pipe  line. 
and  to  purchase  these  at  their  exact  cost. 
The  revenues  of  the  water  department  were 
pledged  to  pay  f!  per  cent  interest  on  the 
amoimt  expended,  and  the  city  also  obligated 
itself  to  issue  $50,000  in  bonds  in  part  pay- 
ment of  the  purchase  price,  and  to  issue 
$10,000  of  new  bonds  each  year,  so  as  to 
make  an  annual  payment  on  the  balance.  The 
contract  further  provided  that  the  city  is  to 
levy  $10,000  in  general  taxes  each  year  to 
pay  ofT  that  much  of  the  original  issue  of 
bonds,  so  that  the  original  amount  of  $50,000 
stands  with  $Ki,000  paid  off  and  $10,000  issued 
each  year.  This  roundabout  method  is  nec- 
essary or  account  of  the  legal  limitations  as 
to  issuance  of  bonds  and  taxation. 

With  this  agreement  between  the  city  coun- 
cil and  the  company,  the  next  thing  was  to 
get  the  money.  The  committee  called  in  the 
presidents  of  the  two  banks  and  made  out 
a  list  of  "prospects,"  setting  opposite  each 
person's  name  an  amount  that  in  the  com- 
bined judgment  of  the  committee  and  the 
bankers  he  could  afford  to  subscribe.  The 
banks  consented  to  take  the  notes  of  tliese 
persons  without  other  security  than  the  com- 
pany could  furnish.  The  jilan  was  to  ask 
them  to  subscribe  certain  sums  to  the  capital 
stock  of  the  company  and  to  assure  them  that 
the  company  would  obtain  the  money  on 
their  notes  without  calling  on  them  to  do 
more  than  sign.  The  shares  of  stock  signed 
for  were  deposited  with  the  banks  as  col- 
lateral security,  and  the  banks  furnished  the 
money  necessary   for.  the  construction. 

The  list  of  names  started  with  $5,000,  and 
from  that  on  down  to  $1,000.  No  subscrip- 
tion was  taken  for  less  than  $1,000.  The  lists 
were  made  up  one  Saturday  afternoon,  and 
the  chairman  of  the  committee  announced 
that  the  capital  stock  must  all  be  subscribed 
the  following  week. 

On  Monday  afternoon  the  newspapers  con- 
tained leading  articles  explaining  and  com- 
mending the  project  and  carried  at  the  head  in 
good-sized  type  the  names  of  those  who  had 
subscribed  $.5.000.  We  did  not  call  on  any 
one  to  subscribe  the  first  three  days,  except 
those  on  the  $5,000  list,  and  we  refused  to 
accept  from  any  of  them  a  subscription  for 
less  than  $5,000,  Each  day  we  published  the 
names  of  all  who  had  subscribed  $-5,000,  with 
a  story  of  the  progress  of  the  campaign.    Our 


method  was  so  effective  that  before  we  had 
fmished  with  the  $5,000  list,  several  who 
were  on  for  less  sums  voluntarily  came  for- 
ward and  signed  for  $5,000.  On  Thursday 
night  we  had  eighteen  $.5,000  subscriptions. 
By  that  time  we  had  the  ground  broken  for 
quick  work  on  the  men  of  lesser  means',  and 
when  we  quit  work  Friday  night  we  had 
$13.'5,-500  subscribed,  which  at  that  tune  we 
hoped  would  be  sufficient.  There  were  fewer 
than  40  subscribers. 

In  order  to  understand  the  task  that  con- 
fronted the  committee,  it  must  be  understood 
that  never  before  had  an  individual  subscrip- 
tion to  a  public  enterprise  been  made  in 
,  Centralia  of  more  than  $1,000,  and  never 
before  had  an  attempt  been  made  to  raise 
more  than  $25,000.  It  was  only  the  spirit  of 
"We  Must"  that  made  it  possible  to  raise 
$133,.5n0  in   four  days. 

Then  the  Illinois  Central  had  to  be  reck- 
oned with.  Tlie  contract  of  the  company 
which  fixed  the  price  of  Crooked  Creek  water 
at  1%  cts.  per  1,000  gals,  had  three  more  years 
to  run.  It  was  impossible  for  the  city  to  meet 
its  new-  obligations  to  the  Centralia  Water 
Supply  Co.  unless  the  railroad  company  would 
make  a  new  contract  at  a  fair  rate.  When 
the  representatives  of  the  city  and  the  water 
company  called  on  Vice-President  Park  and 
informed  him  a  rate  of  G  cents  would  be 
demanded,  he  was  somewdiat  startled,  but 
remembering  the  previous  drouths,  he  told  us 
to  go  ahead. 

The  bond  issue  of  $50,000  had  to  be  sub- 
mitted to  a  vote  of  the  people,  but  that  gave 
us  little  trouble.  There  was  some  talk  of 
graft,  but  that  did  not  bother  us  much.  As  a 
matter  of  fact,  we  undertook  all  the  respon- 
sibility and  the  moral  and  financial  hazard 
of  financing  and  constructing  a  project  which 
finally  cost  $158,000,  and  no  officer  or  direc- 
tor of  the  company  received  a  dollar  of  com- 
pensation either  directly  or  indirectly.  Even 
the  lawyers  in  the  company  gave  their  profes- 
sional services  without  charge. 

The  farmers  who  owned  the  land  needed 
for  the  reservoir  suddenly  became  much  op- 
posed to  the  project.  They  held  indignation 
meetings  at  the  country  school  houses,  and 
threats  were  heard  that  when  we  went  out  to 
dicker  for  their  land  they  would  meet  us  at 
the  township  line  with  shotguns.  The  land 
was  worth  $40  an  acre,  but  at  the  school 
house  meetings  a  price  of  $150  was  fixed, 
and  nearly  all  the  owners  joined  in  an  agree- 
ment to  demand  that  much  or  die  in  the  at- 
tempt. The  company  had  the  legal  right  to 
condemn,  which  the  farmers  knew,  but  for- 
tunately for  us,  they  didn't  know  that  if  we 
had  been  compelled  to  condemn  w-e  would  be 
delayed  so  long  we  could  not  get  the  dam 
constructed  in  time  to  catch  the  next  spring's 
rains.  This  would  have  meant  another  year 
of  drouth  for  Centralia,  which  would  have 
cost  the  city  more  than  all  their  land  was 
worth.  We  secured  one  tract  for  $05  an 
acre,  then  bought  the  land  needed  for  the 
dam  for  a  price  slightly  higher.  We  were 
then  in  a  position  to  let  the  contract  and 
start  the  work.  If  we  happened  to  submerge 
some  land  before  we  had  acquired  it,  there 
would  be  no  damages  greater  than  the  value 
of  the  land.  Every  acre  of  land  required, 
the  pipe  line  right-of-way  and  every  neces- 
sary settlement  was  secured  without  any 
litigation  whatever.  This  illustrates  another 
point:  if  your  lawyers  are  working  without 
compensation,  it  is  rarely  necessary  to  go  to 
court.  We  paid  $05  an  acre  whenever  we 
took  only  what  we  needed  and  $.50  an  acre 
where  we  were  compelled  to  take  the  entire 
farm. 

The  bond  broker.s  would  not  take  the  bonds 
issued  by  the  city  in  part  payment  on  the 
contract,  on  the  ground  that  no  such  trans- 
action had  ever  run  the  gauntlet  of  the  Su- 
preme Court,  and  the  lawyers  would  not 
hazard  a  guess  as  to  what  the  court  of  last 
resort  would  do  to  our  plan  if  it  got  hold  of 
it.  Tile  company  took  the  bonds  and  held 
them  in  its  treasury  as  assets  for  security 
of  its  stockholders  and  the  banks  that  had 
loaned  the  money  on  their  notes.  .^fter 
the  work  was  completed  and  accepted  by  the 


city,  the  local  banks  took  the  bonds  and 
credited  the  .$-50,000  on  the  stockholders' 
loans.  In  addition  there  have  been  three  pay- 
ments of  $10,000,  thus  reducing  the  indebted- 
ness of  the  city  to  the  company  to  $70,000. 
The  total  cost  was  $1-58,000,  but  there  were 
several  items  of  income  which  reduced  thi 
actual  net  cost  to  $150,000.  The  city  now 
pays  six  per  cent  on  $70,000,  and  this  money 
is  paid  to  the  banks  which  hold  the  notes 
Quite  a  large  proportion  of  the  stock  is  now 
held,  however,  by  subsequent  purchasers  who 
have  taken  it  as  an  investment.  These  were 
people  whom  we  couldn't  interest  when  we 
were  trying  to  get  the  stock  subscribed  in  the 
first  instance. 

The  work  of  construction  of  the  dam  and 
the  pipe  line,  and  clearing  of  the  reservoir 
site  was  begun  in  the  early  fall  of  1910,  anil 
completed  in  time  to  catch  the  spring  rain- 
of  1911.  The  water  has  a  natural  fall  of  about 
25  feet  beside  the  depth  in  the  basin,  whicli 
carries  it  by  gravity  through  20-in.  wood 
pipes  to  the  pumping  station,  where  it  is  de- 
livered  direct. 

,\t  times  of  heavy  rains,  there  has  been  a 
flow  of  fully  a  foot  of  water  over  the  spill- 
way of  the  large  reservoir,  and  Centralia  is 
now  certain  to  enter  upon  a  dry  season  with 
a  depth  of  24  ft.  at  the  dam.  Up  to  this  time 
the  surface  of  the  water  has  never  gone  be- 
low 18  ft.  at  the  dam,  notwithstanding  the 
consumption  of  the  Illinois  Central  has  more 
than  doubled  since  the  company  has  rebuilt 
its  terminals  and  shops  in  Centralia.  This 
new  work  of  the  railroad  could  not  have 
been  undertaken  at  Centralia  without  a  de- 
pendable supply  of  water  was  assured,  and  it« 
importance  may  be  realized  when  it  is  stated 
that  the  new  work  of  the  railroad  at  Cen- 
tralia has  meant  an  expenditure  up  to  thi 
present  time  of  $2,000,000,  and  a  very  con 
siderable   increase   in   the  working   force. 

The  revenues  of  the  city  water  department 
were  more  than  doubled  with  no  material  in- 
crease in  the  cost  of  operation.  Wlien  thi 
original  system  was  installed,  the  city  au- 
thorities, without  looking  to  the  future,  issuei' 
bonds  and  laid  the  service  pipes  without  ; 
special  assessment.  This  policy  has  beer 
followed  since,  and  there  have  been  very  few 
extensions  of  the  water  mains.  Now  the 
water  department  has  a  profit  of  from  $l,0Oi 
to  $1,500  a  month,  and  the  water  mains  art 
being  extended  to  meet  the  demands  of  out- 
lying   property   owners. 


Notes    on    the    Selection,    Application 

Operation  and  Limitations  of 

Centrifugal  Pumps. 

The  present  article  points  out  the  genera 
characteristics  of  centrifugal  pumping  ma 
chinery  with  reference  to  the  best  types  oi 
pump  for  a  particular  duty,  enumerate^  thi 
services  for  which  these  pumps  are  cspeciall> 
adapted,  descrilies  general  operation  meth- 
ods and  the  limitations  of  such  pumps  ii 
actual  practice.  The  information  given  i' 
taken  from  a  paper  before  the  Ottawa  brand 
of  the  Canadian  Society  of  Civil  Engineer' 
by  J.  W.  W.  Drysdalc,  Jr.,  of  tlie  firm  o 
Drysdale  &  Co.  of  Glasgow,  Scotland. 
(;i-;ner.\l     ch.-\r.\cteristics     of      cf.ntrifugm 

PUMPS. 

Centrifugal  pumps,  including  turbine  pumps 
are  regulated   by  the   following  general  law.s 

1.  The  quantity  pumped  when  running  a 
constant  speed  varies  with  the  total  head 
Total  head  includes  suction  lift,  delivery  am 
friction  heads.  .At  constant  speed  with  in 
crease  in  head  the  discliarge  will  be  decreased 
Conversely,  reduction  of  head  causes  an  in 
crease  of  discbarge. 

2.  The  efficiency  of  a  pump  running  at  con 
slant  speed  varies  with  the  output,  and  wil 
reach  a  maximum  under  a  certain  conditioi 
of  head  and  discharge.  .-V  pump  which  is  run 
ning  at  this  point  is  said  to  be  giving  norma 
output.  For  any  given  speed,  there  is  ■ 
definite  maximum  possible  head  which  thi 
pump  can  overcome,  and  the  normal  outpu 
is  nearly  always  a  little  below  this  point. 

These   general    laws   have   limitations.     Fo 
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instance,  the  sides  of  the  impeller  are  revolv- 
ing in  what  is  generally  termed  dead  water, 
and  hence  if  the  speed  of  the  impeller  is  in- 
creased, the  disc  friction  is  increased  until 
the  amount  of  power  absorbed  in  this  manner 
I  becomes  too  large  a  proportion  of  the  total 
;  power  absorbed  by  the  pump.  When  this  oc- 
jcurs  it  is  necessary  to  increase  the  number 
|of  impellers  in  the  pump.  One  impeller  de- 
livers into  the  next  and  so  on,  the  head  being 
, obtained  in  a  number  of  stages.  In  addition, 
care  must  be  taken  that  cavitation  does  not 
occur.  Cavitation  may  take  place  cither  on  the 
suction  side  or  on  the  delivery  side  of  the  im- 
peller. The  effect  of  cavitation  is  generally 
overload  on  the  driving  machine  and  un- 
stable delivery  by  the  pump,  and  in  serious 
cases  the  pump  will  stop  working  altogether. 
On  the  suction  side,  cavitation  is  caused  chief- 
ly by  the  suction  lift  being  carried  beyond  the 
practical  limit.  On  the  delivery  side,  it  is 
most  often  met  with  in  centrifugal  pumps 
with  guide-vanes,  that  is,  that  class  of  pumps 
generally  known  as  turbine  pumps.  In  these 
pumps  it  is  generally  due  to  badly  designed 
guide-vanes,  or  to  the  pump  being  used  to 
deliver  a  quantity  of  water  far  in  excess  of 
the  normal  output  for  which  the  pump  was 
designed. 

From  the  characteristic  curve  of  a  well-de- 
signed centrifugal  pump,  it  may  be  seen  that 
a  good    efficiency   can    be    maintained    over    a 

iwide  range.     Thus,  for  example,   from  such  a 

,  curve  it  may  be  seen  that  the  capacity  can  be 
varied  from  To  per  cent  below  normal  to  120 
per  cent  above  normal  with  a  fall  of  only  -5 
per  cent  in  the  normal  efficiency.  Under  such 
circumstances   a  typical  curve  shows  that  the 

I  maximum  possible  power  taken  by  the  pump 
is  only  17  per  cent  greater  than  normal.  This 
being  so,  it  follows  that  a  reasonably  well 
built  motor  will  be  capable,  running  at  con- 
stant speed,  of  taking  charge  of  any  duty 
which  the  pump  may  be  called  on  to  perform 
at  that  speed.  As  a  rule  all  that  is  necessary 
is  to  design  the  pump  so  that  the  maximum 

.  overload  does  not  e.xcced  about  10  per  cent 
to  1.5  per  cent   or   even   20   per   cent,   as   any 

;  motor    with    a    good    rating    will    stand    this 

.  overload   without  damage. 

An  important  point  to  notice  in  connection 
with  centrifugal  pumps  is  that  there  is  no 
possibility  of  damage  to  the  pumps  in  event 
of    the    delivery    valve    being    closed    during 

i  pumping  operations. 

It  is  possible  by  suitable  modifications  in 
the   internal    design    of    pumps   to   alter   their 

I  hydraulic  features  to  suit  particular  require- 
ments. Thus  pumps  can  be  built  in  which  the 
variation  of  the  quantity  with  head  is  large, 
and  others  with  small  variation,  but  pumps 
with  large  variation  of  quantity  are  susceptible 
to  a  heavier  overload  than  those  with  small 
variation.  It  is  not  possible  to  combine  max- 
imum quantity  variation  with  minimum  over- 
load, but  while  minimum  overload  can  only 
be  combined  with  moderate  quantity  variation, 
a  very  fair  compromise  can  be  effected  in 
practice.  It  is  often  necessary  to  design 
pumps  with  a  special  characteristic  to  suit  cer- 
tain specified  conditions. 

RANCK    (>K    AIM'I.ICATION    OF    CENTRIFUGAL    PUMPS. 

Centrifugal  pumps  may  be  used  under  almost 
ally  conilitions  where  it  is  nccessarv  to  deal 
wjth  liquid  or  semi-liquid.  There  is  such  a 
wide  range  of  uses  that  there  must  necessarily 
be  a  considerable  variation  in  design  between 
the  various  types  of  pump.  Thus,  where  there 
is  only  a  small  percentage  of  gritty  matter  in 
the  liquid  to  be  dealt  with,  it  is  only  necessary 
to  make  certain  wearing  p.irts  of  the  pump 
easily  renewable,  but  when  the  liquid  contains 
a  consi<lerable  amount  of  .solid  material  of  an 
abrasive  nature,  it  is  usually  necessary  to  build 
a  pump  which  is  lined  either  partially  or 
wholly  in  the  interior.  There  is  a  good  deal  of 
divergence  in  the  design  of  various  makers 
of  dredging  pumps,  and  the  ilesigns  of  dredg- 
mg  pumps  by  the  same  maker  will  also  vary 
according  to  the  nature  of  the  duty  to  be  per- 
formed. Sf-metimes  it  is  only  necessarv  to 
line  the  pump  at  the  sides,  tlie  volute  being 
iinhncd.  while  it  is  often  imperative  to  fit  the 
wbole  interior  of  the  pump  with  liners.  There 
"■'•  duties  where  liners  of  the  best  manganese 


steel  become  worn  through  in  a  few  weeks, 
so  that  it  will  be  seen  how  necessary  it  is  for 
a  pump  working  under  these  conditions  to 
be  totally  lined  throughout. 

I.VSTALL.VTION     OF    CE.VTRIFUGAL    PUMPS. 

Centrifugal  pumps  should  be  set  as  near  the 
level- of  the  water  pumped  from  as  practicable 
in  order  to  decrease  the  suction  lift.  Suction 
lines  should  rise  in  elevation  towards  the  pump 
end.  In  some  cases  they  may  be  laid  level 
but  they  should  never  dip  downwards  as  this 
may  allow  air  pockets  to  be  formed  with  con- 
sequent unsatisfactory  w'orking.  There  are 
cases  where  air  pockets  are  unavoidable,  and 
it  is  then  necessary  to  keep  the  highest  point 
of  the  suction  pipe  in  communication  with  a 
condenser  or  vacuum  pump.  As  a  rule  it  is 
not  advisable  to  exceed  a  suction  life  of  20  ft. 
including  friction,  but  where  it  is  necessary  to 
go  beyond  this,  the  suction  pipe  line  should 
be  tested  to  a  pressure  of  3o  lbs.  per  square 
inch  and  should  be  absolutely  tight  under  this 
pressure.  It  should  be  remembered  that  the 
effect  of  air  in  a  centrifugal  pump  is  to  reduce 
the  quantity  of  water  delivered.  The  ultimate 
result  of  excessive  air  leakage  is  that  the  water 
column  becomes  broken  on  the  suction  side 
and  the  pump  will  stop  delivering.  Where  the 
water  flows  into  the  pump  under  a  head,  if  it 
is  impossible  to  avoid  loops  or  pockets,  it  is 
advisable  to  place  an  air  cock  at  the  highest 
point  of  the  pocket  to  release  the  accumulated 
air. 

The  speed  of  water  in  delivery  pipes  should 
not  exceed  about  500  ft.  per  minute  unless  the 
pipe  line  is  very  short.  It  frequently  happens 
that  the  output  of  a  centrifugal  pump  with  a 
certain  size  of  delivery  or  suction  branch  is 
much  too  great  for  the  pipes  to  be  made  the 
same  size  as  the  branches.  In  such  cases  it 
is  advisable  to  fit  taper  pipes  next  the  pump 
branches.  The  length  to  make  these  taper 
pipes  to  give  the  best  results  is  given  by  the 
formula 

D  —  d 

Length  = ,    approximately    equal    to 

2  X  0.12 
•1  {D  —  d) 
Where  Z3  ="  diameter  of  large  end  in  inches 
d  =  diameter  of  small  end  in  inches 
0.12  =  constant  representing  tan,  6°  50'. 
This  angle  of  about  7°   has  been   found  by 
experiment  to  be  about  the  best  for  water. 

Methods  of  Priming. — Where  centrifugal 
pumps  are  working  on  a  suction  lift  it  is 
necessary  to  charge  them  and  tlie  suction  pipe 
with  water.  There  are  two  methods  of  doing 
this : 

(\)  To  withdraw  the  air  from  the  pump 
casing  and  suction  pipe,  thus  causing  a  vacuum 
which  becomes  filled  with  water  from  the  suc- 
tion tank  or  sump. 

(2)  To  place  a  foot-valve  at  the  bottom  of 
the  suction  pipe  and  fill  the  pump  and  suction 
pipe  with  water. 

.•\s  examples  of  the  first  method  we  have 
the  steam  ejector,  compressed  air  ejector,  and 
ejector  operated  by  water.  Any  of  these  eject- 
ors may  be  used  according  to  the  facilities 
offered.  The  ejector  is  generally  placed  on 
the  top  of  the  pump  casing  and  when  the 
pump  and  suction  pipe  have  become  filled  with 
water  the  steam,  compressed  air,  or  pressure 
water  is  shut  off  and  the  centrifugal  pump 
started  up.  The  air  in  the  suction  pipe  and 
pump  may  also  be  withdrawn  by  means  of  a 
vacuum  pump.  This  is  operated  by  hand  or 
power  according  to  size.  In  the  smaller  sizes 
of  centrifugal  pump,  the  air  pump  is  often  at- 
tached to  the  pump  bedplate  but  in  the  larger 
sizes  where  power  is  reiiuircd  it  is  generally 
ma<le  an  independent  unit.  In  the  case  of 
inlernudiale  sizes,  it  is  somclimes  driven  from 
the  ceiilrifugal  pump  spindle  by  means  of  a 
belt  or  chain. 

In  (he  seconrl  method,  the  foot-valve  should 
be  placed  sutficicnily  far  lielnw  the  surface  of 
the  water  to  ensure  that  "solid"  water  is  ob- 
tained under  all  conilitions  of  pumping.  Where 
pumps  are  charged  bv  means  of  a  foot-valve 
there  is  another  point  which  it  is  important 
to  notice.  Suppi'se  a  pump  i.s  runninu  and  the 
driving  nintor  stops  suddenly,  due  to  the  blow- 
ing out  of  a   fuse  or  from  some  other  cause. 


then  if  the  pump  is  fitted  with  a  foot-valve 
the  column  of  water  in  the  delivery  pipe  drops 
down  and  closes  the  valve.  It  can  be  readily 
understood  that  in  cases  where  the  static  head 
is  considerable,  the  pressure  caused  by  this 
column  of  water  being  suddenly  brought  to 
rest  may  become  very  great,  and  as  the  pump 
casing  is  generally  weaker  than  the  pipes  on 
account  of  its  larger  diameter,  there  is  great 
danger  of  the  pump  being  burst  and  destroyed. 
It  is,  therefore,  necessary  where  the  static 
head  (including  suction)  is  greater  than  30  or 
40  ft.,  to  fit  a  check  valve  on  the  delivery  side 
of  the  pump.  It  is  often  handy  to  fit  this 
valve  with  a  by-pass  which  can  be  opened  for 
the  piirpose  of  charging  the  pump. 

Design  of  Foot-Valve. — The  design  of  the 
foot-valve  selected  should  be  such  that  the  flap 
can  be  easily  raised  by  the  centrifugal  pump, 
as,  if  the  flap  is  too  heavy,  the  valve  does  not 
come  fully  open  and  the  pump  will  not  de- 
liver its  full  quantity.  In  fact,  cases  have 
occurred  where  the  centrifugal  pump  could 
not  open  the  valve  at  all  on  account  of  the 
excessive  weight  of  the  flap.  Foot-valves 
should  always  be  chosen  so  as  to  give  a  clear 
area  through  them  at  least  equal  to  the  area 
of  the  suction  pipe.  In  large  sizes  foot-valves, 
where  used,  are  generally  of  the  multiple  flap 
type,  though  it  is  usual  to  employ  one  of  the 
other  methods  of  charging  for  large  cen- 
trifugal pumps.  Strainers  are  nearl\~  always 
fitted  to  the  suction  pipes,  and  these  should 
always  be  of  large  area. 

TYPES    OF   CENTRIFUGAL   PUMPS. 

Centrifugal  pumps  may  be  broadly  divided 
into  three  different  classes,  according  to  the 
head  to  be  pumped  against,  and  illustrations 
are  given  to  show  variations  of  these  classes. 
The  classes  are  as  follows:  (1)  Ordinary  cen- 
trifugal pumps  for  heads  up  to  about  150  ft.; 
(2)  twin  series  centrifugal  pumps  for  heads 
up  to  about  300  ft.;  (3)  turbine  pumps,  i.  e., 
centrifugal  pumps  having  fixed  guide-blades  in 
the  pump  casing  and  suitable  for  pumping  up 
to  the  greatest  heads. 

In  cases  where  the  suction  lift  would  be 
too  great  for  the  pump  if  placed  on  the  ground 
level,  or  where  on  account  of  the  expense  of 
excavating  a  larger  well,  or  where  on  account 
of  risk  of  flooding  it  would  not  be  advisable 
to  place  the  motor  down  along  with  the  pump, 
vertical  spindle  pumps  are  adopted.  Thus, 
where  sewage  has  to  be  pumped,  the  liquid 
shoiild  flow  into  the  pump  by  gravity,  as  gas 
is  given  off  more  freely  in  a  partial  vacuum, 
such  as  occurs  in  a  pump  working  with  a 
suction  lift.  In  these  cases  the  motor  is  kept 
on  ground  level  and  the  pump  spindle  is  con- 
nected to  the  motor  spindle  by  means  of  ver- 
tical shaft  fitted  with  suitable  intermediate 
guide  bearings.  The  weight  of  the  motor  spin- 
dle and  armature  is  taken  by  the  motor  thrust 
bearing,  and  a  common  way  to  support  the 
vertical  shaft  is  by  means  of  a  thrust  bearing 
contained  in  the  cast  iron  stool  supporting  the 
motor.  .A  flexible  coupling  is  generally  fitted 
between  the  motor  spindle  and  the  vertical 
shaft  and  sometimes  also  between  the  vertical 
shaft  and  the  pump  spindle.  Where  this  is 
done  it  is  necessary  for  the  pump  to  be  pro- 
vided with  a  bearing  to  take  the  weight  of 
the  pump  spindle  and  impeller,  but  where  the 
lower  flexible  coupling  is  discarded  and  solid 
coupling  fitted,  the  weight  of  the  rotating 
parts  of  the  pump  is  t.nkcn  by  the  thrust  bear- 
ing in  the  motor  stool. 

In  cases  where  there  is  a  very  considerable 
rise  and  fall  in  the  level  of  the  suction  water, 
say,  greater  than  20  to  25  ft.,  where  there  is 
a  diflicullv  in  charging  the  pump,  or  where 
for  the  sake  of  convenience  it  is  advantageous 
to  do  so.  the  vertical  spindle  pumps  may  be 
totally  submerged.  In  such  ca.scs  the  pump  is 
fitted  with  bearings  of  lignum  vitae  which  are 
lubricated  by  the  water,  and  any  of  the  inter- 
mediate bearings  which  are  likclv  to  become 
submerged  arc  al.so  fitted  with  lignum  vitae 
anil  .nrrangcd  with  a  water  service  fiir  use 
when  these  bearings  are  not  submerged.  With 
submerged  pumps,  the  lower  flexible  coupling 
iv  done  away  with. 

With  all  vertical  spindle  pumps  it  is  most 
important   that   the    foundations   and   floor   be 
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rigid  so  as  to  prevent  any  possibility  of  rela- 
tive movement  between  the  pump  and  the 
motor.  It  is,  of  course,  essential  that  the 
shafting  be  properly  aligned.  As  vertical  spin- 
dle pumps  having  shafts  up  to  8U  ft.  long  have 
been  built  it  can  be  readily  understood  that 
there  is  a  considerable  range  for  pumps  of 
this  type. 

Then  there  is  also  what  is  termed  a  "multi- 
rotor"  pump.  One  of  these  pumps  recently 
built  had  six  impellers  all  on  the  same  shaft. 
When  driven  by  an  exhaust  turbine  at  a  speed 
of  2,500  r.p.m.  it  delivered  8,000  gals,  per 
minute  on  a  total  head  of  25  ft.  Each  of  the 
six  impellers  passes  its  share  of  the  water 
against  25  ft.  head,  the  water  being  split  up 
in  this  manner  to  enable  a  high  speed  to  be 
obtained  on  low  head  with  a  large  quantity  of 
water,  thus  making  the  turbine  drive  practi- 
cable. The  pump  casing  is  horizontally 
divided  so  that  the  whole  of  the  inside  of  the 
pump  can  be  inspected  by  lifting  of?  the  top 
half.  Special  diffuser  pipes  are  fitted  on  the 
suction  and  delivery  in  order  to  maintain  a 
good  hj-draulic  eftkiency. 

Twin  series  pumps  consist  of  two  centrifugal 
pump  casings  bolted  together.  The  first  pump 
delivers  into  the  second  and  thus  for  a  given 
speed  double  the  pressure  is  obtained  from  a 
twin  series  pump  as  compared  with  a  single 
pump.  In  some  cases  it  is  found  more  con- 
venient to  have  a  motor  between  two  single 
pumps,  one  at  each  end  of  the  bedplate,  and 
by  suitable  arrangement  of  piping  and  valves, 
the  pumps  can  be  put  either  in  series  or  in 
parallel.  This  is  an  excellent  arrangement 
where  it  is  desired  to  have  pumps  suitable  for 
either  domestic  or  fire  service  as  required. 

The  pumping  plant  supplied  for  Edmonton, 
Alberta,  is  an  example  of  twin  series  pumps. 
There  are  two  sets  of  twin  series  pumps,  each 
driven  by  an  auto-synchronous  motor  of  850 
b.h.p.  at  000  r.p.m.  Each  pump,  when  working 
by  itself,  gives  an  output  for  domestic  pur- 
poses of  10,000,000  gals,  per  day  (say  7,000 
gals,  per  minute)  against  a  pressure  of  110 
lbs.,  and  when  the  two  pumps  are  put  in 
series,  the  combined  output  of  the  plant  for 
fire  purposes  is  7,000  gals,  per  minute  against 
a  pressure  of  lOO  lbs.  The  pump  casings  are 
fitted  witli  gunmetal  liners  to  prevent  cor- 
rosion, the  pump  covers  are  fitted  with  im- 
peller bearing  rings,  the  impellers  are  of  phos- 
])hor  bronze,  and  the  spindles  are  of  nickel 
steel  fitted  with   gunmetal   sleeves. 

In  ordinary  centrifugal  and  twin  series 
pumps  it  is  most  important  that  the  pump 
volute  should  be  properly  designed  in  order  to 
reduce  the  speed  of  the  water  after  it  leaves 
the  impeller  in  such  a  manner  as  to  get  the 
greatest  efficiency  from  the  pump,  and,  of 
course,  the  impeller  has  to  be  designed  so  as 
to  give  the  water  the  correct  velocity,  includ- 
ing the  correct  direction,  both  at  entry  and  at 
exit.  In  the  case  of  turbine  pumps,  the  water, 
when  it  leaves  the  impellers,  is  taken  charge 
of  by  fixed  guide  vanes.  These  guide  vanes 
must  not  only  have  the  correct  angle  for  the 
water  leaving  the  impeller,  but  tliey  must  also 
he  of  sufficient  radial  depth  to  ensure  that 
the  proper  amount  of  velocity  is  converted 
into  pressure  head.  If  the  guide  ring  is  too 
short  there  will  be  a  loss  of  efficiency  due  to 
the  water  not  being  sufficiently  slowed  down 
before  passing  from  the  vanes.  If,  on  the 
other  hand,  the  guide  ring  diameter  is  made 
very  large,  the  weight  of  the  pump,  and  hence 
the  price,  becomes  excessive,  and  a  compro- 
mise has  to  be  struck,  the  practice  varying 
according  to  the  ideas  of  the  respective  manu- 
facturers. Guide-vanes  are  generally  made  of 
hard  phosphor  bronze,  or  some  other  similar 
material  to  prevent  corrosion.  When  cuide 
vanes  become  worn,  the  efficiency  of  the  pump 
falls  and  as  the  vanes  introduce  an  additional 
element  of  wear  in  the  pump,  where  the  head 
is  not  too  great,  twin  series  pumps  may  be 
used  with  advantage,  since  they  have  no  guide 
\anes  and  can  be  made  with  practically  as 
good  an  efficiency  as  the  turbine  pumps. 

The  impellers  of  multi-stage  turbine  pumps 
are  generally  of  the  single  suction  type.  The 
n'lost  common  ways  of  taking  up  the  end 
thrust  are  by  an  automatic  hydraulic  balancing 
device    or    by    a    mechanical     thrust     bearing. 


Where  the  water  to  be  pumped  is  clean,  the 
hydraulic  balancing  device  works  very  well, 
but  wliere  the  water  is  gritty  a  good  deal  of 
wear  takes  place,  and  it  is  often  found  ad- 
visable to  use  the  mechanical  thrust  bearing 
which  very  often  takes  the  form  of  double- 
acting  ball  thrust  bearing  on  the  end  of  the 
pump  sliaft.  Most  hydraulic  thrust  bearings 
are  built  on  the  following  lines:  A  disc  which 
may  be  termed  the  piston  is  attached  to  the 
pump  shaft  inside  the  casing  between  the  im- 
peller of  the  last  stage  and  the  delivery  .gland, 
and  this  piston  has  a  small  chamber  behind 
it.  On  the  side  nearest  the  impeller  the  disc 
has  a  working  face  corresponding  to  a  similar 
face  on  a  distance  piece  attached  to  the  pump 
casing.  If  the  pressure  in  the  last  stage  is 
greater  than  the  pressure  behind  the  piston, 
the  faces  tend  to  move  apart  and  the  pressures 
are  equalized  and  vice  versa.  This  automatic 
regulation,  based  on  difference  of  pressure, 
can,  of  course,  be  carried  out  in  a  numlxT  of 
different  ways,  and  where  the  water  in  the 
pump  is  clean  it  has  proved  very  satisfactory. 

An  example  of  this  type  of  pump  is  the  in- 
stallation at  Renfrew,  near  Ottawa.  This  is 
a  12-in.  pump  with  four  impellers,  and  is 
driven  by  a  water  turbine.  The  pump  casing 
is  sheathed  with  bronze,  impellers  and  guide- 
vanes  are  of  phosphor  bronze,  and  the  snindle 
is  of  nickel  steel  sheathed  with  gunmetal.  The 
automatic  hydraulic  balancer  is  fitted.  The 
flexible  coupling  is  fitted  between  the  pump 
shaft  and  the  turbine  shaft.  Some  tests  taken 
on  this  pump,  after  about  18  months'  opera- 
tion, show  that  at  the  required  speed  of  590 
r.p.m.,  the  quantity  delivered  is  fully  10  per 
cent  in  excess  of  that  called  for  by  the  spec- 
ification, and  the  head  pumped  against  4  lbs. 
higher  tlian  the  guaranteed  figure. 

Turbine  pumps  driven  by  a  compound  en- 
closed forced  lubrication  engine  through 
double  helical  gearing,  contained  in  gear  box, 
are  coming  into  greater  favor.  A  two-stage 
pump  of  this  kind,  built  recently  for  a  head 
of  -100  ft.,  runs  at  a  speed  of  1,200  r.p.m.  The 
engine  runs  at  400  r.p.m..  the  gear  ratio  being 
1  to  .3.  This  is  interesting,  as  showing  how 
a  suitalile  pump  speed  may  be  obtained  from 
a  slow-running  steam  engine,  or  from  a  water 
turbine  where  low  head  limits  the  speed. 
Well  made  double  helical  gears  contained  in 
gear  boxes  have  shown  themselves  to  be  thor- 
oughly reliable,  as  indicated  by  the  increasing 
extent  to  which  they  are  being  taken  up  for 
marine  propulsion,  enabling  the  turbines  and 
propellers  respectively  to  be  run  at  their  most 
economical  speeds,  and  well  designed  gears 
of  this  type  are  very  quiet.  Helical  gearing 
for  high-speed  machinery  does  not  appear  to 
have  been  adopted  extensively  in  Canada,  but 
it  probably  will  find  considerable  favor  in  the 
future  on  account  of  its  convenience  and 
adaptability  where  it  is  difficult  to  work  in 
direct  coupled  pumps,  and  particularly  in  cases 
where,  if  direct  driven,  the  low  speed  of  the 
driving  motor  would  necessitate  the  supply 
of  a  large  and  costly  pump. 


Tests  of  Car  Couplers  at  the  University 
of  Illinois. — A  series  of  tests  is  being  con- 
ducted by  the  University  of  Illinois  for  the 
Scullin-Gallagher  Iron  &  Steel  Company  of 
St.  Louis,  on  a  new  style  of  car  coupler  which 
is  believed  to  be  an  improvement  over  the 
coupler  now  in  use.  The  weak  point  of  most 
car  couplers  now  in  use  is  the  face,  this  be- 
ing the  place  where  fracture  generally  occurs. 
The  new  style  of  coupler  eliminates  this  dif- 
ficulty by  having  a  solid  face  and  a  new  type 
of  tail  knuckle.  A  former  test  made  by  the 
University  showed  that  when  failure  of  the 
new  style  coupler  occurred  it  was  generally 
at  the  knuckle.  .-Mter  the  first  tests,  the  de- 
sign was  changed  to  add  about  15  lbs.  of 
metal  to  the  knuckle.  The  new  design  is  now 
heinc;  tested  under  the  supervision  of  Prof. 
J.  M.  Snodgrass  of  the  Railway  Engineering 
Department.  Eour  sets  of  tests  are  made: 
the  ■'striking  test,"  the  "jerk  test,"  the  "guard- 
arm  test,"  and  the  "pulling  test."  In  the 
striking  test  the  coupler  is  placed  in  the  drop 
testing  machine  and  a  l.filO-lb.  weight  let  fall 
on    it    from    varying   heights. 


Discussion  and  Data  on  the  Correlation 

of  Water-Borne  and  Some  Other 

Preventable  Diseases. 

The  so-called  Mills-Reincke  phenomenon, 
namely,  that  where  clean  water  is  substituted 
for  polluted  water,  not  only  deaths  from 
typhoid  fever  and  other  directly  water-borne 
diseases  are  avoided,  but  also  deaths  from 
other  causes  including  certain  of  the  diseases 
of  the  respiratory  tract,  has  been  abundantly 
demonstrated  by  Sedgwick  and  McNutt, 
Hazen,  Lederer  and  others.  Some  of  the  evi- 
dences of  this  correlation  of  water-borne  and 
some  other  preventable  diseases  were  discussed 
by  C,  M.  Hilliard,  Professor  of  Sanitary 
Science  at  Purdue  University  in  a  paper  be- 
fore the  Indiana  Sanitary  and  Water  Supply 
Association.  Some  of  the  data  presented  may 
prove  useful  to  water  works  engineers  and 
officials  in  attempting  to  impress  upon  cities 
the  importance  of  pure  water. 

The  diseases  that  we  call  water-borne  are 
chiefly  those  affecting  the  alimentary  tract. 
Typhoid  is  the  most  conspicious  and  most 
notorious  of  these;  the  dysenteries  and  infant 

TABLE  I— SHOWS  DEATH-RATES  PER  100.- 
000  IN  FIVE-YEAR  PERIODS  FOR  A  NLTM- 
BER  OF  CITIES  FROM  TYPHOID  AND 
TUBERCULOSIS. 

_..  _  Tubercu- 

„  L.  ^-  lear.      Typhoid,  losis. 

Berlin     1S90-94         S.2S         2614 

1895-99  4.50         216.4 

1900-04  4.02         211.8 

1905-09  4. .54         1S8.2 

Hamburg-    1890-94  22.11  248.4 

1895-99  6.00  202.0 

1900-04  3.S4  178.4 

1905-09  3.60  143.4 

Paris     1.S90-94  25.82  416.0 

1895-99  13. S4  3S4.2 

1900-04  19.04  363.9 

1905-09  10.48  325.S 

London     1890-94  14.10  192.2 

1895-99  14.30  174.8 

1900-04  10.36  162.'! 

1905-09  4.6S  137.3 

1910-12  3.33  131.G 

New    Y'orl< 1890-94  21.2  300.0 

1895-99  16.72  260.2 

1900-04  19.12  239.4 

1905-09  14.56  231.0 

1910-12  10.83  199.6 

Bo.=iton      1890-94  31.50  300.4   i 

1895-99  32.04  246.0   ; 

1900-04  23.62  225.6 

1905-09  17.64  182.0 

1910-12  9.53  159.6  , 

Chicago     1890-94  96.10  201.8 

1895-99  37.56  179.4 

1900-04  28.78  174.0 

1905-09  16.50  172.S 

1910-12  10.66  168.6 

Washington.    D.    C 1890-94  88.74  310.6 

1895-99  63.10  288.2 

1900-04  58.74  257.2 

1905-09  39.56  230.'i 

1910-12  22.06  209.3 

enteritis  are  next  in  this  country.  In  some 
countries  of  the  world,  cholera  is  extremely 
important  but  owing  to  effective  port  quaran- 
tine service  cholera  has  never  seriously  in- 
vaded this  country. 

The  belief  is  growing  that  the  Mills-Rcincke 
phenomenon,  above  defined,  is  better  explained 
on  the  hypothesis  that  the  relationship  is  in- 
direct ratlicr  than  direct:  that  water  does  not 
contribute  disease  germs  of  tuberculosis  and 
bronchitis  for  example,  but  that  communities 
with  unclean  water  supplies  arc  generally  un-  , 
clean  communities  with  dirty  streets,  alleys  I 
and  houses. 

.    .Another    indirect    factor    is    that    intestinal 
diseases  are  frequently  followed  by  other  dis- 
eases   that    may    result    fatally    and    will   thus 
contribute   to    swelling   the    death-roll    of   the 
secondarv  disease.    .'\  very  important  contribu- 
tion to  this  hypothesis  has  recently  been  made 
by  Dr.  Woodruff,  who.  in  an  exhaustive  study, 
has  demonstrated  the  tendencv  of  tuberculosis 
to   follow   tvphoid    fever.    Within   the  body  of 
man  the  tubercle  bacillus  is  almost  ubiquitous. 
It   is   becoming  the   prevailing  opinion   of  the  ' 
medical    profession    that    infection    with    this  ^ 
disease  takes  place  comparatively  early  in  life  ' 
and  that  its  fatal  termination  is  generally  due 
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to  some  cause  that  temporarily  upsets  the 
biological  adjustment  between  the  body  and 
the  germs,  permitting  a  relighting  of  an  old 
infection.  It  is  this  relation  that  typhoid  and 
possibly  other  intentinal  diseases,  bears  to 
tuberculosis.  Table  I  taken  from  from  Dr. 
Woodruff's    article,    shows    how    closely    the 


Methods  Used  in  Appraising  the  Water 
Works  o£  Honolulu,   Hawaii. 

II. — RESERVOIRS,     PUMPING     ST.\TION"S     .\NU     MIS- 
CELLA.NEOIS    STRUCTITKES. 

The    methods    and    unit   costs    used    in    ap- 
praising the   Honolulu   water  works  distribu- 


TABLE  II— SHOWS  CITIES  IX  NEW  YORK  STATE.  POPULATIONS,  DE.\TH-R.A.TES  PEI; 
1.000.  TYPHOID  DE.\TH-RATES  PER  100,000  AND  THE  WATER  SUPPLIES  USED  DUR- 
ING THE   YEAR  1913. 


Kank.                 City.  Population. 

1.  Schenectady     S6,3o.i 

2.  Ltica     S0,1'56 

3.  YonKers     90,156 

4.  Blnghamton    51.300 

:.      Tioy    77,382 

New  Rochelle 33.461 

.\nisterdam    24.2S3 

..    Mt.    Ver.non 34,066 

4.     Poiighketpsie    29.203 

a.     itoir.e    22,172 

•■      Niagara  Falls 34,013 

-      Cohoes 24,968 

Ithaca    15,341 

:.    Corning  14.596 

3.  Ogdensberg    16,337 

4.  Glen.s    Falls 16.098 

.\lifitlletown    15,570 

I  'neonta 10,251 

Rensselaer   10.952 

:ieneva     13,099 

Little    Falls 12,SS6 

...     Plattsberg     12,015 

6.     Hudson     12,030 

1.  Oneida     8,5GS 

2.  Port   Jervis 9,622 


Typhoid 

Water  supply. 

h- rates 

death-rates 

r  1,000. 

per  100,000. 

12.2 

5.S 

Well  and  spring. 

19.4 

10.0 

Streams  and  reservoirs. 

14.2 

12.2 

Filtered. 

22.0 

15.6 

Filtered  river. 

1S.2 

18.0 

Unfilt.    stream    and    reseryoir. 

9.4 

3.0 

Unfilt.    streams    and    reservoirs 

14.3 

8.8 

Unfilt.    streams    and    reservoirs 

13.4 

8.8 

Unfill.    streams    and    reservoirs 

16.8 

10.2 

Filtered    river. 

19.7 

22.6 

Unfiltered   river. 

17.5 

29.4 

Partly    filtered    river. 

15.5 

32.0 

Unfiltered   river. 

16.2 

13.0 

Well  and  spring. 

12.2 

13." 

Well  and  spring. 

25.4 

1S.4 

Unfiltered    river. 

17.6 

18.6 

Unfilt.    stream    and    reservoir. 

21.5 

38.5 

Filtered  stream. 

14. S 

00.0 

Filtered    streams. 

12.6 

00.0 

Filtered   liver. 

14.2 

38.2 

Unfiltered  lake. 

19.0 

38.8 

Unfiltered  streams. 

17.9 

50.0 

Unfiltered  streams. 

17.8 

58.2 

Filtered   streams. 

1S.3 

11.7 

Unfiltered  streams. 

19.6 

20.8 

Unfiltered  streams. 

decline  in  death  rate  of  the  two  diseases  have 
paralleled. 

In  1910  the  typhoid  death  rate  in  50  of  the 
largest  .-Vmerican  cities  was  about  25  per  100,- 
UOO  population.  In  1913  the  corresponding  fig- 
ure had  dropped  to  12.84.  The  lowest  rate  in 
1912  was  2.8,  at  Cambridge,  Mass.,  and  the 
highest  56,  at  Memphis,  Tenn.,  for  the  50 
largest  .American  cities.  Ten  of  the  50  largest 
cities  had  rates  of  8  or  lower. 

As  to  the  criterion  to  be  applied  in  the  case 
of  cities  of  lesser  population  as  regards  their 
normal  or  sickly  condition,  it  seems  as  though 
a  higher  typhoid  rate  must  be  permitted.  As 
the  most  reliable  and  most  recent  source  o£ 
material  for  determining  this,  Profestor  Hil- 
liard  took  the  Xew  York  State  Health  Bulletin 
for  January,  1914,  w-hich  reviews  the  past 
year's  vital  statistics  for  various  cities  of  the 
state,  and  combined  the  tables  there  given  to 
show  the  total  death  rate  and  the  typhoid  rate 
so  that  we  may  compare  the  correlation  be- 
tween them  which  we  have  previously  assumed 
would  be  close. 

Certain  well  defined  things  may  be  inferred 
from  Table  II.  In  the  first  place  it  will  be 
seen  that  the  high  typhoid  rate  is,  as  a  general 
thing,  accompanied  by  a  high  general  death 
rate.  The  typhoid  rates  tend  to  increase  as 
we  study  the  smaller  communities.  The  rela- 
tion between  the  kind  of  water  used  by  a 
community  and  the  typhoid  rate  does  not 
seem  to  be  a  constant.  It  is  obviously  unfair 
to  judge  a  community  below  a  certain  popula- 
tion, say  15,000  by  its  typhoid  rate  for  a  single, 
year  as  one  death  makes  such  a  profound  dif- 
ference. Small  communities  must  be  studied 
in  groups  or  over  a  period  of  years  to  yield 
the  information  desired.  From  a  study  of  the 
data  presented  and  other  similar  material  not 
here  given  Prof.  Hilliard  believes  that  com- 
munities with  a  population  of  over  20,(Hi0 
should  at  the  present  time  reduce  their  typhoid 
rates  to  10  or  less  per  100.000  population  pro- 
viding the  water  supplies  are  pure.  Six  of  the 
12  cities  cited  above  for  all  practical  purposes 
have  done  this.  The  urban  rale  for  New  York 
State  is  9.8.  The  standards  here  arbitrarily 
set  are  for  the  present  not  for  the  futiirc.  As 
■  communities,  free  from  gross  sources  of  in- 
'  fection,  gradually  free  themselves  from  the 
'  seeds  of  disease  in  th^  human  intestines  we 
may  expect  more  from  them. 

The  rural  community  is  peculiarly  difhcult  to 

deal  with  in  considering  the  relation  of  water 

,   to  disease  as  the   small   figures  make  general 

,   interpretations  impossible.    Taking  Ww  York 

State  again,  we  learn   that  the   rural   typhoid 

rate  (communities  with  >'.000  or  less)   is  12.1. 


ticn  system  were  described  in  this  journal  of 
date  of  April  22,  1914.  The  present  article 
relates  to  the  appraisal  of  reservoirs,  pumping 
stations  and  certain  miscellaneous  structures. 
The  treatment  of  the  subject  is  confined 
largely  to  the  computation  of  depreciation. 
Some  general  figures  pertaining  to  the  entire 
works  also  are  given.  The  information  here 
given  is  taken  from  the  latest  annual  report 
of  J.  W.  Caldwell,  Superintendent  of  Public 
Works  of  Honolulu.  Mr.  A.  C.  Wheeler,  As- 
sistant Superintendent,  had  charge  of  the  ap- 
praisement. 

RESERVOIRS. 

Fifteen  reservoirs  are  used  for  water  stor- 
age in  connection  with  the  Honolulu  water 
works.  The  reservoirs  present  a  great  va- 
riety of  construction  for  works  of  this  class 
and  they  are,  for  that  reason,  described  here 
in  some  detail. 

The  Punchbowl  reservoir  was  constructed 
in  1895.  The  construction  is  rubble  stone 
masonry  sides  faced  with  brick  and  plaster. 
The    top    is    of    reinforced    concrete    at    the 


in   191.3,   when   the  cover  was   replaced.     The 
capacity   is    1,500,000   gals. 

The  Kalihi  reservoir  is  of  reinforced  con- 
crete with  wooden  frame  roof  covered  with 
galvanized  iron.  This  reservoir  has  a  ca- 
pacity of  3,200,000  gals.  It  was  constructed 
in  1904.  .At  the  present  time  it  is  in  excel- 
lent condition.  There  are  a  few  minor  re- 
pairs to  be  made  on  the  roof,  but  in  general, 
the  reservoir  is  in  excellent  condition. 

The  Diamond  Head  reservoir  was  con- 
structed in  1896  and  has  a  capacity  of  870,000 
gals.  It  is  elliptical  in  shape  with  over-all 
dimensions  of  125  ft.  x  75  ft.  x  16  ft.  The 
construction  is  stone,  brick  lined,  plaster 
faced  with  wooden  frame  roof  covered  with 
galvanized  iron.  The  general  condition  of 
the  cement  work  is  sound,  but  the  roof  and 
screening  overhead  should  have  immediate 
repairs. 

The  Kaim.uki  reservoir  was  constructed  in 
18w,  and  the  reinforced  concrete  roof  was 
placed  over  it  in  1911.  The  construction  is 
concrete  for  the  walls  and  the  roof  cover  is 
of  reinforced  concrete.  The  capacity  is  683,- 
'!00  gals.  The  general  condition  of  this  reser- 
voir is  excellent. 

The  Makiki  reservoir  was  constructed  in 
1911,  and  has  a  capacity  of  7.59,000  gals.  The 
construction  is  reinforced  concrete  through- 
out, and  the  general  condition  is  e.xcellent. 

The  Upper  Makiki  reservoir  is  an  open 
reservoir  formed  by  a  dam  across  the  bed  of 
the  stream.  This  dam  was  constructed  in 
1907.  The  construction  of  the  dam  is  stone 
and  concrete.  The  capacity  is  800,000  gals., 
and  the  dam  is  about  80  ft.  long  and  23  ft. 
deep  at  the  deepest  point.  This  reservoir 
has  not  been  in  use  for  some  years.  It  was 
learned,  by  trial,  that  the  water  was  muddy 
from  the  reservoir  and  a  wood  stave  pipe 
was  hurriedly  placed  to  connect  the  springs 
with  the  pipe  below  the  dam.  Since  that 
time  the  dam  has  not  been  used.  In  Xovem- 
ber.  1913,  the  reservoir  was  emptied  and 
cleaned  out  and  work  was  started  to  place 
the  dam  in  use  by  altering  the  screen.  It 
is  thought  by  using  the  reservoir  as  a  settling 
basin  that  the  water  will  be  fit  for  use. 

The  Alewa  Heights  reservoir  was  con- 
structed in  1911  and  reconstructed  in  1913. 
The  original  plans  called  for  plastered  rock 
masonry;  and  it  was  found  that  this  would 
not  hold  water.  In  1911  a  reinforced  con- 
crete slab  was  placed  over  the  entire  inside  of 
the  reservoir  and  a  bitumastic  solution  spread 
over  the  concrete.  The  reservoir  is  there- 
fore, of  rubble  masonry  and  reinforced  con- 
crete   with    a   wooden    frame   roof,    having   a 
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present  time,  but  originally  was  of  wooden 
frame  structure  and  galvanized  iron.  The 
present  cover  was  pl.nced  in  1913.  The  gen- 
eral condition  of  the  reservoir  is  excellent 
throughout.    A  careful  examination  was  made 


board  covering,  l  lie  reservoir  is  a  truncated 
cone  in  shape,  being  49  ft.  in  diameter  at  the 
bottom.  85  ft.  in  diameter  at  the  top  and  19  ft. 
in  depth.  The  condition  at  the  present  time 
is  excellent. 
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The  Nuuanu  No.  1  reservoir  was  construc- 
ted in  1890  by  throwing  an  earth  dam  across 
the  gulley.  This  reservoir  has  a  capacity  of 
21,304,211  gals,  and  is  not  covered.  The  earth 
dam  is  entirely  of  dirt  with  loose  rip  rap 
on  the  upper  side.  The  condition  of  this  res- 
ervoir is  good,  but  some  means  should  be 
taken   for  a  regular  systematic  cleaning. 

The  Nuuanu  No.  2  reservoir  was  construc- 
ted in  1890  and  has  a  capacity  of  7,301,lJ90 
gals.  It  was  formed  by  throwing  an  earth 
dam  across  a  gulley.  The  dam  is  entirely  of 
dirt  with  loose  rip  rap.  This  reservoir  is 
open.  Its  condition  is  not  any  too  good; 
there  are  appearances  of  seepage  below  the 
dam  and  the  boundary  lines  of  the  reservoir 
are  choked  with  vegetation. 

The  Nuuanu  No.  3  reservoir  was  construc- 
ted in  1891  by  throwing  an  earth  dam  across 
a  natural  giilley.     The  capacity  of  this  reser- 


surrounding  it  are  higher,  thereby  necessitat- 
ing the  new  Kainiuki  reservoir.  The  con- 
struction of  this  reservoir  was  rubble  masonry 
with  a  concrete  face.  It  was  constructed  with- 
out a  cover. 

The  Pukele  reservoir  has  a  capacity  of 
720,000  gals.,  and  is  square  in  shape.  It  was 
constructed  in  1878.  The  construction  is  rub- 
ble masonry  with  plaster,  the  walls  beiiig 
supported  by  an  earth  fill  entirely  around  it. 
No  cover  has  ever  been  placed  on  this  reser- 
voir. Its  condition  is  good,  but  requires  a 
cover  to  make  it   useful. 

The  Rocky  Hill  reservoir  is  of  a  modern 
type  of  construction  and  is  built  of  reinforced 
concrete  throughout,  with  a  capacity  of  72(i,- 
000   gals. 

Depreciation  on  Reservoirs. — The  apprais- 
ers assumed  that  the  reservoirs  will  last  in- 
definitely.    This   does'  not   mean   that   all   the 
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voir  is  10,712,130  gals.  The  dam  is  eiitirely 
of  earth  with  loose  rip  rap.  The  condition  is 
apparently  excellent. 

The  Nuuanu  No.  4  reservoir  was  completed 
in  1910  and  is  formed  by  throwing  a  dam 
across  the  Upper  Nuuanu  Valley.  The  proj- 
ect of  constructing  this  dam  had  occupied  the 
minds  of  water  works  authorities  for  a  long 
time,  and  at  the  culmination  of  this  work  it 
was  thought  that  the  water  supply  for  Hono- 
lulu had  been  solved.  The  capacity  of  the 
reservoir,  (i2.'),fKlO,000  gals,  was  ample  for 
many  months  supply  to  the  city;  but  up  to 
the  present  time,  the  dam  has  not  been  filled. 
The  dam  was  constructed  by  the  sluicing 
method.  Rip  rap  is  hand-placed  on  the  upper 
side.  This  rip  rap  has  been  found  to  be  an 
important  factor  of  the  dam,  since  at  the  time 
of  high  water  there  is  sufficient  area  and 
length  for  the  waves  to  form  to  considerable 
size,  caused  by  tlie  prevailing  wind  which  is 
always  in  the  direction  of  the  dam.  The 
cost  of  this  reservoir  forms  more  than  half 
the  total  cost  of  all  the  reser\'oirs  for  Hono- 
luki,  being  slightly  less  than  $300,000.  The 
condition  of  the  dam  is  excellent. 

The  Palolo  Hill  reservoir  is  under  con- 
struction at  the  present  time.  It  has  a  ca- 
pacity of  42-5,000  gals.  The  reservoir  is  cir- 
cular in  shape,  being  70  ft.  in  diameter  and 
14  ft.  t6  overflow.  The  construction  of  floor, 
walls  and  roof  is  of  reinforced  concrete. 

The  Lower  Kaimuki  reservoir  was  con- 
structed in  1898  and  had  a  capacitv  of  7.50,- 
000  gals.  This  reservoir  is  not  in  use  at  the 
present  time,  owing  to  its  leaky  and  decayed 
condition,  and  its  low  elevation.     The  houses 


reservoirs  will  last  forever,  but  it  does  imply 
that  the  time  of  their  total  disintegration  is 
so  far  removed  that  depreciation  computed  on 
the  probable  length  of  life  of  these  struc- 
tures would  likely  be  erroneous  and  mislead- 
ing. Repairs  on  reservoirs  have  amounted  to 
almost  nothing  in  the  last  few  years,  and  it 
seems  reasonable  to  assume  a  certain  sum 
which  set  aside  each  year  would  take  care 
of  all  repairs  and  depreciation  in  the  reser- 
voirs. It  was  assumed  that  $400  per  month 
would  be  ample  to  take  care  of  all  ordinary 
wear  and  tear  on  reservoirs. 

CALCULATION    OF  DEPRECIATION    ON   OTHER    STRUC- 
TURES   AND    MACHINERY. 

Depreciation  on  Pumps. — Depreciation  on 
pumps  has  been  assumed  as  a  lump  sum.  The 
life  of  these  pumps  is  indefinite,  providing  the 
water  works  department  cares  to  use  them  to 
the  end  of  their  life.  It  is  more  than  likely 
that  as  new  motive  engines  come  into  use 
the  pumps  will  be  replaced  at  a  time  prior  to 
their  ultimate  disintegration  from  proper  use. 
It  is  deemed  proper,  then,  to  set  aside  a  lump 
sum  each  year  as  a  depreciation  fund  father 
than  one  computed  arithmetically  on  an  as- 
sumption of  a  certain  length  of  life. 

Depreciation  on  Boilers. — The  life  of  either 
return  tubular  or  water  tube  boilers  is  entire- 
ly dependent  on  the  care  taken  of  them  while 
under  steam  and  the  precaution  taken  to  pre- 
vent corrosion  when  the  boiler  is  laid  up. 
Under  normal  conditions,  both  types  of  boiler 
should  last  about  2.5  years,  but  if  subjected 
to  equal  abuse,  the  water  tube  boiler  will 
show   the  most   rapid   deterioration,   corrosion 


soon  commencing  at  the  point  where  the  tubes, 
enter  the  steam  drum. 

In  either  type,  a  complete  renewal  of  the 
tubes  will,  in  the  course  of  ordinary  repair, 
take  place  about  every  seven  years,  or  three 
times  in   the  whole  life   of  the  boiler. 

In  computing  the  depreciation  on  boileri^ 
these  facts  have  been  taken  into  consideratioiF 
and  keeping  in  mind  the  amount  of  time  each 
day  that  the  boiler  is  used  the  depreciation 
has  been  computed.  In  two  cases  a  lump 
sum  has  been  assumed.  In  these  cases  the 
boilers  had  about  reached  their  estimated 
length  of  life.  It  was  considered  expedient, 
therefore,  to  assume  a  large  depreciation  fac- 
tor, in  order  to  replace  these  boilers  in  a 
very  short  period   of  years. 

Depreciation  on  Wells. — Depreciation  of 
cased  driven  wells  has  been  computed  un  the 
theory  that  wells  will  last  50  years.  This  is 
assumption  on  our  part,  since  there  are  no 
driven  wells  at  that  age  in  Honolulu.  There 
are  wells  here,  however,  19  years  old,  which 
apparently  have  shown  no  signs  of  decay. 
The  water  seems  as  free  from  rust  and  gravel 
as  when  the  wells  were  dug.  .\11  computa- 
tions of  depreciation  on  wells  have  been  com- 
puted by  assuming  the  length  to  be  equal  to 
.50  years. 

Depreciation  on  Oil  Tanks.— '!<io  deprecia- 
tion has  been  allowed  on  oil  tanks,  due  to  the 
fact  that  there  is  little  reason  for  deprecia- 
tion. The  oil  covering  protects  the  steel  and 
iron  from  rust,  and  deterioration,  if  any,  is 
infinitely  small.  These  tanks  store  oil  for 
boiler  fuel  purposes.  The  oil  tank  buildings 
are  small  in  size  and  value.  Lump  sum  de- 
preciations have  been  assumed  for  these  build- 
ings-. 

Depreciation  on  Venturi  Meters. — It  has 
been  assumed  that  venturi  meter?  will  last 
25  years.  While  the  pipe  and  underground 
work  would  probably  last  much  longer  than 
this,  it  is  believed  that  the  piping  and  clean- 
ing required  and  the  disintegration  which 
occurs  would  warrant  an  assumption  of  no 
longer  a  term  of  life.  All  depreciations  have 
been  computed   on   this  basis. 

GENERAL     COMPARATIVE     AND     LOCAL     DATA. 

Table  I,  from  Engineering  and  Contracting 
of  March  8,  1911,  gives  certain  statistics  for 
39  water  plants  in  the  United  States  with  the 
corresponding  figures  for  Honolulu.  The 
maximum  and  minimum  figures  given  are 
averages  taken  for  the  39  cities.  Table  II 
shows  different  items  relating  to  the  Hono- 
lulu water  system  compared  with  the  average 
of  27  cities  from  4,000  to  47,000  population, 
as  published  in  Engineering  and  Contracting 
of  Oct.  2,  1912.  It  will  be  noted  that  the 
average  population  is  19,800,  whereas  the 
population  of  Honolulu  is  55,000.  therefore 
giving  a  comparison  which  is  not  as  suitable 
as  might  be  wished.  The  cost  per  mile  of 
pipe  is  considerably  lower  in  Honolulu  than 
in  the  average  of  these  cities,  the  difference 
being  $ll,7.5o  and  $8939.10.  The  total  cost  per 
capita  for  pipe  in  Honolulu  is  $17.01,  whereas 
in  the  average  of  the  cities  it  is  $2.5.10.  It  will 
also  be  noted  that  the  tons  of  pipe  per  thous- 
and  population   is  about  the   same. 
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Methods  and  Costs  of  Constructing  a 

450-Ft.  Reinforced  Concrete  Viaduct 

cf  the   Beam  and  Girder  Type  at 

Fort   Worth,  Texas. 

Contributed  tiy  E.   W.   Hohlnson,  Engineer,  with 

McKenzle-Wllllams   Construction   Co., 

Ft.   Worth,   Tex. 

The  structure  described  in  the  following 
article  consists  of  nine  spans,  each  50  ft. 
center  to  center  of  piers.  It  carries  an  ex- 
tension of  North  .Samuels  Ave.  across  the 
Trinity  River,  in  Fort  Worth,  Tex.  (see 
Fie  1).  .\  sufficient  number  of  drawings,  to- 
gether with  the  loads  and  allowable  stresses 
used,  will  be  given  tn  illustrate  the  design 
features,  but  the  paper  will  deal   mainly  with 


the  methods  and  costs  of  construction.  Con- 
struction was  started  the  latter  part  of  May, 

1913,  and  the  work  was  completed  in  January, 

1914.  It  is  one  of  the  four  concrete  bridges 
being  built  by  Tarrant  County  out  of  a  re- 
cent $600,000  bond  issue,  all  of  which  cross  the 
Trinity  River  within  the  corporate  limits  of 
Fort  Worth.  During  most  of  the  year,  es- 
pecially throughout  the  summer  months,  this 
river  is  almost  dry  and  is  hardly  more  than 
3  creek,  but  soon  after  a  heavy  rain  upstream 
it  becomes  a  river  of  considerable  size.  In 
one  instance  the  water  at  the  bridge  site  rose 
more  than   12   ft.  in  one  hour. 

LOAI  S     AND     ALLOWABLE     STRESSES. 

The   live   load    used    for   the   floor    system 
consisted  of  two  .50-ton  electric  cars  on   each 


track  (the  area  covered  by  the  four  cars 
being  20x100  ft.)  and  one  21-ton  road  roller 
on  any  part  of  the  roadway  (the  area  cov- 
ered by  the  roller  being  10x50  ft.),  together 
with  a  uniform  load  of  100  lbs.  per  square 
foot  on  the  sidewalks  and  remaining  road- 
way surface.  The  electric  cars  were  double 
truck,  the  spacing  of  the  axles  of  each  truck 
being  5  ft.,  with  trucks  spaced  30  ft.  on 
centers.  The  distance  between  trucks  of 
adjacent  cars  was  20  ft.  on  centers.  T«e 
car  tracks  occupy  the  outside  portions  of  the 
roadway.  The  road  roller  had  one-third  of 
its  load  on  the  front  axles  and  two-thirds  on 
the  rear  axle,  the  axle  spacing  being  10  ft. 

For  maximum  stresses  in  the  floorbeams, 
the  sidewalks  were  assumed  to  be  unloaded. 
The  main   longitudinal   girders   were  also  de- 
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signed  for  the  above  car  loading,  to/;etlicr 
with  a  load  of  100  lbs.  per  square  (<  ot  on 
the  sidewalks  and  the  remainder  of  the  road- 
way, the  road  roller  also  being  considered  in 
connection  with  the  car  loading.  A  lead  of 
200  lbs.  per  linear  foot  of  each  sidewalk  was 


the  curb  stringers.  The  exposed  edge  of  the 
curb  stringers  are  protected  with  Wainwright 
curb  bars. 

Each  pier  consists  of  two  plain  concrete 
shafts  4  ft.  square  under  the  coping,  with  a 
batter  of   %-in.  to   1   ft.  on    all    sides.      The 


appearance  of  a  solid  mass.  Figure  3  shows 
a  plan,  elevation  and  cross-section  of  a  typical 
river  pier.  A  piece  of  4-in.  vitrified  pipe  was 
embedded  in  the  top  of  the  coping  over  the 
hollow  space,  and  G  x  6-in.  openings  were 
left  in  the  15-in.  walls  near  the  low-water  line 


-9a)50-0-- 450-0 


Note:-  ^.    ,i 

All  concrete.except  for  roiling,  to  the  left  of., 

clotted  line  was  poured  from  positior)  No^         ; 

of  toner,  that  on  ngtit  and  above  was  pourect, 

Na5     .  Noh     frorn^position  No.land  3  of  tower_ ji 


Fig.    1.      Elevation    of    Reinforced    Concrete    Viaduct   at  Fort  Worth,  Tex.,  Showing  Type     of  Construction    and   Different  Positions  of  Con- 
crete   Spouting    Tower. 


also  used  to   provide  for  the  weight  of  con- 
duits and  pipes.     Impact  was  allowed  for  ac- 

100 

cording  to  the  formula  I  =  S ;  where 

L  +  300 
I  is  the  stress  due  to  impact,  S  is  the  maxi- 
mum live  load  stress,  and  L  is  the  loaded 
length,  in  feet,  that  produces  this  maximum 
stress.  This  formula  was  used  only  for  the 
electric  cars  and  uniform  roadway  loads. 
Stresses  produced  by  the  road  roller  were  in- 
creased 2-5  per  cent  in  all  cases.  No  addition 
was  made  for  impact  to  the  stresses  produced 
by  the  uniform  sidewalk  load.  The  live  load 
for  the  piers  was  not  increased  for  impact. 

The  following  allowable  stresses  were  used  : 
Tension  in  reinforcing  bars,  20,000  lbs.  per 
square  inch ;  compression  in  concrete  in 
cross  bending,  as  in  beams,  7o0  lbs.  per  square 
inch  and  in  posts,  -500  lbs.  per  square  inch; 
bond,  for  deformed  bars,  120  lbs.  per  square 
inch ;  and  shear  in  concrete,  60  lbs.  per  square 
inch.  The  bearing  on  the  soil  at  a  depth  of 
6  ft.  belr.w  the  finished  surface  was  taken  at 
5,000  lbs.  per  square  foot,  with  an  addition 
for  each  foot  increase  of  depth  over  0  ft.  of 
IOC  lbs.  per  square  foot.  The  allowable  load 
on  each  timber  pile  was  20,000  lbs. 

DESIGN    FF..\TL'Ri:S. 

The  floor  system  is  carried  by  two  main 
girders  spaced  20  ft.  center  to  center.  These 
girders  support  floorbcams  every  12..5  ft., 
which  in  turn  carry  the  roadway  and  side- 
walk strmgcrs.  The  width  of  roadway,  face 
to  face  of  curb,  is  30  ft.,  and  each  of  the 
two  sidewalks  has  an  over  all  width  of 
6  ft.  Figure  2  (a)  shows  a  half  cross-sec- 
tion of  the  roadway,  and  Fig.  2  (b)  shows  a 
half  elevation  of  a  longitudinal  girder. 

One  end  of  each  span  is  anchored  to  the 
pier,  and  the  other  end  is  allowed  to  slide 
upon  milled  steel  plates,  two  plates  being 
used  at  each  girder  and  stringer  bearing.  .At 
pier  No.  4  both  spans  are  fixed  and  arc  rein- 
forced for  the  negative  moment.  The  ex- 
pansion and  contraction  takes  place  in  both 
directions  from  this  pier  toward  the  abut- 
ments. To  prevent  water  from  entering  the 
expansion  joints  IG-oz.  sheet  copper,  bent  to 
.1  "U"  shape,  is  embedded  in  the  concrete 
near  the  top  for  the  full  width  of  the  side- 
walk and  roadway  slabs.  The  specifications 
called  for  the  use  of  roimd  reinforcing  bars 
with  a  mechanical  bond,  but  pcrinittcd  the 
substitution  of  equivalent  sizes  in  square 
twisted  bars.  Cast-iron  scuppers,  spaced  2-') 
ft.  center  to  center,  were  placed  in  each  curb 
to  provide  for  the  drainage  of  the  roadway. 
Receptacles  for  the  trolley  poles  of  the  street 
railway,  consisting  of  3.5-ft.  lengths  of  9-in. 
wrought-iron  pipe,  were  embedded  at  proper 
intervals    in    the    floorbeams    just    outside    of 


shafts  rest  on  a  reinforced  concrete  footing 
which  is  3  ft.  thick,  and  are  surmounted  by 
a  reinforced  concrete  coping  which  is  1V4 
ft.  thick  and  extends  (!  ins.  on  all  sides  beyond 
the    face   of    the   shafts.     The   shafts   on   the 


to  lessen  the  effect  of  buoyancy.  In  addition, 
the  river  piers  have  a  solid  90°  nosing,  or 
cut-water,  on  the  upstream  edge,  and  each 
footing  is  supported  by  40  oak  piles  driven 
to  refusal.    The  abutments  are  not  reinforced 
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land  piers  arc  connected  at  the  top  by  a  re- 
inforced concrete  diaphram  which  is  23  ins. 
thick  and  cither  4  or  10  ft.  deep,  depending 
upon  the  height  of  the  pier  above  the  foot- 
ing. The  shafts  of  the  river  piers  arc  con- 
nected on  both  sides,  for  their  full  height,  by 
l.'-in.    reinforced    concrete    walls,    giving    the 


except  in  the  footings  and  where  the  wing 
walls  join  the  abutment  proper.  Figure  4 
shows  a  plan,  elevations  and  a  cross-section 
of  a  typical  abutment. 

The  total  bidding  price  of  the  viaduct  was 
$M.330.(>3,  but  owing  to  increases  in  the  quan- 
tities   over    the    engineer's    estimate,    due    to 
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changes  in  the  pkins.  the  Ihial  contract  price  was 
$57,3u3.4S.  Although  all  of  the  work  never 
ceased,  except  during  the  very  heaviest  rains, 
the  whole  progress  was  delayed  several  weeks 
on  account  of  high  water.  Some  material 
was  lost  by  floods  during  September  and  De- 
cember. Fortunately,  each  time  the  water 
rose  to  an  unusual  height  it  happened  that 
there  were  no  newly  poured  spans  on  the 
falsework  in  the  channel. 

contr.\ctor's  equipment. 
The  plant  used  on  the  job  consisted  of  both 
new  and  second-hand  machinery,  which  in- 
voiced at  the  beginning  of  the  job  at  $4,852. 
It  consisted  of  the  following:  One  5-ton  "A"- 
frame  derrick  car  with  a  60-ft.  boom,  op- 
erated by  a  7  X  10-in.  D.  C.  D.  D,  hoisting 
engine;  a  concrete  chuting  plant  w-ith  an  1<S- 
cu.  ft.  bucket  and  121  ft.  of  steel  chutes;  a 
single-drum  mine  hoist ;  a  9-cu.  ft.  gasoline- 
driven  mixer  with  a  self-loader;  a  3-cu.  ft. 
gasoline-driven    mixer; 

fa 


total  amount  expended  for  petty  tools  and 
repairs  for  this  job  was  $1,642,  and  these 
tools  will  likely  invoice  at  about  $200,  show- 
ing a  depreciation  of  87  per  cent,  which  is 
5.il  per  cent  of  the  pay  roll. 

EXCAVATION    WORK. 

Most  of  the  excavation  for  the  land  piers 
was  done  by  slip  and  wheel  scrapers,  and 
was  kept  trimmed  up  with  pick  and  shovel. 
On  an  average  eight  to  ten  teams  were  em- 
ployed during  the  progress  of  this  work. 
Where  convenient,  the  excavated  material 
was  placed  back  of  the  abutments  to  aid  in 
forming  the  approach  fills.  The  surface  soil 
was  black,  heavy  loam,  and  when  thoroughly 
dry  it  was  quite  hard  and  would  maintain  a 
vertical  surface  for  15  or  20  ft.  without  show- 
ing  any   signs   of   caving. 

The  excavation  for  the  river  piers  was 
mostly  done  by  pick  and  shovel,  being  handled 
in  the  dirt  buckets  by  the  derrick  boom.  On 
two  piers  near  the  banks  of  the  river  a  clara- 
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Plan,    Elevation    and    Cross-Section  of    Typical    River   Pier — Fort   Worth   Viaduct. 


leads  and  a  2,500-lb.  drup-hammer  whicli  was 
operated  from  the  lx>om  of  the  derrick ;  two 
1-cu.  yd.  turn-over  dirt  buckets  and  a  1-cu. 
yd.  clam-shell  bucket ;  and  two  pumps,  one 
steam-driven  and  the  other  gasoline-driven. 
The  small  mixer  was  used  to  mix  the  con- 
crete used  in  the  railing  at  the  opposite  end 
of  the  bridge  from  the  main  plant,  which 
made  it  unnecessary  to  operate  the  main  plant 
for  the  small  amounts  of  concrete  required 
for  that  work.  As  shown  on  the  general  ele- 
vation (see  Fig.  1)  the  chuting  plant  was 
moved  twice,  the  second  move  being  back  to 
the  first  location. 

In  addition  to  the  above  mentioned  equip- 
ment there  were  the  usual  petty  tools  and 
supplies  for  a  job  of  this  kind,  on  which  de- 
preciation is  not  far  from  100  per  cent.  The 


shell  l)ucket  was  used  to  advantage  until 
gravel  was  reached.  The  piers  were  carried 
approximately  12  ft.  below  the  river  bed 
through  alternating  strata  of  mud  and  gravel. 
The  holes  were  sheeted  with  2  x  10-in.  lum- 
ber, driven  by  means  of  a  hand  maul  as  the 
excavation  progressed.  During  the  dry 
months  the  water  was  easily  handled  with  a 
2-in.  duplex  steam  pump,  but  when  the  gravel 
river  bed  became  more  thoroughly  saturated 
after  a  recent  rain  it  became  necessary  to 
install  a  2%-in.  centrifugal  pump  in  addition 
to  the  steam  pump. 

THE   FORMS. 

The  forms  for  the  sides  of  the  piers  and 
abutments  were  made  of  1  x  8-in.  and  1  x  10- 
in.   ship-lap,   and   were   supported   by  2  x  6-in. 


studs. .  The  side  forms  were  kept  from 
spreading  by  ties  of  No.  8  or  No.  3  black, 
annealtd  iron  wire  fastened  to  4x4-in.,  4x6- 
in.  or  6  X  C-in.  waling  pieces  on  the  outside 
of  the  studs.  The  forms  for  each  structure 
were  designed  according  to  the  rate  of  filling 
which  could  be  expected  from  the  known  ca- 
pacity of  the  mixing  plant.  Figure  5  shows 
a  typical  portion  of  the  forms  for  the  piers. 
A  sketch  of  this  kind  was  made  on  ordinary 
typewri.er  paper,  and  a  carbon  copy  was  sent 
to  the  superintendent  or  carpenter  foreman 
in  charge,  in  order  that  he  should  not  only 
have  proper  directions  for  constructing  the 
forms,  but  also  should  know  what  load  they 
were  expected  to  withstand.  The  tables  of 
pressures  of  green  concrete  on  forms  and  the 
spacing  of  studs  and  wires  given  in  Taylor  & 
Thompson's  book  on  "Concrete  Costs"  were 
used,  and  the  writer  desires  to  say  that  these 
tables  have  proved  as  accurate  and  reliable 
as  one  could  expect  for  data  of  this  kind.  The 
forms  held  true  to  line  in  all  cases  where  the 
lumber  was  of  average  quality  and  the  rate 
of  filling  was  kept  within  the  limit  assumed 
in  the  design.  In  a  few  cases  where  a  piece 
of  defective  timber  was  used  in  a  place  of 
maximum  stress,  or  where  the  assumed  rate 
of  filling  was  exceeded,  the  forms  bulged 
almost  to  the  point  of  failure.  On  the  pier 
sides  and  on  the  sides  of  girders  and  beams, 
built-up  panels  were  used  to  advantage  in  a 
great  many  cases,  especially  on  the  lower 
lifts  or  where  the  derrick  was  close  enough 
to  handle  them.  On  most  of  the  work,  how- 
ever, it  was  more  economical  to  build  in 
place  the  forms   for  each  structure. 

The  general  scheme  of  design  for  the  form 
supports  of  the  superstructure  is  shown  in 
Figs.  C  to  9  inclusive.  Figure  G  shows  the 
arrangement  and  size  of  the  forms  and  sup- 
ports under  a  floorbeam ;  Fig.  7  shows  the 
forms  for  the  stringers  and  girders,  and  the 
supports  between  the  floorbeams ;  Fig.  8 
shows  the  forms  under  the  floorbeams  and 
the  supports  under  the  roadway  stringers; 
and  Fig.  !)  gives  the  size  and  arrangement  of 
the  supports  under  the  girders.  The  entire 
floor  system  for  one  span,  with  an  assumed 
construction  load  of  50  lbs.  per  square  foot, 
weighed  about  333  tons,  and  was  carried  on 
22  0  X  0-in.  posts  under  the  main  girders  and 
72  4  X  4-in.  posts  under  the  floorbeams, 
stringers  and  slabs.  The  loads  on  the  small 
posts  varied  from  0.9  to  2.4  tons,  and  on  the 
large  posts  from  5.5  to  7.5  tons.  Tlie  footings 
for  the  posts  of  the  land  spans  were  designed 
for  a  loading  of  2  tons  per  square  foot  (with 
no  footing  less  than  1  ft.  square).  For  the 
main  girder  posts  these  footings  consisted  of 
a  6-in.  layer  of  concrete,  and  for  the  other 
footings  they  consisted  of  a  3-in.  piece  of 
oak  plank  embedded  in  mortar.  .At  the  start 
there  was  some  question  as  to  the  relative 
economy  of  using  a  large  niuiiber  of  small 
posts  or  a  fewer  number  of  large  posts  capped 
with  timbers.  .-Mthough  the  latter  oft'ered  a 
small  saving  in  material,  this  saving  was  more 
than  ofi'set  by  the  increased  cost  of  erection. 
Where  the  size  of  the  job  warrants  me- 
chanical means  of  raising  the  posts  and  tim- 
bers this  would  perhaps  not  be  true.  It  was 
later  shown  to  be  a  positive  advantage  to 
have  the  load  scattered  over  a  large  number 
of  footings  ratlier  than  to  have  a  small  num- 
ber with  the  loading  greatly  concentrated.  Al- 
though tlie  ground  was  very  firm,  when  dry. 
it  showed  a  tendency  to  settle  imevenly.  and 
where  a  large  number  of  posts  were  used  it 
was  possible  for  one  post  to  settle  appreciably 
and  still  not  affect  the  structure  materially, 
as  the  adjacent  posts  were  close  enough  to 
take  most  of  the  additional  load.  On  another 
job  of  similar  construction  in  the  same  city, 
where  the  other  method  was  used,  two  main 
girders  cracked,  presumably  due  to  the  settle- 
ment of  one  post  under  each  after  the  con- 
crete had  taken  its  initial  set.  On  the  land 
spans  the  settlement  varied  from  %  in.  to 
%  in.  This  settlement  was  almost  entirely 
due  to  the  tightening  of  the  joints  and  to 
the  compression  of  the  wood. 

The  falsework  for  each  river  span  was  sup- 
ported on  21  temporary  piles,  capped  with 
4  X  12-in.,    6x]2-in.    and     8  x  12-in.     timbers. 


April  29,  1914. 


Engineering    and     Contracting 


503 


The  load  upon  each  pile  varied  from  6.5  to 
1 15.5  tons.  Although  the  piles  were  driven  a 
i  month  or  more  before  the  falsework  was 
j  erected  upon  them,  the  first  river  span  to  be 
poured  had  a  ma.ximum  settlement  of  4.5 
ins.,  due  to  the  settlement  of  some  of  the 
I  piles.  flowever,  no  settlement  took  place 
i after  the  concrete  had  taken  its  initial  set,  and 


lap,  supported  by  2  x  4-in.  and  2  .\  6-in.  studs 
and  joists.  In  most  cases  the  sides  of  the 
beam  and  girder  forms  were  prevented  from 
spreading  by  ties  of  No.  3  or  No.  8  black, 
annealed  iron  wire.  The  ties  were  sometimes 
made  of  ^^-in.  bolts,  but  the  bolts  did  not 
prove  economical  for  all  locations  and  condi- 
tions 
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Fig.  4.     Plan,    Elevation     and    Cross-Section  of   Typical   Abutment — Forth    Worth   Viaduct. 


•lo  damage  was  done  other  than  a  slight 
"belly''  in  the  bottom  of  the  girders.  It  was 
afterwards  learned  that  the  pile-driver  fore- 
man neglected  to  secure  the  proper  penetra- 
tion under  the  last  blow  of  the  hammer.  As 
a  result  of  this  large  settlement  the  succeed- 
ing timbering  was  reinforced  at  the  points 
of  greatest  loads  by  extra  posts  set  on  con- 
crete footings. 

One  feature  of  the  design  of  the  floor  sys- 
tem, which   is  of  special  interest  to  the  con- 
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i'igure  lu  shows  a  view  i.ii  tile  iurm  work 
in  place  for  the  floor  system,  with  the  concrtc 
tinver  in  its  end  position.  Figure  11  shows  a 
view  of  the  viaduct,  with  the  tower  in  its  cen- 
tral position,  the  end  portions  of  the  bridge 
being  practically  completed. 

CONXKF.TE    WORK. 

Materials  and  Profortions. — The  concrete 
for  the  substructure  was  mixed  in  the  pro- 
portions of  I  ri"^  :5,  and  for  the  superstruc- 
ture, in  the  proportions  of  1:2:1.  The  top 
Vi  in.  of  the  sidewalks  was  surfaced  with  a 
1:1    cement    mortar,    which    was    floated    and 


cars  at  a  team  track  located  about  %  mile 
from  the  work.  It  was  unloaded  by  contract 
for  $0.25  per  long  ton.  One-man  stone  cost 
practically  the  same  on  the  job  as  the 
crushed  stone.  About  250  tons  of  this  were 
iised  in  the  abutments  and  pier  shafts,  but 
little  saving  was  effected  by  its  use,  owing 
to  the  high  cost  of  placing  it,  as  the  yardage 
in  each  place  did  not  warrant  much  outlay 
for  hoisting,  etc. 

Mixing  and  Placing.— AW  of  the  concrete, 
except  a  small  yardage  in  a  part  of  the  rail- 
ing, was  mixed  and  placed  through  the  central 
plant  at  the  tower.  The  whole  superstructure 
between  curbs  for  one  span  was  poured  in 
one  continuous  operation,  the  sidewalk 
stringer,  the  curb  stringer  and  the  sidewalk 
slab  being  poured  a  few  days  later.  The 
reason  for  this  was  because  of  the  difficulty 
of  supporting  the  side  forms  for  the  curb 
stringers  to  line  and  grade  while  the  con- 
crete on  the  roadway  slab  was  still  green. 

Provision  was  made  for  a  street  railway 
track  over  each  main  girder  by  embedding 
in  the  concrete  slab  two  rows  of  1-in.  ma- 
chine bolts  for  each  rail,  spaced  2  ft.  3  ins. 
on  centers.  Considerable  difficulty  was  ex- 
perienced at  first  in  holding  these  bolts  to 
line  and  grade.  The  first  method  used  was 
to  make  and  set  wooden  boxes  for  each  pair 
of  bolts,  the  boxes  being  removed  and  the 
bolts  concreted  in  place  after  the  other  con- 
crete had  set.  Owing  to  the  closeness  of  the 
spacing  of  the  slab  bars,  however,  this  was 
found  to  be  a  slow  and  expensive  procedure. 
The  method  finally  decided  upon  was  to  use 
these  boxes  spaced  every  10  or  12  ft.  to  sup- 
port an  inverted  T-bcam  which  was  made  of 
two  2  X  6-in.  pieces  nailed  together  and  on 
which  the  bolts  were  hung  to  line  and  grade. 
This  not  only  held  the  rail  bolts  to  their 
proper  places,  but  also  provided  supports  for 
the  movable  wooden  chutes  through  which 
the  concrete  was  deposited  to  all  parts  of  the 
span.  It  also  furnished  a  platform  from 
which  the  men  could  work.  The  steel  chutes 
from  the  tower  led  to  the  center  of  the  span 
where  they  would  not  have  to  be  shifted,  and 
the  concrete  was  directed  from  there  by 
means  of  short  pieces  of  wooden  chutes, 
which  could  be  easily  handled  by  two  men. 

The  main  towers,  which  were  approximate- 
ly 110  ft.  high,  were  so  designed  that  the 
concrete  would  reach  all  points  on  a  grade  of 
not  less  than  1  in  4.  However,  the  arrange- 
ment was  not  always  followed  as  intended, 
and  occasionally  this  slope  was  flattened. 
The  maximum  distance  which  the  concrete 
was  chuted  was  250  ft.,  and  no  trouble  was 
experienced  except  wHicn  a  dry  batch  was 
run  through,  which  caused  the  following 
batch  to  spill  over  the  sides  of  the  chutes. 

The  stone  and  sand  were  dumped  as  near 
as  possible  to  the  mixer,  and  were  conveyed 
from  the  piles  lo  the  hopper  of  the  self-lo.Vdcr 
in  wheelbarrows.  .Although  at  times  of  short 
duration  the  concrete  was  properly  mixed  and 
deposited  at  the  rate  of  30  or  35  cu.  yds.  per 
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Fig.  5.     Typical   Section   of   Forms  for   Piers 
and    Abutments — Fort    Worth    Viaduct. 


Fig. 


6.      Forms    and    Supports    Under    Floorbeams  Used  for  Constructing  Fort 
Worth  Viaduct. 


■■»:"i.  u.i,  that  stock  widths  .>t  lumber 
could  be  used  for  all  beam  and  girder  bot- 
•oms.  their  width  being  11.5,  17  or  23  ins. 
In  all  cases  2-in.  material  was  used  for  beam 
IjUtoms  except  under  the  main  girders  where 
nic  thickness  was  3  ins.  The  sides  of  the 
forms  lor  lh«  beams  and  girders  an<l  for  the 
bottoms  of  the  slabs  were  made  of  1-in.  ship- 


Irowelcd  to  ,i  smooth  finish.  The  sand  was 
bank  sand  from  local  pits.  It  was  rlelivered 
on  the  job  for  $1.20  per  cubic  yard.  The 
stone  uscil  was  crushed  limestone  fmni  a 
nearby  town.  It  was  required  to  pass  a  1-in. 
ring  for  the  I  :2 :4  concrete,  and  to  pass  a 
2-in.  ring  for  the  1 :2V4  ;5  concrete.  The  stone 
cost  $1.26  per  long  ton  of  2,210  lbs.   f.  o.  b. 


hour  this  rate  could  not  be  maintained  for 
any  great  IcnRth  of  time.  A  good  average  for 
the  whole  day's  run  was  20  cu.  yds.  per  hour. 
A  high-speed  itiine  hoist  was  used  for  rais- 
ing the  bucket  in  the  tower,  and  there  were 
no  delays  from  that  source.  The  typical  or- 
ganisation of  the  concrete  gang  for  a  day's 
run   was  3  men   on  the  sand,   6  men  on   the 
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stone,  2  men  bringing  and  emptying  the  cem- 
ment  into  the  mixer,  1  man  each  to  run  the 
mixer  and  hoister,  and  4  men  on  top  placing 
and    working    the   concrete    around    the    rein- 


the  hand  and  foot  rails  with  tar  paper  before 
pouring  the  post.  This  allowed  the  same 
movement  in  the  railing  as  in  the  span  prop- 
er.    No  anchorage  was  provided  between  the 
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Fig.  7. 
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forcement  and  shifting  the  chutes.  However, 

the  above  organization  would  vary  according 

to  the  location  and  condition  of  the  stone  and 
sand  piles. 

CONCRETE    R.MLING. 

The  railing  was  constructed  in  three 
separate  operations.  The  10  x  12-in.  foot  rail 
was  first  cast  in  place,  leaving  an  opening  at 
each  post  about  8  ins.  less  than  the  width  of 
the  post.  The  panel  and  the  hand  rail  were 
each  cast  separately  nearby  on  the  bridge 
floor,  and  were  allowed  to  cure  thoroughly  be- 
fore being  assembled.  The  panels  were  cast 
long  enough  to  project  4  ins.  into  each  post, 
and  wide  enough  to  fit  into  a  1%-in.  groove  in 
the  top  of  the  foot  rail  and  in  the  bottom  of 
the  hand  rail.  As  soon  as  the  separate  pieces 
were  assembled  the  post  forms  were  bolted 
together  in  place,  and  the  posts  were  poured 
about  the  ends  of  the  panels,  foot  rails  and 
hand  rails  and  around  the  %-in.  rods  which 
projected  down  into  the  sidewalk  stringer. 
As  soon  as  the  post  forms  were  removed  all 
the  joints  were  pointed,  and  when  the  con- 
crete was  properly  seasoned  the  surfaces 
were  finished  by  painting  with  grout  and  rub- 
bing down  with  a  carborundum  brick.  This 
method  removed  small  defects,  filled  small 
holes,  and  gave  the  concrete  a  uniform  and 
pleasing  texture.  -•Xn  18  x  24-in.  bronze  name 
plate  was  embedded  on  the  inside  face  of 
the  right  hand  post  at  each  end  of  the  bridge. 

Wood  forms  were  used  for  all  of  the  rail- 
ing with  the  exception  of  the  semi-circles  at 
the  top  of  the  6-in.  openings  in  the  panels; 
these  were  made  of  heavy  galvanized  iron. 
The  bed  or  pallet  for  the  panels  was  made  of 
tongue-and-groove  flooring  nailed  to  2x6-in. 
joists.  As  all  openings  in  the  assembled  panels 
were  to  be  vertical,  regardless  of  the  grade 
of  the  bridge  which  varied  from  level  to  2 
per  cent,  it  was  necessary  to  shift  the  position 
of  the  cores  for  every  change  of  grade.  After 


foot  rail  and  the  walk  on  which  it  rests,  ex- 
cept  through    the   posts. 

The  hand  and  foot  rails  are  eacli  reinforced 
with  four  %-in.  square  twisted  bars.  The 
panels  are  reinforced  with  eight  longitudinal 
bars  and  two  vertical  loops  around  each  open- 
ing, all  of  %-in.  square  twisted  rods.  Each 
post  is  reinforced  with  six  %-in.  square 
twisted  bars,  running  from  the  top  down 
into  the  walk  stringer,  and  four  %-in.  plain 
round  hoops  equally  spaced.  In  addition  to 
this  reinforcement  each  post  which  carries 
a   lamp  post  has  two   1-in.  conduit  pipes  em- 


to  make  every  one  as  low  as  possible,  and 
he  would  naturally  try  to  get  the  proper  dis- 
tribution. Tlie  incentive  in  this  case  was  due 
to  the  fact  that  his  cost  data  were  compared 
each  month  with  those  from  another  job 
which  was  going  on  at  the  same  time  and 
which  was  almost  identical  with  this  one. 

The  items  to  which  the  time  was  charged 
on  the  daily  reports  were  as  follows :  General, 
Dry  Excavation,  Wet  Excavation,  Erecting 
and  Wrecking  Substructure  Forms,  Erecting 
and  Wrecking  Superstructure  I'orms,  Rein- 
forcing Steel,  Rigging  Pile  Driver,  Driving 
Temporary  and  Foundation  Piling,  Prepar- 
ing Concrete  Plant,  Mixing  and  Placing  Con- 
crete, Railing,  Finishing,  Grading,  and  Mis- 
cellaneous. The  item  "General"  is  intended 
to  cover  all  labor  which  is  genera!  in  its  na- 
ture and  cannot  be  charged  to  any  particular! 
class  of  work,  such  as  that  of  the  superin- 
tendent, general  foreman,  night  watchman, 
and  water  boy.  This  cost  is  kept  as  a  sepa- 
rate item,  and  is  distributed  to  all  other  items 
in  proportion  to  their  total  costs.  The  term 
"Miscellaneous"  includes  those  odd  jobs  which 
are  not  of  sufficient  importance  to  warrant 
making  separate  record  of  them,  together 
with  the  cost  of  un-related  and  unexpected 
work,  such  as  is  caused  by  floods,  etc.  There 
is  a  temptation  for  the  man  who  makes  out 
the  reports  to  crowd  this  item  to  keep  the 
otlier  costs  low,  and  it  is  therefore  necessary 
to  watch  this  item  more  than  all  the  rest: 
This  was  accomplished  by  requiring  that  the' 
foreman  write  on  the  report  what  was, 
actually  done  during  the  time  charged  tol 
"Miscellaneous."  I 
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bedded  in  its  center,  together  with  four  %-in. 
anchor   bolts. 

COST    DAT.'\, 

The  general  foreman,  or  timekeeper,  was 
required  to  make  out  daily  reports  showing 
the  number  of  hours  spent  each  day  on 
each  item  of  work,  together  with  the  wage 
rate.  These  reports  were  filed  in  the  ofiice, 
together  with  the  progress  charts  and  photo- 
graphs, and  constitute  a  complete  record  of 
the  progress  of  the  work  as  well  as  furnish- 
ing a  method  of  determining  the  cost  of  the 
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pouring  the  panel  the  cores  were  withdrawn 
as  soon  as  ths  cement  had  taken  its  initial 
set  and  would  stand  vertical.  This  gave  an 
opportunity  for  dressing  up  a  great  many  air 
holes  and  other  imperfections  before  the  con- 
crete had  set  hard. 

An  expansion  joint  was  provided  in  the 
railing,  over  the  joint  in  the  floor  system, 
by  wrapping  both  the  ends  of  the  panel  and 


various  cla.sses  of  work  done.  The  man  who 
made  out  these  reports  was  required  to  make 
the  totals  check  with  the  total  time  turned 
in  for  the  pay-roll.  In  this  way  the  total 
cost  of  labor  is  absolutely  correct,  although 
the  different  items  may  be  in  error  to  some 
extent.  It  is  believed,  however,  that  none  of 
the  items  are  very  far  from  correct;  because 
the   man   making  them   out   had   an   incentive 


The  item  "Rigging"  was  separated  to  givi 
an  idea  of  what  such  work  costs,  and  wa: 
pro-rated  at  the  end  of  the  job  between  pili' 

TABLE    I— QUANTITIES    AND    UNIT    COST:' 
OF    VARIOUS    ITEMS. 

Unl 

Item  and  quantity.  cost 

Dry   excavation,   1,819   cu.   yds $0.3S 

AA^et  excavation,  920.6  cu.  yds 2. IS 

Erecting  substructure   fonns,   S8.S76  sq.    ft.  O.OSii 
Erecting    substructure    forms,    3,413.6    cu. 

yds 0.97 

Wrecliing  substructure  forms,  38.S76  sq.  ft.  0.01 
Wrecking   substructure    forms.    3,413.6    cu. 

yds 0.19 

Erecting   superstructure    forms,    44,460   sq. 

ft 0.H 

Erecting  superstructure   forms,    1,237.2   cu. 

yds B.34 

Wrecliing  superstructure   forms,   44,460  sq. 

ft 0.02 

AVreclting  superstructure  forms,  1,237.2  cu. 

yds 0.92 

Rending     and     placing     reinforcing     steel, 

123.9    tons    13.42 

Driving   foundation   piles,    200 2.99 

Preparing  concrete  plant.  4.650.8  cu.  yds..  0.30 
Mixing    and    placing    concrete,    4.650.8    cu. 

vds.     0.82 

Railing,   complete,  006  lin.  ft \.i% 

Railing,   complete.   76.9   cu.    yds 16  44 

Placing   rip-rap,    690    cu.    yds O.i: 

MISCI-:l,L.\NEOUS    D.\T.\. 

The  following  quantities  of  lumber  wer 
ilclivered  and  used  on  the  job: 

Size.  Ft.  B.  ^ 

1-in 60,1« 

--In.   and   3-in 98,.'il 

1x4-ln.    to   8xl2-in 37,Sf 

.Miscellaneous   and   second-hand 20,80j 

Total,    various   sizes 217,64' 

driving  and  the  wet  excavation.  In  the  sam, 
way  "Preparing  Plant"  was  kept  separatel 
simply  to  determine  what  this  item  amounte 
to  for  a  job  of  this  kind,  and  was  added  t 
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'Mixing  and  Placing  Concrete"  to  get  the 
I  true  cost  of  this  important  item.  The  cost 
I  of  driving  temporary  piling  was  added  to 
i  the    cost    of    erecting    the    superstructure    to 

get  the  actual  cost  of  the  forms. 


was  lost,  wasted  or  otherwise  not  accounted 
for.  The  quantity  of  cement  per  cubic  yard 
of  concrete  given  above  includes  this  waste, 
or  loss,  which  was  added  to  the  amounts  taken 
from  the  record.    The  number  of  empty  sacks 


duction  was  made  from  the  total  yardage 
for  the  actual  volume  of  one-man  stone  used 
therein.  No  record  was  kept  of  the  quantity 
of  sand  and  stone  used  in  the  separate  mem- 
bers. 

PERSONNEL. 

The  viaduct  described  in  this  article  was 
designed  and  its  construction  was  supervised 
by  Brenneke  &  Fay.  St.  Louis.  Mo.  It  was 
constructed  by  the  McKenzie-Williams  Con- 
struction Co.,  engineers  and  contractors,  with 
Mr.  A.  J.  McKenzie  as  general  manager  in 
charge  of  the  work. 


Fig.    10.     View    of    Viaduct    at    Fort    Worth    Showing     Forms     and     Supports     for     Floor 
System    in    Place — Tower    in    End    Position. 


Eight  hours  constituted  a  day's  work  ex- 
cept in  an  emergency.  For  the  first  week 
or  two  common  laborers  were  paid  $1.7.')  per 
(lay,  but  for  practically  the  whole  work  these 
laborers  were  paid  $0.2.5  per  hour.  For  the 
last  month  or  two  the  price  paid  to  the  com- 
mon laborers  was  cut  to  $0.20  per  hour,  with 
the  exception  of  a  few  of  the  more  energetic 
nnes.  Colored  labor  was  used  largely 
throughout  the  job,  and  proved  to  be  fairly 
efficient,  with  competent  supervision.  Car- 
lientcrs  were  paid  the  union  scale  of  $0.50 
Der  hour,  with  time  and  a  half  for  overtime 
and  with  Saturday  afternoons  off.  Skilled 
laborers,  such  as  riggers  and  hoisting  en- 
gineers, were  paid  from  $0.3.5  to  $0..')0  per 
hour.  Foremen  were  paid  from  $0..50  per 
hour  to  $2.5  per  week  straight  time.  The  av- 
erage price  per  hour  for  all  labor,  including 
general  labor,  on  the  whole  job  was  $0.34  per 
hour.  The  item  "General"  amounted  to  13.4 
per  cent  of  the  total  labor  cost,  and  it  has 
been  apportioned  to  the  different  items  to 
obtain  the  unit  costs  given  in  Table   1. 

Of  this  amount  between  7,000  and  8,000  ft. 
.B.  M.  of  the  1-in.  lumber  had  a  salvage  value 
of  from  one-half  to  two-thirds  its  cost  price. 
'There  was  also  about  the  same  amount  of 
2-in.  and  3-in  lumber  which  could  be  used 
again  or  sold  as  second-hand  luml)cr.  Prac- 
•tically  all  of  the  large  timbers  were  in  good 
«hape  at  the  end  of  the  job,  but  in  the  smaller 
sizes  the  loss  approximated  .50  per  cent  or 
more. 

The  quantities  of  materials  given  below  are 
rcdticed  to  the  amounts  used  per  cubic  yard 
'iif  concrete  or  per  square  foot  of  forms,  as 
the  case  may  be : 

.Vails,  0.101   Ills,  per  Hf|.  ft.   of  forma. 
Wire,  0.107  lbs.  per  sq.   ft.  of  forms. 
ement.  1.207  bbls.  per  cu.  yd.  of  concrete. 
~iinrt,  O.Wl  cu.  yds.  per  cu.  yd.  of  concrete. 
i»hed  stone,  1.01  long  tons  per  cubic  yard  of 
'►ncrete. 

The  wire  used  is  reduced  to  the  amount  per 

l^quare    foot    for    the    total    area    formed,    al- 

jlhough   it   should   be   borne   in    mind   that   no 

wire   Was    used    on    the    bottom    area    of    all 

'I'l'i  .ind   beams. 

Ihr  daily  record  of  the  quantity  of  cement 

■  d  in  all  the  different  members  showed  th.it 

'   per  cent   of   the   total   amount    delivered 

the   iob   w.-is    used   and   that    1  1    ncr   cent 


for  which  no  credit  was  given  at  the  mill, 
due  to  los5  and  damage,  amounted  to  8.3  per 
cent  of  the  total   number  ordered. 

In    determining   the   quantity   of    sand    and 
stone    used    per   cubic   yard    of   concrete,    de- 


Disintegration  of  Concrete  and  Corro- 
sion of  Reinforcing  Metal. 

There  has  been  considerable  written  con- 
c>eming  the  disintegration  of  concrete  and  the 
corrosion  of  reinforcing  metal,  yet  it  is  dif- 
ficult for  an  engineer  or  contractor  to  obtain 
a  clear  conception  of  the  subject  from  the  pub- 
lished discussions.  The  Committee  on  ^Ia- 
sonry  of  the  American  Railway  Engineering 
.Association,  in  an  endeavor  to  present  in  a 
concise  form  recognized  good  practice  relat- 
ing to  those  particular  features  of  concrete 
construction  which  must  be  observed  in  order 
to  prevent  disintegration  of  concrete  and 
corrosion  of  reinforcing  metal,  presented  the 
following  report : 

The  subject  of  the  disintegration  of  con- 
crete, when  investigated  with  the  object  of 
preparin.g  a  report  that  shall  be  of  value  to 
engineers,  leads  directly  to  the  study  of  the 
cause  of  disintegration  and  the  means  whereby 
it  may  be  prevented.  The  corrosion  of  re- 
inforcing metal  confines  investigation  to  a 
study  of  reinforced  concrete.  Inasmuch  as 
corrosion  of  reinforcing  metal  ultimately  leads 
to  disruption  of  the  surrounding  concrete  and 
ordinarily  presupposes  disintegration  of  the 
concrete,  the  subjects  are  closely  allied.  It  is 
to  be  noted  that  in  work  where  extraordinary 
provisions  are  made  for  peculiar  conditions, 
the  requirements  of  good  design  and  good 
engineering  in  general,  covering  both  materials 


Fig.     II.     View    of    Viaduct    at    Fort    Worth 
Portions   of   Viaduct   Arc 
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and  methods,  must  Ijc  none  tlie  less  rigidly  ad- 
hered to. 

Faihire  to  provide  for  shrinkage  of  concrete 
due  to  hardening  in  air,  and  for  expansion  and 
contraction  due  to  temperature  changes,  is  a 
common  cause  of  cracks  which  are  sometimes 
ascribed  to  disintegration. 

The  requirements  for  good  materials  have 
been  described  in  numerous  tests,  specifica- 
tions and  reports,  together  with  the  methods 
of  determining  whether  the  materials  meet 
the  requirements.  However,  the  proper  pre- 
cautions are  not  usually  observed  in  selecting 
concrete  aggregates.  The  use  of  crushed  stone 
screenings  as  fine  aggregate  is  a  frequent  cause 
of  disintegration  and  resuUant  corrosion  of 
reinforcement. 

To  obtain  good  work,  competent  and  ample 
supervision   is    absolutely   necessary. 

CONCRETE   IN    SE.\    WATER. 

Investigations  concerning  the  effect  of  sea 
water  on  concrete  immersed  for  periods  up 
to  50  years  or  more;  of  the  relative  merits  of 
standa'rd  Portland  cement  and  Portland  ce- 
ment made  w-ith  dififerent  proportions  of  its 
principal  constituents,  in  resisting  the  disin- 
tegrating effect  of  sea  water;  of  the  effect  of 
varying' the  proportions  of  cement  in  the  mor- 
tar'and  concrete;  of  differently  graded  aggre- 
gates; of  the  addition  of  various  finely  ground 
materials  to  the  cement  after  burning;  of  the 
relative  durability  of  concrete  cast  in  place  as 
compared  with  'concrete  blocks  allowed  to 
harden  before  placing  in  the  sea;  and  of  the 
efTfcct  of  various  materials  added  to  the  con- 
crete mixture  to  produce  impermeability  and 
consequent  increased  durability,  have  been 
made  in  European  countries  and  in  America. 

Regarding  the  chemical  composition  of  the 
cement,  the  following  conclusions  are  pre- 
sented :  ,/  r  cr\ 
Cement  containing  up  to  2%  per  cent  of  bUi 
resists  the  action  of  sea  water  fully  as  well  as 
cement  with  lower  SO3  content. 

While  all  the  hydraulic  cements  now  m  use 
are  liable  to  decomposition  in  sea  water,  Port- 
land cement  is  the  one  to  be  preferred  in  every 
respect. 

High  iron  Portland  cement  and  puzzolan 
cement  have  failed  to  show  superiority  over 
standard  Portland  cement  in  resisting  the  dis- 
integrating effect  of  sea  water. 

Regarding  the  effect  of  varying  the  propor- 
tion of  cement  in  the  mortar  and  concrete,  in 
general  the  rich  mixtures  have  been  found  to 
oflfer  better  resistance  to  the  attack  of  sea 
water.  Proportions  recommended  for  mortars 
are  those  with  1  part  cement  to  1  part  sand 
up  to  1  part  cement  to  2  parts  sand.  The 
bad  condition  of  mortar  leaner  than  tlie  above 
after  exposure  in  sea  water  stands  out  prom- 
inently. In  the  use  of  reinforced  concrete  for 
maritime  works,  it  is  advisable  to  employ 
larger  proportions  of  cement  than  are  usual 
for  similar  works  in  fresh  water. 

Concerning  the  addition  of  finely  ground 
material  to  the  cement  after  burning,  it  has 
been  found  that  the  addition  of  puzzolana  to 
Portland  cement  increases  the  resistance  of 
the  resulting  mortar  or  concrete  to  the  dis- 
integrating effect  of  sea  water. 

Regarding  the  use  of  any  material  added  to 
the  concrete  mixture  in  small  quantities  in 
order  to  reduce  permeability,  nn  results  of 
practical  working  tests  have  demonstrated  that 
the  effect  of  any  material  in  reducing 
permeabilitv  is  other  than  mechanical,  i.  e.,  to 
supply  a  deficiency  in  fine  material  in  a  poorly 
graded  concrete  mixture. 

Allowing  the  concrete  to  harden  under  fa- 
vorable conditions  before  exposure  to  the 
action  of  sea  water  greatly  increases  its  re- 
sistance to  attack  by  the  sea  water  and  is 
recommended  ••.hcrever  possible. 

When  concrete  is  deposited  under  sea  water, 
sucii  precaution  should  be  observed  as  will 
prevent  the  washing  of  the  cement  from  the 
mixture. 

Forms  should  be  so  tight  as  to  prevent  the 
entrance  of  sea  water  after  depositing  the 
concrete,  in  order  that  a  smooth  dense  surface 
mav  be  obtained. 

The  combined  effect  of  freezing  arid  of  sea 
water  is  noted  on  marine  structures  in  north- 
ern latitudes  between  high  and  low  tide  levels. 


Under  these  conditions  the  disintegrating  ef- 
fects are  particularly  severe. 

Dense,  properly  hardened  concrete  is  not 
affected  by  the  a'ction  of  sea  water.  Where 
the  concrete  is  porous,  however,  it  is  likely  to 
he  damaged  by  frost  action,  especially  between 
tides.  There  is  no  evidence,  however,  that 
porous  concrete  is  damaged  by  sea  water  in 
latitudes  where  there  is  no  frost. 

The  making  of  a  dense,  impermeable  con- 
crete by  the  use  of  a  well-graded  aggregate, 
rich  mixture,  proper  consistency,  and  good 
workmanship,  and  allowing  the  concrete  to 
harden  under  favorable  conditions  before  be- 
ing exposed  to  the  action  of  sea  water,  is  gen- 
erally conceded  to  be  an  efficient  means  of 
satis'factorily  insuring  the  preservation  of  con- 
crete in  maritime  works. 

CONCRETE    SUIiJECTEn    TO    THE    ACTION    OF    WATER 
CONTAINING    ALKALIES. 

Investigations  concerning  the  effect  of 
ground  waters  which  contain  alkalies  on  con- 
crete have  disclosed  several  instances  of  ap- 
parent disintegration.  The  following  points 
have  been  demonstrated  in  regard  to  the  re- 
sistance of  concrete  to  these  agencies. 

Concrete  in  which  poor  aggregates  and  lean 
mixtures  have  been  used  and  in  which  the  ma- 
terial has  been  carelessly  placed  when  coming 
in  contact  with  alkali  seepage  may  be  affected 
thereby. 

The  aggregate  should  be  composed  of  ma- 
terials inert  to  alkalies  present  in  the  water. 
A  chemical  examination  of  the  sand  frorn 
country  known  to  contain  alkaline  soils  is 
recommended. 

Water  containing  substances  known  to  react 
with  the  elements  of  the  cement  should  be  kept 
from  coming  in  contact  with  concrete  until 
the  latter  has  thoroughly  hardened. 

Care  should  be  taken  to  provide  a  smooth 
surface  and  sufficient  slope  to  the  extrados  of 
the  arch  of  tunnel  linings  when  the  ground 
water  level  lies  below  the  tunnel  grade  to  fa- 
cilitate the  flow  of  seepage  water  to  the  sides. 
The  back  filling  over  the  arch  should  consist 
of  porous  material  such  as  coarse,  crushed 
stone,  for  the  same  reason.  Side-drains  should 
be  used  where  necessary  and  connected  with 
an  under-drain,  which  should  be  provided  in 
all  cases. 

The  alkalies  which  are  most  active  in  caus- 
ing disintegration  of  concrete  when  allowed 
to  penetrate  into  the  interior  of  the  mass  are 
the  sulphates  of  sodium  and  magnesium. 

The  measures  to  be  used  in  making  concrete 
which  is  to  be  exposed  to  the  action  of  these 
deteriorating  agencies  in  order  to  prevent  dis- 
integration are  the  same  as  recommended  for 
sea  water  construction.  Impermeability  is  the 
prime  requisite,  and  the  results  of  experiments 
and  practical  tests  indicate  that  concrete,  care- 
fully prepared,  is  just  as  resistant,  if  not  more 
so,  than  if  mixed  with  foreign  materials  or 
special  preparations. 

MISCELLANEOUS    CAUSES    OF    CISINTECRATION. 

Cinders  give  unsatisfactory  results  in  con- 
crete, especially  if  there  is  much  coke  or  por- 
ous material  present.  Such  cinders  may  be 
improved,  if  allowed  to  weather,  with  oc- 
casional washing  until  the  ferrous  iron  and 
sulphur  have  been  oxidized  and  leached  out. 

Cinder  concrete  in  roofing  slabs  exposed  to 
the  action  of  locomotive  gases  is  not  an  ef- 
ficient protection  for  reinforcing  metal,  which 
has  been  found  to  corrode  and  cause  the  dis- 
integration of  the  slab. 

Frcshlv  made  concrete  surfaces  in  contact 
with  smoke  gases  at  temperatures  below  4.5° 
F.  have  failed  to  harden  properly,  and  experi- 
ments indicate  that  under  such  conditions  the 
cement  is  acted  upon  by  the  gases.  It  has 
therefore  been  recommended  that  when  beat- 
ing is  done  bv  means  of  open  fires,  higher 
temperatures  should  be  maintained. 

EFFECT    OF    ELECTRIC    CURRENTS. 

Laboratory  experiments  furnish  most  of  the 
information  which  exists  concerning  the  effect 
of  electric  currents  on  concrete  and  reinforc- 
ing metal.  The  discrepancy  between  the  con- 
ditions in  these  experiments  and  field  condi- 
tions seems  to  be  greater  than  is  the  case  in 
other  laboratory  tests  on  structural  materials, 


and  the  information  obtained  up  to  this  time  is    '. 
difficult  of  application  to  field  conditions. 

It  has  not  been  shown  that  plain  concrete  is 
affected  by  the  passage  of  an  electric  current 
through  it.  (For  data  on  this  subject  see  En- 
gineering and  Contracting  of  March  4,  1914.— 
Editors.)  ., 

CORROSION    OF    REINFORCING    METAL.  jHji 

Tests  and  experience  have  proved  that  steel  ' 
embedded  in  dense  concrete  will  not  corrode 
when  located  either  above  or  below  fresh  or 
sea  water  level.  Concrete,  in  order  to  be  an 
efficient  protection  to  steel,  must  be  rich  in  ce- 
ment and  mixed  to  such  a  consistency  as  to 
flow  around  and  completely  coat  the  reinforc- 
ing metal. 

Steel  to  be  embedded  in  concrete  should  not 
be  painted. 

CONCLUSIONS. 

(1)  Concrete  exposed  to  the  action  of  sea 
water,  or  in  contact  with  alkali  waters,  or  ex- 
posed to  gases  containing  sulphur,  or  in  which 
reinforcing  metal  is  embedded,  should  be 
dense,  rich  in  Portland  cement  and  allowed  to 
harden  under  favorable  conditions  before  ex- 
posure to  the  conditions  stated. 

(2)  Concrete  in  contact  with  alkali  waters 
should  be  made  with  aggregates  inert  to  the 
alkalies  in  the  water. 

(3)  Cinders  should  not  be  used  for  con- 
crete in  which  reinforcing  metal  is  embedded. 

(4)  Reinforcing  metal  should  not  be  paint- 
ed, but  should  be  thoroughly  covered  and 
protected  with  concrete  when  in  place. 


Equipment  and  Methods  Used  for  Con- 
structing the  Fallsway  Viaduct, 
Baltimore,  Md. 

The  Fallswav  Viaduct.  Baltimore,  Md.,  has 
a  length  of  ab'out  1,500  ft.,  and  extends  from 
Madison  St.  to  Riddle  St.  on  an  average  grade 
of  3  per  cent.  The  viaduct  is  of  reinforced 
concrete  construction,  and  it  occupies  the 
space  above  the  Jones  Falls  conduits,  thus  cre- 
ating a  new  street. 

The  lower  end  of  the  viaduct  consists  of 
an  earth  fill  between  concrete  retaining  walls. 
The  remainder  of  the  structure  is  a  series 
of  17  sets  of  concrete  arch  spans,  carrying 
a  reinforced  concrete  floor  system.  There  are 
nine  arch  ribs  in  each  set,  spanning  tlie  space 
between  transverse  girders,  which  in  turn  rest 
on  piers  continued  up  from  the  walls  of  the 
conduit  (see  Fig.  1).  The  following  data, 
which  deal  chiefly  with  the  contractor's  equip- 
ment and  the  methods  used  in  constructing 
the  viaduct,  were  taken  from  a  paper,  by  Mr. 
Louis  R.  Gons,  in  the  Cornell  Civil  Engineer. 

DESIGN    FEATURES. 

The  main  girders  are  3  ft.  wide  by  GVi  ft. 
deep,  and  are  reinforced  with  1%-in.  straight 
and  trussed  bars.  These  girders  are  spaced 
64  ft.  apart  and  are  supported  by  five  piers, 
each  10  ft.  long  by  2%  to  3  ft.  wide  (see  Fig^ 
1),  making  the  span  between  piers  about  19 
ft.  There  are  nine  arch  ribs  in  each  span, 
four  of  which  spring  from  the  mid  points  be- 
tween piers  of  this  girder.  The  skewbacks 
for  these  arches  protrude  the  same  distance 
from  the  center  line  of  the  girder  as  do  those 
for  the  piers,  making  it  poss*)le  to  use  the 
same  size  of  centering  for  all  the  arches  in 
a  set. 

The  arches  are  2  ft.  6  ins.  deep  at  the  crown 
and  3  ft.  6  ins.  deep  at  the  haunches.  They 
form  a  circular  arc,  with  a  rise  of  1_  in  <■'■ 
The  three  central  arches  are  3  ft.  wide  and 
arc  reinforced  with  four  1-in.  square  bars, 
placed  3  ins.  from  the  upper  surface,  and  four 
1-in.  square  bars  placed  3  ins.  from  the  lower 
surface.  The  other  inside  arches  are  2  ft^ 
(!  ins.  wide,  the  outside  arches  are  2  ft  r 
ins.  wide,  and  all  arc  reinforced  with  tliree 
1-in.  square  bars  near  the  upper  face  and 
three  1-in.  bars  near  the  lower  face.  Two 
extra  bars  are  placed  in  each  arch  from  the 
springing  line  to  the  quarter  points.  Near 
the  center  of  the  span  pockets  are  made  in 
the  arches  to  contain  the  transverse  floor- 
beams  of  the  roadway,  wliile  spandrel  posts 
are  used  to  support  the  remainine  floorbeams. 

The   floor  slab  is   provided   with   expansion 
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joints  over  each  girder,  so  that  the  length  of 
a  solid  slab  is  never  greater  than  U4  ft.  An 
expansion  joint  is  also  placed  between  the 
outer  spandrel  walls  and  the  adjacent  piers 
to  permit  the  free  rise  and  fall  of  the  arches. 
The  joint  extends  from  the  top  of  the  arch 
to  the  top  of  the  parapet. 

A  1:2:4  concrete  was  used,  gravel  being 
;iised  for  the  interior  construction  and  crushed 
istonc  for  the  outside  work — the  outside  work 
ibeing  later  dressed.  There  arc  about  14,000 
'cu.  jds.  of  concrete  and  8iX)  tons  of  steel 
ireinforcenicnt  in  this  structure.  The  contract 
price  for  the  outside  concrete,  for  which 
'broken  stone  was  used,  w-as  $9.23  per  cubic 
yard ;  and  for  the  inside  concrete,  in  which 
gravel  was  used,  $8.00  per  cubic  yard.  The 
itotal  contract  price  of  the  viaduct  was  $190- 

,      CO.N'STRUCTIO.V     PL.A.XT    -XN-D     METHODS    USED. 

I  The  construction  plant  is  almost  centrally 
located  with  respect  to  the  viaduct.  It  con- 
sists of  a  mi.xing  plant  at  the  foot  of  a  205- 
h.  tower,  situated  on  the  north  side  of  Eager 
St.  The  surface  of  Eager  St.  at  this  place 
iis  carried  on  a  stone  arch  bridge,  which  is 
about  2-5  ft.  above  the  bottom  of  the  tower. 
The  material  bins  are  placed  immediately 
alongside  this  street  and  between  it  and  the 
tower,  and  are  built  in  three  compartments, 
jpe  of  oO-cu.  yd.  capacity  for  gravel,  one  of 
jJ5-cu.  yd.  capacity  for  crushed  stone,  and  one 
jf  30-cu.  yd.  capacity  for  sand.  The  tops  of 
the  bins  are  about  2  ft.  above  the  surface 
•jf  the  street,  and  two  runways  extend  over 
[these  tops,  and  run  down  on  a  short  incline 
bver  the  sidewalk  to  the  street,  to  provide 
tor  fdling  these  bins  with  sand  and  gravel, 
ivhich  is  hauled  by  motor  trucks.  Each  bin 
•las  a  sliding  door  on  the  bottom  which  al- 
lows the  material  to  drop  into  a  measuring 
DOX,  from  which  it  discharges  directly  into 
:he  mixer.  Underneath  Eager  St.,  on  the 
same  level  as  the  tops  of  the  conduits  and 
oarallel  to  them,  is  a  private  siding  for  the 
mloading  of  crushed  stone  and  other  ma- 
erials  transported  by  rail.  The  stone  is  lift- 
•:d  into  the  bins  by  a  bucket  elevator  of  250 
ons  capacity  per  day. 

The  cement  house  is  situated  on  the  north 
•ide  of  the  tower  and  alongside  this  private 
>iding,  so  that  the  cement  can  be  unloaded 
■lirectly  from  the  cars  into  this  house,  which 
•las  a  capacity  of  eight  carloads.  The  cement 
Is  wheeled  by  hand  a  distance  of  40  ft.  to  the 
measuring  box. 

The  concrete  is  discharged  from  the  mixer 
,nto  a  %-cu.  yd.  bucket,  which  is  then  hoisted 
ip  the  20.5-ft.  timber  tower,  and  is  automat- 
cally  dumped  into  a  hopper,  when  it  reaches 
he  top.  The  boiler  plant  used  for  operating 
ihe  hoist  and  mixer  is  provided  with  two 
iioilers  to  insure  continuous  operation. 
I  The  tower  is  built  of  four  '!xO-in.  vertical 
I'osts  oi  ll-ft.  lengths,  braced  horizontally 
ind  diagonally  with  2x()-in.  members.  These 
liagonal  braces  form  panels  7  ft.  in  height 
iind  0  ft.  wide,  the  braces  being  fastened  to 
he  posts  bv  one  '/4-in.  bolt  at  each  end.  The 
•l-ft.  posts  arc  placed  so  as  to  break  joint  in 
he  middle  of  every  other  panel.  The  pieces 
verc  all  cut  to  size,  and  holes  were  bored  for 
he  bolts  before  the  timbers  were  placed  in 
he  tower.  Two  guides,  made  of  4xl-in.  Gcor- 
;ia  pine,  are  placed  on  the  inside  of  the  tower, 
ictwcon  which  the  bucket  is  made  to  run. 
rhc  gin-pole  used  in  erecting  the  tower  was 
onstructef!  to  slide  between  these  bucket 
tuides,  so  tb:it,  as  each  section  of  the  tower 
vas  Completed  the  gin  pole  could  l)e  easily 
lulled  up  into  the  coniplcted  section  anil 
'laced  in  position  for  hoisting  the  timbers  for 
he  next  section  above. 

The  tower  is  guyed  by  four  sets  of  lines; 
•ne  at  the  top,  and  the  others  spaced  further 
lown  on  the  tower.  Jhese  guys  are  %-in, 
ruciblc  steel  cables,  and  arc  '  fastened  to 
dead-men"  buried  in  the  ground.  Over  the 
op  of  the  tower  the  main  cable  is  supported 
>y  two  14-in.  sheaves,  ami  from  this  cable 
"^ni'iin  line  of  chutes  is  hung. 

The  concrete,  which  is  dropped  into  the  hop- 
'er  at  the  top  of  the  tower,  is  released  by 
land    into    the    Insley    chutes,    which    consist 


of  steel  plates  bent  into  a  10-in.,  three-quarter- 
round  trough.  They  are  hung  from  the  main 
lV4-in.  cablcway  by  blocks  and  falls.  The 
chutes  are  built  in  ill  and  20-ft.  lengths,  enough 
sections  being  provided  to  provide  a  maximum 
length  of  450  ft.  along  the  viaduct.  At  inter- 
vals along  this  line  of  chutes,  line-gates  or 
hoppers  are  provided,  so  that  this  line  can  be 
tapped  at  any  convenient  point.  The  main 
line  of  chutes  is  directly  over  the  east  face 
of  the  conduits;  it  is  therefore  necessary  when 
concreting  along  the  westerly  line  of  the  con- 
duits to  use  laterals,  connected  to  the  line 
gates  of  the  main  chutes,  the  lower  ends  of 
these  laterals  being  suspended  from  an  aux- 
iliary cableway  about  in  line  with  the  center 
of  the  viaduct.  It  takes  from  40  to  tiO  sec- 
onds for  the  bucket  to  make  a  round  trip 
from  the  mixer  to  the  top  of  the  tower  and 
down  again.  The  maximum  rate  of  mixing 
and  placing  concrete  is  100  cu.  yds.  in  a  ten- 
hour   day,  but  there  has  never  been  occasion 


pour  some  of  the  small  parapets  and  side- 
walks. It  is  mounted  on  a  truck,  which  is 
built  high  enough^about  '.i  or  4  ft. — to  enable 
the  concrete  to  run  readily  into  the  forms. 
This  mi.xer  is  driven  by  a  gasoline  engine, 
the  materials  being  thrown  into  it  by  hand. 

.\  small  locomotive  crane  is  used  to  place 
the  centers  for  the  arches  and  to  move  them 
from  place  to  place.  ' 

An  electric-driven  air  compressor  is  installed 
under  the  Eager  St.  Bridge,  and  a  pipe  line  is 
run  the  entire  length  of  the  work  for  the  pneu- 
matic boring  machine  which  is  used  for  the 
carpenter  work. 

.Along  the  west  side  of  the  walk,  just  below 
Eager  St.,  are  located  the  carpenter  and  black- 
smith shops,  with  the  field  office  and  storeroom 
between  them.  The  carpenter  shop  is  fitted 
with  electric-driven  band  saws,  rip  saw's,  join- 
ers, etc.  .A  blacksmith  shop  is  also  provided, 
where  repairs  are  made  and  where  the  steel 
forms  for  the  coping  blocks  are  constructed. 


Fig.    1.     Cross-Section    of    Falisway    Viaduct,    Baltimore,    Md.,    Showing    Type    of    Construc- 
tion   and    Existing    Conduits. 


to  press  the  plant  to  a  greater  capacity.  The 
concrete  comes  out  thoroughly  mixed,  and  the 
system  as  a  whole  has  proved  very  satis- 
factor>'. 

The  portion  of  the  viailuct  north  of  Chase 
St.  is  inaccessible  from  chutes  which  are  sus- 
pended from  this  tall  tower.  It  was  originally 
planned  to  build  a  second  tower  and  plant 
at  Biddle  St.,  for  placing  the  concrete  north 
of  this  point,  but  owing  to  the  congested  con- 
ditions there  it  was  impracticable  to  build  a 
new  plant  for  this  portion  of  the  work.  .A 
new  tower,  1H5  ft.  high,  guyed  with  three  sets 
of  wire  ropes,  was  erected  at  the  north  side 
of  the  Chase  St.  Bridge.  The  concrete  is 
chuted  from  the  top  of  the  old  20o-lt.  tower 
into  a  hopper  at  the  base  of  the  new  tower. 
From  this  level  it  is  lifted  in  a  bucket  up  to 
this  second  tower,  and  is  delivered  to  the 
parts  of  the  viaduct  not  reached  from  the 
first  tower. 

For  the  retaining  walls  for  the  belt  course, 
and  for  the  parapets  at  the  south  end  of  the 
viaduct,  a  small  traveling  mixing  plant  is 
used,  this  plant  being  14  ft.  wide  by  20  ft. 
long.  A  mixer,  a  hoisting  engine,  and  a  3ii-ft. 
lower  are  moimted  nn  the  Moor  of  this  car, 
Ihe  concrete  being  dumped  into  a  bucket,  as 
in  the  main  tower.  From  the  hopper,  which 
is  at  the  top  of  the  tower,  the  concrete  is 
run  through  a  chute  into  the  forms.  This  car 
is  never  more  than  25  ft.  from  the  point 
where  it  is  desired  to  concrete,  so  that  one 
section  of  chute  is  sufficient.  The  materials 
are  supplied  by  wltcrlbarrows,  the  cement 
being  stored  in  a  supplementary  cement  house 
near  the  lower  end.  The  sand  and  gravel  arc 
(lumped  by  the  niotor  truck  immediately  along- 
side the  traveling  mixer. 

Another   small    traveling   mixer    is   used    to 


The  contractors  maintain  an  office,  where  the 
drawings  for  the  forms  are  made. 

CO.VCRETING    .\\U    FI.NISHINC. 

The  general  order  of  procedure  is  to,  pour 
the  piers  up  to  the  level  of  the  bottom  of 
the  girder,  then  to  pour  the  remainder  of  the 
piers  with  the  girder  and  the  intermediate 
skewbacks.  The  arches  arc  then  poured,  fol- 
lowed by  the  roadway  floor  rial),  which  is 
poured  as  soon  as  the  next  set  of  arches 
ahead  is  in  place.  The  belt  course  and  the 
sidewalk  slabs  are  then  placed,  ar.d  finally  the 
parapet  and  coping  blocks  are  poured. 

In  the  piers  a  little  dilViculty  was  experi- 
enced, at  first,  in  prevtnting  ihe  grout  from 
remaining  near  the  surface,  causing  streaks 
to  show  when  the  piers  were  hammer-dressed. 
This  was  overcome  by  placing  wire  netting 
about  1  ft.  from  the  surface,  the  concrete  be- 
tween it  and  surface  being  then  placed  by 
hand.  The  hanmier-dressiiig  is  done  with 
pneumatic  hammers,  the  tools  used  consisting 
of  sets  of  four  knife  edges  bolted  together, 
which  produce  a  slightlv  lined  effect.  .At  the 
beginning,  trouble  was  encountered  in  ham- 
mer-dressing the  many  edges  of  the  piers  and 
the  belt  courses.  These  edges  hail  a  tendency 
to  break  off.  ,\fter  inspecting  a  great  deal 
of  work  the  engineers  decided  to  rub  all  edges 
and  finish  them  sharp,  making  a  line  about 
I  in.  from  the  edge.  The  surface  was  then 
hammer-dressed  up  to  this  line  and  the  edge 
left  sharp,  giving  a  very  pleasing  and  finished 
ctTect. 

FORMS. 

The  forms  for  the  piers  arc  built  of  2-in. 
lagging,  with  2xfi-in.  vertical  studding  spaced 
30  ins.  on  centers  and  with  horizontal  wales 
of  the  same  size.  Rods  are  run  through  the 
pier,  and  are  held  by  Universal  clamps  to  keep 
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the  wales  from  spreading.  These  clamps  arc 
also  used  in  the  spandrel  walls,  girders,  and 
wherever  there  are  large  surfaces  in  the  form 
work. 

The  girder  forms  are  made  of  tlie  same 
sizes  of  lumber  as  the  piers. 

The  arch  centering  consists  of  two  trusses 
for  each  arch,  each  truss  being  made  up  of 
two  similar  halves,  bolted  together  at  the  cen- 
ter of  the  arch.  There  are  six  panels  in  each 
half,  averaging  4  ft.  in  length  and  from  3 
to  4  ft.  in  depth.  The  diagonals  are  made 
of  2x6-in.    pieces    and    the    lower    chord    of 


2x8-in.  timbers.  The  upper  segment  boards 
are  cut  from  2xlO-in.  lumber.  These  are 
joined  together  by  %-in.  l)olts,  with  "Ogee" 
washers,  making  in  all  a  truss  with  a  large 
factor  of  safety.  Two-inch  lagging  is  used 
over  these  trusses,  to  form  the  bottom  sur- 
face of  the  arch. 

After  the  arches  are  poured,  the  centering 
is  left  in  place  for  28  days  and  is  used  to 
support  the  joists  for  the  forms  for  the  floor 
beams  and  slabs.  These  forms  are  made  of 
l-in.  lagging,  supported  by  2x0-in.  joists.  The 
forms  for  the  belt  course  are  held  by  braces 


which  rest  on  the  centering  of  the  outside 
arch.  All  edges  of  floorbeams,  girders  and 
arches  are  beveled,  the  amount  of  bevel  vary- 
ing with  the  size  of  the  member.  The  forms 
for  the  coping  blocks  are  made  of  %-in.  steel 
plates,  being  constructed  in  7-ft.  sections.  Tht- 
edges  are  strengthened  with  small  angles,  and 
the  entire  form  is  mounted  on  timber  yokes. 

PERSONNEL. 

The  viaduct  is  being  constructed  by  Clai- 
borne, Johnson  &  Co.,  under  the  supervision 
of  Mr.  Calvin  W.  Hendrick,  consulting  en- 
gineer for  the  city. 


Method  and  Cost  of  Constructing  an  18 

In.   Inverted  Syphon  for  Sewer 

Crossing  of  Letort  Spring, 

Carlisle,  Pa. 

Contributed  by  C.  A.  Bryan,  Resident  Engineer. 
The  construction  of  the  outfall  sewer  serv- 
ing the  northern  and  the  w-estem  section  of 
the  Borough  of  Carlisle,  Pa.,  necessitated  mak- 
ing a  crossing  of  the  Letort  Spring,  a  stream 
flowing  through  the  eastern  section  of  the  bor- 
ough, in  order  to  connect  this  sewer  with  tlie 
main  outfall  sewer.  Figure  1  gaves  a  sketch 
plan  and  profile  of  this  crossing  as  submitted 
to  the  contractors  at  the  time  that  bids  were 
leceived  for  the  construction  of  the  lateral 
sewer  system  at  Carlisle,  and  shows  that  it 
was  the  original  intention  to  cross  the  stream 
by  carrying  the  pipe  on  the  same  gradient  as 


Plan 


E  &c. 


.Section 

Fig.   1.     Sketch    Plan   and   Section   of   Letort 

Spring    Sewer    Crossing    as    Originally 

Designed. 

that  on  which  the  rest  of  the  18-in.  line  was 
laid. 

The  eastern  section  of  the  borough,  which 
is  drained  by  the  Letort  Spring,  is  quite  low 
and  is  subject  to  severe  floods.  For  some 
time  past  this  subject  has  been  discussed  by 
the  borough  authorities,  and  money  was  final- 
!)•  appropriated  to  relieve  it.  A  careful  study 
of  the  conditions  proved  that  relief  could  be 
obtained  only  by  lowering  the  stream  and 
converting  the  present  winding  channel  into 
one  having  a  properly  graded  bottom  and 
properly  sloped  sides,  and  a  width  at  the  wa- 
ter surface  of  40  ft.  To  permit  the  execution 
of  these  changes  at  a  future  date  without  in- 
terfering with  the  sewer  main  it  was  decided 
to  construct  an  inverted  syphon  at  the  place 
where  this  sewer  crossed  the  spring.  A  cross- 
section  of  this  crossing  is  shown  in  Fig.  2. 

The  width  of  the  spring  at  the  point  where 
the  crossing  was  made  was  :W  ft.  at  the  wa- 
ter surface.  The  channel  itself  was,  however, 
about  l."i  ft.  wide,  the  remainder  of  the  cross- 
section  being  more  or  less  choked  with  mud 
and  silt,  and  through  this  part  of  the  section 
the   velocity  of   flow   was  low.     The  average 


depth  of  water  in  the  cross-section  was  1.05  ft. 

Soundings  taken  at  the  crossing  showed  that 
tlie  bed  of  the  spring  was  composed  of  a 
stratum  of  soft  mud  and  clay  about  4  ft. 
deep  and  underlaying  this  a  stratum  of  stifT 
clay  through  which  the  soundings  were  not 
carried.  It  was  therefore  decided  to  construct 
this  crossing  in  two  sections,  and  to  complete- 
ly finish  and  fill  in  the  first  section  before 
beginning  work  on  the  other. 

For  convenience  a  rough  foot  bridge  was 
first  built  across  the  spring  at  this  point.  Work 
was  then  commenced  on  the  eastern  half  of 
the  crossing,  and  a  coflferdam  built  extending 
from  the  eastern  bank  of  the  spring  to  a 
point  a  little  beyond  its  center.  The  coffer- 
dam was  made  about  20  ft.  long  and  5  ft. 
wide  inside  dimensions,  and  was  built  by 
driving  two  rows  of  2-in.  plank  around  the 
three  sides  exposed  to  the  water.  The  plank 
used  were  8  ft.  long  and  were  braced  by  one 
horizontal  waling  strip.  A  wooden  maul  was 
used  to  drive  this  sheeting  and  no  trouble  was 
experienced  in  driving  it  to  a  sufficient  depth. 
The  space  between  the  two  rows  of  sheeting 
was  then  filled  w-ith  a  well-puddled  stiff  clay 
excavated  from  the  bottom  of  the  stream. 
Water  was  then  pumped  out  of  the  coflferdam 
by  gasoline  Dumps,  while  bags  filled  with  sand 
were  piled  around  the  outside  of  the  coflfer- 
dam to  prevent  excessive  infiltration.  The 
leaks  in  this  coflferdam  were  plugged  without 
much  difficulty.  The  trench  for  the  pipe  w-as 
then  excavated  and  it  was  found  necessary  to 
use  tight  sheeting  throughout  its  length.  The 
trench  was  dug  about  3  ft.  wide  inside  to 
inside  of  sheeting  in  order  to  make  a  proper 
allowance  for  clearance  of  the  liells  of  the 
pipe.  The  trench  sheeting  was  held  by  one 
line  of  horizontal  waling  strips  set  just  below 
the  original  bed  of  the  stream.  The  material 
excavated  from  the  trench  was  disposed  of 
on  the  banks  of  the  spring.  When  the  ex- 
cavation had  l)een  carried  to  the  elevation 
called  for  on  the  plan,  it  was  found  that  the 
foundation  was  not  solid  and  it  was  therefore 
carried  about  8  ins.  deeper  to  a  more  solid 
stratum.  The  contract  called  for  surrounding 
the  pipe  with  u  ins.  of  concrete  and  it  was 
decided  to  further  reinforce  this  by  using 
l-in.  round  iron  rods  spaced  0  ins,  apart  on 
centers   underneath   the   pipe.     Provision   was 


of  the  last  pipe  laid.  Pumping  was  continued 
during  all  of  the  time  of  pipe  laying  in  order 
to  insure  the  inspector  that  the  joints  were 
completely  filled  with  mortar.  This  was  a 
precaution  considered  as  essential  at  this  cross- 
ing as  at  points  where  the  pipe  was  laid  in 
dry  excavation  and  without  the  concrete  sur- 
lounding  it.  As  soon  as  these  joints  had  set, 
however,  and  the  placing  of  the  concrete 
around  the  pipe  commenced  the  pumping  was 
stopped.  The  concrete  placed  around  the  pipe 
was  thus  placed  in  water  but  no  flow  of  tlie 
water  was  observable,  and  no  discoloration  oi 
the  spring  was  noted  below  the  coflferdam. 

Work  on  the  western  half  of  the  crossing 
was  started  a  few  days  after  the  completion 
of  the  work  just  described.  This  work  was 
bandied  in  the  same  manner.  Some  difficulty 
was  experienced  in  keeping  the  water  out  of 
this  cofferdam  and  considerable  time  was  lost 
in  attempting  to  make  the  excavation  water- 
tight. As  on  the  other  section,  the  concrete 
foundation  was  allowed  to  set  for  about  a 
day  before  laying  the  pipe  on  it  and  the  rein- 
forcement was  carried  through  this  section  as 
through  the  other.  The  brick  manholes  at 
both  ends  of  the  crossing  were  then  built 
The  water  leaking  into  the  cofferdam  was 
handled  by  two  gasoline  diaphragm  pumps. 

In  order  to  provide  a  method  for  flushinc 
out  this  syphon  it  was  decided  to  connect  the 
manhole  on  the  west  bank  of  the  spring  with 
the  spring  by  a  12-in.  cast  iron  pipe  resting 
on  the  bed  of  the  latter.  This  pipe  was  pro 
vided  with  a  12-in,  gate  valve  which  was  scl 
in  a  valve  chamber  built  into  the  manhole 
thus  providing  a  method  of  controlling  thi 
quantity  of  water  admitted  into  the  sewer 
The  other  end  of  this  line  was  provided  with 
a  suitable  screen. 

Work  on  the  construction  of  this  crossing 

was   started  on  Sept.   12,   1!)13,  and  completed 

on  October  1.    The  itemized  cost  of  this  work 

to  tlie  contractor  was  as   follows : 

COST  OF  LABOR. 

Item.  Amount 

IS  hrs.  supervision    at    $0.80 $  U.i' 

ISS  hrs.   foreman    at    $0.30 56.4' 

40  hrs.  c.irpenters   building   cofferdam  at 

$11. ,3,-,    14-W 

■10  hrs,  carpenter     helper     on     above     at 

$0,17'^    7.^' 

2S0  hrs,   excavation  at  iOAlVi i^-'-" 

SO  hrs.  stopping   leaks   at   $0.17V4 H" 


/?  &afe  valve 


le'tCPi 


liii^i   :\XsZ^^ 


CPipe 


Fig.    2.     Cross    Section    of    18-in.    Clay    Pipe    Inverted  Sewer  Syphon  Under  Letort  Spring 

Carlisle,   Pa. 


also   made   for   providing   for   a   sufficient   lap 
for  these  rods  at  the  end  of  the  section. 

The  work  of  excavation  was  finished  late 
one  afternoon  and  the  8-in.  concrete  base  was 
placed  that  same  day.  This  was  allowed  to 
set  until  noon  of  the  next  day  when  it  was 
tested  and  found  to  have  acquired  consider- 
able set  so  that  the  18-in.  pipe  was  laid  on 
it  and  surrounded  with  concrete  as  specified. 
.•\  tight  wooden  bulkhead  was  set  in  the  end 


26.7- 

sr.  hrs.  pipe  laying  at  $0.171.4 |'; 

Pipe  laying  at   $0,27iA »■" 


20  hrs,  stopping   leaks   at   $0,20... 
153  hrs.  driving   sheeting   at   $0.17'A. 


11  hrs.  pipe  laying  at   $0.2714. 

SO  hrs.  mixing   and    placing   concrete   at 

$0.17W[    ; 

5  hrs.  mixing   and    placing   concrete   at 

$0.20    

40  hrs.  bactifllllng    at    $0  17V4 

37  hrs.  moving   pumps   at   $0.17^4 

36  hrs.  engineer   at   $0.40 

44  hrs.  mason    at    $0.30 

44  hrs.  mason  helper  at  $0.17% 


14.01 

1.0' 
7.0' 
6.^ 
H.I' 
13.-' 
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23  hrs.  cleaning  up  at  $0.17% 

1  hr.     c-art  at  $0.27% 

8  hrs.  team    at    SO  45 

3  hrs.  hauling  12-)n.   pipe  at  $0.45... 

Tola  1  cost  of  labor $26S 

COST   OF  MATERIALS. 

.18U  ft.   B.    M.    lumber  at   $-'5.00 $  29 

200  lin.   ft.    %-in.   lumber 4 

45  empt.v    sacks    used    in    cofferdam    at 

$0.10    4 

9  cu.  yds.  of  stone  at  $1.25 11 

7.5  cu.  yds.  of  sand  at  $1.75 13 

68  bags   of   cement    al    $0.40 27 

500  bricU  at  $8.75 21 

55  gals,   of  gasoline  at  $0.17% 9 

52  lin.    ft.    IS-in.    terra    cotta    pipe    at 

$0.«0    31 

.448  tons   12-in.    c.    i.    pipe  at   $24.90 12. 

2  manhole  frames  and  covers  at  $6.70  13 

10  manhole  steps  at   $0.35 3 

1  cut   stone  at   $2.25 2 

1  12-in.    valve  at  $39.50 39 

Leading  pipe  into  valve 2. 

Steel    reinforcement    3. 

4  diaphragms  for  pumps  at  $3.25 13. 

Oil   for  pumps 1 

25  days  of  pumping  for  gas  pumps  at 

$1.00    25, 


4.3S 
0.2S 
3.60 
1.35 


,63 

,50 
,73 

,50 
,25 
10 
,20 

,ss 

,63 

,20 
2S 
,40 
,50 
,25 
50 
50 
40 
00 
50 


.00 


Total  cost  of  materials $269.32 

Total  cost  of  labor 268.63 


)  Total   cost   of  crossing $537.95 

i  The  itemized  cost  of  constructing  the  1'2-in. 
lishing  main  and  valve  in  tlie  manhole  on 
le  western  bank  of  the  spring  was  as  follows: 
U  hrs.   oi"  laborers  building   cofferdam  at 

$0.17%    $10.68 

7  hrs.  of  mason   at  $0.30 5.10 

3  hrs.     of     teams     hauling     supplies     at 

50.27%     0.83 

1  12-in.   gate  valve  at  $39.50 39.50 

.0  brick    at    $8.75    (M) 3.94 

'1  cut  stone   2.25 

.2  cu.  yds.  of  stone  (crushed)  at  $1.25 2.50 

2  cu.  yds.  of  sand  at  $1.75 3.50 

:I0  bags  of  cement  at  $0.40 4.00 

10  ft.   B.   M.    lumber  at  $26.00 7.S0 

0  gallons  of  gasoline  at  $0.15 1.50 

•     Leading  pipe   into   valve 2.30 


Total  cost  of  12-in.  flushing  device. .  .$84.10 
Deducting  the  cost  of  constructing  the  12-in. 
jshing  device  from  the  total  cost  of  the 
ossing  gives  $453.8.5  as  the  cost  to  the  con- 
actor  of  constructing  this  inverted  syphon 
Rether  with  the  two  manholes  and  other 
ipurtenances. 

The  length  of  this  crossing  was  o2.o  lin. 
.,  or  the  cost  of  construction  atnounted  to 
*.65  per  lineal  feet. 

The  contractor  requested  extra  conipensa- 
;)n  for  this  work,  claiming  that  the  construc- 
m  of   the   inverted    syphon    embraced   work 

a  nature  different  from  that  covered  by 
■^  plans  and  specifications  and  upon  w^hich 
9  original  bid  was  premised.  The  specifica- 
^ns  covering  this  point  read  as  follows : 
Any  doubt  as  to  the  meaning  of  this  agree- 
ent.  or  the  annexed  specification,  or  any  ob- 
urlty  of  the  plans,  will  be  explained  by  the 
nief  Engineer.  He  shall  have  the  option  of 
aking  changes  In  the  plan.s  relating  to  the 
,<8ltlon,  dimensions  or  materials,  either  he- 
re construction  or  after  it  has  begun.  This 
eludes  the  changing  of  the  depths  of  th.; 
weni  or  appurtenances  from  that  shown  upon 
e  plans.  The  Chief  Engineer  shall  have  the 
lal  decision  on  all  matters  of  dispute  Involv- 
S  the  character  and  amount  of  work  to  be 
Id  for  under  this  agreement,  and  he  shall 
termlne    all    questions    relating    to    the    work 

materlal.s  and    the   construction   thereof;    and 


he  shall,  in  all  cases,  decide  evei\"  question 
which  may  arise  relative  to  the  execution  of 
this  contract  on  the  part  of  the  contractor,  and 
his  estimate  and  decision  shall  be  final  and  con- 
clusive, and  such  estimate  and  decision,  in  case 
any  question  shall  arise,  shall  be  a  condition 
precedent  to  the  right  of  the  contractor  to  re- 
ceive any  money  under  this  agreement. 

The  decision  duly  reached  bv  the  engineer 
was :  First,  that  the  contractor  in  his  con- 
tract with  the  borough  agreed  to  carry  this 
18-in.  sewer  across  the  Lctort  Spring  in  ac- 
cordance with  the  plans  shown  and  to  sur- 
round it  with  concrete.  Second,  that  the  sub- 
stitution of  the  inverted  syphon  for  the  cross- 
ing at  grade  as  shown  on  the  plan  did  not  re- 
quire the  contractor  to  purchase  any  more 
material  to  complete  this  crossing  than  would 
have  been  required  had  the  crossing  been  con- 
structed as  shown  upon  the  plans.  Third, 
that  the  e.xtra  expense  to  which  the  contractor 
was  put  was  merely  a  question  of  the  extra 
cost  of  labor  necessary  to  lay  the  pipe  at  the 
increased  depth.  Finally,  that  in  as  much  as 
the  contractor  would  have  been  put  to  some 
expense  to  make  the  crossing  as  shown  on 
the  plans,  it  would  seem  fair  and  equitable  to 
him  if  the  borough  should  pay  one-half  of  the 
extra  cost  of  the  labor  necessary  to  complete 
the  work  at  the  increased  depth.  The  final 
estimate  rendered  the  contractor  therefore 
contained  an  item  of  $133.72  as  representing 
one-half  the  increased  cost  of  labor  required 
to  construct  this  inverted  syphon.  The  cost 
of  constructing  the  12-in.  flushing  device  was 
assumed  in  full  by  the  borough  and  15  per 
cent  added   thereto  as  the  contractor's  profit. 

The  work  described  was  a  portion  of  that 
embraced  in  the  construction  of  the  lateral 
sewer  systetn  at  Carlisle,  Pa.  This  work  was 
designed  by  and  constructed  under  the  super- 
vision of  Air.  T.  Chalkley  Hatton,  Chief  En- 
gineer of  the  Milwaukee  Sewerage  Commis- 
sion, Milwaukee,  Wis.  The  contractor  for 
this  work  was  The  H.  C.  Brooks  Company, 
Inc.,  Martinsburg,  W.  Va.,  and  the  work  was 
carried  on  under  the  supervision  of  Mr.  H. 
M.  Sherwood.  The  writer  was  the  resident 
engineer  in  charge  of  construction. 


The  Fertilizing  Value  of  Sewage  and 
Sewage  Sludge. 
From  time  to  time  attention  is  called  by 
various  people,  scientific  and  otherwise,  to 
the  great  value  of  the  fertilizing  materials  in 
sewage  and  the  waste  of  these  materials  by 
all  mcidern  methods  of  sanitation  and  sewage 
disposal.  These  methods  will  undoubtedly  con- 
tinue to  prevail,  and  the  fertilizing  materials 
of  sewage  will  continue  to  be  wasted,  until 
some  economical  method  of  reclaiming  them 
is  devised.  In  other  words,  the  prevention 
of  this  waste  concerns  essentially  the  value  of 
these  materials  in  a  given  voh'.me  of  sewage 
when  compared  with  the  cost  of  extraction. 
Enough  material  of  a  fertilizing  or  other  value 
must  be  extracted  by  any  process  to  more 
than  pay  for  the  cost  of  the  process  if  it  is 
to  he  employed.  This  problem  will  be  solved 
eventually,  but  the  difficullics  are  great,  and 
only   slight  progress   has   thus   far  becvn   ma<le 


in  its  solution.  The  subject  was  rather  fully 
discussed  by  Mr.  H.  W.  Clark,  Chemist  of  the 
Massachusetts  State  Board  of  Health,  in  the 
monthly  bulletin  of  the  Board  for  December, 
1913.  Numerous  data  bearing  on  the  subject 
were  presented  in  the  article.  We  reprint 
Mr.  Clark's  conclusions  as  follows: 

CON'CLUSIONS. 

(1)  The  total  amount  of  fertilizing  and 
fatty  matters  in  each  1,000  gals,  of  representa- 
tive American  sewage  is  not  worth  above  6 
or  8  cts.  Of  this,  about  half  is  represented 
by  the  ammonia  in  solution,  and  there  is  no 
method  by  which  this  material  can  be  utilized 
except  by  application  of  the  sewage  to  land. 
.•Ml  experience,  covering  many  years  with  hun- 
dreds of  well-operated  sewage  farms  ranging 
in  size  from  a  few  acres  to  the  vast  39,000- 
acre  farm  at  Berlin,  Germany,  has  shown  that 
only  under  the  most  favorable  conditions  can 
the  return  from  these  farms  be  made  to  pay 
operating  expenses,  and  an  instance  is  yet  to 
be  cited  where  these  returns  pay  both  the  cost 
of  operation  and  interest  on  the  capital  in- 
vested. The  exceptions,  perhaps,  to  this  are 
certain  tracts  or  farms  in  regions  of  low  rain- 
fall and  where  the  sewage  is  valuable  as  a 
liquid ;  that  is,  for  real  irrigating  purposes. 
The  Wolverhampton  farm  is  undoubtedly  a 
representative  English  farm  as  regards  good 
management  and  cost  of  operation,  and  at  this 
farm  the  actual  total  cost  of  sewage  treatment 
is  $49  per  1,000,000  gals. 

(2)  Much  of  the  valuable  fertilizing  and 
fatty  constituents  in  sewage  is  found  in  the 
matters  in  suspension.  .Average  .American  sew- 
age contains,  perhaps,  about  2,400  lbs.  of  sed- 
imentable matter  in  1,000,00(1  gals.,  and  the 
nitrogen,  fatty  matters,  etc.,  in  this  2,400  lbs. 
of  sludge  are  worth,  approximately,  $15  or 
$18.  In  order,  however,  to  reclaim  this  valu- 
able material,  the  sludge  must  be  dried,  pressed 
and  also  subjected  to  a  process  for  the  sep- 
aration of  grease  from  the  fertilizing  con- 
stituents in  the  remaining  body  of  the  sludge. 
Only  by  this  separation  can  the  grease  become 
an  article  of  commerce  and  the  sludge  of  real 
agricultural  value.  This  fact  is  well  estab- 
lished by  long  experience  and  many  investiga- 
tions. When  the  fatty  matters  are  separated 
by  any  known  process,  this  procedure  is  cost- 
ly. Only  in  a  few  places  as  yet  is  such  sep- 
aration attempted  as  a  commercial  enterprise, 
and  the  profitableness  of  the  works  at  these 
places  is  as  yet  doubtful.  When  the  sludge 
is  freed,  or  practically  freed,  from  fatty  mat- 
ters it  consists  of  a  large  weight  of  inert 
mineral  and  organic  matter  mixed  with  com- 
paratively small  weight  of  fertilizing  matter, 
hence  the  cost  of  carriage  is  great,  even  when 
it  is  well  dried.  It  has  also  been  well  proved 
that  the  nitrogen,  phosphoric  acid,  etc.,  pre- 
sent are  generally  in  a  less  assimilable  form 
than  the  same  bodies  in  ordinary  conunercial 
fertilizers.  The  sludge  has  value,  li<nvever, 
and  as  the  processes  of  drying,  pressing  an<l 
fat  separation  are  improved,  and  also  as  nitro- 
gen advances  in  price,  as  seems  inevitable, 
sewage  sludge  will  become  of  greater  agri- 
cultural value  than  it  is  at  present,  especially 
as  the  basis  of  a  fertilizer  enriched  by  the 
addition  of  pnt,-:sh,  phosphates,  etc. 
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jpreme  Court  Decision  on  the  King's 
County  Lighting  Co.  Rate  Case, 
New  York. 
Appeal  by  permission  from  an  order  of  the 
ipellate   Division   of   the   Supreme  Court   in 
-  First  Judicial  Department,  made  in  a  ccr- 
■ran  proceeding  to  review  the  determination 
the    Public    Service    Conunission     for    the 
rst  District  of  New  York  in  fixing  the  max- 
um  rate  for  gas  to  be  charged  bv  the  Rc- 
or  in   the  .3nth    Ward   of    the    Borough    of 
oolclyn. 

The    relator    was    organized     in     lfl04     and 
?rgcd  with  the  Kings  County  Gas  &  Illum- 


inating Co..  which  was  organized  in  1889  and 
began  supplying  gas  in  October,   1891. 

The  .'\ppellate  Division  held  that  the  de- 
termination of  the  Cfiinmission  was  wrong  in 
three  respects,  wliicli  arc  presented  by  four 
ijuestions  certified    lor   review,   viz: — 

( 1)  Was  the  relator  entitled,  upon  the  facts 
shown  in  the  record,  to  have  the  Commission 
make  an  allowance  for  going  value  in  de- 
termining the  value  of  the  relator's  property 
used   in  the  public   service? 

(2)  Was  the  relator  entitled,  upon  the  facts 
shown  in  the  record,  to  have  the  cost  of  re- 
production of  paving  now  in  the  streets  but 
not  in  place  at  the  time  the  mains  were  laid. 


allowed    for   in   ascertaining   the   value   of   its 
property  used  in  the  public  service? 

(3)  Was  the  relator  entitled,  upon  the 
facts  shown  in  the  record,  to  have  the  cost  of 
reproduction  of  paving  now  in  the  streets  but 
not  in  place  at  the  time  the  mains  were  laid, 
allowed  for  in  ascertaining  the  capital  actual- 
ly expended? 

(4)  Was  the  Cimimission  entitled,  upon 
the  facts  shown  in  the  record,  in  ascertaining 
the  amount  which  should  constitute  a  proper 
return,  to  consider  as  part  of  what  accrues  to 
the  relator  as  gross  receipts  of  its  yearly 
operations  the  annual  appreciation  in  the 
value  of  its  land? 
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George    S.    Coleman    &    Oliver     Semple     for 

Appellants. 
O'Brien,      Boardman     &     Piatt     (Morgan     J. 

O'Brien.    James     F.     Meagher,     Swinburne 

Hale,  of   Counsel),   for   Respondent 
Miller,  J.: 

It  is  now  generally  recognized  that  "going 
value"  as  distinct  from  "good  will"  is  to  be 
considered  in  valuing  the  property  of  a  public 
service  corporation  either  for  the  purpose  of 
condemnation  or  rate  making,  but  there  is  a 
wide  divergence  of  view  as  to  how  it  is  to  be 
considered.  The  Commission  in  this  case  says  it 
was  taken  into  account  in  valuing  the  plant 
as  a  "going"  and  not  as  a  "defunct  or  statio" 
concern  and  that  it  was  also  considered  in 
fixing  the  fair  rate  of  return:  The  .Appellate 
Division  say's  that  there  is  no  proof  of  the 
latter  fact  in  the  record.  Thus  the  first  ques- 
tion certified  requires  us  to  decide  whether 
"going  value"  is  to  be  appraised  as  a  distinct 
item,  or  whether  it  is  sufficient  to  regard  it  as 
something  vague  and  indefinable  to  be  given 
some  consideration  but  not  enough  to  be  esti- 
mated. The  valuation  of  the  physical  property 
was  determined  by  ascertaining  the  cost  of  re- 
production less  accrued  depreciation.  Pre- 
liminary and  development  expenses  prior  to 
operation  were  included,  but  no  allowance 
was  made  for  the  cost  of  developing  the  busi- 
ness. By  that  method,  the  plant  was  valued 
in  a  sense  as  a  "going  concern,"  in  other 
words,  "scrap"  values  were  not  taken ;  but  to 
say  that  that  sufficiently  allows  for  "going 
value"  is  the  same  as  to  say  that  "going 
value"  is  not  to  be  taken  into  account.  The 
problem  is  to  determine  what  is  fair  to  the 
public  and  the  company.  The  public  is  en- 
titled to  be  served  at  reasonable  rates,  and 
the  company  is  entitled  to  a  fair  return  on  its 
investment,  on  the  value  of  the  property  used 
by  it  in  the  public  service.  (Smith  v.  Ames, 
169  U.  S.  46fi;  San  Diego  Land  Co.  v.  Na- 
tional Citv,  174  U.  S.  739;  San  Diego  Land 
&  Town  Co.  V.  Jasper,  189  U.  S.  439 :  Minne- 
sota Rate  Cases.  230  U.  S.  252.)  It  would 
have  been  entitled  to  a  return  on  the  valuation 
adopted  by  the  Commission,  if  it  had  no  cus- 
tomers, but  was  just  ready  to  begin  business, 
whereas  it  had  a  plant  in  operation  with  an 
established  business,  which  every  one  knows 
takes  time,  labor  and  money  to  build  up. 

If  going  value  is  capable  of  ascertainment, 
it  will  not  do  for  the  Commission  vaguely  to 
consider  it  in  fixing  the  fair  rate  of  return. 
That  no  appreciable  allowance  was  made  in 
this  rase  is  shown  both  by  the  rate  fixed  and 
by  the  following  statement  in  the  opinion  of 
the  Commission  : 

It  should  be  noted  that  the  plant  has  been 
In  operation  for  nearly  twenty  years,  and  it 
mlfcht  be  argued  with  considerable  force  that 
two  decades  should  be  sufficient  for  the  com- 
pany to  recoup  its  early  deficiencies  below  a 
fair  rate  of  return,  if  any  such  deficiencies  ever 
existed.  If  the  company  has  not  recouped  itself 
by  this  time,  under  such  circumstances  it  is 
doubtful  W'hethei  the  present  consumers  ought 
to  be  burdened  for  this  reason. 

The  first  question  certified  then  resolves 
itself  into  two  heads:  (1)  Is  "going  value"  a 
distinct  item  to  be  appraised  and  included  in 
the  base  upon  which  the  fair  return  is  com- 
puted? (2)  Was  the  evidence  in  this  case 
sufficient  to  justify  an  allowance   for  it? 

The  opinion  of  Mr.  Justice  Clarke  below 
saves  me  the  necessity  of  citing  and  analyzing 
the  cases  bearing  on  the  first  branch  of  the 
question.  We  concur  fully  in  what'  he  has 
said  on  the  subject  and  in  his  conclusion  that 
there  is  no  "logical  difference  between  allow- 
ing 'going  value'  in  the  valuation  of  a  plant 
when  it  is  to  be  taken  entirely  by  the  public 
and  allowing  the  same  element  when  valuing 
the  same  plant  for  rate  making  purposes."  A 
case  since  decided  should  be  added  to  the  rate 
cases  cited  by  him  in  which  "going  value" 
has  been  allowed;  i.  c.,  Public  Service  Gas 
Co.  Board  of  Commissioners,  87  Atl.  Rep. 
(N.  T.  6.51). 

It  is  no  answer  to  say  that  in  condemnation 
cases  the  exchange  value  is  taken,  and  that 
that  depends  on  the  rates  charged,  the  thing 
to  be  determined  in  rate  cases.  Of  course,  a 
rule  of  valuation  might  be  adopted  in  a  con- 


demnation case,  which  would  not  work  in  a 
rate  case;  but  if  the  cost  of  reproduction  less 
depreciation  rule  be  adopted  as  appears  to 
have  been  done  in  National  Waterworks  Com- 
pany V.  Kansas  City  (62  Fed.  Rep.  853).  and 
Omaha  v.  Omaha  'Water  Company  (218  U.  S. 
180),  the  leading  condemnation  cases  in  the 
Federal  Courts  in  which  "going  value"  was 
considered,  it  is  impossible  to  see  why  the 
"going  value"  could  not  be  determined  in  both 
classes  of  cases  in  precisely  the  same  way. 

The  difficulty  of  determining  the  "going 
value"  will  not  justify  the  disregarding  of  it. 
Rate  making  is  difficult.  But  that  will  not 
justify  confiscation.  The  difficulty,  however, 
will  lessen,  as  it  does  in  most  cases,  when  we 
cease  to  think  about  the  subject  vaguely. 
What  then  is  going  value,  and  how  is  it  to 
be  appraised? 

It  takes  time  to  put  a  new  enterprise  of 
any  magnitude  on  its  feet,  after  the  construc- 
tion work  has  been  finished.  Mistakes  of  con- 
struction have  to  be  corrected.  Substitutions 
have  to  be  made.  Economies  have  to  be 
studied.  Experiments  have  to  be  made,  which 
sometimes  turn  out  to  be  useless.  An  organ- 
ization has  to  be  perfected.  Business  has  to 
be  solicited  and  advertised  for.  In  the  case  of 
a  gas  company,  gratuitous  work  has  to  be 
done,  such  as  selling  appliances  at  less  than  a 
fair  profit  and  demonstrating  new  devices  to 
induce  consumption  of  gas  and  to  educate  the 
public  up  to  the  maximum  point  of  consump- 
tion. None  of  those  things  is  reflected  in  the 
value  of  the  physical  property,  unless,  of 
course,  exchange  value  be  taken,  w-hich  is  not 
admissahle  in  a  rate  case.  The  company  starts 
out  with  the  "bare  bones"  of  the  plant,  to 
borrow  Mr.  Justice  Lurton's  phrase  in  the 
Omaha  Waterworks  case,  supra.  By  the  ex- 
penditures of  time,  labor  and  monev.  it  co- 
ordinates those  bones  into  an  efficient  work- 
ing organism  and  acquires  a  paying  business. 
The  proper  and  reasonable  cost  of  doing  that, 
whether  included  in  operating  expenses  or 
not,  is  as  much  a  part  of  the  investment  of 
the  company  as  the  cost  of  the  physical  prop- 
erty. 

The  investors  in  a  new  enterprise  have  to 
be  satisfied  as  a  rule  with  meager  or  no  re- 
turns, while  the  business  is  being  built  up.  In 
a  business  subject  only  to  the  natural  laws  of 
trade,  they  expect  to  make  up  for  the  early 
lean  years  by  large  profits  later.  In  a  busi- 
nes.s.  classified  among  public  callings,  the  rate 
making  power  must  allow  for  the  losses  dur- 
ing the  lean  years,  or  their  rate  will  be  con- 
fiscatory and  of  course  will  drive  investors 
from  the  field.  In  the  former  class,  the  value 
of  the  established  business  is  a  part  of  the 
"good  will''  and  may  be  determined  by  taking 
a  given  number  of  years'  purchase  of  the 
profits  or  exchange  value  may  be  considered. 
In  the  latter  class,  a  different  rule  must  be 
adopted. 

Referring  again  to  the  Ames  case,  sul'ra. 
the  public  is  entitled  to  be  served  at  reason- 
able rates  and  the  corporation  is  entitled  to  a 
fair  return  on  the  property  used  by  it  in  the 
public  service,  no  more,  no  less,  always  as- 
suming, of  course,  that  the  return  is  computed 
on  a  proper  valuation.  That  was  not  made  so 
by  statute,  but  was  the  rule  at  common  law, 
which  justifies  legislatures  and  commissions 
in  fixing  rates.  If  then  a  public  service  cor- 
poration has  received  more  or  less  than  a 
fair  return,  it  has  received  more  or  less,  as 
the  case  may  be,  than  was  its  due,  irrespective 
of  w-hether  a  rate  had  been  fixed  by  public 
authority.  If  a  deficiency  in  the  fair  return 
in  the  early  years  was  due  to  losses  or  ex- 
penditures which  were  reasonably  necessary 
and  proper  in  developing  efficiency  and 
economy  of  operation  and  in  establishing  a 
business,  it  should  be  made  up  by  the  returns 
in  later  years.  If  there  was  a  fair  return  from 
the  start,  the  corporation  has  received  all  it 
was  entitled  to,  irrespective  of  how  much  of 
the  earnings  may  have  been  diverted  to  the 
building  up  of  the  business. 

To  v-^iew  the  matter  in  another  aspect,  take 
the  case  of  a  public  service  corporation  with 
a  plant  constructed  just  ready  to  serve  the 
public.  It  is  going  to  take  time  and  cost 
money  to  develop  the  highest  efficiency  of  the 
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plant  and  to  establish  the  business.  Three- 
courses  seem  to  be  open  with  respect  to  ratei 
making,  viz:  (1)  To  charge  rates  from  the' 
start  sufficient  to  make  a  fair  return  to  the' 
investor  and  to  pay  the  development  expenses'] 
from  earnings,  a  course  likely  to  result  in'! 
prohibitive  rates  except  under  rare  and  favor-j 
able  circumstances;  (2)  to  treat  the  develop-! 
ment  expenses  as  a  loss  to  be  recouped  out  of^ 
earnings  but  to  be  spread  over  a  number  of', 
years,  in  other  words  as  a  debt  to  be  amor- 
tized— that  involves  complications,  but  would 
seem  to  be  fairer  to  the  public  and  certainly 
more  practical  than  the  first;  (3)  to  treat  the 
development  expenses,  whether  paid  from! 
earnings  or  not,  as  a  part  of  the  capital  ac-! 
count  for  the  purpose  of  fixing  the  charge  toi 
the  public.  The  last  course  would  seem  to  bei 
fairest  to  both  the  public  and  the  company,' 
as  well  as  the  most  practical.  , 

It  may  be,  as  is  urged,  that  a  well  con-; 
ducted  enterprise  will  charge  the  cost  of  de-i 
veloping  the  business  to  operating  expenses,: 
and  that  it  would  open  the  door  to  an  overj 
issue  of  securities  to  permit  the  capitalization! 
of  early  losses.  In  answer,  it  is  sufficient  to', 
say  that  we  are  dealing,  not  with  properj 
methods  of  bookkeeping,  not  with  proper  cap-; 
italization  upon  which  to  issue  securities,  but; 
solely  with  the  fair  return  which  the  com-J 
pany  is  entitled  to  receive  from  the  public! 
Treating  a  reasonably  necessary  and  proper 
outlay  in  building  up  a  business  as  an  invest- 
ment for  the  purpose  of  determining  the  fair, 
rate  of  return  to  be  charged  is  far  from  hold-i 
ing  that  it  should  be  treated  as  capital,  against' 
which  securities  might  be  issued.  ! 

We  do  not  say  as  matter  of  law  that  the  third- 
course  above  outlined  should  be  adopted  as  ani 
original  proposition.  That  may  present  a; 
question  of  economics,  depending  on  the  par-^ 
ticular  conditions  involved.  The  Commissioni 
in  this  case  had  to  determine  the  rate  to  be'| 
charged,  not  by  a  new  company  with  no  busi-i 
ness.  but  by  an  old  company  with  an  estab-l 
lished  business.  The  first  question,  therefore.) 
to  determine  on  this  branch  of  the  case  was' 
whether  the  company  had  already  received  a| 
fair  return  as  its  investment.  If  it  had  re-, 
ceived  such  return  from  the  start,  or  if  in) 
later  years  it  had  received  more  than  a  fain 
return,  the  public  would  already  have  bornej 
the  expense  of  establishing  the  business  in| 
whole  or  in  part  and  to  that  extent  the  ques-| 
tion  of  "going  value"  for  the  purpose  of  fixj 
ing  a  present  rate  would  be  eliminated.  Fori 
it  must  be  constantly  kept  in  mind  in  dealingi 
with  this  problem  that  the  company  is  entitled] 
to  a  fair  return  and  no  more.  If  it  has  alread.vj 
had  it.  that  is  the  end  of  the  matter.  If  it  did] 
not  receive  a  fair  return  in  the  earlv  years,, 
owing  to  the  establishment  of  the  business,  ^ 
subsequent  rate  must  allow  for  that  loss  or  itj 
will  be  confiscatory.  Now,  no  dividends  ap- 
pear to  have  been  paid  by  the  original  com-, 
pany,  or  bv  the  relator  prior  to  1907.  .Xssum- 
ing  a  reasonable  need  of  the  service  from  the, 
start  and  that  the  failure  to  pay  dividends] 
was  not  due  to  bad  management,  an  accumula- 
tion of  a  surplus  or  tmdividcd  profits,  the  m- 
vestment  of  earning  in  permanent  additions  or 
betterments  allowed  for  in  the  structural  val- 
uation, or  to  other  causes  besides  those  under 
consideration,  none  of  which  is  assured,  n 
would  seem  pl.-'in  that  "going  value"  wasar 
clement  in  this  case  which  the  commission 
was  required  to  determine  in  making  nn  ap- 
praisement on  which  to  cornpute  the  fair  re- 
turn to  which  the  company  is  entitled. 

It  is  urged  that  an  unprofitable  business  wil' 
thus  have  a  greater  value  for  rate  purpose' 
than  one  profitable  from  the  start.  That  agair 
overlooks  the  fundamental  consideration  thai 
a  public  service  corporation  is  entitled  to^  s 
fair  rate  of  return  from  the  beginning  of  it< 
investment  and  no  more.  If  the  shareholder', 
have  been  deprived  of  a  fair  return  on  then 
investment  because  of  the  time  and  expcnsi 
reasonahlv  and  properly  required  to  huild  m 
the  business,  thev  have,  to  the  extent  of  tha' 
deprivation,  added  to  their  original  investmcn' 
and  are  entitled  to  a  return  upon  it.  If.  how- 
ever, a  fair  return  in  addition  to  the  expenst 
of  building  up  the  business  has  been  earner: 
from  the  start,  the  public,  not  the  shareholn- 
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€rs,  have  paid  the  development  expenses.  We 
are  dealing  not  with  exchange  values  but  with 
the  value  upon  which  the  company  is  entitled 
to  earn  a  return.  In  this  connection,  it  is  to 
be  observed  that  the  statements  in  the  opinions 
of  the  courts,  in  reference  to  computing  the 
fair  rate  of  return  on  present  values,  have  for 
the  most  part  been  made  in  cases  in  which 
the  precise  question  under  consideration  was 
not  directly  involved  and  in  which  no  attempt 
was  made  to  limit  the  elements  composing  the 
problem.  Manifestly,  a  rate  computed  on  the 
cost  today  of  reproducing  the  bare  plant  would 
not  be  fair.  Experience  is  proverbially  ex- 
pensive. With  the  advantage  of  that  experi- 
ence the  same  or  an  equally  efficient  plant 
could  be  constructed  today  at  a  cost  much 
below  the  actual  and  necessary  investment  of 
the  company  in  both  plant  and  experience.  In- 
deed, wholly  apart  from  the  intangible  thing 
called  the  going  business,  the  reproductive 
value  today  of  the  physical  property  would 
not  necessarily  include  the  actual  rind  legiti- 
mate investment  in  tangible  property  which 
may  have  been  entirely  replaced,  not  because 
of  depreciation,  but  to  meet  advances  in  me- 

1  chanical  science,  new  conditions  and  increas- 
ing demands  not  reasonably  to  have  been  fore- 
seen at  the  start.  I  am  not  now  speaking  of 
replacements  made  with  fresh  capital,  about 
which  there  is  no  question  in  this  case.    The 

'  term    'going   value''    though   not    exactly    de- 

■  fined,  has  been   used  quite  generally  to  com- 
'  prise  the  elements  not  included  in  the  struc- 
tural value  of  the  property  in  its  present  con- 
dition.     The    term    is    not    important.     The 
point  is  that  in  some  manner  and  under  some 

.  appropriate  heading  a  due  allowance  must  be 
made  for  the  investment  in  those  elements. 
No  inflexible  rule  will  in  the  long  run  be  just 
both  to  the  public  and  the  corporation.  The 
right  to  limit  the  corporation  to  a  fair  return 
fixed  by  public  authority  necessarily  involves 

'  the  correlative  right  in  the  corporation  to  be 
assured  of  that  fair  return  during  all  the  time 
that  its  capital  is  employed  in  the  public  serv- 

■  ice.    The  statute  governing  this  case  ("Section 
'  72,  Public  Service  Commission    Laws),    pro- 
vides ; 

In  determining:  the  price  to  be  charged  for  gas 
•  •  •  the  commission  may  consider  all  the  facts 
which  in  Its  judgment  have  any  bearing  upon  a 
proper  determination  of  the  question  although 
not  set  forth  In  the  complaint  and  not  within 
the  allegations  contained  therein,  with  due  re- 
gard among  other  things  to  a  reasonable  aver- 
age return  upon  capital  actuall.v  expended  and 
to  the  necessity  of  making  reservations  out  of 
Income  for  surplus  and  contingencies. 

Of  course  a  reasonable  need  for  the  service 
from  the  start  and  reasonably  good  manage- 
rnent  are  assured.  While,  within  reasonable 
limits,  service  may  be  provided  for  anticipated 
needs,  a  company  should  not  construct  a  plant 
in  a  wilderness  and,  after  a  city  has  been  built 
around  it,  expect  to  recoup  its  losses  while 
waiting,  nor  should  it  expect  to  recoup  losses 
from  bad  management.  I  do  not  include  in 
the  latter  mere  mistakes  or  errors  in  jiidgmcnt 
which  are  almost  inevitable  in  the  early  stages 
of  any  business.  The  fair  return  is  to  be  com- 
puted on  the  actual  investment,  not  on  an 
overissue  of  securities,  and  the  failure  to  pay 
dividends  to  the  investors  must  be  due  to  the 
causes  under  consideration,  not  to  an  accumu- 
lation of  a  surplus  or  to  expenditures  for 
permanent  additions  or  betterments,  which  are 
included  in  the  appraisal  of  the  physical  prop- 
erty—in other  words,  the  actual  net  earnings 
are  to  be  taken.  Making  proper  allowance  . 
for  the  matters  just  considered  and  perhaps 
for  others  which  do  not  occur  to  me,  I  de- 
fine "going  value"  for  rate  purposes  as  in- 
volved in  this  rase  to  be  the  amount  equal  to 
the  deficiency  of  net  earnings  below  a  fair 
return  on  the  actual  investment  due  solely  to 
the  time  and  expenditures  reasonably  ncccs- 
'ar>'  and  proper  to  the  development  of  the 
business  and  property  to  its  present  stage,  and 
not  comprised  in  the  valuation  of  the  physical 
property. 

It  may  be  conceded  that  going  value  has  no 
fxistencs  apart  from  tangible  property  and 
that  commercially  there  is  but  one  value,  that 
of  the  property  as  a  whole,  but  as  the  rate 


can  not  be  made  to  depend  upon  the  exchange 
value,  which  would  in  turn  depend  upon  the 
rate,  it  would  seem  to  be  necessary  to  ap- 
praise the  physical  property  and  the  going 
value  separately,  and  of  course  that  is  the 
case  if  the  cost  of  reproduction  rule  be 
adopted. 

It  remains  to  consider  how  going  value  is 
to  be  appraised.  That  presents  a  question  of 
fact,  the  determination  of  which  is  primarily 
within  the  province  of  the  rate  making  body. 
It  is  proper  for  this  court,  however,  to  in- 
dicate a  permissible  method  or  methods,  as  in 
People  ex  rel.  Jamaica  W.  S.  Co.  v.  Tax. 
Com.  (196  N.  Y.  39),  it  indicated  a  rule  for 
valuing  a  special  franchise  for  taxing  pur- 
poses, which  has  generally  been  followed. 

Obviously,  the  most  satisfactory  method  is 
to    show   the   actual   experience   of   the   com- 
pany,   the    original    investment,     its     earnings 
from  the  start,  the  time  actually  required  and 
expenses  incurred  in  building  up  the  business, 
all  expenditures  not  reflected   by  the  present 
condition  of  the  physical  property,  the  extent 
to  which  bad  management  or  other  causes  pre- 
vented   or   depleted   earnings,   and    any   other 
facts  bearing  on  the  question,  keeping  in  mind 
that  the  ultimate  fact  to  be  determined  is  not 
the  amount  of  the  expenditures,   but  the  de- 
ficiency in  the  fair  return  to  the  investors  due 
to  the  causes  under  consideration.     The  busi- 
ness  in   this   case   was   twenty  years   old,   the 
books  of  the  old  company  were  not  available, 
and  it  is  of  course  problematical  whether,  if 
produced,  they  would  have  shown  the  neces- 
sary   facts.     "The  question,   therefore,   had   to 
be  determined,  as  all  questions  of   fact  have 
to  be,   by   the  best  evidence  available.     Here, 
I  may  repeat  that  mere  difficulty  in  the  proof 
would    not   justify   a   confiscatory   rate.     The 
value  of  the  physical  property  was  shown  by 
opinion  evidence  as  to  the  cost  of  reproduc- 
tion.    The  same  kind  of  evidence  was  given 
by   two   witnesses    for   the   relator   as   to   the 
cost  of  building  up  the  business  to  its  present 
state.     In  the  appellant's  brief,  it  is  said  that 
they  were  men  ''of  mature  age  and  much  ex- 
perience.'   One  witness  said  that  $30  a  meter 
was  an  arbitrary  sum  usually  adopted  by  en- 
gineers as  the  cost  of  building  up  such  a  busi- 
ness, and  he  put  the  cost  in  this  case  at  SOOO,- 
nO<i.      Another   witness    estimated    the   "going 
value"  to  be  $781,916.     He  explained  at  length 
how   he  arrived  at  that   figure.     He  assumed 
the  existence  of  two   plants,   situated  exactly 
alike   in   the   same   community    and    with    the 
same  physical  property:   (1)   The  actual  plant 
with    'ts    established    business:    (21    a    suppo- 
sitional plant  with  no  business.     He  then  esti- 
mated the  length  of  time  and  expense  required 
by  the  setond  plant  to  develop  its  business  to 
the    stage   and    revenue    of    the    actual    plant. 
There    would    appear   to   be   as   good    ground 
for  admitting  the  opinion  of  a  qualified   ex- 
pert on  such  a  subject  as  on  the  cost  to  repro- 
duce  the   physical    property.     Of   course,    the 
Commission  was  not  bound  by  that  evidence. 
It  had  in  addition  the  experience  of  the  rela- 
tor and  its  predecessor  as  to  payment  of  divi- 
dends,  the   amount  of  capitalization   of   both, 
and  the  value  of  the  physical  property  in  its 
present  condition  determined  as  above  staled. 
With  nothing  opposed  to  those  facts  and  the 
opinion  evidence,  it  was  not  justified  in  ignor- 
ing the  clement  of  "going  value"  or  of  merely 
attaching    some    inappreciable    importance    to 
it.     fScc   Bonbright   v.  Geary,  210   Fed.   Rep. 
44,  54,  5()).     The  first  question  certified  must 
he  answered  in  the  affirmative. 

Upon  the  next  two  questions  we  disagree 
with  the  learned  .Appellate  Division. 

In  determining  the  cost  of  reproduction,  the 
Commission  allowed  $12,717  as  the  cost  of 
restoring  the  pavement  as  it  existed  when 
the  mains  and  service  pipes  were  laid  in  the 
streets.  The  relator  claimed  an  allowance  of 
at  least  $200,000  for  the  cost  of  restoring 
pavements  subsequently  Iain  on  the  theory 
that  that  cost  would  have  to  be  incurred  if 
the  mains  were  to  be  laid  today.  But  the  new 
pavements  in  fact  added  nothing  to  the  prop- 
erty of  the  relator.  Its  mains  were  as  serv- 
iceable and  intrinsically  as  valuable  before  as 
after  the  new  pavements  were  laid.  The  con- 
trolling   considerations    under    the    preceding 


point  also  determine.  The  rights  of  the  public 
are  not  to  be  ignored.  The  question  has  a 
double  aspect.  What  will  be  fair  to  the  public 
as  well  as  to  the  relator?  (Smith  v.  Ames, 
stit'ra.)  Should  the  public  pay  more  for  gas 
simply  because  improved  pavements  have  been 
laid  at  public  expense?  It  is  no  answer  to 
say  that  the  new  expensive  pavements  sug- 
gest improved  conditions,  which,  though  add- 
ing to  the  value  of  the  plant,  will  not,  by 
reason  of  the  greater  consumption,  add  to  the 
expense  per  thousand  feet  of  the  gas  con- 
sumed. "The  public  are  entitled  to  the  benefit 
of  the  improved  conditions,  if  thereby  the  re- 
lator is  entitled  to  supply  gas  at  a  less  rate. 
The  relator  is  entitled  to  a  fair  return  on  its 
investment,  not  on  improvements  made  at 
public  expense.  It  is  said  that  the  mains  will 
have  to  be  relaid.  So  will  the  new  pavements, 
and  much  oftener.  Both  might  possibly  be 
relaid  at  the  same  time.  The  case  is  not  at 
all  parallel  to  the  so-called  unearned  incre- 
ment of  land  that  the  company  owns.  It  does 
not  own  the  pavements,  and  the  laying  of 
them  does  not  add  to  its  investment  or  in- 
crease the  cost  to  it  of  producing  gas.  The 
cost  of  reproduction  less  accrued  depreciation 
rule  seems  to  be  the  one  generally  employed 
in  rate  cases.  But  it  is  merely  a  rule  of  con- 
venience and  must  be  applied  with  reason. 
On  the  one  hand  it  should  not  be  so  applied 
as  to  deprive  the  corporation  of  a  fair  return 
at  all  times  on  the  reasonable,  proper  and 
necessary  investment  made  by  i-  to  serve  the 
public  and  on  the  other  hand  it  should  not  be 
so  applied  as  to  give  the  corporation  a  return 
on  improvements  made  at  public  expense 
which  in  no  way  increase  the  cost  to  it  of  per- 
forming that   service. 

The  .•\ppellate  Division  felt  bound  by  the 
decision  of  the  United  States  Circuit  Court 
in  the  Consolidated  Gas  case  (157  Fed.  Rep. 
849),  and  it  is  true  that  such  an  allowance 
was  made  in  that  case.  But  the  United  States 
Supreme  Court  held  in  that  case  (212  U.  S. 
19)  that  the  rate  established  was  not  confis- 
catory, and  did  not  pass  on  the  propriety  of 
that  allowance.  What  was  said  in  the  opinion 
on  the  subject  of  present  value  was  merely  a 
general  statement  having  no  necessary  rela- 
tion to  the  question  now  under  consideration. 

We  agree  with  the  Appellate  Division  that 
annual  increase  in  the  value  of  land  is  not 
income.  Of  course,  under  the  rule  of  the 
.•\mes  case  (suf<ra)  land  might  become  so 
valuable  as  to  require  its  use  for  other  pur- 
poses :tnd  as  to  make  a  rate  based  on  it  unfair 
to  the  public.    The  present  is  not  such  a  case. 

The  first  question  should  be  answered  in  the 
aflHrmative:  the  second,  third  and  fourth  in 
the  negative,  and  the  order  of  the  .^ppellate 
Division,  insofar  as  it  remits  the  proceedings 
to  the  Commission,  should  be  affirmed. 


Methods  of  Designing  Shafts  in  Eai^h 

for  the  City  Tunnel  of  the 

Catskill  Aqueduct. 

The  city  tunnel  of  the  new  water  supply 
system  for  Xew  York  City  has  a  total  length 
of  17  miles  from  Yonkers.  N'.  Y.,  to  terminus 
in  Brooklyn.  For  construction  it  was  divided 
into  four  sections  and  si.x  construction  shafts 
were  employed  on  each  section.  All  of  the 
tunnel  is  in  rock.  On  three  of  the  contracts. 
the  rock  in  general  lay  near  the  surface,  and 
the  problem  of  sinking  shafts  was  the  regular 
one  of  sinking  in  the  open.  But  in  the  fourth 
contract,  known  as  No.  67,  which  extends 
from  Union  Square  under  the  Fast  River  to 
Brooklyn,  all  of  the  shafts  were  located  at 
points  where  the  surf.icc  of  the  rock  lay  well 
below  the  ground  water  level,  and  the  prob- 
lem of  the  shafts  became  one  of  sinking 
through  wet  ground.  The  method  of  design- 
ing for  these  conditions  the  portion  of  the 
shafts  above  the  rock  is  discussed  in  a  paper 
by  R.  X.  Riegcl  in  the  "Cornell  Civil  Engi- 
neer" for  March.  1914,  and  from  this  paper 
we  extract  the  following  points : 

SELECTION    OF    TYPE    OF    STRUCTURE. 

.■\  number  of  considerations  governed  the 
selection  of  the  type  of  structure.  The  prin- 
cipal ones  may  be  briefly  outlined  as  follows : 

(1)     Of    paramount    importance    was    the 
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requirement  that  the  shafts  must  permit  the 
construction  and  safe  use  of  permanent  wa- 
terways through  them  to  connect  with  the  city 
mains.  These  connections  must  be  absolutely 
safe  against  all  the  contingencies  which  the 
mind  of  man  could  reasonably  foresee. 

(2)  The  depth  of  the  surface  of  the  under- 
lying rock  was  determined  by  borings  to  be 
from  20  to  108  ft.  below  mean  ground  water 
level.  The  surface  elevations  were  in  most 
cases  well  above  the  mean  ground  water  level. 
The  total  distance  to  be  passed  through  be- 
fore reaching  rock  therefore  varied  from 
about  55  ft.  in  the  case  of  shaft  19  to  about 
145  ft.  in  the  case  of  shaft  23.  At  shaft  20, 
discussed  in  detail  later,  a  depth  of  120  ft. 
was  obtained.  In  every  case  the  borings  re- 
vealed sand  as  the  material  to  be  penetrated' 
between  the  rock  and  the  ground  water  level. 
This  material  when  saturated,  as  it  is  below 
ground  water  level,  would  flow  at  the  slight- 
est opportunity,   producing  certain   trouble. 

(3)  The  tunnel  alignment  having  been 
placed  almost  entirelv  under  the  city  streets 
in  order  to  avoid  endless  right  of  way  adjust- 
ments, the  shafts  must  of  necessity  be  close 
to  buildings  and  other  structures.  These  must 
be  disturbed  as  little  as  possible  by  the  sink- 
ing of  the  shafts,  on  account  of  the  damage 
to  life  and  property  which  might  result. 

(4)  While  the  tunnel  itself,  lying  1.50  ft. 
below  the  surface  of  the  solid  rock,  may  be 
considered  safe  from  interference  due  to  the 
construction  of  other  works,  the  shafts  above 
rock  are  not  so  immune.  Subways  may  be 
built  close  by,  caissons  for  the  foundations  of 
buildings  may  be  sunk  in  the  vicinity,  and 
other  subterranean  work  may  be  carried  on, 
all  with  the  ever  present  possibility  of  acci- 
dent and  sudden  readjustment  of  the  soil 
conditions. 

It  was  concluded  that  the  application  of  the 
pneumatic  caisson  method  of  construction  sat- 
isfied all  of  these  considerations  most  com- 
pletely. By  the  employment  of  a  hollow  circular 
caisson  of  reinforced  concrete,  a  large  degree  of 
freedom  and  security  in  the  arrangement  of 
the  waterways  could  be  obtained,  and  the  most 
economical  structure  would  be  obtained  cap- 
able of  withstanding  internal  and  external 
pressure.  Sinking  through  the  depths  and  ma- 
terial to  be  encountered  was  within  the  limits 
of  pneumatic  caisson  practice.  And  this  form 
of  construction  also  permitted  an  operating 
and  connecting  chamber  to  be  superimposed 
upon  the  top  of  the  shaft,  while  its  bottom 
could  be  securely  anchored  to  the  rock.  This 
last  feature,  together  with  the  ability  to  rein- 
force the  structure  thoroughly  between  cham- 
ber and  rock,  afforded  the  desired  stability 
against  possible  future  disturbance.  A  type 
of  shaft  which  could  be  most  readily  con- 
structed by  the  employment  of  a  hollow  pneu- 
matic caisson  of  reinforced  concrete  was 
therefore  decided  upon,  and  the  design  was 
worked  out  upon  the  hypothesis  that  the  pneu- 
matic caisson  method  would  be  pursued  in 
construction. 

The  diameters  of  the  caissons  were  deter- 
mined bv  different  criteria.  In  the  case  of 
Shafts  2.3  and  24,  the  quantity  of  water  to  be 
delivered  required  two  risers  of  6  ft.  clear 
diameter.  The  clearances  necessary  for  erect- 
ing steel  riser  interlining  inside  the  shaft  led 
to  the  adoption  of  an  inner  diameter  of  18 
ft.,  while  the  thickness  of  the  shaft  casing 
was  taken  at  3  ft.  after  an  approximate  study 
of  the  stresses  involved.  In  the  case  of  shafts 
19,  20  and  22,  whore  such  large  connections 
were  not  required,  the  inside  diameter  of  15 
ft.  and  4  ins.  was  determined  by  a  study  of 
the  clearances  required  for  the  use  of  a  suit- 
able hoisting  gear  in  the  solid  rock  section  be- 
low. In  these  cases,  the  smaller  diameter  of 
shaft  justified  the  use  of  a  .smaller  thickness 
of  shell,  and  2  ft.  was  therefore  adopted  as 
this  dimension. 

LOADS    TO    BE    CARRIEIi. 

Construction  Loads. — By  construction  loads 
I  mean  the  loads  which  come  upon  the  struc- 
ture during  its  construction  and  to  resist 
which  it  mu.st  be  proportioned,  but  from  which 
it  will  be  free  during  the  period  of  operation 
and   use.     In   determming   the   proportions  of 


the  shafts,  the  loads  of  this  class  were  inves- 
tigated first. 

The  first  load  investigated  was  that  due  to 
the  "hanging"  of  the  caisson,  as  it  is  some- 
times called.  It  has  occurred  in  this  class  of 
work  that  a  caisson  has  been  gripped  so  tightly 
by  the  surrounding  earth  at  the  top  that  it 
was  prevented  from  sinking,  and,  being  defi- 
cient in  tensile  reinforcement,  the  structure 
actually  parted.  Inasmuch  as  the  depth  of 
the  rock  was  definitely  known  in  this  case,  it 
was  a  simple  matter  to  determine  the  pro- 
portion of  steel  needful  at  any  point  in 
question. 

The  other  construction  loads  included  the 
air  pressure  upward  upon  the  roof  of  the 
working  chamber,  and  the  bursting  loads 
which  would  arise  from  filling  the  interior 
of  the  caisson  with  wet  sand  or  other  heavy 
material  to  provide  a  sinking  load.  The  for- 
mer of  these  required  but  little  investigation, 
but  a  "hoop"  reinforcement  had  to  be  deter- 
mined to  resist  the  latter  effect. 
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Fig.    1.     Reinforced    Concrete    Shaft    Struc- 
ture   for   City    Tunnel,    Catskill 
Aqueduct, 

Operation  Loads. — The  first  of  these  to  be 
considered  is  the  dead  load  of  the  shaft  and 
rectangular  operating  chamber,  with  the  live 
load  upon  the  roof  of  the  same.  When  the 
latter  is  api)lied  at  the  end  of  the  chamber 
a  bending  moment  tends  to  be  produced  in 
the  shaft  structure. 

Then  the  tendency  of  the  water  in  the  wa- 
terways to  burst  the  shaft  was  considered. 
While  the  water  was  carried  in  riveted  steel 
pipe  risers  of  %  in.  to  %  in.  in  thickness,  the 
net  head  of  295  ft.  inside  the  risers  was  bound 
to  have  an  effect  upon  the  hoop  reinforce- 
ment of  the  shaft. 

The  principal  load  in  its  effect  upon  the 
determination  of  the  steel  in  the  caisson,  al- 
though the  least  probable  in  its  occurrence, 
is  the  unbalanced  earth  pressure  upon  the 
side  of  the  shaft  which  may  arise  from  the 
disturbance  of  the  surrounding  soil.  During 
the   study   of   the   work  an   accident   occurred 


in  the  excavation  for  the  foundations  of  the 
Municipal  building,  where  some  sheeting  gave 
way,  causing  some  settlement  in  surrounding 
structures.  This  suggested  the  loading  which 
was  employed  in  caring  for  this  feature  of 
the  design.  It  was  assumed  to  be  the  pre.s- 
sure  which  would  be  produced  upon  the  pro- 
jected area  of  the  chamber  and  shaft,  were 
all  the  material  upon  the  opposite  side  of  the 
structure  removed  to  a  depth  of  50  ft.  from 
the  surface.  It  was  assumed  that,  below  the 
50  ft.  point,  the  pressure  would  be  uniform 
around  the  periphery  of  the  shaft.  This  load- 
ing produces  a  constant  shear  below  the  U> 
ft.  point,  but  the  bending  moment  of  course 
increases  with  the  depth.  Heavy  reinforce- 
ment of  vertical  rods  to  resist  moment,  and 
of  "hoop"  steel  to  resist  shear  must  therefore 
be  provided. 

With  a  tentative  scheme  of  principal  rein- 
forcement worked  out  certain  investigation  of 
the  relative  importance  of  the  above  loads 
was  studied. 

An  investigation  was  made  of  the  relativt 
effect  of  the  bursting  pressure  upon  the  hoo| 
steel  and  the  riser  interlining,  based  upon  the 
comparative  distortions  of  these  elements  of 
the  structure,  with  the  full  static  head  applies 
inside  the  risers.  It  was  found  that  the  riser 
steel  resisted  the  pressure  to  a  much  greater 
extent  than  the  hoop  steel,  there  being  a  much 
greater  proportion  of  the  former,  per  unit  of 
height,  than  of  the  latter.  With  unit  stresses 
in  the  riser  steel  of  about  12.000  lbs.  per 
square  inch,  the  stress  in  the  hoop  steel 
amounted  to  only  about  2,000  lbs.  per  square 
inch. 

The  feasibilitv  of  various  types  of  roof  for 
the  working  chamber  was  investigated,  and 
satisfactory  types  worked  out  for  steel,  tim- 
ber and  reinforced  concrete  construction.  The 
contractors  subsequently  elected  to  employ  the 
last  named  type  of  roof,  cutting  it  out  after 
the  sealing  of  the  caisson  had  been  completed. 
Investigation  was  also  made  of  the  quantify 
of  steel  needful  to  resist  "hanging"  as  de- 
scribed above,  and  to  resist  the  internal  pres- 
sures due  to  the  sinking  weight  of  sand  and 
water.  These  quantities  were  found  to  be 
relatively  small. 

As  the  result  of  these  investigations  it  was 
learned  that  the  reinforcement  against  unbal- 
anced earth  pressure  would  be  so  heavy  that 
no  other  vertical  reinforcement  would  be  nec- 
essary, and  that  it  would  be  necessary  to  re- 
duce the  hoop  steel  stresses  for  sheer  by  2,001' 
lbs.  to  allow  for  the  bursting  effect  of  the 
water  in  the  risers.  The  safe  stress  in  the 
vertical  steel  was  taken  at  12,000  lbs.  oei 
square  inch  and  in  the  concrete  at  500  Ihs 
oer  square  inch  above  the  depth  of  50  ft.  be- 
low the  surface.  Upon  the  ground  that  below 
this  level  the  probability  of  heavy  stress  wa- 
verv  remote,  the  unit  stresses  adopted  in  de- 
termining the  steel  proportion  were  gradual!), 
increased  to  approximatelv  double  the  abovi 
values  at  depths  of  80  to  90  ft.  At  the?( 
depths  the  maximum  amount  of  steel  whicV 
it  was  regarded  practicable  to  place  in  thf 
concrete  would  be  reached  and  computations 
below  this  point  were  considered  superfluous 
The  unit  stress  in  the  hoop  steel  was  taken  ai 
10,000  lbs.  per  square  inch.  In  conformity 
with  the  usual  practice  of  the  department.  th( 
elastic  ratio  n  was  given  the  value  of  12. 

METHOD   OF    DESIGN. 

The  method  pursued  in  determining  the  di 
mensions  of  the  shafts  may  best  be  shown  h> 
following  the  procedure  in  detail  as  it  was 
applied  to  a  tvpical  case.  Shaft  20  at  Delanccv 
and  Eldridge  streets,  Manhattan,  will  l" 
taken  for  the  purpose  of  illustration  and  tn( 
method  of  design  followed  in  detail. 

The  load  assumed  for  the  design  has  beer 
given  above  but  is  more  fully  stated  as  fol 
lows:  The  earth  on  one  side  of  a  vertica 
plane  parallel  to  the  maximum  dimension  o 
the  operating  chamber  and  passing  througl 
the  center  of  the  shaft  was  conceived  as  be, 
ing  removed.  The  horizontal  pressure  of  tni' 
earth  upon  the  opposite  side  of  this  plane  wa: 
taken  at  0.4  of  the  intensity  of  vertical  pre' 
sure,  the  weight  of  earth  being  100  lbs.  pe' 
cubic  foot.  At  a  depth  of  10  ft..  thcrefor> 
the   intensity   of   horizontal  pressure   was  4<li 
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lbs.  per  square  foot  and  at  40  ft.  it  was  10,000 
libs,  per  square   foot. 

I  From  reference  to  Fig.  1  it  will  be'  seen 
that  the  chamber  is  quite  long  and  that  its 
idepth  to  top  of  shaft  is  about  23  ft.  The 
ordinary    principles    of    mechanics    lead    to    a 
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Fig.     2.      Diagram     for     Apportioning     Rein- 
forcement  in    Shaft   Structures   for   City 
Tunnel,    Catskill    Aqueduct. 

■curve   of   bending  moments   corresponding   to 
the  following  tabulation : 

Moment 
,    Depth  in  ft.—  In  ton-ft. 

'lO     300 

120    1.200 

30    3.120 

.<0     6.333 

.50     11,070 

.iO     2C,700 

70    22,400 

80     28,000 

It  will  be  observed  that  the  increment  of 
moment  below  the  depth  of  50  ft.  is  constant; 
that  is,  that  this  portion  of  the  moment  curve 
would  be  a  straight  line.  This  condition  arises 
from  the  limitation  of  the  removed  section 
to  the  depth  of  .50  ft.  This  loading  may  ap- 
pear to  be  a  severe  one,  but  it  will  be  realized, 
since  the  earth  below  the  .511  ft.  level  cannot 
be  regarded  as  offering  a  condition  of  "fixed 
support"  that  the  scheme  of  loading  will  im- 
pose severe  stresses  upon  the  entire  shaft  and 
that  the  capacity  of  the  structure  will  thereby 


have  been  completed,  the  steel  risers  would 
be  installed  and  the  space  around  them  filled 
with  concrete.  The  shrinkage  of  this  concrete 
and  the  imperfection  of  the  bond  between  old 
and  new  concrete  made  it  appear  e.xtremely 
improbable  that  the  caisson  and  its  filling 
should  ever  act  as  a  unit  in  the  resistance  of 


upon  the  diagram  of  Fig.  2  and  curve  AB 
was  drawn  through  them.  Urdinates  corre- 
sponding to  various  combinations  of  square 
twisted  bars  were  drawn  upon  the  diagram. 
The  intersections  of  these  with  curve  AB 
indicated  the  point  to  which  any  set  ot 
bars  would  have  to  be  carried.     In  order  to 


TABLE  I. 

W 

e 

D 

W 

A 

M 

r 

m 

/c 

/'c  m 

P 

h 

e 

30 

1,1S9 

153 

3,120 

0.30 

1.6 

245 

264 

.000 

000 

26 

40 

1,409 

179 

6,333 

0.52 

2.04 

365 

386 

.000 

Oapp 

4.5 

50 

1,619 

206 

11,070 

0.79 

2.62 

540 

600 

.006 

4,800 

68 

60 

1,S29 

233 

16,700 

1.05 

2.92 

680 

750 

.014 

8,800 

9.1 

70 

2,039 

259 

22,400 

1.26 

3.13 

810 

900 

.020 

12,200 

11.0 

80 

2,249 

2S7 

28,000 

1.44 

3.27 

940 

1,050 

.025 

15,000 

12.4 

stress.  Moreover,  investigation  showed  that 
over  the  greater  portion  of  the  shaft  the  re- 
sultant force  line  would  be  so  eccentric  that 
little  difference  would  arise  between  calcula- 
tion of  the  section  in  full  and  the  calculation 
of  a  hollow  cylinder  with  walls  equal  to  the 
caisson  in  the  thickness.  The  analogy  be- 
tween such  a  structure  and  the  reinforced  con- 
crete chimney  is  obvious.  Inasmuch  as  sev- 
eral methods  of  analysis  of  the  latter  have 
been  developed,  these  were  looked  into,  and 
the  method  worked  out  in  Turneaure  and 
Maurer's  "Principles  of  Reinforced  Concrete 
Construction,"  2nd  ed..  Chap.  XI.  was  adopted 
as  the  most  feasible  one  to  pursue  in  this  case. 
Omitting  the  development  of  the  theory  of 
the  above  book,  we  may  pass  to  the  following, 
Table  I,  in  which  we  have: 

D  =  depth  of  a  horizontal  section  below 
surface  of  ground. 

W  ^  weight  of  structure  above  section  in 
tons. 

M  =  bending  moment  at  section,  in  ton-feet. 

/'c  =  maximum  compressive  stress  in  con- 
crete. 

/>  =  maximum    tensile   stress   in   steel. 

/c  ^  concrete  stress  at  point  maximum  com- 
pressive stress  in  steel. 

/i=area  of  section  108.9  sq.  ft.  =  15,682 
sq.  in. 

(•==  eccentricity  of  resultant   force ^.U 

W 
r  =  mean  radius  of  steel  reinforcement. 
/)  =  ratio  of  steel  to  concrete. 

j.A 

)H^  factor  used  in  diagram^ 

W 

In  Table  I   the  stresses  are  computed  from 

the  diagrams  of  the  text  book  for  the  30  and 

40- ft.    sections   upon    the   assimiption    that    no 

steel  was  present.     The  steel  if  present  would 

F. 

not   be   stressed   in   tension   since   the    ratio  — 

f 
does  not  materially  exceed  a  value  of  0.50. 

Below  the  level  of  40  ft.  a  different  plan 
was  pursued.  Preliminary  trials  having  shown 
that  the  concrete  stresses  would  govern  the 
design,  in  that  they  would  increase  more  rap- 
idly with  the  depth  than  would  the  steel 
stresses,  a  schedule  of  values  of  /%  was  as- 


fully  supply  resistance  to  diagonal  tension,  it 
was  considered  necessary  to  extend  any  size 
of  bar  above  the  point  so  determined  by  an 
amount  equal  to  the  distance  between  the 
centroids  of  tension  and  compression.  This 
quantity  was  found  to  be  approximately  con- 
stant at  varying  depths  at  a  value  of  14  ft. 
Curve  CD  is  therefore  drawn  14  ft.  from  AB 
and  parallel  thereto.  The  actual  arrangement 
of  steel  adopted  is  shown  above  CD  and  is 
self-evident.  Connection  between  bars  was 
made  by  right  and  left  sleeve  nuts  screwed 
upon  upset  ends  of  the  twisted  bars. 

In  determining  the  amount  of  steel  needed 
to  carry  shear,  it  was  first  assumed  that  the 
concrete  of  the  caisson  could  carry  a  maxi- 
mum stress  of  40  lbs.  per  square  inch  upon 
its  cross  section.  The  remainder  of  the  shear 
was  to  be  carried  by  the  steel  at  a  stress  of 
10.000  lbs.  per  square  inch.  These  bars  were 
treated  as  stirrups  in  a  circular  beam  and  tlie 
spacing  of  them  was  determined  by  a  modi- 
fication of  the  formulas  found  in  Taylor  and 
Thompson's  "Concrete."  2nd  ed.,  p.  773. 
"Hoops"'  of  1  in.  square  twisted  bars  were 
placed  inside  and  outside  the  vertical  steel, 
the  spacing  varying  from  6  to  12  ins.  from 
center  to  center. 


A  Self-Contained  Gasoline  Rock  Diill. 
(.Contributed.) 

The  field  of  air  and  steam  rock  drilling  has 
been  invaded  by  a  drill  using  gasoline  as  the 
agency  of  motive  force.  It  is  an  entirely  self- 
contained  drilling  unit,  consisting  only  of  the 
drill  and  tripod,  and  requires  no  other  equip- 
ment. Mr.  John  V.  Rice,  Jr.,  of  Philadelphia, 
is  the  inventor,  and.  it  is  the  outcome  of  his 
many  years'  association  with  the  rock  drill 
mdustry. 

The  drill  has  a  full  floating,  free  piston  ac- 
tion. The  piston  rod.  pistons  and  bit  are  all 
connected  together,  forming  a  direct  striking 
piece,  acting  and  striking  the  rock  in  the 
same  manner  as  the  air  and  steam  drills.  The 
motive  force  is  furnished  by  two  cylinders  op- 
posed to  each  other.  Fig.  1.  .^  piston  rod, 
fitted  with  a  piston  for  each  cylinder  and  on 
the  end  of  wliich  is  the  bit  chuck,  continues 
through  the  two  cylinders.  .-\  make  and  break 
spark  plug  for  each  cylinder  arc  tripped  and 
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Fig.     1.      Sectional     View    of    Gasoline     Rock    Drill 


be  developed  to  resist  irregular  imbalanccd 
pressures  at  any  point  in  its  depth.  Now, 
It  must  be  borne  in  mind  that  the  construc- 
tion of  the  shaft  involved  the  sinking  of  a 
hollow  pneumatic  caisson  which,  after  sealing, 
would  remain  open  during  the  excavation  and 
lining  of  the  tunnel.     When  the  latter  should 


Slimed  as  indicated  in  the  table.  These  values 
led  to  further  assumed  values  for  /c  and  m 
and  the  values  of  i>  and  f  were  then  nbtained 
from  the  diagram  of  Case  II.  The  assumed 
quantities  were  then  checked  back  from  these 
results. 
The  values  of  p  obtained  were  then  plotted 


fired  by  each  piston  alternately.  The  firing 
of  ihc  rear  cylinder  drives  the  piston  and  bit 
fr.rv.r.l.  hitting  the  rock  directly  with  all 
if  t'  r  I -rce  of  an  explosion  of  gasoline.  The 
ir'iii  c>  linder  then  fires  and  the  piston  is 
sent  back  to  its  first  position  again  with  the 
full   force  (if  an  cxplnsii.n.  lifting  the  bit  with 
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extraortlinary   power.     This  operation   contin- 
ues indefinitely. 

The  pulsator  is  of  tlie  two  cycle  design  (no 
valves  used)  and  is  fired  at  each  stroke  of 
the  piston.  The  cylinders  are  water  cooled 
under  the  control  of  a  self-contained  pump 
operatinsj  simultaneously  with  the  drill.  The 
fuel  and  oil  container  is  attached  to  the  side 
of  the  drill  and  is  adjustable  with  respect  to 


Method  of  Placing  Concrete  in  Lining 

a  Mine  Shaft. 

The  lining  of  the  No.  2  Hamilton  shaft  of 
the  Chapin  Mine  at  Twin  Mountain,  Mich., 
furnishes  a  suggestion  to  engineers  having 
vertical  shafts  to  line  in  the  matter  of  form 
work  and  concrete  placing.  The  excavated 
section  of  the  original   shaft  was   10x24%   ft. 


t 
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Fig.    1.     Sections    of    Mine    Sliaft    Showing     Method    of    Relining    with    Concrete. 


the  angle  at  which  the  drill  is  set.  When 
running,  the  lubrication  of  the  working  parts 
is  automatic.  The  oil  is  fed  into  the  gasoline 
and  the  cylinders,  pistons  and  bearings  re- 
ceive the  amount  necessary. 

The  drill  strikes  6it0  blows  a  minute  with 
a  bit  2-1-ft.  long  and  drills  holes  from  V4, 
ins.  to  2%  ins.  in  diameter  at  any  angle.  The 
cutting  speed  is  under  the  control  of  the  op- 
erator, but  when  running  at  full  speed  the 
drilling  is  as  rapid  as  the  air  or  steam  drills 
of  equal  cylinder  size  and  weight.  It  operates 
for  10  hours  on  less  than  3  gals,  of  gasoline 
when    drilling    continuously     at    the    highest 


Fig.    1. 


Screw     Anchor    with     Countersunk 
Clamp. 


speed.  The  cost  of  daily  operation  is  estimat- 
ed at  $3..50  for  drill  runner,  $2.50  for  drill 
helper,  T.j  cts.  for  gasoline  and  10  cts.  for 
lubrication,  a  total  of  !?t">.8.").  The  makers  are 
the  Rice  Gasoline  Rock  Drill  Co.,  1530  Land 
Title  Building,   Philadelphia,   Pa. 


and  it  was  1,434  ft.  deep  from  collar  to  bot- 
tom ;  it  was  originally  lined  with  timber.  The 
relining  involved  removing  the  old  timber 
and  constructing  new  concrete  lining  and 
compartment  framing.  Figure  1  indicates  quite 
clearly  the  old  and  tlie  new  construction. 

The  general  procedure  was  to  place  the 
lining  in  sections  starting  down  shaft  and 
working  upward  to  a  key  or  closure.  Thus 
the  first  section  was  begun  83%  ft.  below  the 
top  and  closed  at  the  collar;  the  second  sec- 
tion was  begun  219%  ft.  below  and  closed  at 
elevation  83%  ft.,  and  other  sections  of  vary- 
ing height  followed  in  order.  In  beginning 
a  section,  timber  bracers  were  divided  to  sup- 
port the  old  lining.  \  section  of  old  limlier, 
usually  12  ft.,  was  removed  and  the  timber 
above  was  held  by  posts  on  jack  screws  sit- 
ting on  12x12  in.  timbers  placed  on  the  bracers, 
^fter  the  first  fi-ft.  section  of  concrete  wa? 
placed  the  12x12  in.  timbers  were  placed  as 
shown  by  Fig.  ]  in  the  reinforced  concrete 
dividers  A,  B,  C  and  the  end  plates  D,  E. 
Here  we  niav  note  that  the  dividers  and  end 
plates  were  separated  with  bracers  moulded 
on   the   surface. 

The  lining  forms  as  indicated  by  Fig.  1  were 
flanged  steel  panels  with  suitable  notches  or 
recesses  for  tlie  ends  of  the  concrete  divider 
beams  and  end  plates.  .V  set  of  panels  form- 
ing a  fi-ft.  high  ring  around  the  shaft  was 
set  up  and  butted  together.  Next  the  divid- 
ers and  end  plates  were  set  in  place  and 
butted  to  the  steel  panels;  these  struts  braced 
the  wall  forms  firmly.  Next  the  wall  rein- 
forcing was  placed.  The  work  was  then 
ready   for  concreting  the  walls.       f 

Two  cages  operated  in  the  shaft.  The  con- 
crete was  mixed  at  the  plant  on  the  surface, 
using  Smith  mixers,  which  discharged  into 
side  dump  cars.  These  cars  were  run  into 
either  cage  and  lowered  to  the  work,  where 
a   revolving   chute,   as   shown   by   Fig,    1,   was 


attached  to  the  car  discharge  spout  and  the 
concrete  chutcd  behind  the  forms.  All  crev- 
ices in  the  shaft  walls  were  packed  to  within 
10  ins.  of  the  forms  with  stone  before  the 
concrete  was  poured.  The  average  amount 
of  material  for  6-ft.  vertical  section  of 
shaft  was  10  cu.  yds.  of  concrete,  1  cord  stone 
back   filling  and  550   lbs.  reinforcing   steel. 

The  force  employed  was  as  follows :  For 
removing  old  lining,  1  man  at  the  top  and 
0  men  below ;  for  placing  steel  forms,  2  men 
at  the  top  and  4  men  below ;  for  pouring  the 
concrete,  2  men  at  the  top  and  4  men  below. 
In  addition  there  was  a  shaft  foreman,  a 
concrete  foreman,  a,  hoisting  engineer,  who 
gave  part  of  their  time  as  did  the  men  work- 
ing in  the  mining  plant.  Eight  hour  shifts 
were  worked  and  the  average  time  required 
to  concrete  one  C-ft.  section  was  three  shifts 
or  24  hours,  which  includes  placing  forms, 
removing  one  set  of  forms  and  concreting. 
The  average  rate  of  progress  was  .56,7  .ft,  per 
month,  including  delays. 

The  above  description  is  condensed  from 
a  paper  by  S.  W.  Tarr  in  Proceedings,  Lake 
Superior  Alining  Institute,   1913. 


A  Screw  Insert  for  Anchor   Bolts  for 
Concrete  Work. 

(Contributed,) 

Inserts  that  can  be  used  in  the  forms  have 
become  an  important  detail  in  concrete  struc- 
tures because  a  little  consideration  in  locat- 
ing inserts  on  the  plan  does  away  with  an 
immense  amount  of  costly  drilling  when  the 
structure  is  completed.  Some  architects  stud 
factory  ceilings  and  side  walls  with  inserts 
at  the  corners  of  squares  2  or  3  ft,  on  a  side 
over  the  entire  area  so  thqt  shafting  and 
other  fixtures  may  be  readily  attached  at  any 
time.  These  inserts  are  usually  of  cast 
iron  and  can  be  nailed  to  the  forms;  when 
the  forms  are  removed  the  metal  face  of  the 
insert  shows  at  the  surface  of  the  concrete. 

The  illustrations  show  a  steel  spiral  insert 
that  lias  been  on  the  market  for  some  time, 
but  the  metal  clamps  for  nailing  the  bolts  to 
the  forms  are  a  new  feature.  The  spiral 
anchorage  can  be  located  at  any  depth  from 
the  concrete  surface,  thereby  giving  any  bold- 
ing  power  up  to  the  tensile  strength  of  the 
bolt.  The  head  of  the  bolt  mav  be  counter- 
sunk, as  shown  in  Fig,  1.  or  flush  with  the 
surfnce.  Fig,  2.  The  second  method  requires 
a  shallow-  auger  hole  in  the  form ;  never  more 
than  9/in  in.  for  a  1-in.  bolt,  so  tliat  no  in- 
jury is  done  to  the  forms.  Entire  fixtures 
may  be  countersunk  by  using  a  clamp  as  large 
as  the  base  of  the  fixture.  Several  bolts  may 
also  be  accurately  set  as  a  unit,  the  clamp  act- 
ing as  a  templet.  The  clamps  are  of  thin 
metal  and  can  readily  he  punched  to  order. 


Fig,    2.     Screw    Anchor    with    Flush    Clamp. 


The  small  size  of  this  insert  makes  it  id-ral 
for  complex  reinforcement,  as  it  will  readily 
fit  between  the  reinforcing  rods.  These  in- 
serts have  been  extensively  used  on  the  Bal- 
timore dock  work.  They  are  made  by  the 
Richmond  Screw  .'\nchor  Co.,  Pulitzer  Bmln- 
ing.   New   York  City. 
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Governor     Glynn's     Suggestion     That 

Convicts  Make  Paving  Brick;  and 

Some  Erroneous  Inferences  as  to 

Cost  of  Macadam  Maintenance. 

Governor  Giynii.  ul  Ww  ^ll^k.  has  urged 
the  state  legislature  to  provide  an  appropria- 
tion for  an  experimental  brick-making  plant 
to  be  operated  by  convicts.  The  Governor 
further  urges  the  use  of  brick  exclusively  for 
road  work,  and,  to  this  end,  he  proposes  to 
employ    the    state     convicts     as     brickmakers. 

Whatever  merit  exists  in  the  idea  of  con- 
vict-made brick  is  likely  to  be  overshadowed 
by  the  absurdities  that  accompany  the  plan  of 
wholesale  brick-making,  wholesale  abandon- 
ment of  all  types  of  road  other  than  brick, 
and  wholesale  error  as  to  the  cost  of  ma- 
cadam maintenance.     The  Governor  says: 

On  New  York's  12,000  miles  [when  completed] 
of  macadam  roads  the  annu.Tl  maintenance  will 
be  $12,000,000,  the  total  cost  of  the  roads  will 
be  $loii, 000,000.  and  at  the  end  of  ten  years  from 
the  datt  of  completion  the  state  will  have  little 
to  show  for  an  expenditure  of  $250,000,000.  In 
the  twenty  years  thereafter  the  tax  for  the 
highways  will  be  at  least  $20,000,000  each  year 
If  our  roads  are  to  be  kept  in  proper  condition. 

Governor  Glynn  is  less  to  blame  for  this 
nonsense  than  are  the  statistics  of  road 
maintenance  that  he  has  consulted.  As  we 
have  editorially  pointed  out  more  than  oikc, 
it  is  not  a  fact  that  the  annual  maintenance 
and  depreciation  of  the  average  bituminous 
macadam  road,  or  even  the  average  water- 
bound  macadam,  is  anything  like  as  much  as 
10  per  cent  of  its  first  cost.  Governor  Glynn 
estimates  maintenance  alone  nearly  10  per 
cent  and  then  ;idds  li>  per  cent  for  deprecia- 
tion! The  rebuilding  of  old  water-bound 
macadam  into  bituminous  macadam  has  been 
charged  to  "'maintenance"  in  New  York  state. 
as  well  as  in  other  states:  and  this  has  de- 
ceived many  people  into  believing  that  the 
true  m.Tinttnance  costs  will  be  as  large  as 
these  seeming  maintenance  costs.  We  call 
them  "seeming  maintenance  costs,"  for  they 
really  contain  two  elements  beside  true 
maintenance  expenses,  namely.  (1)  additions 
and  iitiprovenients  and  (2)  experimental 
construction. 

When  the  advent  of  the  automobile  made 
it  necessary  to  design  new  types  of  road,  a 
very  great  amount  of  experimenting  was  lic- 
Rtin  on  a  large  scale.  It  was  not  always  called 
experimenting,  hut  such  it  was  nevertheless, 
in  many  instances,  and  particularly  in  New 
York  state.  When  an  existing  macadam  road 
was  scarilled,  stone  added  to  increase  its 
thickness — and  often  its  width  also— and 
hitmnen  added  to  bind  the  stone,  all  this 
was  usually  charged  to  "maintenance  "  Hut 
the  major  part  of  this  cost  was  not  true 
maintenance  of  an  existing  structure  at  all. 
.•\8  well  charge  the  entire  cost  of  a  new- 
concrete  bridge  to  maintenance  because  it  has 
replaced  an  old  wood  or  iron  briilgc. 

Not  only  have  additions  and  improvemcnis 
often  been  improperly  charged  to  road  tnain- 
lenance,  but  nearlv  all  experimental  road 
work  lias  been  similarly  charged.  Noxy,  to 
be  perfectly  candid,  every  highway  engineer 
must  corccde  that  a  very  large  part  of  all 
now  road  con.lruction  during  the  last  few- 
years  has  been  experimental.  To  design  a 
road  that  would  be  economic  under  both 
atitnmohile  am'  horse  traffic  w-as  a  new  en- 
gineering problem,  and  it  justified  experi- 
menting on  a  large  scale.  Many  a  mile  of 
nnv  road  has  failed,  and  litis  failure  has  been 
improperly   regarded     as     Iriie     depreeialinn. 


Quite  of  a  piece  with  such  an  error  in  ac- 
counting would  it  be  to  charge  to  incandescent 
lamp  maintenance-  the  entire  cost  of  the  re- 
search and  inventions  that  led  to  the  develop- 
ment  of  the  niazda   lamp. 

Progress  costs  money — much  money  if 
there  is  to  be  much  progress — but  let  us 
avoid  the  sophistry  of  charging  the  cost  of 
progress  to  the  maintenance  of  existing 
things 

Governor  Glynn  has  Ijcen  deceived,  and 
many  an  engineer  has  been  deceived,  by  the 
use  of  so-called  maintenance  expenses  that 
w-erc  mainly  costs  of  additions  to  existing 
things  plus  the  costs  of  cvperinientiny.  To 
lake  one  instance  that  comes  to  mind :  A  cer- 
tain western  county  began  extensive  road 
construction  a  few  years  ago.  Much  experi- 
menting «-as  made  in  the  use  of  asphalt  and 
in  the  method  of  building  asphalt  macadam. 
Some  roads  remained  good  under  traffic,  but 
many  failed.  Out  of  this  experience  have 
come  methods  of  building  asphalt  macadam 
roads  that  show  no  sign  of  failure  after  years 
of  nse,  and  upon  which  the  expenditures  for 
maintenance  are  nominal.  Yet,  if  all  the 
cost  of  rebuilding  the  roads  that  failed  be 
charged  to  maintenance,  it  can  be  shown  that 
the  "maintenance"  costs  during  those  experi- 
mental ye.-irs  would  be  entirely  prohibitive  of 
further  bituminous  road  work.  It  is  just  this 
sort  of  a  condition  that  has  deceived  Gover- 
nor Glynn,  because  it  may  not  be  interpreted 
properly    by   his   advisers. 

It  is  a  matter  wholly  immaterial  to  En- 
gineering .\Ni)  CoNTR.\CTiNG  what  types  of 
road  shall  survive.  But  it  is  important  that 
both  road  builders  and  the  public  in  general 
shall  not  be  deceived  by  the  statistics  so  com- 
monly quoted  to  prove  high  costs  of  road 
maintenance.  There  is  every  likelihood,  w-e 
believe,  that  many  types  of  roads  will  con- 
tinue to  find  favor.  The  economic  conditions 
that  make  a  brick  road  preferable  in  certain 
localities  and  under  certain  traffic  will  not 
necessarily  exist  in  all  localities  and  under 
all  traffic  densities.  .Xnd  the  same  can  be 
said   of   every   other   type   of   road. 

Governor  Glynn's  suggestion  that  convicts 
be  employed  in  making  paving  brick  is  worthy 
of  consideration.  But  let  it  be  remembered 
that  labor  is  among  the  least  of  the  cost  ele- 
ments involved  in  vitrified  brick  making.  The 
fuel  for  brick  burning  and  the  interest,  main- 
tenance and  depreciation  on  the  brick  plant 
constitute  the  largest  part  of  the  cost  of  pro- 
iluction.  Convict  labor  is  notoriously  ineffi- 
cient even  where  no  skill  is  rc-qiiireil.  The 
manufacture  of  brick  is  a  process  requiring  a 
great  deal  of  skill,  ii  the  proiluct  is  to  be 
fit  for  use  as  a  road  surface.  It  would  seem, 
therefore,  that  the  manufacture  of  good  vit- 
rified brick  is  likely  to  result  in  economic 
failure  if  undertaken  as  suggested  by  Gov- 
ernor Glynn.  Let  it  be  proved  that  the  con- 
victs in  New  York  slate  can  economically 
produce  the  broken  stone  needed  for  the  con- 
crete foimdation  of  the  proposed  brick  roads 
before  the  state  embarks  on  a  manufacturing 
experiment   of   such   doubtful   success. 


Foundations  for  Buildings  Resting  on 
Yielding  Subsoils. 
The  greatest  tiiisiaki-s  of  designing  are  often 
made  in  connection  with  structures  which  do 
rot  appear  to  possess  exceptional  features. 
If  the  building  is  a  very  large  one,  or  if 
it  is  a  coiTiparativcly  narrow  one  of  great 
height.  '  '  arc  inclined  tf>  I'ive  each  feature 
of  it«  •iCsign  careful  consideration,  but  for 
the   average   structure  we   arc   apt   to  neglect 
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details  which  later  may  prove  to  be  very 
essential  ones.  The  problem  of  proportioning 
accurately  the  foundations  for  comparatively 
low  buildings  resting  on  yielding  subsoils  is 
one  which  generally  receives  too  little  at- 
tention. It  is  essential  that  the  exact  char- 
acter of  the  underlying  strata  be  determined 
before  starting  the  design  of  the  foundation, 
yet  many  buildings  are  designed  and  their 
con.struction  is  undertaken  w-ithout  a  careful 
survey  of  the  soil  conditons.  It  is  not  an  un- 
common occurrence  for  designers  to  find  it 
necessary  to  modify  the  foundation  design, 
even  after  construction  is  started.  Soil  strata 
often  shelve  rapidly,  and  a  thorough  knowl- 
edge of  soil  conditions  inay  lead  to  the  use 
of  different  types  of  foundations  for  various 
parts  of  the  building  if  the  best  results  are 
to  be  obtained. 

In  designing  the  foundations  for  compara- 
tively low  commercial  buildings  and  for  resi- 
dences, w-here  the  substructure  design  is  often 
considered  relatively  unimportant,  especially 
by  the  architect  w-hose  attention  is  centered 
on  the  aesthetic  design  of  the  superstructure, 
poor  judgment  is  often  exercised.  For  such 
buildings  the  essential  re(|uirement  of  the 
foundation  design  is  a  uniform  settlement  of 
all  parts  of  the  building.  We  are  so  ac- 
custoined  to  seeing  diagonal  cracks  in  brick 
and  concrete  walls,  and  broken  lintels,  that 
we  consider  such  defects  incidental  to  build- 
ing construction.  Much  of  this  unequal  set- 
tlement could  be  obviated  if  engineers  and 
architects  would  give  more  attention  to  the 
conditon  of  the  subsoil ;  to  the  deter- 
mination of  the  actual  weight  of  the  building 
and  the  distribution  of  this  weight  to  the 
footings:  and  to  the  accurate  proportioning 
of  the  footings  for  these  loads.  The  best 
results  are  usually  obtained  by  proportioning 
the  footings  for  dead  load  only,  using  unit 
bearing  values  w-hich  are  sufficiently  low  as 
not  to  be  exceeded  when  the  maximum  live 
load  is  on  the  structure.  We  have  know-n  of 
cases  where  the  footing  loads  were  computed 
(superficially")  from  the  preliminary  archi- 
tectural drawings,  and  were  not  even  checked 
when  the  final  draw-ings  were  completed. 
.\ny  one  familiar  with  building  design  will 
agree  that  there  is  usually  a  vast  ditTcrcnce 
between  preliminary  and  linal  architectural 
designs:  and  it  is  essential  that  the  accepted 
footing  design  be  based  upon  loads  carefully 
computed   from  the  final  design  drawings. 

If  tl;e  building  is  founded  on  rock  or  on 
a  good  quality  of  gravel  it  is  unneces.sary 
to  use  refinement  in  the  calculation  of  footing 
loads,  as  the  question  of  scttlenu-nt  is  not  such 
an  important  one,  but  for  buildings  resting  on 
yielding  subsoils  we  believe  that  this  part 
of  the  design  is  not  given  sulficicnt  atten- 
tion. Furthermore,  there  is  probably  no  part 
of  the  design  where  extra  lime  can  be  spent 
to  better  advantage  than  in  the  careful  pro- 
portioning of    footings 

Tunneling  for  Water  Supply  Intake  at 
St.  Louis. 

,\  very  fully  detaili-d  article  on  the  construc- 
tion plant  and  methods  employed  in  driving 
the  new  w-atcr  works  intake  tunnel  at  St. 
Louis  is  published  in  the  «-ater  works  section 
of  this  issue.  The  shaft  sinking  operations  are 
also  described  in  detail.  The  article  is  of 
great  value  to  all  who  are  interested  in  rock 
tunneling. 

The  rotitine  construction  operations  are 
emimerated  and  fully  discussed  for  the  pur- 
pose of  indicating  the  relative  efficacy  of  the 
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different  rnetliods  employed  on  the  several 
major  subdivisions  of  the  work.  Thus  the 
handling  of  the  plant,  the  drilling  and  shoot- 
ing of  the  heading,  and  tlie  handling  of  the 
spoil  are  all  described  so  as  to  indicate  the 
most  successful  methods  devised  for  perform- 


ing these  operations  on  the  St.  Louis  tunnel. 
The  progress  made  in  proceeding  according  to 
the  several  methods  employed,  particularly  in 
handling  tjie  construction  forces,  is  so  record- 
ed that  the  reader  can  readily  form  his  own 
estimate  of  their  comparative  worth. 


The  organization  of  the  forces,  both  on  top 
and  in  the  tunnel,  is  given  and  the  rates  of 
wages  in  effect  are  stated.  The  rates  employed 
in  the  application  of  the  bonus  system,  which 
helped  materially  in  the  progress  of  the  work, 
are  also  stated. 


I 


Results    of    Tests    to    Determine    the 

Action  of  Sea  Water  on  Concrete. 

There  has  been  considerable  discussion  as 
to  whether  chemical  action  or  frost  action 
was  mainly  responsible  for  the  disintegration 
of  concrete  constructed  in  salt  water.  To  ob- 
tain data  on  this  subject  the  Aberthaw  Con- 
struction Co.  of  Boston  has  made  a  series  of 
tests  on  24  concrete  piers.  These  piers  were 
16  ins.  square  and  about  16  ft.  long.  They 
were  placed  in  the  Charlestown  Navy  Yard 
in  1909,  and  have  been  subjected  to  a  mean 
tidal  rise  and  fall  of  about  10  ft.  The  piers 
were  placed  with  about  18  ins.  of  their  length 
out  of  water  at  mean  high  tide;  while  at 
mean  low  tide  only  about  4%  ft.  of  their 
length  were  submerged.  The  tests  were  re- 
corded by  an  officer  of  the  Government  navy 
yard,  while  careful  analyses  of  the  concrete 
and  of  the  materials  entering  into  its  com- 
position were  made  by  Herbert  L.  Sherman, 
of  Boston.  To  determine  the  effect  upon  the 
concrete  piers  they  were  inspected  from  time 
to  time,  the  last  inspection  being  made  in  De- 
cember, 1P13.  The  following  data  have  been 
taken  from  the  report  of  the  tests  made  by 
the   .•\bcrthaw   company. 


In  general,  the  specimens  which  were  rich- 
est in  concrete  gave  the  best  results.  Of  the 
24  piers  tested  only  1  showed  a  disintegra- 
tion of  the  entire  section.  This  specimen 
was  the  leanest  one  tested,  the  concrete  con- 
sisting of  1  part  cement,  3  parts  sand,  and  6 
parts  broken  stone,  cast  quite  dry.  The  dis- 
integration of  the  cross-section  of  this  pier 
was  complete  at  a  distance  of  about  SVz  ft. 
above  low  water.  About  1  ft.  of  the  length 
was  entirely  gone,  the  two  sections  being 
held  together  by  the  two  reinforcing  rods. 
The  concrete  was  very  slightly  affected  below 
the  low  water  level.  At  the  disintegrated 
portion  the  concrete  was  "dead,"  and  could 
be  picked  off  with  the  fingernails. 

In  contrast  to  this  specimen,  a  pier  com- 
posed of  1  part  cement,  1  part  sand  and  2 
parts  broken  stone,  cast  very  wet,  was  in 
good  condition  after  the  five-year  test.  The 
concrete  for  this  pier  when  cast  was  soft 
enough  to  run  quite  readily,  but  it  would 
not  flow  like  syrup.  When  examined  in 
March,  1910,  this  pier  was  apparently  in  as 
good  condition  as  when  placed.  When  last 
examined  the  face  and  back  were  slightly 
pitted,  but  the  edges  and  sides  were  in  ex- 
cellent condition. 


CONCRETE    M.^TERI.fl-S. 

Broken  Stone. — The  stone  used  for  the 
concrete  was  broken  trap  rock,  from  quaries 
at  Maiden,  Mass.  It  weighed  90.24  lbs.  per 
cubic  foot,  and  contained  50  per  cent  of 
voids.  The  gradation  of  size  of  stones  is 
shown    in   the   following  table: 


Diameter  of 
img.  inches. 


3/16. 

Vi... 


1 


Percent- 
age passing 
through  ring. 

0.25 

0.50 

1.75 

9.75 

25.25 

53.00 

80.75 

100.00 


Sand. — The  sand  was  obtained  from  banks 
at  South  Acton,  Mass.  It  was  clean  and 
sharp,  and  was  somewhat  finer  than  that 
ordinarily  used.  When  dry,  its  average 
weight  was  97.18  lbs.  per  cubic  foot,  and  it 
contained  34.2  per  cent  of  voids.  In  the 
condition  in  which  it  was  used  it  contained 
4.0  per  cent  of  water.  Its  fineness  is  indicated 
by  the  percentages  given  in  Table  II. 


TABLE  I.— COMPOSITION  OF  CONCRETE.  WEIGHT  PER  CUBIC  FOOT,    CONDITION    OF    CONCRETE   WHEN    CAST,    AND   CONDITION   OF 

SPECIMENS    AFTER   TEST. 


Quan-     Net  wt.  of 
Concrete  tity  of      concreto, 

Ref.  No.    , proportions. ^  water  in         lbs. 

of  pier.    Cement.  Sand.  Stone,  pier,  lbs.  per  cu.  ft. 
1 1  1  2  248  152.10 


295  131.06 

425  145.114 


2V4         4'/4         163  . 


2'A         4>^ 
2%         4% 

3  6 


195 
345 

182 

240 


145.82 


150.30 
152.20 


Condition  of  concrete  and  other  data 
pertaining  t  i  irgrecitnts. 
Dry. 

Plastic. 

Vei'y  wet. 


Dry — About  10  per  cent  excess  of  cement  over  voids, 
same  excess  of  mortar. 


Plastic — About    10   per   cent  excess  of  cement   over 

voids,  same  excess  of  mortar. 
Very  wet — About  10  per  cent  excess  of  cement  over 

voids,  same  excess  of  mortar. 


142.30     Dry. 


146. SS     Plastic. 


9. 

.10. 
111. 

12. 

!l3. 

H. 
IB. 

I  17. 


,18. 
19. 

20. 


3 

6 

343 

14.5.40 

1 

2 

305 

142.10 

3 

6 

353 

146.20 

1 

2 

325 

145.90 

3 

fi 

345 

142.80 

1 

2 

330 

144.20 

?, 

6 

335 

142.70 

1 

2 

315 

142.70 

3 

6 

293 

145.90 

1 

2 

330 

145.60 

n 

6 

370 

143.30 

21 This  pier  was  lost 

22 1  3 


23. 
24. 


Very  wet. 

Wet — "Blanc"   cement — Free  from  iron. 

Wet — "Blanc"   cement — Free   from   iron. 

Wet — "Atlas"  cement — High  in  .ilumina. 

Wet — "Atlas"  cement— High  in  alumina. 

Wet — "Helderberg"  and  "Lehigh"  mixed — Low  in 
alumina. 

Wet — "Helderberg"  and  "Lehigh"  mixed — Low  in 
alumina. 

Wet — Iron  ore  cement,  practically  free  from  alimi- 
Ina. 

Wet — Iron  ore  cement,  practically  free  from  alum- 
ina. 

Wet— Universal  cement  (slag  cement). 

Wet — Universal  cement   (slag  cement). 


275  145.50     Quite  wet,  exceptionally  well  mixed. 


Quite  wet— 0.1   hydrated  lime  and  0.9   Portland  ce- 
ment. 

Quite  wet — S.vlveater  mortar — solution  of  soap  and 
alum. 

Quite  wet — 5  per  cent  pulverized  clay,  9B   per  cent 
Portland  cement. 


6 

326 

146.70 

6 

298 

137.90 

6 

275 

151.60 

Condition  of  pier;    (a)   on   March  3,   1910;   (b)   on 
Dec.   17.  1913. 

(a)  Front  face  slightly  eroded;  max.  at  half  tide, 
(b)  Face  badly  eroded  for  full  length;  sides 
and  back  in  good  condition. 

(a)  In  excellent  condition,  (b)  Face,  sides  and 
back  slightly  pitted  below  mid-tide. 

(a)  In  excellent  condition,  (b)  Face  somewhat 
pitted;  tdges,  sides  and  bade  in  good  condi- 
tion, slightly  pitted. 

(a)  Extreme  erosion  about  1  in.;  stones  exposed 
on  front  face.  (b)  Face  badly  eroded 
throughout;  back  in  good  condition;  sides  in 
fair  condition. 

(a)  In  excellent  condition,  (b)  Slightly  pitted  ot 
all  sides  from  top  to  bottom. 

(a)  Surface  somewhat  soft.  ib)  Sides  in  good 
condition;  face  somewhat  pitted;  corners 
eroded  at  low  tide. 

(a)   Sides   slightly   pitted;    front   face   eroded,   ex- 
posing   stones.        (b)      Pier     entirely     eroded 
through    at    about    3%    ft.    above    low   water. 
(See    Fig.    1.    No.    7.1 

(a)  In  excellent  condition,  (b)  Front  and  sides 
pitted;  back  badly  eroded  from  low  to  mid- 
tide,  max.   erosion  5  ins. 

(a)  In  excellent  condition,  (b)  In  fair  condition; 
face  slightly  pitted;  edges  somewhat  eroded. 

(a)  In  excellent  condition,  (b)  In  good  condi- 
tion;  shows  little   bad   effect, 

(a)  In  excellent  condition,  (b)  In  good  condi- 
tion; slightly  pitted  below  low  water;  edges 
fairly  good. 

(a)  Slightly  eroded  on  front  face,  (b)  In  good 
condition;  front  slightly  pitted;  edges  all 
good. 

(a)  Slightly  eroded  on  front  face,  (b)  In  fair 
condition;  sides  and  back  In  good  condition: 
face  and  one   corner  somewhat   eroded 

(a)  In  excellent  condition,  (b)  Face  a  little  pit- 
ted;   in   pood   condition. 

(a)  Slightly  eroded  on  front,  (h)  Condition  good 
for  entire  length;   face  pitted, 

(a)  In  excellent  condition,  (b)  In  good  condition 
all  over. 

(a)  In  excellent  condition.  (b)  All  four  sides 
somewhat  eroded;  deepest  holes  H  In.;  mos: 
erosion  at  low  tide. 

(a)  In  excellent  condition,  (b)  In  good  condi- 
tion:  back   slightly  pitted. 

(a)  Slight  roughness  on  front  face,  (b)  Eroded 
badly  between  high  and  low  water:  corners 
gone:   back   eroded  all  over  to  max,  of  4  Ins, 

(a)  Slight  roughness  on  front  face,  (b)  Slightly 
flaked  on  all  four  sides  between  low  and  hal. 
way  to  high  water;   corners  slightly  eroded. 

(a)  In  good  condition,  (b)  Face  badly  pitted; 
eroded  4  Ins.  at  mid-tide;  sides  and  bacH 
pitted.  ^    ., 

(a)  Corners  eroded  In  places,  (h)  Face  badly 
eroded  Just  above  low- tide:  corners  at  bottom 
gone;  not  much  erosion  above  nild-tlde, 

(a)  Outer  face  somewhat  soft,  (b)  ^'urface? 
somewhat  eroded  between  high  and  low-tide: 
corners  eroded  throughout;  face  worse  than 
sides. 
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TABLE   II— SIEVE    ANALYSIS    OF   SAND. 

Percent- 
age passins 
Slevr  number.  through  sieve. 


100. 
50. 
30. 
20. 
16. 
10. 

8. 

6. 


4.8 
24.0 
52.0 
73.4 
86.4 
91.0 
i'3.4 
96.1 
100.00 


'li-in.    mchh 

Cement. — Specimens  Nos.  1  to  !•,  inclusive 
(see  Table  I),  contained  commercial  Portland 
cement  possessing  no  particular  characteris- 
tics. Specimens  Nos.  10  and  11  contained 
"Blanc"  cement ;  Nos.  12  and  13  contained 
"Atlas"  cement ;  Nos.  14  and  If)  contained  a 
mixture  of  "Helderberg"  and  ''Lehigh"  ce- 
ments :  Nos.  1(J  and  17  contained  an  iron- 
ore  cement;  Nos.  18  and  19  contained  "Uni- 
versal" cement ;  No.  22  contained  a  mixture, 
consisting  of  0.9  cement  and  0.1  hydrated 
lime ;  No.  23  contained  "Sylvester"  mortar, 
a  solution  containing  soap  and  alum :  and 
No.  24  contained  95  per  cent  of  Portland  ce- 
ment and  5  per  cent  of  pulverized  clay. 

CONCRETE   PROPORTIONS. 

The  concrete  proportions  for  each  pier  are 
given  in  Table  I.  The  quantity  of  water 
used,  the  net  weight  of  the  concrete  per  cubic 
foot  and  other  essential  data  are  also  given 
in  this  table.  Each  pier  was  practically  IG 
ins.  square  and  16  ft.  long.  Pier  No.  21  con- 
tained sea  water  instead  of  fresh  water,  but 
this    pier    was   lost. 

CASTING    OF    PILES     AND    GENERAL    DATA    ON    RE- 
SULTS  OF   TESTS. 

The  piers  were  cast  in  a  horizontal  posi- 
tion, during  the  period  Jan.  8  to  Jan.  10,  1909, 
in  one  of  the  navy  yard  buildings.  The  tem- 
perature of  the  building  was   not   very  high. 


I0-3- 

■e-si-'-f— -■2:a"--^*--2-a-.-. 


-■Z^5^^ 


L*?T'Uc$?^: 


(a)  Plan 


KZH 


E.4C. 


Piles  for  Toi\er'N'only 
(b)  Elevation 

Fig.     2.   Plan     and     Elevation     of     Piers    for 
Tower   Legs. 


but  it  was  kept  above  freezing.  The  forms 
were  removed  two  or  three  days  later,  and 
the  piers  were  all  immersed  in  salt  water  be- 
tween Feb.  23  and   March   1.   1909. 

To  give  each  pier  sufficient  stiffness  for 
handling,  a  %-in.  square  twisted  bar,  bent  in 
the  shape  of  the  letter  "U"  (the  legs  of  which 
formed  reinforcement  for  the  full  length  of 
the    pier),    was    embedded    in    the    concrete. 


The  loop  portion  of  the  "U"  projected  .i 
short  distance  above  the  top  of  the  pier  to 
enable  a  hook  to  be  inserted.  Later  on  (in 
November,  1913)  it  was  found  necessary  to 
move  the  specimens  to  another  location.  The 
loops  were  found  to  be  weak,  and  to  facili- 
tate the  handling  of  the  piers  holes  were 
drilled  in  their  tops,  and  hooks  were  inserted 
in   these   holes  and  grouted  in   place. 

A  steel  pipe,  2%  ins.  in  diameter  and  8  ft. 
long,  was  embedded  in  the  upper  end  of 
each  specimen.  This  pipe  was  removed,  leav- 
ing a  hole  in  the  specimen  by  means  of  which 
the  percolation  of  sea  water  was  measured. 
A  short  section  of  3-in.  pipe,  with  a  remov- 
able cap,  was  fitted  into  the  top  of  this  hole  to 
keep  out  the  rain  and  splashings.  The  hole 
in  each  pier  was  sounded  on  Dec.  22,  1909, 
to  determine  the  amount  of  sea  water  per- 
colation. Sixteen  of  the  holes  were  dry, 
while  the  others  contained  from  19  to  65  ins. 
of  water.  The  depths  of  water  in  several  of 
the  piers  were  as  follows:  No.  T,  19  ins.; 
No.  8,  22  ins.;  No.  15,  27  ins.;  No.  1,  38  ins.; 
No.  5,  52  ins. ;  No.  4,  60  ins.,  and  No.  2,  65  ins. 
Table  I  (p.  516)  gives  data  describing  the 
composition  of  the  concrete  for  each  pier,  the 
condition  of  the  concrete  when  cast,  and  the 
condition  of  the  pier  on  March  3.  1910,  and  on 
Dec.  17,  1913.  As  has  already  been  mentioned 
the  piers  were  placed  in  the  sea  water  during 
the  period  Feb.  23-March  1,  1909. 

Figure  1  (p.  516)  shows  views  of  11  of  the 
specimens.  These  views  indicate  the  condition 


Design  Features  of  300-Ft.  Steel  Tow- 
ers for  Radiotelegraph  Service 
at  Key  West,  Fla. 

(Staff  Article.) 
The  Government  is  now  having  constructed 
at  Key   West.   Fla.,  three  300- ft.  steel  towers 
for    its    radiotelegraph    station    at    that   point. 


Tower  N 


Distances  gi\/enon  toiler  refer  to 
<£.  of  top  of  concrete 
,    ^_ ^Si'Approx  Towers:/ 


Tower  W 


Z.&.C 


Fig.   1.  Lay-out  of  Three-Tower   Installation 

for    Radiotelegraph    Service   at    Key 

West,    Florida. 


TABLE  I. 

—ELEVATIONS  OF  TOP  OF  PIER,  GROUND    AND 

ROCK    FOR    EACH 

PIER. 

Pier  n 

id;         «# 

Elev.  top 

Elev. 

•Elev.' 

Elev.  top        Elev. 

Elev. 

Elev.  top        Elev. 

Elev.' 

of  concrete. 

ground. 

rock. 

of  concrete,   ground. 
Tower    N. 

■    rock. 

of  concrete,   ground. 

rock. 

12S.8 

12S.2 

108.6 

128.8             128.3 
Tower    E. 

117.0 

128.8             128.2 

112.9 

131.4 

130.5 

129.6 

131.4             130.9 

Tower    W. 

129.3 

131.4             130.6 

128.6 

129.3 

128.8 

122.5 

129.3             12S.8 

123.2 

129.3             128.5 

122.5 

PI  e''!'" 


pize''i''-3-6 


fa)  Elevation 


lL..,-.^-'--..i\         o   o 


Cl 
',  .05: 


•■?-2j— ----- /'5i--~- 


(d)SECTiON  B-B 
Z  S.C, 


(b)PLAN 

Fig.   3.   Plan   and    Elevations   of   Anchorage  for  Tower  Legs. 

of  these  piers  on  Dec.  17,  1913.     As  will  be  noted  The  base  of  each  tower  forms  an  equilateral 

by   referring  to   Table   I,   most   of   the   speci-  triangle,    with    side    lengths   of    60    ft.     Ea.li 

mens  not  shown  in  Fig.  1   were  in  good  con-  tower   leg    is    supported    on    and    is   anchored 

dition   at  the  end   of  the  test.  to    a    concrete    pier    resting    either    on    a   pile 
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foundation  or  on  rock.  A  steel  ladder  is 
provided  for  teaching  the  top  of  the  tower, 
where  the  sheaves  for  supporting  the  wire 
rope  aerial  are  placed.  The  foundations 
were  constructed  and  the  anchorage  was  set 
by  the  Government,  it  having  been  specified 
that  the  steel  for  the  latter  was  to  be  fur- 
nished by  the  contractor  within  40  days  after 
the  award  of  the  contract.  In  constructing 
the  towers  it  was  specified  that  the  contractor 
could  obtain  electric  current  from  the  navy 
yard  supply  and  could  use  the  railroad  tracks 
and  rolling  stock  of  the  yard  system  and  yard 
hoisting  appliances,  paying  for  the  material 
and  service  at  prevailing  Government  rates. 
It  was  further  specified  that  the  Government 
would  furnish  and  install  1  meter,  1  switch, 
1  transformer  for  electric  current,  in  case  al- 
ternating current  was  provided,  and  1  water 
meter  and  shut-off  each  for  fresh  and  salt 
water  mains  within  the  area  assigned  to  the 
contractor.  The  structural  steelwork  was  gov- 
erned by  the  "Specifications  for  Mill  'and 
Foundry  Products"  issued  by  the  \avy  De- 
partment.   The  estimated  weight  of  one  tower 


Fig.  4.  Stress  Sheet  for  300-Ft.  Steel  Towers,    Showing   Principal   Din»en»ion«  and  Compo- 
sition of   Members. 


(b)  Plan  or  Top 


Fig.  5.   Plans  of  Tops  of  Towers  for  Three- 
Tower  and  for  Two-Tower  Installations. 

is  OU  Ions  and  the  estimated  cost  of  the  three 
towers  is  $lo,OUii. 

LOAtiS     ANt>     At.LOWAnLK     STRl;SSES. 

In  designing  the  towers  and  their  founda- 
tions a  wind  pressure  of  .30  lbs.  per  square 
foot  of  tower  surface  was  used.  The  ma.xi- 
intim  resultant  at  the  top  of  the  lower  due 
to  the  pull  of  the  antennae,  with  this  wind 
pressure,  is  3,Sit(»  lbs. 

The  compression  members  of  the  tower  were 
designed  for  the  combined  dead  and  wind 
loads,  using  .in  allowable  unit  stress  of  18,000- 

I 
70  — ;   where  /  is   the  unsupported   length,  in 

r 
inches,  and  r  is  the  least   radius  of  gyration. 

I 
The  limiting  value  of  —  used  for  main  mem- 

r 
bers  was  100,  and  for  secondary  nicmbers  140. 
The  allowable  unit   tensile  stress  was   18,000 
lbs. 

THK   tOfNDATIONS. 

Figure  I  shows  a  lay-out  of  the  throe  tow- 
ers and  gives  the  distances  between  the  cen- 
ters of  the  towers,  together  with  the  refer- 
ence letter  of  each  pier.  The  concrete  piers 
for  tower  "N"  are  on  pile  foundations.  Piling 
was  not  used  for  the  piers  of  the  other  two 
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towers,  as  the  distance  to  rock  was  not  great. 
Table  I  shows  the  elevation  of  the  top  of 
pier,  the  ground  elevation,  and  the  elevation 
of  underlying  rock  for  the  various  piers  of 
the  three  towers. 

Figure  2  shows  a  plan  and  elevation  of  a 
typical  pier  for  tower  "N".  The  pier  sup- 
porting each  leg  of  this  tower  is  at  an  apex 
of  an  equilateral  triangle  with  side  lengths 
of  60  ft.  Each  pier  is  lU  ft.  3  ins.  square 
by  7  ft.  deep  and  is  supported  on  8  wooden 
piles  driven  to  rock.  The  embedded  anchor- 
age for  the  tower  leg  is  shown  on  the  plan 
and  elevation. 

The  piers  which  support  the  legs  of  tower 
"\\"  arc  of  similar  construction  to  that 
shown  in  Fig.  2.  except  that  these  piers  rest 
on  solid  rock.  By  referring  to  the  data  given 
in  Table  I  for  these  piers  it  will  be  seen  that 
a  small  amount  of  rock  excavation  is  neces- 
sary to  obtain  the  required  depth  of  7  ft. 

By  referring  to  Table  I  it  will  be  seen 
that  the  rock  ledge  at  tower  "E"  lies  only 
a  short  distance  below  the  ground  surface. 
For  this  tower  it  w'as  specified  that  the  depth 
of  penetration  might  be  reduced  and  suitable 
rods  grouted  into  the  ledge  if  the  rock  was 
sound. 


.\.\CHOR.\Gli    lOK    TOWER   LEGS. 

A  detail  of  the  anchorage  for  the  tower 
legs  is  shown  in  Fig.  .'J.  In  general,  the  10-in. 
3o-lb.  I-beams  extend  -j  ft.  (J  ins.  into  the 
concrete  pier,  although  this  distance  varies 
for  the  piers  of  tower  "E."  It  w'ill  be  noted 
that  temporary  wood  blocking  is  used  under 
the  tow'er  legs.  This  is  to  provide  space  for 
the  insulation  which  is  to  be  furnished  and 
installed  by  the  Government. 

SUPERSTRUCTURE. 

The  three  .300-ft.  towers  are  alike  and  are 
triansular  in  form.  The  length  of  a  side 
ijf  the  triangle  at  the  top  is  4  ft.  and  at  the 
bottom  CO  ft.  Figure  4  shows  the  stress  sheet 
for  these  towers.  The  panel  lengths  of  the 
towers  vary  considerably,  as  noted  on  the 
drawing,  and  are  sub-divided  as  shown.  The 
tabular  data  give  tlie  composition  of  each 
member.  A  ladder  extends  from  top  to  bot- 
tom of  the  tower,  and  two  intermediate  rest- 
ing platforms  are  provided. 

Figure  5  (a)  shows  a  plan  of  the  top  of 
the  tower  and  gives  the  arrangement  of  the 
sheaves  for  a  three-toWer  installation.  The 
same   towers    are   used    for   a   two-tower    in- 


stallation, the  arrangement  of  the  sheaves  be- 
ing as  shown  in  Fig.  .5  (b).  The  following 
data  apply  to  the  sheaves : 

Ins. 

Pilch  diameter  of  sheaves li; 

Flange  diameter  of  slieaves i:i-\, 

Rim  thicliness  2 

Dinmeter  of  pins 1 

Length  of  bearing L 

Sheaves  are  oast-iron. 

The  towers  are  to  be  painted  with  three 
coats  of  paint,  the  shop  coat  consisting  of 
the  following  proportions :  100  lbs.  red  lead, 
20  lbs.  white  zinc,  .5  gals,  raw  linseed  oil,  and 
3%  pints  of  turpentine  Japan  drier.  It  is  speci- 
fied that  the  steelwork  is  to  be  inspected 
after  erection  and  all  places  where  the  shop 
coat  is  not  in  good  condition  are  to  be  thor- 
oughly wire-brushed  and  cleaned  and  given  a 
further  coat  of  red  lead  in  oil.  The  two 
finishing  coa'ts  of  dark  green  paint  shall  have 
approximately  the  following  composition: 
Zinc  oxide,  4-5  per  cent ;  sublimed  white  lead, 
2.")  per  cent:  inert,  10  per  cent;  zinc  chromate, 
T)  per  cent ;  lampblack,  5  per  cent :  inhibilive 
Prussian  blue,  5  per  cent;  and  medium  chrome 
yellow,  o  per  cent ;  all  well  ground  and  of 
first-class  manufacture,  the  paint  to  be  pre- 
pared with  raw  linseed  oil  as  a  vehicle. 


Contractor's   Plant  and    Methods   Em- 
ployed  in    Constructing   the   Tunnel 
and  Shafts  of  the  New  St.  Louis 
Water     Works     Intake    at    the 
Chain  of  Rocks. 

Contributed    by    C.     II.    Holiing.sworth.    General 
Superintendent    of    Construction. 

(The  following  article  relates  almost 
wholly  to  the  construction  of  the  tunnel. 
and  shafs.  The  design  of  the  tower,  tunnel 
and  screen  chamber  was  fully  descrilicd  and 
illustrated  in  an  article  published  in  this  sec- 
tion in  the  issue  of  Oct.  2.0,  1013.  An 
article  contributed  by  Mr.  Hollingsworth,  de- 
scribing the  construction  plant  and  methods 
employed  in  placing  the  cofferdam  for  the 
new  intake  tower,  which  will  also  form  a 
part  of  the  works  for  the  additional  water 
supply,  was  published  in  this  section  in  the 
issue  of  April   1,   1014.— Editors.) 

The  tunnel  here  considered  is  a  part  of  the 
water  works  improvements  now  being  carried 
on  by  the  city  of  St.  Louis.  It  runs  from 
the  new  intake  tower  in  the  Mississippi  River 
to  the  present  pumping  station  at  the  Chain 
of  Rocks  plant.  .\t  the  pumping  station 
there  is  a  large  shaft  for  a  screen  chamber 
and  a  connection  from  this  to  the  present 
pump  well.  From  the  screen  chamber  the 
main  tunnel  runs  on  a  descending  grade  to- 
ward the  river,  at  about  a  0  per  cent  grade 
for  a  distance  of  about  .537  ft.  to  a  drainage 
shaft.  This  short  section  of  land  tunnel  has 
a  sharp  curve  in  it  near  the  screen  chamber. 
This  curve  has  a  75-ft.  radius  and  is  76  ft. 
in  length. 

The  drainage  shaft  is  located  close  to  the 
river  bank  and  is  about  90  ft.  deep  including 
a  6-ft.  sump  below  tunnel  grade.  The  sump 
of  this  shaft  is  connected  by  a  new  tunnel, 
4  ft.  diameter  inside  the  concrete  lining, 
with  an  existing  drainage  shaft  or  well  which 
was  built  some  time  ago  to  drain  the  old  7-ft, 
tunnel  with  which  it  is  connected  by  a  small 
tunnel  provided  with  a  sluice  gate.  With  the 
above  arrangement  after  the  work  is  com- 
pleted either  or  both  of  the  tunnels  can  he 
drained  by  opening  the  gates  of  the  small 
drainage  tunnels.  The  old  drainage  well  is 
provided  with  a  lO-in.  direct-connected  cen- 
trifugal pump,  run  by  an  electric  motor.  From 
the  drainage  shaft  the  new  tunnel  runs  out 
under  the  river  for  2.2.53  ft.  on  an  ascending 
grade  of  1  ft.  in  1,000  ft.  and  in  a  straight 
line  to  the   new   intake  tower. 

All  the  tunnel  work  was  done  from  the 
drainage  shaft  and  the  plant  for  the  work  was 
located  there.  The  shaft  is  circular  and  12 
ft.  inside  diameter  in  earth  and  10  ft.  in  rock. 


.\s  32  ft.  of  the  shaft  is  in  earth  and  the 
bottom  14  ft.  of  that  in  quicksand  a  con- 
crete caisson  was  used  for  sinking  it  down 
to  rock.  A  pit  was  dug  about  12  ft.  deep  and 
IS  to '20  ft.  in  diameter  and  a  steel  shoe  made 
up  of  plates  and  angles  was  set  in  the  bottom 
of  the  pit.  On  top  of  this  the  inside  and 
the  outside  forms  for  the  concrete  lining, 
which  was  20  ins.  thick,  wxre  set  up.  The 
forms  consisted  of  angle  iron  bent  to  the 
proper  radius  for  ribs  and  1  in.  wood  lagging. 
.A  view  of  the  cutting  edge  and  a  portion  of 
the  form  for  the  shaft  caisson  is  shown  in 
Fig.  1.  They  were  set  up  in  5-ft.  sections 
with  the  angles  3  ft.  apart  vertically.  Con- 
crete was  then  poured  for  the  first  5-ft.  sec- 
tion and  the  forms  for  the  second  section 
were  placed  immediately  tliereafter.  By  the 
time  this  section  had  been  poured  the  forms 
could  be  removed  from-  the  first  section  and 
set  up  for  the  third  section  and  so  on  to  the 
top.  The  concrete  w-as  carried  up  for  20  ft. 
in  this  manner  when  all  the  forms  were  re- 
moved and  the  excavation  started  inside  the 
caisson.  Vertical  timbers  were  placed  against 
the  outside  of  tlie  concrete  at  four  places 
around  its  circumference  braced  solidly,  and 
plumbed  up  exactly  to  keep  the  caisson  ver- 
tical. The  progress  through  the  lower  18  ft. 
of  earth  and  sand  was  very  rapid,  as  much  as 
8  ft.  of  shaft  being  excavated  in  an  8-hr. 
shift.  When  the  caisson  had  reached  the 
rock  it  was  caulked  with  wooden  wedges  and 
oakum  between  the  caisson  and  the  rock. 
.About  4  ft.  of  the  shaft  was  then  excavated 
in  the  rock  and  a  collar  concreted  in  it  reacli- 
ing  from  a  point  about  2%  ft.  below  the  top 
of  the  rock  to  a  point  about  2Vz  ft.  below  it. 
This  collar  was  about  11  ft.  inside  diameter 
and  when  the  concrete  lining  in  the  rock  sec- 
tion of  the  shaft  is  placed  later  on  it  will 
be  in  ft.  inside  diameter  covering  the  collar 
completely  as  the  lining  will  reach  up  to 
the  top  of  the  former. 

Rock  excavation  in  the  shaft  was  started 
about  Sept.  5.  1013.  and  four  C-llO  Ingersoll- 
Rand  drills  were  used  to  do  the  drilling. 
They  were  mounted  in  pairs  on  two  4''4-in. 
b.irs  10  ft.  long,  each  bar  being  equipped 
■with  two  arms.  It  was  desired  to  do  all 
the  drilling  on  one  shift  and  the  mucking 
on  the  other  two.  This  could  he  accomplished 
when  water  did  not  interfere  with  matters 
but  as  the  work  progressed  water  seams  were 
often  encountered  which  had  to  he  grouted 
and  that  took  a  great  deal  of  time. 

The  two  bars  were  set  up  in  the  shaft  as 
far  apart  as  possible  and  all  holes  were  drilled 
from  the  one  setting.  As  a  usual  thing  6  or 
7  ft.  cut  holes  and  4  or  .5  ft.  side  round  holes 
were  drilled.    At  the  beginning  of  the  drilling 


shift  the  gang  would  set  up  the  machines  and 
after  drilling  the  complete  round  would  shoot 
the  cut  or  sump  holes  as  they  went  otT  shift. 
The  next  gang  would  muck  the  cut-out  clean, 
reload  the  cut  holes  if  necessary  and  shoot 
it  and  the  trimming  holes  and  then  muck 
out  as  much  of  that  as  possible.  The  third 
shift  would  then  come  on,  clean  up  all  the 
muck,  reload  any  holes  of  which  a  foot  or 
more  remained,  shoot  those  and  then  clean 
up  ready  for  the  drilling  shift  again.  Work- 
ing on  this  system  and  with  even  a  fairly  dry 
shaft  a  progress  of  from  4  to  6  ft.  per  day 
could  be  maintained.  As  it  was,  however,  the 
progress  from  start  to  finish  on  the  rock  sec- 
tion of  the  shaft  averaged  about  2.6  ft.  per 
day  not  allowing  for  lost  time.  Counting  out 
the  time  lost  in  grouting,  etc.,  the  progress 
would  run  about  4  ft.  per  day. 

When  the  shaft  had  been  sunk  to  tunnel 
grade  two  shots  were  taken  out  of  each 
tunnel  heading  after  which  the  sump  was  shot 
out.  Later  when  a  short  distance  of  tunnel 
had  been  driven  each  way  the  small  drainage 
tunnel  w-as  started.  The  two  main  tunnel 
headings  were  each  carried  in  about  200  ft. 
and  the  drainage  tunnel  about  50  ft.  before 
the  cages  were  installed.  Previous  to  in- 
stalling them  the  muck  was  handled  in  wooden 
box  cars  with  a  door  in  one  side  for  dumping 
the  load.  These  were  the  cars  used  for 
handling  muck  all  through  the  work.  The 
bottom  of  the  car  was  covered  with  steel 
plate  and  had  a  12-in.  slope  toward  the  door 
side  of  the  box.  End  and  front  views  of  one 
of  these  cars  are  shown  in  Fig.  2.  Some  of 
the  cars  were  temporarily  fitted  with  a  hook 
on  each  corner  of  the  frame  to  which  a 
four-w'av  chain  was  hooked.  The  cars  were 
loaded  in  the  heading,  run  out  to  the  shaft 
where  they  were  picked  up  with  the  derrick 
by  means  of  the  chain  mentioned  and  lifted 
to  the  top.  They  were  there  set  down  on  a 
21 -in.  gage  track  and  run  out  and  dumped. 

For  sinking  the  shaft  round  iron  dumn 
buckets  were  used,  holding  about  %  cu.  y  ' 
These  were  handled  by  a  stiff  leg  derric 
with  a  50-ft.  boom  and  the  spoil  was  dumpeil 
near  the  shaft  for  filling  purposes.  When 
ready  for  the  cages  the  headings  were  shut 
down  and  a  small  gang  was  put  to  work 
cutting  hitches  for  the  shaft  timbers.  Thi 
sets  of  timber  were  placed  about  8  ft.  ap.ir' 
and  were  let  into  the  rock  at  the  corners.  Thi 
timbering  was  of  6x8  in.  pine;  2x6  in 
planks  dressed  to  fit  the  channels  on  the 
cages  were  used  for  slide  rails  for  the  latter. 
.\hovc  the  rock  the  timbers  were  bevelled  at 
the  corners  to  fit  the  circular  concrete  shaft 
lining  to  which  they  were  fasteiied  with  lag! 
screws  running  into  pine  plugs  driven  in  holes| 
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drilled  in  the  concrete.  There  was  just 
enough  room  for  two  t>  ft.  ti  in.  x  4  ft.  1  in. 
cages  in  the  shaft  but  as  the  latter  was  cir- 
cular there  was  space  enough  left  outside  the 
timbering  on  two  sides  for  discharge  pipes 
from  pumps,  air  and  steam  lines,  etc.  A  4-in. 
air  line  was  run  from  the  compressor  to  the 
shaft  and  down  to  the  bottom  of  the  latter 
where   it    branched    into   two   3-in.    lines,   one 


the  battery  box  of  the  locomotive  and  was 
run  alongside  of  the  latter  on  a  double  track. 
The  four  trays  of  batteries,  44  cells  in  all, 
were  then  slid  over  to  the  flat  car  and  the 
latter  run  on  the  cage  and  taken  on  top  where 
it  was  run  into  the  battery  shed,  the  old 
set  of  batteries  slid  off  to  the  charging  plat- 
form, and  the  new  set  slid  from  the  platform 
to    the   car    and    the    latter    tiuii    i.ikm    helow 


Fig.  1.   View  of  Steel  Cutting   Edge  of  Shaft    Caisson     with     Lower    Section     of    Outside 
Form  Complete — St.   Louis  Water  Works    Shaft  and  Tunnel   Construction. 


running  to  each  heading.  To  supply  air  a 
Wi"  cu.  ft.  per  minute  capacity  two-stage 
Norwalk  air  compressor  was  installed  with  a 
3  ft.  X  1 J  ft.  receiver.  To  supply  steam  for 
the  compressor,  cage  hoist,  and  pumps,  three 
7.VII.  I',  locomotive  type  boilers  were  used. 
A  Webster,  Lamp  &  Lane  single  drum,  link 
motion  reversible  hoisting  engine  with  a  48  x 
4>'-in.  drum  operated  the  cages.  The  latter 
Were  rove  up  rlouble  with  a  sheave  on  lop  oi 
each  cage.  The  cable  for  one  cage  led  off  the 
top  of  the  drum  of  the  engine,  over  a  sheave 
on  the  head  house,  through  the  sheave  on 
top  ol  the  cage  and  back  up  to  the  top  timber 
of  the  head  house.  The  cable  for  the  other 
rage  led  off  the  bottom  of  the  drum  of  the 
engine.  .V  No.  2,  Root  reversible  blower  was 
installed  in  the  house  with  the  hoisting  en- 
gine. From  this  blower  a  10-in.  pipe  led 
to  the  top  of  ihr  shaft  where  it  branched  into 
two  8-in.  pipes.  The  latter  led  down  the  shaft 
one  being  for  the  east  heading  and  one  for 
the  west.  This  blower  pipe  was  made  of 
22  gage  galvanized  iron,  both  riveltcil  and 
soKlered  at  all  joints.  The  pipe  was  made  up 
in  1.")  ft.  lengths  with  light  malleable  flanges 
at  each  end  and  in  joining  the  sections  to- 
gether heavy  rooting  paper  was  used  for 
gaskets. 

Kor  handling  muck  cars  from  the  headings 
to  the  shaft  a  3-ton,  24-in.  gage,  General  Elec- 
tric Co.  storage  battery  electric  locomotive 
was  used.  This  locomotive  had  two  sets  of 
batteries  so  that  one  set  could  be  charging 
while  the  other  was  in  use  on  the  car.  The 
batteries  were  changed  every  8  hrs.  As  the 
locomotive  was  too  large  to  i)c  sent  up  on  the 
cages  and  as  the  batteries  were  charged  on 
top  a  special  car  was  made  to  handle  them 
This  car  was  built  up  as  high  as  the  floor  of 


again    and    the    new    set    of    batteries    placed 
on  the  locomotive. 

Klcctric  current  at  2,.'1(I0  volts  was  ob- 
tained from  the  city  and  this  was  transformed 
to  220  and  110  volts  for  lighting  purposes  and 
for  charging  the  batteries  a  standard  Mer- 
cury  .Xrc    Rectifier   was   used   taking  220-volt 
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of  the  city's  electric  railway.  This  motor 
was  reversible  so*  that  the  blower  could  be 
run  in  either  direction.  The  main  feeder 
wires  for  the  tunnel  which  were  0000,  rubber 
covered,  stranded  cable,  were  carried  from 
the  transformer  house  to  the  shaft  and  down 
the  shaft  in  a  2-in.  iron  pipe  to  keep  them 
dry.  1-rom  the  bottom  of  the  shaft  where 
there  was  a  switchboard  a  feeder  ran  into 
each   heading. 

.•\  3-in.  steam  line  ran  from  the  boilers  to 
the  shaft  and  down  the  latter  to  the  bottom 
where  connections  were  left  for  the  pumps. 
The  cage  hoist  was  also  tapped  in  on  this  line. 

.■\t  the  bottom  of  the  shaft  where  the  tun- 
nels were  enlarged  slightly  for  that  purpose, 
three  pumps  were  installed,  they  being  of 
3t>5,  3.J0  and  150  gals,  per  minute  capacity, 
respectively.  The  discharges  from  these 
pumps  ran  up  to  the  top  of  the  shaft  where 
they  were  led  into  a  2-ft.  square  wooden 
cidvert  which  discharged  through  the  dump 
into  the  river. 

At  the  top  of  the  shaft  a  24-in.  gage  track 
led  west  from  each  cage  and  ran  into  a  single 
track  about  30  ft.  from  the  shaft.  The  single 
track  ran  into  and  terminated  at  the  storage 
battery  and  transformer  house.  East  of  the 
shaft  the  two  tracks  from  the  cages  ran  into 
a  single  track  about  20  ft.  from  the  shaft 
and  after  about  6  ft.  of  single  track  it 
branched  into  two  tracks,  one  of  which  swung 
abruptly  south  and  the  other  north  along  the 
river  bank  and  this  afforded  an  excellent 
dump. 

M  the  bottom  of  the  shaft  the  tracks 
leading  from  the  two  cages  toward  the 
west  heading  came  together  about  12  ft.  from 
the  cages  and  continued  into  the  heading  as 
a  single  track.  The  tracks  running  toward 
the  east  heading  came  together  about  12  ft. 
from  the  cages,  continued  for  6  ft.  as  a  single 
irark  and  then  ran  into  a  double  track  sec- 
tion about  100  ft.  long,  after  which  they 
continued  into  the  heading  as  a  single  track. 
The  first  idea  was  to  keep  a  switch  close  up 
lo  ibe  heading  so  as  to  have  a  short  section 
of  double  track  next  to  the  muck  pile.  In 
I  hat  way  the  empty  and  loaded  cars  could 
Ik  switched  around  without  upsetting  them 
c  ft  the  track.  This  scheme  was  found  to  be 
impossible,  however,  as  the  heading  advanced 
so  fast  that  it  took  up  too  much  time  keeping 
the  switch  moved  ahead,  which  very  much 
more  than  offset  any  gain  made.  Therefore 
three  empty  cars  would  be  pushed  in  ahead 
of  the  locomotive  and  upset  off  the  track  on 
their  sides,  the  track  being  kept  close  to 
one  side  of  the  tunnel  for  that  purpose.  The 
three  loads  were  then  hauled  out  and  the 
empties  placed  on  the  track  as  needed,  one  at 
a   time.     Except    right    after   the   shots   were 

u dSOufiide — ". 


Fig.  2.   End  and  Front  View  of  Car  Used   In 

Tunnel. 


Handling  Spoil  from  St.  Louis  Water  Works 


A.  C.  current  on  its  primary  side  and  de- 
livering ll'i-volt  L").  C  current  at  its  secondary 
side  as  the  latter  was  what  was  used  for  the 
batteries.  For  running  the  Blower  a  2.1-1-1.  P.. 
.1.10-volt  D.  C.  motor  was  used  and  the  current 
for   this   was   obtained    from   the   feeder   line 


fired  when  two  or  three  cars  could  be  loaded 
at  once  by  spreading  the  gang  out  along  the 
heading  three  cars  was  the  number  hauled  by 
ihc  locomotive  as  that  number  was  more  than 
enough  to  keep  the  gang  busy  until  the  next 
train  of  empties  came  in.    .'\bout  2  ft.  of  loose 
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muck  was  left  in  the  bottom  of  the  tunnel 
so  as  to  bring  the  track  high  enough  to  give 
width  for  two  nnick  cars  to  pass  each  other. 
After  the  cages  were  installed  gangs  were 
worked  in  both  the  east  and  the  west  head- 
ings until  the  latter  was  finished  on  Dec.  IT, 
1913.  Up  to  that  time  the  progress  was 
rather  slow  as  the  work  was  frequently  in- 
terrupted to  take  sometimes  a  whole  shift  from 
the  tunnel  to  work  on  the  intake  caisson  for 
several  days  at  a  stretch.  About  Dec.  o,  how- 
ever, the  gangs  were  shaken  into  place  and 
for  the  week  'ending  Dec.  12,  the  progress  in 
the  east  heading  was  102  ft.  and  the  progress 
in  the  west  heading  was  80  ft.  The  latter 
was  partly  on  a  sharp  curve  which  accounts 
for  the  difference  between  the  two  headings. 
One  shot  per  shift  was  made  or  three  shots  in 
24  hrs.  and  this  was  continued  until  Dec. 
20,  when  a  change  was  made  to  four  shots 
in  24  hrs. 

JMeantime  several  methods  of  placing  the 
holes  had  been  tried.  As  usual,  each  of  the 
jieading  foremen  had  a  pet  way  of  his  own 
.Hud  each  was  different  from  the  others,  and 
on  occasions  the  walking  boss  had  still  an- 
other. As  I  personally  do  not  know  of  any 
fixed  rule  to  adopt  that  will  tell  exactly  how 
the  heading  should  be  drilled  until  you  have 
found  out  just  how  the  rock  is  going  to 
lircak,  I  liave  during  the  past  12  or  14  years 
always  experimented  a  little  at  first.  In  this 
case  therefore  1  tried  out  each  scheme  that 
looked  at  all  reasonable.  Some  of  them 
looked  very  unreasonable,  so  we  did  not  lose 
time  trying  them.  It  was  remarkable  how- 
many  ways  could  be  suggested  by  parties  who 
were  doing  what  is  technically  termed  the 
heavy  looking  on.  In  fact,  I  have  never  heard 
■of  so  many  ingenious  ways  of  drilling  a  head- 
ing as  were  advanced  at  on  time  and  an- 
other. Some  of  the  usual  schemes  could  not 
be  worked  owing  to  local  conditions.  For 
instance,  a  "hammer  cut''  could  not  be  used 
as  the  bottom  of  the  heading  was  round  or 
rather  pointed,  and  it  was  also  impossible 
to  use  the  old-fashioned  "circular  or  star 
cut,"  as  the  muck  pile  was  so  high  and  so 
close  to  the  face  that  the  machines  could 
not  be  lowered  enough  to  point  the  lower 
holes  of  the  cut,  which  also  would  have  to  be 
inclined  upward.  It  was  from  the  first  a  case 
of  using  the  center  cut  but  the  proposition 
was  to  determine  the  placing  and  number  of 
side  round  or  trimming  holes.  Finally  the 
gangs  were  started  on  the  same  method,  which 
was  to  drill  a  center  cut  of  8  holes,  4  on 
each  side,  a  breakdown  hole  above  the  cut,  1 
center  and  2  rib  dry  holes  and  8  side  round 
•or  trimming  holes,  making  20  holes  in  all. 
The  bottom'  cut  holes  were  inclined  down- 
wards, so  as  to  break  down  to  grade  in  the 
center.  A  sketch  of  the  heading  showing  the 
location  of  the  drill  holes  is  shown  in  Fig. 
3.  Two  4%-in.  columns  7  ft.  long  with 
double  screws  and  with  two  arms  on  each 
were  used  for  mounting  the  drills,  which  were 
the  C-110  Ingersoll-Rand  type. 

When  getting  three  shots  per  day  or  one 
shot  ]:er  shift  the  gang  came  on  shift  just 
after  the  previous  shift  had  finished  shooting. 
'Thev  mucked  out.  set  up  the  columns  and 
machines,  drilled  a  round  and  shot  it.  The 
cut  holes  were  drilled  from  7  to  8  ft.  deep 
.nnd  the  other  holes  from  .I  to  0  ft.  deej). 
When  possible,  the  two  bottom  holes  were 
drilled  about  a  foot  deeper  than  the  other 
cut  holes,  as  they  were  drilled  at  such  a 
downward  angle  that  they  would  not  bottom 
.IS  far  ahead  as  the  other  holes  unless  tliis 
was  done.  This  would  leave  a  toe  that  inter- 
fered with  the  drilling  of  the  next  round. 

The  rock  encountered  was  generally  a  hard 
limestone  with  occasional  streaks  of  soft 
limestone,  which  was  usually  brown  in  color. 
While  fairly  hard,  the  rock  was  the  best  pos- 
sible sort  to  drill,  as  it  was  not  so  hard  that 
the  cuttings  caiuc  out  of  the  drill  hole  in 
large  chips  but  came  out  or  was  washed  out 
as  .'1  fine  powder,  but  this  advantage  was 
lost  on  accoimt  of  the  numerous  horizontal 
seams  in  the  rock.  It  lay  in  beds  from  3  ins. 
to  12  ins.  thick,  with  occasionallv  one  2  or  3 
ft.  thick.  As  the  seams  were  almost  exactly 
iiorizontal    and    as    none    of    the    holes    was 


level,  at  least  one  of  the  seams  would  be 
crossed  by  each  of  the  holes  and  usually  sev- 
eral. They  would  cross  the  seams  at  a  very 
flat  angle  and  as  most  of  the  seams  had  a 
little  soft  material  in  them  the  drills  would 
strike  the  seams  and  run  off  at  an  angle  and 
jam.  thereby  causing  a  lot  of  lost  time.  The 
rock  also  required  a  great  deal  more  powder 
than  if  it  had- not  been  so  seamy,  as  at  times 
with  holes  only  2  ft.  apart  vertically  a  bed 
or  two  beds  would  be  left  in  between  them 
after  shooting.  The  rock  would  break  clean- 
ly to  the  bottom  of  the  holes,  both  above  and 
below  these  beds,  but  they  would  remain 
undisturbed.  To  avoid  this  it  was  necessary 
either  to  use  a  lot  more  holes  or  to  load 
the  holes  considerably  heavier.  The  latter 
was  the  course  followed.  Wlien  sinking  the 
shaft  where  the  drilling  was  at  right  angles 
with  the  seams  it  required  about  30  per  cent 
less  powder  per  lineal  foot  of  hole  and  fewer 
holes  were  drilled. 

In  the  tunnel  several  different  kinds  of 
powder  were  used.  The  40  per  cent  Forcite 
gelatine  dynamite  gave  fair  results  and  very 
little  more  of  it  was  required  than  of  the  .50 
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c  a.  e  Horizontal    Section 

Fig.     3.   Section     of     Heading     of    St.     Louis 

Water  Works  Tunnel.  Showing  Location 

of   Drill    Holes. 

per  cent  or  even  the  00  per  cent,  but  it  made 
a  great  deal  more  smoke  and  gave  trouble 
that  way.  The  00  per  cent  which  was  used 
at  first  was  a  little  too  quick  in  its  action  and 
the  50  per  cent  proved  to  be  the  happy  me- 
ilium.  .fVnothcr  disadvantage  of  the  seamy 
rock  was  that  it  was  difficult  to  keep  the  roof 
arched  to  the  circular  tunnel  section.  A  seam 
that  was  on  or  near  the  roof  grade  would  be 
followed  and  the  center  dry  hole  would  have 
to  be  bottomed  high  enough  to  break  to  this 
scam.  If  the  two  rib  dry  holes  were  bot- 
tomed loo  high  they  would  shatter  the  rock 
so  that  it  would  later  come  down  as  far  up 
as  the  roof  seam,  leaving  a  flat  roof.  If, 
on  the  other  hand,  the  holes  were  kept  too 
low  the  roof  would  break  in  the  form  of  an 
inverted  letter  V  and  also  the  center  dry 
bole  v.-ould  have  too  much  work  to  do  and 
would  not  break  the  ground  properly.  Also 
v.hen  the  roof  broke  in  that  manner  it  was 
difficidt  to  set  up  columns,  and  in  such  cases 
a  4V4-in.  shaft  bar  10  ft.  long  with  four  arms 
on  it  was  used.  Figure  4  shows  the  manner 
in  which  the  rock  broke  out  under  blasting. 
When  the  west  heading  had  been  completed 
on  December  17  the  best  men  from  both  head- 
ings  and   the  best   heading   foremen   were  se- 


lected for  work  in  the  east  heading.  After 
they  had  gotten  well  organized  it  was  found 
that  there  was  considerable  time  to  spare 
on  each  shift  after  Ihey  had  linished  their 
round  of  holes  and  shot  them.  It  was  im- 
possible to  increase  the  progress  by  drilling 
a  longer  round,  for  even  with  an  '8  ft.  cut 
the  ground  could  not  be  shot  to  best  ad- 
vantage. This  was  because  of  the  limited 
room  in  the  tunnel  m  which  to  swing  the 
machines,  making  it  necessary  to  drill  the  cut 
holes  at  a  very  acute  angle  with  each  other. 
In  practically  all  cases  with  an  8  ft.  cut  it 
was  necessary  to  shoot  the  cut  at  least  twice. 
The  only  way,  therefore,  to  increase  the 
progress  was  to  increase  the  number  of  shots 
in  24  hours,  and  as  the  time  was  not  ripe 
for  two  shots  per  shift  a  schedule  of  four 
shots  per  day  was  started  on  Dec.  20.  The 
day  shift  came  on  at  8  a.  m.,  after  the  pre- 
vious shift  had  finished  shooting,  mucked  out, 
set  up,  drilled  a  round  and  shot  at  2  p.  m'. 
They  then  mucked  out  and  set  up  ready  for 
the  next  shift  to  start  drilling.  The  4  to  12 
shift  came  on,  drilled  a  round  and  shot  it 
at  8  p.  m.  They  then  mucked  out,  set  up  and 
drilled  from  10  to  12  holes  of  the  second 
round  before  midnight.  The  12  to  8  shift 
finished  the  round  and  shot  at  2  a.  m.  They 
then  mucked  out,  set  up,  drilled  another 
round  and  shot  at  8  a.  m.  .\bout  this  time 
we  also  began  to  cut  down  on  the  number 
of  holes  drilled  in  the  heading  and  finally 
got  it  down  to  17  and  18  holes.  Also  in 
order  to  leave  as  little  muck  as  possible  at 
the  face,  two  muck  shots  of  about  7  to  Id 
lbs.  of  powder  each  were  placed  one  on  each 
side  of  the  heading  in  the  loose  muck  and 
fired  with  the  last  shot  in  the  heading. 

This  threw  the  muck  well  back  down  the 
heading  and  left  very  little  more  mucking 
to  do  before  the  columns  were  set  up.  With 
three  shots  in  24  hours  the  progress  for  a 
seven  day  week  would  run  about  102  ft.  per 
week  or  about  14.5  ft.  per  day.  After  start- 
ing on  four  shots  per  day  the  progress  ran 
up  to  132  or  133  ft.  per  week  or  about  19 
ft.  per  day.  In  a  way,  however,  the  four 
shots  per  day  system  never  gave  entire  sat- 
isfaction, as  each  shift  was  leaving  a  round 
partly  drilled,  and  no  foreman  could  either 
set  up  or  start  a  round  to  suit  the  following 
man,  and  there  was  always  trouble  on  that  < 
account.  Also  the  time  of  shooting  on  the 
8  to  4  shift  and  on  the  12  to  8  shift  inter- 
fered seriously  with  the  mucking.  As  soon 
as  things  were  running  fairly  well  with  four  ' 
shots  per  day  I  began  to  arrange  for  two 
shots  per  shift.  To  shorten  up  the  drilling  i 
time  the  drill  bits  were  cut  down  in  size.  The 
starter  had  been  2Vi  ins.  on  the  bit  and  the 
4,  6,  8  and  10  ft.  were  respectively  2%  ins., 
2  ins..  1%  ins.  and  1%  ins.  The  starters 
were  made  with  a  2-in.  bit  and  each  suc- 
ceeding drill  was  decreased  Vs  in.,  making  the 
10  ft.  still  iy2  ins.  This  did  not  work  well. 
as  the  rock  was  hard  enough  to  wear  off  the 
gage  of  the  bits  so  that  the  next  steel  could 
not  be  pushed  into  the  hole  or.  in  other  ' 
words,  the  drills  would  not  follow.  .\lso  as 
the  powder  m  use  was  1%  ins.  in  diameter 
it  was  not  necessary  to  bottom  the  holes 
larger  than  1%  ins.  at  the  outside.  Ry  taking 
the  bit  of  the  8-ft.  steel  as  1V4  ins.  and  increas- 
ing each  size  3/10  in.  over  the  preceding  one 
the  starter  could  be  made  1  I3/10-in..  and  if 
it  w;is  retir.ired  at  any  time  to  use  the  10-ft. 
drill  it  could  be  made  with  a  1%-in.  bit 
and  the  hole  would  still  be  large  enough  for 
the  powder  if  the  latter  was  squeezed  up  and 
stripped  of  the  paper.  This  made  a  very 
groat  saving  in  the  drilling  time.  .Another  i 
point  that  helped  out  was  the  carrying  of 
both  the  air  line  and  the  blower  line  closer 
to  the  face  of  the  heading.  The  horizontal 
seams  in  the  rock  made  the  muck  very  dead  I 
and  it  did  not  fly  any  great  distance  when 
it  was  shot.  When  this  was  ascertained  the 
8-in.  blower  line  was  run  up  to  less  than 
75  ft.  from  the  face,  so  that  after  a  shot  and 
with  the  blower  drawing  out  the  smoke,  the 
heading  would  be  clear  in  a  few  minutes.  The 
3-in.  air  line  which  supplied  the  air  for  the 
drills  had  previously  been  kept  about  70  ft. 
back  from  the  face.     On  the  end  of  it  when 
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the  drills  were  working  was  a  50- ft.  length  of 
•J-in.  !io?c  terminating  in  a  6-branch  manifold 
from  which  a  J"-ft.  length  of  %-in.  hose  ran 
Ito  each  drill  in  the  heading.  When  the  round 
ihad  been  drilled  the  small  hose  was  taken 
out  with  the  drills  and  after  the  holes  had 
jbeen  blown  out  the  large  hose  was  also  car- 
iried  tack  by  the  muck  gang,  and  a  1-in.  nozzle 
i\vas  screwed  to  the  end  of  the  3-in.  line. 
'After  the  first  shot  was  fired  the  blower  was 
1  started   and  the   valve  on   the  air   line  partly 

■  opened.  Tl'.e  compressor  at  the  surface  while 
the  air  was  blowing  in  the  heading  would  be 

.run  slowly,  keeping  the  pressure  on  the  gage 
lat  about  I'l  to  20  lbs.  Even  this  pressure, 
with  the  aid  of  a  l-in.  nozzle,  would  blow 
the  air  right  up  to  the  face,  more  especially 
l.-js  the  men  were  going  in  after  the  first  shot 

■  had  been  fired  would  block  up  the  end  of 
ithe  pipe  a  foot  or  more.  The  50  ft.  length 
'of  2-in.  hose  was  shortened  up  to  25  ft.  and 
this  left  the  end  of  the  air  pipe  back  only  40 
:to  50  ft.  from  the  face  and  made  a  material 
ditTerence  in  the  clearing  out  of  the  smoke. 
With  the  arrangement  as  above  outlined  the 
smoke  could  be  cleared  out  in  less  than  five 
iminiites.  In  fact,  when  the  heading  was  dry 
'the  men  walked  down  to  the  shooting  switch, 
a  distance  of  about  000  ft.,  fired  the  shot  and 
■walked  directly  back  into  the  heading,  and 
even  then  would  find  the  smoke  cleared  out 
■as  far  back  as  the  end  of  the  blower  pipe. 
.Back  of  that,  however,  there  would  be  con- 
siderable   smoke,    which    would    clear    off    in 

;the  course  of  half  an  hour.  When  there 
Iwas  water  in  the  heading  and  coming  in  from 
■seams  along  the  tunnel  near  the  face  the 
smoke  w'ould  hang  for  an  hour  or  more,  and 
even  after  the  smoke  was  cleared  out  there 
'would  be  considerable  gas  left  and  this  latter 
never  was  noticed  when  the  heading  was 
<lry.  In  handling  the  smoke  the  blower  was 
first  run  so  as  to  draw  it  out  and  after  about 
ian  hour  of  that  it  would  be  reversed  and  clear 
lair  would  be  blown   in. 

On  Jan.  21  six  shots  per  day  were  started 
and  the  progress  jumped  to  from  25  to  27  ft. 
■per  day.  F.ach  shift  came  on  as  the  previous 
shift  finished  sliooting,  mucked  out,  set  up, 
drilled  a  round  and  shot  it  in  the  first  four 
'hours  of  the  shift  and  again  in  the  last  half 
of  the  shift.  .\s  a  usual  thing  they  drilled 
a  6  to  7   ft.  cut  and  a  4  to  5   ft.  side  round. 

■  depending  on  how  soon  they  got  started 
KJrilling.  The  number  of  holes  was  cut  down 
to  10.  with  occasionally  a  center  lifting  hole 
in  the  bottom  when  there  was  a  toe  left  from 
the  previous  shot.  This  gave  each  driller  4 
holes  to  drill  and  evened  up  the  work.  On 
account  of  trouble  in  setting  up  columns 
and  water  in  the  bottom  of  the  heading  the 
columns  were  discarded  and  the  10-ft.  bar 
used.  An  arm  with  a  jack  screw  in  the  end 
'if  it  was  placed  in  the  center  of  the  bar  with 

'the  jack  screw  bearing  against  a  block  on 
the  muck  pile  back  of  the  bar.  The  jack 
screw    in   this    arm    was    kept   tight    and    this 

'served  to  steady  the  bar  while  the  drills  were 
running.  In  shooting  the  heading  the  cut 
and  breakdown  holes  were  fired  first,  the  lat- 
ter being  loaded  with  a  delay  action  ex- 
ploder. The  cut  was  then  reloaded,  using 
instantaneous  exploders,  and  it  and  the  side 
round  which  was  loaded  with  delay,  action 
exploders    were    fired    together,    making    the 

'second  shot.  Finally  the  dry  holes  and  the 
muck  shots  were  fired,  making  the  third  and 
l^st  shot. 

\M  shooting  was  done  with  a  220  volt  A. 
lighting  current  from  a  switch  which  was 
l^ept  from  000  to  800  ft.  back  from  the  face 
and  en  the  opposite  side  of  the  tunnel  from 
'he  lighting  circuit  to  prevent  accidents.  From 
this  switch  a  pair  of  No.  10  R.  C.  wires  led 
to  witliin  about  -Ml  ft.  of  the  face,  where 
they  terminated  in  a  coil  of  about  200  ft.  of 
the  wire  at  the  start.  .'\s  the  heading  ad- 
vanced this  coil  was  unwound  until  it  had 
all  been  stretched  out  when  the  firing  switch 
was  advanced  200  ft.  and  200  ft.  of  wire 
taken  ahead  and  spliced  to  the  end  of  the 
shooting  line.  From  the  shooting  switch  a 
short  section  of  wire  and  a  plug  were  used 
to  plug  in  to  a  socket  on  the  light  circuit 
which  had   been    left    for    that    purpose.     As 


this  short  section  of  wire  stretched  across 
the  tunnel  it  was  impossible  to  leave  it  in 
by  mistake  after  the  shooting  was  finished, 
as  the  motor  car  was  continually  passing  and 
re-passing.  When  the  powder  was  brought 
in  to  the  heading  the  bo.xes  were  piled  on 
the  side  of  the  tunnel  opposite  to  the  light 
wires.  The  exploders  which  were  made  up 
on  top  were  brought  in  separately  and  piled 
separately  from  the  powder.  The  nipper  who 
came  in  with  the  exploders  stayed  near  the 
powder  and  exploders  until  they  were  taken 
into  the  heading  to  load  up.  Before  starting 
to  load  the  light  wires  were  taken  back  from 
25  to  30  ft.  at  least. 

On  top,  the  powder  and  exploders  were 
kept  in  magazines  widely  separated  and  no 
thawing  of  powder  except  by  a  slow  warmth 
was  allowed.  When  the  powder  was  first 
delivered  it  was  placed  in  the  powder  maga- 
zine, which  was  always  kept  at  a  temperature 
of  75  to  85°,  and  enough  cases  wgre  opened 
up  to  provide  powder  for  the  next  shift  while 
the  powder  already  opened  would  be  used  for 
the  present  shift.  The  powder  as  opened  up 
was  piled  loosely  on  racks  provided  for  that 
purpose.  The  steam  radiator  which  furnished 
heat  for  the  magazine  was  covered  over  with 


Fig.    4.   View    of    Tunnel     Heading     After    a 

Shot — Muck   Shots   Blew   Out  the    Holes 

Where    Men    Are    Sitting. 

a  screen  down  to  within  about  3  ins.-  of  the 
floor.  The  screen  had  a  sharply  sloping  top, 
so  that  no  powder  could  be  laid  on  the  radi- 
ator or  on  the  screen.  There  was  room 
enough  to  sweep  out  under  the  screen.  The 
powder  was  ordered  well  ahead,  usually  so 
that  the  supply  very  seldom  went  below  800 
lbs.  This  gave  the  new  lot  of  powder  a  chance 
to  get  partially  thawed  out  before  the  cases 
were  opened.  It  had  8  hrs.  in  which  fully  to 
thaw  out  after  it  had  been  opened.  This 
was  in  extreme  cases  and  as  a  usual  thing 
the  powder  was  fully  thawed  before  the 
cases  were  opened. 

All  drill  steels  were  made  and  sharpened 
with  a  I-eyner  drill  sharpener,  there  being 
one  blacksmith  and  a  helper  on  the  day  shift 
only.  They  handled  from  120  to  200  pieces 
of  steel  per  day  and  did  all  general  work 
besides.  In  the  bl.-icksmith  shop  there  was  a 
coke  forge  for  heating  the  drills,  a  coal  forge 
for  the  other  work  and  a  0-24  Ingcrsoll 
drill,  which  was  mounted  on  a  column  set 
firmly  in  the  ground  and  which  w.is  used  for 
a  steam  hammer. 

MUCKINI^. 

The  mucking  was  done  at  all  times  by  a 
muck  foreman  and  a  gang  of  0  to  8  muckers 
in  each  heading.  With  three  shots  per  day 
five  or  six  men  were  cnotijih  to  handle  the 
muck  and  keep  the  ir.ick  in  shape.  The  head- 
ing was  so  cramped,  however,  that  it  was  a 
problem  to  get  more  men  in  it  when  the 
four  .•<nd  six  shots  per  day  systems  were 
started.  However,  by  carefully  selecting  the 
right  and  left  hand  shi>vclers  ,ind  keeping 
them  on  their  proper  side  of  the  tunnel  and 
by  training  them  to  throw  over  their  shoul 
dcrs  in  place  of  turning  all  the  way  round, 
four  men  could  work  abreast  ahead  of  the 
car  to  be  loaded,  while  two  more  could  work 
up  on  the  muck  pile,  throwing  over  the  heads 
of  the  other   four  as  the  latter  stooped  down 


for  a  shovelful  of  nnick.  These  two  men 
on  the  muck  pile  also  loosened  up  the  muck 
for  the  other  four  shovelers.  In  addition 
to  those  mentioned,  one  or  two  men  could 
be  worked  behind  the  muck  car,  picking  up 
bottom  and  cleaning  up.  It  was  also  found 
necessary  when  getting  six  shots  per  day 
to  have  an  extra  gang  consisting  of  a  fore- 
man and  four  to  six  muckers  on  the  day 
shift  to  keep  the  track  laid  and  the  bottom 
ditched  to  carry  off  the  water.  In  the  head- 
ing %-in.  boiler  plates  were  laid  down  be- 
fore each  shot,  covering  the  bottom  of  the 
tunnel  for  its  full  width  and  back  for  a 
distance  of  about  25  ft.  This  made  the  shov- 
eling easy  and  the  muck  cars  could  be  pushed 
up  on  these  plates  beyond  the  end  of  the 
track  to  be  loaded  until  a  space  long  enough 
for  a  short  section  of  track  was  cleared  ahead 
of  the  rail  ends.  The  two  night  shift  muck 
gangs  placed  short  sections  of  track  tem- 
porarily and  the  day  shift  helped  by  the  extra 
gang  replaced  these  short  sections  with  30 
ft.  rails  spiked  down  to  4x0-in.  lies.  The 
number  of  cars  loaded  in  one  8  hour  shift 
ran  from  40  to  tJ5  and  towards  the  last  it 
ran  about  55  to  65  cars.  .-Xs  these  cars  held 
fully  a  yard,  as  loaded,  and  as  the  actual 
mucking  time  ran  about  7  hours,  it  can  be 
seen  that  there  was  no  time  to  lose  with 
the  mucking. 

SCREEN    CH.-\MBER. 

The  work  on  the  excavation  for  the  screen 
chamber  was  started  about  Jan.  1.  1!>14.  As 
a  depth  of  32  ft.  of  the  excavation  was  in 
earth  and  the  bottom  12  ft.  of  that  in  run- 
ning sand  it  was  considered  advisable  to  use 
steel  sheet  piling.  The  screen  chamber  sets 
in  an  angle  formed  by  the  wall  of  the  present 
screen  chamber,  meeting  the  wall  of  the  pump 
well.  For  this  reason  the  excavation  in  earth 
had  to  be  handled  with  care  and  the  timber- 
ing so  done  as  not  to  allow  the  slightest 
movement.  The  rock  excavation  had  also 
to  be  handled  in  a  very  careful  manner,  as 
it  ran  to  a  point  25  ft.  below  the  level  of  the 
water  in  the  old  screen  chamber  and  the  pump 
well,  which  were  separated  from  it  by  less 
than  10  ft.  of  rock  on  two  sides.  The  only 
available  steel  piling  was  20  ft.  long  and  this 
was  used,  the  tops  being  driven  down  level 
with  the  ground  surface  with  the  idea  of 
setting  them  down  to  rock  when  the  excava- 
tion liad  been  carried  down  to  their  bottoms. 
The  niles  were  driven  before  any  excava- 
tion had  been  started  and  they  were  driven 
with  a3.000-lb.  drop  hammer.  They  went  down 
very  easily,  except  in  one  spot  where  several 
of  the  piles  encountered  some  old  limber  crib- 
work.  .\fter  the  piles  were  driven  a  stitT  leg 
derrick  with  a  ."iO-ft.  boom  was  set  up  and  the 
earth  excavation  started.  A  standard  gage 
railroad  track  ran  across  one  end  of  the  ex- 
cavation and  this  was  cut  off  and  the  stub 
end  I'sed  on  which  to  spot  cars.  The  cars 
used  were  bottom  dump  gravel  cars,  holding 
30  to  40  cu.  yds.  The  earth  and  rock  were 
dumped  into  these  and  hauled  away  for  fill- 
ing puriposes. 

When  the  excavation  had  reached  a  point 
about  4  ft.  below  the  surface  the  first 
set  of  limbers  was  placed.  It  was  2  ft. 
below  the  ground  surface  and  consisted 
of  12x12  in.  timbers  around  the  outside  braced 
across  every  8  ft.  with  8x12  in.  and  10x12  in. 
timbers.  Other  sets  were  placed  as  fast 
as  the  material  was  excavated,  the  timber 
gang  working  in  one  half  of  the  shaft  while 
the  excavating  gang  worked  in  the  other  half. 
There  was  plenty  of  room  for  this,  as  the 
shaft  was  40x32  ft.  in  earth.  Care  was  taken 
to  tic  the  sets  of  timber  together  with  2x10 
in.  lacing  planks,  spiked  solidly  to  each  set 
and  to  keep  posts  between  the  sets  at  every 
intersection.  The  top  set  was  tied  to  the 
top  of  the  sheet  piling  with  hook  bolts  and 
the  lower  set  was  always  kept  blocked  from 
the  bottom.  When  the  excavation  reached 
the  bottom  of  the  piling  it  was  not  consid- 
ered necessary  to  set  the  piling  down.  A 
short  set  of  2-in.  plank  sheeting  carried  the 
excavation  to  rock.  There  were  seven  sets 
of  limbers  required,  the  spacing  between  them 
being  (i  ft.  at  the  top  and  then  5  ft.  and  then 
4  ft.  The  rock  surface  was  somewhat  irreg- 
ular   and    broken    up   but    a    good    joint    was 
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made  with  the  plank  sheeting  and  about  4 
ft.  of  the  bed  rock  excavated  over  an  area 
large  enough  to  furnish  a  foundation  for  the 
entire  screen  chamber.  After  this  the  rock 
work  was  started.  In  the  rock  the  shaft  is 
]8.xl9  ft.,  with  a  channel  10  ft.  wide  and  the 
full  depth  of  the  shaft  swinging  around  on 
a  curve  from  the  shaft  to  the  present  wet 
well.  The  west  tunnel  heading,  which  was 
supposed  to  terminate  at  the  screen  cliamber 
shaft,  had  been  carried  across  the  shaft  to 
expedite  the  work  in  the  latter.  A  round 
of  holes  was  drilled  upwards  from  this  head- 
mg  and  shot,  leaving  the  muck  to  be  handled 
later.  This  left  12  ft.  of  rock  between  the 
top  of  t!ie  tunnel  and  the  bottom  of  the 
shaft.  One  hole  was  drilled  completely 
through  from  the  top  and  shot  a  number  of 
times  until  it  had  broken  a  hole  through. 
One  man  with  a  Jackhamer  drill  was  then 
put  to  work  enlarging  the  hole,  and  from 
that  time  on  this  one  man  kept  enough  rock 
excavated  to  keep  the  muck  gang  of  about 
8  men  busy.  The  shaft  was  first  enlarged 
to  full  size  and  carried  down  to  the  bottom 
and  then  the  channel  was  taken  out  toward 
the  wet  well.  This  latter  was  stopped  at  the 
outside  of  the  wall  of  the  wet  well.  The 
shooting  had  to  be  done  very  cautiously  on 
account  of  the  proximity  of  buildings  and 
the  short  distance  to  the  wet  well  and  the 
old  screen  chamber.  The  work  was  com- 
pleted  on   March  30,   1914. 

GENERAL. 

On  the  eight  months'  work  there  were  no 
accidents  with  powder  and  no  fatal  or  even 
serious  accidents  of  any  kind.  About  the 
worst  accident  was  the  breaking  of  one  man's 
ankle. 

The  tunnel  was  too  short  in  length  and 
of  a  too  cramped  and  unhandy  cross-section 
to  get  up  the  maximum  speed  which  could 
otherwise  have  been  attained.  In  addition, 
the  cast  heading  under  the  river  was  on  an 
extremely  flat  grade  and  gave  a  lot  of  trouble 
from  water,  even  when  the  volume  of  the  lat- 
ter was  not  great,  as  it  would  back  up  in 
the  heading  and  cover  the  track,  making  it 
hard  to  get  the  hole'^  drilled  in  the  bottom  of 
the  heading  and  putting  the  electric  locomo- 
tive out  of  business,  as  it  could  not  be  run 
if  there  was  even  a  few  inches  of  water 
over  the  track.  On  the  other  hand,  the  grade 
in  the  west  heading  was  over  6  per  cent,  go- 
ing up  toward  the  screen  chamber  from  the 
shaft,  and  it  was  extremely  difficult  to  handle 
loaded  or  even  empty  cars  on  that  grade. 

Also  strong  efforts  were  made  to  drive 
the  tunnel  as  near  as  possible  between  10 
and  11  ft.  in  diameter  and  on  cross  sectioning 
the  timnel  after  it  had  been  holed  through 
it  was  found  that  barring  the  muck  in  the 
bottom  it  was  slightly  less  than  the  11  ft. 
cross-section. 

ORGANIZATION    AND   WAGES. 

In    the    regular   gangs   on   each    shift    there 
were  the  following  men  at  the  rates  given  : 
Force  on  Top:  Rate 

Mumber  and  grade.  Pki-  day. 

1  compressor  engineer  at fT.oo 

1  hoisting  engineer  at 7.00 

1  fireman  at   3.20 

1  signal  man  at 2.80 

3  top  men  or  car  pushers  at 2.40 

Force  In  the  Tunnel: 

1  pump  man  and  pipe  fitter  at 4.00 

2  cage  men  at 2.80 

1  motor  man  at 4.00 

1  switchman  at  2.80 

1  muck  foreman  at 4.80 

6  to  8  muckers  at 2.80 

1   heading  foreman  at 5.00 

•1  drill  runners  at 3.60 

4  or  ."  helpers  at 3.00 

1  nipper  at   3.00 

1  electrician  at  4.00 

Force    of   extra   men   on   Day   Shift    (on 
top): 

1  blacksmith  at 5.00 

1  helper  at 4.00 

1  machinist  at   4.00 

1  machinist  helper  at 2.40 

In  the  Tunnel: 

1  extra  muck  foreman  at 4. SO 

4  to  6  extra  muckers  at 2.80 

RATE   OF    PROGRESS. 

Taking  all  things  into  consideration,  the 
process  was  verv  satisfactory,  especially 
while  making  the  six  shots  per  day. 

During  the  month  from  8  a.  m.  Jan.  21 
to  8  a.  m.  Feb.  21  the  progress  was  744.7   ft. 


and  lor  the  best  week,  which  was  the  week 
ending  at  8  a.  m.  Feb.  20,  the  progress  was 
184  ft.  This  latter  was  for  the  full  week 
of  seven  days  or  21  shifts.  The  month's 
progress,  however,  was  for  29  days  and  two 
shifts,  as  during  the  31  days  of  the  month 
there  were  four  shifts  lost  time.  The  best 
progress  made  in  one  day  was  29.1   ft. 

The  east  heading  was  finished  March  4, 
and  a  gang  on  each  shift  was  started  imme- 
diately cleaning  up  the  bottom  and  trimming. 
The  gang  on  each  shift  consisted  of  a  tore- 
man  and  ten  m.en  mucking,  besides  one  drill 
runner  and  three  helpers,  with  the  usual  cage 
men,  top  men,  etc.  On  March  19  a  second 
gang  was  started  on  each  shift,  there  being 
a  foreman  and  ten  men  in  this  second  gang 
also.  One  of  these  gangs  worked  from  the 
heading  toward  the  shaft  and  the  other 
worked  from  the  shaft  toward  the  heading, 
and  on  .^pril  1  the  trimming  was  completed 
and  practically  all  of  the  bottom  had  been 
taken  up".  In  places  there  were  from  .50  to 
7.5  ft.  that  required  no  trimming  at  all  and 
less  than  200  ft.  of  the  roof  required  trim- 
ming. On  the  other  hand  there  was  less 
than  100  ft.  of  the  roof  that  was  outside  of 
the  11  ft.  circle. 

BONUS    SYSTEM. 

.•\  bonus  system  was  put  in  force  in  the 
early  stages  of  the  work  and  helped  material- 
ly in  the  progress.  A  minimum  of  72  ft. 
of  tunnel  per  week  was  set  and  for  all  over 
that  the  following  bonus  rates  were  paid: 

Cts.  per  ft. 

Heading  foreman 50 

Muck  foreman 30 

Drill  runners  30 

Drill  helpers  20 

Nipper     20 

Muckers  and  cage  men .         10 


Fig.  1.    Exterior  View  of  Experimental  Water 
Filtration    Plant    at    Kirtland    Pumping    Sta- 
tion,   Cleveland,    Ohio. 

From  the  total  weekly  progress  ending 
every  Friday  morning  at  8  o'clock  72  ft.  was 
subtracted  and  each  shift  received  bonus  on 
one-third  of  the  remainder,  each  shift  being 
credited  %vith  one-third  of  the  extra  progress. 

Throughout  the  entire  work  as  described 
and  including  the  design  and  installation  of 
the  construction  plant  C.  H.  Hollingsworth 
was  in  charge  as  superintendent  for  the 
Fruin-Colnon  Contracting  Co.  of  St.  Louis, 
who  were  the  contractors.  The  work  is  being 
carried  out  for  water  department  of  the  city 
of  St.  Louis  under  K.  E.  Wall,  water  com- 
missioner; Gurdon  G.  Black,  chief  engineer 
of  the  supply  and  purifying  divsion ;  and  E. 
C.   navis   as   resident   manager. 


Preliminary  Work  on  the   Cleveland, 
Ohio,  Water  Filtration  Project. 

Contributed   by   M.    V.    .stein.   Assistant   Engi- 
neer of  Filter   Plant  Construction, 
Cleveland,    O. 

Owing  to  the  increasing  pollution  of  Lake 
Erie  by  sewaee  and  the  objectionable  turbidity, 
tspeciallv  following  storms,  the  city  of  Cleve- 
land, Ohio,  is  taking  steps  towards  filtering 
its  water  supply.  The  pollution  of  the  water 
necessitated  the  application  of  hypochlorite 
of  lime  as  a  precautionary  measure,  and  pop- 
ular prejudice  acainst  the  tastes  and  odors 
resulcintr  therefrom  gave  additional  impetus 
to  the  filtration  project. 

In  May,  1913,  Mayor  Newton  C.  Baker  ap- 
pointed a  commission  to  investigate  the  feasi- 
hilitv  of  and  to  report  upon  the  most  prac- 
tical means  for  filtering  the  city's  water  sup- 


ply. The  members  of  this  commission  are 
Prof.  A.  W.  Smith,  of  the  Case  School  of  Ap. 
plied  Science,  president;  Mr.  R.  Winthroi 
Pratt,  consulting  engineer  and  secretary;  Dr 
Wm.  T.  Miller,  member  of  the  State  Boari 
of  Health;  Prof.  Hippolyte  Gruener,  of  West 
ern  Reserve  University,  and  Dr.  R.  G.  Per- 
kins, City  Bacteriologist.  In  a  report  sub- 
mitted in  July,  1913,  this  commission  recom 
mended  mechanical  filtration  as  most  practi 
cable  and  advised  the  installation  of  a  tes 
plant  to  investigate  the  problems  incidenta 
to   applying  this  process  to   Cleveland  water. 

To  this  end  an  experimental  plant  of  100,- 
000  gals,  per  day  capacity  was  installed,  an. 
has  been  in  continuous  operation.  (.An  ex 
terior  view  of  this  plant  is  shown  in  Fig.  1. 
The  experimental  results  obtained  to  dati 
have  been  of  much  value  in  furthering  thi 
cause  of  filtration  as  well  as  of  assistance  ii 
the  actual  design  of  the  plant.  The  uniformh 
clear  and  bacterially,  free  effluent  of  the  plan 
is  the  most  convincing  argument  to  us( 
against  the  views  of  opponents  to  the  filtra 
tion  scheme.  The  experiments  have  demon 
strated  the  most  suitable  coagulants ;  tlii 
amounts  required  under  varying  conditions 
the  period  of  subsidence  necessary  to  tb 
complete  reaction  of  the  chemicals,  the  settling 
out  of  suspended  matter  and  precipitate,  am 
for  obtaining  the  highest  basin  efficiency;  th( 
amount  and  nature  of  sludge  obtained,  etc 
Daily  analyses  of  raw,  settled  and  filtered  wa 
ter  are  made  and  complete  plant  records  ari 
kept.  It  is  hoped  that  these  will  be  valuabli 
when  the  large  plant  is  started,  as  affordinj 
data  on  the  proper  treatment  of  Clevelani 
water,  and  that  thus  the  mistakes  common]; 
occurring  in  the  early  operation  of  a  nev 
plant  may  be  avoided. 

Table  I  gives  an  average  analysis  of  Lak. 
Erie  water  as  obtained  from  the  intake  tun 
nel  of  crib  No.  3,  four  miles  from  shore.  I 
will  be  noted  that  the  total  hardness  is  11' 
p.  p-  m.,  which  is  principally  temporary,  th 
permanent  hardness  constituents  being  low 
Owing  to  the  extensive  use  of  city  water  fo 
manufacturing  purposes  (about  60  per  cen 
of  the  total  pumpage)  it  has  seemed  desirabl 
to  soften  the  water.  Experiments  at  the  test 
ing  plant  show  that  about  4..5  grains  per  gal 
Ion  of  90  per  cent  lime  are  required  for 
maximum  reduction  of  temporary  hardnes: 
.■\s  the  precipitated  calcium  carbonate  an 
magnesium  hydroxid  resulting  have  a  ver 
marked  coagulative  action,  only  a  smal 
amount  of  coagulant  (about  0..5  gr.  per  gal 
is  required.  Since  the  permanent  hardne? 
is  relatively  low,  and  the  use  of  sodium  car 
bonate  would  tend  toward  foaming  in  boiler: 
no  attempt  at  its  removal  is  made.  It  wi' 
be  noted  that  with  the  small  amount  of  coagii 
lant  required,  the  resulting  increase  in  pernia 
nent  hardness  (as  calcium  sulphate)  is  only 
p.  p.  m.,  practically  negligible.  The  cotnbina 
tion  of  softening  by  use  of  lime,  small  anioiin 
of  coagulant,  and  naturally  low  permaneii 
hardness,  give  a  water  that  not  only  meets  a 
domestic  rec|uircments,  but  is  excellent  fo 
boiler  and   general  manufacturing  purposes. 

Boiler  trials  conducted  at  Kirtland  Pumr 
ing  .Station  with  water  from  the  test  plan 
show  a  very  marked  reduction  in  scale  form."! 
tion  over  raw  lake  water.  .Xs  1/16  in.  of  seal 
in  a  boiler  mav  cause  a  decrease  in  efficient 
of  from  .')  to  10  per  cent,  it  will  be  seen  thr 
this  has  an  important  bearing  in  the  case  0 
a   larcc   manufacturing   community. 

Referring  to  Fig.  2,  the  cribs  and  intak; 
tunnels,  Kirtland  and  Division  pumping  sta 
lions,  the  booster  station,  and  Fairmrnt  an 
Kinsman  reservoirs  shown  are  existing  strni 
lures.  The  7-ft.  tunnel  to  Division  pumpin 
station  is  broken  and  that  pumping  station  i 
practically  abandoned,  being  used  only  t 
boost  water  from  the  city  mains  to  the  fir.' 
high  service  district.  This  tunnel  is  being  ri 
paired  and  will  be  extended  farther  into  lb 
lake  and  the  pumping  station  will  be  prac 
lically  rebuilt  in  connection  with  the  filtratif^ 
project. 

The  present  handling  of  the  water  supp' 
of  Cleveland  is  as  follows:  The  water  1 
taken  from  Lake  Erie  at  the  4-mile  crib  an 
from    thence    passes    through    the    new    9-f 
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tunnel  to  the  Kirtland  pumping  station.  At 
this  pumping  station  25,(WO,0UM-gal.  high  duty 
pumps  discharge  into  the  distribution  systems. 
The  surplus  passes  to  the  Fairmont  Reser- 
voir. The  booster  station  lifts  water  from  this 
reservoir  to  the  Kinsman  Reservoir  which  sup- 
plies the  higher  level.  A  small  area  above 
this  level  is  supplied  by  a  second  booster 
pumping  to  a  100,000-gal  tank.  Qeveland  ap- 
pears flat,  but  there  is  a  gradual  increase  in 
elevation  away  from  the  lake. 

It  is  proposed  to  build  two  filtration  plants, 
one  at  the  old  Division  avenue  pumping  sta- 
tion, of  150,000.000  gals,  per  day  capacity,  and 
the  second,  a  75.000.000  gal.  plant,  near  the 
Kirtland  street  station.  The  Division  avenue 
plant  w'ill  be  built  first,  and  will  supply  the 
whole  city  until  the  second  plant  can  be  com- 
pleted. The  Division  pumping  station  will 
be  rehabilitated,  and  equipped  with  centrif- 
ugal pjimps.  either  engine  or  turbine  driven, 
(or  raising  the  water  from  the  intake  tunnel 
to  the  filter  plant,  and  equipped  with  high 
service  pumps  to  deliver  filtered  water  to  the 
distribution  system  and  reservoirs.  A  new 
tunnel  extending  beyond  crib  No.  4  is  being 
built  to  supply  this  filter  plant.  Should  the 
plant  be  completed  prior  to  the  tunnel,  raw 
water    will    be    pumped    to    it    from    Kirtland 


constituents  present.  This  will  greatly  ac- 
celerate the  naturally  slow  interaction  between 
the  calcium  hydroxid  and  the  actual  bicar- 
bonates  present  in  the  water.  It  will  require 
30  minutes  for  the  water  to  pass  through  the 
mixing  basin.  There  will  be  six  sedimentation 
basins,  each  of  3,650,000  gals,  capacity,  in 
which   the  sediment  and  chemical  precipitate-; 

TABLE    I.— AVERAGE    ANALYSIS    OF  LAKE 
ERIE    WATER,    CLEVEL.AND.    O. 

Symbol.  P.P.M. 

Calcium  carbonate    CaCO,  82.0 

Magnesium    carbonate    MgCOj  15.0 

Magnesium   sulphate    MgSOi  16.0 

Magnesium  chlorid   MgClj  2.0 

Iron    and    aluminum     (probably 

colloidal)    Fe  &  Al      O.B 

Silicon   (probably  colloidal)    ....    Si  1.0 

Sodium    chlorid    NaCI  22.0 

Free  carbonic  acid COj  5.0 

Half-Bound  carbonic  acid HCO3  44.0 

Hardness    (total) 110 

Alkalinity  (total  to  Erythrosine)    100 


is  m  charge  of  the  filtration  work.  Mr.  Jaeger 
has  personal  charge  of  the  new  tunnel  and 
intake. 


will  settle  out  before  the  water  passes  to  the 
filters.  This  gives  3  hours'  sedimentation  at 
full  capacity  of  plant. 

The  chemical  house  will  be  designed  to 
handle  lime  and  coagulant  received  in  bulk 
from  cars  on  an  adjacent  siding.  The  chem- 
icals will  be  raised  by  conveyors  to  air  tight 
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Fig.  2.     Map  of   Portion  of  Cleveland,  Ohio,   Showing   Present  Intake  Cribs,  Pumping  Sta- 
tions  and    Distribution    Reservoirs,   and    Location   of   the   Two   Proposed   Water 

Filtration   Plants. 
The  Division  Avenue   Filtration   Plant   Is  now   under  construction.     Intake  Cribs  Nos.   1  and   2  arc 

no   longer    In   existence. 


station,  and  rcpumped  to  the  distributing  sys- 
tem after  filtration. 

The  Division  avenue  filter  plant  will  com- 
prise a  filter  and  administration  building, 
mixing  and  settling  basins,  chemical  house  and 
filtcrcil  water  reservoir.  The  administration 
building  will  occupy  a  central  position  and 
will  contain  the  offices  and  laboratories.  It 
is  intended  to  locate  all  gages,  sampling 
pumps,  meter  dials,  etc.,  in  this  building,  mak- 
ing it  as  far  as  possible  the  nerve  center  for 
the  entire  plant.  There  will  be  36  filter 
units,  each  of  4,166,660  gals,  capacity. 
These  will  be  arranged  along  two  gal- 
leries, with  nine  filters  on  cither  side  of  each 
gallery,  extendint:  from  the  cast  and  west 
ends  of  the  administration  building  and  con- 
necting directly  thereto. 

The  filter  equipment  and  piping  will  be  of 
the  iKsual  type  and  the  filtering  material  will 
consist  of  30  ins.  of  sand  supported  by  12  ins. 
of  graded  gravel.  Wash  water  will  be  sup- 
plied from  a  reinforced  concrete  reservoir 
located  on  the  bluff  above  the  plant.  Rcforc 
entering  the  sedimentation  basins  proper  the 
'  chemically  treated  water  will  pass  tliroupb  a 
mixing  basin.  This  is  very  closelv  b.nffled, 
so  that  the  chemicals  in  the  water  will  be  given 
«very  opportunity  to  react  with  the  hardening 


storage  bins,  whence  they  will  be  fed  by  grav- 
ity through  automatic  measuring  devices  into 
solution  tanks  and  discharged  by  centrifugal 
pumps  into  the  water  as  it  enters  the  mixing 
basins. 

A  filtered  water  reservoir  of  25,000,000  gals.  ^ 
rapacity  will  be  built  near  the  plant  and  will ' 
furnish  ample  reserve  for  all  fluctuations. 

Work  on  this  plant  is  being  pushed  with  all 
possible  speed.  The  excavation  was  started 
Ian,  27,  1014,  and  is  being  done  by  the  W.iler 
Department.  Two  steam  shovels  arc  being 
used,  the  excavated  material  being  hauled  'o 
the  easterly  pari  of  town  by  the  Cleveland 
Railway  Company  an<l  used  for  filling  in  low 
ground.  Construclinn  will  be  dividcil  into  five 
contracts:  No.  I,  concrete  work  on  fillers, 
sedimentation  and  mixing  basins,  and  main 
piping;  No.  2.  chemical  house;  No.  3.  filter 
superstructure;  No.  4,  filter  equipment;  No. 
.".,  filtered  water  rcscr»'oir.  Plans  for  con- 
tract No.  I  will  be  ready  for  bids  c.irlv  this 
spring.  The  remaining  contracts  will  follow 
in  order. 

This  work  is  being  done  under  the  Depart- 
ment of  Public  Utilities.  Mr.  C.  W.  Stage,  di- 
rector: NIr.  C.  F.  Schulz,  water  commissioner, 
and  Mr.  C.  P.  Jaeger,  deputy  commissioner 
Mr.   R.   W.   Pratt   is  consulting  engineer   and 


Notes  on  Fire  Protection  Requirements 

of  the  Water  Works  in  a  Town 

of  4,000  Population. 

The  present  article  discusses,  from  the 
standpoint  of  the  fire-protection  engineer,  the 
fire  protection  requirements  of  the  water 
works  in  a  town  of  4,000  population.  The 
information  given  is  taken  from  a  paper  on 
Fire  Protection  and  Its  Relation  to  the  Fire 
Waste,  which  was  read  before  the  Nashville 
section  of  the  Engineering  Association  of  the 
South,  by  Mr.  H.  B.  Long,  and  published  in 
the  first  quarterly  journal  of  the  .Association 
for  1914.  The  principal  requirements  for 
grading  a  town  of  4,000  population  as  4V6 
class  are  outlined.  Mr.  Long  states  that  be- 
fore submitting  water  works  plans  and  spe- 
cifications to  a  municipality  engineers  should 
freely  consult  with  the  underwriting  authori- 
ties to  the  end  that  such  a  water  works  sys- 
tem be  installed  as  will  grant  the  citizens  the 
low-est  possible  insurance  rates  for  the  pro- 
tection afforded. 

Classification  of  Towns. — .\11  fire  insurance 
rates  are  based  on  what  is  known  as  "town 
classification,"  and  tow-ns  are  classified  by  the 
efficiency  of  their  fire-fighting  facilities.  Six 
classes  of  towns  are  recognized.  .A  sixth  class 
town  has  no  fire  protection,  while  a  first  class 
town  has  a  high-pressure  fire  protection  sys- 
tem and  the  other  components  of  a  perfect 
fire-fighting  equipment.  A  fifth  class  town 
is  one  with  a  chemical  engine  or  a  very  de- 
ficient water  works  or  fire  department  equip- 
ment. About  75  per  cent  of  the  Tennessee 
towns  having  water  works  systems  measure 
up  to  the  4V2  class,  and  designing  engineers 
are  most  frequently  called  upon  to  design 
systems  of  this  size. 

Number  of  Fire  Streams. — In  determining 
upon  the  number  of  fire  streams  required 
each  town  will  require  specific  treatment,  the 
number  of  standard  250-gal.  fire  streatus  be- 
ing determined  according  to  the  building  con- 
struction and  the  liability  to  a  general  con- 
flagration. The  building  construction  of  one 
town  of  4,000  population  may  be  of  such  a 
quick-burning  construction  as  to  require  ten 
or  more  good  fire  streams  to  prevent  a  gen- 
eral conflagration,  while  in  another  town  of 
the  same  population  the  building  construction 
may  be  of  such  fire-resisting  material  that 
three  streams  would  likely  he  sufficient.  How- 
ever, experience  has  shown  that  the  average 
town  of  4,000  population  that  is  graded  as 
4M;  class  requires  four  standard  fire  streams, 
or  a  total  discharge  of  1,000  gals,  of  water 
per  minute.  This  amount,  added  to  the  do- 
mestic consumption  of  100  gals,  per  capita 
would  call  for  a  demand  of  approximately 
1,278  gals,  of  water  per  minute,  and  upon 
these  figures  storage  and  pumping  capacities 
must   be   based. 

System  of  Oferation. — It  is  the  practice 
of  some  towns  to  provide  a  comparatively 
large  elevated  storage  supply  and  small  pump- 
ing equipment,  while  others  take  the  opposite 
view  and  provide  a  small  elevated  tank  and 
a  comparatively  large  pumping  equipment. 
When  in  good  condition,  either  system  will 
furnish  the  required  fire  flow,  and  would  be 
acceptable  as  far  as  classification  is  con- 
cerned. The  combined  system,  having  a  large 
elevated  storage  reservoir,  closely  approaches 
the  iilcal  features  of  the  gravity  system,  and 
furnishes  a  constant,  unvarying  pressure  that 
is   preferable   to   direct   pumping. 

For  reliable  operation  the  plant  that  is  op- 
erated by  steam-driven  pumps  requires  more 
than  one  boiler,  in  order  that  the  service  may 
not  be  impaired  while  repairs  are  being  made;- 
I'kcwisc  more  than  one  pump  is  required,  in 
order  that  the  equipment  will  be  in  working 
order  at  all  times. 

Piimf's. — The  National  Fire  Prevention 
•Vssociation  has  drawn  up  specifications  of 
centrifugal,  rotary,  and  steam-driven  duplex 
(lumps  that  have  proved  reliable,  and  are 
recommended  for  fire  service.  The  principal 
points  of  diflFerence     between     the     national 
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standard  steam  duplex  pump  and  the  ordinary 
"trade"   fire  pump  are  as   follows : 

1.  Its  steam  ports  and  water  passages,  also 
air  chambers,  are  made  much  larger  than  in 
common  trade  pumps,  so  that  a  larger  vol- 
ume of  water  can  be  delivered  in  an  emerg- 
ency  without  water   hammer. 

2.  It  is  "rust-proofed"  that  it  may  start 
instantly,  after  disuse,  by  making  its  piston 
rods  and  valve  rods  of  Tobin  bronze  instead 
of  steel,  and  its  water  pistons,  stuffing  boxes, 
and  shaft  bearings  of  brass  instead  of 
cast  iron.  Its  valve  levers  are  made  of 
steel  or  wrought-iron  forgings  or  of  steel 
castings. 

3.  The  following  necessary  attachments 
are  included  in  the  price  of  the  national 
standard  pump :  A  vacuum  chamber,  two 
pressure  gages,  a  relief  valve,  a  set  of  brass 
priming  pipes,  two  to  six  hose  valves,  a 
stroke  gage,  a  capacity  plate,  an  oil  pump,  a 
sight-feed  lubricator,  and  a  cast  iron  relief- 
valve    discharge    cone. 

By  reason  of  the  larger  ports,  passageways 
and  pipes,  its  larger  number  of  valves,  and 
the  added  attachments  and  general  stronger 
and  superior  construction,  the  national  stand- 
ard pump  costs  more  than  a  common  trade 
fire  pump ;  but  the  cost  per  gallon  which 
these  pumps  can  deliver  in  an  emergency  by 
reason  of  their  large  passageways,  etc.,  is 
no  greater  than  that  of  the  old  style  of 
fire  pump,  and   is  well   worth  the  extra  cost. 

Distribution  System. — The  best  arrange- 
ment of  pipes  for  the  distribution  of  water 
over  a  given  territory  is  by  the  "gridiron" 
system.  From  the  standpoint  of  economy  as 
well  as  efficiency  large  feeders  that  will 
transmit  the  amount  of  water  required  with 
low  velocities  are  preferable;  and  in  design- 
ing new  systems,  no  pipe  smaller  than  6  ins. 
should  be  used,  even  in  the  residential  section 
of  a  town.  Perhaps  in  many  cases  4-in.  pipe 
will  adequately  serve  a  town's  present  needs 
in  the  residential  districts  for  connecting  up 
dead  ends,  etc. ;  but  in  order  to  provide  for 
the  town's  growing  needs,  a  generous  amount 
of  6-in.  and  larger  size  mains  should  be  used. 
This  will  then  allow  for  considerable  exten- 
sions to  be  made  that  will  transmit  the  re- 
quired amount  of  water  at  low  velocity. 

Gate  Valves. — The  question  of  gate  valves 
should  be  given  the  designing  engineer's  close 
attention.  Of  course  the  ideal  condition 
would  be  to  have  gate  valves  located  at  all 
cross-connecting  lines  in  order  that  not  more 
than  one  block  of  mains  would  be  put  out  of 


service  in  case  of  a  break,  but  in  complying 
with  4^/4-class  requirements,  valves  that  are 
placed  every  600  ft.  in  the  congested  value 
district  and  not  more  than  1,000  ft.  apart  in 
the    residential    district    would    be    acceptable. 

Hydrants. — The  question  of  the  type  of 
hydrants  is  left  for  the  designing  engineer 
to  decide  for  himself.  The  only  suggestions 
are  that  all  hydrants  be  of  frost-proof  de- 
sign and  have  not  less  than  6-in.  barrels  and 
two  2Vi-in.  discharge  outlets.  It  is  strongly 
recommended  that,  wherever  funds  permit, 
all  be  provided  with  individual  gate  valves 
and  be  set  in  gravel  to  insure  reliable  drainage 

Hydrant  Spacing. — The  proper  spacing  of 
hydrants  is  a  question  that  in  the  past  has 
been  given  altogether  too  little  attention.  A 
liberal  distribution  of  hydrants  is  both  a  mat- 
ter of  economy  and  convenience,  for  this 
will  avoid  long  lengths  of  hose,  with  their  at- 
tendant loss  of  pressure  head.  Furthermore, 
hose  lasts  from  .5  to  10  years;  whereas  the 
life  of  a  good  hydrant  is  50  years,  and  a 
hydrant  costs  only  one-half  as  much  as  one 
length  of  good  hose.  Considering  the  in- 
creased efficiency  and  saving  in  wear  and 
tear  on  fire  hose,  it  is  of  the  greatest 
economy  to  install  more  hydrants  and  use 
less  hose. 

Friction  in  Fire  Hose. — A  very  unfor- 
tunate condition  that  exists  in  the  installa- 
tion of  a  new  fire-protection  equipment  lies 
in  the  fact  that  usually  an  amount  of  money 
in  excess  of  a  town's  appropriation  is  spent 
in  installing  the  water  works  end  of  the 
protection,  and  funds  will  not  always  permit 
the  purchase  of  fire-department  equipment  of 
the  best  grade.  It  is  false  economy  to  pur- 
chase other  than  first-quality  hose,  for  fire- 
department  hose  of  an  inferior  ouality  is 
largely  made  of  reclaimed  rubber  and  a  poor 
grade  of  fabric,  which,  when  placed  in  ser- 
vice, shows  an  excessive  loss  in  pressure, 
due  to  a  rough  rubber  lining  and  a  great 
amount  of  elongation  and  twisting,  which  is 
very  detrimental,  especially  when  used  in  lo- 
calities where  the  pressure  is  poor.  The  loss 
of  pressure  due  to  hose  friction  varies  greatly 
with  the  different  brands  of  hose.  Mr.  Long 
has  made  many  tests  of  different  brands  of 
2%-in.  rubber-lined  hose,  and  has  found  the 
friction  loss  to  range  from  11  to  20  lbs.  in 
pressure  for  100  ft.  of  hose  when  discharg- 
ing 2.50  gals,  per  minute.  It  is  very  evident 
from  these  figures  that  the  most  efficient 
fire  fighting  can  be  accomplished  bv  the  use 
of  a  good  quality  of  hose  that  will  conduct 
the  greatest  amount  of  water  to  the  seat  of  a 


fire  with  the  least  friction  loss,  as  well  as 
economy  of  operation  when  direct  pumping 
systems  are  used. 

Size  of  Nozzles. — Efifective  fire  fighting  is 
only  accomplished  by  the  use  of  nozzles  of 
sufficient  size  that  will  throw  a  solid  body 
of  water  into  a  fire  that  will  leave  a  black 
mark  wherever  it  strikes.  The  size  of  noz- 
zles to  be  used  will  depend  entirely  upon  the 
area  of  the  fire  and  the  intensity  of  the 
heat.  In  small-dwelling  fires  %-in.  and  1-in. 
nozzles  are  usually  used,  while  in  fires  of  a 
greater  magnitude  nozzles  as  large  as  2  ins. 
are  required  to  lower  the  temperature  of 
burning  substances  below  their  ignition 
points.  Fire-protection  engineers  have  agreed 
that  the  1%-in.  tip  is  the  most  desirable  for 
fighting  the  average  fire;  and  when  a  pressure 
of  45  lbs.  is  provided  at  the  nozzle,  the  IVs- 
in.  tip  discharges  250  gals,  per  minute,  which 
is   designated  as  a  standard   fire  stream. 


Loading  and  Unloading  Problem  Solved. 

— .-^n  interesting  problem  in  hauling  heavy 
materials  from  freight  cars  to  the  job  was 
solved  latelj'  by  J.  F.  Gulp  &  Sons,  Buffalo, 
N,  Y.,  who  own  four  Pierce-Arrow  five-ton 
trucks.  This  firm  had  the  contract  for  haul- 
ing all  the  marble  for  the  new  Catholic  cathe- 
dral, Delaware  avenue  and  Utica  street,  of 
that  city.  The  total  amount  of  marble  used 
in  the  building  is  a  little  over  590  carloads— 
450  cars  of  exterior  and  140  cars  of  interior. 
The  total  cost  of  the  building  is  nearly  $1,- 
500,000. 

Some  difficulty  was  experienced  at  first  in 
the  handling  of  the  marble  both  at  the  car  end 
and  at  the  building  site.  It  was  found  that  a 
great  deal  of  time  was  used  up  in  loading 
This  had  to  be  done  by  a  crane,  while  the  un- 
loading was  all  done  by  hand,  piece  by  piece. 
The  company  soon  conceived  the  idea  of  using 
skips  or  shallow  boxes.  These  boxes  were 
filled  at  the  cars  while  the  truck  was  making 
a  trip,  and  on  its  return  loaded  in  a  few  sec- 
onds by  the  crane.  At  the  building  a  plat- 
form the  height  of  the  truck  was  built  with  a 
sloping  runway  to  the  ground.  The  boxes 
were  fitted  with  small  wheels  and  could  be 
easily  pushed  from  the  truck  to  the  platform, 
and   from   there  to   the  ground. 

Breakage  was  practically  nil,  and  both  con- 
tractors and  engineers  state  that  they  were 
never  held  up  for  stone  on  account  of  the 
trucks. 

One  truck  in  a  nine-hour  day  hauled  from 
fifty  to  fifty-five  tons  of  marble,  the  round 
trip   averaging  about  eight  miles. 


Design  and   Construction   Features   of 

the  Milwaukee  Ave.  and  Desplaines 

St.   Viaducts,   Chicago. 

Contributed  by  ,J.   H.   Prior,  Assistant  Cliief  En- 
gineer,   Illlnoi.s    Public    L'tllities   CommJFsion, 
formerly  Engineer  of  De.siKn,  Chlcaeo, 
\filwaukee  &  St.  Paul  Ry. 

Milwaukee  Ave.  is  one  of  the  fourteen 
farm  roads  which  radiated  from  the  early  vil- 
lage f)f  Chicago.  .\\.  that  time  it  was  one  of 
the  principal  highways,  and  it  has  retained 
its  importance  as  a  highway,  as  approximately 
:)0,''00  people  pass  over  it  daily  in  and  out  of 
the   business   district   of   Chicago. 

The  viaducts  described  in  the  following 
article  carry  Milwaukee  Ave.  and  Desplaines 
St.  over  the  tracks  and  team  yards  of  the 
Chicago,  Milwaukee  &  St.  Paul,  the  Chicago 
&  Xorthwestern,  and  the  Pennsylvania  rail- 
road companies,  between  Kinzie  St.  and  Way- 
man  St.  .'\t  this  location  the  tracks  of  these 
companies  arc  just  approaching  the  central 
business  district  of  Chicago,  occupying  a  belt 
■160  ft.  wide,  as  shown  in  Fig.  I.  Milwaukee 
,'\ve.  crosses  these  tracks  in  a  diagonal  direc- 
tion, intersecting  Desplaines  St.  on  the  north 
in  such  :•.  manner  as  to  form  a  V-shape  figure, 
one  arm  being  formed  by  Milwaukee  Ave. 
and    the   other    by    Desplaines    St.,    the    north 


ends   of   the   viaducts  being  common   to  both  Milwaukee    .\\'t.    viaduct,    which    crosses    the 

streets.     The    Desplaines    St.    viaduct    crosses  tracks  diagonally,  is  665  ft. 

the  tracks  at  an  angle  of  approximately  90°,  The  old  viaducts   on  both   Milwaukee  Ave. 

and  it  is  524  ft.  long.    The  total  length  of  the  and  Desplaines  St.  were  built  in  1873.    There 
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Fig.  1.   Map  Showing   Location  of  Milwaukee   Ave.  and    Desplaines  St.  Viaducts,    Chicago. 
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s  no  record  of  the  specifications  and  load- 
ng  for  which  they  were  designed,  but  dur- 
ng  the  last  few  years  of  their  life  various 
)arts    of    the    structures     were    overstressed 


quiring  less  expense  for  maintenance.  It  was 
therefore  decided  to  build  eight  reinforced 
concrete  spans  on  the  north  end  of  each  struc- 
ture, with  a  truss  and  a  plate  girder  span  on 


rig.  2.   Plan,    Elevations   and   Cross-Sections   of   Typical    Panels   of    Milwaukee   Ave.   Via- 
duct. 

,riorc  than  100  per  cent  under  traffic.  This  the  south  end  of  the  Milwaukee  .\ve.  viaduct 
ondition  was  remedied  by  the  decision  to  re-  and  three  plate  girder  spans  on  the  south  end 
■lace  these  bridges  with  new  structures  de-  of  the  Desplaines  St.  viaduct,  the  latter  re- 
igned under  the  city  specifications,  the  load-  quiring  longer  spans  than   could  be  made  of 


3-35'-0"  Spans  (Average 


of  the  footings  a  1 :3 :()  mi.x  was  used.  Tests 
of  the  concrete  at  28  days  showed  a  com- 
pressive strength  for  cylinders  8  ins.  in 
diameter  by  16  ins.  long  of  2,500  lbs.  per  square 
inch  for  1 :4  concrete,  and  of  2,000  lbs.  per 
square  inch  for  1  :2 :4  concrete.  The  cement 
gun  was  used  for  pointing  after  the  forms 
were  removed. 

In  designing  the  reinforced  concrete  spans 
it  was  necessary  to  meet  three  rather  unusual 
requirements.  The  first  of  these  requirements 
was  that  the  new  bridges  should  carry  the 
heaviest  city  traffic,  with  a  floor  depth  not 
much  greater  than  that  used  in  the  old  steel 
structure,  which  was  designed  for  the  light 
traffic  of  40  years  ago.  It  was  not  difficult 
to  meet  this  requirement  in  the  design  of  the 
Desplaines  St.  viaduct,  as  the  city  consented 
to  a  ma.ximum  rise  of  8%  ins.  in  the  street 
grade.  For  the  Milwaukee  Ave.  viaduct,  how- 
ever, it  was  necessary  to  design  through  girder 
spans,  as  the  street  grade  established  by  the 
city,  together  with  the  headroom  which  had 
to  be  provided  over  the  railway  tracks  below, 
limited  the  floor  depth  to  4  ft.  1  in.,  from  top 
of  street  car  rail  to  bottom  of  concrete.  The 
outlines  of  a  typical  span  are  shown  in  Fig. 
2.  The  main  through  girders  "G"  have  an 
average  length  of  -55  ft.  and  a  maximum 
length  of  57  ft.  1  in.  These  are  the  longest 
railroad  bridge  girders  of  reinforced  concrete 
known  to  the  writer  to  have  been  constructed. 

.^s  the  main  girders  are  a  little  more  than 
42  ft.  apart,  and  as  the  average  perpendicula"- 
distance  between  the  bents  is  slightly  less  than 
this,  the  beams  "b,"  were  placed  at  right 
angles  to  the  bents  "C"  instead  of  at  right 
angles  to  the  girders  "G,"  as  is  more  usual  in 
through   girder   construction. 

The  beams  "h"  afford  nearly  all  the  support 
for  the  heavily  loaded  central  portion  of  the 
roadway  under  the  street  railway  tracks.  The 
beams  "6i"  and  "b:"  arc  also  at  right  angles 
to  the  bent  "C,"  and  carry  most  of  the  more 
lightly  loaded  portion  of  the  roadway.  One 
end  of  these  beams  is  .supported  by  the  bents 


Fig.  3.   Elevation  of  Milwaukee  Ave.  Viaduct  Showing   Type   of   Construction   and   Span    Lengths, 


ng  for  which  is  substantially  equivalent  to 
hooper's  "Class  A-2"  loading  for  highway 
ridges.  The  new  structures  arc  both  heavier 
han   the  original   ones,   and   have   the    widths 
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concrete.  .'\s  the  truss  span  and  plate  girder 
spans  on  the  south  end  of  the  Milwaukee  .\ve. 
viaduct  (sec  Fig.  3)  and  the  girder  spans  on 
the  Desplaines  St.  viaduct  present  no  unusual 
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"C."  and   the  other   end   is   supported   by  the 
main  girders  "G." 

This  arrangement   of  the   floor  system   has 
the  additional  advantage  of  reducing  the  total 
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Fig.   4.   Data   for    Designing   and    Details   of  Main  Girders — Miiw.iukee  Ave.  Viaduct. 
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IIFSICN    FEATURES. 

Preliminary  estimates  showed  a  reinforced 
'-'ncrete  structure  to  be  cheaper  than  a  steel 
tructure   with   a    concrete    floor,    besides    re- 


features,  this  article  will  consist  mostly  of  a 
description  of  the  eight  reinforced  concrete 
spans  on  the  north  end  of  these  viaducts. 

In  general,  the  concrete  was  a  1:2:4  mix, 
crushed  limestone  being  used,  but  that  used 
for  th»  columns  was  a  1 :4  mix,  and  for  some 


load  lo  be  carried  by  the  girder  "G,"  thus 
avoiding  the  inconveniently  large  dimensions 
which  would  otherwise  exist.  By  arranging 
the  beams  in  this  manner,  and  by  the  use  of 
a  special  rail  fastening,  described  in  another 
part   of   this   article,   it   was   possible   to   con- 
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struct  tilt  floor  with  the  required  depth  of  4 
ft.  1  in.  In  the  opinion  of  the  writer,  the 
design  would  have  been  complete  witliout  the 
short  stringers  "S"  (Fig.  2),  which  extend 
between  the  beams  "b~,"  "bs,"  etc.,  in  a  direc- 
tion parallel  to  the  center  line  of  the  viaduct. 
However,  these  stringers  were  inserted  at  the 
direction   of   the  municipal   authorities. 

The  general  details  of  the  main  girders  of 
the  Milwaukee  Ave.  viaduct  are  shown  in 
Fig.  4.  These  girders  are  10  ft.  6  ins.  deep 
and  '20  ft.  wide,  and  are  reinforced  with 
twenty-eight  1-in.  bars  spaced  3  ins.  hori- 
zontally -ind  2  ins.  vertically.  They  also  con- 
tain  a   verv    considerable    amount   of   vertical 


the  girders.     Bronze  plates,  "A"  and  "B,"  the  column    "C,"    (Fig.    7)    is    supported    directly 

upper   surfaces   of   which    were    finished   as   a  upon   a   pile   foundation,  but  the   column  "C-" 

sliding  surface,  arc  fitted  into  the  upper  cover  is  supported  upon  the  beam  "C-,"  which  spans 

plates  '■£"  of  the  grillage  beams  "</i"  by  means  the   tunnel   of   the   Illinois   Tunnel    Co.     This 

of  a  lug.     Cast  steel  plates,     "C"     and     "D,"  tunnel   runs   directlv  beneath     both     viaducts, 
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Fig.  5.  Typical  Group  of  Three  Spans — Mil- 
waukee Ave.  Viaduct. 
I 

reinforcement,  which  was  necessary  to  pro- 
vide for  web  stresses. 

The  floor  construction  of  the  Desplaines  St. 
viaduct  is  similar  to  that  of  Milwaukee  Ave. 
viaduct,  except  that  there  is  no  occasion  for 
heavy  girders,  as  the  bridge  crosses  the 
tracks  at  approximately  P0°. 

The  concrete  spans  in  both  viaducts  are  ar- 
ranged in  groups  of  three,  as  shown  in  Fig. 
5.  The  ends  of  the  span  which  rest  on  the 
two  center  bents  of  each  group  were  made 
fixed  ends,  and  the  ends  which  rest  on  the  out- 
side bents  were  made  expansion  ends.  The 
fixed  ends  of  the  beams,  "b,,"  "6;"  and  ''b-," 
(see  Fig.  2)  were  built  as  a  monolithic  with 
the  cross  beam  "Co,"  but  at  the  expansion 
end  they  rest  upon  the  bent  "Cz,"  and  are 
tied  together  by  a  diaphragm,  expansion  being 
provided  for  by  means  of  a  specially  designed 
sliding  bearing. 

In  the  Milwaukee  Ave.  viaduct,  the  main 
girders  "G,"  at  their  expansion  end.  are  car- 
ried on  the  expansion  bearings  shown  in  Fig. 
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Fig.   6.   Details    of    Expansion    Bearings   for     Main    Girders    of    Milwaukee    Ave.    Viaduct. 


planed  smooth  and  designed  to  slide  upon  the 
bronze  plates  "A"  and  "B"  were  concreted 
into  the  under  surface  of  the  main  girder 
"G."  It  is  believed  that  this  detail  will  be  a 
protection  against  excessive  stresses  due  to 
the  expansion  and  contraction  of  the  con- 
crete structure,  and  that  it  will  also  prevent 
the  formation  of  cracks  around  the  bearings 
which  are  sometimes  found  in  concrete  struc- 
tures not  provided  with  adequate  expansion 
joints.  A  similar  provision  was  made  for 
expansion  under  each  of  the  beams  "bi"  "bi," 
etc.,  where  they  rest  on  the  bents. 

The  details  of  a  typical  bent  are  shown  in 
Fig.  2  and  Fig.  T.  In  order  to  maintain  the 
former  clearances  for  teaming  purposes  it  was 


and  is  about  50  ft.  under  ground.  The  ends 
of  the  beam  "Cs"  are  carried  upon  the  pile 
foundations  "/="  and  "f^,"  while  the  columns 
"Ci,"  "Cz,"  etc.,  support  the  cross  beams  "Co." 

The  bent  shown  in  Fig.  7  is  typical  of  the 
bents  which  carry  the  fixed  end  of  the 
girders.  A  construction  joint  was  made  be-' 
tween  the  columns  and  the  beam  "Co/'  which 
was  built  as  a  monolith  with  the  columns. 

Figures  9  and  14  show  the  details  of  a  bent 
similar  to  the  one  last  described,  but  located 
on   the  Desplaines   St.  viaduct. 

With  the  depth  of  floor  and  the  long  spans 
required  on  Milwaukee  Ave.  it  was  not  pes-, 
sible    to    use    ties    and    ballast    with   the   9-in 
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Fig.  7.   Cross-Section   of   a   Typical    Eent   at    Fixed    End   Showing   Details  of  Construction — Milwaukee  Ave.  Viaduct. 


G.  The  lower  half  of  these  bearings  consist 
of  two  beam  grillages,  "tj"  and  "(?:,"  concreted 
into  the  bent.  The  lower  beams,  "gi"  of  this 
grillage  were  made  parallel  to  the  bents  to 
assist  in  distributing  the  load  over  the  bent, 
while  the  upper  beams  "(]"  were  made  parallel 
to  the  center  line  of  the  girders  to  afford  a 
sufficient    bearing    area    along   the    bottom   of 


necessary  to  place  the  bents  midway  between 
adjacent  tracks,  which  were  arranged  in  pairs, 
as  shown  in  Fig.  8.  (This  drawing  also  shows 
the  typical  arrangement  of  forms  and  form 
supports).  Tliis  limited  the  thickness  of  the 
bents  to  1  ft.  3  ins.,  necessitating  the  use  in 
the  columns  of  1  per  cent  of  vertical  rein- 
forcement,   with    hoops     and      spirals.       The 


"Trilby"  rail  ordinarily  used  by  the  Chicagf 
Railways  Co.,  whose  tracks  cross  the  viaduct 
\  special  rail  chair  was  therefore  proyide( 
for  a  7-in.  "Trilby"  rail,  which  the  Chicagt 
Railways  Co.  consented  to  use.  This  rcdiicec; 
the  available  floor  depth  from  4  ft.  1  in.  t'l 
.3  ft.  6  ins.,  whereas,  if  ties  and  ballast  hac 
been  used,  the  available  depth  would  have  beci 
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reduced  an  additional  7%  ins.,  besides  greatly 
increasing  the  dead  load  of  tlie  floor. 

The  rail  chair  which   is  shown  in   Figs.   10 
and    11    was    designed   so   as    to   interfere   as 
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mately  IG  ins.  square  and  is  1V4  ins.  thick,  the 
perimeter  being  embedded  in  the  concrete. 
There  are  four  square  holes  in  the  bed  plate, 
through  which   the   sockets  of     the     separate 


Main   GircJsr-  G  - 


clamps  "F"  and  "£;"  the  T-bolts  extending 
down  through  the  holes  in  the  bed  plate  to  the 
sockets  in  the  top  of  the  anchor  plate.  A 
4-in.  wearing  plate  was  provided  between  the 
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Fig.   8.   Forms   and    Form    Supports  for      Various  Parts  of  Concrete  Spans — Milwaukee      Ave.  Viaduct. 


little  as  possible  with  tlie  beam  action  of  tlic 
concrete  and  with  the  reinforcement  of  the 
slabs  when  placed  in  the  structure.  It  was 
'also  intended  to  produce  a  suitable  anchor  and 
sufficient  bearing  for  the  rails.     This  was  ac- 


anchor  plate  "H"  extend.  This  anchor  plate 
is  a  casting,  with  a  lower  bar  running  trans- 
versely with  the  rail.  There  are  two  upright 
projections,  "K,"  each  of  which  terminates 
in   a  socket   for   receiving   the   head   of   a   T- 
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Fig.   9.  CrosS'Sectlon    of   a    Typical    Bent  Showing  Details  of  Construction — Desplaines 

St.   Viaduct. 


complished  by   making   the    main   part   of  the 
rail  chair   in    two   pieces,   the   bed    plate    and 
the    anchor    plate,    which    are    entirely    inde- 
pendent of  each  other. 
The  bed  plate  "G"  (see  Fig.  11)  is  approxi- 


bnli.  The  anchor  plate  is  placed  in  the  floor 
between  the  upper  and  lower  slab  reinfoKc- 
mcnt,  thus  insuring  a  good  anchorage  when 
entirely  surrounded  with  concrete.  The  rail 
is   held  in  position  by  means  of  T-bolts  and 


lied  plate  and  the  rail  ant!  screw-bolted  to 
the  bed  plate.  This  wearing  plate  can  be 
renewed  by  removing  the  screw  bolts,  clamps 
and  T-bolts. 

In  constructing  the  viaduct  the  chairs  were 
damped  to  the  rail  at  3- ft.  centers,  and  the 
rail  was  aligned  and  placed  at  its  proper  ele- 
vation before  concreting.  The  4-in.  wooden 
washers  shown  in  Fig.  11  were  used  for  the 
purpose  of  erection,  their  object  being  to  act 
as  a  temporary  filler  and  to  allow  the  anchor 
plate  to  he  drawn  tightly  against  the  wearing 
plate.  The  clamps  "F"  and  "£"  pressed  down 
on  the  rail  base  and  bed  plate,  while  the 
heads  of  the  T-bolts  pulled  up  on  the  anchor 
plate,    thus    holding    the    chair   in    place    until 
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ig.  10.  Cross-Section  Through  Track   Show- 
ing   Details   of    Rail    Chairs   for    Milwau- 
kee Ave.  Viaduct. 

after  the  concrete  was  poured.  These  wash- 
ers, however,  did  not  prove  satisfactory,  as 
the  tendency  was  to  tighten  the  bolts  too 
much,  thus  causing  the  wearing  plate  to  bend 
and  a  gap  to  he  opened  between  it  and  the 
base  plate.  This  defect  was  remedied  in  the 
field  by  placing  sniall  wooden  blocks  between 
the  outer  ends  of  the  anchor  plate  and  the 
hcd  plate  and  by  omitting  the  wooden  wash- 
ers. On  the  Desplaines  St.  viaduct,  owing  to 
the  increased  thickness  of  floor,  it  was  not 
necessary  to  use  special  rail  chairs  and  ties 
and  ballast  were  used,  as  shown  in  Fig.  9. 

The  second  condition  imposed  on  the  design 
was  that  the  bridges  be  constructed  with  only 
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Fig.  11.   Detail   Drawing  of  Rail  Chairs  and    Connections    for    Milwaukee    Ave.    Viaduct. 


a  reasonable  interference  with  tlie  properties 
of  the  public  and  municipal  utilities  at  present 
occupying  the  surface  or  sub-surface  space. 
These  properties  were  as  follows :  The  track 
and  wires  of  the  Chicago  Railways  Co.:  the 
tunnel  of  the  Illinois  Tunnel  Co.;  the  light- 
ing and  power  conduits  of  the  Common- 
wealth-Edison Co.;  the  telephone  conduits  of 
the  Chicago  Telephone  Co.,  and  the  water 
pipes,  sewers  and  electric  light  wires  and 
poles  of  the  City  of  Chicago.  Figure  12 
shows  the  location  of  these  properties. 

The  manner  of  providing  for  the  tracks 
of  the  Chicago  Railways  Co.  has  already  been 
described.  Their  wires  were  strung  overhead 
from  reinforced  concrete  trolley  poles  placed 
over  each  bent.  On  Milwaukee  Ave.  pro- 
visions were  made  for  the  lighting  and  power 
conduits  of  the  Commonwealth-Edison  Co. 
and  for  the  telephone  conduits  of  the  Chicago 
Telephone  Co.  by  embedding  3%-in.  "Orange- 
burg" fiber  conduits  in  concrete  in  the  space 
directly  beneath  the  sidewalks  on  each  side 
of  the  viaduct.  On  Desplaines  St.  these  con- 
duits were  placed  in  wrought-iron  pipes,  which 
were  supported  on  ledges  on  the  stems  of  the 
sidewalk  T-bcams. 

The  tunnel  of  the  Illinois  Tunnel  Co.  oc- 
cupies a  position  in  Milwaukee  Ave.  approxi- 
mately beneath  the  center  line  of  the  street, 
at  an  elevation  of  about  38  ft.  below  city 
datum.  It  was  not  possible  to  secure  any 
support  for  the  viaduct  within  the  space  di- 
rectly above  the  tunnel.  Accordingly,  as  pre- 
viously described  and  as  shown  in  Figs.  7  and 
12,  the  column  "Cz,"  which  is  located  over 
the  tunnel,  is  supported  on  a  beam  "C;, "  which 
spans  the  tunnel  and  is  supported  on  the  pile 
foundations  "/:"  and  "/s." 

The  third  condition  imposed  on  the  design 
was   that   the    new    structure   should   be    built 


practically  without  interference  with  the  pres- 
ent railroad  tracks  and  without  infringing  on 


liv.sy  terminals  of   importance  to  the  railroad 
companies  concerned. 

To  meet  this  requirement,  falsework,  de- 
signed as  shown  in  Fig.  8,  was  used  on  Mil- 
waukee Ave.  Section  "B"  shows  that  the  dis- 
tance from  the  lowest  point-  of  the  formwork 
to  the  bottom  of  the  permanent  concrete  floor 
was  only  8  ins.  This  unusually  small  projec- 
tion of  the  falsework  below  the  concrete  was 
obtained  in  the  following  manner :  The  Sxlti- 
in.  stringers  "a"  were  placed  as  shown  in  Sec- 
lion  "A."  between  the  stems  of  the  T-beams 
"b"  which  support  the  roadway  floor.  The 
ends  of  the  stringers  "a"  rest  on  falsework 
bents,  as  shown  in  Section  "B."  To  the  under- 
side of  stringers  "a"  were  bolted  4x()-in, 
pieces  "c."  which  support  the  bottom  anrj 
side  forms  of  the  T-beams  "b."  as  shown  in 
Section  "A." 

FORMS. 

Tlie  forms  for  the  main  girders  were  sup- 
ported as  follows:  8xl6-in.  stringers  "d" 
(Sections  "A,"  "D"  and  "C,"  Fig.  8),  rest  on 
the  posts  "/"  which  pass  through  temporary 
openings  in  the  concrete  slab.  These  main 
stringers  "d"  support  the  Ux8-in.  pieces  "t'" 
and  the  4x6-in.  pieces  "g"  by  %-in.  bolts 
The  pieces  "e"  support  the  bottom  and  sides 


Q 


Q 


l'.-vc/'.r' 


Fig.    12.  Cross-Sections    Showing    Conditions 
cupying  Surface  and  Sub-Surface  Space — 

their   lateral  or   vertical   clearance.     This   was 
necessary  as  the  tracks  on  the  lower  level  were 


Imposed    Upon   the   Design   by   Utilities  Oc- 
Mllwaukee  Ave.  and  Desplaines  St.  Viaducts. 

cif    the    lower   jiortion    of    the    forms    for   thi 
main  girder  "G."    The  forms  "i,"  for  that  par 


Fig.    13.   General    Lay-Out   Showing   Arrangement    of     Contractor's     Equipment  for    Constructing    Milwaukee    Ave.    Viaduct. 
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;)f  the  main  girder  "C"  above  the  floor  slab, 
ire  supported  directly  from  the  main  stringers 
j'd"  and  are  independent  of  the  lower  portion 
)f  the  forms  ";■  '  This  arrangement  per- 
iiiitted  the  main  girders  to  be  concreted  prac- 
lically  as  a  monolith  with  the  sidewalk  and 
i-oadway  slabs  by  means  of  the  openings  "k." 
the  beams  "fci,"  "6=/'  etc.  (see  Fig.  2)  were 
dso  concreted  as  a  monolith  with  the  main 
rirders  by  maintaining  similar  openings  at  the 
,-nds  of  those  beams. 

I  CONSTRUCTION     FE.^TIRKS. 

'  In  order  to  interfere  as  little  as  possible 
vith  traffic  crossing  the  viaducts  during  their 
■econstruction,  the  Milwaukee  .Ave.  viaduct 
Vas  rebuilt  first,  the  traffic  being  diverted  to 
■lie  old  Desplaines  St.  viaduct.  .\fter  the 
ililwaukee  Ave.  viaduct  was  completed, 
raffic  was  turned  over  it,  and  the  Desplaines 
it.  viaduct  was  rebuilt.  Plans  for  the  Mil- 
vaukee  Ave.  viaduct  were  completed  and 
he  structure  was  7.5  per  cent  completed  bc- 
ore  plans  for  the  Desplaines  St.  viaduct  were 
'tartcd.  The  work  was  done  by  contract. 
Separate  bids  for  each  viaduct  were  invited, 
nd  the  work  was  done  by  two  different  con- 
ractors,  who  used  different  methods  in  the 
lacing  of  the  concrete. 
Certain   conditions   were   imposed   upon    t!ic 


press  Co.'s  platform,  or  on  the  tracks  serving 
the  Chicago.  Milwaukee  &  St.  Paul  com- 
pany's freight  house.  All  other  tracks  under 
the  viaducts  are  used  as  team  tracks,  the  cars 
being  spotted  at  night.  These  tracks  were 
therefore  permitted  to  be  blocked  between  the 
hours  of  7  a.  m.  and  li  p.  m.,  but  they  had  to 
be  left  open  for  switching  at  night.  .An  over- 
head clearance  of  15  ft.  (i  ins.  above  top  of 
rail  was  required. 

In  the  construction  of  the  Milwaukee  Ave. 
viaduct  the  concrete  in  the  footings,  with  the 
exception  of  the  bent  between  the  truss  span 
and  the  three  girder  spans,  was  placed  by 
means  of  a  mi.xer  mounted  on  a  flat  car.  The 
car  was  placed  on  the  tracks  adjacent  to  the 
footings,  and  the  concrete  was  deposited 
through  a  chute.  The  materials  were  taken 
from  the  cars  and  were  delivered  to  the  mi.xer 
in  wheelbarrows.  Figure  13  shows  the  gen- 
eral arrangement  of  the  equipment  used  by 
the  contractor  in  placing  the  concrete  in  the 
superstructure.  .\  tower,  about  hO  ft.  high, 
was  erected  near  the  material  tracks  between 
bents  Xos.  5  and  6.  .'X  %-cu.  yd.  cube  mixer 
was  located  on  the  ground  adjacent  to  the 
tower,  discharging  directly  into  an  elevator 
or  bucket.  The  concrete  was  hoisted  to  the 
top   of   the  tower,   dumped   into   a   chute,   and 


Fig.   14.  View  of  Tower  and  Chute    Used    in  Construction    of    Desplaines    St.    Vi;iduct — 
View    Also    Shows    Thin    Columns    and    Reinforcement  for  Cross  Girders — Com- 
pleted   Milwaukee    Ave.    Viaduct    Shown    in   Background. 


intractors,  the  main  one  being  that  there 
joHld  he  no  interference  with  the  operation 
I  trains  on  the  joint  main  tracks  of  the  Chi- 
>Re.  Milwaukee  &  St.  Paul  and  the  Pennsyl- 
ania  railroad  companies,  on  the  old  main 
acks  of  the  Chicago  &  Northwestern  com- 
^ny,  on  the   tracks   serving  the   .Adams   Ex- 


(listribiitcd  by  means  of  push  carts  of  t!-cii.  ft. 
rapacity.  .\  large  part  of  the  materia!  was 
delivered  to  the  mixer  in  wheelbarrows,  from 
cars  located  on  tracks  marked  "Track  for  Ma- 
terial," but  a  portion  was  brought  to  the 
vicinity  of  the  mixer  by  teams,  and  was  then 
taken  to  the  mixer  in  wheelbarrows. 


For  work  at  the  north  abutment  and  at  the 
two  north  spans  a  mi.xer  was  placed  on  the 
north  approach,  the  concrete  being  discharged 
directly  into  place  or  distributed  in  push  carts. 
In  concreting  the  sidewalks  and  curbs  on  the 
steel  spans  a  %-cu.  yd.  mixer  mounted  on 
w-heels  was  used,  the  concrete  being  dis- 
tributed in  wheelbarrows.     Materials  were  de- 


Fig.     15.   Portion    of     Con. pitted     Milwaukee 
Ave.    Viaduct    Showing    Type    of   Con- 
struction. 

livered  to  these  mixers  in  wheelbarrows,  from 
storage  piles  in  the  street  at  each  end  of  the 
viaduct. 

A  portable  saw  mill  was  erected  near  the 
south  approach.  Electric  power  was  used  in 
operating  the  mixers,  the  elevator,  and  the 
saw    mill. 

In  the  construction  of  Desplaines  St.  via- 
duct the  concrete  for  both  the  substructure 
and  superstructure  was  placed  by  means  of  a 
tower  and  chute,  as  shown  in  Fig.  11,  the 
chute  being  long  enough  to  deliver  concrete 
to  any  portion  of  the  structure.  Figure  14 
also  shows  the  thin  columns,  the  reinforcing 
in  the  cross-girders,  and  the  completed  Mil- 
w'aukee  .Ave.  viaduct  in  the  background.  Fig- 
ure 1.5  shows  a  side  view  of  this  .structure 
after  it  had  been  opened  to  traffic. 

In  the  Milwaukee  .Ave.  viaduct  there  are 
approximately  -1,000  cu.  yds.  of  concrete  and 
ilfiO.OOO  lbs.  of  reinforcing  steel,  while  in  the 
Desplaines  St.  viaduct  there  are  approximatelv 
■2.100  cu.  yds.  of  concrete,  and  315,000  lbs.  of 
reinforcing  steel. 

PERSONNEL. 

Hy  agreement  with  the  other  railway  com- 
panies involved,  the  work  was  designed  by 
the  Chicago.  Milwaukee  &  St.  Paul  Ry.  Co.. 
Mr.  C.  F.  Loweth,  chief  encineer.  and  Mr. 
J.  H.  Prior,  engineer  of  design.  The  concrete 
work  for  the  Milwaukee  .Ave.  viaduct  was 
built  by  L.  K.  Sherman  &  Co..  Chicago,  and 
that  for  the  Desplaines  St.  viaduct  by  the 
Brennen  Construction  Co.,  Chicago.  The 
■•teelwork  on  both  viaducts  was  erected  by  the 
railway  c<impany's  forces.  The  field  engineer- 
ing, superintendence  and  inspection  for  the 
railway  company,  of  both  the  steel  ami  con- 
crete wiirk.  were  luidcr  the  direction  of  Mr. 
U.  J.  MiiUlleton.  engineer  of  track  elevation 
for   the   Chicago.   Milwaukee  &   St.   Paul   Ry. 

Co. 

I.ocoTOOtive  Laboratory  Tests  at  Univer- 
sity of  Illinois. — The  I'niversity  of  Illinois 
has  just  concluded  the  series  of  tests  on  the 
Illinois  Central  consolidation  type  freight  lo- 
i-(iniotive  No.  0.58.  which  has  been  in  progress 
at  the  loconiotivo  testing  laboratory.  This 
engine  was  furnished  by  the  Illinois  Central 
Railroad  for  the  purpose  of  these  tests  and 
was  placed  in  the  laboratory  about  a  year  ago. 
Since  that  time  many  tests  have  been  made 
hy  both  the  faculty  of  the  College  of  Engi- 
neering and  students  in  the  railway  courses. 
The  highest  speed  at  which  any  test":  were 
made  was  1.5  miles  per  hour.  The  greatest 
tractive  effort  registered  was  30,000  llx..  while 
the  highest  horsepower  developed  wi  1,6.50. 
The  tests  were  conducted  primarily  ">  in- 
crease the  efficiency  of  the  locomot  ■  "  per- 
formance. Considerable  work  was  alsn  done 
to  improve  the  running  of  the  locomotive. 
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Construction   and   Cost   of   the   Water 
Tunnel  for  the  Tallulah  Falls  Hydro- 
Electric   Development  in  Georgia. 

Contributed  b.v  Chas.  G.  Adslt,  Engineer  Nortti- 

ern  Contracting  Co.,   and   Eugene  Lauchli. 

Hydraulic  Engineer. 

The  purpose  of  this  tunnel  0,665  ft.  long  is 
to  convey  some  1,700  sec.  ft.  of  water  from 
the   storage   reservoir   formed   by   a   diverting 


Intended,  but  as  no  e.xternal  hydrostatic 
pressure  of  magnitude  was  anticipated,  and 
for  the  sake  of  convenience  in  driving  and 
hning  the  bore,  a  section  with  straight  bat- 
tered side  walls  was  adopted. 

The  specifications  call  for  a  concrete  lining 
having  a  minimum  thickness  of  6  ins.  (/] 
line.  Fig.  2)  and  for  the  excavation  not  to 
extend  more  than  16  ins.  beyond  the  inside 
face  of  the  concrete   {B  line).     The  concrete, 


75  ft.  long  and  7u  ft.  deep,  some  10,800  cu. 
yds.  of  rock  had  to  be  excavated.  Later  on, 
adit  No.  3,  150  ft.  long,  was  provided  and  an 
8.xl0-ft.  shaft,  112  ft.  deep,  was  simk  be- 
tween  the  intake  portal   and  adit   No.   1, 

The  W'ork   under  consideration  involved  the 
following  quantities: 

Cu.  yds. 

Adit  excavation    1,250 

Main   tunnel: 

Heading    23,330 


Typical  Sect  of  Tunnel  and  Profile  of  Adit- 


EI&C 


Fig.    1.     Plan    of   Tallulah    Falls    Development  Showing    Tunnel    Route. 


rubble  masonry  dam  115  ft.  high  and  410  ft. 
long,  thrown  across  the  Tallulah  River,  at 
Tallulah  Falls,  Ga.,  to  a  forebay  or  surge 
reservoir,  30  ft.  wide,  71  ft.  long  and  93  ft. 
high,  located  at  the  upper  end  of  six  5-ft. 
diameter  steel  penstocks,  1,250  ft.  long  each, 
leading  to  six  17,000-11  P.  Francis  turbines 
operating  under  an  average  head  of  580  ft. 


a  1 :3  :5  mixture,  was  to  have  a  smooth,  imish, 
and  the  material  excavated  from  the  tunnel 
was  accepted  as  being  suitable  for  the  con- 
crete aggregate. 

The  tunnel  was  driven  on  a  2  in  1,000 
grade,  sloping  from  the  intake  down  to  the 
forebay,  through  a  grey  blueish  granite,  dip- 
ping downstream  at  an  angle  of  22°,  with  oc- 
casional mud  seams.  The  ground  stood  well 
generally,   and  only  6  per  cent  of  the  tunnel 


Bench     29,65il 

Concrete  lining  within  specified  lines 15,430 

Concrete  lining  beyond  specified  lines 3,540 

Seventy-five    per   cent   of   the   tunnel   length 
was  driven  w'ith  a  top  heading  and  bench,  and 


TABLE  I. 
Per  cu.  yd. 
Sloping  work. 

Uibor    $2,415 

Supt.     and     walking 

bosses   .141 

General  expenses   .036 

Ofllce  force 103 

Storeroom   force    .......         .027 

Repairmen   .115 

Carpenters    053 

Dynamite   339 

Exploders     029 

Connecting  wire 015 

Kerosene 002 

Ivubrlcatlng  oil 013 

Tamping  bags 002 

Lamps    .011 

Piping  and   fittings 015 

Drill   repairs 204 

Miscellaneous  supplies..         .041 

Drill  steel 107 

Blacksmith   coal 027 

Freight    063 

Feed    031 

Total    $3,789 


Per  cu.  yd. 
Bench  work. 
$2,965 

.067 
.101 
.085 
.028 
.102 
.050 
.416 
.038 
.014 
.002 
.012 
.002 
.010 
.029 
.095 
.063 
.080 
.027 
.079 
.050 


$4,315 


Fig.    2.     Section    of    Tunnel,    Tallulah    Falls 
Development. 

Figures  1  and  2  give  the  location,  alignment 
and  dimensions  of  the  tunnel,  the  net  area  of 
which  is  151  sq.  ft.  within  the  concrete  lin- 
ing. A  circular  section  would  have  been 
somewhat  more  favorable  to  serve  the  purpose 


length     required    timbering    during    constnu- 
tion. 

For  the  purpose  of  expediting  the  work,  it 
was  found  desirable  to  drive  the  tunnel  from 
the  intake  and  forebay  ends,  as  well  as  from 
two  adits  7  ft.  high',  13  ft.  wide,  105  and 
217  ft.  long,  respectively,  (adits  No.  1  and  2) 
driven  on  a  1  per  cent  grade.  Before  starting 
work  at  the  intake  end,  1,01)0  cu.  yds.  of  ma- 
terial, mostly  rock,  had  to  be  excavated.  At 
llic  forebay,  consisting  of  a  shaft  35  ft.  wide, 


Fig.  3.    Steel  Forms  for  Lining  Tunn;l,  Tal- 
lulah   Falls    Development. 

the  balance  with  a  bottom  heading,  the  over- 
laying material  bein.g  sloped  down  on  the 
heading  floor.     ,\ttention  is  called  here  to  the 
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Fact  that,  owing  to  the  relatively  small  sec- 
. ion  of  the  tunnel,  heading  excavation  repre- 
liented  about  49  per  cent  of  the  total  excava- 
lion. 

POWER     PLANT    AND    EQUIPMENT. 

The   contractor,    the    Northern    Contracting 


0.,   built   a   temporary   power   plant    housing 


the  dam,  to  the  turbines.  .\  o-ft.  diameter 
steel  penstock  also  diverted  water  from  the 
intake  to  a  12o-HP.  Francis  turbine  driving 
a  50-KW.  generator  used  for  lighting  pur- 
poses. 

The    tunnel    sub-contractor    was    furnished, 
free   of  charge,   with  4,000  cu.   ft.   of  air   per 


Piston  drills  were  used  first,  but  owing  to 
the  hardness  of  the  rock  and  its  abrasive 
properties,  necessitating  much  sharpening, 
thus  being  a  serious  hindrance  to  progress, 
Leyner  water  core  air  drills  Xo.  T.  were 
adopted,  and  their  use  immediately  caused  a 
general  improvement  in  progress.  With  pis- 
ton drills,  starting  holes  was  found  a  chief 
difficulty  to  overcome,  and  drilling  of  dry 
holes  gave  little  satisfaction. 

No.  2  Leyner  bit  sharpeners  were  installed 

TABLE  IV. 

Cost 
Items—  Percu.yd. 

Labor    »o.l2 

Cement    -.aaa 

Miscellaneous  materials   2"J11 

Lumber «1|» 

Freight    0-0|« 

Transportation    Xici 

Insurance •; "•"» 

Rovaltv  on  concretmg  machme w«« 

Miscellaneous  expenses   J-JOS 

Crushing  rock   *•  J» 

Quarrjing  rock   «■»' 

Plastering   concrete    "•:"" 

Cleaning  up  tunnel v.aaa 

Total*    $12,041 

•Blaw  concreting  forms  and  depreciation  on 
equipment  not  Included. 


4.     Charging   Platform  and   Generate   Mixing     and     Conveying      Machines     for     Tunnel 
Lining,    Tallulah    Falls    Development. 


wo  500-HP.  S.  Morgan  Smith  hydraulic 
.•"rancis  turbines,  operating  under  an  average 
lead  of  48  ft.  and  driving  two  Laidlaw  Dunn 
jordon   air    compressors,    each    having   a    ca- 

TABLE  11.  ^     ^ 

Cost 
Items-  Percu   yd. 

^bor    *ilL 

.A'erhead  charges  . . 
ilacksmlths'  repairs 
Jachinli'ts'    repairs 


mmutc  and  also  with  electric  current.  Owing 
to  low  water  conditions,  in  1912,  it  was  found 
necessary  to  increase  the  capacity  of  the  air 
plant,  and  a  steam-driven  Sullivan  straight 
line  air  compressor,  with  a  capacity  of  1,875 
cu.  ft.  of  free  air  per  minute,  and  two  200-HP. 


at  each  adit    and    points    of    attack.     At    the 

shaft  the  following  plant  was  installed: 

1  set  lOxlD-in.  Jaw  crushers. 

1  set  sand  rolls. 

1  60  H.P.  steam  engine. 

1  two-drum  IS  H.P.  hoist  engine  operating  the 

shaft  cage. 
1  set  of  sand  screens. 
1  cement  house. 

Owing  to  the  steepness  of  the  gorge,  at 
the  mouth  of  the  adits  and  mtake  portal, 
much  of  the  tunnel  muck,  necessarv'  for  the 
concrete  aggregate  was  lost,  and  it  was  found 
necessary  to  open  a  quarry  at  adit  No.  3. 

As  a  whole,  the  labor  available  was  ex- 
tremely poor  and  unreliable  for  this  class  of 
work.  Negro  labor  was  used  chiefly.  Some 
Hungarians  and  Cherokee  Indians  gave  some- 
what better  results.  Rainy  weather  (annual 
rainfall  varying  from  70  to  80  ins.)  was  a 
serious  hindrance  to  progress.  During  holi- 
days a  large  number  of  men  would  leave, 
thus  resulting  in  onerous  transportation 
charges,  and  it  was  no  small  task  to  organize 


0.295 
0.107 
0.135 


0.0S2 

0.12 

0.06 

0.035 

0.051 


^upply  house  labor «M3 

Jfflce  force   "  "*" 

)ut8lde   force    

■)rlll  steel    

Jlacksmlth's   coal    

ilules'  feed  n  ,  j  j 

freight    ^.U* 

)rlll  repairs  y-H* 

I'lplng  and  fittings 00» 

Miscellaneous  supplies    ""1" 

lynamite    XX-? 

'■■"•'"><'"''    •■■-■ 0.?33 

'.'.'.'.'.'.'.'.'.  .\'.'.'...  0.013 

licatlng   oil    ^033 

,1  :implng  bags   ''■'""' 

Total    »6-9" 


-ni'cting   wires 
line 


TABLE  in.— TOTAL  COST  OF  TUNNEL  EX- 
CAVATION.   39.831    CU.    YDS. 

February    1,    1912,    to   April   :n,    1913.      . 

Cost 

jr-^ ^%^:kr 

xploaivcs    

..uDrlcants     

'Iping    

'rill  ripiiirs   

illdci'llini'ous   supplies    

"rclKlil    ■• 

rraii,"|)iii  tatlon     

^lability    Insurance    

■Ilscellanvous    charges    

Jepreelatlon  on   .-.luliim.'nt 

'ower*    


.604 
.019 
.026 
.172 
.237 
.087 
.247 
.181 
.066 
.150 
.306 

»5!928 
original 


Total    

•This  item  repr«.«ent!<  thai  part  ol    U 
o»t  and  cost  of  operation  of  comprcs-sor  plant 
<o.  1  chargeable  to  tunnel  excavation. 

>acity  of  2,500  cu.  ft.  of  free  air  per  minute, 
10  lbs.  pressure.  A  wooden  dam.  ID  ft.  high 
ind  60  ft.  long,  was  thrown  across  the  Tallu- 
ih  River,  at  I^dor  Falls,  and  a  7.5-ft.  steel 
■cnstock  80  ft.  long  served  to  convey  water 
rom  a  masonrv  intake  located  at  one  end  of 


Flfl. 


5.    Delivery   End   of   Concrete   Conveying  F  ,c 

Development. 


:r      Tur.ncI       Lining.      Tallulah      Falls 


Scotch  Marine  type  bmlcrs  were  installed 
near  to  the  forebay  and  connected  with  •.he 
main  air  line,  consisting  of  10,  8  and  ()-in. 
wrought  iron  pipe,  partly  laid  along  the 
T.   F.   Ry.  track. 


and  break  in  two  shifts  of  men  for  10  work- 
ing   points.      Thus    lalwir    conditions    account 
chiefly    for    the    somewhat    slow    progress    in 
driving  the  tunnel. 
Two   shifts   were   worked   per   day   at   each 
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heading,  a  shift  consisting  of  4  drillers,  4 
helpers,  (i  muckers,  2  trammers,  1  foreman. 
Mules  were  used  for  haulage.  At  the  adits, 
forebay  and  intake,  one  blacksmith  and  one 
helper  did  the  drill  sharpening. 

The  following  wages  prevailed:  Drillers, 
$2.50;  drill  helpers,  $1.75;  muckers,  $1.65; 
foremen,  $4.50;  blacksmiths,  $3.50;  helpers, 
$2.00;  carpenters,  $3.00;  concrete  men,  $1.75. 

Work  at  the  intake  heading  and  driving  of 
adit  No.  1  was  started  during  July,  1911,  and 
work  at  adit  No.  2  on  the  following  month. 
The  intake  top  heading  was  first  e.\cavated 
for  a  length  of  800  ft.;  at  this  point  ground 
pressure  necessitated  heavy  timbering  and  in 
some  instances  the  roof  caved  in  for  a  height 
of  10  ft.  Progress  was  very  slow  and  costly; 
some  water  was  encountered,  and  as  the  tun- 
nel was  being  driven  down  grade,  pumping 
had  to  be  resorted  to  in  order  to  keep  the 
heading  dry.  It  was  then  deemed  advisable 
to  carry  the  bench  excavation  close  to  the 
heading,  and  work  was  suspended  pending 
the   completion   of   the   bench   excavation. 

The  headings  at  adit  No.  1  and  2  were  car- 
ried at  the  top  of  the  tunnel.  A  top  heading 
was  also  started  in  September,  1911,  from 
the  boltom  of  the  forebay,  the  material  ex- 
cavated being  handled  with  a  derrick  located 
at  the  mouth  of  same.  After  the  heading 
had  been  driven  some  500  ft.,  a  soft  seam 
was   struck,   necessitating  timbering. 

In  June,  1912,  after  the  shaft  between  the 
intake  and  adit  No.  1  had  been  sunk  to  grade, 
and  adit  No.  3  had  been  driven  to  the  main 
tunnel,  headings  8  ft.  high  were  driven  at  tjie 
bottom  of  the  tunnel  section,  and  the  over- 
laying material  was  stoped  down  on  the  tun- 
nel  floor. 

The  average  progress  for  heading  and  bench 
excavation  during  the  year  1912  was  30  and  38 
ft.,  respectively,  per  week  (6  days).  Twic* 
the  progress  was  made  in  stoping  work  as  in 
bench  excavation,  at  a  less  cost  of  about  50 
cts.  per  cubic  yard.  During  April,  1912,  about 
1,784  cu.  yds.  of  bench  material  were  ex- 
cavated at  a  cost  of  $4,315  per  cubic  vard.  and 
during  May  of  the  same  year  3,807  cu.  yds. 
of  rock  were  stoped  down  at  a  cost  of  $3,789 
per  cubic  yard,   or  at  a   lesser  cost  of  $0,526 


per  cubic  yard.  The  cost  of  bench  and  stoping 
work   was  as  per  Table  I. 

A  mucking  machine  which  had  previously 
been  working  satisfactorily  in  coal  mines,  and 
W'hich  had  been  redesigned  and  somewhat 
improved  for  this  particular  class  of  work, 
was  installed  in  the  forebay  end  of  the  tunnel 
by  the  sub-contractor,  for  the  purpose  of 
handling  bench  material.  Besides  using  much 
power  and  attendance,  not  to  speak  of  main- 
tenance charges,  this  machine  did  not  prove 
much  of  a  success  and  was  soon  taken  out  of 
the  Ijore. 

The  cost  of  driving  830  lineal  feet  of  head- 
ing (2,850  cu.  yds.)  was  as  given  in  Table  II. 

The  cost  of  excavating  39,831  cu.  yds.  of 
tunnel,  from  February,  1912,  to  April,  1913, 
was  as  given  in  Table  III. 

CONCRETE    LINING. 

Work  on  the  lining  was  not  started  until 
September,  1912,  i.  e.,  at  a  time  when  the 
tunnel  had  been  practically  completely  exca- 
vated. About  120  (t  of  tunnel  invert  was 
concreted  first  at  adit  No.  3,  and  Blaw  col- 
lapsible steel  forms  were  then  erected  and 
concreted.  It  was  soon  found  out  that  it 
would  be  preferable  to  concrete  the  side  walls 
and  arch  first,  and  later  on  the  invert,  and 
this  procedure  was  then  followed  throughout. 

A  total  length  of  240  lin.  ft.  of  Blaw  forms 
were  used,  the  lining  being  carried  on  simul- 
taneously at  three  points.  Three  concreting 
machines  furnished  by  the  Concrete  Mixing 
&  Conveying  Co.  of  Chicago  were  installed 
and  operated  by  air  at  100  lbs.  pressure.  The 
best  results  were  obtained  when  conveying 
concrete  to  the  steel  forms,  erected  in  20  ft. 
lengths  only,  through  6-in.  diameter  spiral 
pipes.  The  concrete  was  a  1:3:5  mixture,  the 
aggregate  being  not  over  2  ins.  in  size.  In 
using  these  concrete  conveying  machines,  great 
care  had  to  be  exercised  in  order  to  prevent 
the  formation  of  voids  within  the  lining,  as 
its  thickness  was  relatively  small.  In  gen- 
eral, it  was  found  that  a  somewhat  better 
finish  would  have  been  obtained  had  the  lin- 
ing been  given  a  greater  thickness,  as  it  was 
somewhat  difficult  to  clean  thoroughly  the 
forms  after  these  had  been  used.  Mowever, 
the  results  obtained  were  satisfactory  for  the 
purpose   intended ;    in   wet  places   the  concrete 


was  somewhat  honeycombed,  but  this  defect 
was  corrected  during  the  grouting  process. 

In  places  where  the  tunnel  roof  was  high, 
it  was  found  cheaper  to  use  concrete  rather 
than  spalls  for  back  filling,  inasmuch  as  all 
voids  were  to  be  grouted. 

The  average  progress  of  concreting  varied 
from  30  to  GO  ft.  per  week  (6  days),  the  aver- 
age for  the  whole  tunnel  being  about  60  ft. 
The  invert  was  laid  without  air  concretins 
machines,  as  it  was  found  that,  in  order  tc 
obtain  satisfactory  results,  the  concrete  had  tc 
be  delivered  in  a  confined  space.  The  invert 
was  laid  at  a  rate  of  about  745  ft.  per  week. 

The  cost  of  the  concrete  lining  is  given  in 
Table  IV.  Cement  was  sold  by  the  Northern 
Contracting  Co.  to  the  .sub-contractor  for  the 
sum  of  $1.80  per  barrel. 

GROUTING. 

The  specifications  called  for  a  mixture  tc 
be  used  for  this  purpose,  consisting  in  1  tc 
IVz  part  sand  to  1  part  cement.  Grout  and 
vent  pipes  1%  ins.  in  diameter  were  provided 
in  the  tunnel  arch,  or  in  other  places  where 
necessary,  15  ft.  apart,  more  or  less.  Four 
grouting  machines  were  used  for  this  pur- 
pose, under  40  lbs.  pressure.  Little  trouble 
was  encountered,  although  in  a  few  place; 
local  flaking  of  the  lining  occurred  where 
voids  had  been  left.  In  wet  places  the  groui 
oozed  through  the  honeycombed  concrete,  thii; 
making  a  somewhat  rough  surface,  which  was 
smoothed  up  later  up.  The  cost  of  grouting 
was  about  $1.10  per  cubic  yard  of  concrete 
placed. 

The  Tallulah  Falls  Hydro-Electric  Devel- 
opment, including  storage  dams,  power  plant 
transmission  lines  and  sub-stations  is  being 
built  by  the  Northern  Contracting  Co.,  Mr 
H.  M.  Atkinson,  President  and  Chairman; 
Mr.  G.  V.  Brine,  Vice-President  and  Genera! 
Manager,  for  the  Georgia  Railway  &  Power 
Co.,  Mr.  P.  S.  Arkwright,  President;  Mr 
Chas.  O.  Lenz,  Chief  Engineer.  Mr.  Ralph 
Cadwell  is  superintendent  of  construction  for 
the  Northern  Contracting  Co.,  and  Mr.  Mur- 
ray Blanchard  was  in  charge  of  the  instru- 
ment work  and  of  the  concrete  inspection  ir 
the  tunnel.  Condon,  Graham  &  Millner  of 
Knoxville,  Tenn.,  were  sub-contractors  for 
the  tuniicl. 


Outline  of  River  Regulation  and  Con- 
trol in  Antiquity. 

In  his  recent  address  before  the  National 
Drainage  Congress  Sir  William  VVillcocks, 
the  directing  engineer  of  the  works  for  ir- 
rigation use  of  the  waters  of  the  Nile  and 
of  the  works  which  have  restored  the  Eu- 
phrates to  its  old  channel  past  Babylon, 
touches  with  attractive  color  some  points  of 
the  histoi^y  of  man's  direction  of  these  rivers. 
Sir  William  is  the  builder  of  the  .Assouan 
dam  and  of  the  Ilindich  dam,  both  among  the 
most  modern  of  m'idern  irrigation  structures, 
but  his  account  of  the  dikes  and  dams  of  the 
Nile  and  the  F.uphrates  built  centuries  ago  by 
the  rulers  of  Babylonia  and  Rem  .sets  these 
works  of  antiquity  in  a  light  which  for  a 
moment  dims  even  the  technician's  view  of 
the  greater  works  of  present  times.  We  have 
space  to  give  only  parts  of  the  English  en- 
gineer's address  but  they  indicate  well  its 
qualities  which  held  the  interest  of  those  who 
heard  it : 

The  earliest  civilized  communities  of  which 
we  have  any  knowledge  lived  in  the  practically 
rainless  deltas  of  the  Nile  anrl  the  Euphrates. 
The  early  inhabitants  of  the  luiphrates  valley 
called  their  own  cultivated  lands  "gardens 
of  Eden."  Of  the  Nile  valley  they  spoke 
as  "the  garden  of  the  Lord,  the'lantl  of 
Egypt."  The  success  of  their  agricultural 
undertp'ings  depended  then,  as  they  do  now, 
on  perfy-t  irrigation  and  complete  control  of 
the  rivrfs  and  though  basin  irrigation  in  one 
and  p-r' iinial  irrigation  in  the  other  were 
.i'.l^kv  n'at '^''^^t    achievements,    the    control    of 


the  rivers  was  mastered  with  no  weak  hand. 
Early  in  the  world's  history,  Noah's  '  flood 
had  taught  men  that  though  they  could  say  of 
their  rivers  that  when  the  good  gods  had 
dug  them  out,  they  had  set  prosperity  on 
their  banks,  still  these  same  streams  were 
terrible  instruments  of  punishmt-nt  to  those 
who  failed  to  combat  successfully  the  dragons 
which   lived   in   their   waters. 

The  earliest  river  control  of  which  we  have 
any  certain  knowledge  was  the  work  of  Mar- 
duk,  the  greatest  of  the  Babylonian  deities. 
The  Babylonian  epic  of  creation  describes 
how  Marduk  first  overcame  the  dragon  and 
then  mastered  the  Euphrates : 

Flowinfir  wido  like  ;i  sea  was  the  river,  when 
Krkhi  wa.s  made,  when  E-SaKil  was 
Inillt: 

E-Sagil,    In    the    midst    of    tlje    fresh    water 
deep. 

Where  the  god  of  ttie  glorious  abode  dwells. 

Mardui!  1,-ild  reeds  in  the  face  of  the  waters. 

He  piled  up  earthen  banks  sheltered  by  the 
reeds. 

That   he   might  cause  the  gods   to  dwell   In 
the  place  of  their  hearts'  desire. 

Sheltered  by  solidly  constructed  and  well- 
protected  banks,  lay  the  garden  of  Eden,  a 
wide  stretch  of  alfalfa,  planted  thick  with 
date  palms,  between  which  were  festooned 
luxuriant  vines.  The  trees  of  life  were  there 
sheltering  the  garden  and  the  forbidden  fruit 
of  the  vine.  The  garden  was  irrigated  by 
free  flow  through  openings  in  the  dikes.  This 
free  flow  irrigation  is  in  Cienesis  mistranslated 
mist.        The      primitive      gardens      of      Eden, 


stretched  along  the  banks  of  the  river,  and. 
protected  by  dikes,  prevented  the  floods  from 
reaching  the  pastures  where  the  shepherds 
tended  their  sheep.  The  disputes  between 
the  agriculturists  and  the  shepherds  were  as 
old  as  the  feud  between  Cain  and  Abel.  The 
liursting  of  a  dyke  destroyed  Cain's  crops, 
but  benefited  Abel's  pastures,  and  on  such 
occasions  the  Lord  had  respect  to  Abel's  sac- 
rifice, but  had  not  respect  to  Cain's. 

The  ancient  Babylonians  completely  con- 
trolled the  Euphrates  by  means  of  powerful 
escapes  into  depressions  in  the  .Arabian  des- 
erts. These  depressions  covered  (ioO  square 
miles  and  were  .35  ft.  deep  when  full  of 
water.  In  addition  to  these  reservoirs  the? 
had  the  low-lying  Pallacopas  branch  of  the 
Euphrates  which  took  off  from  above  Baby- 
lon and  discharged  the  waters  of  the  river 
into  the  Chaldean  marshes.  The  first  public, 
work  .Alexander  the  Great  undertook  in  Baby- 
lon was  the  excavation  of  a  new  head  on 
solid  ground  for  the  Pallacopas,  known  some 
years  ago  as  the  Hindieb  branch,  and  toda> 
the  main  stream  of  the  Euphrates.  Its  head 
had  hitherto  been  in  sandy  soil,  and  as  the 
branch  had  to  he  opened  in  very  high  flooei' 
to  escape  the  excess  waters  of  the  EuphratCi 
and  then  immediately  closed  after  the  flood! 
to  keep  the  main  stream  full  of  water  pasi 
Balnlon,  the  closure  had  been  a  work  of  cx-i 
traordinary  difficulty  entailing  the  presence  of; 
lO.diiO  men.  Next  to  building  a  masonr> 
Iiarrape  this  was  the  wisest  thing  he  couk 
have  done. 

The  lands  of  the  lower  Euphrates  whicl 
were    exceptionally    fertile    and    supported    :■ 
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I  dense  population  were  protected  by  banks  100 
I  ft.  wide.     Their  remains  can  be   followed  to- 
day along  hundreds  of  miles. 
'     Provided   with   escapes   into   depressions   in 
I  the  deserts   whose   contours   can   be   followed 
for  scores  of  miles  by  the  presence  of  thick 
I  belts  of   Euphrates   shells,   with   regrulation  at 
■the  head  of  the  Pallacopas  branch,   and  with 
broad   and    majestic   dikes   well   protected    by 
'  brushwood,    the    Euphrates    was    thoroughly 
1  controlled,    and    we    do    not      read      of      any 
■disastrous    inundations    on    its    banks.      The 
■lessons   learned    during   the   terrible    flood    of 
Noah's  time  had  been  engraved  on  the  minds 
I  of  the   Babylonians  by  a  diamond  pen.     This 
local  flood  on  the  Euphrates  has  been  magni- 
fied  into   a   world-wide   disaster   by   the   mis- 
translation of  a  single  word.     In  the  ancient, 
as    well    as    in    the      modern,      language      of 
'Mesopotamia,    "desert"'    and    "mountain"    are 
expressed  by  the  same  word. 

The  Tigris  enters  its  delta  at  Beled,  north 
of  Bagdad,  over  the  ruins  of  one  of  the  most 
interesting  works  of  antiquity.  In  ancient 
days,  some  giant,  local  tradition  says  Nimrod, 
barred  the  valley  by  a  massive  earthen  dam,, 
^raised  the  river  some  40  ft.  and  turned  it 
over  the  hard  conglomerate,  so  that  it  could 
'flow  at  a  high  level  and  irrigate  the  whole 
countrv'.  The  left-hand  canal  was  the 
'N'ahrwan  which  had  three  heads,  was  400  ft. 
wide  and  18  ft.  deep,  and  had  a  length  of 
'■J50  miles.  This  work  existed  for  over  3.000 
years  and  was  only  swept  away  in  the  time 
of  the  last  feeble  Caliphs. 
'  Though  the  ancients  harnessed  the  Tigris 
for  irrigation,  they  never  controlled  the  floods 
of  this  river  as  they  had  those  of  the  Eu- 
phrates, and  there  were  occasional  inunda- 
'tions  when  the  dikes  were  burst,  which  spread 
siich  ruin  and  disaster  that  no  records  exist 
of  certain  years  except  the  dismal  tale  that 
the  Tigris  had  burst  its  right  bank.  The 
whole  right  bank  of  the  river  was  protected 
by  a  broad  canal  with  high  banks,  known  for 
the  greatest  part  of  its  course  as  the  Nahr 
Melcha  or  the  Royal  Canal.  The  most  power- 
|ful  kings  of  Babylonia  were  proud  to  record 
the  fact  that  they  had  strengthened  and  for- 
tified these  banks.  The  Tigris  floods  relieved 
themselves  by  overflowing  the  left  bank  of 
the   river   which  was   abandoned   to  them. 

The  perfect  control  of  the  Euphrates  where 
massive  dikes  were  supplemented  by  escapes 
nto  the  deserts,  and  the  imperfect  control  of 
the  Tigris  where  double  banks  without  escapes 
'nto  the  deserts  failed  to  provide  absolute 
protection,  teach  the  lesson  that  protecting 
dikes  unaided  by  works  of  control  higher  up 
the  stream  are  not  of  themselves  sufficient 
to  insure  the  lower  reaches  of  rivers  against 
inundations   in  years  of  exceptional  flood. 

Cyrus  the  Great  controlled  the  Gyndcs,  a 
tributary  of  the  Tigris  in  a  truly  original 
manner.  Babylonia  was  already  peopled  and 
lands  were  needed  for  his  Persian  troops.  The 
Gyndes  discharges  40,000  cu.  ft.  per  second 
and  runs  30  ft.  deep  in  a  sandy  and  mobile 
lied.  He  could  build  no  regulator,  and  so 
he  dug  thirty  canals,  divided  the  waters  of 
the  river  among  them,  closed  the  river  by 
'an  earthen  dam,  and  convplctely  controlled 
'It  It  was  a  striking  example  of  the  truth 
of  the  proverb  "Divide  et  inipera."  As  he 
could  never  have  induced  his  wild  soldiers 
to  dig  these  canals  for  any  useful  purpose, 
he  took  advantage  of  the  fact  that  his  favorite 
horse  had  been  drowned  in  the  flood  and 
urged  his  soldiers  to  dig  the  canals  and  ilis- 
"■ipate  the  waters  of  the  river  in  such  a 
fashion  that  it  could  never  again  drown  a 
horse.  One  of  tlie  canals  bears  even  today 
ihe  name  of  "Khorassan"  from  the  far  dis- 
tant province  in  the  cast  of  Persia,  which 
'supplied  the  contingent  of  troops  which  had 
due  it. 

Alexander's  historians  record  that  before 
his  navy  could  sail  up  the  rivers,  he  had  to 
have  the  dams  across  them  removed.  Such 
dams  on  considerable  streams  were  in  those 
'lays  made  of  earth,  and  they  conse(|uentIy 
.■ompletely  cut  off  the  supplies.  Every  dr^ip  of 
water  at  the  time  of  low  supply  was  used  up 
f'lr  irrigation.  But  not  only  were  the  waters 
the  main  streams  like  the  Tigris  and   the 


Euphrates,  and  of  secondary  rivers  like  the 
Gyndes  controlled  by  earthen  dams,  but  small 
tributaries  like  the  .'\dhem  were  barred  by 
imposing  masonry  dams  where  they  issued 
from  the  hills,  and  the  water  led  off  into 
canals  excavated  on  both  banks.  Whatever 
water  issued  from  the  Persian  hills  into  the 
delta  of  the  Tigris  and  the  Euphrates  was 
utilized  for  irrigation.  .•\lexander  was  so 
struck  by  the  possibilities  of  the  delta  that 
he  was  planning  the  rebuilding  of  the  tower 
of  Bnbel  and  the  making  of  Babylon  the 
capital  of  his  world  when  death  overtook  him, 
while  he  was  personally  conducting  the  drain- 
age of  the  Chaldean  marshes. 

In  the  neighboring  kingdom  of  Persia, 
masonry  dams  at  Shuster  and  Ahwaz  on  out- 
crops of  sandstone  on  the  Karun  River  and 
opposite  Ahwaz  on  the  outcrop  of  the  same 
rock  on  the  Choaspes,  the  River  of  Susa, 
controlled  those  streams  and  allowed  of  the 
summer  supply  being  utilized  for  irrigation. 
Each  of  these  streams  discharges  over  120,- 
000  cu.   ft.   per   second   in  flood. 

The  Nile  in  flood  does  not  carry  one-fifth 
the  sediment  that  the  Tigris  or  the  Euphrates 
does,  and  consequently  the  transverse  slopes 
in  Egypt  away  from  the  river  are  only  one- 
fifth  as  steep  as  those  in  the  other  delta.  If 
the  Nile  breaches  it  banks  in  flood,  it  can 
be  brought  back  after  the  flood  to  its  old 
channel  without  any  serious  difficulty,  while 
a  verv  severe  breach  on  the  Tigris  or  the 
Euphrates  has  been  followed  by  the  river 
completely  leaving  its  channel  and  forming 
a  new  one  many  miles  away.  Though  flood 
protection-  in  Eg\'pt  is  not  of  such  imperious 
necessity  as  in  Mesapotamia,  it  is  still  a  mat- 
ter of  no  small  importance,  and  its  great 
value  did  not  escape  the  able  men  of  the 
ancient  world. 

Menes  protected  the  left  bank  of  the  Nile 
with  dikes  and  probably  treated  the  right 
bank  of  the  river  as  the  Babylonians  had 
treated  the  left  bank  of  the  Tigris.  It  was 
Amenenhat  of  the  l"2th  dynasty  who  put  the 
whole  Nile  valley  under  cultivation,  con- 
structed the  dikes  on  both  banks,  and  pro- 
vided the  Nile  with  an  escape  into  the  wide 
and  deep  depression  of  Lake  Moeris.  This 
escape  was  one  of  the  seven  wonders  of  the 
Greek  world.  They  led  the  flood  into  the 
depression  when  it  was  dangerously  high  and 
provided  for  its  return  to  the  river  when 
the  inundation  had  come  to  an  end,  so  that 
the  reservoir  might  be  etnpty  when  the  next 
high  flood  came.  The  gigantic  dikes  of  entry 
and  e.xit  were  only  cut  in  times  of  emergency 
and  were  reconstructed  again  at  an  expense 
of  labor  which  even  builders  of  pyramids 
considered  excessive.  By  cutting  the  dike  in 
a  year  of  ordinary  or  low  flood,  the  level  of 
the  Nile  in  lower  Egypt  could  he  lowered 
to  such  an  extent  that  a  famine  became  in- 
evitable, and  it  was  the  capture  of  the  dike 
by  the  king  of  Upper  Egypt  which  produced 
Joseph's  famines  and  its  recapture  by  the  king 
of  Lower  Ettypt  which  brought  them  to  an 
end.  The  Nile  shells  which  mark  the  limits 
of  the  ancient  Lake  Moeris  tell  their  tale  like 
the  shells  which  lie  round  the  Babylonian  de- 
pression. 

On  the  approach  of  the  red  water  of  the 
Nile  flood  the  weaker  branches  of  the  Nile 
were  closed  by  earthen  banks  some  distance 
above  their  mouths  to  allow  the  flood  to 
freely  inundate  the  country,  and  it  was  the 
shutting  ofl^  of  the  fresh  water  and  the  entry 
of  the  sea  water  into  the  tail  reaches  which 
killed  the  fresh  water  tish  in  myriads  just 
as  tlie  red  flood  came,  which  misled  un- 
scientific observers  into  thinking  that  it  was 
the  red  water  which  killed  them.  And  in- 
deed it  was  local  knowledge  and  skillful 
manipulation  of  these  same  means  which 
enabled  Moses  to  extricate  the  Israelites  with 
a  high  hand  and  overwhelm  Phar.ioh's  host 
in  the  Serbonian  bog  or  the  "River  of  Reeds." 
mistranslated  the  "Red   Sea."  « 

■  The  lessons  t.-(ughl  by  the  Nile  center  round 
the  fact  that  all  reservoirs  constructed  for 
flood  control  must  he  empty  at  the  beginning 
of  a  flood,  so  that  they  may  be  fully  available 
for  withdrawing  water  fmm  a  dangerously 
high  flood.     Moreover,  if  they  arc  not  to  be 


obliterated  by  silt  they  should  be  only  used 
when   absolutely    necessary. 

Between  the  second  and  first  cataracts  the 
Nile  is  trained  by  gigantic  spurs  which  ad- 
vance boldly  into  the  stream  and  insure  a 
deep  channel  for  navigation  in  the  lowest 
stages  of  the  river.  These  spurs  have  been 
constructed  with  care  and  have  top  courses 
of  roughly  dressed  stone  which  have  stood  for 
thousands  of  years. 

Egypt  is  practically  free  of  malaria  and  the 
Euphrates  delta  is  not  scourged  by  it,  but 
there  is  one  valley  in  the  old  world  which 
has  never  been  fully  developed  owing  to  its 
prevalence,  and  that  is  the  valley  of  the 
Jordan.  The  waters  of  the  Jordan  are  too 
low  for  irrigation,  but  the  valley  is  full  of 
beautiful  and  copious  springs,  which  are  gen- 
erally more  of  a  curse  to  the  people  than  a 
blessing,  as  wherever  there  is  a  spring  of 
water  there  are  mosquitoes  and  malaria  of 
a  very  malignant  type.  That  the  ancients  had 
some  idea  of  the  value  of  fish  in  keeping 
down  mosquitoes  and  malaria  seems  likely 
from  the  fact  that  the  fish  god  Dagon  was 
worshipped  in  the  low-lying  malaria  haunted 
valleys  and  plains.  One  can  easily  see  how  it 
was  that  before  Joshua's  crossing  of  the 
Jordan,  a  severe  earthquake  displaced  a 
spongy  shoulder  of  Mount  Gilead,  which  slid 
across  the  valley,  while  Jordan  fled  and  the 
mountains  skipped  like  rams  and  the  little 
hills  like  young  sheep,  and  the  valley  of 
Jerico  crumbled  on  their  base. 

The  lessons  to  be  learned  from  the  river 
regulation  and  control  of  the  ancients  are 
writ  large  over  all  their  undertakings.  Thor- 
oughness, combination  and  continuity.  The 
further  we  go  back  in  the  world's  history  the 
more  thorough  was  the  work.  They  designed 
and  constructed  like  men  who  realized  that 
they  had  thousands  of  years  before  them. 
While  divergent  interests  had  kept  them  apart 
they  had  so  often  drowned  each  other  out  in 
one  valley  and  starved  each  other  out  in  the 
other  that  self-preservation  made  them  com- 
bine. The  world  moreover  was  young  then 
and  the  works  were  pursued  year  after  year 
and  decade  after  decade  without  any  racing 
against  time.  .And  it  is  extraordinary  how 
effective  and  durable  were  their  undertak- 
ings. Their  works  so  struck  the  imagination 
of  after  generations  that  these  latter  could 
only  conclude  that  there  had  been  giants  in 
the  earth  in  those  days. 


Organization   of   Irrigation   Operating 

and  Maintenance  Force  and 

Its  Training. 

The  methods  of  managing  an  irrigation 
system  based  on  practice  on  the  great  Cana- 
dian Pacific  R.  R.  was  discussed  in  a  notable 
article  in  our  issue  of  Jan.  "JS,  1914.  A  some- 
what similar  discussion  by  George  H.  Bliss, 
Project  Manager,  U.  S.  Reclamation  Servica, 
Boise,  Idaho,  before  the  Idaho  Society  of  En- 
gineers is  published  here: 

In  the  history  of  all  irrigation  projects  that 
are  carried  on  to  completion  through  the  con- 
struction and  into  the  operating  period,  there 
are  three  distinct  stages  of  development,  each 
with  its  peculiar  problems. 

The  first  period  covers  that  for  which  the 
problems  are  mostly  of  an  engineering  nature, 
and  includes  the  period  of  preliminary  and 
final  surveys  and  construction  work.  During 
this  period  no  water  is  avaihiblc  for  distribu- 
tion, and  such  farmers  as  may  have  already 
located  upon  their  homesteads  find  ready  em- 
ployment upon  the  construction  features  of 
the  project,  or  are  occupied  with  establishing 
themselves  on  their  farms  and  in  getting 
ready  for  water  during  the  seasons  to  follow. 
To  carry  on  the  work  successfully  during  this 
period,  the  force  of  men  who  will  prosecute 
the  field  work  will  he  those  with  an  engi- 
neering education  and  experience. 

There  will  follow  this  period  one  during 
which  some  of  the  upper  units  of  the  project 
will  receive  water  while  the  lower  units  of 
the  project  are  still  in  the  construction  stage. 
Many  human  problems  will  begin  to  appear 
d'lriiig  this  period,  and  different  types  of  men 
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must  be  developed  or  obtained  to  handle 
these  problems  successfully  while  the  engi- 
neering work  in  the  lower  sections  of  the 
project  is   still  being   prosecuted. 

During  the  third  period  the  construction 
features  have  largely  disappeared,  except  for 
betterments  and  extension  work,  water  is 
available  for  all  sections  of  the  project,  the 
construction  work  on  which  the  entrymen 
have  been  employed  is  completed,  and  the 
farmer  turns  his  attention  to  his  farm  and 
tries  to  develop  it  with  the  resources  at  his 
command. 

The  problems  that  the  management  must 
contend  with  from  this  period  on  are  mostly 
those  into  which  the  human  element  largely 
creeps,  and  the  amount  of  engineering  work 
and  the  need  of  men  with  engineering  train- 


The  real  problems  of  the  operating  period 
are  those  of  adapting  the  system  and  the  or- 
ganization to  the  needs  of  the  people  who 
are  on  the  farms  and  who  may  be  either 
made  or  ruined  in  the  degree  that  the  system 
is  properly  or  improperly  managed,  and  of 
adapting  the  men  on  the  farms,  who  have 
come  from  all  localities  and  walks  of  life, 
many  without  any  experience  in  irrigation 
farming,  and  some  w'ithout  any  farming  ex- 
perience at  all,  to  the  irrigation  system  that 
the  manager  is  called  upon  to  operate. 

In  the  early  operating  period  there  will  be 
much  to  try  the  patience  of  both  the  farmer 
and  the  manager ;  ditches  will  be  new  and 
breaks  may  be  frequent ;  additional  structures 
will  be  found  necessary,  and  some  that  have 
been  installed  will  be  found  to  be  inadequate 
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This  Jcpartment  will  handle  all  clerical  matters,  including  correspondence, 
files,  collections,  disbursements,  purchases,  booltkeeping,  and  accounting.  On 
smaller  projects  the  chief  clerk  may  al;=3  be  the  fiscal  and  purchasing  agent. 
On  larger  projects  the  fiscal  agent,  purchasing  agent,  bookkeepers,  store- 
keeper and  stenographer  will  report  to  the  chief  clerk. 

j        Water  record   clerks:    Keep  all  records  of  water  deliveries  and  statii.s 
■^  of  water  users,  telephone  messages  to  water  master's  offices,  and  receive 
messages    pertaining    to    water   deli'^'eriea. 
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Draftsmen:  Design  all  structures  not  standard,  and  adjust  stand- 
ard designs  to  meet  local  conditions.  Are  responsible  for  all  mapping, 
file  designs,  maps  and  nrofiles. 

General  Foreman:  Needed  at  times  on  large  projects  to  handle 
construction  work  of  such  a  scope  and  character  as  not  to  be  readily 
handled  by  the  subforeman  reporting  to  the  water  master. 

Hydrographer:  General  supervision  over  everything  pertaining  to 
the  measurement  of  water,  meisnring  devices,  automatic  records  and 
alarms:  rates  all  measuring  dev'ces,  and  prepares  tables. 

{Inspector:  Visits  all  patrolmen  and  inspects  their  work,  reports 
needed  changes  in  measurini;  devices,  and  foul  condition  of  weir 
pools  and  ditches.     On  small  projects  may  be  the  hydrographer. 

Water  Masters:  Have  direct  charge  and  are  directly  responsible  for 
everything  pertaining  to  the  delivery  of  water  and  care  of  system  In  their 
divisions. 

Ditch  Rider:  Delivers  water  to  the  users,  keeps  the  records  of  water 
deliveries,  patrols  and  keeps  in  repair  about  18  miles  of  canal. 

Subforeman:  Handles  general  repair  and  betterment  work,  such  as 
can  be  undertaken  by  the  water  master  in  connection  with  his  other 
duties. 

Clerk   or  Timekeeper:     In   ofBce   of   the   water  master   day   and   night, 
answers   phone    calls,    receives   and    transmits   messages   and    complaints, 
.  keeps  time  and  record  sheets. 

Telephone  Lineman  and  Troubleman. 


ing  will  gradually  diminish.  It  is  with  this 
third  period  in  connection  with  an  irrigation 
project  that  this  paper  will  deal. 

Although  during  the  third  or  operation 
period  the  engineering  problems  have  greatly 
diminished  in  number  and  extent,  they  have 
not  wholly  disappeared.  Many  of  the  struc- 
tures which  have  been  installed  will  need  to 
be  readjusted  best  to  serve  the  object  for 
which  they  were  installed,  additional  and 
more  adequate  wasteways  will  be  required, 
additional  structures  must  be  designed  and 
installed,  and  drainage  ditches  must  be  located 
and  constructed,  all  of  which  work  calls  for 
engineering  ability. 

On  the  smaller  projects  the  manager  may 
personally  be  able  to  attend  to  a  great  deal 
of  engineering  detail,  but  on  the  larger  proj- 
ects this  work  must  largely  be  entrusted  to 
an  assLstant,  who  in  many  instances  will  also 
act  in  the  capacity  of  an  assistant  manager. 
Such  men  can  be  selecte<l  from  the  engineer- 
ing forces  that  have  prosecuted  the  construc- 
tion work  during  the  earlier  periods,  and  the 
fact  that  they  have  been  long  employed  on 
the  project  and  have  followed  through  the 
various  stages  of  its  development  should 
qualify  them  to  continue  the  extension  and 
betterment  work  and  later  lake  up  the  man- 
agement of  the  project. 


or  improperly  located;  all  of  which  will  cause 
annoyance. 

MANAGER. 

The  manager  should  arrange  to  spend  as 
much  time  as  possible  in  the  tield  looking  after 
the  interests  of  the  water  users  and  the  or- 
ganization that  he  is  managing.  Much  fric- 
tion will  be  overcome  by  quick  action  in  the 
field,  and  all  cases  of  serious  complaint 
should  be  looked  over  carefully  on  the  ground 
with  all  interested  parties  present  before 
reaching  any  decision.  When  in  his  office  the 
manager  should  be  accessible  for  consulting 
with  the  water  users  at  all  times.  .V  feeling 
of  cordiality  between  the  manager  and  water 
users  will  go  a  long  way  towards  settling  dis- 
putes. The  manager  should  meet  with  the 
water  users  at  their  regular  meeting  places 
to  listen  to  complaints  and  to  explain  the  pol- 
icy of  the  organization.  He  should  insist  that 
his  associates  in  the  organization  be  ener- 
getic and  industrious,  non-partisan  and  fair- 
minded  at  all  times. 

ASSISTANT   MANAGER. 

The  assistant  manager  who  will  be  required 
on  large  projects  acts  for  the  manager  in  his 
absence,  and  at  other  times  will  handle  the  de- 
tails connected  with  engineering  and  construc- 
tion  work.     He  shnuhl   listen  to  anv  and   all 


complaints  that  the  water  users  have  to  make 
and  bring  them  to  the  attention  of  the  man- 
ager. 

W.aTERMASTERS. 

On  the  smaller  projects  the  manager  or  as- 
sistant manager  may  be  able  to  give  the  de- 
tails of  operation  and  maintenance  close  per- 
sonal supervision,  and  the  ditch  riders  and 
others  engaged  in  operating  and  maintaining 
the  system  may  report  directly  to  them.  On 
the  larger  projects,  however,  it  will  usually 
prove  advisable  to  divide  the  project  into  two 
or  more  divisions,  placing  a  watermaster  or 
superintendent  in  charge  of  one  division  of 
from  30,000  to  40,000  acres  of  land. 

A  good  watermaster  is  a  valuable  asset  to 
any  project,  and  the  position  is  one  that  it  is 
hard  to  fill  satisfactorily,  as  comparatively 
few  men,  either  on  account  of  their  training 
or  temperament,  are  qualified  to  fill  it.  The 
watermaster  must  be  a  man  of  good  judgment, 
with  experience  in  handling  successfully  work 
of  a  large  nature,  such  as  is  gained  in  con- 
struction or  engineering  work.  He  should  also 
have  experience  in  farming  in  order  that  he 
may  be  able  to  recognize  the  difficulties  that 
are  being  experienced  by  the  settler  and  as- 
.sume  a  sympathetic  attitude.  The  attitude  or 
disposition  of  the  watermaster  and  his  ability 
to  cope  with  conditions  and  difficulties  and  to 
bring  about  a  satisfactory  and  harmonious  so- 
lution will  go  a  long  way  towards  making  any 
project  a  success.  The  watermaster  is  the 
man  on  the  ground  with  whom  the  water 
users  come  more  directly  in  contact,  and  his 
relations  to  the  water  users  should  at  all  times 
be  friendly  and  cordial.  Numerous  complaints, 
many  without  much  foundation,  will  come  to 
the  watermaster,  and  he  mu.st  give  them  re- 
spectful, careful,  and  judicious  consideration. 
Combativeness  in  a  watermaster  should  not 
be  tolerated,  as  the  water  users  who  give  him 
the  most  trouble  are  the  ones  often  times  with 
whom  he  must  spend  the  most  time.  The 
tension  under  which  a  responsible  watermaster 
for  a  large  system  will  work  during  the  oper- 
ating season  is  severe,  as  night  or  day  he  must 
be  prepared  to  move  quickly  to  meet  the  emer- 
gencies that  arise. 

Farmers  who  have  the  desire  and  ability  to 
handle  construction  work,  those  who  have  been 
construction  foremen  during  the  earlier  pe- 
riods of  the  project  and  have  a  working  engi- 
neering knowledge,  will  if  they  have  the 
proper  temperament  make  good  watermasters. 
as  will  also  men  raised  on  farms  who  havi 
taken  an  engineering  or  agricultural  course  in 
the  State  universities.  Often  a  ditch  rider  whi* 
has  shown  ability  will  be  qualified  to  beconn 
an  assistant  watermaster  and  from  that  posi- 
tion will  be  promoted  to  that  of  watermaster. 
Strength  physically  and  mentally  is  requireil 
to  fill  the  position  satisfactorily,  together  with 
the  faculty  of  dealing  pleasantly  with  men 
even  when  under  a  severe  strain. 

DITCH    RIDERS. 

The  watermaster  will  have  reporting  to  him 
a  corps  of  ditch  riders  or  patrolmen,  their 
number  varying  with  the  size  of  the  system 
and  the  metliotl  of  operation  used.  If  the  lat- 
erals are  patrolled  and  deliveries  are  made  to 
the  farm  units,  one  ditch  rider  will  patrol  on 
a  circuitous  beat  from  1(5  to  'JO  miles  a  day 
and  make  from  30  to  40  deliveries.  Except  at 
times  of  heavy  wind  storms  the  rider  will  be 
able  to  keep  his  canals  free  from  weeds  and 
in  a  good  operating  condition  and  should  be 
required  to  do  so. 

The  ditch  rider  if  he  visits  every  turnout 
each  day  will  come  in  closer  contact  with  the 
water  user  than  the  watermaster,  and  a  good 
deal  of  thought  should  be  given  to  his  selec- 
tion. He  should  have  a  knowledge  at  least 
of  the  principles  of  agriculture  in  order  thai 
he  may  have  the  proper  attitude  towards  thei 
farmer.  He  must  also  have  a  good  common 
school  education  and  be  neat  and  accurate 
with  his  records.  .\  great  deal  of  trouble  and 
friction  can  be  caused  through  a  ditch  rider 
who  is  improperly  constituted.  Good  iudgmcni 
and  impartial  treatment  in  connection  witli 
the  water  users  must  be  demanded.  An  indif- 
ferent, careless,  or  irresponsible  attitude 
should  not  be  countenanced. 
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Good  canal  riders  can  be  found  in  almost 
iny  locality  among  the  farmers  or  the  older 
■armers'  boys.  Ditch  riders  under  2h  and  over 
10  years  of  age  are  not  usually  desirable.  A 
ider  should  be  strong,  energetic,  resourceful, 
md  tactful  and  must  be  able  and  willing  to 
lerforni  hard  manual  labor  in  case  of  breaks 
jr  when  cmjiloyed  on  maintenance  work.  It 
s  advisable  that  the  ditch  rider  be  experienced 
n  miscellaneous  construction  work. 

The  best  results  will  be  obtained  where  the 
:anal  riders  are  kept  permanently  on  the  same 
leats.  and  this  is  especially  so  if  during  the 
ion-irrigation   season   the   rider  is  allowed  to 


countered  in  operalion  and  maintenance  work, 
as  well  as  policies  and  methods  to  be  adopted. 

-SGRICULTUR.^L  E.KPERTS. 

On  most  projects  it  may  be  advisable  to 
have  employed  one  or  more  agricultural  ex- 
perts to  assist  the  farmer  on  the  farm  and  in 
his  farm  life.  Such  men  if  employed  should 
be  carefully  selected  and  must  be  men  well 
qualitied  by  training,  experience,  and  tempera- 
ment to  make  a  success  of  work  of  this  na- 
ture. Men  amply  suited  to  this  class  of  work 
can  usually  command  good  salaries,  and  many 
projects  cannot  afford  to  employ  men  of  this 
character.     A   less  expensive   man  or  one  of 


Typical    Inclined    Drop   for   Irrigation 

Canal,  Milk  River  Project,  U.  S. 

Reclamation  Service. 

(Staflf  Article.) 
.\  series  of  live  drops  in  the  St.  Mary's 
Canal  of  the  Milk  River  irrigation  project 
differ  structurally  somewhat  from  earlier 
designs  of  the  Reclamation  Service  engineers. 
These  drops  are  all  of  the  same  type,  and 
drawings  of  one  alone  are  sufficient  to  illus- 
trate their  construction.  Figure  1  shows  a 
half  plan  and   the  essential  sections;  all  con- 


Fig.   1.      Inclined    Drop  for  St.    Mary's  Canal,      Milk  River  Project,  U.  S.  Reclamation  Service. 


manage  the  maintenance  and  betterment  work 
covered  by  his  beat.  The  rider  should  there- 
fore be  sclectd  with  the  idea  of  permanency 
•n  mind,  and  so  far  as  possible  riders  should 
l>c  selected  who  have  qualifications  that  will 
permit  of  advancement  to  higher  positions. 

The  fact  that  a  rider  owns  land  under  the 
oroject  should  not  disqualify  him  for  the  posi- 
tion. Other  things  being  equal  the  ownership 
of  land  and  his  acquaintance  with  the  problems 
of  the  farmers  should  tend  to  increase  rather 
than  decrease  his  usefulness  as  a  canal  rider. 
It  is  best,  however,  lor  obvious  reasons  not 
to  assign  a  rider  to  a  beat  from  which  he  will 
deliver  water  to  his  own  land,  or  to  his  rela- 
tives or  neighbors. 

The  rider  shoubl  be  required  to  give  his  en- 
tire time  to  the  matter  of  canal  ridmg,  and 
not  he  allowed  to  devote  a  portion  of  his  time 
to  farming  ami  private  work.  Loitering  should 
not  be  tolerated,  and  a  canal  rider  should  be 
made  to  feel  that  he  is  employed  for  the  sole 
purpose  of  delivermg  water  impartially  to  the 
water  users  along  his  beat,  of  making  accurate 
records  of  those  deliveries,  and  of  keeping 
the  canal  patrolled  by  him  in  good  operating 
condition. 

A  rider  should  note  and  report  complaints 
made  by  the  water  users,  ami  in  receiving  such 
loniplainis  his  manner  at  all  limes  should  be 
courteous. 

In  order  that  riders  may  do  efficient  work, 
written  instructions  sIkhiKI  be  furnished  them 
and  such  tables  as  they  may  need.  They 
should  be  trained  to  be  watchful  of  the  canals 
and  structures  on  their  heals,  of  the  telephone 
•■ysteni,  and  all  other  features  of  the  project 
within  their  territories,  ami  to  be  careful  in 
•'II  thinRs  connected  with  the  successful  opera- 
tion of  the  system.  Whenever  possible  fre- 
quent meetings  between  the  manager,  water- 
'uastcrs  ;ind  ditch  riders  should  be  arranged 
•or   the   purprwr    of    discussing    problems    en- 


less  experience  would  probably  prove  of  lit- 
tle value  and  might  actually  be  injurious  to 
the  best  interests  of  the  project.  In  case  an 
agricultural  expert  of  the  proper  sort  cannot 
be  employed,  much  good  can  often  be  accom- 
plished by  the  manager  and  his  associates  by 
calling  the  attention  of  interested  water  users 
to  the  results  obtained  along  certain  lines  by 
successful  farmers  on  a  more  remote  portion 
of  the  project. 

CLERICAL   DEPARTMENT. 

Besides  the  engineering  and  operating  de- 
partments, all  projects  must  maintain  a  cler- 
ical department  commensurate  with  the  size 
of  the  project.  On  the  large  projects  this  de- 
partment will  be  in  charge  of  a  chief  clerk. 
On  the  smaller  projects  one  or  two  general 
clerks  may  suflice.  Routine  matters  and  cor- 
respondence, water  records  and  statistics,  col- 
lections, bookkeeping  and  accounting,  all  call 
for  clerical  assistance,  and  much  confusion 
will  be  avoided  on  a  large  project  by  having 
a  well  organized  clerical  lUpariment.  The 
correspondence  will  be  opened  and  distributed 
to  the  various  departments  by  the  chief  clerk, 
and  much  of  the  routine  correspondence  can 
be  answered  by  him  ilirectly,  which  as  a  rule 
will  result  in  a  saving  of  lime  and  more  cfli- 
cient   service. 

These  three  denartmcnls,  engineering,  oper- 
ating. an<l  clerical,  will  ionii)le«c  the  oruani/.'' 
tion  to  carry  on  the  operation  of  a  large  proj- 
ect, and  if  care  is  given  in  the  selection  of  the 
iTien  in  charge  of  the  departments,  should 
prove  to  he  an  cfTectivc  organization. 


struction  is  reinforced  concrete.  The  gen- 
eral structural  features  that  are  to  be  noticed 
are :  ( 1 )  The  cross-channel  wicr  at  the 
inlet;  (2)  the  converging  of  the  sides  of  the 
chute  as  it  descends  the  hill,  and  (3)  the 
vertical  drop  of  the  chute  into  the  surge  basin. 
The  hydraulic  properties  of  the  channel  of  the 
drop  arc   as    follows: 

Seetlon.  A.  V  Q. 

Inlet  canal    396  2.23  883 

Sta.   H22-+03  37^         22.67  8S0 

Sta.   H22-f49  2S^         29.8  850 

Sta.   1423-)-35   2*  35.4  SBO 

Outlet  canni   B50  1.55  S50 

It  will  be  noted  from  these  fibres  that  no 
effort  is  made  to  retard  or  break  up  the 
stream  during  its  descent  of  the  chute;  rather 
the  velocity  is  increased  by  a  converging 
channel  and  a  surge  basin  of  good  size  is 
tlepcniled  upon  to  still  the  current.  The  rela- 
tive dimensions  of  total  drop  and  depth  and 
length  of  surge  basin  arc  given  by  the  draw- 
ings, as  arc  all  the  structural  details.  Con- 
crete materials  and  construction  conform  to 
the  specified  standards  of  the  Reclamation 
Service.  The  engineers  in  mimcdiatc  charge 
of  (he  Milk  River  Project  are  H.  N.  Savage, 
supervising  engineer,  and  Joseph  Wright,  con- 
struction engineer. 


New  Cement  Works  for  India. --The  Ka»h- 

mier  Iron  .Mines  &•  Power  Syndicate  has  ob- 
tained a  concession  from  the  Punjab  govern- 
ment in  India,  and  will  enter  into  the  busi- 
ness of  maniifaciuring  and  selling  I'ortlaml 
:iiid   other  cements,   limes  and   plasters. 


.\nnouncenient  is  made  of  the  fourteenth  an- 
nual six  weeks  summer  school  of  the  College 
of  Kngineering  of  the  University  of  Wiscon- 
sin, which  opens  on  the  32  of  Jtinc.  Courses 
of  instruction  and  laboratory  practice  are  of- 
fered in  electrical,  hydraulic,  .steam  and  gas 
engineering,  mechanical  drawing,  applied  me- 
chanics, testing  of  materials,  machine  desij?n, 
shopwork  and  siirvcyinij,  in  addition  to  which 
subiiits  inav  lie  taken  in  the  College  of  Let- 
ters and  Science.  For  bulletin  address  F.  E. 
Tnrneaurc,  University  of  Wisconsin,  Madison,' 
Wis. 
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Proposed  System  of  Cost  Accounting 

for  the  Highway  Department  of 

Los  Angeles  County,  Calif. 

The  recent  passage  of  laws  CDncerning  road 
work  in  Los  Angeles  County.  Cal.,  will  prob- 
ably permit  a  centralization  of  the  adminis- 
trative and  executive  work  of  the  highway 
system  of  the  county.  .X  recent  report  of 
Mr.  John  C.  Veenhuyzen,,  on  a  cost  account- 
ing system  for  the  highway  department  is 
given  here  in  part. 

The  funds  of  the  county  are  divided  under 
three  heads:  (1)  general  fund,  (2)  road 
fund  and  (3)  highway  maintenance,  and  the 
cost  accounting  system  is  worked  out  with 
these  in  mind.  In  the  matter  of  keeping  a 
check  on  these  funds  the  report  states  that 
"it  must  be  taken  into  consideration  that 
while  the  road  department  will  have  an  ac- 
counting system  on  the  accrued  basis  found- 
ed on  payrolls  and  invoices,  the  auditor's  ac- 
counting system  is  based  on  records  at  his 
disposal,  which  are  payrolls  approved  and 
demands  allowed." 

In  connection  with  interest  charges  and  the 
capitalization  of  plant  and  equipment  the  re- 
port continues: 

As  the  improvement  of  all  roads  is  solely 
for  the  purpose  of  improving  the  service  of 
such  roads,  it  is  necessary  to  include  the 
interest  on  the  investment  as  an  expense  bur- 
den in  order  to  show  if  the  return  in  better 
service  is  adequate  to  the  total  expense  in- 
curred for  such  service.  There  is  no  way  to 
compare  the  value  of  several  improvement 
systems  as  to  their  economical  efficiency,  un- 
less each  road  unit  is  properly  capitalized  and 
burdened  with  the  proportionate  charge  of 
interest  on  the  investment,  as  well  as  with 
expenses  resulting  from  maintenance  and  re- 
pairs. 

The  interest,  although  paid  out  of  a  differ- 
ent fund  and  as  such  being  a  cash  expense, 
has  to  be  earned  by  the  road  in  some  man- 
ner, cither  by  better  service  or  less  expensive 
maintenance,  and  although  this  earning  will 
not  show  as  an  actual  revenue  but  merely 
as  a  transfer  account,  it  stands  for  proper 
accounting  to  show  all  elements  of  the  actual 
cost  of  maintenance  in  a  comprehensive  man- 
ner and  in  collective  figures  that  can  be 
grasped  and  understood  by  every  one  without 
the  necessity  of  compilation  from  scattered 
sources  of  information,  which  are  all  true 
and  correct  in  detail,  but  whose  relation  to 
each  other  can  only  be  grasped  by  the  ex- 
pert This  prmciple  holds  equally  true  for 
all  investment  of  county  money  either  in 
buildings  or  equipment,  and  for  that  reason 
should  be  applied  in  the  cost  accounting  of 
the  Pacoima  quarry,  county  oil  pit  and  all 
other  permanent  improvements.  To  illus- 
trate the  above,  I  call  attention  to  the  fact 
that  in  the  accounts  of  the  highway  com- 
mission the  Pacoima  quarry  appears  having 
a  value  as  of  Jan.  1,   1914,  of: 

Construction   $38,064. O.t 

Equipment  55,130.70 

Total   J93,194.7,-. 

It  is  at  once  apparent  that  one  element  of 
valuation  is  missing,  viz :  Lands  or  ground 
upon  which  this  institution  ic  standing.  This 
Und  was  acquired  by  the  county  and  paid 
for  with  $22,8!)I.2.5  in  June,  190!),  but  being 
paid  out  of  a  difTcrent  fund  it  appears  under 
a  different  classification,  with  the  result  that 
correctiv  the  value  of  this  quarry  as  of  Jan. 
1,  mil.  should  be  $116,080,  but  it  requires 
compilation  from  scattered  sources  to  arrive 
at  that  value.  In  attempting  a  cost  account- 
ing for  *he  Pacoima  quarry,  it  is  this  value  of 
$llfi.086  which  will  have  to  be  considered  as 
the  investment  on  which  the  service  of  the 
quarry  has  to  show  results.  The  county  is 
entitled  to  earnings  on  that  investment,  and 
•not  receiving  any  real  revenue  from  if,  we 
must  show  that  there  has  been  enough  sav- 
ing  in    more    efficient    service   or    in    cheaper 


production  of  material  over  that  bought  in 
o|icn  market  to  make  up  for  the  loss  of  reve- 
nue which  this  investment  value  could  pro- 
duce in  interest. 

01iG.\NIZ.\TI0N. 

The  prime  factor  of  organization  is  the 
logical  grouping  of  work  under  functional 
activities  and  the  establishment  of  definite 
responsibility  and  authority.  This  plan  is 
best  formulated  in  the  shape  of  graphical 
charts.  The  entire  work  of  the  road 
department  may  be  summarized  as  ol- 
lows :  (1)  general  administration  of  the 
affairs  of  the  department,  (2)  design  and 
construction  of  highway  improvement,  and 
(3)  maintenance  or  care  of  iinprovements  al- 
ready made.  A  diagram  of  their  organiza- 
tion  is   shown   in   Fig.   1. 

General  Administration. — The  division  of 
gener.il  administfation  embraces  the  functions 
of  accounting,  purchasing  (or  requisitioning 
same),  store-keeping,  appointments,  corre- 
spondence, stenographic  service,  secretarial 
service,  etc 

f.ti  gill  firing. — The  division  of  engineering 
embraces  topographical  work,  design,  con- 
struction, sub-surface  structures,  improvement 
proceedings,  clerical  service  and  testing  lab- 
oratory if  a  separate  laboratory  for  this  pur- 
pose is  needed,  and  a  transportation  division 
to  arrange  for  the  supply  of  vehicular  serv- 
ice, both  passenger  and  freight. 

Maintenance. — Under  the  maintenance  di- 
vision are  consolidated  all  of  the  mainte- 
nance forces  of  the  department.  The  organi- 
zation contemplates  a  territorial  division  into 
36  sections,  each  in  charge  of  a  road  fore- 
man. The  Pacoima  quarry  and  the  county 
oil  pit  win  be   functions  of  this  division. 

In  putting  this  plan  into  actual  operation, 
the  policy  should  be  to  do  so  with  as  little 
interruption  to  current  work  as  possible.  The 
reorganization  of  inter-related  work,  such  as, 
for  instance,  bridge  work,  demands  that  ad- 
vance must  be  made  step  by  step  until  full 
control  can  be  established. 

In  order  to  proceed  with  the  reorganiza- 
tion, certain  physical  changes  will  be  found 
necessary,  re-location  or  establishing  store- 
rooms and  warehouses,  re-arrangement  of 
road  districts  as  territorial  sub-divisions,  es- 
tablishing of  road  units,  etc.  With  a  view 
to  securing  knowledge  essential  to  the  control 
of  efficiency  in  maintenance  forces,  it  is  nec- 
essary to  establish  a  suitable  system  of  cost 
records  and  procedure.  Field  and  office  con- 
ditions will  have  to  be  anticipated  as  far  as 
possible  and  a  definite  procedure,  governing 
use  of  forms  and  work,  should  be  made  in 
book  form  for  the  education  of  all  employes. 

OBJECTS    OF    COST    SYSTEM. 

The  objects  of  the  proposed  cost  system  are 
as  follows : 

(1)  To  ascertain  the  total  and  unit  cost 
of  each  class  of  work  performed  in  the  prop- 
er exercise  of  all  functions  of  the  depart- 
ment. 

(2)  To  show  the  quantity  and  cost  of 
each  class  of  work  performed  within  the 
boundaries  of  anv  road  division  and  for  any 
separate  road  unit. 

(3)  To  show  separately  the  three  main 
elements  of  expense  entering  into  the  cost 
of  each  class  of  work  as  follows:  (a)  Labor 
charges,  (b)  material  charges,  (c)  plant  and 
c(|uipment   charges. 

(■\)  To  show  in  a  comparative  way  the 
co-t  of  performance   for  each  unit. 

(.t)  To  secure  by  interpretation  of  these 
data  knowledge  as  to  the  efficiency  of  per- 
formance by  departmental  forces,  thus  facil- 
itating administrative  control. 

(6)  To  show  when  taken  in  conjunction 
with  records  of  current  conditions  the  ade- 
quacv   of   service   rendered   the   public. 

(7)  To  permit  a  determination  of  the 
point  beyond  which  it  will  be  undesirable, 
from  an  economic  point  of  view,  to  continue 
maintenance   work   on    existing   roads,   or,    in 


other  words,  the  time  when  replacement  must 
be  contemplated. 

(8)  To  provide  data  on  which  depart- 
mental estimates  may  be  based. 

CL.^SSIFICATION    FOR   UNITS. 

The  first  problem  consists  of  establishing, 
on  a  uniform  basis,  a  complete  and  logical 
classification  of  all  functional  work  in  such 
form  as  to  permit  the  application  of  units  of 
measure  to  each  class  of  work. 

lu  order  to  meet  these  conditions  the  de- 
scription of  work  performance  can  be  sub- 
divided under  four  separate  heads  as  follows: 
(1)  Bureau  or  general  function,  (2)  Class 
or  specific  function,  (3)  Operation  to  be  per- 
formed, (4)  Elementary  activity  involved  in 
the  performance  of  operations. 

By  means  of  tliis  arrangement  it  will  be 
found  possible  to  prepare  a  list  of  descrip- 
tive phrases  under  each  one  of  the  four 
heads  above  mentioned,  and  in  consequence 
by  selecting  a  suitable  combination  of  plirases 
from  the  four  lists  any  performance  what- 
ever, can  be  entirely  described  and  completely 
defined. 

This  work  is  perhaps  the  most  important 
and  difficult  in  connection  with  the  design  of 
a  cost  system,  since  a  large  degree  of  elas- 
ticity in  phraseology  and  terminology  is  re- 
quired to  include  every  feature  of  work  per- 
formance. The  result  of  this  classification 
will  be  in  the  form  of  a  code  book  wherein 
the  descriptive  phrases  are  arranged  in  a  way 
that  makes  it  possible  to  show  which  of  the 
items  under  each  head  are  applicable  to  items 
under  tlie  preceding  head,  together  with  a 
complete  code  number  for  tlie  full  description. 
In  this  way  all  of  the  elementary  activities 
that  are  applicable  to  the  operations  to  be 
performed  on  a  given  class  of  work  may  be 
readily  indicated. 

ME.\NS    OF    SEGREG.^TING    ITEMS. 

The  second  problem  in  designing  a  cost 
system  is  selecting  satisfaictory  means  by 
which  both  direct  and  indirect  charges  to 
classilied  work  tnay  be  properly  segregated 
and  compiled.  This  problem  may  be  solved 
by  the  adoption  of  tabulating  data  recording 
cards.  Inasmuch  as  the  complete  cost  of  any 
work  may  be  obtained  by  a  summation  of 
the  three  basic  elements'  of  expense  referred 
to  above,  namely:  (1)  Labor  charges,  (2)  ma- 
terial charges  and  (3)  plant  and  equipment 
charges,  three  forms  of  cards  should  W  used, 
each  designed  to  record  one  of  these  elements, 
either  as  a  direct  or  an  indirect  charge,  to 
some  class  of  work  or  function.  In  connec- 
tion with  these  three  forms  of  cards,  another 
form  of  card  should  be  used  on  whicli  is  tn 
be  recorded  the  class  and  quality  of  finished 
work  performed  at  a  given  point.  The  use 
of  this  la.st  mentioned  form  makes  possible 
the  computation  of  unit  class  costs  and  the 
allocation  of  maintenance  charges  to  specific 
territorial  locations  or  road  units.  .\  dis- 
tinction is  to  be  made  between  "finished 
work"  as  fully  described  by  tlie  first  three 
work  classification  codes  and  the  completed 
elements  of  unfinished  work,  which  requires 
the  full  four  codes.  It  is  obvious  that  where 
a  jol)  cannot  be  completely  finished  within 
the  period  covered  by  a  field  report  it  will 
be  inaccurate  to  use  as  a  basis  of  comparison 
the  unit  cost  of  that  part  of  the  work  which 
is  finished,  since  the  actual  cost  of  perform- 
ance within  this  period  will  nearly  always  in- 
clude certain  charges  for  some  work  on  some 
unfinished  iiortion  of  the  job.  For  this  rea- 
son it  should  be  pkmned  to  have  the  amount 
of  "finished  work"  not  reported  until  the  full 
completion  of  the  job, -at  which  time  it  will 
be  shown  by  filling  out  one  of  the  above 
mentioned  "finished   work"  cards. 

The  (|uantitv  of  work  described  by  the  ele- 
mentary activity  is  always  susceptible  of  meas- 
urement within  the  period  covered  by  the 
work  report  and  will  be  shown  on  one  of  the 
cards  used  to  record  labor  or  equipment 
,  charges. 
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The  arrangement  of  such  cards  provides 
for  the  segregation  and  compilation  of  any 
kind  of  information  that  will  normally  be 
required. 

The  plan  of  making  charges  to  work  under 
the  cost  system  rests  upon  the  following 
basis: 

All  primary  charges  will  be  classified  under 
one  of  three  heads:  (1)  Labor,  (2)  material, 
(3)   equipment. 

The  use  of  labor,  material  and  equipment 
must  be  recorded  as  directly  chargeable  either 
to  n)  some  measurable  work  which  consti- 
tutes a  function  of  the  department,  or  (2)  to 
some  au.xiliary  service,  the  cost  of  which  can 
be  charged  directly  to  such  functional  work, 
or  (o)  when  this  is  not  done  to  .some  de- 
ferred or  suspense  account,  the  total  of  which 
will  be  periodicaly  distributed  over  the  func- 
tional work.  Items  treated  as  described  is 
(2)  and   (3)   will  be  in  the  nature  of  indirect 


care  as  an  element  of  the  finished  work,  and 
which,  when  once  used,  are  not  further  ac- 
countable by  inventory. 

For  cost  purposes  material  should  be  classi- 
fied under  three  general  heads:  (a)  Bur- 
dened stock  (b)  production  stock,  (c)  mis- 
cellaneous   stores. 

Burdened  Slock. — Burdened  stock  consists 
of  all  articles  used  in  sufficient  quantity  or 
of  sufficient  importance  to  warrant  separate 
imposition  of  burden  charges. 

Charges  representing  a  burden  on  such  com- 
modities or  tending  to  increase  their  actual 
cost  at  the  point  of  use,  must  be  added  to 
the  invoice  price. 

Charges  for  the  use  of  such  commodities 
as  applied  to  functional  or  au.xiliary  work 
should  be  charged  to  the  work  at  an  arbitrary 
unit  price  (subject  to  periodical  adjustment), 
the  price  being  established  at  a  fi.gure  which 
will,  when  the  stock  has  been  consumed,  ap- 


must  be   pro-rated   over   the   functional   work 
on  the  basis  of  total  prime  cost. 

Equipment. — Equipment  includes  all  loose 
and  movable  property  intended  for  continuous 
use  and  accountable  by  inventory.  It  also  in- 
cludes all  fi.xed  and  stationary  property  in 
the  nature  of  power-producing  or  manufac- 
turing plant  and  machinery.  No  articles  in 
the  nature  of  supplies  which  can  be  classified 
as  material  should  be  included  in  equipment. 

CL.\SSIFIC.\TION   OF   EQUIP.MENT. 

For  cost  accounting  purposes  equipment  can 
be  segregated  into  three  classes,  viz : 

Class  "A". — To  include  all  equipment  with 
attached  accessories  as  originally  purchased 
or  constructed,  the  productive  operation  of 
which  requires  the  application  of  self-gen- 
erated power,  or  power  obtained  by  transmis- 
sion from  a  general  source. 

Class  "B". — To  include  all  equipment  with 
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Fig.   2.     Chart    Showing    Organization   of    Road    Department   in   Los   Angeles  County,   California. 


charges  or  burden  on  labor,  m.itcrial  or  plant 
and  equipment. 

/.(l^()r— Labor  will  include  all  classes  of 
personal  service.  Charges  representing  a  bur- 
den on  labor  will  be  pro-rated  either  monthly 
or  (|iiarterly,  as  may  be  established,  over  the 
functional  work  performefl  on  the  basis  of 
one  of  the  following  principles,  as  may  be 
determined  as  best  suited:  (a)  Cost  of  pro- 
ductive labor,  (b)  mileage  per  road  unit  and 
a  corresponding  lixed  figure  for  such  bridges 
as  arc  considered  to  be  separate  units,  (c)  sur- 
face area  of  road  units  and  such  bridges  a.* 
are  considered  to  be  separate  units. 

These  figures  once  established,  it  is  a  sim- 
ple m.ntter  to  pro-rate  overhead   expenses. 

.Ml  labor  charges,  whether  direct  or  indi- 
rect, will  he  made  at  the  payroll  rate  for  the 
time  employed. 

.Uij/rriVi/.— ^L^tcrial  will  incluilc  all  classes 
of  expendable  commodities  which  enter  into 
construction,    repair,    replacement    or    general 


proximately  extinguished  the  purchase  cost 
plus  the  a(lde<l  burden  charges. 

DilTerinces  between  actual  cost  at  the  point 
of  use  and  arbitrary  charges  to  the  work 
should  be  pro-rated  over  the  cost  of  material 
used   during  the  preceding   month  or  quarter. 

I'roduclion  .Slmk. —  Production  stock  con- 
sists of  all  articles  seciireil  or  manufactured 
by  the  use  of  the  departmenlal  services.  Stock 
thus  produced  must  be  treated  as  though  pur- 
chased as  soon  as  the  actual  cost  of  its  pro- 
duction can  be  a.scertaincd. 

^^iscellancou.t  Stores. — Miscellaneiuis  stores 
consist  of  articles  seldom  used  or  used  in 
small  (|uantities.  or  of  small  value  and  not 
included  in  burdened  or  prf)dnction  sti>ck.  Di- 
rect charges  for  the  use  of  such  shouhl  be 
made  at  the  unit  purchase  price. 

Burden  chnrges.  such  as  for  general  care 
and  handling  of  miscellaneous  stores,  as  well 
as  burden  charges  on  other  material  that  can 
not    readily    be    allocated    to    burdened    stock 


attached  accessories  as  originally  purchased  or 
constructed  not  embraced  under  Class  "A," 
which  h:is  a  life  of  more  than  one  year  (ex- 
cluding parts). 

Class  "C". — To  include  all  equipment  not 
embraced  under  the  two  previous  classes,  the 
probable  life  of  which  is,  or  may  be  assumed 
to  be,  less  than  imc  year.  It  also  includes 
loose  tools  and  implements,  small  parts  and 
accessories  controlled  by  the  road  foreman, 
as  described  later. 

Charges  for  the  use  of  Class  ".\"  equipment 
should  be  made  at  an  arbitrary  rate  per 
hour  to  rover  the  cost  of  maintenance  and 
depreciation  only.  No  operating  costs  will  be 
included  in  charges  for  this  class  of  ecpiip- 
mcnt,  inasmuch  as  the  operation  will  always 
be  coincident  with  its  productive  use  and  the 
cost  of  operation  can.  therefore,  be  charged 
in  toto  directly  to  the  work  on  which  this 
equipment  is  being  used. 

Differences  between  actual  costs  of  use  and 
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arbitrary  charges  for  use  of  both  these 
classes  of  equipment  should  be  pro-rated 
monthly  or  quarterly  over  the  functional  work 
on  which  such  equipment  may  be  used.  The 
arbitrary  rate  per  hour  should  be  based  on 
aggregate  hours  of  probable  productive  use 
per   annum. 

Giarges  for  consumption  of  Class  "C" 
equipment,  together  with  indirect  charges  for 
the  care,  handling  and  repair  of  miscellaneous 
supplies,  small  tools  and  equipment,  should  be 
pro-rated  over  the  functional  work  on  the 
basis  of  total  prime  cost. 

The  purpose  of  establishing  an  arbitrary 
rate  or  price  for  the  use  of  material  or  equip- 
ment, is,  first,  to  allocate  correctly  and  auto- 
matically as  large  a  proportion  as  possible 
of  the  indirect  charges,  leaving  a  minimum  for 
distribution  by  pro-rating;  second  and  most 
important,  to  eliminate  by  this  means  all  or 
nearly  all  of  the  variable  elements  effecting 
the  comparison  of  unit  costs,  thereby  promot- 
ing accuracy  in  the  determination  of  relative 
efficiency. 

Plant  operation,  where  it  results  in  produc- 
tive output,  has  to  be  treated  as  a  class  of 
functional  work,  unless  the  plant  output  can 
be  considered  in  the  nature  of  a  manufactured 
product  used  on  functional  work,  in  which 
case  il  should  be  treated  as  "production  stock." 
In  the  event  that  the  plant  has  no  output  of  a 
productive  nature,  charges  thereto  should  be 
treated  as  a  burden  affecting  a  part  or  all  of 
the  functional  work  as  circumstances  may 
require. 

Rent,  insurance  and  interest,  heat,  light, 
power  and  repairs  and  replacement  of  plant 
structure,  where  the  latter  does  not  constitute 
betterment  to  the  extent  of  added  valuation, 
should  be  included  in  the  cost  of  plant  opera- 
tion. In  case  replacement  will  result  in  bet- 
terment, the  cost  of  such  should  not  be 
charged  to  operation  but  to  investment  ac- 
count. But  where  the  maintenance  does  not 
fuilv  cover  the  depreciation,  the  difference 
should  be  charged  to  operation  as  depre- 
ciation. 

DISCIPLINE. 

In  order  to  promote  discipline  and  the 
proper  performance  of  work,  it  is  sug- 
gested to  issue  a  set  of  rules  and  regula- 
tions covering  conduct  and  performance,  to 
be  put  in  effect  as  soon  as  possible.  There 
should  be  established  a  record  of  time  and 
gang  assignment  in  card  index  form,  used 
in  conjunction  with  the  issuance  of  written 
orders  covering  the  assignment  and  transfer 
of  men.  In  this  way  the  card  record  in  the 
oflTice  indicates  exactly  the  current  disposi- 
tion of  forces  in  the  field,  together  with  a 
complete  history  of  the  service  assignment  of 
each  individual.  The  written  orders  are  rnade 
in  duplicate.  The  original  is  given  to  the  indi- 
vidual affected,  and  the  duplicate  sent  to  the 
office.  The  individual's  card  is  at  once  trans- 
ferred to  the  proper  place  in  the  card  record. 
In  this  manner  it  is  possible  to  check  at  all 
times  the  actual  arrangement  of  force  as 
shown  by  the  time  sheets  against  the  dispo- 
sition of  the  force  as  shown  by  the  card  rec- 
ord. Discrepancies  or  omissions  in  the  time 
reports  are  at  once  apparent.  By  consulting 
this  record  of  assignment  of  field  forces, 
transfers  to  meet  emergent  conditions  may  be 
quicklv  and  intelligently  handled  at  the  head- 
quarter's  office.  'To  control  the  performance 
of  vehicles  while  absent  from  their  foremen, 
a  system  of  tickets  should  be  established 
wluroupon  is  recorded,  among  other  things, 
till    \\r.\e  and  point  of  arrival  and  departure. 

'\i    '   =1^    "f    these   tickets   provides   a    means 

i  ■    excess  lime  taken  in  trans- 

ji  •.    and    inakcs    it    possible    to 

IN   :      '     11-  ijiinary  control  over  all  vehicular 

service. 

MAI-    AND    CARn   RF.CORIIS. 

To  facilitate  the  efficient  assignment  of 
■  ri  ,  ,,.„.,.  .,,.1  to  record  the  current  con- 
1  of  work,  a  set  of  maps 

'!  each   of   which   designed 

tr,  r,,scr  "Tir  Ml  the  territorial  sections.  These 
map!-  sIkmiM  be  on  a  scale  sufficiently  large, 
and,  if  possible,  be  covered  with  celluloid, 
to  allow  the  erasure  of  memoranda  which 
might   he   placed   upon   them      The  territorial 


section  thus  mapped  can  be  sub-divided  by 
lines  into  a  number  of  smaller  areas  or  di- 
visions, and  each  of  these  again  in  blocks. 
By  numbering  the  sections,  the  division  and 
the  block,  a  complete  description  of  any  road 
area  will  be  provided.  On  these  maps  should 
be  indicated  the  existing  roads  and  highways, 
bridges  and  culverts,  together  with  the  char- 
acter of  improvement  and  similar  general  in- 
formation. These  maps  can  be  used  in  the 
following  way : 

Reports  of  current  conditions  as  made  by 
inspectors  to  be  indicated  in  a  general  way 
by  means  of  symbols;  the  existence  of  such 
symbols  on  the  map  indicates  to  the  one  using 
it  that  certain  work  is  to  be  performed  at  the 
points  so  marked,  thus  permitting  the  deter- 
mination of  the  points  to  which  gangs  may 
best  be  assigned  for  economic  work  perform- 
ance. As  soon  as  the  work  has  been  com- 
pleted, the  symbol  indicating  a  defective  con- 
dition is  erased.  Since  these  maps  show  the 
complete  road  system,  they  will  be  constantly 
used  for  reference.  A  statistical  card  record 
of  road  divisions  and  the  road  units  should 
be  kept,  giving  such  initial  statistical  informa- 
tion as  necessary,  and  on  which  notice  is  kept 
of  the  work  performed,  giving  in  that  manner 
a  historical  record  of  the  maintenance  of  such 
road  units  and  recording  dates  of  inspection. 
A  statistical  card  record  of  all  bridges  should 
be  kept,  showing  in  like  manner  all  historical 
data,  including  dates  of  inspection. 

STOCK  .VND  EQUIPMENT. 

Where  such  cannot  be  combined  with  cen- 
tral store-rooms,  each  road  foreman  shoiild 
have  under  his  supervision  a  stock  and  equip- 
ment yard  and  a  central  control  record  of 
these  yards  should  be  kept.  The  foreman  is 
held  responsible  for  the  equipment  recorded 
as  in  his  care.  Transfer  of  material  and 
equipment  from  one  foreman  to  another  must 
be  only  by  requisition  card  and  the  record  so 
designed  as  to  take  care  of  material,  new 
stock  and  equipment  either  received  or  issued. 
This  record  will  serve  as  a  perpetual  inventory 
of  all  road  implements,  and  in  addition  the 
road  foremen  should  be  required,  ."it  regular 
periods,  to  make  inventories  on  special  blanks, 
in  order  to  minimize  the  chance  of  loss 
through  carelessness. 

The  control  over  stores  should  be  kept_  on 
the  basis  of  a  card  index  system,  providing 
for  a  perpetual  permanent  inventory.  The  aim 
of  these  costs  and  efficiency  records  are:  (1) 
To  tie  functional  operations  into  the  book- 
keeping records.  (2)  To  show  the  standard 
cost  of  each  functional  operation.  (3)  To 
show  the  efficiency  of  each  functional  opera- 
tion as  to  cost,  time  and  quality. 

SUMMARY. 

.Mthough  system  is  the  prime  factor  of 
efficiency,  there  is  always  danger  of  over- 
system  when  it  does  not  go  hand  in  hand  with 
tile  establishment  of  correct  standards  of 
personal  service,  material  and  equipment  serv- 
ice. To  set  up  these  standards  requires  ex- 
pert practical  and  technical  knowledge  of  the 
field  work. 

Summarizing,  it  may  be  said  that  the  whole 
system  of  cost  accounting  as  proposed  is,  in 
fact,  only  an  extended  requisition  system,  ap- 
plied to  the  use  of  service  (labor),  material 
and  equipment,  set  up  in  card  system  in  such 
manner  that  the  same  card  may  be  used  for 
the  purpose  of  proper  accounting  as  well  as 
to  support  the  standard  of  efficiency.  These 
fundamental  parts  of  the  system  arc  records 
made  at  the  time  of  issue;  they  are  reliable, 
immediate,  adequate  and  permanent  and  there- 
fore fulfill  all  requirements  of  efficiency. 

Inability  to  predetermine  and  accommodate 
all  of  the  detail  procedure  necessary  for  the 
proper  accomplishment  of  the  work  of  est.ah- 
lishing  such  a  system  makes  the  reorganiza- 
tion work  always  more  or  less  slow,  but  the 
hasty  application  of  new  plans  to  cxi.sting  con- 
ditions may  very  often  result  in  unsatisfactory 
conditions. 

Field  records  for  a  compilation  of  data  tin- 
der actual  conditions  will  have  to  be  studied 
to  draw  up  preliminary  forms  and  procedure. 
and  tests  will  liave  to  determine  their  accept- 
ability, and  mav  show  the  possibilitv  of  hav- 


ing omitted  some  features  of  work  perform- 
ance which  was  not  readily  foreseen.  Not 
only  cooperation  but  active  and  energetic  ef- 
forts of  the  division  heads  is  absolutely  nec- 
essary to  develop  it  to  a  satisfactory  basis  of 
efficiency,  and  even  then  it  will  be  necessary 
to  provide  for  the  actual  performance  of 
the  work  by  some  one  who  understands  the 
theories  on  which  the  system  is  based,  and 
who  may  be  expected  to  discover  and  correct 
more  quickly  its  faults,  after  having  been  fully 
familiarized  with  the  actual  performance. 


Rate  of  Wear  and  Strength  of  Granite 
Paving  Blocks. 
The  following  notes  from  the  report  of  the 
Bureau  of  Highways,  borough  of  Manhattan, 
\ew  York,  present  some  facts  illustrating  the 
rate  of  wear  on  granite  block  pavements  and 
the  relative   desirability  of   such  wear. 

Formerly  granite  paving  blocks  in  use  in 
this  and  other  .Xmerican  cities  were  admit- 
tedly unsatisfactory.  Tliere  was  little  attempt 
at  cutting  to  accurate  dimensions  and  secur- 
ing uniform  width  in  the  different  courses. 
TThey  were  laid  with  wide  joints  filled  ^yith 
coarse  gravel  and  tar  on  a  sand  foundation, 
so  that  traffic  speedily  caused  depressions  and 
the  attrition  from  horses'  hoofs  and  steel 
tires  caused  the  edges  to  wear  and  the 
heads  to  become  rounded  and  polished.  This 
was  also  true  of  the  socalled  belgian  block, 
in  many  cases  of  trap  rock  of  hardness  equal 
to  granite.  The  blocks  were  too  long,  ren- 
dering them  liable  to  crack  or  settle  unevenly 
under  eccentric  loading. 

The  first  improvement  in  this  type  of  pave- 
ment was  the  introduction  of  concrete  foun- 
dation. This,  in  a  degree,  obviated  the  de- 
pressions in  the  surface  due  to  unequal  set- 
tlement, but  made  no  improvement  in  the 
other  conditions. 

It  is  now  universally  admitted  that  granite 
block  for  pavement  should  be  accurately  cut 
to  standard  dimensions  and  laid  with  close 
joints.  There  are,  however,  two  distinct  points 
of  view  in  regard  to  the  physical  composi- 
tion of  the  blocks  used.  One  of  these  is  that 
all  deterioration  in  stone  pavement  is  due  to 
wear  consequent  on  lack  of  sufficient  crush- 
ing strength  and  hardness,  and  that  only  the 
hardest  granites  can  stand  the  wear  of  traffic 
under  present  conditions. 

The  other  point  of  view  is  exemplified  in 
the  following  statement  of  Mr.  McClure,  city 
engineer  of  Worcester,  Mass.,  which  is  of  in- 
terest, as  that  city  has  made  extensive  use 
of  granite  for  paving  purposes  and  its  streets 
are  in  excellent  condition  : 

I  attribute  much  of  our  success  '.n  ttie  use 
of  granite  bloclfs  to  tlie  fact  tliat  we  liave  al- 
ways used  the  New  Hampshire  granite,  the 
greater  part  of  the  Ijlocks  coming  from  the 
Marlboro  quarries,  which  is  soft  enough  to 
wear  without  polish  ond  hence,  with  a  slight 
degree  of  sllpperlness. 

A  similar  point  is  also  made  in  the  follow- 
ing  statement   quoted    from    a   paper   written 
recentlv  bv   Col.   R.    W.    Crompton,   M.    Inst. 
C.  F...  Great  Britain,  and  published  by  the  In-    I 
stitution  of  .Xutomobile  Engineers:  * 

Many  people,  Including  a  considerable  propor 
tlon  of  the  load  surveyors,  have,  up  to  null' 
recently,  looked  on  the  question  of  the  wear  of 
road  surfaces  rather  superncially,  that  Is  t'l 
say,  they  have  always  considered  that  surfac- 
wear  was  the  most  Important  inatter,  and  hav  ■ 
selected  for  their  macadamlzod  roads  the  ston-  - 
from  those  rocks  which  olTor  the  greatest  r^ 
slstance  to  attrition.  In  this,  however,  thi  ■■ 
are  wrong. 

It  is  proposed  to  define  proper  granite  i'- 
that  which  would  show  a  minimum  limit  u.i 
dcr  the  crushing  lest  of  3u.0(i(i  pounds  • 
the  square  inch  and  have  a  French  co- 
efficient of  wear  not  less  than  1.5.  In  sup- 
port of  the  claim  that  the.se  qualities  are  es- 
sential it  is  asserted  that  all  deterioration  in 
stone  block  pavement  is  due  to  wear  conse- 
quent on  lack  of  sufficient  crushing  strength 
rnd  hardness,  and  that  no  other  pavement 
than  one  composed  of  the  hardest  granites 
can   stand   the   wear  of   traffic   unrl.T   nmilern 
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conditions.  The  imperfect  condition  of  many 
of  the  older  granite  pavements  in  New  York 
is  asserted  to  be  due  to  lack  of  hardness, 
which  has  caused  splitting  of  the  blocks  and 
rounding  of  the  edges,  and  granite  has  been 
tested  for  a  compressive  strength  of  over 
3U,000  pounds  to  the  square  inch.  The  latter 
claim  is  literally  true. 

It  may  be  stated,  however,  that  rounded 
blocks  are  not  an  evidence  of  lack  of  hard- 
ness, but  rather  the  contrary.  Many  of  the 
older  pavements  where  the  blocks  are  in  the 
poorest  condition,  with  rounded  tops  and  ex- 
tremely polished  surfaces,  are  known  to  have 
been  laid  with  hard  material,  the  constant 
friction  of  horses'  hoofs  and  steel  tires  on 
the  edges  of  the  blocks,  combined  with  the 
wide  sand  joints,  producing  the  above  result. 
Under  similar  conditions  a  soft  block  would 
wear  on  the  top  as  well  as  on  the  edges,  as 
can  be  observed  in  the  Medina  sandstone 
pavements  of  Rochester  and  Buffalo.  The 
same  rounded  wear  can  be  observed  on  gran- 
ite, steel  or  cast-iron  stair  treads  where  the 
only  attrition  is  produced  by  leather  shoes. 
It  is  impossible  to  prove  that  old  cracked  and 
badly  worn  blocks  are  defective  due  to  any 
inherent  quality,  fn  many  cases  where  such 
conditions  e.xist  they  are  known  to  have  been 
due  to  tires  made  on  the  pavements. 

It  has  been  claimed  that  whitened  surfaces 
on  the  tops  of  the  blocks  caused  by  the  im- 
pact of  horses'  hoofs  and  steel  tires  show  an 
improper  amount  of  wear  and  lack  of  re- 
sistance to  it.  Nevertheless  such  a  condition 
has  been  most  apparent  on  some  of  the  streets 
recently  repaved  with  granite  of  a  hardness 
meeting  in  every  way  the  proposed  specifica- 
tions. This  would  naturally  be  the  case  with 
any  stone  pavement  having  a  hardness  less 
than  anv  wheels  coming  in  contact  with  it. 


Snow  Removal  by  the  Public  Service 

Railway  Company  Between  Jersey 

City  and  Camdem,  N.  J.,  in  1914. 

The  following  article  from  a  paper  presented 
before  the  Philadelphia  Snow  Removal  Con- 
ference by  Mr.  Martin  Schreiber,  maintenance 
of  way  engineer  for  the  company,  describes 
the  method  of  organization  and  the  equip- 
ment and  methods  of  conducting  work  in  re- 
moving snow  used  by  the  Public  Service  Rail- 
way Co.  of  New  Jersey. 

The  company  operates  some  8C5  miles  of 
single  track,  through  140  municipalities,  hav- 
ing a  population  of  about  '2,000,000.  The  ter- 
ritory is  divided  into  six  divisions,  extending 
from  Jersey  City  to  Camden,  N.  J.,  with  an 
approximate  area  of  1,100  sq.  miles.  The 
procedure  in  each  division  varies  somewhat 
on  account  of  local  conditions,  but  generally 
the  principles  are  the  same,  as  the  property 
is  operated  from  a  central  office  through  a 
departmental  organization. 

OI!G.\NIZ.\TION    FOR    SNOW    REMOV.SL. 

No  special  supervisory  organization  is  re- 
quired in  handling  snow,  only  the  regular 
force  of  employes  is  enlarged.  Early  in  the 
fall  the  various  departmental  heads  and  their 
assistants,  including  the  superintendents  of 
transportation,  maintenance  of  way,  distribu- 
tion and  equipment  meet  and  lay  out  a  co- 
ordinate plan  of  action.  The  transportation 
department,  through  the  division  superintend- 
ents and  supervisors  at  the  various  carhouses 
assign  certain  crews  to  operate  the  snow  fight- 
ing apparatus,  such  as  plows,  sweepers  and 
levelers.  The  names  of  the  crews,  with  their 
addresses,  are  posted  in  each  carhouse  in  ad- 
vance so  that  they  may  be  called  on  at  a  mo- 
ment's notice.  * 


TABLE    I.— >rAX[MI'M    COMPRESSION    PRODUCED   BY  HEAVIEST  TRUCKS  USED  ON   NEW 

YORK   STREETS. 

Loads        , Tires. >    Wt.  per 

Power.  KiMil  of  load.      In  lbs.        Front.       Rear.  Total,  inch  run.     Wt.   of  truck. 

3-horse    Steel  pipe,  etc. .     16.000  ^-In.  4-ln.        16        1,000     6,300  Cornell  &  Underhlll. 

l-horse    Steel  pipe,  etc..     20,000  4-in.  4-ln.         16        1,2.50     7.000  Crane. 

Auto    Steel  pipe,  etc..       6,000  4-in.  8-ln.        24  2,50     8.000  Crane. 

ZO-horse*    Steel,   etc 166.000        14-ln.         14-in.        56        2,»64     About   12  tons. 

3-horset     Steel,    etc 35.000  6-ln.  G-in.         24         1,458     8,300. 

•This  truck,  owned  by  Mead  Bros..   Is  known   as  the  "Whale"  and  was  built  to  carry  100  tons. 
It  Is  so  loaded   that   the  weight   Is  evenly  distributed   to  the   four  wheels. 

With   100  tons  load  the  weight  per  inch  run   of   tire   is   3,571   lbs.     The  greatest  weight  so   far 
carried   Is  S3  tons. 

tThls   Is   the   heaviest  3-horse   platform    truck  made  by  James  Shephard  &  Sons. 


Wheels  carrying  the  loads  given  in  Table  I 
have  invariably  several  longitudinal  inches  of 
contact  with  pavement.  .Assuming  the  load  to 
be  concentratcfl  on  one  inch  of  longitudinal 
run.  this  maximum  load  per  square  inch  of 
pavement  would  be  .3,.571  pounds. 

The  t.ibulation  in  Table  II  was  made  by 
Mr  D.  B.  Goodsell,  assistant  engineer  in  the 
bureau  of  highways. 


Likewise,  the  equipment  department,  through 
the  division  master  mechanics  and  carhouse 
foremen,  select  the  proper  mechanical  men  to 
accompany  the  snow  fighting  equipment  and 
others  to  look  after  repairs  continuously 
throughout  the  period  of  the  snow  storm. 

The  maintenance  of  way  department, 
through  the  division  roadmasters  and  section 
foremen,  also  records  the  addresses  of  a  large 


TABLE  II.— ANNUAL  RATES  OK  WEAR   I.NDEU    KNOWN     WEIGHTS    OF    TRAFFIC. 

r Goodsell.)  1  .    _  1 

5  I        I         I.        S  ^ 

^•"■'>^'  o  S,  -  I.         ti  Vi!  »| 

,J         »2  S  "5         °-  M  "- 

-2         oo  C  =-  =_  =_  =S 

-V  xs      Hr        f        i-f      y.s       <s       c£ 

Gmnltc  4.172           8.00  522  1,786  .2S00  0490 

lire   Wood  S.7.52  »i,x39.«  307  3.318  .062.'.  ."20:1 

,lKc   Wood  4.071         IR.OS  270  1,S96  .0825  .0231 

;.>,lU.ii,    Avenue    HrldKO Wocd  3,«fi5         20.00  183  1,442  .0422  .0231 

•    Avi'nne    nrldK" Wood  1.049         20.00  52  561  .0156  .0300 

IV    London   streetn— "Modern    Road   Con- 

.iliintlon"    Wood  183  06IJ 

Mlnno..,,<,lU   experlmi>ntnl   pavement Wood  50.00  f^,',^,    )3,73«        .0312        .0222 

Concrete    Poles    Withstand    Storm. — The  number  of  en                 men   and  teams,   who 

recent    severe    storm    which    raged    over    New  may  be  quickly  .i.-.-niil'led  at  anticipnlcd  loca- 

Ynrk   City   and   vicinity   provided   a   ihorouRh  linns. 

itnrm    test    of    the    rcinforcc<l    concrete    tele-  .\t  the  prrliniin.nr ...  .i  ■<       • 

itraph  poles,  of  wliich  the   Pciumvlvania   Rail-  flrparlnimt*  the  v.i 

ro.id  Co.  have  erected  a  large  mtiulirr  in  that  "ii    w'l,  t.      n  .»     n 

section.     The   winci,   which   rr.ichrd   a   vclocit>  irvcs   am.                      <. 

of  "0   to  80   miles   an    hour,   together   with   .t  irn   ni.'                       :  i- 

henvy  burden   of  ice  and   snow   put   the   tele-  lion  at  the  ini»>l  iinpurlant  i'                   inllow 

ifraph    line    nut    of    commission,    broke    down  tip  at  other  tAr,-iiion<  in  n  rnr                    rdcr. 

many  of  the  wooden  pnles,  and  some  of  the  The   «li                            rimnit    .lU,,    i.ceps    in 

wondrn  cross-arms  on  the  concrete  poles.     In  close   Ion                             ■   plans    so   that   they 

no   laiie    however,   did   a    reinforced   concrete  mav   deci<l(    m    .im.  .ni.r   how   to   increase   the 

pole   collapse.  power  on  particulir  lines  by  switching  in  .ind 


out  feeders,  in  order  to  take  care  of  the 
heavy  drain  on  the  distribution  system  that 
is  caused  by  the  operation  of  the  plows  and 
sweepers.  Besides,  they  arrange  to  have  e.xtra 
emergency  crews  at  certain  locations  to  take 
care  of  line  breaks. 

INSPECTION. 

Along  with  the  definite  organization  scheme, 
the  snow  equipment  is  carefully  inspected  and 
all  necessary  repairs  made  to  the  snow  plows, 
sweepers  and  levelers  during  the  summer,  so 
that  the  entire  apparatus  is  in  first-class  con- 
diton. 

The  equipment  consists  of  76  snow  sweep- 
ers, 21  shear  plows,  2  rotary  plows  and  7 
work  cars  equipped  with  levelers.  A  careful 
inspection  is  made  of  the  railway  strip  to 
make  sure  that  no  paving  stones,  crossing 
planks  or  other  obstructions  exist,  which 
would  interfere  with  the  operation  of  the 
plows  and  sweepers.  Sewer  manholes  and 
dumps  arc  selected  which  will  be  the  most 
economical  and  satisfactory  to  the  city  and 
also  means  of  access  to  these  places  by  the 
trucks  are  also  planned. 

.\11  of  the  plows  and  sweepers  which  have 
been  assigned  to  particular  trackage  are 
actually  operated  on  these  lines  on  trial  trips, 
and  all  troubles  which  are  possible  to  elimi- 
nate are  promptly  remedied. 

METHOn    OF    CONDl/'CTING     WORK. 

.\s  soon  as  a  storm  sets  in,  all  of  the  de- 
partments marshal  their  crews  and  extra  men 
at  the  various  yards  and  carhouses  in  each 
division.  Ordinarily  one  trackmaft  inspects 
ten  miles  of  track.  During  a  storm  at  least 
six  men  are  kept  busy,  cleaning  switches  and 
special  work  on  a  section  of  this  length.  The 
crews  for  the  plows  and  sweepers  are  kept 
on  waiting  orders  at  full  pay.  so  that  po 
time  will  be  lost  in  getting  into  action.  .As 
soon  as  the  snow  reaches  about  2  ins.  the 
sweepers  are  brought  out  and  operated  con- 
tinuously during  the  entire  storm.  Telephone 
communications  are  established  and  the  trans- 
portation department  assigns  a  man  to  keep 
hourly  records  of  the  location  of  the  regular 
operation  on  the  111  lines  of  the  system. 
The  record  of  the  last  snow  storm  consists 
of  some  72  typewritten  pages,  which  form 
interesting   data   for  review. 

METHOD    OF    KEEPLNG    HOURLY    REPORTS 
OF    THE   OPERATING    CONDITIONS. 

March  1.  1914. 
Essex  Division — 

At  3:50  p.  m.  a  pole  was  across  both  tracks 
of  the  Sprlnplleld  Line,  causing  no  power  west 
of  Tenth  street  on  the  above  line. 

At  4:46  p.  m.   the  South  Orange  Une  Is  re- 
ported blocked,  duo  to  wires  down  west  of  the 
carhouse. 
Hudson  Division — 

At    6    p.    m..    Greenville    Line — sweeper   otlf 
track  nt  Greenville  cemetery. 
Essex   Division — 

At  6  p.  m,  car  on  Blank  Road  Line  jumped 
the  track  between  tho  bridges,  blocking  both 
rails. 

At  8  p.  m.  Are  truck  stalled  on  track  at 
South  Orange  avenue  and  Twelfth  street. 

Fourteen  rars  itt  nioonitleld  Line  stalled  In 
Vcupiiii   liri.iiiKi'   piiwiT   Is  shut   nlT. 

!•  p.  m.— I'lank  Koad  Line  mjilntalning  ser- 
vice from  cnrhodMi-  and  shops  only.  About 
one-half  of  tho  '-mtm  nro  fttnllcd  In  Jersey  City, 
and  the  hen. I  '    '        '    i'   up  as  gootl 

as  piiH.'«ll)le  '  :ons. 

!l:;in    p.     II,  ,..-r    .\o.     5131 

f pulled  off  roa.i   'ii  .i.c  mmi  oi   <  unlroller  blow- 
ng  up. 

pi-rKfii  "weeper  No.  5110  reported  with 
br-  '  •! 

I— Two   horses    killed    by    broken 
cl'  "n   Ellxabeth   avenue   Just  south 

of 

■h  2.  1914— The  Police  Dc- 
pnrtiiKi.i  III  the  City  of  I'assalo  ordered  the 
pf  w.T  ofT  on  all  lines  of  Puhllo  .Ser\'lre  Rail- 
way. 

Snow  collected  on  the  sides  of  the  tracks, 

•'■•■"■''   '' ..,-.....,  .  •   ..Liu's  and  sweepers 

'  away  from   the 
•I's)   by  means  of 
lrv<  of  the  sweepers 

anil  -ars.     Depending 

on  the  !.t\irii>  .■!  till'  ^inrm,  two  or  more 
track  laborer*  .ire  .T«Bipni'<l  lo  each  plow  or 
sweeper  for  t'  iig  out  snow 

.ind    ice    with  rcver    drifts 

- 'ntcri<'       I  ill-    T  .(.in    jiinws  are   re- 

r    handling   the   extra    heavy   drifts 
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wliich  occur  more   frequently  in  outlying  dis- 
tricts or  on  suburban  lines. 

When  the  snow  begins  to  collect  faster 
than  it  can  be  handled  with  the  snow  remov- 
ing apparatus,  the  outlying  lines  are  aban- 
doned first  and  the  apparatus  concentrated 
on  the  city  service.  During  the  last  storms 
the  company  had  a  number  of  cars  which 
■were  snowed  in  for  24  hours.  This  was 
caused  by  broken  down  telegraph  and  tele- 
phone lines  crossing  lighting  and  trolley  cir- 
cuits, introducing  a  great  source  of  danger 
so  that  the  power  had  to  be  shut  off.  With 
the  power  off  the  snow  was  quickly  packed 
around  the  cars  and  they  could  not  be  moved 
until  actually  dug  out  by  hand  labor. 

RE.MOVING    THE    SNOW. 

As  soon  as  the  storm  is  over,  or  in  fact  as 
soon  as  the  snow  is  piled  in  any  quantities 
along  the  side  of  the  tracks,  the  work  of 
removing  it  is  started.  The  largest  part  is 
hauled  away  by  teams  and  dumped  into 
sewers,  rivers  or  meadows;  in  one  city  a 
great  quantity  was  dumped  into  a  canal.  Con- 
siderable progress  has  been  made  in  hauling 
awav  snow,  in  some  cities,  by  avoiding  con- 
flictmg  organizations  working  on  the  same 
street  at  the  same  time.  Definite  schedules 
are  mapped  nut  so  that  the  railway  company 
removed  all  the  snow  on  certain  highways  be- 
tween building  lines,  and  the  city  all  the  snow 
on  other  streets.  Some  municipalit'es  remove 
all  the  snow  themselves  and  the  railway  com- 
pany is  billed  for  their  portion  of  the  cost 
on  streets  where  tracks  are  constructed.  One 
of  the  customs  of  the  company  is  to  follow- 
up  the  men  on  snow  removal  with  special 
provision  cars,  so  that  the  men  arc  supplied 
with  hot  coffee  and  sandwiches,  all  of  which 
has  been  greatly  appreciated  by  the  em- 
ployes. 

SUGGESTED    IMPROVEMENTS. 

It  is  doubtful,  under  present  conditions,  if 
it  is  practical  for  the  raiKvay  company  tc 
make  many  more  improvements  for  cleaning 
track  and  roadway  of  snow.  Of  course  there 
is  always  room  for  improvements  by  strict 
planning,  inspection  and  supervision  of  the 
work.  One  of  the  most  unfortunate  condi- 
tions surrounding  the  handling  of  snow  by 
the  railway  company,  or  municipality,  is  the 
fact  that  the  apparatus  is  idle  such  a  large 
portion  of  its  existence.  The  possibility  of 
the  mechanical  equipment  being  out  of  com- 
mission so  long  a  time  will  always  be  the 
cause  of  strong  argument  against  the  develop- 
ment of  any  special  machine  for  melting  or 
removing  snow. 

It  appears  that  about  the  only  way  to  efli- 
cicntly  remove  snow^  is  through  further  co- 
operation of  the  railway  company  and  munici- 
pality— for  example,  stations  and  dumps  could 
be  established  and  the  railway  company  con- 
tract with  the  municipality  for  hauling  all 
the  garbage  and  refuse.  So,  in  the  winter,  in 
case  it  was  required  to  haul  snow,  all  the 
equipment  for  garbage,  including  the  stations 
and  dumps,  could  be  pressed  into  service  for 
disposal  of  the  snow,  without  any  extra  in- 
vestment expense. 

.Another  plan  would  be  to  design  streets 
and  roadways  with  special  gutters  equipped 
with  flushing  apparatus,  which  could  be  used 
for  cleaning  and  draining  streets  as  well  as 
getting  rid  of  the  snow. 


Notes  on  Roads  and  Streets. 

Rocmac. — The  following  conclusions  are 
made  in  an  article  by  Robt.  C.  Muir  in  the 
Canadian  Engineer. 

Rocmac  is  a  silicate-saccharatc-carbonale,  the 
foundation  of  which  is  silicate  of  soda,  sugar 
and  carbonate  of  lime.  The  sugar  is  not  used 
for  adhesive  purposes,  but  to  assist  the  chemi- 
cal action  of  the  silicate  on  the  carbonate,  and 
secondly  to  assist  the  resistance  of  the  matrix 
to  frost. 

A  matrix  is  formed  of  the  mixture  in  the 
proportion  of  '.4  cu.  yd.  of  crushed  limestone 
to  .5  gal.  of  Rocmac  solution  with  an  addition 
of  similar  proportion  of  water.  This  is  mixed 
similar  to  the  making  of  concrete,  the  liine- 
stone  crushed  to  %-in.  gage  and  dust.  This 
matrix  is  applied  to  existing  road  surface  to 


a  thickness  of  1  in.  for  a  finished  3-in.  coat. 
The  stone  is  then  spread  on  and  rolled  until 
the  matrix  conies  to  surface.  All  superfluous 
material  is  swept  off  and  surface  left  clean 
and  hard. 
The  advantages  of  Rocmac  are: 

(1)  Repairable  in  almost  any  kind  of 
weather,   except   hard   frost. 

(2)  Cheaper   than   bituminous   macadam. 

(3)  No  yearly  surface  painting  required. 

(4)  Dust   not   so   obnoxious   as    from   tar. 

(5)  Good  foothold  for  horses,  not  so  slip- 
pery as  tar  macadam. 

(6)  When  laid,  frost  has  not  injurious  ef- 
fect on  it  as  upon  other  road  surfaces. 

The  defects  of  Rocmac  are: 

(1)  Dustiness  in  summer,  though  after 
superfluous  limestone  has  been  washed  off 
dust  is  greatly  reduced. 

(2)  Hard,  metallic  ring. 

It  is  claimed  that  the  life  of  Rocmoc  road 
is  3  times  that  of  an  ordinary  water-bound 
macadam  road.  The  cost  of  Rocmac  was 
o2  cents  per  square  yard. 

The  author's  e.xperience  has  been  that  with 
roads  laid  upon  a  clay  subsoil,  imperfect 
drainage  and  under  a  medium  heavy  traffic 
tar  in  any  shape  or  form  soon  gave  out.  After 
careful  consideration  he  came  to  the  con- 
clusion that  Rocmac,  though  not  ideal  in 
every  way,  was  well  suited  to  roads  under 
these  conditions. 

Cost  of  Equipping  a  Convict  Force. — In  a 

paper  before  the  American  Road  Builders' 
.\ssociation  Mr.  W.  E.  .Atkinson,  state  high- 
way engineer  of  Louisiana,  states  that  an 
approximate  estimate  of  the  cost  of  equip- 
ping and  running  a  convict  camp  for  road  pur- 
poses, based  upon  a  force  of  laborers  num- 
bering .50,  would  be  as  follows : 

Item.  Cost. 

to  teams,  at  $500.00 $5,000.00 

10  road   slips,   at  $7.00 70.00 

1  road  grading  machine 200.00 

1  road  roller   2,000.00 

2  road  drags,  at  $20.00 40.00 

1  blacksmith   outfit    .iO.un 

All  necessary  axes,  piclts,  shovels,  etc..  100.00 
Tents   for  living  quarters,   dining  room, 

stables,  etc 500.00 

Kitchen  outfit 50.00 

Lumber  for  cell-house,   etc 500.00 

Incidentals    500.00 

Total    $9,010.00 

.\  camp  of  -50  men  should  be  supervised  by 
the   following  superiors  : 

1  captain,  at  $75.00  per  month $  75.00 

.■i  foremen,  at  $40.00  per  month 120.00 

5  guards,  at  $30.00  per  month 150.00 

Total    $345.00 

From  actual  experience,  it  has  been  ascer- 
tained that  the  cost  of  maintaining  and  op- 
erating one  convict  per  year  in  Louisiana  is 
about  $170,  or  between  'Kt  and  TjO  cts.  per 
day. 

Cost  of  Dust  Laying  with  Dustoline.— The 

cost    of    dust    laying    in    New    lied  ford,    Mass., 
as    given    by    Geo.    Ilye,    citv      engineer,      is 
shown   in   Table   I.     The   table  covers   opera- 
tions extending  over  the  season  of  1013. 

TABL.K  I.  —  THE  COST  OF  DUST  IvAYING 
WITH  DI'STOLINE  ON  100  MILKS  OF 
STREETS  IN  NEW  BEDFORD.  MASS.,  DUR- 
ING  1013. 

Cost  Cost 

per  gal.    persq.  yd..        Total 
Item.  applied,      one  coat.  cost. 

Material    $0.0857         $0.0103         $20,5»8.47 

Labor 0040  .0008  960.9C 

Totals    $0.0897         $0.0171  $21,559.53 

Total  material  used,  240,421  gals. 

M.iterlal  used  per  sq.  yd.,  one  coat,  0.19  gals. 

Sq.  yds.  Miles. 

First  coat  applied  to 1.003,33fi  80.22 

Second  coat  applied  to....         29fi,920  23.73 

Third  coat  applied  to 62,322  4.67 


Total    1.262,578 


108.62 


Road  Damage  by  Motor  Buses. — The  fol- 
lowing note  is  taken  from  a  recent  consular 
report : 

The  heavy  wear  on  roads,  particularly  ma- 
cadam roads,  from  motor-bus  traffic,  is  caus- 
ing not  a  little  concern  to  the  British  author- 
ities   responsible    for    road    maintenance.      A 


couple  of  years  ago  motor-buses  were  started 
by  a  private  company  under  a  temporary 
license  in  Birmingham,  and  about  a  year  ago 
the  city  put  on  a  few  motor-buses  as  feeders 
to  the  city  street  car  lines.  The  private 
motor-buses  are  shortly  to  be  taken  over  by 
the  city.  The  destruction  of  roads  by  the 
use  of  these  motor-buses  has  been  very  no- 
ticeable, and  authorites  are  not  only  consid- 
ering methods  to  lessen  this  destruction,  but 
in  the  accountings  of  the  various  city  munici- 
pal undertakings  the  question  of  which  de- 
partment should  bear  the  e.xtra  cost  of  road 
repairs  due  to  motor-buses  has  still  to  be 
decided.  Where  motor-buses  have  been  run  by 
private  companies,  as  in  a  number  of  cities 
throughout  the  Kingdom,  much  objection  has 
been  raised  because  they  were  said  to  con- 
tribute sums  in  taxes  that  were  relatively 
unimportant  compared  to  the  wear  they 
caused  on  roads. 

Street  Accidents  in  England. — A  recent 
consular  report  states  that  highway  accidents 
have  increased  so  rapidly  in  the  L'nited  King- 
dom since  the  very  extensive  introduction  of 
mechanically  propelled  vehicles  that  in  the  12 
months  ended  Dec.  31,  1013,  the  number  of 
those  killed  on  the  highways  in  to^n  and 
country  reached  the  large  total  of  2,099, 
while  42,,544  were  injured,  which  was  an 
average  of  nearly  six  killed  and  of  more  than 
122  cases  of  injury  for  each  day  of  the  year. 

TABLE    I.— NUMBER   OF   ACCIDENTS    IN 
FIVE   YEARS. 
Years.  Killed. 

1909 1,151 

1910 1,327 

1911 1,557 

1912 1.764 

1913 2,099 

TABLE    II.— DISTRIBUTION    OF    ACCIDENTS 
AMONG    DIFFERENT   CLASSES    OF 
VEHICLES   IN   1913. 
Classes.  Fatal.     Non-fatal. 

Motor  cars,  motor  vans,  etc.        971  18,497 

Electric  street  cars 178  6,708 

Motor    omnibuses    220  3,722 

Horse   omnibuses    7  66 

Horse-drawn   street  cars 40 

Other   horse   vehicles 717  13,511 


16,872 

18,023 

29,750 

31,077 

33,653 

35,210 

36.833 

38,597 

42,644 

44,643 

Total 


2.099 


42,544 


TABLE    III.    —   FATAL   ACCIDENTS    (1910-13) 
AND  CHAR.\CTER  OF  VEHICLE  CAUS- 
ING ACCIDENT. 
Classes,  1910.  1911.  1912.  1913. 

Motor  cars,  motor  vans,  etc.     478     633     751     971     , 

Motor  omnibuses   82     117     199     226 

Electric   street    cars 112     123     135     178 

Horse  omnibuses   15       10        7        7 

Horse-drawn   street    cars...         1        4     

Other    horsed    vehicles 639     670     672     717 

In  the  city  of  London  proper,  which  em^ 
braces  tiie  mile  square  in  w^hat  may  be  called 
the  financial  section  of  London,  17  persons 
were  killed  and  1,210  injured  in  1913,  while 
in  the  metropolitan  police  district  579  were 
killed  and  18,30.5  injured.  In  the  whole  of 
the  London  area,  w-hich  includes  both  the 
city  proper  and  the  metropolitan  police  dis- 
trict, 190  of  the  deaths  resulting  from  street 
accidents  were  caused  by  motor  omnibuses, 
187  by  other  motor  vehicles,  .58  by  electric 
tramcars,  and  IGl  by  horse-drawn  vehicles 
other  than  street  cars  or  omnibuses. 

Injuries  to  7,174  persons  were  inflicted  by 
motor  cars,  motor  vans,  etc.,  while  3.1)83  ac- 
cidents were  caused  by  motor  omnibuses, 
3,053  by  electric  street  cars,  20  by  horse  omni- 
buses, 25  by  horse-drawn  street  cars,  and  5,720  > 
by  other  horse-drawn  vehicles. 


TABLE  IV.— ACCIDENTS  IN  METROPOLITAN 
POLICE  DISTRICT  AND  LONDON  PROPER. 
.    Metropolitan 
police  district.         City  of  London. 
Years.  Fatal.     Non-fatal.  Fatal.  Non-fatal. 

1909 287     11.731     16     1,354 

1910 348     12,493     19     1,363 

1911 385     13,849     25     1,405 

1912 514     15.291     24     1,360 

1913 579     18,365     17     1.210 

. I 

Liverpool  came  next  to  London  with  ,33 
deaths  and  1,7(!5  accidents,  followed  by  Bir- 
mingham with  44  deaths  and  1,540  accidents, 
by  Manchester  with  41  deaths  and  1,085  acci-  ; 
dents,  and  Glasgow  with  40  deaths  and  845 
accidents. 
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Concrete    Road    Construction    in    Mil- 
waukee County,  Wisconsin. 

The  concrete  road  construction  work  in 
<Ii!waukce  County,  Wisconsin,  during  tlie  past 
eason  has  in  a  large  measure  demonstrated 
wo  points:  First,  that  a  uniform  density  of 
he  sub-grade  is  an  important  factor  in  elim- 
nating  the  possibility  of  cracks  in  the  sur- 
ace ;  and  second,  that  the  average  cost  of  con- 
.triicting  a  lirst-class  concrete  surface  on  the 
'iverage  country  road  is  approximately  $l.-")0 
)er  square  yard. 

At  the  present  writing  four  small  transverse 
:racks  exist  in  the  "22  miles  of  concrete  sur- 
aced  roads  constructed  in  this  county  during 
he  past  season.  In  comparison  with  the  re- 
iults  of  the  hrst  season  in  this  and  other 
sections  this  result  shows  that  a  distinct  im- 
provement in  methods  has  been  obtained. 

There  is  no  question  but  that  the  proper 
)reparation  of  the  sub-grade  has  in  former 
i-ears  been  neglected.  This  is  coming  to  be 
realized  by  engineers,  as  the  following  extract 
from  the  report  of  the  committee  on  recom- 
nnended  practice  at  the  National  Conference 
m  Concrete  Road  Building,  held  in  Chicago, 
Feb.  12-14,   1914,  shows; 

Excavation  or  Treatment  of  Existing  Road- 
way.—The  fundamental  requirement  uf  ihe  sub- 
grade  Is  that  It  .should  at  all  times  be  pf  uni- 
form density,  so  that  it  will  not  settle  unevenly 
and  cause  trai-ks  in  the  surface  of  the  pave- 
meiu,  and  no  i  :ut  of  the  work  Is  more  worthy 
of  Intelligent  care  and  painstaking  labor  than 
the  I'rt'paralion  ol  the  sub-grade;  the  slight  ad- 
ditional cost  necessary  to  Insure  good  results  is 
abundantly  justifiable.  When  the  pavement  Is 
constructed  on  virgin  soil,  care  should  be  taken 
to  remove  all  spots  so  as  to  Insure  a  uniform 
denRlty;  and  If  constructed  on  an  old  roadbed 
♦?ven  greater  care  must  be  taken  In  pi'eparing 
the  sub-grade,  which  is  likely  to  be  more  com- 
pact in  the  center  than  .at  the  sides,  and  con- 
sequently there  Is  more  danger  that  the  pave- 
ment will  settle  unevenly,  causing  cracks. 

Drainage. — The  drainage  of  the  roadbed  of  a 
pavement  is  of  vital  importance.  If  the  sub- 
grade  Is  not  well  drained  there  Is  danger  of  un- 
•  qual  settlement  after  the  pavement  Is  laid, 
oauHlng  longitudinal  cracks;  there  is  also  a  pos- 
sibility that  the  frost  may  lift  the  edges  of  the 
pavement  and  likewise  produce  cracks.  The 
character  of  drainage  necessary  will  depend  on 
local  conditions.  It  Is  recommended  that  In 
K<!neral  proper  drainage  may  be  secured  through 
lateral  altches.  If  underground  water  Is  pres- 
onl  this  mav  he  dr.ilned  through  the  use  of 
drain  llle  laid  at  a  suitable  depth  on  either  side 
of  the  roadw.'w.  or  on  one  side  with  cross  drains 
from  the  other  side.  The  top  of  the  tile  should 
not  be  leas  than  3  ft.  below  the  sub-grade. 

Wc  believe,  however,  that  while  the  density 
must  be  uniform  that  the  greater  the  density 
the  more  secure  the  foundaticn  will  be  and 
that  this  is  especially  true  with  regard  to  the 
ilanircr  of  frost  action. 

The  careful  and  conscientious  testing  of  all 
material  used  for  aggregate  is  essential  in 
■iecuring  a  surface  which  will  wear  uniformly 
and  in  Mil'vatikee  County  such  testing  was 
rondiicU'd  consistently.  In  this  connection  it 
is  well  to  renieml)cr  that  where  great  precau- 
tions are  necessary  to  secure  uniformity  of  ma- 
terials and  methods  the  cost  of  construction  is 
apt  to  be  materially  increased.  Moreover,  on 
<mall  jobs  these  costs  will  be  proportionately 
higher  than  on  large  construction  jobs  such  as 
were  c.irried  on  in  this  country. 

A  first-class  concrete  road  surface  cannot  be 
constructed  at  the  low  first  cost  which  was 
thought  possible  sometime  ago.  It  is  seldom 
that  the  average  haul  of  material  on  a  country 
road  falls  below  1%  miles  and  this  fact  com- 
bined with  m.inv  precautions  it  is  necessary 
to  observe  both  in  the  preparation  of  the  sub- 


grade  and  the  selection  and  inspection  of 
methods  and  materials  of  construction  will 
have  such  influence  that  the  first  cost  will  be 
materially  increased  over  that  given  in  many 
published  cost  data  of  work  done  in  the  past. 
There  is  no  doubt  that  concrete  road  sur- 
faces have  a  definite  place  in  country  road  con- 
struction but  they  are  not  imperishable  nor 
are  they  adapted  to  all  localities. 


Methods  and  Costs  of  Reconstructing 
Buildings. 

The  uncertainties  of  reconstruction  work 
render  it  difficult  to  make  a  close  estimate  of 
its  cost.  It  is  often  found  that  incomplete 
records  of  the  details  of  the  existing  plant 
have  been  kept,  due  to  the  fact  that  changes 
in  the  original  plans  during  construction  were 
not  recorded.  Such  work  is  further  compli- 
cated when  it  is  necessary  to  continue  the 
partial  operation  of  the  old  plant  during  its 
demolition  and  replacement.  The  uncertainties 
involved  in  such  work  often  make  it  inadvis- 
able to  let  the  contract  for  a  fixed  sum,  unless 
provisions  are  made  for  the  numerous  extras 
which  are  always  a  fruitful  source  of  disa- 
greements. Reconstruction  work  in  which  it 
is  necessary  to  continue  partial  operations  can 
usually  best  be  done  by  the  company's  forces, 
if  they  are  equipped  to  handle  the  work,  or 
under  some  form  of  contract  involving  actual 
cost  plus  a  fixed  sum  or  percentage. 

It  seldom  happens  that  it  is  advisable  to 
proceed  with  the  design  and  construction  of 
building  found.'itions  without  making  investi- 
gations of  subsoil  conditions  and  ascertaining 
the  location  of  drains,  sewers,  etc.  Such  in- 
vestigations will  often  result  in  a  large  saving 
in  the  cost  of  the  completed  structure. 

In  the  buildings  section  of  this  issue  we  are 
publishing  an  article  on  the  methods  and  costs 
of  reconstructing  an  old  bay  of  the  car  shops 
of  a  street  railway  and  light  company  and  of 
constructing  a  new  bay  adjacent  to  the  old 
one.  In  this  case  it  was  necessary  to  continue 
work  in  the  old  bay  during  its  reconstruction, 
thus  making  it  necessary  to  build  the  structure 
in  sections.  During  the  excavation  of  the 
basement  of  the  new  hay  a  3-ft.  sewer  was  dis- 
covered near  the  surface.  As  this  sewer  was 
directly  under  a  line  of  columns,  for  the  en- 
tire length  of  the  building,  it  was  necessary  to 
lower  it  by  means  of  jacks.  The  excavation 
work  for  the  new  bay  was  also  complicated, 
due  to  the  existence  of  a  large  number  of 
electric  light  poles,  which  were  braced  and 
lowered  as  the  excavation  proceeded  and  were 
finally  removed  from  the  site  without  inter- 
fering with  the  operation  of  the  electric  light 
plant. 

The  walls  of  the  old  bay  were  badly  out  of 
line  and  dry  rot  had  destroyed  a  large  part  of 
the  section  of  the  wooden  stringers.  It  was 
necessary  to  underpin  the  walls  and  carry  the 
new  footings  several  feet  below  the  old  ones. 
By  adjtisling  carefully  the  jacks  which  were 
used  in  underpinning  Ihe  walls  it  was  possible 
to  bring  the  old  walls  back  to  their  vertical 
alignment.  The  necessity  of  using  care  in 
watcrpri'ofing  a  thin  concrete  roof  slab  is  em- 
phasized hv  the  unsatisfactory  results  obtained 
in  this  building. 

As  construction  work  is  often  done 
by  men  not  entirely  familiar  with  such  work 
fas  in  this  cise),  it  is  instructive  to  note  the 
unit  costs  under  the  stated  conditions.  The 
completeness  of  the  cost  data  and  the  full 
statement  of  conditions  under  which  the  work 
was  done  are  notewnrthv. 
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Organization  and  Equipment  Data  as 
An  Aid  To  the  Road  Contractor. 

Road  contracting  calls  for  a  large  initial 
outlay  for  equipment.  Money  paid  out  for 
labor  constitutes  the  greater  part  of  the  cost 
of  the  average  road  job.  Therefore  there 
arc  no  two  factors  which  play  more  impor- 
tant parts  in  the  success  or  failure  of  a  road 
contractor  than,  first,  proper  purchasing,  bal- 
ancing and  disposing  of  his  equipment  and, 
second,  perfecting  a  smooth  running  organiza- 
tion in  which  the  labor  cost  is  under  constant 
observation   and   control. 

It  is  the  practice  of  successful  designing 
engineers,  before  starting  on  the  design  of 
any  important  work,  to  gather  all  the  data 
available  on  work  of  the  character  in  hand. 
They  surround  themselves  with  plans  and  de- 
scriptions which  may  furnish  hints  helpful  in 
the  preparation  of  portions  of  their  design. 
Successful  contractors  of  today  follow  the 
same  practice  in  regard  to  methods,  organiza- 
tion and  equipment.  The  data  may  have 
been  gathered  from  their  own  experience — if 
so,  so  much  the  better — or  they  may  be  data 
collected  from  the  experience  of  other  iiien 
and  preserved  or  published  in  the  technical 
press.  Regardless  of  their  source,  accurate 
and  detailed  data  have  a  very  definite  value 
as  a  check  and  guide  to  the  judgment  in 
planning  and  estimating  road  work. 


A  Comparison  of  Day  Labor  and  Con- 
tract Work  Based  on  Experience 
at  Winnipeg,  Canada. 

Municipal  constructK>n  by  day  labor  has 
been  developed  to  greater  economy  by  the 
city  of  Winnipeg,  Canada,  perhaps,  than  by 
any  other  Canadian  city.  In  the  "Contract 
Record"  for  May  (i,  1914,  Mr.  J.  W.  Astley. 
Engineer  of  Construction  for  the  city  of  Win- 
nipeg, discusses  the  conditions  which  have 
brought  success  and  presents  general  con- 
clusions in  respect  to  day  labor  and  contract 
construction  based  on  his  experience.  We 
quote  as   follows : 

I  may  state  that  in  forty-five  years'  engi- 
neering e.xperience,  I  have  had,  for  ten  years, 
the  responsibility  of  landling  every  class  of 
civic  work  by  day  labor.  For  the  last  six 
years  I  have  carried  out  this  work  under  a 
system  somewhat  different  from  what  is  usu- 
ally employed.  In  this  respect  I  tender 
against  outside  contractors,  who  are  fur- 
nished city  material  .it  the  same  prices  that  I 
am  charged.  In  uiv  tenders  1  include  lie 
following  overhead  charges ;  interest,  sinking 
fund  and  repairs  to  all  machinery,  time-keep- 
ing, book-keeping,  superintendence,  and  a 
percentage    for  operating   stores   department. 

A  contractor  has  to  carry  his  own  fixed 
charges,  so  that  practically  the  only  diflfcrcnce 
between  day  l.ibor,  .is  I  have  to  carry  it  out, 
and  work  done  by  a  contractor  is  that  I  put 
up  no  deposit  and  the  city  becomes  my  se- 
curity for  the  due  fulfillment  of  the  work. 
The  inspection  is  supposed  to  be  the  same, 
but  it  is  carried  to  the  extreme  in  my  case, 
so  as  to  prevent  any  loophole  for  complaints. 
I  am  expected  to  carry  out  my  work  for  my 
tender  prices,  and  I  have  done  so  with  very 
few  exceptions.  The  average  yearly  value  of 
work    for   the    last   six   vears   has   been   close 

to  $i.non,non. 

A  detailed  statement  is  submitted  at  the 
end  of  the  year  and  is  published,  so  as  to 
cive  the  general  public  a  chance  to  see  the 
rciults  of  day  labor  I  am  giving  a  plain 
statement  of-  facts,  as  they  carry  great  weight 
in  regard  to  this  question. 
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The  city  of  VVinnipeg  owns  and  operates 
the  following  public  utilities:  unlimited  elec- 
tric power  for  light  and  power  purposes, 
water  works— domestic  and  high  pressure, 
gravel  pits,  stone  quarry,  crushing  plant,  rail- 
way cars  for  handling  material;  one  station- 
ary and  one  railway  asphalt  plant,  .storage 
yards  with  overhead  supply  bins,  and  ma- 
chine shop  equipped  with  up-to-date  appli- 
ances; stores  department,  gasoline  trucks, 
tractors,  rollers,  sewer  machines— in  fact 
everything  that  makes  a  contractor's  outfit  for 
certain  classes  of  work  and  a  certain  amount 
of  work. 

The  cost  of  material  is  as  follows:  broken 
stone,  delivered,  per  cubic  yard.  $175;  cement, 
in  stock,  per  barrel.  $2.10;  gravel,  delivered, 
per  cubic  vard,  $1.25;  asphalt,  per  ton,  $25.00; 
flux,  per  ton,  $22.50;  limestone  dust,  in  stock, 
per '  ton,  $4.50 ;  crushed  granite,  per  cubic 
vard,  $:i.50.  ^^  .      ,     ^.  , 

Fixed  charges  are  kept  sufficiently  high  to 
leave  a  safe  margin  on  an  ordinary  season  s 
work.  Naturally,  if  a  very  big  season's  work 
is  carried  out,  more  is  raised  than  would 
cover  what  was  calculated  as  wear  and  tear, 
etc.  This  extra  amount  is  used  to  further 
reduce  capital  accounts  on  various  plants. 

Standard  asphalt  pavement,  .'^-in.  ballast,  6- 
in.  concrete,  1%-in.  binder  and  2-in.  surface, 
costs  $2.65  a  square  yard.  This  includes  su- 
perintendence and  timekeeping,  3  cts. ;  sinking 
fund,  interest  and  upkeep  of  plant,  7  cts.  per 
square  yard ;  maintenance  charge,  20  cts.  Total 
30  cts.  per  square  yard. 

Extra  fixed  charges  on  all  works: 
4   per  cent  on  labor   for  general   tools  and 
plant. 

.3  per  cent  on  cost  of  stores  for  operating 
same. 

3  per  cent  on  labor  for  superintendence  and 
timekeeping. 

$15.00  per  day  for  ii_se  of  large  concrete 
mixers;   smaller   size,   $7.50. 

$15.00  per  day  for  steam  rollers.     $25.00  per 
day  or  its  equivalent  for  gasoline  tractors. 
$25.00  per  day  for  sewer  machines. 
These   charges   are   exclusive   of   engineers' 
and  helpers'  wages.  .,-  ■  , 

The    price    per    square    yard    for     artificial 
stone  sidewalks,  of  which  there  were  84  sep- 
arate contracts  last  season,  was: 
For  residential   streets,  8-in.  gravel  base, 
4-in.     concrete     and     1-in     finish,     per 

square    yard $1.55 

For    business    streets,    8-in.    grave!    base, 
5-in.    concrete    and    1%-in.    finish,    per 

square    yard 1-65 

Prices  per  foot  for  6-in.,  8-in.,  10-in.,  and 
12-in.  water  mains  were  27  cts.,  30  cts.,  35  cts. 
and  40  cts.  respectively.  This  includes  lead, 
hemp,  and  connecting  to  existing  mains  and 
hydrants.  All  water  pipe  and  specials  are 
furnished  free  by  the  city. 

Prices  for  12-in.,  15-in.  and  18-in.  pipe  sewers 
were  65  cts.,  75  cts.  and  flO  cts.  These  prices 
include  all  except  cost  of  pipe. 

Concrcle  Servers. — The  general  average  of 
cost  of  concrete  is  $8.00  per  cubic  yard,  and 
excavation  50  cts.  per  cubic  yard.  I  may  state 
that  this  class  of  sewer  is  generally  very  deep, 
and  our  ground  is  known  to  be  very  treach- 
erous, thus  preventing  the  use  of  certain  classes 
of  sewer  machinery. 

With  the  aid  of  these  prices  and  our  fixed 
charges,  contractors  and  city  officials  in  other 
localities  will  be  able  the  more  readily  to  ad- 
just any  difference  in  cost  of  labor  and  ma- 
terial. 

It  will  be  seen  that  by  having  our  own 
plants,  we  are  well  fitted  to  carry  out  a  large 
amount  of  work  and  thereby  keep  our  ma- 
chinery working  as  many  days  as  possible 
during  the  working  season.  At  the  best,  in 
this  climate,  six  months  in  the  year  is  the 
most  you  can  calculate  on  to  make  any  ma- 
chinery cam  towards  its  cost  of  upkeep. 

■\t  the  same  time,  it  often  occurs  that  ten- 
ders are  called  for  more  work  than  can  be 
done  in  a  given  time  by  the  machinery  we 
own,  and  as  it  would  be  a  poor  policy  to 
expend  $10,000  to  $12,000  for  extra  machinery 
simply  in  cases  of  this  kind,  outside  contract- 
ors, in  such  instances,  arc  expected  to  get  this 
extra  work.  At  the  same  time,  however,  prices 
are  kept  down  to  a  fair  basis  by  the  knowl- 


edge that  the  city  could  handle  all  the  w^ork 
if  they  wished  to  do  so  by  purchasing  more 
machinery. 

Another  very  important  fact  that  must  not 
be  lost  sight  of  is  that  no  matter  how  much 
or  how  little  work  a  city  may  have,  they  can- 
not do  work  outside  of  their  own  civic  works 
so  as  to  try  to  keep  both  their  men  and  ma- 
chinery steadily  employed.  A  contractor  has 
this  privilege,  and  can  tender  on  other  work 
as  well,  thereby  giving  him  a  chance  to  keep 
a  well-organized  gang  steadily  at  work.  Also 
the  fact  must  be  borne  in  mind  as  regards  all 
civic  works,  that  seldom  is  any  endeavor  made 
to  order  diflfcrent  undertakings  so  that  one 
could  be  completed  before  llie  next  is  started. 
They  arc  all  usually  ordered  together,  and 
must  be  carried  out  at  once,  as  they  are  want- 
ed immediately,  for  the  simple  reason  that 
many  of  these  expenditures  have  been  put  off 
as  long  as  it  was  possible  to  do  so  with  public 
safety.  The  city  powers  that  be  cannot  be 
blamed  for  this,  as  it  is  only  too  often  simply 
a  question  of  finances. 

Outside  of  a  city  having  reasonably  up-to- 
date  plants,  without  having  gone  to  the  ex- 
treme for  reasons  given  in  a  previous  para- 
graph, they  fail  to  do  as  cheap  work  as  a 
contractor  unless  a  competent  man  is  given 
full  control  of  men  and  machinery,  and  held 
responsible  for  the  cost  of  the  work.  This  is 
as  good  security  as  that  put  up  by  any 
municipal  contractor,  as  any  man  who  is  fit  for 
the  position  should  never  be  put  there  by  civic 
influence.  He  must  stand  or  fall  by  past  and 
present  record,  and  any  question  of  whom  he 
shall  hire  must  be  cut  out.  In  plain  language, 
cut  out  ward  patronage  or  quit  day  labor  once 
and  for  all. 

It  may  be  considered  by  many  that  our  fixed 
charges  are  excessive,  but  this  is  one  item  that 
is  not  given  sufficient  thought  by  city  officials 
when  contemplating  the  day  labor  question. 
Contractors  have  it  drawn  to  their  attention 
very  forcibly  when  their  hands  have  to  go 
into  their  pockets  for  new  machinery.  My 
idea  on  this  subject  has  been  formed  from 
many  years'  use  of  every  class  of  machinePi- 
and  I  believe  that  as  the  city  cannot  claim  or 
make  use  of  any  direct  saving  in  the  cost  of 
any  work,  such  saving  going  to  the  benefit  of 
the  property  owners  direct,  a  liberal  collec- 
tion should  be  made  which  would  leave  the 
cost  of  the  work  at  a  reasonable  figure. 

By  this  means,  after  the  assumed  life  of 
any  machinery  is  passed,  and  consequently 
paid  for,  it  can  be  scrapped  if  thought  ad- 
visable, either  on  account  of  the  cost  of  the 
yearly  repairs  exceeding  one-half  the  expected 
revenue,  or  because  it  has  become  out  of  date. 
The  question  of  machinery  becoming  anti- 
quated is  a  much  more  important  one  than 
many  people  think.  Many  classes  of  machinery 
are  out  of  date  in  five  years,  where  the  life 
might  be  safely  placed  at  ten  years.  Once  the 
saving  on  operating  on  account  of  any  im- 
provement will  more  than  pay  for  the  general 
upkeep  of  the  older  machine,  it  is  time  to 
scrap  it,  otherwise  your  outfit  will  be  going 
further  behind  before  the  next  change  occurs. 
It  can  also  be  taken  as  a  f.ict  that  will  bear 
no  question  of  an  argument,  that  the  average 
of  all  work  will  be  of  a  better  quality  than 
if  done  by  many  so-called  municipal  contract- 
ors. Main  of  this  class  of  cnulractor  arc  here 
today  and  gone  tomorrow,  and  as  very  often 
happens  in  municipal  work,  many  unforeseen 
difficulties  crop  up  that  cause  the  work  to  be 
more  expensive  than  was  assumed,  and  still 
cannot  be  claimed  as  an  extra.  A  contractor, 
unless  he  is  overburdened  with  cash,  must 
slin  over  these  places  at  the  least  loss  to  him- 
self, whereas  the  city  can,  and  should,  afford 
to  expend  whatever  is  necessary,  even  if  by 
so  doing  the  cost  overruns  the  original  ten- 
der price. 

If  •'  were  possible  for  one  or  two  reliable 
municipal  contractors  to  be  awarded  all  city 
work,  it  would  be  a  different  matter.  They 
would  then  have  the  same  incentive  to  do  this 
work  as  a  lasting  record  to  themselves.  If  a 
town  or  city  decides  to  adopt  the  day  lalior 
princinlc,  there  arc  many  things  that  they  had 
better  leave  alone,  especially  large  buildings 
and  certain  classes  of  other  work  that  only 
come  once  in  a  while,  and  require  a  different 


plant  than  that  in  general  use.  This  woul 
mean  carrying  a  large  outlay  in  dead  plan 
besides  requiring  certain  skilled  labor  that  i 
too  high  priced  to  be  used  on  any  ordinar 
work;  consequently  on  these  odd  jobs  yo 
would  only  get  the  left  overs  in  the  way  c 
skilled  labor,  which  is  dear  at  any  price. 

WINNIPEG    PROCEDURE. 

After  tenders  are  advertised  for  and  bid 
are  received,  the  tender  which  is  lowest  i' 
recommended  by  the  Board  of  Control  to  th 
Council,  and  if  my  bid  is  accepted  I  am  not: 
fied  to  proceed.  You  will  thus  perceive  the 
the  two  governing  bodies  of  our  municip. 
system  have  made  themselves  responsible  t 
tiie  people  for  the  due  fulfillment  of  the  worl 
both  as  regards  the  time  limit  for  completioi 
and  the  stated  cost  of  the  work.  Under  th 
circumstances,  I  consider  that  I  hold  a  ver 
responsible  position,  having  the  reputation  c 
the  two  civic  governing  bodies  as  well  as  m 
own   at  stake,  and   must   "make  good." 

I  will  state  that  I  have  never  been  aske 
by  any  members  of  the  Board  of  Control  c' 
City  Council  to  accept  any  man  as  forema' 
on  these  works.  The  same  applies  to  laborer 
If  this  system  is  carried  out,  day  labor  ca 
be  made  a  success,  and  the  average  cost  of  a 
work  will  be  cheaper  than  any  contractor  ca 
afford  to  do  it  for. 

There  are  exceptional  cases  when,  if  a  coi 
tractor  wishes  to  keep  his  gang  together  fi 
other  work  he  has  in  view,  he  can  afford 
take  civic  work  at  cost  prices,  in  which  ca; 
if  he  comes  out  clear,  he  has  actually  made 
pay,  as  the  loss  in  wages  of  iriaking  up  a  ne 
gang  amounts  to  a  considerable  sum  in  do 
lars,  besides  the  question  of  efficiency  in  keei 
ing  a  well  trained  gang  ready  for  the  next  jo 
Winnipeg  was  the  pioneer  city  to  go  in' 
the  question  of  Iniilding  and  operating  the 
own  municipal  asphalt  plants  and  doing  a 
their  own  asphalt  work.  The  effect  of  all  th 
class  of  work  being  done  by  the  city  is  vei 
apparent.  We  can  justly  claim  a  more  ev( 
quality  of  good  pavements  and  cheaper 
keep  in  repair  than  any  city  on  the  .\mcrict 
continent.  This  is  simply  owing  to  a  uniforj 
system  being  carried  out  in  regard  to  mixir 
and  laying  pavements  from  year  to  year,  at 
repairs  being  made  as  required,  not  to  su 
the  time  and  convenience  of  various  contrac 
ors  as  would  be  the  case  if  repaired  under  tl| 
guarantee  system.  It  would  not  be  possill 
to  lay  as  even  a  class  of  pavements  if  sever) 
contractors  were  engaged  in  the  work  durii 
different  years,  and  the  figures  given  in  a  pt 
vious  paragraph  will  show  that  no  contract! 
could  afford  to  compete  and  make  a  fair  mat 
gin   of  profit.  I 

To  make  it  pay  a  town  or  city  to  go  im 
this  class  of  work,  they  should  be  able  to  s 
that  under  ordinary  conditions  a  certa 
amount  would  be  required  every  year, 
there  is  a  rush  one  year  and  very  little  Ao, 
the  next,  it  means  carrying  over  overhe 
charges  to  a  second  year,  which  is  not  a  gc 
policy,  but  if  sufficient  asphalt  pavements  a 
already  laid  that  are  past  their  guarantee  f 
riod.  and  there  are  others  that  still  ha 
some  years  of  the  guarantee  period  yet  to  n 
these  two  can  always  be  counted  on  to  ma 
a  certain  amount  of  work  for  a  munici| 
asphalt  plant,  and  will  help  to  carry  the  ovt 
head   charges.' 

I  am  a  lirm  believer  in  day  labor  if  carri 
out  as  a  business  proposition,  but  if  attempt 
to  be  carried  out  as  in  many  cities  south  ; 
the  line  and  in  many  of  our  ow^n  Canadii 
cities,  under  the  old  style  of  city  council  aj 
ward  politics,  it  cannot  he  made  a  success,  i 
simply  means  taking  the  property  owne' 
money  and  distributing  it  among  the  worki. 
class,  under  the  mistaken  idea  that  the  c'ty* 
better  off  because  many  men  who  are  residei? 
receive  employment  on  civic  works,  but  vvh  i' 
no  contractor  would  hire  at  any  price  exci* 
to  fill  a  gap  until  he  can  pick  up  somethi,' 
better.  I 

I  have  seen  civic  works  carried  out  by  \ 
called  day  labor  on  both  sides  of  the  hord'. 
under  practicilly  the  above  system,  and  the  r 
tim.ited  extra  cost  was  at  least  30  per  cent  O'f 
what  it  should  be.  but  as  the  old  saying  i. 
"the  people  get  what  they  want  and  so  h;e 
no  kick   coming." 
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Methods  and  Costs  of  Reconstructing 
the  Car  Shops  of  the  Macon  Rail- 
way &  Light  Co.,  Macon,  Ga. 
Reconstruction  work  often  involves  greater 
ro^lems  than  develop  in  the  design  and  erec- 
lon  of  new  structures.  It  is  difhcult  to  esti- 
latc  the  cost  of  reconstruction  work,  espe- 
ially  where  such  work  must  be  carried  on 
.ithout  interfering  seriously  with  the  opera- 
ion  of  the  existing  plant.  The  following  ar- 
ic'.e  describes  the  design  features  and  the 
lethods  and  cost.s  of  reconstructing  an  old 
ar  shop  and  of  building  an  adjacent  new  one 
or  the  Macon  Railway  &  Light  Co.,  Macon, 
Ja.,  the  work  being  done  in  1913.  The  article 
5  based  upon  a  paper,  by  Carl  H.  Fuller,  pre- 
entcd  before  the  American  Society  for  the 
advancement  of  Science,  although  a  consid- 
rable  part  of  the  data,  not  included  in  the 
iriginal  paper,  was  obtained  by  us  from  Mr. 
"uller.  It  is  stated  that  a  new  plant,  having 
he  same  or  better  facilities,  could  have  been 
onstructed  in  a  new  location  at  less  expense 
han  was  required  for  the  work  actually  done. 

OLD    CONSTRUCTION. 

The  old  shop  consisted  a  brick  building, 
vlth  a  wooden  floor  and  roof,  located  on  a 
loping  lot,  one  end  of  which  faced  the  street 
ind  the  other  abutted  on  the  steam  plant.  A 
ilan  showing  the  layout  of  the  old  and  new 
lays  is  given  in  Fig.  1.  The  old  shop  (and  the 
cconstructed  one  which  it  replaced)  had  a 
:lear  width  of  48  ft.  3  ins.  and  a  length  of 
ibout  137  ft.  The  main  floor  was  reached  by 
hrec  tracks,  which  branched  off  from  the  barn 
adder-track,  the  main  car  barn  being  located 
I  short  distance  south  of  this  shop.  The  front 
)art  contained  three  pits,  accommodating 
hrce  c.irs,  and  the  rear  of  this  floor  was  oc- 
upicd  by  some  old  wood-working  machinery, 
rhe  rear  portion  of  the  basement  had  been 
■xcavated  for  a  machine  shop,  and  it  contained 
I  wheel  press,  boring  mill,  lathe  and  some 
ninor  tools.  To  replace  the  wheels  under  a 
:ar,  the  car  body  was  jacked  up,  the  truck  was 
■iin  nut  from  under  it,  and  the  wheels  were 
■d  to  the  machine  shop  in  the  basement 

h  a  trap  door  by  means  of  a  block  and 
The    street    end    of    the    building    was 

.■    open,    reliance    being    placc<l    nn    this 
..    few    irregularlv    placed    windows     for 
iRht. 

In  removing  the  old  floorbeams  and  posts 
lomc  track  stringers,  having  a  12-ft.  span, 
were  found  to  contain  only  4  sq.  ins.  of  sound 
*'ood,  the  remainder  being  dry  rot.  The  only 
lart  of  the  ohl  building  which  proved  to  he 
*'orlh  saving  was  the  brick  walls,  and  these 
ivcre  so  far  out  of  plumb  in  some  places  that 
he  center  of  gravity  of  a  |.3-in.  wall  fell  It  ins. 
lutsidc  of  the  face  of  the  wall. 

NKW    CONSTRUCTION. 

The  reconstruction  work  on  the  old  building 

—  "ted    of    excavating    the    entire   basement 

■"  give  a  clear   headroom   i>f  !•   ft.;   the 

It    of    a    reinforced    concrete    floor    at 

rcet  level;  the  construction  '>(  a  2Mi-in. 

rccfl  concrete  roof  on  new  steel  purlins 

■iiiil  trusses;  and  the  repair  and  alignment  f>f 

ilic  old  walls.    In  addition  to  this  work  there 

was  huilt  a  new  bay  of  similar  conslruclion.  JH 

<!■  wide   in   the  clear   by    117    ft.    I   ins.   long. 

rach   building   has    large   steel    sash    windows 

md  a  steel  sash  monitor,  the  sash  being  opcr- 

iled   by    a    "Druve"    operator.    I".ach    ini>nitor 

'ivers   six    l(i-ft.    bays.    I'.olh    Ijuihlings    have 

rolling   strcl    curtain.s,    which    extend    entirely 

icro.is  (heir   fronts. 

The  remodeled  bay  contains  a  .storeroom  for 

the  associated  companies,  which  occupies  prac- 

i|rallv  the  entire  basement  and  is  served  from 

■rert  floor  bv  an  electric  elevator.    If  has 

tracks  which  run  the  entire  length  of  the 

""iuiR.  the  rails  of  which  are  embeilded   in 

tlic  concrete   floor.    The   concrete   pits   in   the 

front  part  accommodate  six  short  cars  or  three 

long  ones.   A  wheel  press  and  a  boring  m.ichinc 


are  arranged  across  the  track  in  the  rear,  arid 
such  other  tools  are  provided  as  are  needed  in 
a  thoroughly  equipped  machine  shop. 

The  new  bay  contains  three  tracks  on  the 
street  level  and  four  storage  tracks  in  the 
basement,  the  latter  being  reached  from  the 
rear  by  an  inclined  track  from  the  street.  The 
street  level  story  is  equipped  with  a  complete 
line  of  wood-working  machinery.  It  is  also 
used  as  a  paint  shop. 

The  .shops  are  electrically  lighted,  with  both 
incandescent  and  arc  lamps.  .-Ml  machinery  is 
operated  by  electric  motors,  several  machines 
being  grouped  together  by  means  of  short 
counter-shafting  and  run  from  one  motor.  The 
present  stop  has  complete  equipment  for  build- 
ing new  electric  cars  and  repairing  old  ones. 
Work  can  be  carried  on  at  one  time  on  nine 
cars,  without  crowding. 

DESIGN   FE.\TURES. 

New  Bay. — At  the  site  of  the  new  and  recon- 
structed bays  the  ground   surface   slopes  con- 
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Fig.    1.      Plan   Showing   Lay-Out  of  Old   and 
New  Bay  of  Car  Shop  at  Macon,  Ga. 

sidcrahly.  Figure  2  shows  the  north  elevation 
of  the  new  bay.  The  Ifi-ft.  panel  al  the  right  of 
Fig.  'i  is  the  front  panel  of  the  reconstructed 
bay.  This  drawing  indicates  the  type  of  con- 
struction, and  gives  the  general  dimensions  fur 
ihe  basement  story.  It  will  be  nolerl  that  the 
drainage  of  the  roof  is  ctTccled  by  means  of  .'»- 
in.,  downspouts  draining  into  a  vitrilied  clay 
pipe  sewer,  the  diameter  of  which  varies  from 
H  ins.  at  the  front  to  Vi  ins.  al  the  rear 

Figure  .1  shows  a  cross-section  of  the  new 
(north)  bay  and  some  typical  details.  This 
drawi;        '  the  design  features  of  the  riiof 

and  li  Miction,  and  gives  the  priiicip.il 

diiiieiw i  i«ure    3     (al     show^ 

section  of  the  bav  ;  Fig.  3  (b)  sho« 

end  bciiiiu-  '.f  ilir-  \i-i-.- .  T\v.    '' 

comn  i   ( d  I 

is  an  '  '  >  ;  and 

Fig   .'t  (c>  Ls  a  cruh.s-scctiui)  t>i  ,i  typical  track 

girder. 

Old   Bn^      •  :     ■ 

through    I 

basement  iIm  .i  ■.-.   im   ..Im  .  - i,     i  .  .     ,. 

tails  for  the  ri>"f  oon^lrurlinn  are  not  ^bowii 
as  they  arc  .limilar  to  those  shown  in  Fig.  3. 
The  truss  for  this  bay  is  3  ins.  longer  than  for 


the  new  bay,  making  the  length  of  each  of  the 
eight  panels  ij  ft.  2  ins.  instead  of  (i  ft.  1%  ins. 
Figure  4  (a)  show  the  wall,  the  columns,  and  the 
floor  construction;  Fig.  4  (.b)  shows  a  plan  of 
the  intermediate  column  footings ;  and  Fig.  4 
(c)  shows  a  cross-section  of  a  track  stringer. 
New  brickwork  was  used  for  the  walls  above 
the  lower  chord  of  the  trusses. 

CONSTRUCTION    FEATURES. 

.\s  the  old  equipment  was  badly  run  down, 
and  as  there  were  no  spare  cars,  it  was  neces- 
sary for  the  company  to  continue  the  operation 
of  all  shop  tools  and  facilities  during  recon- 
struction, and  also  to  install  new  tools.  The 
construction  of  the  new  bay  and  the  recon- 
struction of  the  old  one  were  in  progress  at 
the  same  time. 

Old  Bay. — In  the  old  building  the  excavation 
work  and  the  construction  of  the  concrete 
floor  and  column  footing  were  carried  on  in 
sections.  The  machinery  was  jacked  up,  the 
concrete  floor  was  placed,  and  the  machinery 
was  then  lowered  into  position.  The  wooden 
columns  were  removed,  and  old  trolley  poles 
were  substituted  as  the  excavation  progressed. 
.About  two-thirds  of  the  exterior  walls  had  to 
be  carried  down  from  2  to  8  ft.  below  the 
original  footings.  This  work  was  also  done  in 
sections,  old  rails  (spaced  about  12  ins.  apart) 
being  placed  through  the  walls  and  supported 
on  jack  screws.  The  old  foundations  were  then 
cut  away,  and  the  new  wall  was  built  up  to 
carry  the  old  construction,  the  list  in  the  old 
walls  being  rectified,  so  far  as  possible,  by  ad- 
justing the  jacks  at  the  time  of  joining  the  old 
and  new  work.  This  work  was  successfully 
completed  without  the  appearance  of  any 
cracks,  although  the  walls  were  laid  with  a 
poor  quality  of  lime  mortar. 

Following  this  work,  one  track  was  taken 
out  for  the  entire  length  of  the  building,  the 
old  wooden  pit  and  floor  were  removed,  and 
the  new  concrete  pit  and  floor  were  cast  on  the 
top  of 'columns  which  had  previously  been 
constructed  in  the  basement.  As  soon  as  a  sec- 
tion of  the  floor  was  completed  and  the  con- 
crete had  set  sufficiently,  the  machinery  and 
car  work  were  moved  over  to  it,  and  the  next 
section  was  put  in.  In  most  cases  the  new 
concrete  floor  was  loaded  and  was  in  use 
within  18  hours  after  it  was  cast.  The  roof 
construction  was  also  pl.iced  one  section  at  a 
time,  the  lights,  shafting,  wiring,  etc..  being 
transferreil  from  the  old  to  the  new  construc- 
tion as  the  work  progressed. 

New  Bay. — Only  two  features  of  the  new 
construction  will  he  discussed,  viz.,  the  exca- 
vation of  the  lot  area  and  the  removal  of  old 
poles  and  work  occasioned  by  the  discovery  of 
an  old  3- ft.  sewer. 

The  depth  of  excavation  varied  from  Ifi  ft. 
in  front  to  2  ft.  in  the  rear.  The  lot  also  con- 
tained .'18  poles,  which  carried  the  lran>.niission 
wires  for  the  railway  and  '    '  •inents. 

These   wires   had   to  be  .■    at   .i 

time  to  a  new  line  of  p.  placed 

in  the  alley.    It  required  '  :   away 

the  wires  and  poles,  the  •     ir- 

ricd  on  during  this  time  d 

to  prevent  them   Iron)  w  ■  rr 

allowed  to  sink  as  the  i  iirogrcssrd. 

.•^iiMie    r'i   the    wires   cai:  volts,    and 

llicrr  '        ■;  present  an  clinunt  of  danger. 

In  '  the  lot  an  oM  3- ft    sewer  was 

"  '  to  and  was 

iilirc  length 

ii>tructed    of 

Id    curb    stones. 

lie  to  change  the 

ills  and  about  one-half  of 

ills    had   been   constructed. 

Al-    the    sewci    |]..we<l    about    half    full    at    all 

times,  and  as  there  w.i«  no  wav  nf  diverting  it 

rarilv.  lb.  ■  on  bv 

ng  up  th'  'cssed. 

I   ,1    ^lope  of  tin    -I  \»  •  I    .\  .!•-  .iM,,„,  t,,,    ^.ime  as 

that  of  the  lot,  and  it  had  to  be  lowered  from 

nothing  at  the  lower  end  to  about  8  ft.  at  the 

ii:>?er  end,  within  the  length  of  the  building.  A 
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trench  was  dug  under  the  sewer,  and  a  drop 
manhole  was  built  on  the  outside  where  it 
entered  the  front  wall.    The  entire  sewer  was 


rebuilt,  using  bricks  laid  in  cement  mortar, 
the  water  flowing  through  the  trench  during 
the  reconstruction  of  the  sewer. 


Monitor  on  both  bags  6(!Di6'-96'_ 
_csnscetslioot 


047.5 

i.sao.B- 

705.4 


Rear 


Fig.  2.     North    Elevation  of  New   Bay  of  Car   Shop  Showing  Grade  of  Depressed  Tracks  and 

Type  of  Construction. 


then  transferred  to  jacks,  and  the  sewer  was 
cut  at  each  end  of  the  building,  the  water  flow- 
ing into  the  trench  and  filling  it.  Owing  to  the 
use  of  an  insufiicicnt  number  of  jacks,  to  the 
conglomerate  construction  of   the   sewer,   and 


COST    D.\TA. 

The   following  cost  data  apply  to  the  work 
done  under  the  conditions  already  described  : 
Moving   old    equipment,    tracks,    black- 
smith shop  and  oil  hcuse,  and  miscel- 


about    60    cts.) 

Exca\ation    within    the    neat    lines    of 

the    buildings,    and    hauling    l.UOO    ft. 

With    teams    to    the    dump,    3,0S(J    cu. 

yds.    (cost  per  cu.   yd.,   about   CI   ots. ) 
Shoring  and   patching  old   walls  of  old 

shop,   equivalent  to  30  M  bricks   (cost 

per  M  bricks,   about  $23.5:;) 

New   brickwork — 

Bricks,  tibout  32S  M,  at  $5.65. $1,852. 00 

Lime,  245  bbls.,  at  $0.785 192.50 

Sand,   about   277    cu.    yds.,   at 
$0.64    177.07 

Cement,    about    283    bbls.,    at 
$1.60     452.69 


Total  cost  of  materials  for  brickwork, 
328    M     (cost    of    materials    per    M, 

bricks.    $8.15)    2,674.2 

Total  labor  cost  of  laying  bricks,  328 
M     (cost    of    labor    per    M    bricks, 

$7.04)     2,r.09.0 

(Cost   of   brickwork   in   wall,    $15.19 
per  M.) 
Scaffolding,     labor    for    all     scaffolding 

(lumber  included  in  forms) 

Forms  for  concrete  floors,  girders 
and  columns,  37  M  ft.  B.  M.  (cost 
per  M  ft.  B.  M.,  $19.10,  which  is 
equivalent  to  $0.64  per  cu.  yd.  of  con- 
crete,  1,100  cu.   yds.) 

Nails,  about  3.000  lbs.,  at  2.64  cts.; 
equivalent  to  about  11  cts.  per  cu.  yd. 

of  concrete   (about  725  cu.   yds.) 

Labor  on  forms  equivalent  to  $1.35  per 
cu.  yd.  of  concrete  (1,100  cu.  yds.).. 
Total  labor  and  material  cost  for  forms, 
about  1,100  cu.  yds.,  at  $2.06  per 
cubic  yard. 
Reinforcing  steel — 
Kahn  bars,  about  29  tons,  at 

$46.50    $1,346.00 

Hy-rib,  about  360  squares,  at 
$3.80    1,367.00 


M 


255.0 


707.6 

79.1 
1.481.1 


Total   cost  of  reinforcement 2.713.0 

Cost  of  steel  per  cubic  yard  of  con- 
crete,  $2.47. 
Labor  on  Kahn  bars,  about  29 

tons,    at    $8.18 $237.73 


1  i  i    V.i./d  J  Basement  npor  Line 
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Fig.  3.     Cross-Section  of  New  Bay  of  Car  Shop  Showing  Details  of  Construction  and  Dimensions. 


■-•ON  OF  Girder 


to  the  variation  in  depth  to  which  it  hnd  to  be 
lowered  it  proved  to  be  impossible  to  lower  it 
intact,  and  about  one-third  of  it  was  wrecked 
in    the    operation.     The    broken    portion    was 


l.ineous     labor     not    herelnaftei-    pro- 
vided   for    $ 

Excavation  outside  of  buildings  and 
hauling  away  the  dirt  on  electric 
cars,    910   cu.    yds.    (cost   per   cu.   yd.. 


Labor   on    Hy-rib,    about    360 
26.36  squares,    at    $1.41 507.62 

Total  labor  cost,  at  68  cts.  per  cubic 
yard   (1,100  cu.   yds)... '"• 
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Total    labor    and    material    cost    for 

reinforcement,  about  I.IUO  cu.  yds., 

at  J3.15   per  cubic  yard. 
Concrete      floors,      pits,      girders 

columns — 
Crushed  stone,  about  602  tons, 

at  $1.07   % 

Sand,  about  367  tons,  at  $0.04 
Cement,  about  1,044  bbls,  at 

$1.60    1,670.40 


and 


644.14 
234.88 


at  J4.50  per  linear  foot. 

Accidents  and  Injuries 291. 6S 

Tools  and   equipment 250.12 

Total  cost  of  materials   $18,542.26 

Total    cost   of   labor 13.857.94 


Cost  of  materials,  about  765  cu.  yds. 

concrete,  at  $3.33 2,549.42 

Cost    of    labor,    about    765    cu.    yds. 

concrete,  at  $2.13 1,626.80 

Total  labor  and  material  cost  for  con- 
crete, about  765  cu.  yds.  of  concrete, 

at  $5.46  per  cubic  yard. 
Cement  basement  floor — 
Materials,    6,334    sq.    ft.,    at    about    6 

cts 

Labor,  6,334  sq.  ft.,  at  about  5\4cts. .. 
Total  labor  and  material  cost,  6334  sq. 

ft.    at    about    11%    cts.    per    square 

foot. 
Concrete  roof  slab — 
Materials.   180  squares,  2V4  ins.   thick. 

at  about  $4.09 


38S.2D 
347.12 


737.97 


Total    cost   of   building $32,400.20 

DISCUSSION. 

The  rates  of  wages  paid  were:  Laborers, 
$1.25  and  $1.35  per  day;  carpenters,  $2.50  to 
$3.01)  per  day,  and  brick  masons,  $4.00  per  day. 

To  make  the  above  cost  data  of  greater 
value  in  their  application  to  other  structures 
the  following  additional  information  concern- 
ing various  items  is  given: 

By  referring  to  the  foregoing  data  it  will  be 
noted  that  the  concrete  for  the  beams,  girders, 
columns  and  4-in.  floor  slabs  cost  $5.46  per 
cubic  yard,  in  place.  Of  this  amount  $2.13  was 
for  labcir,  which  includes  the  unloading  of  the 
material  from  the  cars,  rchauling  on  our  own 
cars,  mixing  by  hand,  delivering  to  the  forms 
in  wheelbarrows,  and  depositing  in  the  forms. 


it  is  considered  that  this  was  all  bin  work, 
fully  50  per  cent  of  the  lumber  being  cut  ap- 
proximately to  2-ft.  lengths,  and  that  all  work 
was  scribed  to  the  rough  brick  walls. 

The  cost  of  lowering  the  sewer  (^$4.50  per 
linear  foot)  is  hardly  comparable  with  other 
work,  as  it  was  a  special  problem. 

The  volume  of  the  two  bays  is  approximately 
492.000  cu.  ft.,  which  gives  a  cost  for  materials 
of  about  3.8  cts.  per  cubic  foot,  and  for  labor 
of  about  2.8  cts.  per  cubic  foot — a  total  cost 
of  6.6  cts.  per  cubic  foot. 

There  are  approximately  27,000  sq.  ft.  of 
floor  space  in  the  two  bays.  Of  this  area,  about 
one-fourth  is  storeroom  space,  about  one- 
fourth  is  car  storage  space,  and  about  one-half 
is  used  as  a  car  shop.  Expressing  the  costs  in 
terms  of  floor  area  we  have  the  following: 
For  materials,  $0.6!)  per  square  foot ;  for  labor, 
$0.51  per  square  foot — a  total  cost  of  $1.20  per 
square  foot. 
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Fig.  4.     Cross-Secti»n  of  Old  Bay  of  Car  Shop    Showing  Details  of  Construction  and  Dimensions. 


Labor,    180   squares,   at  about   $4.03.. 

Total    labor    and    material    cost,    180 

squares,  at  alxiut   $8.12   per  square. 

Waterproollng   pitch   for  roof — 

ll,60u    lbs.,    at    1     ct.     (6.5    lbs.     per 

square  footj 
Material,  about  180  squares,  at  64  cts. 
Labor,   about   180  squares,   at  36  cts.. 
Structural  steel — roof  trusses  and   pur- 
lins- 
Material,  about  69  tons,  at  $50.70 

Labor    erecting,    about    69    tons,    at 

$7.61    

Miscellaneous  steel 

Steel  sash  and  glazing — 
12  cuivud  head  steel  sash,  6  by  12  ft., 

at   $30.83    

384  lln.  ft.  Monitor  sash,  at  $1.00 

12   sash,   3x6   ft 

2   stvtl    doors,    3x7    ft 

Wire  Klass,  2.750  sq.   ft.,  at  14   cts 

Tuttyr"  briids,  clips,  etc.,  at  IV4  cts. 
Total  materlal.H,  2.750  sq.  ft.  sash,  at 

18  cts.   per  square  foot. 
Labor.   2,iBC  sq    ft.   sash,   at  4   cts. . .  . 
Cost  per  square  foot,  in  place,  52  cts. 
Suh   operating   device,   384   lln.    ft.,   ut 

«1   cts 

Labor  erecting  384  l!n.  ft.,  ut  9V4  cts. 
Boiling  steel  shutters,  7  shutters,  mate- 
rial   and    erection    (1  230    sq.    ft.,    at 

7G.7   rts.    per  stiuare    fool) 

Vltrined  clay  tile  for  drainage 

Ijihnr   lovlntr   tllf   dr.-ilns 

Eleviiior  (capacity  2V,  tons),  erected.. 
Trolley   tro\iKhs.    1.200  lln.    ft. — 

Ahont  r...';on  ft.   n.   M.   lumber 

155  barn  hangers  and  flttinga 

Lohor,    at   123.50   per  M   ft.   B.   M.    (IS 

cts.    per    ft.) 

Storrroom   shelving — 

About  2t  M  ft.  B.  M.  himbnr.  at  $21.80 

NiH».   bolls  and   Incidentals    

Lohor.  21  M  ft.   B.  M..  at  about  $27.00 
Lowering  sewer — 
Brick,  sand,  cement,  crushed  rock... 

Labor   

Cost  of  lowering  sewers  and  repairs, 
about  150  ft.  (averoge  depth,  4  ft.). 
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This  work  was  done  in  small  sections,  a  large 
part  of  it  being  done  at  irregular  intervals  in 
a  shop  where  car  repairs  were  being  made. 
Under  these  conditions  the  costs  appear  to  be 
verv  reasonable. 

The  cement  floor  in  the  basement  was  placed 
at  a  labor  cost  of  5'/4  cts.  per  square  foot.  The 
floor  was  laid  off  in  3- ft.  .squares,  and  one  or 
more  stjuare  was  placed  at  a  time,  one-half  of 
the  basement  being  used  as  a  machine  shop 
during  the  entire  operation. 

The  2'/4-in.  concrete  roof  slab  was  con- 
structed under  similar  conditions,  except  that 
the  concrete  was  hoisted  to  the  roof  by  hand, 
in  buckets,  the  labor  cost  being  $-1.03  per 
square. 

The  waterproofing  for  the  roof  consisted  of 
a  single  application  of  roofing  pilch,  brushed 
on  while  hot  This  is  an  unsatisfactory  finish 
as:  (a)  the  pitch  creeps  toward  the  gutters  in 
hot  weather;  (b)  a  2Mi-in.  roof  slab  is  certain 
to  have  expansion  cracks,  and  in  cold  weather 
the  pitch  "checks,"  allowing  water  lo  penetrate 
it;  and  (c)  the  pitch  flakes  off  during  cold 
weather,  and  the  water  percolates  through  the 
thin  slab.  The  company  expects  to  apply  a  tar 
paper  and  gravel  roofing  in  the  near  future. 

The  roof  Irussrs  and  purlins  were  erected 
with  a  gin-polc  by  men  not  familiar  with  such 
work. 

Of  the  327  M.  new  bricks  used  fully  30  per 
cent  were  used  to  patch  and  top  out  the  old 
walls,  at  a  total  labor  cost  of  $7.04  per  M.  from 
freight  car  to  wall. 

The  construction  of  the  storeroom  shelving 
shows  a  high  labor  cost  ($27.00  per  M.  feet 
B.  M.).  hut  this  cost  is  not  unreasonable  when 


The  electrical  work  and  the  trolley  work 
were  handled  by  another  department,  and  no. 
costs  are  available. 

The  car  barn,  the  pits,  and  the  shops  are 
served  by  a  ladder  track  of  18  tracks,  with  60- 
Ib.  rails.  This  work  cost  $7,500  for  matcriali 
and  $1,5U0  for  its  construction. 


Electrolytic   Iron. — Mr.  Trygve    D.   Yen-. 

sen  ill  the  Electrical  Engineering  Department 
of  the  University  of  Illinois,  has  for  the  past 
two  years  been  making  a  special  study  of  elec- 
trolytic irons  with  reference  to  their  mag- 
netic qualities.  The  aim  has  been  to  secure 
an  iron  of  high  permeability  and  small  hys- 
teresis loss  and  an  iron  more  efficient  thai* 
any  now  in  use  has  been  secured.  A  vacuum 
furnace  was  used  for  melting  the  iron,  the 
pressure  in  the  furnace  being  reduced  to  about 
one-half  centimeter  of  mercury.  Pure  iron, 
when  melted  in  the  open  air,  will  absorb  a 
quantity  of  carbon  and  oxygen  and  so  be  of 
inferior  quality,  while  iron  melted  in  a  vacuum 
docs  not  absorb  any  of  these  elements,  but 
remains  pure.  Various  methods  were  used 
in  cooling,  tests  being  made  to  determine  the 
eflTcct  of  cooling  sinwiv,  plunging  in  brine,  in 
liquid  air,  etc.  Each  iron  was  tested  to  de- 
termine the  magnetic  qualities,  inetallurgical 
compositon.  chemical  composition,  strength, 
and  critical  temperature.  Much  va1u.ible  in- 
formation has  been  gained  by  these  experi- 
ments, the  results  of  which  are  soon  to  be 
published  in  the  form  of  a  bulletin  by  the 
Engineering  Experiment  Station  of  the  Uni-. 
versify. 
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Results  of  Some  Tests  to   Determine 
the  Bearing  Power  of  Piles. 

In  our  issue  ui  .March  IS,  I'Jl-l.  we  published 
some  data  on  the  bearing  power  of  soils  and 
of  piles,  and  also  gave  data  on  foundation 
work  in  Boston.  To  supplement  these  data  the 
following  tests  on  piling  made  at  the  new 
site  of  the  Massachusetts  Institute  of  Tech- 
nology are  of  interest.  The  data  were  taken 
from  a  discnssion  of  "Boston  Foundations." 
by  Mr.  Charles  T.  Main,  in  the  Journal  of  the 
Boston  Society  of  Civil  Engineers. 

The  results  so  far  obtained  at  the  new  site 
of  the  Institute  of  Technology  show  that  piles 
which  have  been  properly  driven,  i.  e.,  not 
broomed  or  broken,  have  a  bearing  power 
slightly  in  e.xcess  of  that  indicated  by  the  com- 
monlv  used  formula: 

2lVh 

P  = ; 

/>  +  ! 
but   those   which   have   been   brought   up   hard 
and   have  been   crippled   have   shown  a  much 
less  capacity  under  test  loads  than  is  indicated 
by  the  formula. 

Tests  and  observation  show  plainly  that 
spruce  piles,  without  iron  points,  should  be 
used  cautiously  in  the  Boston  basin,  due  to  the 
fact  that  the  blue  clay  is  often  overlaid  with  a 
hard  crust  of  gravel  or  sand.  Reports  of  old 
piles  which  have  been  pulled  in  various  parts 
of  the  city  and  have  been  found  to  be  badly 
broomed  and  broken,  as  well  as  numerous 
tests  made  at  the  site  of  the  Institute  of  Tech- 
nology, show-plainly  tliat  spruce  is  not  suitable 
for  anything  e.xcept  easy  driving  into  loose 
sand  or  soft  clay. 

Piles  broomed  and  broken  near  their  points, 
but  which  are  deeply  embedded,  may  have  a 
good  bearing  power  from  friction  alone,  but 
broken  and  broomed  piles  having  little  fric- 
tional  support  upon  which  to  depend  will  settle 


ud    and    shells    befori     reaching   the    harder     showed   that   they   could   safely   carry   slight!) 


sand  stratum  in  which  they  get  most  of  their 
support.  This  fill  gave  considerable  resistance 
to  drivmg,  and  soon  after  the  pile  reached  the 
sand  it  appeared  (by  the  small  penetrations 
under  the  hammer)  that  a  satisfactory  bearing 
power  had  been  obtained.  Such  a  conclusion, 
however,  is  unreliable,  as  the  fill  is  subject  to 
large  future  settlements  due  to  decomposition. 
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P  = , 
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provided  a  small  initial  settlement  is  not  dettii 

mental.     If  a   settlement  of   Vi    in.  is  assur 
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Fig.  1.     Data  on  Tests  of   Five   Piles  at  New  Site  of    Massachusetts  Institute  of  Technology. 


badly  and  may  fail  under  ordinary  loads. 

The  large  number  of  piles  tested  show  plain- 
ly that  spruce  piles  fail  to  penetrate  the  hard 
crust,  brooming  and  breaking  badly,  but  that 
oak  piles  without  iron  points  will  penetrate  the 
hard  ground  and  will  come  practically  to  a 
standstill  under  the  hammer  without  material 
damage.  Any  wood  pile  which  mu.st  depend 
largely  upon  point  bearing  for  its  resistance  to 
load  should  be  oak  or  southern  pine. 

An  interesting  point  is  brought  out  by  a 
study  of  the  driving  and  testing  records  of 
some  of  the  piles.  These  piles  generally  pass 
through   a   fairly   hard  fill   of   bhic-black   silty 


etc.  The  piles  were  therefore  driven  into  the 
hard  sand  stratum  to  a  depth  which  will  give 
them  a  satisfactory  support  from  that  material 
alone. 

The  drawings  and  notes  shown  in  Fig.  1  give 
the  principal  data  for  five  of  the  piles  tested. 
It  will  be  noted  that  two  of  the  test  piles  were 
"Raymond"  concrete  piles;  one  was  a  "Sim- 
plex" concrete  pile ;  and  two  were  spruce  piles. 

Table  I  Cp  ,">49)  gives  the  essential  data  with 
reference  to  the  five  piles  tested.  The  settle- 
ments for  various  test  loads  are  given  in  this 
table. 

.As    noted    before,    most    of    the    test    piles 


embedment  as  a  rule  giving  the  larger  facto 
of  safety. 

Northwestern      Road      Congress.  —  Th 

Xdrthwcstcrn  Ruaii  Congress  will  convene  i 
Milwaukee,  Wis.,  Oct.  28  to  31,  1!)14.  An  ex 
hibit  of  road  building  machinery,  material,  ap 
pliances,  and  accessories  will  be  held  durin.| 
the  sessions.  Delegates  from  Illinois,  lows! 
Michigan,  Minnesota,  Wisconsin,  North  Dn 
kota  and  South  Dakota,  representing  state  an 
county  highway  departments,  hoards  of  pul 
lie  works,  good  roads  associations,  etc.,  wi 
participate  in  the  congress. 


May  13,  V>\4. 
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TABLE  1. 


-RKSVLTS  OK  TESTS  OF  PILKS  AT  SITK  OF  XEW  MASSACHUSETTS  INSTITUTi; 
OF  TECHNOLOGY    BllLLnNO.S. 
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2a    Spruce    32.8     16.6     514 


■a 

D. 

E- 

fe.5 

514 

2,150 

10 

2 

13g     Spruce    12.8       5.8     6 


2,300 


10  2% 


1     Raymond    concrete.     23.2    10.2    8        No.    1    "Vulcan."    2.25     5      blows   per    in. 

Weight    of   mov- 
ing  parts, 

5.000 


(Pile    did   not   fail.) 

2       Raymond     concrete.     17.5       6.4     8  5,000  2.25     4       blows    per    In. 

No.     1     "Vulcan." 


(Pile    did    not   fail.) 


4      Simplex    conerete..     15.6       4.0  16 
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Composition  and  Construction  of  Vari- 
ous Types  of  Shop  Floors, 
The  essential  rcf|iiirciiKiit  of  shop  and 
freight  house  floors  is  a  good,  hard  wearing 
surface  which  is  level,  smooth,  easy  on  the 
leet,  easy  to  truck  loads  over,  and  capahle  of 
carr>'inK  heavy  loads.  The  following  data  on 
different  types  of  floor  construction  for  shop 
floors  were  taken  from  the  niillctin  of  the 
American  Railway  Engineering  .Association. 
Vol.   1.5,   No.    163: 

CI  .N  PER    OR    GRAVEL    FLOOR. 

A  type  of  floor  in  general  use.  and  one  that 
is  hest  adaptcrl  for  blacksmith  shops  and 
foundries,  is  shown  in  Fig.  1.  It  is  made  by 
filling  in  the  space  between  founrlation  walls, 
preferably  with  sand  or  gravel,  ami  bringing 
the  filling  up  to  the  required  grade,  thoroughly 
compacting  it  as  it  is  placed.  The  filling 
should  be  well  flooded,  rolled  and  tamped.  A 
five  to  ten-ton  roller  should  be  used  where 
possible.     The   niininium   depth  of  the  finished 


Fig     1.     Cinder   or   Gravel    Floor,    Especially 
Suitable   for   Foundry   or   Boiler   Shop. 

floor  should  be  8  ins.,  and  if  ihe  top  surface 
of  the  ground  is  soft  it  should  be  removed  be- 
low this  depth  For  a  top  wearing  surface 
hard  srreencfl  cinders  or  stone  screenings 
should  be  used  to  a  depth  of  about  2  ins.,  and 
these  sboidd  be  thoroughlv  wet  down  and 
rolled  to  a  firm,  hard  surface.  Where  clay 
IS  available  it  often  can,  with  advantage,  he 
mixed  with  th<-  top  surface  and  rolled  into 
place.  This  makes  a  hard  and  more  compact 
surface.  Crude  oil,  when  mixed  with  the  top 
surface,  also  tends  to  harden  it,  and  helps  to 
prevent  the  wearing  surface  from  becoming 
broken   up. 


This  tvpe  of  floor  is  often  used  where  an 
inexpensive  floor  is  required,  or  wdiere  on 
account  of  a  heavy  fill  inside  of  foundation 
walls  a  more  expensive  floor  would  fail  due 
to  settlement.  It  is  not  well  adapted  to  truck- 
ing, and  often  an  industrial  track  about  2  ft. 
wide  with  small  push  cars  of  a  close-planked 
runwav  may  be  desirable  where  the  most  ma- 
terial has  to  be  moved.  Special  foundations 
are  necessary  for  all  machinery. 

PI..\NK    KI.OOR    ON    CINDERS    OR    GRAVEL. 

A  plank  floor  on  cinders  or  gravel,  shown 
in  Fig.  2.  is  often  found  desirable  where  a 
heavy  fill  inside  of  foundation  walls  is  re- 
quired, where  settlement  may  occur,  and  where 
the  type  of  floor  shown  in  Fig.  1  would  not 
be  satisfactory  on  account  of  the  volume  of 
trucking  required  or  on  account  of  the  neces- 
sity of  gathering  up  and  saving  .scrap  material, 
as  in  a  machine  shop.  It  consists  of  planking, 
spiked    to    sleepers    resting   on   the    filled    ma  ' 


longer  than  short-leaf  yellow  pine,  but  it  will 
i.o.st  more,  l-'ir  and  hemlock  will  longer  resist 
decay  than  will  short-leaf  yellow  pine,  but 
they  will  not  wear  as  long,  and  are  not  as 
good  as  long-leaf  yellow  pine.  Special  care 
should  be  taken  to  have  the  sleepers  and  plank 
thoroughly  seasoned.  For  this  reason  it  often 
is  advantageous  to  get  the  lumber  early  on 
the  site  of  the  work,  stack  it  and  allow  it  to 
season.  Additional  life  may  be  obtained,  if 
desired,  by  creosoting  the  sleepers,  or  by  creo- 
soting  both  the  sleepers  and  the  plank.  A 
cinder  bed  under  the  sleepers  will  give  a  little 
longer  life  than  sand  or  gravel. 

Special  foundations  are  necessary  for  all  ma- 
chinery, and  where  jacking  is  done. 

WOOD   HLOCK    FLOORS. 

Wood  block  floors  (see  Fig.  3)  are  often 
used,  and  have  the  following  advantages . 
They  can  be  easily  repaired ;  they  are  easy  to 
work  and  truck  on ;  and  they  do  not  damage 
falling  tools.  They  need  a  concrete  base  to 
distribute  anv  heavy  loads  which  may  bear 
on  a   few   blocks  only. 

The   filling  between   the   foundation  walls  is 
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Pl.mk    Floor  on  Cinders  or  Gravel. 


lenal  bilwrrii  uic  1  iiiMlalinii  w.tIN  The  fill- 
ing, preferably  saml  or  gravel,  should  be 
sctlle<l  as  mentioned  in  connection  with  l-ig.  I, 
and  should  be  brought  U|)  to  within  0  ins 
of  the  finished  floor  grade.  On  this  should 
he  place  fi  ins.  of  cinders,  gravel,  or  other  ma- 
terial of  a  porous  nature,  in  the  lop  surface 
of  which  'IxtJ-in.  sleepers  arc  emixidied.  spared 
about  3  ft.  on  centers.  They  should  be  laid 
with  running  broken  joints. 

This  tvpe  makes  a  fairly  gfuid  working  sur- 
face which  will  last  at  least  four  yea,s.  at 
which  time  all  settlement  should  h.ivc  lakni 
place  in  the  filling  and  a  belter  type  of  flo.'r 
can  be  used.     Long-leaf  yellow  pine  will  lasr 
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Fig.     3.     Wood     Block     Floor     on     Concrete 
Base. 


done  as  is  mentioned  in  connection  wilh  Fig. 
1.  and  it  includes  a  ti-in.  bed  of  compacted 
cinders.  On  the  cinders  is  laid  a  G-in.  course 
of  1:3:5  concrete.  Steel  reinforcement  may 
often  be  placed  in  the  concrete  to  advantage, 
particularly  over  soft  spots  in  the  filling  or 
where  heavy  loads  are  apt  to  be  placed.  The 
reinforcement  should  be  placed  either  near 
the  top  or  bottom  surface  of  the  concrete, 
depending  upon  local  conditions.  Sand  should 
be  spread  over  the  concrete,  and  should  be 
brought,  with  a  board  or  a  template,  to  a 
uniform  thickness  which,  when  compacted, 
will  amount  to  1  in.  On  the  sand  bed  there 
should  be  placed  the  wood  blocks,  which 
should  be  of  an  even  thickness  of  at  least  I 
ins.  The  blocks  should  be  cut  across  the 
grain  so  that  they  can  be  laid  with  the  ends 
of  the  fibre  exposed  to  wear.  They  should 
be  uniform  in  width,  hut  may  have  a  variable 
length,  although  blocks  of  a  uniform  length 
can  be  laid  quicker   and  more  cheaply. 

WiMjil  blocks  should  be  creosotcd,  and  may 
be  made  from  any  material  suit.ible  for  such 
treatment,  liencrally,  however,  the  blocks  are 
of  short-leaf  yellow  pine,  although  long-leaf 
yellow   pine  blocks  give  the   greatest   wear. 

The  blocks  -.hould  be  laid  with  the  fiber 
vertical  and  with  close  joints,  with  at  least 
a   2-in.  lap.     Fxpansion  strips   1   in.   in  thick- 


Fig.  4.      Plank   Floor  on   Concrete   Base. 
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rolled,  to  an  even  sur- 
d  be  filled  to  within  1 
in.  of  top  siiriacc  with  sand,  and  the  remain- 
der of  joints  should  be  filled  with  No.  2 
street  pilch.  Immediately  after  placing  the 
piifli  h<it.  dry  sand  or  gravel  should  be  spread 
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planks    arc    sometimes    used    in 

pl.> lii   concrete  base.    The  resulting  floor 

IS  not  nearly  as  good,  however,  as  one  with 
a  concriie  L.ti-r  .-ind  it  !-  fcnirnlK  >'r|ually 
costly. 
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Special  concrete  foundations  are  necessary 
for  heavy  machinery,  but  for  small  machinery 
the  foundations  may  be  built  up  from  the 
concrete  base  of  such  a  size  as  may  be  re- 
quired  for  the  setting  of  the  machine. 

Scrap  lumber  (oak  or  yellow  pine)  is  often 
used  for  shop  floor  blocks.  The  mill  can  take 
cuttings  and  condemned  lumber,  and  saw  it 
up  at  odd  times.  Consequently,  such  blocks 
cost  practically  nothing  for  material  and  very 
little  for  labor.  Such  floors  are  often  laid 
directly  on  the  filling  or  on  planks,  but  they 
do  not  last  over  four  or  five  years,  and  care 
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Fig.    5.     Wood     Floor    on    Tarred     Screened 
Gravel    or   Crushed    Stone. 

must  be  taken  to  provide  more  expansion 
joints  than  with  creosoted  blocks. 

Hexagonal  blocks  are  sometimes  used.  They 
should  be  not  less  than  o  ins.  nor  more 
than  7  ins.  deep,  and  all  blocks  for  one  job 
should  be  of  the  same  size.  Blocks  of  this 
tvpe  have  no  particular  advantage,  except  that 
they  arc  more  stable,  as  they  have  more  fric- 
tion on  the  side  surfaced  and  are  not  so 
easily  tipped  up  at  the  corners. 

A  wood  block  floor  with  a  concrete  base 
is  gcncrallv  fully  as  expensive  as  any  good 
type  of  floor,  and  often  has  to  be  relaid  due 
to  buckling. 

ASPH.ALT     PLOCK    FLOORS. 

.^sphalt  blocks,  about  4x12x4  ins.,  are  some- 
times used  to  advantage,  as  they  come  on  the 
job  all  readv  for  laying,  and  can  be  laid  like 
wood  blocks  or  like  brick.  They  do  not  need 
expansion  joints,  nor  does  the  laying  of  them 
require  any  skilled  supervision.  They  do  not 
heave,  thev  stay  smooth,  and  they  wear  slow- 
ly without  chipping,  except  that  where  there 
is  continuous  dripping  of  oil.  as  directly  under 
a  vise,  thev  soften  and  wear  faster  than  at 
other  points  They  can  be  more  easily  taken 
up  and   repaired  than  other  types. 

PLANK    FLOORS    ON    CONCRETE. 

Figure  4  shows  a  wooden  floor  with  a  con- 
crete base.  It  is  a  good  type  of  floor,  as  it 
gives  a  fine  surface  on  which  to  work  or  over 
which  to  truck.     However,  it  is  expensive. 

The  filling  and  concrete  base  should  be 
placed  as  for  a  wood  block  floor,  as  men- 
tioned in  connection  with  Fig.  3,  except  that 
in  the  top  surface  of  the  concrete  there  should 
be  embedded  4x6-in.  creosoted  sleepers.  On 
these  sleepers  should  be  laid  2-in.  planks, 
dressed  to  an  even  thickness  and  width.  They 
should  be  laid  with  running  broken  joints 
On  the  planks  should  be  laid  a  top  wearing 
surface  of  ]!4.x3V4-in.  D.  &  -M.  mai)lc  floor- 
ing with  ends  matched,  laid  parallel  to  the 
direction  of  the  maximum  trucking,  and  with 
runnmg  broken  joints.  The  flooring  should 
be  end-matched  and  bored  for  nailing,  for 
which  there  is  little,  if  any,  extra  cost.  A 
square-edged  floor  may  be  used.  It  costs 
less,  but  is  not  quite  so  smooth,  and  will  re- 
quire more  attention  to  maintain  a  good  sur- 
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Fig.  0.     Concrete  Wearing  Surface  on  Con- 
crete   Base. 

•face.  It  is  especially  desirable  that  the  2-in. 
planks  should  be  thoroughly  seasoned,  and  for 
this  reason  they  should  be  brought  on  the 
site  of  the  work  early,  stacked  and  allowed  to 
season. 

This  type  of  floor  should  ordinarily  last 
from  10  to  12  years,  and  generally  fails 
from  drv  rot  of  the  sleepers  and  the  undcr- 
floor.      .\dditional    life    may    be    obtained    by 


crcosoting  the  sleepers  and  the  underfloor,  and 
by  giving  the  top  surface  of  the  finished  floor 
a  good  mopping  of  hot  linseed  oil,  which 
also  tends  to  lessen  buckling. 

Light  machinery  may  be  lag-screwed  di- 
rectly to  this  floor,  and  only  heavy  machinery 
need  be  provided  with  special  concrete  foun- 
dations extending  lower  than  the  concrete  sub- 
floor. 

WOOD  FLOOR   SET  IN   PITCH   AND  TAR  COMPOSITION. 

Figure  5  shows  a  wooden  floor  with  a  con- 
crete base,  the  wooden  sub-floor  being  set  in 
a  top  coat  of  tar  and  sand,  spread  over  the 
concrete.  Either  Portland  cement  concrete 
or  a  tar  concrete  can  be  used  as  a  foundation. 
This  is  a  more  permanent  type  of  floor  than 
that  shown  in  Fig.  4,  unless  in  the  latter  case 
both  the  sleepers  and  the  underplank  are 
creosoted. 

Where  Portland  cement  concrete  is  used  it 
should  be  laid  as  shown  in  Fig.  4.  Where 
the  tar  concrete  is  used  on  the  compacted  fill- 
ing between  foundation  walls  there  is  laid  4 
ins.  of  coal-tar  concrete.  The  foundation  for 
this  concrete  should  consist  of  either  4  ins. 
or  0  ins.  of  screened  gravel  or  crushed  stone, 
none  of  which  should  exceed  2^2  ins.  in  the 
longest  dimensions  or  be  less  than  %  in.  in 
size.  It  should  be  mixed  with  special  sub 
floor  tar  (minimum  amount  stated  below),  so 
that  it  will  compact  under  a  roller  after  being 
spread  evenly  in  place.  It  should  then  be 
rolled  until  the  stones  do  not  creep  under 
the  roller.  The  tar  for  this  course  may  be 
heated  to  not  more  than  200°  F.,  and  in  cold 
weather  the  stone  should  be  slightly  heated, 
so  that  the  tar  will  mix  with  the  stone  and 
the  stone  will  spread  evenly.  The  roller  used 
for  this  work  should  weigh  not  less  than  300 
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Fig.    7.     Special    Top    Surface    on    Concrete 
Base. 

lbs.  per  foot  of  length.  The  amount  of  tar 
used  in  the  foundation  should  not  be  less  than 
6  gals,  per  cubic  yard  of  2',i-in.  to  l-in 
crushed  stone;  9  gals,  per  cubic  yard  of  2%-in. 
to  Vi-'wi.  crushed  stone;  7  gals,  per  cubic  yard 
of  coarse  screened  gravel ;  or  10  gals,  per 
cubic  yard  of  fine  screened  gravel. 

If  the  mixing  is  done  with  a  machine  25  per 
cent  less  tar  will  be  required. 

The  top  coat  over  the  concrete  should  con- 
sist of  a  fine  sand  thoroughly  mixed  with  spe- 
cially prepared  tar  in  the  proportion  of  not 
less  than  -"lO  nor  more  than  fiO  gals,  of  tar 
to  each  cubic  yard  of  sand.  The  sand  should 
be  thoroughly'dry  before  mixing,  and  neither 
tar  nor  sand  'should  be  hotter  than  22.')°  F.  when 
being  mixed  together.  If  the  materials  arc 
hot  enough  so  that  a  thick  white  smoke  arises 
'  from  the  mixture,  5  gals,  more  of  tar  for  each 
cubic  vard  of  sand  should  be  used.  This  mix- 
ture should  be  spread  evenly  over  the  founda- 
tion to  a  thickness  of  Wx  to  W-i  in.  (so  that  it 
will  compact  to  1  in.)  It  should  then  be  lev- 
eled with  a  straight  edge  and  should  be  fol- 
lowed closely  with   the  plank. 

The  top  coat  mixture  may  be  tested  as  fol- 
lows: If  10  to  20  cu.  ins.  of  mixture,  at  a 
temperature  of  17')°  to  200°  F.,  be  placed  in  a 
tight  vessel  to  a  depth  of  not  less  than  1  in. 
and  "patted"  it  should  be  deerned  that  the 
mixture  contains  sufficient  tar  if  tar  shows 
on  the  surface. 

Planks  having  a  thickness  of  2  ins.  should 
be  laid  on  the  soft  material,  and  should  be 
bedded  on  it  by  hammering  until  the  proper 
stability  is  obtained  and  the  planks  brought 
to  a  proper  level  and  toe-nailed  together.  If, 
after  hammering,  any  plank  is  below  the 
proper  level  it  should  be  taken  up  and  more 
of  the  top  coat  applied. 

In  order  to  insure  the  use  of  seasoned 
planks,  it  is  desirable  that  the  planks  should 
be  on  the  premises  as  lone  as  practicable  be- 
fore being  laid  and  stacked,  so  that  they  will 


have  the  best  opportunity  to  season,  and 
should  be  covered  with  boards  to  protect 
them  from  rain.  If  green  planks  are  used 
and  are  covered  with  a  hardwood  floor  dry 
rot  may  result. 

Cinders  make  a  foundation  in  every  par- 
ticular as  good  as  stone,  but  they  require  at 
least  15  gals,  of  this  special  tar  per  cubic 
yard  and  need  far  more  rolling  to  properly 
compact  them. 

Sand   may  also  be  used   for  the   foundation, 
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Fig.   8.     Rock    Mastic    Surface   on    Concrete 
Base. 

but  at  least  20  gals,  of  tar  will  be  required 
per  cubic  yard,  and  a  different  special  tar 
must  be  used.  The  sand  will  also  need  to  bc 
heated  before  the  tar  will  mi.x  with  it  prop- 
erly. If  desired,  either  a  cinder  or  a  sand 
foundation  may  be  compacted  with  a  rammer 
instead  of  with  a  roller. 

Light  machinery  may  be  attached  to  this 
floor  without  any  additional  foundations,  but 
for  heavy  machinery  special  concrete  founda- 
tions must  be  provided. 

CONCRETE   FLOORS. 

Figure  6  shows  a  cheap  and  fairly  perma- 
nent floor.  It  is  easy  to  truck  over,  is  easily 
cleaned,  is  sanitary,  and  has  the  advantage 
that  no  special  foundations  have  to  be  pro- 
vided, except  for  the  heavier  types  of  ma- 
chinery. Light  machinery  is  simply  bolted  to 
the  floor.  Industrial  tracks  may  be  easily  and 
cheaply  installed  in  the  floor,  with  the  head 
of  the  rail  flush  with  the  top  surface.  This 
floor,  however,  easily  damages  falling  tools, 
it  is  hard  to  work  on  it,  and  it  quite  easily 
becomes  worn  in  spots. 

In  building  it,  make  a  fill  as  for  the  otlier 
types  of  floors,  and  over  the  filling  spread 
about  6  ins.  of  hard  screened  cinders,  proper- 
ly compacted.  Then  lay  a  concrete  floor  7 
ins.  thick  of  the  same  concrete  proportions 
as  given  in  connection  with  Figs.  3,  4  and  5. 
with  the  exception  that  the  top  or  finished 
surface  should  be  composed  of  1  part  Port- 
land cement  and  1  to  2  parts  torpedo  sand, 
troweled  smooth  to  a  sidewalk  finish  before 
the  base  has  taken  its  initial  set.  Provision 
must  be  made  for  expansion  by  putting  in  al- 
ternate slabs  with  small  V-shaped  joints,  these 
slabs  having  dimensions  not  over  8.xl6  ft. 

.Sometimes  granite  screenings  are  used  in- 
stead of  torpedo  sand  to  give  additional  wear- 
ing life,  although  the  cost  is  somewhat  in- 
creased by  their  use. 

Ordinary  concrete  floors  are  porous,  and 
the  constant  wear  results  in  granulation  and 
abrasion.  Holes  are  started  which  rapidly 
increase  in  size  and  gradually  make  the  floors 
useless.  The  heavy  loads,  the  trucking,  and 
the  constant  hard  usage  make  them  wear  un- 
evenly and  cause  them  to  break  up. 

CONCRETE    FLOOR    WITH    SPECIAL    FINISH. 

b'igure  7  shows  a  concrete  floor  with  a  spe- 
cial top  finish.     It  is  designed  to  be  more  last- 
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Fig.    9.     Paving    Brick    Floor    on    Concrete 
Base. 

ing  than  the  usual  concrete  floor,  as  the  special 
top  is  designed  to  stand  harder  wear  and  to 
keen  the  floor  surface  from  becoming  rough. 
There  are  several  special  materials  on  the 
market  which  arc  used  for  the  top  finish  and 
which  give  good  results.  These  special  sur- 
faces generally  consist  of  some  mineral  pow- 
der mixed  with  other  substances.     When  ap- 
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plied  the  particles  of  this  powder  expand,  thus 
rilling  the  porous  places  in  the  concrete  and 
giving  a  dustproof,  wear-resisting  and  water- 
proof floor  of  flint-like  hardness.  One  ad- 
vantage is  that  this  topping  can  be  applied 
after  "the  base  is  set  without  materially  dam- 
aging its  efficiency.  These  special  top  dress- 
ings may  also  be  used  to  advantage  in  patch- 
ing old  damaged  concrete  floors. 

ASPHALT    FLOORS. 

Figure  8  is  considered  to  be  an  ideal  floor 
for  shops  if  properly  laid  with  the  correct 
imaterials  and  mixtures.  Experienced  super- 
vision must  be  employed  to  get  the  best  re- 
sults. Similar  floors  are  still  in  service  and 
in  fair  condition  after  having  been  laid  25 
years. 

Floors  of  this  type  will  greatly  outwear 
other  types  of  floors.  They  give  the  qualities 
which  are  desirable  in  a  floor,  and  are  with- 
out the  objectionable  features  which  have 
been  mentioned  in  connection  with  other 
floors.  They  are  easy  to  walk  on  and  to 
truck  over,  and  the  greater  the  traffic  the  more 
dense  and  durable  they  become.  They  do 
not  grind  away  materially  under  truck  traffic, 
do  not  easily  wear  uneven,  do  not  easily  crack 


or  disintegrate,  are  noiseless  and  dustless,  and 
can  be  kept  clean  with  a  broom  or  mop,  or 
by  an  occasional  flushing  with  a  hose.  They 
are  sanitary,  are  waterproof  and  fireproof,  and 
arc  easily  repaired.  The  filling  and  concrete 
sub-floors  are  laid  in  the  same  manner  as 
are  other  types  of  floors.  The  top  of  the  con- 
crete should  be  drawn  out  under  a  straight 
edge,  and  should  be  struck  off  but  not  troweled. 

Mastic  blocks  should  be  delivered  on  the 
ground,  plainly  marked  with  the  name  of  the 
brand,  and  should  be  broken  up  before  being 
placed  in  the  mastic  boiler.  Asphalt  flux 
should  then  be  added,  and  both  materials 
should  be  allowed  to  cook  until  the  mastic 
blocks  are  entirely  melted.  Washed  torpedo 
gravel,  torpedo  sand,  cruslicd  limestone,  or 
granite,  in  the  proper  percentage  to  give  the 
required  hardness,  should  tlicn  be  added  and 
thoroughly  mixed  into  the  mass  by  iron  stir- 
ring rods,  and  the  temperature  of  the  mix- 
ture brought  to  450°  F.  The  material  must 
be  constantly  stirred  to  prevent  burning,  and 
then  should  be  removed  from  the  kettles  in 
all-iron  wheelbarrows  or  oak  buckets  and 
taken  to  the  work  as  required. 

The  gravel  or  stone  must  be  thoroughly  dry 
before  being  put  into   the   mastic.     It   should 


be  a  clean,  well-graded  material  which  con- 
tains no  particles  larger  than  would  pass 
through  a  %-in.  mesh. 

Xative  bituments  do  not  give  as  good  results 
as  do  the  imported  mastics. 

BRICK    FLOOR. 

Figure  9  shows  a  brick  floor  with  a  concrete 
base.  Such  floors  are  easily  repaired,  are 
easily  cleaned,  are  sanitary,  and  are  fairly 
cheap,  but  they  are  hard  to  truck  over,  hard 
for  men  to  work  on,  and  are  hard  on  falling 
tools.  The  filling,  the  concrete  base,  and 
the  1-in.  sand  cushion  are  placed  as  for  a 
wood-block  floor.  The  brick  floor  is  then  laid 
on  this  base.  The  bricks  should  be  vitrified, 
repressed  pavers,  and  should  be  laid  edgeways 
and  carefully  tamped  or  rolled  to  insure  an 
even  top  surface.  The  intervening  spaces  be- 
tween the  bricks  should  be  filled  with  Port- 
land cement  and  sand  of  a  1:1  mixture,  which 
should  be  poured  as  a  thin  grout.  It  should 
be  followed  up  with  a  stiffer  mixture  and 
then  covered  over  with  sand.  Expansion  joints 
are  necessary,  as  for  creosoted  blocks,  but 
the  joints  need  not  be  so  large. 

Special  foundations  for  machinery  must  be 
provided,  as  with  a  creosoted  block  floor. 
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Organization    for    and    Methods    and 

Costs  of  Constructing  Concrete 

Roads  in  Milwaukee  County, 

Wis.,  in  1913. 

Contributed    by    A.    J.    Knelling.    County    Hieh- 
way  Commissioner,   Milwaukee  County,   Wis. 
Milwaukee    Countv,    in    which    the    city    of 

:  Milwaukee  is  located,  is  in  the  glaciated  sec- 

'  tion  of  southern  Wisconsin.  The  topography 
varies  from  comparatively  level  near  the  lake 

,  to  rolling  a  few  miles  inland.  In  the  west 
end  of   the  countv   some  grades  are  as  great 

'  as  10  per  cent,  although  the  steepest  grade 
upon    which    concrete    has    been    placed    is    6 

I  per  cent.  The  soil  varies  from  a  very  light, 
sandy  loam  along  the  lake  shore,  to  a  heavy 
clay  a  few  miles  toward  the  west. 

;  It  is  therefore  seen  that  the  concrete  roads 
described  have  been  built  under  a  wide  variety 

'  of  conditions.  The  old  roads  were  so  rough 
in  profile   and   in   such   poor  condition   as   re- 

,  gards  the  surface  that  the  roadbeds  were  m 
all  cases  entirely  destroyed.  The  writer  be- 
lieves that  this  destruction  of  the  old  hard 
surface  and  the  consequent  uniform  tcxtiire 
of  subgrade  obtained  has  tended  to  minimize 

.  the  number  of  cracks  in  the  pavements. 

It  was  only  after  careful  consideration  that 
a  concrete  p.ivement  was  adopted  bv  MiKvau- 
kee  Countv  for  use  on  these  rural  roads.     Not 

'  onlv   was    the    present     heavy,     mixed     traffic 

.  (common  near  a  large  city)  taken  into  con- 
sideration but  the  certainty  of  an  immense  fu- 
ture motor-driven  traffic  (especially  for 
freight )  was  also  given  careful  consideration. 
Naturally  water-bound  macadam  and  gravel 
were  not  considered,  while  bituminous  macad- 
am or  brick  on  anything  but  a  concrete  base 
were  not  considered  suitable  and  the  latter 
types  on  a  concrete  base  made  the  cost  ob- 
iectionablo.  It  was  understood  that  there  are 
both  advantaccs  and  disadvantages  in  the  con- 
crete road,  but  after  considering  these  and 
rccocnizing  the  fact  that  the  concrete  road, 
no  matter  what  its  length  of  life,  would  .ilway.j 
be  available  as  a  foundation  for  anv  kind  of 
surfacing,  this  tvpc  was  adopted. 

All  of  the  work  is  done  under  the  Wis- 
consin state  aid  highway  law,  whereby  al 
contracts  and  all  work  must  meet  the  approval 
of  the  State  Highway  Commission.  Under 
this  law  the  town  and  county,  or  the  county 
alone,  pavs  two-thirds  of  the  cost  of  con- 
struction while  the  state  provides  the  remain- 
ing one-third. 

Exiriil  nf  IVnrk.—The  amount  of  work  ac- 
complished in  this  countv  during  the  past  year 
is  probablv  as  large,  if  not  larger,  than  that 
done  In   anv   other  similar  community   in   the 


middle  west.  There  were  constructed  22  miles 
of  concrete  road,  all  of  which  were  either  Iti 
ft.  or  18  ft.  in  width  with  the  exception  of 
about  one-half  mile,  which  was  24  ft  in  width. 
Some  idea  of  the  magnitude  of  this  undertak- 
ing can  be  gained  from  the  fact  that  about 
2,500  carloads  of  material  were  used  and  over 
300,000  bags  of  cement. 


man,  who  attended  to  the  spotting  of  cars, 
keeping  a  supply  of  materials  on  the  jobs  and 
the  computation  of  all  freight :  the  superin- 
tendent of  construction,  who  supervised  all  of 
the  jobs,  and  a  surveying  party  of  three  mem- 
bers who  made  the  surveys,  did  all  of  the 
platting  and  figured  all  of  the  yardage.  A 
master  mechanic  was  also  employed  to  look 


MILWAUKEE  COUNTY  HIGHWAY  DEPARTMENT 


Daily  Report  .  . . 
Day  of  Week 

Date. 
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Hra. 

Rate 

Cost 

Units  Done 

1 
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'                 1 

No    Bags  on  hand  A.  M.    .  . 
No.   BnRS  received    today.  .  . 

No.  Bags  use<!  today 

No.  Bags  on  h.ind  at  night. 
No.  empty  Bags  returned 


Foreman 


1  i  1 

A 

c 

1 

r 

FlB-    1-     Dally    Report    Form    to    be    Used    in    1914.      (5  In.   x  8  in.  In  Size.) 


Or<n\Mzai\on.—'X\\c  organization  for  hand- 
ling this  work  was  as  foljows: 

The  highway  commissioner,  who  had  im- 
mediate supervision  of  alt  of  the  work ;  the 
assistant  highway  commissioner,  who  attendeil 
to  the  office  work :  the  chief  clerk,  wno  .at- 
tended to  the  correspondence,  payrolls,  writ- 
ing   of    checks    and    distribution ;     the     traffic 


after   the  $-10,000  worth  of   machinery  owned 
by  the  county. 

Methnd  of  Conducting  Work. — Part  of  the 
work  was  done  by  contract  and  part  by  force 
account  under  the  direct  orders  of  the  high- 
way commissioner.  The  foreman  of  each 
force  account  crew  and  the  inspector  on  each 
contract  job  turned  in  a  daily  report  on  a  self- 
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\"ul.  XLl.     No.  ]'A 


addressed  postal  card.  In  Fig.  1  is  shown  a 
type  of  daily  report,  which  will  be  used  dur- 
ing the  coming  season. 


Parabolic  Curve- 


The  cost  of  grading  is  given  in  Table  1. 
Their  cost  includes  the  hand  trimming  of  all 
slopes  and  the  trimming  of  ditches.     Table  II 


Half  Section  Showing  Shape  of  Roads  in  Cuts     Half  5ecti— iShow.inn  S.hcjps  cf  Road  on  Fills 
Fig.  2.     Standard  Cross-Section  for  18-ft.      Concrete    Roads    Built    in    Milwaukee    County 


the    average    rate 
during   the   season. 


In  1913. 

No  special  difference  has  been  noted   in   the       show:- 
cost  of  construction  between  the  two  methods.       labor 

but  it  is  believed  that  a  slightly  better  quality       

of  work  was  done  by  force  account  crews. 

Preparation  of  Roudhcd. — .After  the  roails 
had  lieen  surveyed  and  the  plans  drawn  up, 
the  final  grade  line  was  so  placed  that  the  cuts 
and  tills  iialanced.     .A  planimeter  was  used  in 

TABLE    II.     RATE    OF    COMPENSATION    OF 
LABOR— 10- HOUR    DAY. 
Item.  Co£t. 

Foremen,    per    month    $125.00 

Engineer,    hauling   and    mixer,    per  day....     3.00 

Concrete    finisiicr,    per    rtay 3.00 

Ordinary    labor,    per   day 2.50 

Teams     6.00 

compitting   the   area   of   cross-section   at    each 
station. 

The  material  encountered  varied  from  sand 
to  stiff  clay.  Several  of  the  roads  were  old 
plank  toll  roads  and  considerable  difficult  grad- 
ing was  encountered  as  a  result  of  the  old 
planks  remaining  in  the  road.  Where  possible, 
tractor  engines  were  used  for  drawing  plows 

or   grader.     The    use    of   these    engines    fur-      

nishcd    all    the    rolling    that    the    roadbed    re- 
ceived,   as    it    i;    not    considered    practical    to  Cross  Scclion- 
keep  -a  supply  of   material  ahead   and   at   the      the  cross  section 


of    compensation    of 


the  road  so  as  to  be  easily  available  after  the 
concrete  was  placed. 

All  work  done  was  of  the  one  course  type, 
which  was  6  ins.  thick  at  the  edge  and  8  ins. 
thick  in  the  middle,  with  the  exception  of  one 
road  which  was  o  ins.  thick  at  the  edge  and 
7  ins.  in  the  middle.  On  most  of  the  roads 
gravel  shoulders  were  constructed,  but  f«r  the 
work  the  coming  season  they  will  be  alian- 
doned   except   in   special   cases. 

Materials. — The  concrete  mixture  used  dur- 
ing i;tl3  was  a  1:2:3^/^,  although  this  was 
varied  a  little  where  the  voids  in  the  aggre- 
gate were  found  to  be  very  low.  .All  cement 
used  was  tested  by  contract  at  the  mills, 
an  occasional  test  being  made  in  the  labora- 
tory of  the  highway  commissioner.  Practi- 
cally all  sand  and   stone  were  washed,  and  in 


TABLE    I.— COST    PER   CUBIC    YAIil) 


OF    EARTHWORK 
IN     1913. 


ON     CONCRETE     ROADS     BUILT 
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M 


3               ."*                         O                                  .  ^ 

Item.                                 "O            ^                   0)                        £  0 

c             t,                    ~i                          c  .- 

00                     -                            O  £ 

fa        pm            m               a  V 

Labor    $0.69     $0.(1S     $0.63  (County)     $0.71  $0.6S 

0.G7  (contract) 

Materials    0.06       0.01       0.01                            0.01  0.02 

•Workmen's    losses 0.02       O.02       0.03                           0.02  0.02 

*Machineiv    repair    and    de- 
preciation         0.02       0.02        0.03                             0.02  0.02 

Cost   per   cu.    vd $0.78     $0.73     $0.72  (County)     $0.75  $0.73 

Number    of    cu.     yds.     of  \  i,73i>  (County) 

excavation    6,524     4,000  I  9,402  (contract)   6,500  4,500 

♦Prorated  from   totals  for  the   year. 

Average    cost    per    cubic    yard    for    the    whole    season $0.76 

Total    number   of   cubic    yards   for   the    Whole    season 56.256 
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$0.67 

0.0) 
0.02 

0.02 

$0.71 

i,:)i)s 
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$0.84 


0.04  Contract 
0.02  Contract 

0.02  Contract 

$0.81     $0.84 

15,067     1,527 


$1.05 

Contract 
Contract 

Contract 

$1.05 

1,002 


-The   roads   were 
noted   in    Fig.  2. 


graded   to 
It  will   be 


Fig.    3.     Industrial    Railway   for    Hauling    Material   on    Loomis    Road. 


same  time  roll  the  subgradc  immediately  be- 
fore placing  of  the  concrete.  It  is  also  be- 
lieved by  the  writer  that  the  subgrade  can  be 
rolled  too  much.  Practically  all  of  the  grad- 
ing was  done  either  with  wheelers  or  slip 
scrapers.     It  is  believed  advisable  to  grade  for 

TABLE   III.     ORGANIZATION   OF   CONCRETE 
MIXER    CREW.    MILWAUKEE    CO.,     WIS. 

Men.      Duty.  Cost. 

1     Foreman     $5.00 

1     Assistant   foreman    3.50 

1     Mixer    engineer    3.50 

1     Fireman    2.75 

1  Finisher    3.00 

3     Wheeling    concrete    (gi    $2.67    per    day..     8.00 

2  Handling  cement  (5)   $2..i0  per  day 5.00 

3  Handling  sand  ®  $2.50  per  day 7.50 

8     Handling   stone    <S>    $2.50   per   day 20.00 

2     Forms  and  Joints   (fii  $2..iO  per  day 5.00 

1     Evening    and    tamping 2.50 

1      Covering    and    spi  Inkling 2.50 

1     Pump     man     2.75 

1     Water  hoy   (cared  for  cement  sacks)..     1.50 
1     Watchman    2.25 

28  men.     Total   labor  cost  per  day $74.75 

Average,  .500-000  sq.  yds.   (95-115  cu.  yds.)   per 
day. 

a  considerable  distance  ahead  in  order  to  give 
the  ground  sufficient  time  to  thoroughly  settle 
before  the  concrete  is  placed.  Where  under- 
ground springs  were  encountered,  tile  drains 
were  placed  to  care  for  the  underground 
water. 


noted    that   the   subgrade   is   flat   and   that    the 
crown  of  the  road  is  cared  for  by  making  the 


every  case  the  sand  and .  stone  were  brought 
onto  the  job  separately.  .A  large  number  of 
tests  were  run  on  both  sand  and  stone  to  de- 
termine:  (1)  the  per  cent  of  voids,  (2)  the 
per  cent  of  clay  or  silt,  (3)  the  per  cent  of 
silicious  material  in  the  sand,  and  (4)  the 
nature  of  the  stones  composing  the  larger  ag- 
gregate. These  tests  were  made  before  the 
work  was  commenced  and  from  time  to  time 
upon  samples  obtained  from  the  job.  The 
sand  was  graded  from  Vi  in.  down  to  not 
more  than  3  per"  cent  passing  a  100  mesh 
screen.  The  larger  aggregate  was  in  most 
cases  graded  from  Wz  ins.  to  %  in.  It  is  be- 
lieved that  unless  the  aggregate  is  thoroughly 
tested,  poor  results  are  liable  to  be  obtained. 

In  all  cases  the  cement  was  furnished  to 
the  contractors  by  the  county,  contracts  being 
entered  into  with  local  dealers  for  furnishing 
and  delivering  cement  on  the  jobs.  Careful 
attention  was  given  to  the  care  of  empty 
cement  sacks.  In  all  cases  these  were  tied 
into  bundles  of  .'iO,  each   witli   a  tag  attached 


Fig.    4.     Method    of    Setting    Forms    and    Supplying    Water    to    the    Concrete    Mixer. 


conrrcie  thicker  in  the  center  of  the  pavement. 
The  material  for  the  earth  shoulders  was 
thrown   up   m   a    windrow   along   the   berm   of 


showing  the  name  of  the  dealer  furnishing  the 
cement,  the  name  and  number  of  the  road  andj 
the  name  of  the  contractor.    Lost  cement  sacks; 
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I  amDiinted   to   only    IV2    per   cent   of   the   total 

'   niimlier   used. 

rranst'orhilion    of    Mulcrials. — One    of     the 
greatest  problems  in  country  road  work  is  the 

I   transportation  of  materials  to  the  job.     A  con- 
tinuous   rain    will    often    delay    the    work    for 

I   24   hours  or   even   longer,   whereas   in   the   city 

I   haulinif  may  be  commenced   immediately  after 
the   rain.      The   methrd    of   haiding    was   quite 


Fig.  5.     Gasoline  Pumping  Outfit  for  Supply- 
ing  Water  for  Construction. 

variable.  On  some  jobs  teams  alone  were 
used,  on  others  teams  and  steam  tractors  were 
used  in  conjunction,  while  on  one  job  an  in- 
dustrial track  was  rented.  The  cheapest  haul- 
ing was  done  on  the  Fond  du  Lac  road  with 
a  combination  of  teams  and  steam  tractor. 
The  average  haul  on  this  road  was  almost 
two  miles.     One  advantage  that  miglit  be  noted 


nearest  source  of  supply  and  where  necessary, 
a  small  gasoline  engine  was  supplied  for  forc- 
ing the  water  through  the  pipe.  Unless  the 
distance  exceeds  three  miles,  and  the  eleva- 
tion exceeds  100  ft.  a  2-HP.  gas  engine  is  suffi- 
cient to  furnish  the  necessary  power  as  there 
is  very  little  friction  in  a  2-in.  pipe  supply- 
ing 4,000  gals,  per  day.  It  is  advisable  to 
have  the  engine  connected  with  the  pump  by 
a  belt  in  order  to  avoid  any  danger  of  break- 
ing the  cross-head  on  the  pump.  The  most 
satisfactory  safety  device  found  for  caring 
for  excess  pressure  was  the  erection  of  a 
standp'pe  beyond  the  mixer.  This  standpipe 
was  rtothing  more  than  one  length  of  pipe 
tr.rned  into  a  tee. 

Galvanized  pipe  is  to  be  preferred,  although 
A  costs  about  40  per  cent  more  than  black 
pipe.  It  can  be  used  many  more  times  and  its 
salvage  value  is  much  greater.  In  cases  where 
the  pipe  was  injured  in  water  freezing  in  it, 
an  oxv-acetylcne  torch  was  used  for  welding 
with  satisfactory   results. 

While  erecting  the  pipe  line,  unions  are  placed 
about  every  1.000  ft.,  tees  with  connections  for 
2-in.  hose  every  400  ft.,  and  a  valve  about 
as  often  as  the  unions.  Water  in  some  cases 
was  obtained  from  hydrants,  while  in  others 
it  was  obtained  from  creeks  or  ponds.  How'- 
ever,  no  contaminated  water  was  permitted. 
For  bringing  water  from  the  pipe  line  to  the 
mixer,  each  crew  was  furni.shcd  with  22-5  ft. 
of  2-in.  hose  while  for  sprinkling  purpo.ses 
each  crew  was  furnished  with  the  same 
amount  of    1-in.   hose. 

Mixing. — .\n  efficient  crew  for  use  on  coun- 
try   road    work   and    about   the   average   crew 


placed  with"  as  little  handling  as  possible  and 
was  of  such  a  consistency  that  there  was  no 
separation  of  mortar  and  stone.  There  was 
no  tendency  on  the  part  of  a  contractor  or 
foreman  to  mix  too  dry,  while  there  was  a 
tendency  to  mi.x  the  concrete  too  wet.  As 
soon  as  the  concrete  was  in  place,  it  was 
struck  off  with  an  iron-shod  board  cut  to  the 
crown  of  the  road.  As  small  an  amount  of 
linishing  as  possible  was  done  and  the  so- 
called  hnisher  was  instructed  to  merely  re- 
move any  foreign  matter,  which  in  all  cases 
will  come  to  the  surface,  and  to  smooth  the 
marks  of  the  strike-ofif  board,  the  idea  being 
to  leave  the  aggregate  as  near  the  surface  as 
possible  and  not  work  any  appreciable  amount 
of  mortar  to  the  surface. 

Curing. — When  the  temperature  was  over 
90°,  or  when  a  hot  wind  was  blowing,  the  con- 
crete xvas  protected  with  canvas  until  it  could 
be  sprinkled.  As  soon  as  it  was  sufficiently 
hard,  the  road  was  covered  with  earth  from 
the  sides  and  kept  sprinkled  for  nearly  a 
week.  In  some  cases  lawn  sprinklers  were 
used  which  were  set  from  time  to  time  by 
the  water  boy,  thus  avoiding  the  necessity  of 
a  man  to  do  this  w-ork.  Traffic  was  in  all 
cases  kept  off  at  least  three  weeks,  or  a  long- 
er time  than  this,  depending  upon  whether 
or  not  the  weather  was  favorable  for  the 
hardening  of  the  concrete. 

Shoulders. — Where  earth  shoulders  were 
built,  the  work  was  done  by  the  mixer  crew 
at  times  when  material  was  lacking  or  ma- 
chinery broken.  Where  gravel  shoulders  were 
built  they,  of  course,  were  not  constructed  un- 
til after  the  road  was  thrown  open  to  traffic. 


T.ABI.E  XV.  COST  OF  CONCRETE  ROADS  BUILT  BY  FORCE  ACCOUNT  (1913). 


Item. 


Fond  du  Lac. 

Cost 

per 
.sq.  yd. 
paved. 


Shoulders     J0.088 

Hauling  and   labor  loading   wagons 326 

Coal,    oil,    etc..    for    mixer    and    pump 026 

Lumlier,    etc.,    for    surfacing 013 

Cement     400 

■Gravel  and  sand,  f.  o.  b.  unloading  point.     .300 
■Concrete    surface    labor 307 


Steel    for   joints 

Felt     for    joints 

Sundries     

Workmen's    compensation    losses   and    in- 
dustrial   insurance    


.O.'ifi 
.008 
.014 

.038 


I    Machinery    repair  and   depreciation. 


Total 
cost. 

$1,847.43 
6,830.88 
547.47 
283.48 
8,39!;. 47 
6.310.C8 
6,449.50 

752.62 
165.50 
302.81 

783.81 

S2S.83 


Port  Wasliington 

Cost 

per 

SI],  yd. 

paved. 


-Name  of  Road- 


$0,035 

.271 


.420 
.275 
.187 

.034 
.008 
.012 

.031 

.032 


Total 

cost. 

Gravel. 

f    368.82 

2,843.95 


Blue  Mound. 
Cost 


4.411.72 
2,889.82 
1,969.52 

352.55 

81.50 

121.19 

320.55 

338.95 


per 
sq.  yd. 
paved. 

$0,074 
.428 
.018 
.010 
.402 
.292 
.258 

.034 
.007 
.008 

.038 

.040 


Total 
cost. 

$3,394.17 
19,551.28 
S19.34 
434.46 
18,404.57 
13,385.05 
11,775.94 

1.589.83 
325.38 
358.27 

1,721.73 

1,820.60 


Loomis. 

Cost 

per 

sq.  yd. 

paved 


$0,027 
.601 
.035 
.009 
.424 
.076 
.233 

.036 
.009 
.003 

.036 

.038 


Total 
cost. 


S    754.29 

16.945.30 

980.06 

252.51 

11.965.38 

2.137.9!i 

6,581.71 

1,007.51 

258.64 

94.79 

1,007.31 

1,065.16 


Totals    $1.57     $33,498.78  $1.30     $13,699.55  $1.61     $73,583.62     $1.53       $43,050.64 

Length   paved    11,805  ft.                 5,255  ft.  22,846  ft.  15,861  ft. 

"Width    paved    16  ft.                       18  ft.  IS  ft.  16  ft. 

Number   .sq.    yds.    (total) 20,798  sq.  .vds.  10,510  sq.  yds.  4.-i,692  sq.  yds.     28,197.3  sq.  yds. 

Average  haul  of  material 2  miles                1  mile.  H4  miles.  2     miles. 


Remarks. 


Includes   all    labor   and    material. 

Forms,    crossings,    etc. 

Delivered   on  Job. 

Cost  of  material  plus  freight,   if  any. 

All  labor  on  concrete  including  laying 
water    pipe   and    operating   pump 

Material    only. 

Material    only. 

Telephone,  blacksmith,  traveling  ex- 
penses of   foreman. 

Required  by  law  in  case  of  injury  or 
lost   time. 

Prorated  from  total.  Includes  depre- 
ciation iin   p'.pe.  at  33*"^. 


for  tractor  hauling  is  that  the  wagons  leave 
the  material  in  deep  piles  and  therefore  cause 
less  loss  ilue  to  material  getting  into  the  sub- 
grade.  Where  tractors  were  used,  the  trains 
were  pushcil  into  place  before  being  dumped, 
instead  of  backing  the  empty  train  out. 

It  is  believed  that  fur  balding  purposes  tract- 
ors should  have  a  beveled  wheel  in  tjrdcr  not 
to  disturb  the  crowned  macadam  roads  over 
which  nuich  haiding  must  be  done.  Such  bev- 
eling wi.uld  also  be  advantageous  to  the  en- 
gine as  cases  have  come  un<ler  the  writer's 
observation  where  every  spoke  on  the  ilrive 
wheel  was  broken,  due  to  the  entire  load  being 
carried  on   the  inner  edge  of  the  rim. 

Material  was  placed  on  the  road  in  two 
dilTcrent  ways:  CI)  the  rows  of  sand  and 
stone  were  placed  close  together  and  the 
teams  delivering  the  cement  were  cnmpellcd 
to  drive  on  the  bcrm,  (2)  the  sand  and  stone 
were  separated  and  the  cement  teams  were 
permitted  l<>  drive  up  the  center  of  the  road. 
•  t  is  highly  advantageous  to  get  a  large  (luan- 
tity  of  m;iterial  ahead  in  ortlcr  to  avoiil  any 
possible  delays  in  shipping  and  also  any  delays 
in  hauling.  The  longer  the  haul  the  more 
advantage  the  tractors  will  have  over  the 
teams. 

Water. — Another  problem  that  is  often  difTi- 
ciill  in  concrete  road  construction  is  the  sup- 
plying of  sufficient  water,  which  averages 
shout  4,000  gals,  per  day  per  crew.  In  all 
cases   a   2-in.    pipe    line    was    laid     from     the 


used    on    the    work   during    1913    is    given    in 
Table   III. 

Under  favorable  conditions,  such  a  crew 
should  mix  and  place  about  tlOII  s(|.  yds.  of 
pavement.  Due  to  the  fact  that  the  roads 
were  comparatively  narrow,  wheel-harrows  of 
large  capacity  were  used  in  order  to  make  the 
number  of  men  ahead  of  the  mixer  as  small 
as  possible.  .\  batch  consisted  of  twn  liags 
of  cement,  I  cu.  ft.  of  sand  on  one  wheel- 
barrow, 7  ■••u.  ft.  of  stone  on  two  wheel-bar- 
rows, .'^iich  a  combination  makes  fewer 
whcel-barrows  to  flump,  thus  loading  the  hop- 
pei  <|uickcr  and  also  lesscnii\g  the  chance  for 
errors  in  Retting  the  proper  mixture  for  ;iny 
batch 

I'lociiig. — Forms  were  placed  as  far  as  pos 
sihie  in  arlvancc  (iisiiallv  about  MOO  ft.)  ir 
order  to  avoid  any  suilden  change  in  the 
grade,  as  the  grades  are  given  only  :\t  inter- 
vals of. 10(1  ft.  The  forms  used  were  2x<l-in. 
iilanks  with  an  angle  ir'in  facing  on  one  edge. 
These  were  staked  with  iron  pins  and  held 
firmlv  to  line  and  to  grade.  The  concrete 
was  brought  to  place  in  some  cases  by  spouts 
and  in  some  by  booms.  Unless  a  two-course 
pavement  is  to  he  built  the  writer  believes 
that  the  spout  machine  is  preferable  In  no 
case  were  horse  carts  used  as  the  width  is 
too  narrow  for  convenient  handling  and  the 
carts  also  prohibit  the  placing  of  concrete  for  a 
longer  lime  after  a  rain  than  do  cither  of 
the  other  methods  of  placing.     Concrete  was 


Joints. — In  all  cases  during  101.3,  armor 
plates  were  used  ti'ith  an  asphaltic  felt  M 
in.  thick  :'.iid  the  depth  of  the  pavement.  In 
Milwaukee  t'ounly  the  spacing  of  the  joints 
has  been  increased  from  2."i  ft.  to  35  ft.  and 
in    ll'l  1   will   be  increased   to  50   ft.     The   rea- 


Fig.   6.      Method    of   Conducting    Work — Lay- 
ing, Finishing  and  Covering. 

son  for  this  increase  is  the  lack  of  cracks  in 
the  pavements  already  constructed.  ."Xs  be- 
fore staled,  the  writer  believes  one  reason 
for  this  lack  of  cracks  is  the  thorough  de- 
struction of  the  old   road,  thus  giving  a  uni- 
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form  subgrade  for  the  pavement,  also  the 
completion  of  the  grading  some  distance 
ahead  and  the  more  or  less  complete  drain- 
age  obtained. 

-ABSTRACT       OF       SPECIFICATIONS       FOR       CONCRETE 
ROADS. 

The  following  abstract  from  the  specifica- 
tions for  this  work  give  the  detailed  methods 

used. 

Cement.— Some  standard  brand  of  Portland 
cement  shall  be  used  which  has  been  in  prac- 
tical use  on  public  work  and  shall  have  proved 
satisfactory  therein.  No  brand  of  cement  shall 
be  used  which  the  Engineer  deems  unfit  for 
the  worl;,  nor  shall  any  cement  be  used  which 
fails  to  (rive  satisfactory  results  according  to 
the  standard  methods  of  testing  as  provided  by 
the  American  Society  for  Testing  Materials. 
The  contractor  shall  provide  sufBcient  means 
to  protect  the  cement  against  dampness,  and 
no  cement  shall  be  used  which  has  become 
caked. 

In  case  the  county  furnishes  the  cement  de- 
livered either  F.  O.  B.  cars  or  on  the  work, 
bags  will  be  charged  to  the  Contractor  at  the 
rate  of  10  cts.  each,  which  will  be  credited  to 
him  upon  the  return  of  the  same,  in  acceptable 
condition,  to  the  company  furnishing  the  ce- 
ment. The  Contractor  shall  tie  the  sacks  in 
bundles  of  50  each  in  a  manner  approved  by 
the  Commissioner  and  shall  secure  from  said 
cement  company  receipts  for  said  bags,  in  ad- 
dition to  marking  the  number  on  both  copies 
of  the  delivery  tickets  at  the  time  said  sacks 
are  turned  over  to  the  cement  company's 
teams.      Each    bundle   shall    be   tagged    in   such 

TABLE      VI.— COST      OF     WOODEN     GUARD 
RAIL     (WISCONSIN     STANDARD    TYPE). 

Cost  per 

Total         linear 

Item.  cost.  foot. 

Length     '. .  ■  •         S,637         

Labor     $1,472.05         ?0.16 

Lumber     1,129. IS  .13 

Paint   and   hardware 231.12  .OJ 

Workmen's   compensation    (pro- 
rated)              69.63  .01 

Equipment  depreciation  and  re- 
pair (prorated)    73.64  .01 

Totals   (for  single   rail) $2,975.62        $0.34 

a  manner  as  will  completely  show  the  name  of 
the  contractor  to  whom  credit  should  be  given, 
as  well  as  the  name  and  number  of  the  road. 
Any  bags  which  may  become  lost,  torn,  hard 
or  otherwise  not  acceptable  to  the  receiving 
company  shall  be  paid  for  by  the  Contractor. 
Any  cement  which  may  be  delivered  in  good 
condition  F.  O.  B.  cars  or  on  the  work,  and 
which  may  become  lost  or  unfit  for  use  through 
negligence  of  the  Contractor  or  his  employes, 
shall  be  paid  for  by  the  Contractor  at  the  rate 
which  is  charged  to  the  County  by  the  company 
delivering   said    cement. 

Contractor  shall  provide  facilities  on  the  job 
for  properly  protecting  and  keeping  in  good 
condition   at    least    1,000   bags   of   cement. 

Coarse  Aggregate.— The  coarse  aggregate 
shall  consist  of  clean,  hard,  sound  flint,  or  other 
hard  siliceous  pebbles,  having  a  reasonably  uni- 
form graduation  from  a  size  wliich  will  pass 
through  a  I'/j-in.  round  screen  to  a  size  that 
is  retained  on  a  'A-in.  screen,  and  no  gravel 
composed  In  part  of  slate,  shale  or  disintegrated 
stone  may  be  used.  Crushed  granite,  quartzite, 
limestone,  or  trap  rock,  graded  to  the  size  spe- 
cified above,  may  be  used  upon  the  approval 
of  the  engineer.  In  no  case  will  coarse  aggre- 
gate be  approved  which  has  a  French  coeffi- 
cient of  wear  of  less  than  10,  and  none  having 
any  dimension  greater  than  two  Inches  will 
be  allowed  to  be  used.  The  right  is  reserved 
to  reject  for  cause  any  or  all  stone  or  gravel 
delivered   on   the   work. 

Fine  Aggregate.— The  tine  aggregate  shall 
consist  of  clean,  sharp  grains  of  silica  or  hard 
silica  rocks,  and  shall  not  contain  over  3  per 
cent  of  clay  or  loam.  The  fine  aggregate  shall 
have  a  reasonably  uniform  graduation  from  a 
size  which  will  pass  through  a  ^4-ln.  screen 
down.  Sand  containing  an  appreciable  per- 
centage of  flat  flakes  shall  not  be  used.  Fine 
aggregate  other  than  the  above  may  be  used 
only   upon   the   approval  of  the   Engineer. 

Pit   Run   Gravel. — Pit   run   gravel  shall  not  be 


used  except  when  screened  to  the  above  two 
sizes  and  delivered  separately  on  the  road. 
Aggregate  containing  lumps  of  clay  or  frozen 
material  will  not   be   accepted. 

Proportions  for  Concrete. — The  concrete  for 
work  provided  for  herein  shall  consist  of  1 
part  of  cement,  2  parts  of  fine  aggregate,  and 
3 Mi  parts  of  coarse  aggregate,  unless  a  larger 
proportion  of  coarse  aggregate  shall  be  ordered 
in  writing  by  the  Engineer,  in  which  case  a 
suitable  deduction  shall  be  made  in  the  con- 
tract  price    if   the   Contractor  provides   the   ce- 

TABLE  VII.— COST  OF  TARRING  CONCRETE 
ROADS. 

Cost  per 

Item.  Total  cost.      sq.  yd. 

Number  of  square  yards    58,0fi2        

Material   for  tarring    $2,989.61         $0.05 

Labor     2,840.99  .049 

Coal   and  sundries    72.54  .002 

Workmen's  compensation 

(prorated)      145.12  .002 

Equipment    depreciation    and 

repair    (prorated)    153.44  .003 

Totals     $6,201.70         $0,106 

ment.  The  aggregate  shall  be  placed  in  the 
mixer  in  such  manner  as  to  insure  that  a  uni- 
form amount  of  each  class  of  aggregate  is  used 
in  each  batch  of  concrete;  and  the  method  of 
measuring  the  aggregate,  whether  in  wheel- 
barrows or  otherwise,  shall  be  approved  by 
the  Commissioner.  One  sack  of  cement,  94 
lbs.  net  weight,  is  to  be  considered  as  one 
cubic  foot,  and  all  measurements  are  to  be 
by  volume. 

The  mixture  above  specified  requires  1.68  bbls. 
of  cement  to  the  cubic  yard  of  finished  con- 
crete. If  the  county  furnishes  the  cement,  the 
contractor  will  be  allowed  to  use  not  more  than 
5  per  cent  in  excess  of  this  amount  In  any 
day's  run.  and  if  the  above  amount  is  exceeded 
by  more  than  5  per  cent,  the  cost  of  the  excess 
cement  at  its  price  delivered  to  the  contractor 
shall  be  deducted  from  the  contract  sum.  If  a 
different  proportion  stiall  be  ordered  by  the  en- 
gineer, the  cement  content  shall  be  changed 
accordingly,  but  the  remainder  of  this  para- 
graph  shall   remain   in   effect. 

Roadbed. — The  roadbed  shall  be  considered  as 
that  portion  of  the  road  upon  which  the  con- 
crete is  placed.  The  roadbed  shall  consist  of 
the  natural  earth  which  has  been  brought  to 
the  proper  cross  section  and  rolled  until  firm 
and  hard.  WTien  soft  spots  occur  in  the  road- 
bed, they  shall  be  dug  out  and  the  soft  ma- 
terial replaced  with  good  dirt  or  other  material 
that  will  thoroughly  compact.  When  the 
natural  roadbed  is  so  .sandy  that  no  compaction 
can  be  secured,  the  rolling  may  be  omitted. 
Immediatel.v  before  concrete  is  poured  on  the 
roadbed,    it    shall    be    carefully    brought    to   the 

TABLE   VIII.— SUMMARY  OF  COST. 


Unit 

Item.  Quantity,  cost. 

Earthwork   (cu.   yds.)    ...     56,256     $0.76 

Guard    rail    (lin.    ft.) 8,637 

Tarring    (sq.    yds.) 58,062 

Surface  built  by  force 
account,  avge.   haul  1.6 

miles   (sq.   yds.) 105,368 

Surface  built  by  contract, 
avge.  haul  1.6  milee 
(sq.    yds.)    112,358 


0.34 
0.106 


1.55 


Total. 

$42,712 

2,976 

6,202 


163.833 


1.63       171,233 


proper  cross  section  and  tamped  until  firm  and 
even  with  a  hand  tamper  weighing  at  least 
one-half  pound   to  the  square  inch. 

Side  Forms. — Before  placing  concrete.  two- 
Inch  plank,  free  from  warp  and  knot  holes 
shall  be  placed  on  edge  and  securely  staked 
in  line  with  the  outer  edge  of  the  pavement, 
the  upper  edge  of  the  plank  conforming  to  the 
finished  grade  of  the  edge  of  the  road.  Metal 
forms  may  be  used  upon  the  approval  of  the 
Commissioner.  Wooden  forms  shall  be  thor- 
oughly wetted,  and  metal  forms  oiled  before 
depositing  concrete  against  them.  All  mor- 
tar and  dirt  shall  be  removed  from  forms  pre- 
viously  used   before    placing   concrete. 

Mixing  Concrete. — Concrete  shall  be  mixed 
with  a  batch  mixer  of  a  type  approved  by  the 
Commissioner.  The  concrete  materials  shall 
receive  at  least  five  complete  turns  before  be- 
ing discharged,  and  If,  In  the  opinion  of  th« 
Commissioner,  a  greater  amount  of  mixing  !• 
required,  the  above  number  of  turns  shall  b« 
increased   until   a  thoroughly   mixed   concrete  il 
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secured.  The  aggregate  shall  be  mUed  with 
sufficient  water  to  produce  a  concrete  which 
can  be  spread  into  position  with  a  template  or 
straight  edge,  and  handled  without  causing  a 
separation  of  the  coarse  aggregate  from  the 
mortar.  The  amount  of  water  used  shall  be 
increased  or  decreased  from  time  to  time  as 
may    be    directed    by    the    Commissioner. 

Placing  Concrete.— The  concrete  for  the  road- 
way shall  be  placed  between  the  forms  before 
described,  the  entire  thickness  of  the  concrete 
being  placed  at  one  time.  When  ordered  by 
the  Commissioner,  the  subgrade  shall  be  wetted 
to  his  satisfaction  before  concrete  is  deposited. 
After  the  concrete  has  been  deposited  between 
the  forms,  it  shall  be  spaded  and  tamped  until 
the  mortar  flushes  to  the  top,  and  the  con- 
crete shall  be  placed  in  such  quantity  that 
there  shall  be  a  slight  e.Kcess  between  the 
forms.  The  surface  of  the  roadway  shall  then 
be  shaped  to  conform  to  the  required  cross 
section  by  striking  off  with  a  templet  or  strike 
board  cut  to  the  proper  shape.  This  templet 
shall  be  drawn  along  the  forms,  and  shall  be 
held  securely  against  the  top  of  the  forms, 
and  shall  be  moved  with  a  combined  longi- 
tudinal and  crosswise  motion  which  will  pre- 
vent dragging  the  larger  particles  of  the  ag- 
gregate and  marring  the  surface.  The  templet 
shall  be  cut  to  crown  for  a  distance  at  least 
one  foot  greater  than  the  width  of  the  con- 
crete. When  the  strike  board  is  within  three 
(3)  feet  of  a  transverse  joint  it  shall  be  lifted 
to  the  joint  and  the  pavement  struck  by  mov- 
ing the  strike  board  away  from  the  joint;  any 
excess  concrete  shall  be  removed.  Concrete 
adjoining  transverse  joints  shall  be  dense  in 
character  and  any  holes  left  by  removing  any 
device  used  in  installing  the  joint  or  filler  shall 
be   Immediately   filled   with   concrete. 

Concrete  shall  be  handled  rapidly  into  place 
and  successive  batches  deposited  in  a  con- 
tinuous operation.  Whenever  an  interval  of 
more  than  30  minutes  shall  elapse  between 
batches,  an  expansion  joint  shall  be  provided 
and  installed  in  the  same  manner  as  at  the 
regular  Joints.  A  visible  line  of  demarcation 
between  successive  batches  shall  be  proof  con- 
clusive that  the  foregoing  was  not  complied 
with,  and  the  block  In  which  the  same  occurs 
shall  be  rebuilt. 

No  concrete  shall  be  deposited  at  a  tempera- 
ture of  less  than  40°  F.  unless  all  materials 
shall  be  heated  and  the  concrete  afterwards 
protected  to  the  satisfaction  of  the  Com- 
missioner. 


(.rly  afford  to  disregard  time  as  such  and  to 
seek  economy  of  total  costs  alone. 

Definition  of  Contractor's  Economical  Time. 
— There  are  comparatively  few  pieces  of  work 
which  can  only  be  economically  accomplished 
by  the  use  of  some  one  particular  equipment 
and  of  some  one  particular  method.  In  gen- 
eral, there  are  a  number  of  equipments  and 
methods  which,  depending  upon  the  genius  of 
those  in  control  for  management  under  the 
conditions  obtained  will  yield  economical  re- 
sults, but  will  require  somewhat  different 
times  for  completion.  Leaving  out  of  account 
variations  in  required  time  due  to  such  causes 
there  is  for  each  sort  of  work  some  number 
of  working  days,  more  than  which  could  not 
economicaily  be  used  by  the  contractor.  Thus, 
on  a  pick  and  shovel  job,  the  employment  of 
less  than  a  certain  number  of  men  would  not 
be  economical  because  of  the  cost  of  the  fore- 
man and  superintendence:  similarly,  the  use  of 
more  than  a  certain  number  of  working  days 
by  a  contractor  would  be  uneconomical.  The 
same  thing  applies  to  any  job  for  which  an 
equipment  and  force  are  provided  sufficient  to 
complete  that  job  in  one  of  the  perhaps  several 
most  economical  ways  so  far  as  contractor's 
costs  are  concerned ;  and  to  this  somewhat 
varying  time  may  be  applied  the  term,  "Con- 
tractor's Economical  Time." 

Equipment  Warranted.— It  is  to  be  recog- 
nized that  small  total  contract  quantities,  in 
general,  only  warrant  the  employment  of  light 
and   easly  moved   equipments  and  that   as  the 


A    Method    of    Determining    Time    of 

Performance  of  Work  With  Special 

Application  to  Grading. 

The  time  factor  in  construction  work  is  a 
variable  which  is  dependent  upon  many  condi- 
tions nnd  is  often  of  considerable  importance. 
It  appears  that  a  practical  method  of  appro.xi- 
niating  the  number  of  working  days  to  be 
allowed  for  a  given  contract  is  by  carefully 
segregating,  analyzing  and  averaging  portions 
of  similar  work  performed  under  approxi- 
mately the  same  conditions. 

In  ?  paper  before  the  Society  of  Municipal 
Engineers  of  the  City  of  New  York,  Mr.  G.  L. 
Rennctt,  efficiency  engineer  for  the  New  York 
Board  of  Estimate  and  .Apportionment,  pre- 
sented a  general  discussion  of  this  subject  with 
a  detailed  method  of  handling  grading  work, 
which  is  in  use  by  Mr.  R.  II,  Gillespie,  chief 
engineer  of  sewers  and  highways  for  the 
Borough  of  Bronx,  New  York.  While  the  meth- 
ods and  costs  given  apply  directly  to  New 
York  City  conditions,  the  method  of  approach- 
ing the   prnhlem   is   applicable   to  any   locality. 

Contracts  commnnly  arise  from  demands 
which  in  themselves  are  cither  urgent  and  set 
for  a  particular  time  of  fulfillment  or  arc 
more  complaisant  as  to  time,  requiring  only 
ultimate  completion  within  rather  wide  time 
limits. 

Contracts  of  the  former  type,  for  emergency 
work  or  for  supplying  necessary  links  in  larger 
schemes,  can,  in  proportion  to  their  needs,  af- 
ford to  sacrifice  economy  for  dispatch.  Con- 
tracts of  the  latter  type,  which  includes  a  ma- 
jority of  street  improvement  work,  can  prop- 


Conjract  T.me  in  V/or  - 
T'Proper'Contract  Time_  J 
'"Contrcic  far'5  t^^nnmical  Time 

Fig.  1.     Curves  Showing  the   Relation   of  To- 
tal Cost  to  Contractor's  Economical   Cost. 


quantities  become  larger  more  and  still  more 
effective  equipments  are  warranted. 

But  this  may  be  modified  considerably  by 
the  amount  of  work  of  this  nature  done  or 
yet  to  be  done,  in  the  locality  of  the  contract 
in  question.  Thus  a  rather  small  contract  for 
rock  excavation  could  properly  be  given  a 
shorter  contract  time  in  the  northern  part  of 
Greater  New  York  where  rock  excavation  is 
constantly  in  progress  than  it  could  some- 
where out  on  the  shores  of  Long  Island  or 
soMtliern  New  Jersey. 

Relation  of  Labor  Cost  to  Equipment.— 
The  amount  of  equipment  to  he  employed  is 
seriously  effected  by  the  costs  of  labor  and  the 
ease  of  procuring  equipment.  Where  satis- 
factory labor  is  expensive  or  difficult  to  pro- 
cure, contractors  will,  in  general,  employ  ma- 
chinery of  a  type  which  otherwise  would  only 
be  used  on  much  larger  contracts,  resulting,  of 
course,  in  a  shorter  contractor's  economical 
time.  Where  machinery  can  be  easily  hired, 
equipment  will  often  be  used  on  small  jobs 
such  as  could  not  otherwise  be  afforded.  This 
affects  also  very  large  jobs  for  which,  where 
no  satisfactory  disposal  can  be  made  of  worn 
machinery,  equipment  is  often  provided  only  in 
such  quantities  that  it  shall  all  he  practically 
worn  out  wlien  the  job  is  completed. 

Pefinilinn  of  Total  Cost. — The  total  cost 
of  tnc  work  rather  than  the  cost  to  the 
contractor     is     the     matter    which     interests 


the  engineer  in  his  capacity  of  manager 
for  the  party  contracting  for  the  work.  And 
the  total  cost  is,  of  course,  the  contract  price 
plus  the  costs  of  surveys  and  designs,  plus  the 
costs  of  inspection,  superintendence  and  in- 
terest on  the  moneys  invested  by  partial  pay- 
ments or  otherwise,  all  of  which  latter  vary 
nearly  directly  with  the  time  taken  for  the 
work. 

Tzi'o  Methods  of  Determining  Time. — Two 
methods  of  ascertaining  the  time  to  be  allowed 
were  open : 

(a)  By  the  balancing  of  inspection,  superin- 
tendence, interest  and  similar  time  charges 
against  the  increased  costs  of  obtaining  and 
operating  equipments  of  more  capacity  than 
are  required  to  complete  the  contract  in  the 
contractor's  economical  time.  That  point  on 
the  curve  which  gives  the  least  total  cost,  is 
the  correct  time  to  allow  for  the  contract. 

(b)  By  plottmg  the  times  allowed  on  pre- 
viously completed  contracts  composed  mainly 
of  one  kind  of  work  and  which  had,  in  the 
judgment  of  the  engineers  in  charge  thereof, 
been  prosecuted  vigorously  and  with  adequate 
equipment,  a  series  of  curves  of  quantity  with 
reference  to  time  can  be  drawn  for  each  kind 
of  work,  each  curve  recognizing  in  its  equation 
some  particular  controlling  factor  of  variation. 
Having  such  curves  and  knowing  the  total 
quantity  of  work  to  be  done,  the  proper  con- 
tract time  can  be  ascertained  and  the  results 
combined  to  give  the  time  for  a  contract  in- 
cluding various  kinds  of  work. 

METHOD    .\. 

The  operation  of  the  first  method  for  ar- 
riving at  the  contract  time  is  shown  diagram- 
matically  in  Fig.  1. 

In  Fig.  1  the  curve  of  contractor's  costs 
shows  the  variation  in  cost  with  the  contract 
time;  the  curve  of  interest,  inspection  and 
other  time  charges,  the  variation  of  these  with 
contract  time.  The  curve  of  total  costs  which 
has  for  its  ordinate  at  each  point  the  sum  of 
the  ordinates  of  the  other  two  curves  at  that 
point,  shows  the  variation  of  both  with  the 
contract  time. 

The  cost  of  interest,  inspection,  etc.,  will 
decrease  therefore  with  a  decrease  in  contract 
time,  but  because  of  the  greater  cost  of  equip- 
ment, etc.,  necessary  to  complete  the  work  in 
less  than  a  contractor's  economical  time,  the 
contract  price  will  tend  to  increase.  That  time 
which  will  give  the  minimum  total  costs  for 
the  work  wliicli  should  accordingly  on  this 
sort  of  contract  be  used  as  the  "contract  time," 
will  therefore  be  somewhat  shorter  than  the 
"contractor's  economical  time." 

.•Xs  these  curves  do  not  show  variations  with 
regard  to  quantity  or  other  conditions  govern- 
ing any  one  sort  of  work,  one  such  set  of 
curves  is  necessary  to  determine  the  proper 
contract  time  for  each  total  quantity  of  each 
kind  of  work.  The  contract  times  can  later  be 
plotted  against  the  total  quantities  as  has  been 
done  for  Method  B.  shown  in  Figs.  2.  ,'1  and  4. 

It  is  to  be  noted  that  this  mcth»d  depends 
upon  a  curve  of  contractor's  costs,  which  can 
be  determined,  point  by  point,  for  the  total 
quantity  and  the  kind  of  work  to  which  this 
curve  applies,  only  by  designing  the  most 
efficient  plant  or  equipment  to  do  this  amount 
of  this  kind  of  work  in  each  of  the  varying 
times  assumed  and  from  the  use  and  costs  of 
these  plants  or  equipments,  arriving  at  the 
contractor's  costs. 

There  is  a  very  considerable  difference  in 
judgment  as  to  the  most  economical  plant  for 
any  given  contract  time  and  total  quantity  of 
work  to  be  done  and  still  more  difference  as  to 
the  delays  and  other  items  summed  up  in  the 
contractor's  costs.  This  is  apparent  to  those 
who  arc  familiar  with  the  variations  in  bid 
prices  on  works  of  such  magnitude  as  call  for 
new  and  specially  designed  equipments. 

.And  that  the  very  considerable  variation  in 
bid  prices  between  the  various  bids  received 
for  any  contract  is  not  all  due  to  differences  in 
the  profits  which  the  different  bidders  desire. 
is  quite  clear  to  those  who  have  studied  prices 
bid  when  work,  was  scarce  and  when,  there- 
fore, most  if  not  all  the  bidders  were  compet- 
inp  keenly  for  the  job. 

That  there  is  ample  room  for  considerable 
differences    between    even    the   most   carefully 
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estimated  contractor's  costs  and  the  actual 
costs  is  quite  evident  to  those  who  have  planned 
and  estimated  and  later  built  and  operated  con- 
tractor's plants. 

METHOD    u. 
Tn  view  of  the  large  number  of  assumptions 
which  must  l)e  made  and  the  work  involved  the 


permit  such  wall  building  and  filling  to  pro- 
gress simultaneously.  The  subsequent  parts  of 
Items:  special  structures  which  can  not  be  com- 
pleted until  after  the  main  item  is  completed; 
curb,   (lagging  or  bridgestone. 

The  curves  have  been  drawn   to  recognize.   In 
view    of    the    total    quantity    of   an    item    to    be 
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Fig.  2.     Curve  for   Earth   Excavation. 


first   method   has   been   discarded  in    favor   of 
the   second. 

RULES  FOR  INTERPRETING  CURVES  USED  IN* 
METHOD    B. 

Determination  of  Contract  Time. — To  deter- 
mine the  number  of  days  which  shall  be  writ- 
ten Into  an.v  contract  for  regulating  and  grad- 
ing as  the  number  of  working  days  to  be  al- 
lowed, the  curves  hereto  attached  are  to  be 
used  In  accordance  with  the  rules  herein  given. 

Explanation. — The  work  to  be  done  will  con- 
sist of  items  of  rock  or  earth  excavation  or  of 
filling  or  of  both,  of  curb,  of  flagging,  and  of 
brldge-f  tones.  These  may  or  may  not  be  ac- 
companied by  walls  of  dry  rubble,  rubble  in 
mortar,  or  concrete;  by  pipe  drains;  by  inlets; 
by  receiving  basins;  by  manholes;  by  piles;  and 
by   special   constructions. 

Items  Which  Govern. — Ordinarily,  work  on 
more  than  one  of  these  items  can  be  prose- 
cuted at  the  same  time.  C.ire  is  therefore  re- 
quired to  so  use  the  Inform.ation  available  of 
the  special  conditions  surrounding  a  proposed 
work  as  to  eliminate  from  consideration  all  of 
those  Items  and  all  parts  of  items  which  can 
properly  be  done  during  the  progress  of  some 
other  Item.  There  will  thus  be  left  as  the  de- 
termining factor  in  the  required  time  for  such 
work  one,  or,  more  rarely,  two  main  Items 
which  can  not  be  done  simultaneously  and  some 
preliminary  and  subsequent  parts  of   items. 

The  main  items  are  liable  to  be  earth  and 
rock  excavation  or  filling.  The  preliminary  part.'s 
of  Items:  the  excavation  of  sufflcient  earth  to 
permit  earth  and  rock  excavation  to  progress 
simultaneously;  the  building  of  sufficient  of  the 


done,  the  equipment  and  force  which  should  be 
used. 

They  show,  accordingly  each  for  its  condition, 
the  amount  of  time  for  any  total  quantity 
which  should  be  consumed  in  completing  that 
quantity. 

Rule  1. — If  the  time  for  a  part  of  an  Item  has 


clearly  under  one  condition  recognized  in  the 
curves  and  the  remainder  as  clearly  under  an- 
other, unless  the  equipment  and  force  which 
should  properly  be  used  for  doing  these  two 
parts  is  widely  different,  the  time  for  the  two 
parts,  each  taken  at  the  same  rate  of  accom- 
plishment as  if  the  total  quantity  came  under 
that  part's  condition,  shall  be  summed  to  give 
the   time   for  that   item. 

Rule  4. — If  the  eciuipment,  etc.,  should  prop- 
erly be  different,  the  time  for  each  part  of  the 
item  is  to  be  taken  as  if  the  quantity  for  this 
part  item  were  a  total  quantity  and  the  times 
so  obtained,  summed  to  give  the  total  time  tor 
the  item. 

Note. — It  is  to  be  remembered  that  the  con- 
tract provides  that  allowances  of  time  for  de- 
lays occasioned  by  the  weather,  or  by  any  act 
or  omission  on  the  city's  part,  are  to  be  made 
in  addition  to  the  number  of  working  days. 
No  consideration  need  be  given  in  their  deter- 
mm.atlon  to  any  conditions  arising  from  such 
causes. 

The  curves  represent  average  good  practice 
as  determined  from  the  records  of  many  con- 
tracts. They  do  not  represent  the  greatest 
progress  which  can  be  made  under  good  man- 
agement, and  if,  therefore,  conditions  arise  not 
provided  for  in  these  curves,  such  as  inability 
to  attack  the  work  in  more  than  a  few  points, 
unless  the  condition  is  very  severe,  no  addi- 
tional working  days  are  to  be  allowed  as  a  total. 

Rule  5. — For  time  necessary'  to  get  the  work 
started  after  being  ordered  ahead  and  for  stop- 
ping, after  completion,  10  working  days  are  to 
Ite   allowed   as   a   total. 

TYPICAL    EXAMPLES. 

The  following  examples  are  given  to  illus- 
trate the  use  of  the  curves. 
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Fig.  4.     Curve  for  Filling. 


to  be  estimated,  it  is  to  be  taken  therefore  at 
the  same  rate  of  accomplishment  per  day  as  is 
the   total  quantity. 

Rule   2. — Where   conditions   are    clearly   inter- 
mediate   between    those    shown    by    the    curves. 
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Fig.  3.     Curve  for  Rock  Excavation. 


pipe  draln.s,  inlets,  manholes  or  ba-slns  to  per- 
mit such  building  and  the  filling  to  progress 
simultaneously  or  the  building  of  sufficient 
wa'"s,  in  those  few  cases  where  such  wall  Is 
necessary    before    any    filling    can    be    done,    to 


Interpolation  Is  permissible,  but  where  doubt 
exists  It  Is  preferable  as  making  for  lower 
costs  to  take  that  nearest  diagrammed  condi- 
tion which  gives  the  longer  contract  time. 

Rule    3. — Where    a    part    of    an    item    comes 


E.raiiitle  1. — On  a  contract  with  a  center 
line  length  of  8,900  ft.  and  a  street  width  of 
100  ft.  there  are  the  following  items  and 
quantities : 

Earth    excavation    88,000  cu.  yds. 

Rock   excavation    26,700  cu.  yds. 

F^ll     151,100  cu.  yds. 

Dry   rubble  masonry    700  cu.  yds. 

Rubble   in   mortar 25  cu.  yds. 

12-in.    pipe    100  lin.  ft. 

18-ln.    pipe    575  lin.  ft. 

Manholes     4 

Guard  rail 5.800  lin.  ft. 

Lumber     7,500  ft.  (B.  M.) 

Filling. — It  is  known  that  over  a  portion  of 
the  work  where  filling  is  required  the  street  is 
located  on  a  swamp  where  settlement  will,  in 
all  prob.ibility,  take  place,  .^ssume  that  this 
settlement  will  amount  to  30,000  cu.  yds.  Then 
the  total  filling  required  to  complete  the  work 
would  be  151,100  +  30,000=181,100  cu.  yds._ 

The  sum  of  the  earth  and  rock  excavation 
amounts  to  114,700  cu.  yds.  It  should  he  as- 
sumed that  the  entire  excavation  is  to  be 
applied  to  making  the  fill  so  the  material  can 
be  considered   as   easily  available. 

The  balance  of  the  material  required  for  fill- 
ing (60,400  cu.  yds.)  must  be  obtained  frqm 
outside  sources.  It  is  further  known  that  the 
swamp  section  of  the  street  is  near  tide  water 
where  material  can  be  obtained  by  scows.  This 
material,  so  obtained,  should  be  classed  as 
material   "easily   available."    Even   though  the 
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;  dock  or  nearest  obtainable  landing  may  be  at 
I  some  distance  from  the  street  under  considera- 
I  tion,  and  especially  in  view  of  the  possibility 
I  of  obtaining  and  placing  this  filling  during  the 
'  progress  of  the  grading  on  other  portions  of 
the  work,  it  should  be  classed  as  "easily  avail- 
i  able." 

■  An  examination  of  the  filling  diagram  will 
therefore  indicate  that  considering  181,100 
cu.  yds.  as  "easily  available,"  332  days  should 
be  allowed,  and  adding  to  this  10  days  for 
starting  and  stopping,  we  have  342  days,  or  say 
345  days  for  the  contract  time. 

Excavatioti. — If,  on  the  other  hand,  we  con- 
sider the  excavation  and  know  that  the  earth 
cutting  averages  from  4  to  C  ft.  in  depth,  and 
•the  rock  4  to  8   ft.  in  depth,  and  that   10,000 
cu.   yds.    of    earth    must   be   excavated    before 
'  rock  excavation  can  begin,  and  that  thereafter 
'  both  will  be  carried  on  simultaneously,  we  will 
obtain  from  the  curves  the  following: 
lO.noo    cu.     vds.    earth    excavation     (at 

S^.OOO    rate)    27  days 

.0.700  cu.   yds.   rock  excavation 212  days 

239  days 
St.irtlng  and   stopping    10  days 

249  days 

If   we   consider    only   the   earth   excavation, 

I  and  assume  that  while  same  is  in  progress  the 

rock  will  be  excavated,  we  have  from  curves 

the  following : 

88,000  cu.  vds.   earth   excavation 2.'!.t  days 

Starting   and    stopping 10  days 

Total  time  required 245  days 

It  is  evident  from  the  above  that  the  fillint; 
required   on   the   work   controls   and    that   the 
contract  time  should  be  fixed  at  345  days. 
Example  2 — 

Earth   excavation    1,000  cu.  yds. 

RocI<   excavation    500  cu.  yds. 

Fining     120,000  cu.  yds. 

In  this  example  the  excavation  is  plainly  nut 
to  be  considered.  The  filling  if  easily  avail- 
able will  by  the  curves  require  268  days.  If 
not  easily  available,  filling  will  require  357 
days. 

To  either  of  these  10  days  should  be  added 
for  starting   and   stopping,   making   either   278 
davs  which   call  280  days,  or  307  days  which 
cafl  370  days. 
Exaiiif'lc  3— 

Earth   excavation    6,000  cu.  yds. 

Rnrl<   excavation    ' 6.000  cu.  yds. 

Fining     12,000  cu.  yds. 

If  earth  overlavs  rock,  the  quantity  of  earth 
which  must  be  removed  to  permit  rock  and 
earth  excavation  to  progress  simultaneously, 
must  be  determined  from  a  knowledge  of  the 
local  conditions.  If  these  conditions  show  that 
sav,  35  per  cent  of  the  earth  has  to  be  removed 
before  the  rock  excavation  can  be  properly 
commenced,  and  that  tlie  rock  has  an  average 
depth  of  four  feet  or  less,  the  times  required 
for  excavation  will  be : 

For  earth  35  per  cent  of  the  64  days  required 
by  curve  for  hand  labor  for  fi.OOO  yds. 

For  rock  114  davs  required  by  curve  for 
6,non  yds.  of  average  depth  four  feet  or  less^ 

The  sum  of  these  two,  plus  10  days  for 
starting  and  stopping  equals  Hfi  days  wliich 
call    150  davs. 

The  filling,  which  is  all  easily  available, 
would  onlv  require  00  days. 

Therefore  the  contract  time  for  this  jnli 
would  be  150  days. 

If  earth  and  rock  are  in  separate  cuts  and 
separately  approachable  so  that  the  two  sorts 
of  excavation  can  properly  progress  simul- 
taneouslv,  the  earth  excavation  need  not  be 
considered.  The  filling  will,  of  course,  not  be 
the  determining  factor  and  the  rock  excavation 
will  be.  llnt'er  these  conditions,  the  contract 
time  should  be  for  rock  excavation.  114  days 
plus  10  days  for  starting  and  stopping  equals 
124  days,  say  125  days. 
r.xainl<lr  4 — 

Earth    excavation    a"."""  c"-  V'}"- 

Rork  excavation    2.000  cu.  yds. 

Filling     3.000  cu.  yds. 

In  this  case,  the  earth  overlies  subgrade  rock 
throughout  most  of  the  work. 

The  rock  excavation  remaining  to  be  finished 
after  the  earth  excavation  is  completed  will 
amount  to  about  18  per  cent  of  the  total  rock 
excavation. 


i'he  filling  will  not  determine  the  required 
time. 

The  earth  excavation  being  all  in  shallow 
cut  will  be  taken  out  by  hand  labor,  thus  re- 
quiring 118  days. 

The  2,000  yd.  rock,  4  ft.  cut  or  less,  would 
require  36  days,  and  18  per  cent  of  this  would 
require  ti  days. 

The  sum  of  the  above  plus  10  days  start  and 
stop  equals  134  days  which  call  135  days. 
Example  5 — 

Earth    excavation    1.000  cu.  yds. 

Rock   excavation    6,000  cu.  yds. 

Filling     7,500  cu.  yds. 

Mere,  the  1,000  cu.  yds.  earth  overlies  the 
fi.OilO  cu.  yds.  rock  and  the  conditions  show- 
that  only  a  very  little  earth  will  be  taken  off. 
say,  200  yds.  befor*e  the  rock  is  commenced. 
Two  hundred  yards  earth  should  require  about 
one-fifth  of  the  24  days  required  by  hand  labor 
curve  for  the  total  1,000  yds.,  say  5  days. 
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curve  270  days,  so  that  270  days  is  good  for 
either. 

Therefore  270  "plus  10  days  stop  and  start 
gives  280  days  as  the  contract  time. 

The  application  of  this  method  to  others  of 
the  more  usual  types  of  municipal  work  is  ob- 
vious and  jn_spme  cases  is  under  way. 

The  confidence  of  contractors  in  general  in 
the  absolute  fairness  and  in  the  knowledge  of 
the  engineer,  will,  perhaps  as  much  as  any 
other  factor,  tend  to  lower  the  costs  of  work 
to  be  done.  .•\nd  to  this  end  a  uniform  method 
of  figuring  the  contract  time  rather  than 
guessing  at  it,  will,  it  is  believed,  contribute  in 
no  small  degree. 

It  is  probable  that  the  curves  herein  given 
will  require  modification  in  some  instances  to 
make  them  fit  to  the  experience  of  other  locali- 
ties, and  it  is  possible  that  a  further  study  of 
data  similar  to  that  upon  which  these  curves 
are  based  may  lead  to  somewhat  higher  or 
lower  averages  of  performance,  resulting  in 
shorter  or  longer  contract  time. 


Fig.  1.     Driver's  Time  Ticket,  Snow/  Removal, 
Boston,  Mass. 

Six  thousand  cubic  yards  rock,  of  a  four- 
foot  or  less  depth  of  cut,  requires  by  the  curve 
114  days. 

The  sum  of  the  above  plus  10  days  for  start 
and   stopping,   equals   12!)  days  which   call    1.30 
days,  ci>ntract  time. 
lixiimple  G — 

Earth    excavation    30.0no  cu.  yds. 

Rock   excavation    45.000  cu.  yds. 

Fllllnir   (e.isUv    avallahic)    120.000  cu.  yds. 

The  filling  will  require  by  the  curve  268  days. 

The  earth  and  rock  excavation  are  such  that 
thev  can  be  prosecuted  quite  simultaneously. 
The  rock  excavation  will  therefore  control  and 
has  an  average  depth  of  6  ft.,  requiring  by  the 


Methods  of  Handling  Snow  in  Boston, 
Mass. 

Snow  removed  in  Boston,  Mass..  is  a  some- 
what different  problem  than  it  is  in  most  cities 
because  the  narrow  streets  prevent  piling;  the 
snow  has  to  be  removed  as  fast  as  it  is  col- 
lected. The  organization  and  methods  em- 
ployed are  outlined  in  a  paper  presented  before 
the  Philadelphia  .Snow  Removal  Conference  by 
Mr.  L.  K.  Rourke.  commissioner  of  public 
works.     .\n  abstract  of  this  paper  follows: 

Traffic  has  not  been  blocked  by  snow  for 
many  years  in  the  city  of  Boston.  .\n  ordi- 
nance provides  that  the  abutters  must  re- 
move the  snow  from  the  sidewalks;  this  they 
usually  do  by  shoveling  it  into  the  gutters. 
The  city  forces  take  care  of  the  snow  between 
curbs,  except  on  streets  where  the  surface 
car  tracks  are  located. 

Divisiotis  of  ll'ork. — The  work  in  Boston  is 
divided  into  two  parts;  first,  the  handling  of 
snow  in  the  suburban  districts  on  about  470 
miles  of  streets;  second,  the  removal  of  snow 
in  the  city  proper  from  about  100  miles  of 
streets. 

The  work  in  the  suburbs  is  done  by  the 
regular  city  forces  and  consists  of  ploughing 
out  the  gutters,  cleaning  crosswalks  and.  when 
the  snow  is  deep  enough  to  warrant  it.  break- 
ing out  the  street  with  a  breaker  or  leveler 
usually  drawn  by  six  horses. 

The  task  in  the  city  proper  is  an  entirely 
clilTerent  proposition.  The  business  streets  of 
Boston  are  so  narrow  that  there  is  just  one 
thing  to  do  with  the  snow,  namely,  to  remove 
it  once  for  all;  there  is  no  such  thing  as 
piling  it  up  to  wait  for  a  thaw.  In  this  con- 
nection Boston  is  very  fortunate,  in  that  her 
i;rcat  water  front  furnishes  plenty  of  dump- 
ing places  with  a  short  haul.  To  a  limited 
extent,  snow  is  al.so  dumped  into  certain 
sewers 

Organization. — In  handling  what  inight  be 
termed  an  ordinary  storm,  up  to  6  or  8  ins. 
.■I  fall,  the  regular  city  forces  are  sufficient, 
consisting  of  about  I.OflO  men  and  3(i0  carts 
With  a  light  snow,  machine  sweepers  are  used 
to  sweep  the  snow  to  the  gutters,  where  it  is 
loaded  into  carts  by  haml.  .As  the  snow  be- 
comes heavier  on  the  smooth  paved  streets 
ordinary  road  scrapers  are  used  to  pile  the 
-.now  for  the  shovelcrs.  To  take  care  of 
heavier  storms,  such,  for  instance,  as  that  of 
last  February,  when  we  had  a  fall  of  23  ins., 
the  regular  city  force  is  inadeijiiale  and  extra 
help  is  provided  for.  as  follow  s : 

The  city  proper  is  divided  into  six  snow 
districts,  and  every  fall  bids  are  called  for, 
by  advertisement,  for  the  removal  of  snow 
by  the  cubic  yard,  cart  measurement,  in  these 
districts.  The  contracts  are  awarded  to  the 
lowest  bid<lcr.  No  amount  of  work  is  guar- 
anteed the  contractor ;  in  fact,  some  years  he 
receives  no  work. 

Equipnicfit.~The  equipment  of  the  con- 
tractors is  varied  and  comprises  single  and 
double  dump  carls,  pungs  and  motor  trucks, 
all  loaded  by  hand.  The  contractor  is  required 
to  coat  the  inside  of  his  carts  with  heavy  oil 


558 


Engineering    and    Contracting 


Vol.  XLI.     No.  19. 


or  grease.     The  carts  are  classified  according 
to  their  capacities,  as  follows: 

A.  Any  cart,  wagon  or  truck  holding  not 
less  than  1  cu.  yd.  and  not  2  cu.  yds.  (water 
measure  In  both  cases)  shall  be  deemed  to  hold 
only  1   cu.   yd.   and   be  classified  as  Class  A. 


Any  vehicle  once  classified  and  ticketed  shall 
remain  so  for  12  hours ;  i.  e.,  no  change  shall 
be  made  in  a  vehicle  which  will  increase  or 
diminish  its  capacity  during  that  time. 

Each  vehicle  must  be  provided  with  a  sign 
or  signs  of  such  form,  size  and  material  as 
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^  Fig.  2.    Tally  Sheet  for  Loading  and  Dumping    Foreman,    Snow    Removal,    Boston,    Mass. 


B.  Any  cart,  wagon  or  truck  holding  not  less 
than  2  cu.  yds.  and  not  2'^  cu.  yds.  (water 
measure  In  both  cases)  shall  be  deemed  to  hold 
only  2  cu.  yds.  and  be  classified  as  Class  B. 

C.  Any  cart,  wagon  or  truck  holding  not  less 
than  2^4  cu.  yds.  and  not  3  cu.  yds.  (water 
measure  In  both  cases)  shall  be  deemed  to  hold 
only  2V4  cu.  yds.  and  be  classified  as  Class  C. 

D.  Any  cart,  wagon  or  truck  holding  not  less 
than  3  cu.  yds.  and  not  S'/j  cu.  yds.  (water 
measure  in  both  cases)  shall  be  deemed  to  hold 
only  3  cu.  yds.  and  shall  be  classified  as  Class 
D. 

E.  Any  cart,  wagon  or  truck  holding  not  less 
than  3%  cu.  yds.  and  not  4  cu.  yds.  (water 
measure  In  liofh  cases)  shall  be  deemed  to  hold 
only  Z'A  cu.  yds.  and  shall  be  classified  as  Class 
E. 

F.  Vehicles  with  a  capacity  of  4  cu.  yds.  or 
over  (water  measure)  will  be  subject  to  spe- 
cial measurements  in  each  case.  Measurements 
will  be  made  under  direction  of  the  Commis- 
sioner In  the  presence  of  a  contractor's  repre- 
sentative, and  the  capacity  will  be  permanently 
marked  upon  the  vehicle  In  a  manner  satisfac- 
tory to  the  Commissioner. 


shall  be  required  by  the  commissioner.  Tlie 
signs  must  be  permanently  and  firmly  attached 
to  the  trucks  on  the  right-hand  side  of  the 
vehicle,  near  the  front  end,  in  a  manner  sat- 
isfactory to  the  commissioner,  and  shall  plainly 
show  the  contractor's  name,  the  registered 
number  of  the  truck,  the  class  and  tlie  regis- 
tered capacity.  No  vehicle  will  be  registered 
until  the  signs  have  been  permanently  attached 
and  no  account  will  be  taken  of  snow  hauled 
in  vehicles  which  liavc  not  the  proper  signs, 
and  should  it  be  found  at  any  time  that  a 
vehicle  is  used  with  a  sign  or  signs  upon  it 
to  which  it  is  not  entitled,  the  latter  must  be 
replaced  with  the  proper  sign  or  signs,  and 
any  previous  tickets  issued  on  account  of  snow 
hauled  in  said  vehicle  must  be  corrected  to 
conform  lo  the  facts,  and  any  excess  allow- 
ance of  sno^v  which  may  have  been  already 
made  shall  be  deducted. 

After  the  teams  are  measured  and  classified, 
a  ticket.  Fig.  1,  is  given  each  driver.  This 
ticket  is  kept  by  the  driver  during  the  day  or 
night,  as  it  may  happen  to  be,  and  at  the  close 
of  the  period  lie  is  supposed  to  turn  the  ticket 
over  to  his  employer,  the  contractor.     On  de- 


livering his  bill  for  payment  the  contractor 
must  accompany  the  same  with  these  official 
tickets.     No  payment  is  made  for  tickets  lost. 

Method  of  Conducting  Work. — The  commis- 
sioner stations  at  each  of  the  places  designated 
by   him    for   loading   snow   and   ice,   a   loading 
foreman,  or  other   representative,  whose   duty 
shall  be  to  punch  the  official  tickets  presented 
by  the  drivers  of  the  vehicles  engaged  in  the 
removal   of   snow  and   ice.     These  tickets  are 
to  be  punched  at  the  nearest  division  of  time 
as  printed   on  the  said  tickets  and  only  when 
the  vehicle  is  fully  loaded  at  the  place  desig- 
nated and  th.e  ticket  is  presented  by  the  driver 
himself  with  the  vehicle  containing  the  snow 
and    ice.     These   tickets   are   to   have   entered 
upon  them  in  indelible  ink  a  series  number  of 
the  vehicle,  together  with  its  letter  of  classifi- 
cation and  the  capacity.     The  tickets  are  sub- 
ject to  comparison  at  any  time  during  the  con- 
tinuance  of   the  contract   with   the   register  in- 
the  central  ol'fice  of  the  Public  Works  Depart- 1 
ment,    and    if    at    any    time    discrepancies   arej 
found   to   exist  between   them,   the   figures   o£j 
the   register  are   to  be  taken   as  correct,   sub-l 
ject,    however    to    an    ofiicial    measurement   ifi 
requested  by  the  contractor. 

At  each  of  the  designated  dumping  points! 
the  commissioner  shall  station  a  dump  fore-' 
man,  or  other  representative,  whose  duty  shall 
be  to  punch  the  official  tickets  at  the  nearest 
division  of  time  as  printed  on  said  tickets  of 
those  drivers  who  have  discharged  full-sized 
loads  of  snow  and  ice  at  the  proper  place. 

As  an  additional  check  on  this  system,  a  tally 
sheet.  Fig.  2,  is  kept  by  both  the  loading  and 
dumping  foremen.  As  each  ticket  is  punched 
by  the  loading  inspector,  he  enters  on  this 
sheet  the  number  of  the  cart  and  the  time  the 
ticket  was  punched.  .A  similar  entry  is  made 
by  the  dumping  inspector.  These  sheets  are 
sent  to  the  main  office  at  the  end  of  each 
period  of  work  and  there  placed  on  file. 

In  the  removal  of  snow  the  street  railway 
assists  materially,  although  there  is  nothing  in 
its  franchise  which  compels  this.  In  order  to 
run  its  cars,  the  company  removes  the  snow 
from  its  tracks  by  ploughs,  which  leaves  the 
snow  piled  up  in  a  ridge.  A  city  ordinance 
forbids  the  depositing  of  snow  in  any  street 
unless  it  is  left  in  a  safe  condition.  For  the 
railway  to  comply  with  this  ordinance,  it  is 
necessary  for  it  to  remove  the  snow  ridge 
left  by  its  ploughs.  This  is  done  by  loading  i 
the  snow  into  carts  and  pungs  and  hauling  to  j 
the  nearest  dumps.  In  addition,  at  night,  the 
railway  runs  gondola  cars  for  hauling  away 
the  snow.  These  cars  are  hauled  to  one  of 
our  niirnero'.is  bridges  where  the  snow  is  un- 
loaded into  the  water.  This  method  of  re- 
moving snow  by  cars  is  the  most  efficient  of  i 
any  in  vogue. 

In  conclusion,  the  main  point  in  coping  witti  j 
a  snow  storm  efl^ectually  is  to  tackle  it  early  j 
and   keep   up  witli   it. 


i\ 
Method  of  Staking  Out  a  Bridge   Site.—  , 

Tile    following  is  a   mcthiid   of   staking  out  a  J 
bridge  site   recommended   by  -Mr.  .A.  R.  Hirst 
in   his  instructions  to  superintendents: 

Where  it  is  decided  to  stake  out  a  bridge, 
the  center  line  should  first  be  established  by 
fixing  center  points  at  some  distance  away, 
preferably  at  the  limit  of  sight  in  each  di- 
rection. Permanent  stakes  should  then  be' 
lined  by  ."lighting  between  these,  one  near  each 
end  of  the  bridge,  and  a  nail  be  driven  in 
each.  All  later  measurements  should  be  from 
this  line.  The  footings  should  first  be  laid 
out  with  reference  to  the  center  line.  Ahtt 
this  the  neat  work  of  the  abutments  also  from 
the  center  line,  and  lastly,  the  superstructure. 

In  this  way  a  mistake  in  the  beginning  of 
the  work  will  not  be  continued  in  the  later 
work,  and  even  if  the  abutments  should  be 
built  slightly  out  of  line,  the  superstructure 
can  be  properly  placed,  so  as  to  be  in  line. 

Where  grade  is  shown  on  drawings  it  is 
usi'ally  by  a  spike  driven  in  a  nearby  tree 
or  telephone  pole.  Where  the  commissioner 
does  his  own  staking,  this  method  of  mark- 
ing the  final  grade  should  be  used. 
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Experts'  Preliminary  Report  on  Future 
Water  Supply  and  Sewage  Dis- 
posal Policy  of  Chicago. 

\  An  article  on  the  present  status  ot  water 
,  supply  and  sewage  disposal  conditions  in  Chi- 
cago published  in  the  sewerage  section  of  this 
journal  for  April  15,  1911,  announced  the  em- 
ployment by  the  Chicago  Real  Estate  Board  of 
a  board  of  experts,  not  previously  interested 
in  Chicago  sanitary  matters,  to  make  a  study 
of  these  conditions  and  to  recommend  a  fu- 
ture sanitary  policy  for  the  city.  The  board 
of  experts,  composed  of  George  A.  Soper  of 
New  York  City,  John  D.  Watson  of  Birming- 
ham, England,  and  Arthur  J.  Martin  of  Lon- 
don, England,  met  in  Chicago  on  April  18  and 
studied  the  situation  at  close  range  for  a 
period  of  two  weeks.  Their  preliminary  re- 
port, dated  May  1,  is  here  presented  in  sub- 
stance. The  studies  were  made  by  an  actual 
held  inspection  of  conditions,  the  board  fol- 
lowing the  course  of  the  sewage  along  the 
Chicago  River,  the  Main  Drainage  channel,  the 
Desplaines  and  Illinois  Rivers  for  a  total  dis- 
tance of  128  miles,  and  by  the  study  of  re- 
corded data  freely  supplied  by  various  offi- 
cials, engineers  and  others.  The  possibilities 
,  of  various  methods  of  disposing  of  the  sew- 
age, other  than  by  the  present  plan,  were  con- 
sidered in  the  light  of  available  data.  The 
board  of  experts  confined  themselves  to  the 
large  and  essential  aspects  of  the  problems 
before  them  and  did  not  enter  into  minor  de- 
t.-iils.  The  following  are  excerpts  from  the  re- 
rt : 

EXISTING  PL.\N  OF  DISPOS.\L. 

The  plan  of  main  drainage  and  sewage  dis- 
posal  in   Chicago  is  based  on  the  assumption 
that  Lake  Michigan  forms  the  only  source  of 
drinking  water   available   and   that   the  purity 
:  of  the  water  can  be  insured  if  the  sewage  is 

■  prevented    from   flowing  directly   or  indirectly 

■  into  the  lake. 

The  works  built  to  dispose  of  the  sewage 
have  been  based  on  the  theory  that  it  would 
.  be  permissible  to  discharge  the  crude  sewage 
I  of  the  city  into  the   Chicago   River  and   flush 
:  it   with    a   certain    amount    of    diluting    water 
from  the  lake,  by  means  of  the  Sanitary  Drain- 
age and  Ship  Canal,  into  the  Desplaines  River 
system,  which  ultimately  empties  into  the  Gulf 
i  of  Mexico. 

It   appears    that    the    theory    underlying   the 
plan   of    disposal    which    is   in    force   was   de- 
cided upon  before  the  works  were  constructed 
■id  the  nrganic  law  providing  for  the  creation 
'he  -Sanitary  District  specified  the  allowance 
.  water  which  was  to  be  provided  for  dilut- 
ing  purposes.      It    has    been    stated    since   the 
canal   was   built   that   the   ratio   of    sewage   to 
water  required  for  the  disposal  of  the  sewage 
represented    a   minimum,    not   an    average,   or 
maximum,  figure;  and  that  it  referred  to  the 
sewage   of    a    mixed    residence,    and    business 
territory     from    which    unusual     amounts     of 
iroublcsoinc  trade  wastes  were  excluded.     The 
accuracy   or   otherwise   of   the   statements  has 
little  hearing  on  the  situation.     The  conditions 
of  sewage  disposal  which  exist  in  the  Chicago 
River  and   its  outlet   are   conceded   to   be   un- 
'  satisfaitory,    and    it    is   our   opinirm    that    the 
disposal    of    the    sewage    cannot    be    made    to 
fn^wer  the   reasonable  demands  of  sanitation 
'hniit  radical   improvement. 

IRKSKNT    OirAI.ITV    OK    THE   WATER    SUPPI^Y. 

I  be  vital  statistics  of  the  city  apparently 
"w  that  the  present  method  of  sewage  dis- 
I'sal  abundantly  protects  the  drinking  water 
against  infection.  The  lowered  death  rate  and 
|he  typhoid  death  rate  have  been  taken  to 
indicate  the  measure  of  this  protection.  It  ap- 
pears that  Chicago  has  one  of  the  cleanest 
and  purest  waters  of  any  large  city  in  Amer- 
ica. It  seems  unnecessary  to  review  the  ev- 
idence or  inquire  whether  all  the  improvement 
in  the  death  rate  and  typhoid  rate  is  to  he 
ascribed  to  the  water  supply.  It  is  suflicient 
'o  remark  that  there  seems  generally  to  have 
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been  sufficient  protection  afforded  up  to  the 
present  time. 

The  method  of  disposing  of  the  sewage  is 
not  the  only  protection  which  has  been  taken 
against  the  transmission  of  disease  by  means 
of  the  drinking  water.  The  intake  cribs,  of 
wdiich  there  are  six,  have  been  extended  fur- 
ther and  further  out  into  the  lake,  until  one 
is  about  four  miles  from  shore.  If  the  re- 
versal of  the  flow  of  the  Chicago  River  is 
complete  and  no  sewage  is  discharged  into 
the  lake,  it  is  difficult  to  understand  the  neces- 
sity for  placing  the  intakes  so  far  from  the 
land.  .'Vgain,  it  is  not  apparent  why  one  of 
the  intakes  should  be  four  miles  from  shore 
and  the  others  between  two  and  three  miles 
from  the  land.  Apparently  the  object  in  plac- 
ing the  intakes  out  as  far  as  practicable  into 
the  lake  has  been  to  avoid  not  only  contami- 
nation along  the  water  front,  but  to  get  water 
which  is  clear.  At  times  of  storm  the  water 
of  Lake  Michigan  becomes  turbid  near  shore, 
clay  being  conspicuously  present.  .-Xftcr  fresh 
easterly  winds  even  the  best  water  obtainable 
from  the  four-mile  crib  becomes  noticeably 
turbid. 

-As  a  means  of  protecting  the.  water  supply 
against  occasional  and  accidental  pollution 
from  vesesls,  which  may  have  occasion  to  pass 
near  the  intake  cribs,  steps  have  been  taken 
to  place  tanks  upon  the  boats  to  receive  their 
sewage.  Arrangements  have  been  made  at 
some  of  the  intakes  for  the  application  of 
hypochlorite  as  a  temporary  or  permanent  pro- 
cedure. Statistics  show  that  those  parts  of 
the  city  supplied  with  this  disinfected  water 
have  been  particularly  free  from  typhoid 
fever. 

CONPITION      OF     THE     DESPLAINES      ANP      lU-INOIS 
RIVERS. 

The  condition  of  the  Desplaines  and  Illinois 
Rivers  with  respect  to  pollution  produced  a 
strong  impression  on  the  experts.  On  the 
days  when  the  inspections  were  made  the 
water  was  offensively  polluted  with  sew-age 
as  far  as  Ottawa,  on  the  Illinois  River,  85 
miles  from  Lake  Michigan.  Where  bridges 
crossed  the  stream  it  was  possible  to  see  un- 
mistakable evidences  of  the  sewage.  Odors 
were  noticeable,  grease  lay  upon  the  surface  of 
the  river,  dead  fi.sh  were  numerous,  and  large 
(juantities  of  sewage  fungus  were  observable 
in  the  water.  Disagreeable  odors  were  notice- 
able at  a  distance  of  nearly  one-quarter  of  a 
mile  from  the  Marseilles  dam.  ."Xbove  this 
point  the  board  is  infnrmed  that  animal  and 
vegetable  forms  which  arc  natural  to  a  nor- 
mal river  are  absent.  Through  the  whole 
course  of  the  stream  from  Chicago  to  and 
below  Ottawa,  gulls  were  seen  feeding  on  the 
solid  refuse  which  the  sewage  brought  down. 
That  Joliet  and  other  municipalities  along  this 
water  course  discharged  their  sewage  and  in- 
dustrial wastes  into  the  water,  and  that  the 
condition  of  the  stream  is  now  bettor  than  it 
was  in  former  years,  does  not  excuse  .Chicago 
for  discharging  the  sewage  which  forms  the 
great  burden  of  polluting  matter  observed, 

OPINIONS   ANl)  Sl'RCESTIONS. 

To  the  foregoing  brief  statement  of  the 
situation  as  it  is  now  regarded  by  the  board 
of  experts  the  following  opinions  and  sugges- 
tions are  added  : 

Dilution  alone  cannot  be  relied  on  as  a  per- 
manently satisfactory  method  of  disposing  of 
the  sewage  of  the  district.  It  offers  an  insufli- 
cient  means  of  disposing  of  the  sewage  at  the 
present  time,  anrl  would  prove  still  more  in- 
adequate in  llic  future,  in  spile  of  the  full 
qu.nnlily  of  water  which  the  Drainage  Channel 
can  carry.  It  will  ultimately  be  necessary  to 
treat  practically  nil  the  sewage  before  it  is 
discharged. 

The  procuring  of  a  satisfactory  water  sup- 
ply by  diverting  the  sewage  to  the  Drainage 
Channel  ant!  extcmling,  or  altering,  the  loca- 
tion of  the  intakes  is  not  capable  of  furnish- 
ing a  drinking  water  of  suitable  quality.  For 
the  protection  and  improvement  of  the  supply 


the  city  should  look  forward  to  the  construc- 
tion of  filtration  works. 

The  conditions  of  sewage  disposal  and  water 
supply  which  now  exist  are  not  so  insanitary 
as  to  call  for  improvements  which  will  involve 
immediate  and  large  expenditures  of  money. 
Conditions  which  are  insanitary  in  the  extreme 
exist  in  places,  but  they  can  be  corrected  with- 
out excessive  cost.  The  great  need  is  for  a 
definite  and  carefully  worked  out  sanitary  pol- 
icy for  the  future. 

The  disposal  of  the  sewage  by  discharging 
it  into  the  Drainage  Channel  after  suitable 
preparation,  the  protection  of  the  water  sup- 
ply by  diverting  the  sewage  from  the  lake, 
and  the  maintenance  of  conditions  in  the  Chi- 
cago River  suitable  for  navigation,  are  closely 
connected  subjects  and  the  provisions  to  be 
made  in  future  for  sewage  disposal,  water 
supply  and  shipping  should  be  worked  out 
with  this  fact  clearly  in  mind.  The  prepara- 
tion of  comprehensive  plans  for  sewage  dis- 
posal, water  supply  and  river  development 
should  be  undertaken  immediately. 

It  is  practicable  at  this  time  to  enunciate 
certain  principles  and  lines  upon  which  it  may 
be  desirable  to  proceed.  The  suggestions  fol- 
low : 

1.  The  principle  of  diverting  the  sewage 
from  the  lake  should  be  adhered  to,  in  spite 
of  any  degree  of  sewage  purification  or  water 
purification  which  may  be  employed. 

2.  Full  advantage  should  be  taken  of  as 
large  a  volume  of  diluting  water  as  may  be 
obtainable  from  the  lake,  in  order  that  the 
cost  of  finally  disposing  of  the  sewage  may  be 
reduced  to  a  minimum. 

3.  Thorough  and  exhaustive  study  of  the 
capacity  of  the  drainage  channel  to  absorb 
and  o.xidize  sewage  should  be  made  in  order 
that  full  advantage  may  be  taken  of  the  op- 
portunities thereby  afforded  for  completing 
whatever  process  of  sewage  treatment  may  be 
employed  as  a  preliminary  measure  of  dis- 
posal. 

4.  It  is  desirable  to  concentrate  as  much 
of  the  sewage  as  practicable  at  a  point  beyond 
the  built-up  sections  of  the  city  and  in  the 
vicinity  of  the  Drainage  Channel,  where  the 
sewage  can  be  treated  sufficiently  to  permit  the 
effluent  to  be  discharged  without  serious  dan- 
ger of  offense. 

5.  To  avoid  excessive  cost  in  the  construc- 
tion of  intercepting  and  collecting  sewers,  and 
in  order  to  relieve  the  Drainage  Channel  as 
far  as  practicable,  it  will  be  desirable  to  treat 
t!io  sewage  of  some  parts  of  the  city  in  the 
areas  in  which  the  sewage  is  produced,  and 
not  carry  it  to  the  central  disposal  station. 

(t.  Practically  no  sewage  should  be  dis- 
charged into  the  Chicago  River  nor  the  Drain- 
age Channel,  without  some  form  of  treatment, 
except  in  times  of  storm,  when  suitably  lo- 
cated overflows  will  be  permissible.  The  sew- 
age should,  for  the  most  part,  be  collected 
by  a  system  of  intercepting  sewers  running 
.-.long  the  water  front  and  extending  to  the 
central  disposal  station. 

7  The  minimum  requirement  in  the  treat- 
ment of  the  sewage  at  the  main  station  should 
be  the  icmoval  of  the  suspended  solids. 
Screens  and  settling  basins  now  afford  the 
most  practical  means  by  which  the  suspended 
matters  can   be  removed. 

H  Screens  and  grit  chambers  aflford  the 
most  eflfcctivc  means  of  treatment  which  it  is 
permissible  to  employ  in  the  closely  built-up 
sections  of  the  city.  Owing  to  the  odors  that 
occasionally  may  he  produced,  and  because  of 
the  antagonistic  popiilat  opinion  which  would, 
in  all  probabiltv,  be  aroused,  it  will  not  be  ad- 
vi.sahle  to  locate  settling  basins  or  more  effi- 
cient processes  of  sewage  treatment  in  the 
built-up  sections  of  the  city. 

fi.  With  the  growth  of  population  and  the 
development  of  the  public  opinion  it  is  prob- 
able that  a  greater  purification  of  the  sewage 
will  be  called  for  in  time  than  is  possible  by 
screening  and  sedimentation.  This  probability 
should   be   anticipated   as   far  as   possible  and 
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the  work  so  designed  as  to  permit  of  exten- 
sion and  improvement  without  excessive  cost. 
10.  Sanitary  standards  of  cleanness  for  the 
water  should  be  prepared  to  serve  as  a  guide 
toward  which  the  work  of  disposing  of  the 
sewage  and  protecting  and  improving  the 
drinking  water  should  tend.  The  standards 
should   be   interpreted   liberally   and   with   due 


Population  Studies  and  Sewer  Gagings 

at  Philadelphia,  Pa. 

Since  ll)07  studies  liavc  been  under  way 
looking  to  the  preparation  of  a  plan  for  the 
collection,  treatment  and  final  disposal  of  the 
sewage  of  the  entire  city  of  Philadelphia.  In 
order  to  design  intercepting  sewers  and  sewage 


was  based  somewhat  upon  the  known  char- 
acteristics of  the  development  in  each  ter- 
ritory. 

From  the  latest  atlases  the  areas  of  un- 
developable land — parks,  cemeteries,  etc. — 
were  determined  and  a  density  per  acre  of 
developable  land  found  and  applied  to  the 
drainage  area  of  each  sewer  by  superimposing 


TABLE  I.— SUMMARY  OF  DATA  OBTAINED  FROM  GAGINGS  OF  DRY   WE.4THER   SEWAGE  FLOW.  MADE    IN    1910,    PHILADELPHIA,     PA. 

Area        Population 

in  Census  Average  Discharge  per  24  hours. 

Acres  1910  Gallons    per    Day       Cu.  Ft.  per  Sec. 

tT,  «,  a;  w  ^  ^ 


Name  of   Area. 


Character. 


Thomas     Run Residential,   mostly  pairs  of 

two  and   three-story   houses 

Pine    St Residential.       mostly      solid 

four   to   six-story   houses 

Shunk    Street     Residential,    mostly   rows   of 

two  and   three-story  houses 

Lombard    St Residential,    tenements    and 

hotels 
York    St Residential     and     manufac- 
turing 


Market    Street 


Commercial 


Point  Gaged. 


Pine   8t..    W.   of   Conestoga 

Conestoga    St.,    S.    of    Pine 

Outlet    at    Cobb's    Creek 1, 

Pine    St.,    between    25th    and 

26th    Sts 

Shunk   St..    at   Bancroft   St 

Shunk   St..   W.    of  ISth   St 

Lombard   St..   at   3rd   St 


York   St.,    at   Cedar   St 

South   Side,   W.   of   Strawberry 
St 


North    Side,    at    Bank   St 123 

•This  area  is  practically  entirely  built  up.     The  settled  area  is  "total"   minus  street  area. 
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regard  to  the  modifying  circumstances  imposed 
by    local    conditions. 

11.  Dififerent  standards  for  different  places 
should  he  prepared,  including  one  for  the  lake 
water  in  the  vicinity  of  the  intakes,  another 
for  the  Chicago  River  and  its  immediate  tribu- 
taries, and  a  third  for  the  Drainage  Channel 
at  its  discharge  into  the  Dcsplaincs  River. 

12.  The  standard  for  the  drinking  water 
should  contain  specifications  as  to  its  bacterial 
condition  and  turbidity :  that  relating  to  the 
river  should  have  reference  to  the  appearance 
of  the  water  and  its  odor,  and  that  which 
refers  to  the  discharge  of  the  Drainage  Chan- 
nel to  the  suspended  solids  and  putrescibility. 

13.  In  regard  to  the  condition  of  the  water 
discharged  from  the  Drainage  Channel  into 
the  Desplaines  River,  the  ultimate  end  should 
be  a  discharge  which  will  not  render  the  water 
of  the  river  offensive  or  materially  more  diffi- 
cult for  the  municipalities  upon  it  to  make. 
and  keep,  clean. 

14.  The  arms  of  the  Chicago  River  whicli 
have  no  present  or  future  value  for  naviga- 
tion, and  which  are  now  in  a  foul  and  stag- 
nant condition,  should  be  filled  in. 

15.  Pending  the  construction  of  the  inter- 
cepting sewers  and  sewage  treatment  work, 
the  Drainage  Channel  and  River  should  be 
kept  free  from  putrefying  deposits  by  dredg- 
ing and  the  dredgings  should  be  disposed  of 
otherwise  than  by  dumping  into  or  near  the 
lake. 

1(5.  The  sites  for  the  treatment  works 
should  be  determined  upon  as  soon  as  possible, 
and  sufficient  land  should  he  reserved  to  meet 
the  future  requirements  which  can  be  fore- 
seen and  afford  a  liberal  margin  for  contin- 
gencies. 

17.  .Ml  considerable  flows  of  especially  foul 
liquids,  such  as  those  from  the  stock  yards, 
should  receive  special  treatment  before  they 
are  discharged  into  the  Chicago  River  or 
Drainage  Channel.  The  cost  of  treating  these 
wastes,  above  the  cost  of  treating  the  same 
volume  of  sewage  from  the  rest  of  the  city, 
should  he  borne  by  those  who  produce  the 
wastes. 

18.  The  disposal  of  the  sewage  in  the  Calu- 
met territory  is  a  local  problem  which  can  and 
should  he  solved  by  the  construction  of  one 
or  more  purification  plants. 


Colliers  for  Panama  Canal. — Contract  for 
building  two  cnlliers,  equippeil  ready  for  serv- 
ice, has  been  let  by  the  Panama  Canal  Com- 
mission t(i  the  Maryland  Steel  Co.  at  the  price 
of  $!)K7,.".uO  each.  It  is  expected  that  they  will 
be  placed  in  commission  early  in  li'lG. 


treatment  works  it  was  necessary  to  determine 
the  present  and  estimate  the  future  amount 
of  sewage  discharged  from  each  sewer  outlet. 
This  was  done  by  determining  the  present  and 
estimating  the  future  population  upon  each 
drainage  area  in  the  city  and  estimating  the 
dry  W'eather  flow  of  sewage  per  capita  per 
day  to  be  used  for  each  area.  The  method 
employed  in  making  the  population  studies 
and  the  data  obtained  by  the  gaging  of 
sewers  are  here  given  from  information  taken 
from  the  latest  (1912)  annual  report  of  Mr. 
W.  L.  Stevenson,  .'Assistant  Engineer,  of  the 
Sewage  Disposal  Division  of  the  Bureau  of 
Surveys. 

Population  Studies. — The  population  of  the 
entire  city  in  19.50  was  estimated  by  projecting 
forward    the    curve    platted    from    the    census 


it  upon  the  map  showing  the  unit  census 
enumeration  districts.  This  gave  a  present 
and  estimated  population  in  19.50  contributing 
sewage  to  each  sewer  outlet. 

Scziwr  Gagings. — To  determine  the  amount 
of  sewage  per  capita  per  day,  gagings  were 
made  of  the  dry  weather  flow  of  ten  char- 
acteristic sewers,  the  population  contributing 
sewage  above  the  gaging  point  being  determ- 
ined   from  the  census  of   1910. 

These  gagings  were  made  over  a  period  of 
24  hours  in  order  to  show  the  fluctuations  in 
the  flow,  and  from  them  factors  were  ob- 
tained for  the  daily  average,  daily  minimum 
and  daily  maximum  flow  of  sewage  per 
capita.  The  data  obtained  by  the  gagings  are 
shown  herewith  in  Figs.  1-G  and  are  sum- 
marized  in   Table   I. 


T.\BLE    II.— COEFFICIENT    OF    ROUGHNESS   OF    SEWERS    GAGED     DURING      1910— BASED 
UPON    THE    DRY    AVKATI I ICR    FUJW",    PIULADELPHLA.,   PA. 


Name    of   Area.  Location. 

Thomas    Run Pine    St..     W.     of 

Conestoga  St. 

Thomas    Run Conestoga    St.,    S. 

of   pine  St. 

Thomas    Run Outlet     at     Cobb's 

Creek 

Pine    Street Pine   St..    between 

25th    and    26th 
Streets 

Shunk     Street Shunk       St.,       at 

Bancroft  St. 

Shunk    Street Shunk    St..    W.    of 

18th    St. 
Lombard    Street. .  .Lombard,    at    3rd 

St. 
Y'ork    Stheet York,  at  Cedar  St. 

Market   Street South  Side.  W.  of 

Strawberry      St. 

.Market    Street North       Side       at 

Bank    St. 


Construction. 

6  ft.    6   in.    Circular 

Brick 

7  ft.    6   in.    Circular 

Brick 

11      ft.      Circular 

Brick    Stone    Block 

Bottom 

8  ft.  Circular  Brick 


7  ft.  Circular  Brick 
9  ft.  Circular  Brick 

6  ft.  Circular  Brick 

7  ft.  Circular  Brick 

7    ft.    X   7   ft.    Con- 
crete   Vlt.    Shale 
Brick      Bottom 

7   ft.    X   7    ft.    Con- 
crete   Vlt.     Shale 
Hrick    Bottom 


Condition. 
Clean,    good 

condition 
Good 

condition 
Clean,    good 

condition 

Good 
condition. 

Dirty,      fair 

condition 

Clean,     fair 

condition 

Good 
condition 

Good 
condition 
Clean,     fair 
condition, 
bottom,     un- 
even 
Good 
condition 


Coefficient 
of  Roughness  -is 
Year  Determined  from 
Built.  Sewer  Gagings. 
1903  .016 


1902 
1903 

1830 

1893 
1893 
1883 
1902 
1907 


1907 


.0115 
.017 

.011 

.023 
.019 
.010 
.012 
.0145 

.OH 


relurns  from  1790  to  1910.  This  indicated 
a  population  of  .I.OOO.OOO  in  19.50.  In  18.54 
Philadelphia  was  divided  into  24  wards  which, 
as  the  population  increased,  have  been  sub- 
divided until  there  are  now  47  wards  in  the 
city. 

The  census  returns  from  the  areas  repre- 
sented by  the  original  24  wards  were  next 
platted  from  18C0  to  1910  and  each  projected 
forward  to  19.50.  These  figures  were  then  bal- 
anced so  that  their  sum  was  3,000,000,  as  de- 
termined previously  for  the  population  of  the 
entire  city   in   19,50. 

Each  of  the  24  original  wards  was  then 
subdivided  into  the  present  wards  in  a  sim- 
ilar   manner,    but    the   balancing   in    this    case 


The  factors  thus  obtained  from  differently 
developed  drainage  areas  were  then  applied 
to  the  estimated  populations  upon  migaged 
drainage  areas  having  similar  characteristics 
as  to  developments. 

The  coefKcient  of  roughness  of  the  sewers 
gaged,  based  upon  dry  weather  flow,  are 
shown   in   Tabic   II. 


Boring  Blast  Holes  With  Diamond  Drill. 

— The  diamond  drill  is  being  used  by  the 
Hercules  Sandstone  Company  at  Tenino, 
Wash.,  for  the  drilling  of  deep  blast  holes  in 
its  quarry.  This  company  has  a  contract  to 
supply  stone  for  a  Government  jetty  at  Gray's 
Harbor,  and  large  sized  stone  is  required  for 
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this  work.     The  quarry   face   is  about   70   ft.  in.   core.     With   this  drill   holes   are  bored  to  about   10   ft.    from   the   top.     When   shot,   the 

high.      Ihe  method  at   first  used  consisted   in  an  average  depth  of  li3   ft.,  30  ft.  back  from  whole  face  is  thrown  over  into  the  quarry  and 

drilling      coyote      holes    horizontally     at     the  the   face,   and  9   ft.   apart.     After   boring  the  breaks   into   very   large   pieces.     The   average 

base  ot  the  cim.      Ihis  resulted  in  shattering  hole,    a    special    tool    is    run    down,   cutting   a  progress  bv  the  diamond  drill  has  been  about 

the  rock   badly   and   breaking  much  of  it  too  groove  on  each  side,  in  line  with  the  line  of  53    ft.   of    hole   per   day,   which   indicates   the 
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Fig.   2.      Philadelphia    Sewer    Gagings — (a)    Thomas   Run  System  and   (b)    Pine  Street  Sewer. 
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Fig.  3.     Philadelphia  Sewer  Gagings — Shunk  Street  System. 
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^ 

O. 

i>€. 

19 

1- 

. 

P  "p' 

Ht- 

— 





^ 

-     1 

— 

— 

— 

— 

-    ; 





— 

— 

r    1    i   1 

J . 

^ 

^ 

^ 

H 

■i 

■f 

'»* 

jm 

I   ■    ' 

' 

- 



S. 

h: 

— 

1. 1   :    ! 

Of*-  i'wyo.m 


"I — ! — ^ — ^— r 


o,>;'j>3Q-_ 


J     V      J      C       7^     ff      3      rtJ     //     /.• 


■^M^ 


Oc  r  J/  /jW 


as*-:* 


K»««^ 


— I    r    I 


If5 


(a  I    GiiKed  on   Market  St..  Wl  Kt.  AV.  nf  .Sti  a«  li.i  rv   .'^l 


;.iu.d   nil   .M.nkut  St.  at   U.ink   St. 


Fig.  5.  Philadelphia  Sewer  Gagings— Market     Street  System.  • 

small  for  use,  thus  causing  a  high  operating  holes.    These  grooves  aid  in  splitting  the  rock,  favorable  character   of   the  stone.     The  cost 

cost      During   the    fall   of    l!M3   the   company  which   has  a    favor.ibic  grain,    from   one   hole  of  drilling  and  grooving  together  is  given  as 

ins'alled    a   .Sullivan   c  ass   "C     diamond   core  .     ..        ..  tl     i    i  .i    j  no     .  r     .      -r-i  .i       i-  i 

drill,  with  -W"  fittings,  boring  a  hole   1   13/16  '"  ""=  ""''*"'■■     ^^'^  ''°''^*  "■"'^  'P"'"*^  '^'*''  ^"l-  ^  •='*•  l"^""   '°°*-     ^'"=  ''"■■  °"  ''"=  diamond . 

ins.  in  diameter  and  normally  removing  a  1%-  namitc  and  then  loaded  with  black  powder  to  is   practically  nothing. 
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The  Determination  of  Unit  Prices  of 
Material  for  Purposes  of  Valua- 
tion of  Plant. 

Contributed    by    R.    V.    Achatz,    Instructor    In 
Telephone  Engineering,  Purdue  University. 

One  of  the  first  questions  which  must  be 
decided  in  making  a  valuation  of  a  physical 
plant  is  what  unit  costs  of  material  and  labor 
are  to  be  used.  In  making  a  valuation  on 
the  cost  of  reproduction  basis,  it  is  agreed 
that  these  costs  should  be  present  costs  but 
there  is  a  question  of  just  what  is  present 
cost.  In  the  case  of  labor  present  cost  is 
a  cost  based  on  the  current  wage  scale,  but 
in  the  case  of  material  it  is  quite  generally 
agreed  that  the  market  price  on  a  given  date, 
particularly  for  those  materials  which  are 
subject  to  constant  fluctuations  in  price,  can- 
not always  be  used  with  justice.  Many  writ- 
ers in  discussing  this  question  have  said  that, 
in  case  of  materials  subject  to  price  fluctua- 
tions, the  market  price  on  a  given  date 
should  not  be  used  but  an  average  price 
over  a  number  of  years  past,  usually  live  or 
ten,  should  be  adopted.  There  immediately 
arises  a  question  as  to  the  propriety  of  using 
an  average  of  past  prices  in  a  vakiation  on 
the  cost  of  reproduction  basis,  and  there  is 
also  a  large  question  as  to  whether  such  an 
average  actually  represents  a  fair  present 
price.  It  has  been  proposed  that  the  present 
normal  price  can  be  determined  by  plotting 
the  prices  for  a  number  of  years  past  and 
drawing  a  smooth  curve  representing  an 
average  of  the  prices  as  shown  by  the  yearly 
price  curve. 

In  order  to  make  a  study  of  the  different 
methods  of  determining  unit  costs  of  mate- 
rials the  prices  on  three  metals,  copper,  tin 
and  lead,  were  used.  These  metals  were 
adopted  because  prices  were  available  for 
many  years  past,  because  of  their  importance 
in  telephone  and  other  electrical  properties, 
and  because  the  prices  are  representative  of 
three  types  of  price  variation.  Copper  prices 
have  fluctuated  continuously  and  sometimes 
violently  with  a  general  tendency  toward  in- 
crease. Tin  prices  have  also  fluctuated  con- 
siderably and  also  have  shown  a  marked  in- 
crease in  the  past  fifteen  years.  Lead  prices 
have  in  general  been  stable  and  show  little 
if  any  tendency  toward  change.  Table  I 
shows  prices  for  Lake  Ingot  copper.  The 
prices  are  taken  from  a  leaflet  called  "Copper 
History"   published   by   the   Rome    Wire   Co., 
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for  the  monthly  average  prices  of  the  metal 
(not  given  in  the  tables)  by  plotting  at  the 
abscissa  representing  each  month,  the  average 
price  for  that  month  and  connecting  the 
points  by  straight  lines.  In  a  similar  way 
curves  were  plotted  for  the  average  prices  for 
5,  10  and  15  year  periods  by  plotting  at  the 
close  of  each  year  the  average  of  the  prices 
for  the  period  preceding  and,  as  before,  con- 
necting the  points  by  straight  lines.  A  smooth 
curve  was  also  drawn  representing  a  mean 
between  the  higher  and  lower  changes  in  the 


following  the  1907  peak,  the  influence  of  that 
peak  on  the  five  year  average  having  passed. 
It  is  at  once  seen  that  a  five  year  average 
price  at  either  of  these  times  would  be  unjust, 
the  price  in  1909  being  too  high  to  be  just  to 
the  public  and  the  price  in  1912  too  low  to 
be  just  to  the  utility. 

The  ten  year  average  prices  of  copper  are 
shown  in  Fig.  I  by  the  broken  line.  This 
curve  has  peaks  in  much  the  same  way  as 
the  five  year  average  curve  but  the  differ- 
ences   from   time    to   time    are   not    so   great. 
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Fig.   2.   Variation    and    Trend    of    Prices   for  Lead    for    Period    1895    to    1913,    Inclusive. 


monthly  average  prices.  Theoretically  there 
should  be  equal  areas,  above  and  below,  be- 
tween this  curve  and  the  monthly  average 
curve  but  in  practice  it  can  be  drawn  by  eye 
with  sufficient  accuracy.  This  curve  has  been 
designated  a  "normal  trend  price"  curve. 

In  Fig.  I  are  shown  the  curves  of  copper 
prices.  These  prices  extend  from  1884,  the 
earliest  period  that  prices  were  available,  to 
the  present.  It  will  be  noted  that  the  prices 
have  had  peaks  at  periods  of  from  seven  to 
ten  vears  apart,  the  highest  peaks  occurring 
in  1889,  1899,  and  1907,  followed  by  periods 
of  comparatively  low  prices.  The  dotted 
curve  represents  successive  five  years  aver- 
ages and  was  plotted  as  described  in  the  pre- 
ceding paragraph.  This  curve  also  has  peaks 
coming  at  the  frequency  of  the  peaks  in  the 
monthly  average  curve  but  displaced  so  that 
the  maximum  points  in  the  five  year  average 
curve  come  later  than  those  of  the  monthly 
average  and  occur  during  times  of  low  market 
prices.  For  example,  at  the  close  of  1909 
the  market  price  of  copper  was  13.75  cts.  per 
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Fig.    1.  Variation    and    Trend    of    Prices   for  Copper    for    Period    1834    to    1913,    Inclusive. 


Rome,  N.  Y.,  and  are  based  on  actual  prices 
paid.  These  prices  arc  slightly  higher  than 
prices  giijcn  in  the  "Iron  Age"  but  the  differ- 
ence is  usually  only  a  small  fraction  of  a 
cent  per  pound.  Tables  II  and  III  are  prices 
of  tin  and  lead  respectively  and  are  compiled 
from  data  given  in  "Iron  Age"  in  the  first 
issue  of  the  year  for  several  years  past. 

In    making   the    study   curves    were    plotted 


pound,  while  the  five  years  average  was 
16.808  cts.  per  pound.  At  the  close  of  1912 
the  market  price  was  17.75  cts.  per  pound, 
while  the  five  year  average  was  1.1.91  cts. 
The  high  average  for  the  five  years  ending 
with  190D  was  due  to  the  influence  of  the 
very  high  peak  in  the  market  in  190(5-7  and 
the  low  average  for  the  five  years  ending  in 
1912   was   due   to   the   abnormally   low   prices 


The  ten  year  average  at  the  close  of  1911  is 
1.1  cts.  less  than  at  the  close  of  1908.  The 
use  of  this  average  would  be  less  open  to 
objection  than  the  five  year  average  on  ac- 
count of  smaller  variation  from  time  to  time. 

The  15  year  average  is  shown  on  Fig  I  by 
the  dot  and  dash  line.  It  is  entirely  free  from 
variation  due  to  the  influence  of  peaks  in  the 
market  price  and  shows  a  general  tendency 
upward.  Its  use  might  be  objectionable  on 
account  of  the  influence  of  a  period  of  low 
prices  a  long  time  ago. 

The  smooth  curve  which  has  been  called 
the  normal  trend  price  has  been  drawn  to 
represent  an  average  of  the  market  prices. 
.'\t  any  given  time  the  price  read  from  this 
curve  may  be  considered  to  be  the  price  of 
copper  under  normal  conditions.  A  buyer  of 
copper  in  the  future  would  expect  to  find 
prices  following  this  curve  more  or  less 
closelv..  The  price  as  indicated  by  this  curve 
was  15.2  cts.  at  the  close  of  1909,  15.8  cts.  at 
close  of  1911  and  16..3  cts.  at  close  of  1913. 

Figure  2  shows  the  variation  in  prices  of 
tin.  This  metal  like  copper  has  been  subject 
to  consideral)le  fluctuation  in  price  and  has 
also  more  than  doubled  in  price  in  the  past 
fifteen  years.  The  curves  representing  the  5, 
10  and  15  year  averages  and  the  trend  curve 
have  been  drawn  in  the  same  manner  as  in 
case  of  copper.  The  average  curves  are  free 
from  the  variation  from  time  to  time  noted 
in  the  average  curves  for  copper  but  it  will 
be  noted  thai,  with  the  exception  of  a  few 
months  in  1904  and  the  years  1908,  1909  and 
part  of  1910  for  the  five  year  curve  and  a 
few  months  in  19i)8  and  1909  for  the  ten  year 
curve,  the  average  curves  are  consistently 
lower  than  even  the  lowest  points  in  the 
market  prices.  This  brings  out  more  clearly 
the  objection  mentioned  above  in  the  discus- 
sion of  the  prices  of  copper  that  average 
prices  might  be  too  greatly  influenced  by  pre- 
vious low  prices  to  be  used  if  the  basis  of  the 
valuation  is  the  cost  of  reproduction.  If  the 
basis  is  original  cost  of  course  this  objection 
disappears.  This  discussion,  however,  has 
been  predicated  on  the  use  of  cost  of  repro- 
duction. In  the  case  of  tin  the  normal  trend 
curve  at  the  close  of  1913  shows  a  price  of 
45.9  cts.  per  pound  while  the  five  year  aver- 
age, the  highest  of  the  average  curves,  shows 
,39.408  cts.  per  pound.  It  is  evident  in  this 
case  that  the  use  of  any  average  price  is 
unfair. 

The   variation    in    lead    prices    is   shown    in 
Fig.    3.      The    monthly    average    price    curve 
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shows  that  lead  prices  have  been  practically 
constant  since  1899  with  the  exception  of  the 
abnormally  high  prices  in  1906-7.  This  peak 
was  caused  by  no  particular  condition  of  the 
lead  market  at  that  time  but  by  the  general 
inflation  of  commercial  affairs  during  those 
years.  The  average  price  curves  have  been 
drawn   as  before.     It  will  be  noted  that  the 

;  TABLE    I.— AVERAGE    PRICES    OF    "I^AKE" 
INGOT    COPPER. 
(Prices  compiled   from   pamphlet,    "Copper  His- 
tory,"   published    by    Rome    Wire 
Company,   Rome,   N.   Y.) 
Period  Av.  for       Av.  for        Av.  for      Av.  for 

ending        the  year,     5  years,     10  years,     15  yrs., 
Dec.  31—      per  ib.         per  lb.         per  lb.         per  lb. 

1884   $O.HO:u  

1885 11166  

1886 111458         ;...■ 

1887 11323  ■ 

1888 16781       $0.12889  

)S89 137395         .12831  

1S90 15812  .13760  

1891 13093  .14150  

1892 11625  .14210  

1893 10781  .13010       $0.12950  

1S94 095416         .12171  .12501  

1895 10812  .11171  .12465  

1896 10979  .10748  .12449  

1897 11333  .10691  .12450  

1898 12062  .10945  .11978       $0.12664 

1S99 17802  .12598  .123S4  .12533 

1900 16656  .13766  .12468  .12899 

1901 16729  .15116  .12832  .13271 

1902 121.35  .15117  .12883  .13325 

1903 13791  .15423  .13184  .13126 

1904 13250  .14512  .13555  .13093 

190.". 16093  .14399  .14083  .13122 

1906 19812  .15014  .14966  .13560 

1907 21177  .16825  .15951  .14197 

I90S 13540  .16776  .16099  .14381 

1909 13420  .16808  .15660  .14640 

1910 13135  .16217  .15308  .14794 

1911 12750  .14802  .14910  .14912 

1912 16708  .13910  .15368  .15271 

1913 15833  .14369  .15572  .15522 

10  and  1.5  year  curves  still  show  that  influence 
of  the  2907  high  prices  while  the  five  year 
average  has  passed  beyond  this  influence  and 
has  come  very  near  to  the  normal  price.  The 
normal  trend  curve  has  not  been  drawn  to 
avoid  confusion  in  the  figure  but  if  it  were 
drawn  it  would  be  a  straight  line  parallel  to 
the  X-axis  at  4.4  cts.  This  is  exactly  the 
same  as  the  five  year  average  at  the  close 
nf  1913.  There  have  been  periods  in  the 
past,  however,  when  the  use  of  the  five  year 
average  would  have  been  incorrect.  For  in- 
stance, at  the  close  of  1909  this  average  was 
4.!i26  cts.  per  pound  while  at  the  close  of  1912 
it  was  4.379  cts.,  a  decrease  of  about  11  per 
cent. 

From  the  study  of  the  curves  and  the  above 
discussion  the  following  conclusions  are 
drawn  regarding  the  use  of  the  different 
^met'iods  of  determining  unit  costs  of  material 
for  v.^luation  purioses: 

TABLE    11— AVERAGE    PRICES    OF    TIN. 

(Prices   compiled    from   Iron   Akc,    first    Issue   of 

each  year.     Prices  are  on  carload  lots, 

I  New   York   market.) 

Period  Av.  for       Av.  for        Av.  for      Av.  for 

endlni?        the  year,     5  years,     10  years,     15  yrs., 

Dec.  31 —      per  lb.         per  Ib.         per  lb.         per  Ib. 

IM:.    $0.14033  

1896 13325  

1897 13592  

181)8 15613  

»W» 24853       $0.16283  

1»00 29579     .19392     

1901 26326     .21993     

190: 26633     .24600     

1903 27973     .27073     

'904 27658     .27634   $0,219.59     

""5 31438     .28005     .23699     

1906 39666     .30764     .26333     

'907 .■)S239  .32995  .28798  

1508 29438  .33288  .30180  

ISOS 2967S  .33692  .30063       $0.25869 

'910 34239  .34252  .31129  .27217 

'^11 42742  .34867  .32780  .29185 

1912 46350  .364S9  .34742  .31362 

'913 44332  .39468  .36378  .33276 


O)  The  use  of  the  market  price  of  mate- 
rials, especially  those  which  arc  subject  to 
price  fluctuations    is  likely  to  be  unfair. 

'2)  Average  prices  for  a  period  of  five 
years  previous  to  the  valuation  arc  unreliable 
nn  iccount  of  the  influence  of  periods  of  high 
market  prices  which  tend  to  raise  the  five 
»car  average  during  the  period  of  low  prices 
that  usually  follows  a  period  of  high  prices 
ind  the  corresponding  decrease  in  the  five 
yeir  average  following  a  period  of  low  prices 
fven    after    price*   have    again    increased. 


(3)  An  average  of  the  prices  for  a  period 
of  ten  years  previous  to  the  valuation  fluctu- 
ates in  a  less  degree  than  the  average  for  five 
years,  but  may  be  lower  than  a  fair  price  or 
higher  than  a  fair  price  due  to  the  influence 
o.  a  period  of  low  or  high  prices  many  years 
before 

(4)  An  average  of  the  prices  for  15  years 
may  be  unfair  for  the  same  reason  as  the 
second  given  under  the  ten  year  average, 
viz.:  the  effect  of  prices  of  many  years  pre- 
vious. 

(5)  An  average  smooth  curve  can  be 
drawn,  taking  into  consideration  market  prices 
for  a  number  of  years  past  and  also  succes- 
sive average  prices  for  periods  of  5,  10  and 
15  years,  which  will  represent  the  normal 
present  price  of  the  material.  In  general  the 
use  of  this  curve  as  a  basis  of  unit  price  of 
material  will  be  more  fair  and  less  open  to 
objection   than  any  average  price. 

(6)  Before  unit  prices  are  adopted  it  is 
necessary  to  make  a  study  of  the  past  and 
present  prices  of  materials,  particularly  the 
more  important  ones  which  may  represent  a 
large  portion  of  the  total  cost  of  material  in 
the  plant.  Such  materials  would  be  poles, 
copper  wire,  lead  covered  cable,  duct  mate- 
rials and  Portland  cement  in  the  case  of  tele- 
phone, street  railway  and  other  electrical 
properties,  and  cast  iron  pipe  in  case  of  gas 
and  water  plants. 

There  may  be  some  objection  to  a  price 
based  on  the  trend  curve  on  account  of  the 


Telephone  Directory  of  the   telephone   Industry. 
1912   edition   (page  333): 

(Table  of  copper  prices  omitted.) 

The  above   table   would   Indicate   that    16   cts. 
was  high.     The  company  has,  however,  estab- 

TABLE    ni.— AVERAGE     PRICES    OF    LEAD. 

(Prices   compiled   from   Iron   Age.   first   Issue   of 
each  year.     Prices  are  on  carload 
lots.  New  York  market.) 

Period          Av.  for  Av.  for        Av.  for      Av.  for 
ending       the  year,     5  years,     10  years,     15  yrs., 

Dec.  31 —     per  lb.  per  Ib.        per  lb.        per  lb. 

1895    $0.03235  

1896 02971  

1897 03566  

1898 03769  

1899 04469       $0.03802  

1900 04390  .03833  

1901 04355  .04110  

1902 04093  .04215  

1903 04266  .04315  

1904 04360  .04293       $0.03947  

1905 04898  .04394  .04114  

1906 05800  .04683  .04397  

1907 05408  .04946  .04581  

1908 04224  .04938  .04626  

1909 04300  .04926           .04609       $0.04274 

1910 04461  .04839           .04617           .04349 

1911 04436  .04566           .04625           .0445$ 

1912 04476  .04379           .04663           .04512 

1913 04401  .04415           .04676           .04556 


lished  an  elaborate  trend  curve  of  prices  of 
copper  to  show  that  16  cts.  a  pound  Is  in  line 
with  the  trend  or  tendency  of  prices,  at  the 
time  of  the  appraisal.  Since  the  earliest  quota- 
tions on  hand,  beginning  In  1S83,  copper  has  av- 
eraged   less   than    16   cents   every   year   save   In 
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Fig.   3.  Variation    and    Trend    of   Prices   for  Tin  for  Period  1895  to  1913,  Inclusive. 


fact  that  the  judgment  of  the  appraiser  is 
brought  into  its  determination,  but  it  must  be 
remembered  that  a  valuation  is  an  estimate 
of  cost  to  reproduce  a  given  plant  and  the 
entire  result  is  based  on  engineering  judg- 
ment. Furthermore  a  result  arrived  at  by 
the  use  of  well  trained  judgment  after  con- 
sidering all  the  facts  is  more  likely  to  be 
fair  than  an  average  over  an  arbitrary  period 
without   further  consideration. 

The  use  of  such  a  trend  curve  as  a  basis 
for  the  unit  price  of  a  material  is  not  new 
although  little  has  been  written  concerning  it. 
As  far  as  the  writer's  knowledge  goes  the 
most  important  appraisal  that  has  been  made 
public  in  which  this  method  was  used  is  the 
appraisal  of  the  property  of  the  Chicago 
Telephone  Co.  made  by  H.  M.  Byllesby  and 
Co.  and  the  Arnold  Co.  in  1911.  It  is  true 
that  Prof.  Edward  \V.  Hcmis,  who  was  con- 
ducting the  investigation  of  rates  for  the 
Chicago  City  Council  in  this  case  mentions 
the  price  of  16  cts.  used  in  the  appraisal  as 
a  doulitful  point  but  he  accepted  the  valua- 
tion based  on  this  price.  Prof.  Bcmis'  com- 
ment is  as   follows : 

Among  the  doubtful  points  In  the  appraisal 
may  bo  mcntlnnr*!  ihn  price  of  copper  used  by 
tho  npprnlscrs.  Copper  was  taken  at  16  yts. 
a  pound,  as  of  Aug.  1.  1911.  The  following  table 
gives  tho  avoriiKe  price  for  each  of  the  19  years. 
1893-1911,  Inclusive.  n»  taken  from  tho  Iron  Ago 
by  tha  Chicago  Telephone  Company.  These 
rrlcoa  are  a  little  lower  than  those  given  In  the 


ISSS.  1S991901.  Inclusive,  and  1905-1907.  Inclu- 
sive. During  those  years  only  309.433  miles  of 
wire  out  of  807.571  In  use  at  the  close  of  1911, 
or  38  per  cent,  were  laid.  It  would  be  easy  to 
show  that  copper  had  not  from  the  beginning 
averaged  over  15  cts.  per  pound,  and  had  not 
even  averaged  that  for  any  period  of  5  or  more 
years  before  the  appraisal.  At  the  same  time. 
If  the  test  of  value  Is  not  to  be  tho  actual  cost 
or  recent  costs,  but  probable  costs  of  material 
and  labor  during  the  next  five  years,  then  16 
cts.  moy  be  accepted  as  a  probable  price. 

In  advocating  the  use  of  the  trend  curve 
as  a  basis  for  determining  the  unit  prices  of 
material  for  purposes  of  valuation,  it  can  not 
he  said  that  this  method  will  give,  in  every 
case,  results  which  are  absolutely  fair  and 
I'niform.  Judgment  is  required  in  its  use 
and  unforseen  developments  may  change  the 
trend  of  the  price  of  any  material  but  it  is 
believed  that  the  use  of  this  method  will 
give  unit  costs  that  arc  more  fair  to  all  parties 
concerned  than  any  other  method  that  has 
been   used. 


Heat  Insulation  Tests. — Tests  arc  being 
conducted  iiy  the  I'nivcrsity  of  Illinois  for 
the  purpose  of  bettering  the  heat  insulating 
qualities  of  the  walls  of  railway  mail  cars. 
These  tests  are  being  made  for  the  New  York 
Central  Lines,  and  are  under  the  direct  su- 
pervision of  Professor  .\rthur  C.  VVillard, 
who  is  in  charge  of  the  heating  and  ventilat- 
ing courses  at  the  university. 
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Transmission  Tower  Line  Location — 
Modern  Field  and  Office  Practice. 

Coiitriliuted    by    A.     B.    Curlebec,    ."jfiS    Kearns 
Building,  Salt  Lake  City,  Utah. 

A  period  of  15  years  will  cover  almost  the 
entire  development  of  modern  transmission  at 
pressures  above  11,000  volts.  Possibly  the 
first  successful  transmission  system  in  this 
country  at  40,000  volts  was  put  into  service  by 
the  Telluride  Power  Co.,  which  began  opera- 
tions in  Color.ado.  From  this  small  begin- 
ning the  art  has  now  developed  until  many 
water  powers  formerly  valueless,  except  for 
turning  the  wheels  of  local  mills,  due  to  their 
isolated  position,  are  now  harnessed  to  mighty 
generators,  the  energy  from  which  is  carried 
over  the  modern  transmission  lines  to  con- 
gested centers  of  population. 

The  last  word  in  long  distance  transmission 
doubtless  finds  expression  in  the  Big  Creek 
California  line,  which  transmits  its  power  a 
distance  of  240  miles  with  a  line  pressure  of 
150,000  volts.  As  an  evidence  of  the  sturdy 
character  of  modern  construction  "methods,  it 
is  reported  that  during  the  recent  floods  in 
California,  when  whole  railroad  systems  were 
tied  up,  this  power  system  maintained  unin- 
terrupted service. 

Executives  are  but  slowly  learning  tliat 
transmission  line  location  needs  experienced 
men,  in  order  to  avoid  the  resulting  operating 
troubles  oftentimes  caused  by  the  blunders 
of  cheap  inexperienced  locators.  ,'\  locating 
engineer  equipped  w-ith  judgment  and  tact  tuay 
easily  save  thousands  of  dollars  to  the  right 
of  way  men,  simply  by  courteous,  thoughtful 
treatment  of  the  property  owners  along  the 
line. 

The  generally  accepted  idea  that  transmis- 
sion line  location  is  of  little  consequence  is 
reflected  in  the  very  few  books  treating  upon 
transmission  construction.  In  one  of  the  most 
recent  books  a  few  pages  only  are  devoted  to 
this  item.  A  statement  in  one  recent  publica- 
tion which  has  received  favorable  comment 
from  critics  reads  substantially  as  follows :  "A 
surveyor  with  a  stadia  rodman  or  two  will 
usually  fill  the  needs  of  a  locating  party." 
This  statement  is  pitifully  inadequate.  One 
example  of  this  procedure  will  suffice: 

A  great  corporation  recently  started  the  con- 
struction of  a  tower  line,  using  a  local  rail- 
road surveyor  for  locator,  with  the  result  that 
a  crew  of  graders  had  to  follow  the  wire 
stringing  crew  to  grade  off  the  high  points 
between  towers  in  order  to  secure  safe  clear- 
ance. .At  one  point  5,000  cu.  yds.  of  earth 
were  moved.  This  surveyor  lived  in  the  con- 
struction camp  and  laid  out  the  line  and  se- 
lected tower  locations  only  a  few  miles  in  ad- 
vance of  the  foundation  crews.  The  line  cost 
above  $3,000,000,  and  its  general  location  and 
tower  sites  should  have  received  months  of 
study  by  trained  men. 

We  are  referring  only  to  high  tension  of 
60,000  volts  and  upwards,  and  it  might  be 
well  to  state  that  the  lower  tension  lines  so 
common  to  urban  and  suburban  districts  pre- 
sent few,  if  any,  of  the  problems  of  high  ten- 
sion location. 

The  principal  forces  which  influence  the  lo- 
cation might  be  classified  briefly:  n)Typc  of 
supporting  structure  and  limiting  span  lengths, 
(2)  cost  of  right  of  way,  ('^)  cities  or  villages 
which  must  be  approached  or  avoided,  (4) 
proximity  to  existing  telephone  or  railroad 
signal  circuits,  (5)  character  of  foundations 
which  may  be  encountered. 

Before  an  important  line  is  located,  the  exact 
type  of  design  should  be  settled  bv  the  design- 
ers. The  limiting  sizes  of  all  angles  and  the 
approximate  cost  of  inserting  an  angle  should 
be  known. 

Oftentimes  a  line  is  surveyed  before  one  or 
both  of  its  terminals  arc  selected.  This  usual- 
ly leads  to  costly  line  revision  and  can  usually 
be  avoided  if  the  point  is  out  before  the  execu- 
tives with  sufficient  clearness. 

Before  the  field  parties  are  organized  the 
engineer  should  invariably  search  for  all  avail- 
able maps.  The  U.  S.  Geological  Survey  topo- 
graphic maps  are  of  highest  value,  and  those  of 
local  surveyors  and  county  maps  being  of 
less  use;  a  preliminary  stadia  line  will  usually 


pay  well  unless  the  location  is  in  the  western 
undeveloped  districts  or  a  U.  S.  Geological 
Survey  map  is  obtainable.  This  stadia  party 
can  cover  four  or  five  miles  per  day  and  tie 
in  all  litniting  features  on  cither  side  of  the 
line  'or  a  distance  of  one-half  mile  and  can 
intersect  angles  upon  important  objects  at 
much  greater  distances.  This  preliminary  party 
should  particularly  observe  points  which  might 
prove  suitable  for  railroad  crossings.  A  cross- 
ing angle  greater  than  00°  should  be  selected 
and  never  located  at  points  where  the  tracks 
are  laid  upon  a  fill.  Most  railroad  systems 
insist  upon  rigid  crossing  specifications  and 
they  can  usually  enforce  compliance  with  their 
wishes.  Therefore,  it  is  usually  wise  to  select 
a  crossing  with  spans  not  greater  than  200  ft. 
and  a  rail  clearance  of  35  ft. 

Many  of  the  systems  which  are  at  present 
operating  with  one  line  contemplate  the  con- 
struction of  a  duplicate  line  as  soon  as  earn- 
ings will  warrant  the  expense.  It  would  ap- 
pear to  the  writer  a_s  being  good  business  to 
locate  the  second  line  over  an  entirely  new 
right  of  way,  separated  far  enough  to  minim- 
ize the  chances  of  both  lines  being  put  out  of 
commission  by  unusual  storms.  The  chief  ob- 
jections to  this  plan  are  the  increased  right  of 
way  cost  and  additional  cost  of  line  patrol. 

In  any  event,  the  best  location  for  a  second 
line  should  be  selected  by  reconnoissance  and 
all  facts  in  connection  with  the  duplication  of 
lines  should  be  laid  before  the  executives  in 
ample  time  to  allow  a  definite  plan  to  be 
evolved.  Changes  in  general  plans  after  the 
work  is  well  started  often  incur  serious  mix- 
ups  and  the  resulting  costs  of  construction  may 
be  higher. 

Following  the  completing  of  the  preliminary 
line  and  the  projection  of  the  location,  the 
locating  party  is  ready  to  start  work.  The  or- 
ganization is  similar  to  railroad  location  work 
— a  transit  and  level  party,  which  can  be  split 
up  into  two  land  survey  parties  at  regular 
intervals. 

Few,  if  any,  of  the  early  pole  lines  have  well 
described  rights  of  way.  The  surveyor  was 
usually  accompanied  by  a  right  of  way  agent 
who  paid  the  land  owners  a  stipulated  price 
per  pole,  took  a  receipt  for  the  money  and 
the  transaction  was  closed.  This  procedure 
does  not  fulfill  the  requirements  of  the  modern 
corporation  lawyer,  who  insists  upon  good  and 
sufificient  legal  titles  to  all  rights  of  way,  etc. 
With  the  rapid  increase  in  the  number  who 
invest  in  the  securities  of  public  utilities,  to- 
gether with  the  constant  tendency  toward  pub- 
licity and  regulation,  it  behooves  the  manage- 
ment to  be  very  sure  of  the  legality  of  their 
titles  to  properly.  Regular  right  of  way  plats 
are  now  prepared  which  become  a  part  of  the 
permanent  easements  which  are  secured.  These 
easements  are  filed  in  the  county  records  sim- 
ilar to  any  property  transfer  by  deed. 

The  locating  party  should  collect  definite 
data  upon  the  following  items:  (1)  Rock  out- 
crops. (2)  Limits  of  all  swamps.  (.'?)  Extent 
and  character  of  all  timber  crossed.  (4)  De- 
tails as  to  telephone,  signal  or  telegraph  cir- 
cuits which  are  crossed  or  approached,  includ- 
ing height  of  poles,  nutnber  of  cross  arms, 
wires,  etc.  (5)  .X  detail  prolile  across  all  rail- 
roads and  important  highways,  with  angle  of 
intersection  and  ties  to  nearest  railroad  mile 
post.  (0)  .Accurate  information  as  to  slide 
slopes.  The  lack  of  these  data  often  causes 
low  ground  clearance  on  the  upper  side  if  not 
properly  allow-ed  for  in  advance.  (7)  No 
dwelling  house  should  be  approached  within 
200  ft.  and  barns  and  outbuildings  should  be 
kept  at  least  150  ft.  away.  (S)  Angle  points 
should  be  selected  so  as  to  be  suitable  for 
tower  locations,  preferably  upon  a  high  point 
or  upon  a  level  and  never  in  a  hollow.  (0) 
When  two  angles  are  necessarily  close  to- 
gether, the  distance  between  should  be  made 
such  that  the  standard  tower  spacing  may  be 
maintained. 

If  the  field  notes  are  taken  in  Inusc  leaf  note 
books,  the  data  can  be  mailed  to  the  field  office 
at  the  close  of  each  day's  work.  Property 
plats  and  plans  and  profiles  can  be  kept  up 
within  a  few  miles  of  the  actual  survey  parties. 
The  old-fashioned  method  of  plotting  profiles 
upon  a  continuous  roll  of  profile  paper  is  now 


being  superseded  by  plotting  the  plan  and  pro- 
file upon  sheets  in  two-m;'.e  sections.  The  plan 
is  given  below  and  the  profile  above.  The 
profile  should  be  unbroken  across  each  sep- 
arate sheet,  except  in  special  cases. 

The  selection  of  tower  locations  cannot  be 
made  by  inspection  but  must  be  carefully 
studied,  and  is  capable  of  endless  combinations. 
.\  celluloid  template  is  made,  using  the  same 
scale  as  the  profile  paper  used.  Two  curves 
are  usually  platted  upon  this  sheet  of  cellu- 
loid, one  curve  showing  the  sag  which  the 
particular  conductor  selected  will  take,  say. 
100°  F.  and  the  second  curve  showing  the 
sag  assumed  by  the  conductor  at  niinimum 
temperatures — say  20°  below  zero.  These  arc 
known  as  the  "hot"  and  "cold"  curves  for  this 
conductor. 

By  means  of  this  template  the  maximum 
spacing  and  economic  location  of  all  towers 
may  be  determined.  The  details  as  to  the 
use  of  this  curve  are  described  in  the  "Elec- 
trical World,"  Sept.  11,  1911,  by  Mr.  J.  M. 
Viehe.  As  soon  as  the  tower  locations  have 
been  determined  in  the  office,  a  complete  tab- 
ulation of  tower  data  should  be  made  and 
handed  to  the  construction  superintendent. 
This  data  should  include  tower  number,  sur- 
vey station  number,  type  of  tower,  length  of 
span  to  next  tower,  angle  turned,  if  any,  type 
of  footing,  owner  of  property  and  any  special 
inform.ation  such  as  railroad  crossing,  special 
protections,  etc.  A  bound  folder  containing 
Ijlue  prints  of  all  of  the  plan  and  profile  sheets, 
together  with  a  general  key  map,  should  be 
supplied  to  the  construction  superintendent 
With  this  information  in  hand  the  construc- 
tion superintendent  is  in  a  position  to  make 
out  a  complete  shipping  schedule.  The  final 
staking  out  of  tower  locations  needs  the  per- 
sonal supervision  of  the  locating  engineer,  as 
numerous  local  changes  may  be  necessary  to 
save  expensive  excavation.  A  tower  might  fall 
upon  a  pile  of  boulders,  which  could  be  avoid- 
ed by  moving  20  ft.,  and  excessive  gradin:.; 
for  drainage  or  good  footings  might  be  re- 
duced by  inserting  a  side  hill  extension  to  the 
tower  legs.  If  a  systematic  routine  of  a  noti- 
fication to  all  concerned  is  followed  by  the] 
engineer  making  the  changes,  much  delay  andi 
friction  with  construction  forces  may  be| 
avoided. 

,  Steel  tower  lines  cost  from  $0,000  to  $14,000j 
per  mile,  according  to  the  weight  of  the  con 
ductors  and  steel  supports,  wdiile  the  cost  ofl 
surveys  and  location  will  amount  to  $50_tO 
$100  per  mile.  Does  it  not  seem  good  policy! 
to  engage  experienced  engineers  on  the  basis' 
of  cost  comparison  alone,  neglecting  all  other* 
arguments? 

The  general  tendency  of  transmission  prac- 
tice today  is,  however,  tow'ard  ocrmancnt,  loHg-j 
lived  construction,  but  it  is  doubtful  whether 
tliis  is  warranted  at  this  stage  in  the  develop- 
ment of  the  art.  If  the  next  2(t  years  should] 
show  as  great  advances  as  have  been  madi 
during  the  past  two  decades,  the  great  towei 
lines  of  the  country  will  be  obsolete  befori 
one-third  of  their  lifetime  has  elapsed. 


A  Gasoline  Locomotive  for  Contractors 
and  Light  Industrial  Service. 

(C.>nlriliutccl.) 

Baldwin  gasoline  locomotives,  built  in  ac- 
cor<lance  with  patents  granted  to  A.  H.  Ehle. 
have  now  been  in  service  for  several  years, 
and  have  fully  demonstrated  their  efficiency 
in  light  industrial  and  contractors'  service. 
The  success  of  these  machines  is.  unques- 
tionably, largely  due  to  the  fact  that  they 
follow  steam  locomotive  design  w^here  prac- 
ticable, and  embody  features  which  have 
proved   successful   in  this  class  of  power. 

The  illustration  shows  a  Baldwin  gasoline! 
loromotive  recently  built  for  the  Georgia 
Coast  &  Piedmont  R.  R.  This  engine  is  used 
in  light  switching  and  road  service,  and  i' 
capable  of  handling  a  load  of  SO  tons  over 
grades  of  0.5  per  cent  and  curves  of  300  ft 
radius.  The  track  gage  is  standard,  anc 
the  locomotive  has  a  nominal  speed  of  fis 
miles  per  Iiour  tm  low  gear  and  twelve  mile; 
per  hour  on  high  gear.  The  hauling  capacit\ 
given   above  applies  to  the'latter  speed. 
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This  locomotive  is  propelled  by  a  four- 
:ylinder,  four-cycle  ivvater  cooled  engine,  of 
)U  H.P.  nominal  capacity.  The  power  devel- 
oped by  the  engine  is  transmitted  to  the 
Ivheels  through  a  system  of  shafting,  gearing 
jjnd  side  rods.  This  furnishes  a  positive 
'Irive,  with  large  journals  and  bearings 
':hroughout ;  and  all  the  parts  are  of  ample 
j^trength  for  severe  service.  The  engine  and 
transmission  are  covered  by  a  hood,  on  top  of 
which  the  gasoline  tank  is  placed.  This  tank- 
has  a  capacity  of  .30  gals.,  an  amount  suf- 
,ncienl  to  propel  the  locomotive  a  distance  of 


while  standing  idle.  Here  the  self-starter  is 
particularly  effective,  as  when  the  locomotive 
is  idle  for  only  short  periods  of  time,  the 
engine  can  be  stopped  and  started  without 
labor  on  the  part  of  the  operator. 


Transporting  Pipe  Line  Material  Across 
a  Desert  by  Motor  Truck. 
To  THE  EniTOR:  Your  attention  is  called  to 
an  article  in  your  issue  of  Feb.  4,  1914.  about 
transporting  pipe  line  across  the  desert  with 
a  motor  truck,  which   is  only  about  half   the 


Fig.   1.   Gasoline   Locomotive  for  Contractor's  Service. 


50  or   tiO   miles,   under   average  working   con- 

•ditions. 

The  frames  are  steel  castings,  of  the  fa- 
miliar bar  type.  The  open  construction  of 
these  frames   facilitates  the  ventilation  of  the 

■  engine  and  the  inspection  of  the  transmis- 
sion. This  design  of  frame  is  very  strong, 
and  is  also  convenient  for  the  suspension  of 
the    brake    work,    sand-boxes    and    other    fit- 

.  lings. 

This  locomotive  is  required  to  handle  truck 
line  rolling  stock,  and  its  equipment  has  re- 
ceived special  attention.  Electric  headlights. 
iioii  pilots,  arid  M.  C.  B.  automatic  couplers 
are  provided  at  each  end.  .-Xir-brake  equip- 
ment   is    applied,    air    being    furnished    by    a 

I  compressor  driven  from  the  main  engine. 
The  air  reservoirs  are  mounted  over  the 
i;(.od.     .Another   important    feature   is   a   self- 

.  siarlcr  for  the  main  engine.  This  is  driven 
by  an  electric  motor,  which  receives  its  cur- 
rent from  a  storage  battery.  The  latter  is 
iulomatical'y  charged  by  a  generator  driven 
from  the  main  engine.  The  battery  also  fur- 
nishes current  for  the  head-lights  .ind  cab- 
lights.     The   equipment   also   includes   a   hand 

.  brake,  a  bell,  an  air-operated  whistle,  and 
four  sand-boxes  with  spouts  to  all  the  wheels. 
Special  attention  has  been  given  to  the 
arr.ingement  of  the  cab  and  cab-liltings.  The 
cab  is  roomy,  with  large  side  windows,  and 
the  titiitigs  are  so  arranged  that  the  operator 
can  handle  the  locomotive  without  leaving 
his  seat.  Steps  and  grab  irons  are  arranged, 
as  far  as  possitde.  in  accordance  with  the  re- 
quirements of  the  Interstate  Commerce 
Commission. 
The  appearance  of  the  locnmnlivc  is  strong- 

j  ly  suggestive  of  steam  practice.  The  effect 
15  more  pronounced  because  of  the  position 
of  the  iniilHer,  which  stands  vertically  and 
looks  like  a  smokestack.  This  device  is  most 
efficient,    rtn<lering     the      locomotive     almost 

\  noiseless   in   operation. 

:      These   machines   po.sscss   special   advantages 

'  for  light  switching  and  industrial  service. 
They  arc  self-contained  like  a  steam  locomo- 
tive ;  arc  reliable  and  simple  in  operation,  and 
can  be  easily  handled  by  one  man.  .An  ad- 
vantage which  is  most  apparent  in  intermit- 
tent  service   is   that   they   consume   no   power 


story,  and  would  be  in  its  present  state  entirely 
deceptive  as  to  the  actual  facts. 

You  have  stated  the  steep  grades  and  alti- 
tude as  being  8,-500  ft.  above  sea  level,  while 
this  line  goes  through  the  Tejon  Pass,  which 
is  slightly  over  4,000  ft.— about  4,200  ft. 

These  trucks  were  operated  under  a  sub- 
contract from  Mahoney  Bros.,  the  contractors. 
for  about  three  weeks,  when  it  was  found 
that  the  freight  piled  up  so  fast  that  it  was 
necessary  to  abandon  them  and  put  on  about 
(iSO  mules.  These  did  the  work  satisfactorily, 
wdiich  is  rather  strange  on  account  of  your 
statement  tending  to  deprecate  their  service 
because  of  the  great  heat,  soft  roads,  etc.  Be- 
fore the  auto  trucks  were  laid  off,  they  were 
stuck  all  along  the  route. 

You  also  speak,  with  some  embellishments, 
of  the  auto  trucks  going  down  the  river  bed. 
.As  a  matter  of  fact,  only  one  went  down  there, 
the  autos  being  afterwards  stopped  at  the  top 
of  the  grade  and  the  pipe  hauled  in  with 
mules. 

The  conclusion  arrived  at,  which  is  unfor- 
tunately omitted  in  your  article,  is  that  auto 
trucks  are  only  good  so  long  as  the  roads  arc 
in  fair  shape /otherwise  ihcy  are  worthless  in 
comparison  with  mule  teams.  In  this  case 
the  aulos  in  one  or  two  trips  cut  up  the  roail 
so  that  it  was  impassable,  and  they  spread  >uit 
sideways  on  new  roads  with  increasing  diffi- 
cullies,  until  it  was  necessary  to  abandon  their 
service. 

ft    would    therefore   seem    ihat   your   article 
rallur   sl.uiders   the    faithful,   patient   and   elVi- 
cient    mule    unnccessariiy,    when    it    should    he 
praised   instead  of  the  motor  truck. 
Verv   truly  yours, 

Bovn  Eiii.E. 
\  ulnria,   11.  C. 

.April  ;!0,   l!)|l. 


Operation   of   Canal   Terminal   Locks.      \ 

commi'-si"U  r. insisting  of  Mr.  Carroll  S.  .Smiili 
and  .\ir.  |.  .\l.  Ilarrelt  appoinlcil  by  Mr.  E.  .\. 
Drake,  h'irst  Vice- President  of  the  Panama 
Kailroad  Co..  arrived  at  Panama  on  .April  8, 
accimipanicd  by  a  statistician,  to  make  a  sl'idy 
and  report  mi  the  most  practicable  and  effect- 
ive plan  for  hamlling  cargo  to  and  from  ves- 
sels at  the  Canal  terminals. 


A  Note  on  Cost  of  Subaqueous  Shield 

Driven  Tunnels. 

Leaving  aside  all  special  work  and  consider- 
ing only  the  standard  tunnel  driven  uiider 
compressed  air,  including  excavation,  cast  iron 
lining,  bolts,  grouting,  rust  or  cement  jointing, 
concreting,  the  writer  has  endeavored,  in  so 
far  as  it  is  possible,  to  figure  the  cost  of  such 
a  structure,  reduced  to  unit  cost  per  cubic 
yard  of  excavation,  or,  more  exactly,  per  cubic 
yard  of  tunnel  space.  This  unit  cost  represents, 
as  nearly  as  can  be  ascertained,  the  cost  to  the 
contractor  or  constructing  company,  exclusive 
of  cost  of  financing,  of  amortization,  of  inter- 
est on  capital,  .and  exclusive  of  profit.  Neither 
does  it  include  permanent  way  or  equipment. 
This  unit  cost  oscillates  between  $-J7.i")  and 
$32.00  per  cubic  yard  of  tunnel.  .Among  others, 
two  examples  were  chosen,  one  being  the 
Pennsvlvania  Hudson  tunnels,  23  ft.  in  diam- 
eter, in  which  this  unit  cost  was  $31.00,  and  the 
other,  the  Paris  Concorde  tunnel,  2.i  ft.  G% 
ins.  diameter,  the  unite  cost  of  which  was 
$29.12  It  may  be  noted,  however,  that  there 
was  very  heavy  concreting  in  the  Pennsyl- 
vania tubes  and  very  little  in  the  Paris  tunnel. 
In  the  Pennsylvania  tubes  there  were  also  two 
special  machined  steel  segments,  spaced  every 
1.5  ft.,  which  evidently  increased  the  cost  to  a 
certain  extent.  The  cost  of  labor  was  greater 
in  New  York  than  in  Paris;  on  the  other  hand, 
the  price  of  cast  iron  was  double  in  France 
that  in  the  United  States.  Taking  the  unit  cost 
of  the  Paris  tube  at  $20.12  per  cubic  yard,  the 
various  items  making  up  that  price  are  as 
follows : 

Superintendence   and    labor $10.00..  —  34.34% 

Plant   charges    3.65. .  —  12.53% 

Lining     11.00. .  —  37.77% 

Rolts      0.78..   —     2.GS% 

Blasting     0.4. .  —     0.13% 

Grouting    0.83..   —     2.SH% 

.Tolnting     0.11..   —     0.:i7% 

Wooden  furring  strips 0.05..  —    0.1i<5;, 

Concreting    0.70..  —     2.409!. 

Cement   facing   0.16..  —    0.54% 

Power    1.80..  —    6.1S7r 

Total     $29.12  100.00% 

These  costs  are  taken  from  a  paper  by  P.  A. 
N.  Seurot  before  the  Canadian  Society  of  Civil 

F.ngineers. 

Automatic  Piston  Red  Wiper  for  Rock 

Drills. 

(Staff   .Article.) 

One  of  the  main  causes  of  wear  in  the 
beads  and  cylinders  and  pistons  of  rock 
drills  is  the  fact  that,  in  spite  of  careful  pack- 


Fig.   1.      Piston    Rod    V. 


for    Rock    Drills. 


ing  and  close  fits  in  the  working  parts,  some 
ilust  and  grit  is  bound  to  be  carried  into  the 
liead-bushinK  or  lining,  and  beyond  (he  pack- 
ing into  the  drill  cylinder.  When  it  arrives 
:'t  this  point,  it  roughs  up  or  scores  the 
cvl'ndcr  wall,  and  even  the  surface  of  the 
piston  and   the   pi-t..ii    riny      This   is  particu- 
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larly  trut  in  holes  drilled  above  the  horizontal, 
from  which  the  dust  and  cuttings  fall  down 
upon  the  front  head  of  the  machine. 

To  reduce  this  wear  a  piston  rod  wiper,  "il- 
lustrated" by  Fig.  1,  has  been  devised.  As 
shown,  this  consists  simply  of  a  cage  or  frame, 
made  in  halves  to  bolt  over  the  front  head 
and    around    the   piston   of   a    rock    drill,    the 


purchase  on  the  head  being  obtained  by  a 
groove  cast  in  the  halves  of  the  taper  lining, 
or  cut  in  these  parts,  when  the  drill  is  in  the 
field.  This  cage  is  kept  packed  full  of  waste 
that  has  been  soaked  in  oil.  As  will  readily 
be  seen,  this  waste  has  the  effect  of  keeping 
the  piston  rod,  as  it  reciprocates,  constantly 
wiped  clean  of  any  sludge,   dust  or  moisture 


that  may  fall  upon  it  during  operation.  The 
waste  can  of  course  be  readily  removed,  and 
fresh  waste  inserted  or  additional  oil  put  upon 
it  when  necessary. 

We  are  indebted  to  the  Sullivan  Machinery 
Co.,  Chicago,  111.,  for  information  of  this  new 
device. 


Cost  of  Obtaining  Water  from  Wells 

at  Owensboro,  Ky. 

A  report  on  an  investigation  of  the  munici- 
pal waterworks  at  Owensboro,  Ky.,  was  made 
by  Burgess  &  Long,  consulting  engineers  of 
Columbus,  O.,  on  March  2,  1914.  The  investi- 
gation included  studies  not  only  of  the  phys- 
ical condition  of  the  plant  but  also  of  other 
important  features,  including  the  quantity  of 
water  required  to  supply  the  needs  of  the 
city;  the  design  and  general  arrangement  of 
the  equipment  provided  to  develop  the  water 
supply  and  to  deliver  it  to  the  consumers; 
the  usual  methods  of  operating  the  plant;  the 
adequacy  and  quality  of  the  sources  of  water 
supply  available;  the  general  arrangement  and 
adequacy  of  the  distribution  system;  the  cost 
of  furnishing  water  required  for  domestic  and 
industrial  uses,  and  also  for  fire  protection 
purposes;  and  the  revenue  derived  from  the 
water  service  rendered.  The  following  matter 
is  taken  from  the  report  and  relates  to  water 
consumption,  the  well  system,  a  general  de- 
scription of  the  waterworks  plant,  the  opera- 
tion of  the  waterworks  plant,  the  amount  and 
cost  of  power  required  to  obtain  water  from 
the  well  systems,  the  quality  of  water  ob- 
tained from  the  wells,  and  the  cost  of  chem- 
icals used  in  softening  the  well  water  supply: 

WATER    CONSUMPTION. 

A  study  of  the  past  records  of  operation  at 
Owensboro  indicates  that  no  reliable  data  are 
at  hand  to  show  what  the  actual  past  water 
consumption  has  been.  Probably  the  most 
accurate  data  available  are  the  counter  read- 
ings on  the  high  service  pumps.  These 
counters  are  read  generally  several  times  a 
day  but,  so  far  as  could  be  learned,  no  at- 
tempt is  made  to  use  these  records  for  the 
purpose  of  computing  or  estimating  the  aver- 
age daily  consumption  of  water. 

A  feature  of  operation  which  tends  to  make 
such  computations  inaccurate  is  the  fact  that 
a  very  considerable  quantity  of  water  is  used 
in  the  cooling  jackets  of  the  air  compressors. 
This  cooling  water  is  taken  from  the  high 
service  force  main,  flows  through  the  com- 
pressors, and  back  into  the  storage  reservoirs. 
It  appears  in  the  quantity  of  water  pumped, 
but,  of  course,  is  not  delivered  to  the  con- 
sumers. During  the  recent  investigation  the 
quantity  of  water  so  used  for  cooling  pur- 
poses was  estimated  as  correctly  as  the  means 
at  hand  would  allow  and  was  found  to  be 
about  250,000  gals,  daily. 

The  daily  consumption,  including  water  used 
to  wash  the  filters  in  the  softener,  was  found 
to  be  1,424,000  gals.  The  present  average 
daily  consumption  of  water  at  Owensboro  con- 
sequently is  estimated  to  be  about  1,400,000 
gals.  The  census  records  of  population  indi- 
cate a  considerable  growth  of  the  city,  so 
that  demands  for  the  near  future  require  that 
there  be  available  at  least  .3,000,000  gals,  of 
water  daily  in  order  to  meet  the  demands  of 
the  service. 

THE    SOURCES    OF    SUPPLY. 

When  the  waterworks  were  first  constructed, 
in  1904-00,  it  was  learned  that  at  least  two 
veins  of  water  were  available  in  the  ground 
as  possible  sources  of  supply.  The  one  was 
in  a  gravel  stratum  about  20  ft.  thick  and 
from  80  to  100  ft.  below  the  surface  of  the 
ground ;  the  ether  was  in  the  rock  strata  un- 
derlying the  gravel  deposits.  When  the  con- 
struction of  the  plant  was  begun,  in  1904,  it 
was  thought  that  the  upper  gravel  vein  was 
subject  to  local  pollution  and  was  objection- 
able  on   this   account.     Moreover,   the   upper 


vein  of  water  was  thought  to  be  much  harder 
than  that  contained  in  the  rock.  Consequently 
the  water  supply  was  obtained  from  drilled 
wells  driven  into  the  rock  to  a  depth  of  about 
300  ft.  below  ihe  surface  of  the  ground.  Water 
was  pumped  from  the  wells  by  air  lifts  op- 
erated under  about  100  lbs.  pressure.  The 
cost  of  obtaining  water  from  this  depth  was 
excessive  and  in  1907  the  air  lifts  were  raised 
to  operate  under  from  50  to  60  lbs.  pressure 
with  a  very  much  less  consumption  of  fuel. 
About  20  such  wells  have  been  driven  to  date 
and  practically  all  the  land  now  owned  by  the 
city  between  the  pimping  station  and  the  river 
is  utilized  for  water  supply  purposes. 

During  recent  years  there  has  been  an  in- 
creasing demand  for  water,  and  in  1911-12  a 
system  of  four  drilled  wells  was  installed  im- 
mediately adjacent  to  the  pumping  station  to 
secure  water  from  the  upper  or  gravel  vein 
of  water.  These  wells  are  8  ins.  in  diameter, 
about  101  ft.  deep,  and  contain  Cook  strainers, 
each  20  ft.  long.  They  are  equipped  with 
deep-well  plunger  pumps,  driven  by  a  50-HP. 
electric  motor,  connected  by  shafting  and 
gears  to  the  well  pumps.  When  sufficient 
water  cannot  be  obtained  from  the  deeper 
wells  by  the  air  lifts  it  is  the  present  prac- 
tice to  augment  the  supply  with  water  ob- 
tained from  the  new  motor-driven  well  pumps. 

An  important  question  considered  during  the 
recent  investigation  was  whether  future  addi- 
tions to  the  water  supply  at  Owensboro  should 
be  obtained  from  the  lower  vein  of  water  in 
the  rock  or  from  the  upper  vein  of  water  in 
the  gravel  strata.  This  question  is  largely  one 
of  the  relative  cost  of  operation  and  mainte- 
nance of  the  two  well  systems.  In  order  to 
answer  this  question  intelligently  it  was  nec- 
essary to  obtain  data  relative  to  the  cost  of 
power  required  to  operate  the  two  well  sys- 
tems; also  to  determine  the  relative  cost  of 
treating  the  two  waters  in  order  to  obtain  a 
supply  of  satisfactory  quality. 

Before  discussing  the  results  obtained  from 
the  tests  of  the  two  well  systems,  it  is  thought 
desirable  to  give  a  brief  description  of  the 
equipment  provided  to  obtain  the  water  supply, 
to  purify  it  and  to  deliver  it  to  the  city. 

GENERAL    DESCRIPTION    OF    WATERWORKS    PLANT. 

In  addition  to  the  two  systems  of  wells  and 
piping  which  have  already  been  briefly  de- 
scribed, the  waterworks  plant  comprises  the 
following  equipment:  Two  air  compressors 
furnished  by  the  Rand  Drill  Co.  and  provided 
to  lift  the  water  from  the  deep  wells;  a  water 
softening  plant  of  .3,000,000  gals,  daily  capacity 
provided  to  purify  the  water  as  it  is  dis- 
charged from  the  wells  into  the  receiving  res- 
ervoirs; two  covered  circular  storage  reser- 
voirs, each  holding  1,000,000  gals.;  two  high 
service  pumps  each  of  3,000,000  gals,  daily 
capacity,  built  by  the  Piatt  Iron  Works  Co. 
of  Dayton,  Ohio,  and  provided  to  lift  the 
water  from  the  reservoirs  and  force  it  into  the 
distribution  system;  three  200-HP.  .'Xtlas 
water  tube  boilers ;  and  the  necessary  au,\- 
iliary  equipment,  including  boiler  feed  pumps, 
vacuum  pumps,  chimney  and  other  miscella- 
neous equipment. 

Softening  Plant. — The  softening  plant  com- 
prises devices  for  applying  chemicals  in  so- 
lution; reaction  or  softening  tanks  where  the 
water  and  chemical  solutions  arc  thoroughly 
mixed  and  retained  for  a  period  of  one  hour; 
two  settling  tanks  provided  to  clarify  the 
water  which  is  retained  in  the  tanks  for  a 
period  of  five  hours;  and  wood-fiber  filters 
provided  to  further  clarify  the  settled  water 
and  to  remove  after-depositc. 


Reservoirs. — The  storage  reservoirs,  into 
which  the  softened  water  is  discharged  from 
the  settling  compartments  of  the  softener,  are 
two  in  number,  100  ft.  in  diameter  by  17  ft. 
deep,  each  holding  approximately  1,000,000 
gals.  For  some  reason  the  receiving  reser- 
voirs are  built  upon  high  ground  between  the 
pump  station  and  the  river.  Consequently  it 
is  necessary  to  lift  the  water  with  the  air  lift 
or  deep  well  pumps  some  20  ft.  higher  than 
the  high  service  pumps. 

High  Service  Pttm[>s. — The  two  high  service 
pumps  are  duplicate  machines,  of  the  follow- 
ing principal  dimensions : 

Nominal  capacity  in  24  hours.  3,000,000  gals, 
(slippage    3    per   cent.) 

C^ipaoity   per    revolution,    40   gals. 

Maximum  piston  speed  required,  225  ft.  per 
minute. 

iJianitter  of  water  plungers,  10%  ins. 

i.engtn    of   stroke,    24    ins. 

Diameter  of  high  pressure  steam  cylinder,  14 
ins. 

L'iaiiif.t.  r   of   low   pressure   cylinder,    24    ins. 

The  engines  are  of  the  cross-compound, 
crank  and  fly-wheel  condensing  type.  One  of 
the  most  important  features  of  their  design 
is  the  fact  that  a  piston  speed  of  225  ft.  per 
minute  is  required  to  develop  the  full  capacity 
of  the  pumps.  The  duty  guaranteed  was 
110,000,000  ft.-lbs.  per  1,000  lbs.  steam  wheq 
delivering  2,100  gals,  per  minute  against  12 
lbs.  pressure,  with  steam  at  125  lbs.  pressure 
The  duty  to  be  80,000,000  ft.-lbs.  when  operatj 
ing  at  one-half  capacity  under  the  same  con-l 
ditions.    The  cost  of  the  pumps  was  $18,320. 

Air  Compressors. — The  two  air  compressor^ 
provided  to  operate  the  air  lifts  are  of  differ-l 
ent  design,  although  both  were  furnished  byl 
the  Rand-Drill  Company.  Each  compressor  isjj 
of   the   cross-compound,   crank   and    fly-whee^| 

'yp^-  .  ...        , .  , 

The  following  are  the  principal  items  of  in-jl 
terest  concerning  the  two  machines : 

(1)  (2)     I 

Date  of  Contract.  Feb.  10,  '05.  June  24,  '05. 

Rand 
Rand-  Imperlul 

Type.  Corliss.  Corllsa. 

Capacity,   cu.   ft 2,300  2,300 

Pressure   of   air,   lbs 100  100 

H.  P.  -Steam  Cylinder,  ins IS  18   ,  _.. 

Li.  P.   Steam  Cylinder,   ins 34  30   h^,, 

L.  P.    Air   Cylinder,    ins 29  28    K 

H.  P.     Air    Cylinder.    Ins 19  W   Hv 

Stroke,    ins 36  M  |^ 

Revolutions   per   minute 91  185.  |h^, 

Piston  speed,   ft.    per  minute.     456  5«   •'"' 

Cost    $12,482  J9,924 

Weight,   lbs 120.000  77,000 

Guar,anteed  steam  consumption  of  No.  1  =  16 
Ib.s.    per   HP. -hour   with    .steam    at   125    lbs. 

Mechanical  cftlciency  of  air  compressor  to  be 
not   less   than   ^0   pei    cent. 

Volumetric  efficiency  of  air  cylinder  not  less 
than    95    per    cent. 

Guaraiiieed  steam  consumption  of  No.  2  =  1' 
lbs.   pel    HP.-honr. 

Meohnnifal  efflciency  of  air  cylinder  not  lew 
than  9'".  per  cent. 

Vcluniptric  etTlclency  of  air  cylinder  not  IMS' 
timn   Jf."   per  cent.  __ 

Horse  power  developed  by  each  machine  — 
too.  ,. 

.-larting  pressure  of  No.  1  machine  125  IBs- 
cf  Nn.   2.   13r.  lbs-. 

Boilers. — The  boiler  house  contains  _  3 
200-HP.  ,^tlas  water  tube  boilers.  Each  boiler 
contains  87  4-in.  tubes,  17  ft.  9  ins.  long.  The 
grates  are  6  ft.  fi  ins.  by  (!  ft.  1  in.  Owinp 
to  the  generally  leaky  condition  of  the  boiler 
settings  and,  as  stated,  to  the  comparatively 
small  capacity  of  the  chimney  provided,  it  i! 
customary  to  operate  the  boilers  with  forced 
draught  induced  by  an  electrically-driver 
blower. 

OPERATION     OF     WATERWORKS     PLANT. 

When  the  pumping  station  is  in  operatioi 
the  general  method  of  procedure  is  as  follows 
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Water  is  pumped  from  the  deep  wells  by  the 
air  lift,  using  compressed  air  delivered  from 
the  air  compressor  or  is  pumped  from  the 
shallow  wells,  using  the  motor-driven  pumps, 
and  is  discnarged  into  the  raw  water  weir 
box  of  the  water  softener.  From  this  point 
the  water  flows  by  gravity  through  the  soft- 
ener, receiving  the  chemical  solutions  on  the 
way,  and  is  discharged  into  the  receiving  reser- 
voirs after  having  been  softened  and  purified 
in  the  softener.  From  the  receiving  reservoirs 
the  water  is  taken  by  the  high  service  pumps 
and  is  discharged  into  the  distribution  system. 
The  following  are  the  principal  operating 
conditions  of  the  plant:  The  air  pressure 
maintained  at  the  compressor  varies  from 
47  to  liO  lbs.  per  square  inch,  depending  upon 
the  height  of  the  ground  water  at  the  wells. 
which  in  turn  depends  upon  the  stage  of  the 
river.  The  v.'ater  pressure  maintained  in  the 
distribution  system  by  the  pumps  varies  from 
50  to  00  lbs.  per  square  inch  for  the  usual  do- 
mestic service,  and  is  increased  to  100  lbs.  per 
square  inch  for  fire  protection  purposes.  The 
steam  pressure  carried  on  the  boilers  varies 
from  130  to  135  lbs.  per  square  inch.  The 
vacuum  on  the  discharge  of  the  air  com- 
pressors is  about  l'4  ins.  The  large  air  com- 
pressor is  operated  at  its  nominal  speed  of 
from  8.J  to  90  revolutions  per  minute.  The 
average  speed  of  the  pumps,  when  on  domestic 
service  only,  is  about  2-5  r.  p.  m.     The  maximum 

■  speed  of  the  pumps,  when  furnishing  3,000,000 
gals,  daily,  is  "I'i.o  r.  p.  m.,  and  the  maximum 
pressure  for  which  the  pumps  were  designed 
is  120  lbs.  per  square  inch.  It  should  be  noted 
that  the  air  pressure  generally  carried  is  only 
one-half  of  that  for  which  the  air  compressors 

'  -were  designed;  also  that  the  present  speed  of 
the  pumps  is  about  one-half  of  their  maximum 
speed ;  also  that  the  domestic  pressure  carried 
is  about  one-half  of  the  maximum  pump 
pressure.      These    features,    of    course,    mate- 

'  rially  affect  the  efficiency  obtained  by  the  op- 

I -eraticn  of  the  equipment,  because  the  maxi- 
mum efficiency  is  obtained  at  the  nominal  or 
■maximum  speed  for  which  all  of  the  equipment 
is  designed. 

Under  the  usual  operating  conditions  the 
air  compressors  develop  about  200  IIP.  and  the 

,  high  service  pumps  develop  about  60  HP.  In 
other  words,  about  3.3  times  as  much  fuel  is 
required  to  lift  the  water  out  of  the  wells  as 
is  re(|uired  to  pump  it  into  the  mains. 

HOWKK    REQi;iRF.D    TO    OBT.MN    WATER    FROM    WELL 
SYSTEMS. 

The  work  done  in  raising  the  water  from 
the  wells  by  air  lifts  is  equivalent  to  forcing 
1,030,00(1  gals,  daily  against  a  head  of  -50  lbs. 
This  requires  20.ii  HP.  theoretically.  The  air 
coniprissors,  when  operating  at  i'O  r.  p.  m. 
against  an  air  pressure  of  100  lbs.,  develop 
40(1  111'.,  and  against  -"jO  lbs.  air  pressure  would 
develop  at  least  200  HP.  The  efficiency  of  the 
air  lifts  is,  therefore,  but   10  per  cent. 

The  work  done  by  raising  the  water  from 
the  walls  by  the  motor-driven  pumps  is  equiv- 
alent to  forcing  1)20,000  gals,  daily  against  a 
head  of  V»)  ft.  This  requires  Ki.O  IIP.  theo- 
retically. No  devices  are  provided  to  measure 
the  power  delivered  to  the  motor  which  drives 
the  well  pumps.  This  motor  is  said  to  be 
a  •V'-HP.  motor  and  to  operate  at  nearly  full 
cipacily.  .Assuming  that  ht>  HP.  are  requireil 
to  drive  the  pumps,  the  efficiency  of  the  ap- 
paratus is  32  per  cent. 

COST  OK  POWER   RF.nUIRED  TO  OUT.MN    W.\TER  FROM 
WELL    SYSTEMS. 

During  the  recent  investigation,  on  Jan.  |f. 
Iflll,  mcasurtmei'.ts  were  taken  of  the  steam 
consumed  by  the  large  air  compressor.  The 
method  used  was  to  weigh  the  condensate  in 
barrels.  Such,  measurenienls  indicated  that 
the  steam  consumed  by  the  engine  was  at 
the  rate  of  (l.oon  lbs.  per  hour.  The  air 
pressure  maintained  was  48  lbs.,  vacuum  23.8 
!  ins.,  steam  pressure  133  lbs.,  speed  of  engine 
88  r.  p.  m.  No  measurements  were  made  to 
■  determine  the  amount  of  coal  required  to  de- 
velop the  steam. 

Records  have  subsequently  been  kept  to 
determine  the  daily  coal  consumption  as  indi- 
cated by  the  time  dequired  to  consume  a 
known  weight  of  coal.    The  records  indicate 


that  a  carload  of  42.7-5  tons  was  consumed  in 
72  hours,  and  that  during  that  time  the  com- 
pressor was  shut  down  for  l.j  hours.  The 
coal  consumed  by  the  compressor  and  pump  is 
estimated  at  40.30  tons  in  j"  hours  and  by  the 
pump  alone  2.45  tons  in  15  hours.  These  fig- 
ures are  based  on  the  assumption  that  the 
compressor  required  3.3  times  as  much  coal  as 
the  high  service  pump. 

The  fuel  required  to  drive  the  compressor 
and  auxiliaries  is  estimated  at  0.54  ton  per 
hour  and  to  drive  the  pump  and  auxiliaries  at 
0.16  ton  per  hour.  Coal  costs  $1.10  per  ton 
delivered  at  the  plant.  On  this  basis,  the  cost 
of  fuel  required  to  operate  the  compressor  per 
dav  is  estimated  at  $14.25  and  to  operate  the 
pump  per  dav  at  $4.25.  The  cost  of  fuel  re- 
quired to  pump  1,000,000  gals,  from  the  deep 
wells  is  estimated  at  $13.TU  and  to  pump  1,000,- 
UOO  gals,  into  the  mains  at  $4.20. 

No  data  are  at  hand  to  show  the  cost  of 
operating  the  motor-driven  well  pumps,  except 
the  fact  that  a  5IJ-HP.  motor  seems  to  be  re- 
quired to  do  this  work.  The  theoretical  elec- 
tric power  required  to  pump  1,000  gals,  against 
a  head  of  100  ft.  is  0.312  kilowatt  and  to  pump 
920,000  gals,  is  277  kilowatts.  If  the  effi- 
ciency of  the  apparatus  is  but  32  per  cent,  the 
power  required  is  866  kilowatts.  This  costs 
about  1  cent  per  kw.,  so  that  the  cost  of 
power  required  for  pumping  920,000  gals,  is 
about  $8.66  and  the  cost  of  pumping  1,000,000 
gals,  is  about  $9.42. 

If  the  pumps  were  operated  at  a  slower 
speed,  it  is  the  engineer's  belief  that  an  effi- 
ciency of  40  per  cent  should  be  obtained  with 
the  equipment  provided,  and  under  this  con- 
dition the  cost  of  power  required  to  pump 
1,000,000  gals,  would  be  $6.93. 

As  shown  above,  the  cost  of  power  required 
to  pump  water  from  the  air-driven  wells  is 
about  double  that  required  to  pump  water  from 
the  motor-driven  wells,  and  over  three  times 
that  required  to  pump  it  into  the  distribution 
svstem. 

QUALITY    OF    WATER. 

It  is  of  interest  to  note  that  there  is  no 
very  great  dilTerence  in  the  quality  of  the 
water  obtained  from  the  two  systems  of  wells. 
That  pumped  from  the  shallow  wells  in  the 
gravel  is  a  little  harder  and  contains  more 
free  carUin  dioxide  and  iron.  The  compara- 
tive value  of  the  two  sources  of  supply  is,  of 
course,  determined  in  part  by  the  quantity 
of  chemicals  required  to  treat  the  waters,  in 
order  to  produce  a  water  of  good  quality. 
Without  treatment  both  of  the  well  waters  are 
objectionably  hard  and  contain  sufficient  iron 
to  make  them  of  unsatisfactory  quality  for  do- 
mestic use. 

The  analyses  indicate  that  2.14  lbs.  of  cal- 
cium oxide]  or  lime,  are  required  to  remove 
the  temporary  hardness  from  1,000  gals,  of 
the  deep  well  water  obtained  from  the  rock; 
and  that  0.18  lb.  of  sodium  carbonate  is  re- 
(|uired  to  remove  the  incrustants,  or  perma- 
nent hardness,  from  1,000  gals,  of  this  water 
The  cost  of  the  lime  is  $4.50  per  ton  and  of 
the  sodium  carbonate  is  $20  per  ton.  The 
commercial  lime  as  purchased  at  Owensboro 
probably  contains  not  more  than  00  per  cent 
calcium  oxide.  On  this  basis,  the  cost  of  lime 
required  to  soften  completely  1,000,000  Rals.  of 
the  deep  well  water  would  be  $,5.35.  Commer- 
cial siidium  carbonate  generally  contains  nearlv 
100  per  cent  sodium  carbonate.  The  cost  of 
sodium  carbonate  required  to  remove  com- 
pletely the  peimanent  hardness  from  I.OOO.OOO 
nals.  ai  this  water  would  be  $1.80.  In  the  same 
way  the  cost  of  lime  required  to  soften  coni- 
ple'tely  1  ooO.OoO  gals,  of  water  from  the  gravel 
or  the  shallow  wells  would  be  $"..02.  and  of 
the  sodium  carbonate  per  1,000,000  gals,  would 
be  $1.38. 

TOTAL  COST   OF    POWER    AND  CIIEMirALS   REQIIREP 
TO  OnTAI.V    WATER   FROM    THE    WELL  SYS- 
TEMS   AT    OWENSnORO. 

In  the  preceding  discussion  there  has  been 
shown  the  cost  of  power  required  to  lift  the 
water  from  each  well  system;  alsi>  the  cost  of 
chemicals  required  to  treat  each  of  the  welt 
waters.  These  costs,  together  with  the  total 
costs  per  1,000.000  gals.,  arc  shown  in  the  fol- 
lowing  tabulation: 


COST    OF    1,000,000    GALS.    OF    WELL    WATER. 

Deep       ShallOiV 
Wells.         Wells. 

Cost   of  power $13.70  t  9A2 

Cost  of  lime •■>.35  o.Vj, 

Cost    of    soda i-»«  l-^'' 

Total   cost  per  1,000,000  gals..$20.S5  tl6.67 

The  cost  of  power  required  to  drive  the  well 
pumps  would  be  materially  reduced  were  the 
pumps  operated  at  a  slower  speed.  The  speed 
of  the  well  pumps  should  be  reduced  to  not 
more  than  20  r.  p.  m.  M  this  speed  the  pumps 
should  be  able  to  furnish  a  constant  supply  of 
at  least  500,000  gals,  daily.  The  theoretical 
capacitv  of  each  pump  is  6.77  gals,  per  stroke. 
A\.  a  speed  of  40  r.  p.  m.  there  should  be  pro- 
duced 271  gals,  per  minute  per  well.  .As  a 
matter  of  fact  but  100  gals,  are  produced.  This 
indicates  that  the  well  pumps  are  operated  at 
an  excessive  speed.  Under  best  operating  con- 
ditions the  cost  of  power  would  be  about  $7 
per  I.OOO.OOO  gals,  and  the  total  cost  of  power 
and  chemicals  $14.25  per  1.000,000  gals. 

Assuming  that  the  present  average  daily 
consumption  is  1,400,000  gals.,  the  annual  cost 
of  power  and  chemicals,  using  water  from  the 
deep  wells  exclusively,  would  be  $10.6.54.  and 
using  water  from  the  gravel  wells  would  be 
$7,282.  These  figures  show  that  there  would 
be  a  reduction  in  the  operating  costs  of  over 
$3,000  annually  by  obtaining  all  of  the  water 
used  from  the  upper  or  gravel  strata. 

Construction  Plant  and  Methods  Em- 
ployed in  Reconcreting  the  Lining 
of  the  Eden  Park  Reservoir  of 
the  Cincinnati  Water  Works. 

Contributed  by  K^-mieth  C.  Craiii.  t'incinnati,  O. 
(The  design  of  the  new  lining  for  this 
lescrvoir.  consisting  of  broken  stone,  as- 
phaltic  felt  and  concrete,  was  described  and 
illustrated  in  an  article  published  in  this 
iournal   of   June   18,   1913.— Editors). 

The  work  of  relining  with  concrete  the 
west  basin  of  the  Eden  Park  reservoir  of 
the  Cincinnati  water  works  is  now  nearing 
completion.  The  Neeld  Construction  Co.,  of 
Pittsburgh,  is  the  contractor.  The  work  was 
undertaken  last  .July  under  a  1.52-day  limit. 
with  a  subsequent  extension  of  47  days,  but 
this  time,  as  is  evident,  proved  inadequate. 

The  principal  cause  of  the  delay  was  the 
difficulty  exncricnced  ,  in  removing  the  old 
concrete,  which  was  laid  in  1870.  and  which 
averaged  18  ins.  in  thickness.  In  some  parts 
it  could  be  handled  with  pick  and  shovel,  but 
for  the  most  part  its  removal  required  the 
use  of  d_vnamite,  and  this  while  effective,  was 
somewhat  slow.  The  method  used  was, 
starting  from  the  top.  to  drill  holes  under 
the  concrete  at  varying  distances  apart,  and 
as  deep,  or  long,  as'O  ft.  The  charges  varied 
from  half  a  stick  to  a  stick  to  each  hole. 

The  old  concrete  was  left  in  the  bottom  of 
the  basin,  after  a  thorough  testing  to  develop 
any  possible  weak  spots.  This  was  done  by 
using  a  14-ton  roller,  which  traversed  every 
portion  of  the  basin  without  causing  any 
yielding.  It  was  assumed  that  this  test  gave 
an  ample  factor  of  safety  for  the  greatest 
possible  load  of  water,  the  maximum  depth 
.if  water  under  service  conditions  being 
40  ft. 

The  object  of  relining  the  basin  was  to 
prevent  seepage  of  the  water  contained  in 
the  reservoir  which,  it  is  stated  by  the  city 
authorities,  sometimes  amounted  to  as  much 
as  2.O0O.O00  gals,  a  day  from  the  two  basins. 
The' capacity  of  the  west  basin,  on  which 
the  work  is  now  going  on.  is  .50.730,000  gals., 
and  that  of  the  cast  basin,  which  is  to  be 
similarlv  treated,  is  44,097,000  pals.,  indi- 
cating .T  dailv  los.-;  by  seepage  of  nearly  2 
per  cent  of  the  total  capacity. 

The  new  lining,  therefore,  is  designed  to  be 
as  nearlv  waterproof  and  watertight  as  it  is 
possible  to  make  it.  For  this  purpose,  there- 
fore, it  is  constructed  under  the  following 
specifications,  in  brief:  Graded,  as  far  as 
necessary  to  secure  a  smooth  surface  on  the 
slopes,  and  a  course  of  6  ins.  of  crushed 
rock,  from  1  to  3  ins.  in  greatest  dimension, 
anplieil  and  lamped  solid.  Upon  this  is  laid 
a  preparation  of  heavy  felt,  impregnated  with 
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asphaltum,  and  about  %-in.  thick,  made  by 
the  Barber  Asphalt  Co.  This  waterproofing 
comes  in  strips  16  ft.  long  and  4  ft.  wide,  and 
is  laid  with  6-in.  laps,  cemented  together  with 
pitch. 

Upon  this  is  placed  a  6-in.  slab  of  concrete, 
in  15- ft.  squares,  a  1-2-4  dry  mix  being  used, 
the  aggregate  being  crushed  rock  and  old 
concrete,  taken  from  the  reservoir  itself,  1 
in.  in  greatest  dimension  and  smaller.  This 
new  lining,  it  is  believed,  will  make  the  basin 
absolutely  watertight,  thus  preventing  any 
further  seepage  of  consequence.  In  order  to 
take  care  of  such  surface  waters  as  may 
find  their  way  down  under  the  felt,  from 
the  sides,  however,  10-in.  tile  drains  are 
provided.  The  lines  of  tile  are  placed  under 
the  bottom  course  of  crushed  rock,  and  led 
to  a  sewer  outlet  in  the  center  of  the  basin. 


crushed  rock  from  the  piles  alongside  the 
traveler  to  an  upper  level,  from  which  they 
are  chuted  to  the  mixer  as  required.  A  Vz- 
cu.  yd.  mi.xer  is  operated  on  this  part  of  the 
equipment,  dumping  into  a  bucket  which  is 
lifted  to  the  proper  point  on  the  slope  by  a 
boom  working  on  a  frame  extended  from 
the  traveler 

The  concrete,  poured  from  this  bucket,  is 
placed  to  the  desired  thickness  by  men  with 
hand-tools,  and,  being  a  stiff  mix,  has  given 
little  trouble  from  sliding  after  placing.  At 
the  bottom  of  the  slopes,  however,  when  the 
concrete  is  laid  on  the  slope  before  the  bot- 
tom concrete  has  been  placed,  heavy  timbers 
are  used  to  prevent  any  movement  of  the 
material. 

The  work  required  6,220  cu.  yds.  of  con- 
crete, and  about  an  equal  amount  of  crushed 


Fig.  1.     View  of  Traveler  for    Transporting    Concreting    Equipment    for    Work    on    Slopes 

of   Eden  Park  Reservoir. 


A  general  view  of  the  work  is  shown  in 
Fig.  1. 

The  placing  of  the  concrete  in  the  bottom 
of  the  basin  has  been  a  simple  matter.  After 
the  crushed  rock  layer  is  rolled  and  the  felt 
placed  upon  it  and  allowed  to  become  fixed, 
the  mixture  is  wheeled  to  place  in  two- 
wheeled  steel  hand-carts.  Fifteen-foot  steel 
plates,  Vi  in.  thick  and  about  7  ins.  wide, 
wired  together,  are  used  as  forms.  The  thick- 
ness of  these  forms  provide  space  between 
each  square,  after  their  removal,  for  a  pitched 
joint.  A  separate  '/4-cu.  yd.  mixer  takes 
care  of  this  part  of  the  work.  It  is  operated 
by  a   10-1  IP.  motor. 

The  85- ft.  slopes,  however,  have  presented 
greater  difficulties  in  every  phase  of  the 
work.  The  necessary  re-grading,  after  the 
removal  of  the  old  concrete  with  dynamite, 
could  not  be  done  with  a  roller  or  any  other 
of  the  usual  equipment,  on  account  of  the 
steep  pitch,  running  as  high  as  45°  in  many 
iplaces ;  and  this,  therefore,  was  necessarily 
pick-and-shovcl  work.  Likewise,  the  work 
of  settling  the  crushed-rock  bottom  course 
had  to  he  done  by  hand-tamping. 

The  placing  of  the  concrete  on  the  slopes, 
probably  presented  the  most  difficult  problem 
of  the  entire  job,  not  as  being  of  a  com- 
plicated nature,  but  as  offering  obstacles  to 
r.peed.  The  concreting  plant  finally  evolved 
by  the  companv  consisted  of  a  single  traveler, 
bearing  all  of  the  washing,  handling,  con- 
veying, crushing  and  mixing  equipment. 
This  traveler  is  illustrated  herewith  in  Fig.  2. 

The  crusher  on  this  traveler  was  used  only 
as  long  as  the  old  material  held  out.  crushed 
rock  being  hauled  to  the  job  since  that  time. 
A  clain-shell  bucket,  oper.nted  from  a  boom  by 
an    engine    on    the    traveler,    lifts    sand    and 


rock  for  the  bottom  course.  The  contract 
price  of  the  work  was  about  $102,000.  The 
work  will  probably  be  completed  in  a  short 
time.  The  arrangements  for  similar  work 
on  the  east  basin  have  not  been  made,  but  this 
contract  will  probably  be  let  shortly  after 
water  is  turned  into  the  section  of  the  reser- 
voir on  which  work  is  now  going  on. 


Results  of  Boston  Tests  and  Studies  of 
High  Pressure,  Cast  Iron  Bell  and 
Spigot  Joints,  and  of  Joint- 
ing Materials. 

Preparatory  to  the  selection  of  the  kind  of 
pipe  and  the  design  of  joint  for  use  in  the 
high  pressure  fire  .system  of  Boston,  Mass.,  the 
Public  Works  Department  of  that  city  made  a 
study  of  the  performance  of  pipe  line  materials 
adopted  for  high  pressure  fire  protection  dis- 
tribution systems  in  other  cities,  and  made  a 
set  of  carefully  planned  and  executed  tests  on 
high  pressure  bell  and  spigot  joints  caulked 
with  lead  and  lead  alloy.  The  results  of  these 
studies  and  tests  were  presented  by  Mr.  Clar- 
ence Goldsmith,  of  the  engineering  staff  of  the 
department,  in  his  recent  paper  before  the  New 
England  Water  Works  Association.  The  paper 
contains  much  original  and  valuable  informa- 
tion and  is  published  herewith  in  full : 

Cast  iron  bell  and  spigot  pipe  has  been  used 
for  the  distribution  of  water  in  this  country 
since  early  in  the  last  century.  The  pipe  of 
that  period  was  cast  in  8- ft.  lengths  without 
groove  in  the  bell  or  bead  on  the  spigot,  and 
the  joint  was  made  up  with  lead  in  much  the 
same  way  that  it  is  today,  but  in  some  cases 
wooden  staves  were  used  instead  of  lead.  This 
pipe  was  of  comparatively  small   size,  and  the 


pressures  to  which  it  was  subjected  were  in 
most  cases  less  than  50  lbs.  In  the  course  of 
time  larger  pipes  were  required  and  higher 
pressures  utilized,  and  about  the  year  1850  the 
casting  of  grooves  in  the  bells  and  beads  on 
the  spigots  was  begun.  The  grooves  gave  the 
lead  joint  greater  resistance  against  blowing 
out,  and  the  bead  facilitated  the  centering  of 
the  pipe,  helped  to  hold  the  yarn,  and  contrib- 
uted something  to  the  holding  power  of  the 
joint.  Joints  such  as  described  have  been 
adopted  by  the  New  England  Water  Works 
and  American  Water  Works  Associations  in 
their  standard  specifications,  and  are  now  uni- 
versally used  on  cast  iron  bell  and  spigot  pipe 
laid  for  domestic  distribution  systems.  Where 
bends,  offsets,  caps,  plugs,  blow-off  valves  and 
hydrants  are  set  on  the  line  it  is  frequently  the 
practice  to  tie  them  into  the  line  with  rods 
passed  either  through  lugs  cast  on  the  pipe, 
gates  and  fittings,  or  through  -wrought-iroii 
bands  bolted  around  the  pipe  and  fittings,  or 
else  to  use  set  screws  tapped  through  bossesi 
cast  on  the  bells  and  set  down  onto  the  spigotj 
end.  In  many  cases,  however,  masonry  abut- 
ments are  built  up  against  the  line  and  fittings 
to  resist  the  thrusts  caused  by  irregularities  in 
alignment  and  unbalanced  pressure  on  caps 
and  plugs. 

With  the  advent  of  larger  sizes  of  pipe, 
operated  under  continually  increasing  pres- 
sures, steel  pipe  was,  in  the  latter  part  of  the 
nineteenth  century,  utilized  to  a  large  extent 
to  meet  the  then  more  exacting  requirements. 
The  life  of  steel  pipe  has  in  many  cases  been 
short,  due  largely  to  the  lack  of  a  durable 
protective  coating,  and  in  a  measure  to  elec- 
trolytic action.  Hence,  when  the  (juestion  of  a 
suitable  pipe  material  came  up  in  connection 
with  the  design  of  the  earlier  high  pressure 
lire  service  systems,  there  was  considerable 
diversity  of  opinion.  In  18fl7  the  city  of  Buf- 
falo decided  to  use  steel  pipe  and  laid  a  mile 
of  such  pipe  with  threaded  joints,  but  additions 
in  1004  and  lOOfi  to  this  installation  were  off 
cast  iron.  On  the  other  hand,  in  1898  the  cit, 
of  Boston  used  cast  iron  pipe  with  a  doublil 
groove  in  the  bell  for  a  high  pressure  saJq 
water  main  of  about  one  mile  in  length. 

The  first  high  pressure  fire  service  .systeit 
covering  any  considerable  area  was  installed  il^ 
Philadelphia  in  1003.  and  although  the  origina 
<lesigns  contemplated  the  use  of  steel  pipe  i^ 
was  finally  decided  to  use  cast  iron,  and  ! 
flanged  joint  was  designed  for  this  speda 
service.  In  1000  it  was  decided  to  extend  thd 
system  largely  and  "Universal"  cast  iron  pipq 
was  used  for  this  work. 

Cast  iron  bell  and  spigot  pipe  has  been  irs< 
cxclusivelv  in  the  construction  of  the  hig 
pressure  fire  service  system  of  New  York, 
lirst  pipe  laid  had  double  semi-circular  groov 
in  the  bell  and  on  the  spigot,  and  lugs  or  ringli 
for  wrought  iron  bands  were  cast  on  all  piped 
and  fittings  set  where  the  alignment  of  the 
pipe  was  changed,  and  on  brandies  and  dearf 
ends,  thus  providing  for  the  tying  of  the  lin 
together  with  rods  or  bolts  and  nuts.  In  la 
installations  the  dimensions  of  the  grooV 
were  modified,  but  the  practice  of  tying 
lines  together  is  still   followed. 

The  city  of  San  Francisco  was  the  next  city 
to  undertake  the  construction  of  an  extensive 
high  pressure  distribution  system.  Most  care- 
ful and  complete  investi.gations  were  made  be- 
fore cast  iron  was  adopted  as  the  material  for 
the  pipe  lines.  Because  of  the  possible  trying 
and  exacting  conditions  which  might  be  im- 
posed upon  the  distribution  system  by  an  earth- 
quake, T.  W.  Ransom,  M.  Am.  Soc.  M.  E.  an<l 
consulting  engineer  of  the  board  of  public 
works,  conducted  an  extended  series  of  experi- 
ments, under  the  direction  of  City  Engineer 
Marsden  Manson.  M.  .Am.  Soc.  C.  E.,  on  a 
large  number  of  lead  joints  of  varied  design 
The  results  of  these  experiments  led  to  tht 
development  of  a  joint  which  was  adopted  foi 
the  work  and  is  producing  excellent  results 
The  holding  power  of  this  lead  joint,  however 
was  not  sufficient  to  render  unnecessary  th( 
use  of  lugs  and  rods  on  dead-ends  and  on  fit- 
tings out  of  alignmen' 

.After  careful  stn.iy  of  the  question  of  tna 
lerial  for  the  pipes  of  the  high  pressure  dis 
tribution  svstem,  the  city  of  Boston  has  adoptee 
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cast  iron  as  unquestionably  the  best  for  the 
purpose.  In  designing  pipe  for  such  service 
the  engineer  is  largely  guided  by  the  results  of 
previous  practice,  and  as  the  superiority  of  the 
joint  adopted  by  San  Francisco  had  been 
demonstrated,  both  e-xperimentally  and  practi- 
cally, this  type  of  joint  was  also  adopted  by 
Boston.  The  use  of  lugs  and  rods  was,  how- 
ever, considered  open  to  criticism  and  serious 
objection,  it  being  practically  impossible  to  so 
adjust  the  rods  in  sets  of  four  or  six  that 
each  would  take  even  an  approximate  share  of 
its  load.  The  rods,  too,  are  subject  to  rapid 
deterioration  when  buried  in  earth  of  the  kind 
found  in  the  greater  part  of  the  area  in  which 
it  is  proposed  to  lay  the  pipe.  The  cost  of  each 
joint  made  up  with  lugs  and  rods  exceeds  that 
of  a  plain  lead  joint  by  approximately  $20  for 
20-in.  pipe,  $1.5  for  l(j-in.,  $7  for  12-in.  and  $4 
for  8-in.  These  objections  suggested  the  de- 
velopment of  a  more  reliable  and  permanent 
method  of  holding  the  pipe  line  in  place:  but 
an  even  more  serious  objection  presented  itself 
to  the  use  of  the  rod  and  lug  construction  in 
Boston.  On  account  of  the  great  congestion  of 
existing  underground  structures  it  is  of  the 
utmost  importance  to  economize  in  space  by 
reducing  the  clearances  to  a  minimum.  The 
minimum  clearances  required  for  pipe  with 
lugs  is  •3.i'/4  ins.  for  20-in.  pipe.  29'/i  ins.  for 
16-in.,  24>4  ins.  for  12-in.  and  18%  ins.  for  8- 
in.,  while  without  lugs  these  clearances  could 
be  reduced  6,  5,  5  and  4%  ins.,  respectively. 
The  advantages  of  the  latter  construction  are 
therefore  obvious.  A  cross  section  of  the 
adopted  joint  is  shown  in  Fig.  1. 

Several  methods  of  overcoming  the  difficul- 
ties which  presented  themselves  were  studied. 
First,  the  use  of  set  screws  in  bosses  cast  on 
the  bells  was  considered,  but  their  holding 
power,  when  of  reasonable  size,  would  not  be 
sufficient;  and  other  objections  were  the  diffi- 
culty of  making  them  watertight,  the  expense 
:  'Irilling  and  tapping  the  holes,  and  the  work 
:  .filved  in  adjusting  the  set  screws. 

Interlocking  wedges  cast  on  the  spigot  and 
in  the  bells  were  next  designed,  but  were  not 
1  insidered  feasible,  as  the  adjustment  of  the 
I'i;ic  in  the  ditch  would  be  difficult,  and  there 
uould  be  practically  no  flexibility  of  the  line 
in  case  of  settlement. 

JOIST    M.\TERI.\I.. 

Itxperiments  showed  that  the  failure  of 
double-groove  joints  of  the  design  adopted  was 
due  to  the  flowing  of  the  joint  material,  rathir 
than  to  the  shearing  of  this  material  in  the 
groove  of  the  bell  as  in  the  case  of  single- 
groove  joints.  It  was  clear,  therefore,  that  the 
problem  would  be/  satisfactorily  solved  if  a 
material  could  be  found  which  wnuld  offer  a 
much  greater  resistance  to  flowing  than  lead 
and  could  l)e  poured  and  driven  with  moderate 
f.icilit\,  and  yet  would  not  be  so  rigid  as  to 
lircvent  a  sufficient  movement  in  the  joint  to 
allow   for  settlement  of  the  pipe  line. 

The  materials  available  for  an  alloy  of  the 
•  liaraclcr  required  arc  as  follows; 

Tensile 
Meltlne  point.  strenRlh.  lb.". 

600°  F.  1  .fiOn  to  2.400 

450°  V.         ;i..';'io 

600°  F.  fi.4fiO 

780°  F.        5,000  lo  e.nop 

1,150°  F.         13.000 

To  make  the  various  joints  for  testing,  20- 
in.  caps  and  plugs  with  double  grooves  of  the 
design  adopted. cast  in  the  bell  and  turned  on 
the  spigot  were  used.  The  depth  of  the  bell  in 
all  cases  was  4'/4  ins.  and  the  joints  were  made 
up  by  centering  the  plug  in  the  cap  and  yarn- 
ing the  joint  until  the  face  of  the  yarn,  which 
wns  driven  home  w-ith  a  hammer,  was  VA  ins. 
from  the  face  of  the  hell.  The  plug  was  then 
tipped  at  an  angle  of  about  ■\'>'.  a  jointer  ad- 
justed, and  the  j.oint  material  poured.  A 
round  jointer  provides  for  a  sufficient  lip  of 
le.id  on  the  outside  to  permit  of  the  joint's 
being  Hush  when  driven.  If  a  flat  jointer  is 
used,  its  inner  side  next  the  joint  should  be 
beveled  at  i')°  for  a  distance  awav  fr"Ui  the 
pipe  equal  to  the  thickness  of  the  joint  in 
order  to  provide  sufficient  lip.  The  thick- 
ness of  the  ioin. J.', .tested  varied  from 
0.3.1  to  0.7.1  in.  The  caps  were  tapped  with  two 
%-in.  holes,  one  to  receive  the  connection  from 
a  small  pump  capable  of  raising  the  pressure 


to  3,000  lbs.,  the  other  to  provide  a  vent  for  air. 
In  the  first  twelve  tests  observations  to  de- 
termine the  movement  of  the  joint  were  made 
with  a  rule  and  readings  were  taken  to  1/lli  in. 
at  two  points  on  the  plug.  The  pressure  was 
raised  in  increments  of  luO  lbs.  and  maintained 
constant  for  intervals  of,  generally,  five  min- 
utes. In  this  series  of  tests  two  joints  were 
made  up  with  Omaha  lead,  four  with  06  per 
cent  lead  and  4  per  cent  tin,  one  with  94  per 
cent  lead  and  6  per  cent  tin,  two  with  97  per 
cent  lead  and  3  per  cent  tin.  two  with  98  per 
cent  lead  and  2  per  cent  tin,  and  one  with 
lead  wool  hand  driven.  The  data  obtained 
showed  that  an  alloy  of  lead  and  tin  made  a 
joint  which  offered  a  greater  resistance  to  the 
unlialanced  pressure  between  the  cap  and  plug 
than  Omaha  lead ;  that  as  the  proportion  of 
tin  in  the  alloy  is  increased  the  resistance  of 
the  joint  is  increased  ;  that  lead  wool  offers  a 
greater  resistance  than  Omaha  lead,  but  not 
so  great  as  any  of  the  alloys  used;  that  the 
joint  did  not  reach  its  maximum  power  of  re- 
sistance until  the  plug  had  moved  some  little 
distance  out  of  the  cap;  that  the  alloy  could 
be  poured  with  about  the  same  facility  as  lead, 
but  that  the  driving  of  the  joint  required  more 
time  as  the  quantity  of  tin  was  increased;  also 
that  the  joints  when  driven  are  watertight, 
but  when  a  joint  moved  a  slight  leakage  was 
observed,  which,  however,  disappeared  before 
the  joint  had  moved  out  far  enough  to  develop 
its  maximum  strength.  The  method  of  making 
the  observations,  however,  was  not  sufficiently 
refined  to  determine  exactly  when  the  joint  at- 
tained its  greatest  strength,  and  the  intervals 
during  which  pressures  were  maintained  were 
not  long  enough  to  assure  equilibrium  of  the 
joint. 

.'V  series  of  three  tests  (Nos.  14  to  16)  was 
run  in  which  measurements  to  1/100  in.  were 
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Fig.  1.   Section  of  20-in.  Bell  and  Spigot  Joint 
for     Proposed      High     Pressure     Distribution 
System,   Boston,   Mass. 

taken  by  dividers  at  four  points  at  the  end.";  of 
diameters  at  right  angles  to  each  other,  and 
the  time  interval  increased— in  the  last  test 
to  ."i."i  minutes.  In  two  of  these  tests  an  at- 
tempt was  made  to  reproduce  the  condition 
which  exists  when  the  alignment  of  the  pipe  is 


and  accurate  methods  of  measuring  the  joint 
movement,  and  with  pressures  maintained  for 
a  time  sufficient  to  assure  that  the  joint  was  in 
equilibrium.  Three  of  these  tests  were  made 
with  Omaha  lead,  one  with  lead  wool,  three 
with  an  alloy  of  lead  and  tin,  three  with  lead 
and  antimony,  and  three  with  lead,  tin  and 
antimony. 

.\lthough  the  results  obtained  with  a  4  per 
cent  tin  alloy  were  fairly  satisfactory,  the  ulti- 
mate resistance  of  the  joint  was  only  about  500 
lbs.,  and  the  cost  of  tin  is  about  -iiO  cts.  a  pound, 
while  antimony  costs  but  10  cts.  a  pound  and 
reduces  much  more  than  does  tin  the  tendency 
of  the  lead  to  flow.  In  melting  the  lead  and 
antimony  to  form  the  alloy  it  was  found  desir- 
able to  melt  the  antimony  in  a  separate  pot  and 
add  It  to  the  molten  lead,  for  if  they  were 
melted  in  the  same  pot  the  high  temperature 
required  to  melt  the  antimony  would  cause  a 
burning  of  the  lead.  The  temperature  required 
to  melt  the  metals  after  they  are  synthetized 
is  900°  F.,  or  approximately  half-way  between 
the  temperatures  required  to  melt  them  sepa- 
rately, and  when  heated  to  a  proper  tempera- 
ture for  pouring  the  oxidation  of  the  alloy 
appears  to  be  less  than  that  of  lead. 

In  the  tests  of  joints  made  up  with  96  per 
cent  lead  and  4  per  cent  antimony  a  number  of 
small  leaks  developed  between  the  pipe  and 
the  joint  material,  even  when  the  joint  was 
carefully  driven,  showing  that  the  ring  of 
alloy  does  not  contract  sufficiently  around  the 
pipe  to  make  a  watertight  joint,  whereas  lead 
or  a  lead-tin  alloy  assures  watertightne.ss.  For 
this  reason  it  was  not  practical  to  adopt  this 
lead-antimony  alloy,  although  its  holding  power 
was  satisfactory. 

The  three  tests  made  on  the  alloy  composed 
of  96  per  cent  lead,  2  per  cent  antimony  and  2 
per  cent  tin,  showed  that  the  alloy  can  be 
easily  melted  and  poured,  requires  only  about 
one-third  more  time  to  drive  than  lead,  and 
meets  the  requirements  in  other  respects.  This 
alloy  was  therefore  adopted  as  the  best  ma- 
terial for  the  joint,  and  the  joints  thus  made 
were  found  capable  of  resisting  the  unbalanced 
force  developed  by  the  pressure  of  700  lbs.  per 
square  inch  on  the  20-in.  plug,  amounting  to 
312,000  lbs.,  which,  since  the  circumference  of 
the  joint  is  73.6  ins.,  is  equivalent  to  a  re- 
sistance of  4.240  lbs.  per  linear  inch.  The 
pressures  which  can  be  carried  on  plugs  of 
other  sizes  may  be  readily  calculated  and  are 
shown  in  Tabic  I  together  with  the  calculated 
ultimate  holding  power  of  lead  joints  tied 
together   with    rods. 

It  will  be  seen  from  Table  I  that  the  strength 
of  the  alloy  joint  is  fully  as  great  as  the  com- 
bined strength  of  the  lead  joint  and  rod  for 
sizes  of  pipe  up  to  and  including  20-in.  Al- 
though 20-in.  pipe  is  to  be  the  largest  in  the 
propo.sed  system,  24-in.  has  been  included  in 
the  table  because  pipe  of  this  size  has  been 
used   in    some   installations.    A   study   of   the 
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change<l  in  the  trench,  that  is,  in  which  one 
.side  is  home,  and  the  other  side  is  in  one  case 
'/i-in.  an<l  in  the  other  1  in.  from  being  home, 
corresponding  to  tlirows  of  3  ins.  and  6  ins. 
respectively,  in  the  trench  for  a  full  length  of 
the  size  of  pipe  being  tested.  This  condition 
did  not  appear  to  affect  the  resistive  power  of 
the  joint. 

Thei-e  nreliminary  tests  having  proved  that  it 
v.ns  pos5il)Ie  to  make  a  joint  strong  enough  to 
permit  tic  rods  to  be  dispensed  with,  a  series 
of  13  tests  was  next  nin  under  more  reliable 


plots  of  the  various  tests  shows  that  the  joint 
docs  not  attain  its  maximum  resistance  to  the 
internal  pressure  until  the  plug  has  moved  out 
about  0.1.")  in.  This  is  due  to  the  fact  that  the 
alloy  contracts  in  cooling,  and  as  the  calking 
docs  not  affect  the  material  in  the  inner  groove 
this  part  of  the  joint  docs  not  offer  its  resist- 
ance until  it  is  brought  into  bearing  by  the 
outward  movement  of  the  spigot  end.  During 
the  progress  of  the  several  tests  no  leakage 
was  observed  until  a  pressure  of  500  lbs.  per 
square  inch  was  reached,  and  the  leakage  at 
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tliis  pressure,  which  was  small,  ceased  before 
the  joints  had  attained  their  ultimate  strength. 
In  order  to  make  a  more  complete  and  prac- 
tical test  of  this  joint  material,  a  20-in.  line, 
consisting  of  a  lengtli  of  pipe,  four  1/16 
bends,  and  a  second  length  of  pipe,  was  set  up 
■on  blocking,  and  the  ends  were  closed  with  a 
cap  and  plug.  The  joints  were  made  up  with 
yarn  and  an  alloy  composed  of  SM.i  per  cent 
lead,  ■_'  per  cent  antimony  and  2  per  cent  tin, 
e,\cept  that  joint  Xo.  (1  was  poured  with  a  lead- 
tin  alloy.  All  joints  were  driven  with  dog 
tools  and  finished  with  hand  tools.  The  move- 
ment of  the  line  while  under  pressure  was 
recorded  in  the  following  manner : 

A  Vi-in.  hole,  about  1  in.  deep  was  drilled  in 
the    top    of    each    of    the    seven    bells,    and    a 
■wooden  pin,  into  which  a  sewing  needle,  point- 
ing up,  was  inserted,   was   set  in   the  hole.    A 
stake   was   driven   on   either   side   of   the  pipe 
opposite  each  joint,  so  that  a  cross-piece  ex- 
tended over  the  pipe  would  be  at  right  angles 
to  the  a.xis  of  the  pipe.    .A  small   board  upon 
which    cross-section    paper   was   mounted    was 
so  hinged  to  each  cross-piece  that  the  needle 
in  the  wooden  pin  beneath  it  would  just  pierce 
the  paper  when  the  board  was  in  its  horizontal 
position.    Holes  were  so  drilled  and  tapped  in 
the   line  that   it   could   be   filled   And    emptied. 
and  provision  was  made  to  vent  the  line  of  air 
and  to  attach  a  pressure  pump.    .After  the  line 
was  filled  with  water  a  record  was  taken  of  the 
position    of   each    bell   by    swinging   down   the 
boards   on   which   the   cross-section   paper  was 
mounted  until  a  hole  was  pricked  by  the  needle 
point.    The   pump   was  then   attached  and  the 
pressure    was    raised    to    300    lbs.    per    square 
inch  and  maintained   for   four  hours.    During 
the  last  two  hours  of  this  period  the  line  was 
in  equilibrium  and  no  leakage  developed.    The 
pressure  was  next  raised  to  400  lbs.  per  square 
inch  and  maintained  for  eight  hours,  and  dur- 
ing the  last  four  hours  the  entire  line  was  in 
equilibrium,  and  no  leakage  was  apparent.   The 
pressure    was    then     raised     to    .jOO    lbs.    per 
square  inch,  and  joint  No.  6,  which  had  been 
made  up  with  an  alloy  of  lead  and  tin,  did  not 
come  into  equilibrium,  but  continued  to  draw- 
out  of  the  bell,  and  when  it  had  drawn  out  1.9 
ins.  the  test  was  discontinued.    This  joint  was 
melted  out  and  a  new  joint  of  lead-antimony- 
tin  alloy  was  made,  and  the  test  continued.  The 
pressure  was  again  raised  to  500  lbs.  per  square 
inch    and    maintained    for    three    hours,    then 
raised  to  GOO  lbs.  per  square  inch   and   main- 
tained   for    six    hours.     During    the    last    five 
hours    the   pipe   line   was    in    equilibrium,   but 
several  of  the  joints  .sweat  during  the  entire 
time.    The    leakage   on    joint    No.    1    was   the 
greatest,    and    equalled    six    fluid    ounces    per 
hour,  which   is  equivalent  to  a  leakage  of   % 
gal.  per  linear  foot  of  joint  for  24  hours.    .An 
attempt  was  then  made  to  raise  the  pressure  to 
TOO   lbs.   per   square  inch,   but   the  capacity  of 
the  pump,   which   had   a  displacement  of  only 
1/7  of  a  fluid  ounce  per  stroke,  was  not  suf- 
ficient.   A  second  pump  of  larger  capacity  was 
secured,  and  with  the  two  pumps  in  service  a 
pressure  of  700  lbs.  per  square  inch  was  main- 
jiined  for  l-j  minutes,  when  one  of  the  bends 
burst.     During    this    period    the    leakage    in- 
creased but  slightly,  and  no  observations  were 
taken. 

The  results  obtained  from  the  foregoing  ex- 
periments showed  that  the  lead-tin-antimony 
alloy  would  amply  fulfill  the  requirements  for 
making  joints  in  cast  iron  hell  ind  spigot  pipes 
with  grooves  of  the  design  adopted.  Inasmuch 
as  it  hr.s  frequently  been  necessary  in  the 
construction  of  ordinary  low  pressure  pipe 
lines  for  the  distribution  of  domestic  supplv 
to  tie  the  various  fittings  into  the  line  with 
rods  or  set  screws,  or  sometimes  to  build  uo 
abutments  to  secure  them,  it  is  most  desirable 
to  ascertain  the  effect  of  an  allov  in  the 
making  up  of  joints  in  ordinary  cast  iron  pipe. 
Two  ll-in.  joints  of  Boston  Water  Works 
design  were,  therefore,  made  up,  one  with 
lead  and  one  with  an  alloy  of  PO  per  cent  lend 
and  4  per  cent  antimonv.  The  lead  joint  with- 
stood a  pressure  of  300  lbs.  per  square  inch, 
■while  the  lead-antimony  joint  withstood  a 
pressure  of  400  lbs.  ner  square  inch,  showing 
an  increase  of  one-third  over  and  above  the 
holding  power  of  the  lead  joint. 


Water  Consumption  in  Indiana. 

Contributed    by    J.    A.    Craven,    C.    tO,.    Sanitary 
Engineer,   Indiana  State   Board  of   liealtli. 

In  portions  of  Indiana  the  ground  water 
level  has  lowered  from  .5  to  20  ft.  within  the 
memory  of  the  older  citizens  of  the  state. 
The  cities  of  Muncie  and  Indianapolis  have 
changed  from  a  well  to  a  filtered  surface 
supply.  Some  well  water  is  used  in  con- 
junction with  the  filtered  water  at  both  these 
places  but  wells  alone  were  insufficient.  Much 
water  is  wasted  in  Indiana  as  elsewhere.  The 
greater  part  of  this  waste  comes  from  a  lack 
of  knowledge  on  the  part  of  the  average 
citizen,  and  shows  the  need  of  education 
along   tlie  line  of   water   conservation. 

Actual  figures  on  water  consumption  have 
been  obtained  from  72  cities  and  towns  in 
Indiana,  and  Table  I  gives  the  number  oi, 
cities  and  towns  in  four  divisions  according 
to  the  number  of  inhabitants,  the  average 
daily  consumption  per  capita,  the  variations 
in  consumption  and  the  classification  as  to 
private   ami    municipal   plants. 

TABLE    I.— WATER    CONSUMPTION    IN 
INDIANA    CITIES. 
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In  tlie  first  divison,  those  under  5,000  in- 
habitants, 23  cities  depend  upon  wells,  two 
upon  raw  river  water,  one  upon  filtered  river 
water  and  three  upon  springs. 

The  average  of  the  14  private  plants  is  67 
gals,  per  capita  and  of  the  15  mimicipal 
plants  05  gals.  The  one  private  plant  filtering 
the  water  averages  .55  gals,  per  day  per  capita. 
Two  of  the  municipal  plants  using  river 
water  pump  139  and  217  gals.,  respectively. 
It  IS  easy  to  see  how  such  a  supply  could  he 
wasted,  but  anyone  acquainted  with  the  well 
water  situation  can  hardly  conceive  of  an- 
other town  pumping  3.50  gals,  per  capita  dail\' 
from  such  a  source. 

In  the  next  group,  those  Iiaving  a  popula- 
tion of  5,000  to  20,000.  27  cities  are  repre- 
sented. In  this  section  we  have  15  private 
and  12  municipal  plants.  The  sources  of 
supply  in  this  group  are  more  varied  than  in 
the  first  section.  Seventeen  use  well  sup- 
plies, three  raw  river  water,  three  filtered 
river  water,  one  lake  water,  one  a  mixture 
of  river  and  well  water,  one  lake  and  well 
water  and  another  surface  and  spring  water. 
The  average  daily  consumption  of  the  27 
cities  is  96.7  gals.,  that  of  the  15  private 
plants  being  100  gals.,  and  of  the  municipal 
plant   93  gals. 

One  private  plant  using  lake  water,  un- 
treated, furnishes  240  gals,  per  capita,  and 
two  others  pumping  untreated  river  water 
use  100  and  118  gals.,  respectively.  Two  of 
them  filtering  water  use  1 1 1  and  126  gals, 
per  day  per  capita,   respectively. 

Not  one  of  the  plants  pumping  well  water 
use  an  extravagant  amount,  according  to 
.American  figures,  their  average  being  79  gals. 

In  the  group  whose  population  ranges  from 
20,000  to  50,000,  eleven  cities  are  represented 
bv  seven  private  and  four  municipal  plants. 
The  average  daily  consumption  per  capita 
is  I2fi.fi  gals,  per  capita,  that  of  the  municipal 
pl.-ints  being  177  gals.,  and  private  plants 
102  gals.  The  average  figures  for  the  pri- 
vate plants  is  greatly  increased  by  the  con- 
sumption of  240  gals,  at  one  city.  Here  lake 
water,  an  unlimited  supniy.  is  used  and  the 
only  expense  to  be  considered  is  the  cost  of 
pumping.  The  average  of  the  six  remaining 
cities   is   only   79   gals,   per  capita.     Three  of 


the   sI.n;   use   well   water,   one   lake,   one   river 
and  one  filtered  water. 

It  is  only  fair  to  say  the  high  average  at 
the  municipal  plants  is  because  of  per  capita 
consumption  of  350  gals,  at  a  city  using  lake 
water  and  228  gals,  where  a  raw  water  is 
used.  One  of  the  plants  where  the  water 
is  filtered  pumps  61  gals,  per  capita  and  the 
fourth  using  well  water  68  gals,  per  capita. 

In    the    fourth    division,    those    over   50,000,  j' 
two   are   private   and   three    municipal   plants.  ' 
The  per  capita  consumption  is  90.6  gals.   One  ' 
private  plant  filtering  the  water  uses  78  gals.  I 
per  capita,   while   at  the   second  where  a  fil- 
tered   and    well    supply    is    furnished    the   per 
capita    consumption    is   82   gals.      Two   of   the 
municipal  plants  usng  wells  pump  75  and  78 
gals,    per    capita.      The    third    municipal    plant 
filters  the  supply  and  the  average   daily  con- 
sumption is   140   gals,   per   capita. 

It  is  surprising  when  questioning  many 
water  w'orks  engineers  and  officials,  to  find 
how  little  they  know  about  the  amount  of 
■vater  used,  and  although  some  of  the  figures 
submitted  by  the  companies  may  be  far  from 
the  truth,  it  is  believed  that  the  average  is 
fairly  representative.  While  this  might  be 
expected  in  a  municipal  plant  where  politics 
play  a  large  part  in  the  appointments,  yet 
the  writer  has  found  the  same  state  of  af- 
fairs in  some  private  plants.  Some  say 
frankly  they  don't  know,  others  hesitate  for 
a  while  and  then  make  a  wild  guess  in  esti- 
mating their  pumpage.  Some  know  that  their 
pumps  are  run  about  eight  hours  a  day  and 
others  that  about  half  a  standpipe  is  used 
each  day.  .\  few  cities  and  tow'ns  were 
omitted  from  the  fable.  At  one  of  them  the 
average  daily  consumption  per  capita  based 
on  figures  submitted  was  a  little  over  one 
gallon.  The  low  figures,  10  and  26  gals,  in 
the  first  two  divisons,  given  as  the  minimum 
variation,  may  be  accounted  for  by  the  fact 
that  the  supply  is  only  fit  to  use  for  sprink- 
ling purposes,  and  the  consumption  is  neces- 
sarily  low. 

.\s  compared  to  the  other  American  cities, 
the  average  of  the  72  cties  and  tow-ns,  94.(1 
gals,  is  quite  conservative.  The  average  of 
19  cities  was  130  gals.,  the  variation  bcin.e 
from  37  to  2.50  gals.  In  many  of  the 'cities 
more  than  half  of  the  services  were  metered 
Although  the  consumption  per  capita  is  mucli 
below  the  average  .American  rate,  yet  as  com- 
pared with  that  of  Europe,  it  is  high.  Thi' 
average  for  eight  of  the  largest  European 
cites  is  34  gals,  per  capita  per  day.  .Allen 
Hazcn  in  his  book  on  Clean  Water  says 
"Probably  the  whole  cost  of  supplying  water 
in  .America  is  from  a  third  to  a  half  greater 
than  it  would  be  with  the  reasonable  sup- 
pression of   waste." 

Not  long  ago  a  small  town  requested  tin 
advice  of  the  State  Board  of  Healtli  in  re 
gard  to  an  increased  supply.  During  the 
course  of  an  inspection  of  the  present  sys- 
tem, a  leak  was  observed  at  an  outside 
hydrant,  the  measurement  of  which  revealed 
a  loss  of  254  gals,  per  day.  -An  inspection  of 
a  few  more  buildings  revealed  three  taps, 
wasting  altogether  8(il  gals,  per  day  if  open 
for  the  24-hour  period.  It  was  said  th.it 
these  taps  could  usually  be  found  rimninc 
Although  time  was  not  taken  for  a  inon 
complete  survey  of  the  waste,  information 
concerning  many  more  leaks  was  given.  Il 
is  believed  that  if  the  present  waste  wa< 
curbed  an  additional  supply  would  not  1h 
needed  at  this  lime  and  they  were  advised  ti> 
this  end. 

It  is  plain,  to  one  acquainted  with  Indian' 
conditions,  that  a  great  saving  can  be  efTcctj 
by  a  more  careful  supervision  of  the  di- 
tribution  system.  To  this  end.  a  metering  " 
the  entire  system  would  be  the  most  efTc>' 
live,  but  the  question  of  the  initial  cost  "t 
meterage  plays  a  great  part  at  the  smaller 
plants. 

Similar  conditions  can  undoubtedly  I" 
found  in  other  states  as  well,  and  it  is  he 
lieved  that  educating  the  public  to  appreciai' 
the  seriousness  of  the  situations  at  man 
places  would  assist  materially  in  the  con 
servation   of   our   water   supplies. 
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Three    Interesting    Examples    of    Dam 
Design. 

There  are  illustrated  in  this  issue  a  low 
head  water  power  dam  in  Indiana,  an  irriga- 
tion water  diversion  dam  in  California  and  a 
high  head  water  power  dam  in  Mexico.  These 
dams  are  all  of  .American  design  and  each  de- 
sign presents  some  feature  which  is  worthy 
of  attention  by  the  dam  builder.  To  aid  the 
reader  pressed  for  time  the  several  features 
:  had  in  mind  may  be  pointed  out,  but  the  dis- 
criptions  and  drawing  should  be  studied  for 
'-  '.ails. 

1  he    Mexican    dam    and    the    dam    for    the 
Urland    irrigation    works     in     California    are 
■   similar   and    notable    for   their   very   thin    sec- 
'  tion   of   reinforced  concrete.     Information   of 
'   the    method    of    computing    the     Reclamation 
Service  dam  is  not  at  hand,  but  the  Mexican 
dam,    as    stated    in   the   article,    was   computed 
'  I'V  the  simple  fornmla  for  cylinders  subjected 
external    pressure.     This    practice   is    that 
lowed  in  designing  several  recent  arch  dams 
01   magnitude   by   Australian   engineers.     The 
success   of   these   Australian    dams  is   in   fact 
one  of  the  arguments  oflfcred  by  the  designer 
in  defense  of  his  method  of  designing.     Since 
the  analysts  of  dam  stresses  arc  apt  to  have 
something    to    say    in   answer   to    his    implied 
criticism  of  their  processes  w'e  quote  the  des- 
igner's arguments  in  full : 

The   formula    does    not   satisfy    all    the    coridi- 
is,   mathematically,   for  the  nam  is  neither  a 
iplete  cylinder  with  free  ends  nor  is  It  every- 
■  re  free  to  expand  and  contract;  on  the  con- 
ly.   It  is  a  segment   connected  at  its  bottom 
I  sides  with  .the  immovable,  but  not  the  less 
-tic,  country  rock;  and  it  is  not  a  thin  cylin- 
iler,  but  one  of  appreciable  thickness.    The  prob- 
lem   is   Impossible   of   exact   mathematical   solu- 
'     tion,    for,   however  approached,   its   treatment  is 
l.^ised  on  assumptions.     The  break  of  continuity 
In  both   forms  and   material  at  the  line  of  con- 
tact   between    the    artificial    structure    and    the 
natural  rock,  and  the  unknown  value  of  the  ele- 
'     ment  of  deformation  in  the  natural  rock,  create 
'     uncertainties    which.    In    themselves,    render    a 
'     mahematical  demonstration  based  solely  on  ab- 
iolutc    facts   an   Impossibility,    for   the   facts  are 
;     not  and  cannot  be  known.     Such  elements  of  un- 
certainty are   not  condned   to  arch  dams  alone: 
they  are   equally   prevalent  with   gravity   dams. 
The  rpsf.irches  and  experiments  of  Pearson,  Ot- 
ley,   BrlBhlmore.    Haker,  and  others  have  shown 
the    accepted    mlddlc-thlrd    method    of    gravity 
•ectlon   desUn  to  fall  short  of  being  absolutely 
correct.      Nevertheless,    the    fact    remains    that 
dams   designed    on    that    theory,    within    certain 
recognized    limitations  as   to  Intensity  of  stress, 
have  been  and  continue  to  be  successful.     Sim- 
ilarly, the  many  Au.strallan  arch  dams  designed 
1      on    the    slm|ile    cylinder    theory    have    been    and 

continue  to  be  successful. 
'  Whatever  the  unknown  and  imdctermlnabh' 
•tressps  may  be.  particularly  those  around  the 
tounibitlons.  the  adopte<l  formulas,  empirical 
thoUKM  they  may  be,  have  given  and  do  give  safe 
1  results,  and.  in  the  present  status  of  knowledge 
'  »«  to  the  actual  stresses  In  dams,  their  use 
must  he  considered  to  bo  more  conservative  than 
that  of  formulas  mathematically  correct  but 
baser!  on  assumptions  of  unknown  conditions. 
The  successful  practice  of  engineering  Is  one  of 
Bppllod  .science,  rather  than  of  pure  science,  and 
the  pure  mathimatical  formula,  without  some 
mollifying  coetllclent  derived  from  practice  Is  a 
rarity. 

The  views  expressed  by  Dr.  W.  C.  Unwin.  Past 
President  of  the  Institution  of  Civil  Knglneers. 
In  a  discussion  on  the  subject  of  stresses  In 
dams,  arc  very  pertinent: 


"It  had  now  been  shown  that  it  was  hopeless 
to  attack  the  dam  problem  by  pure  mathematics. 
He  did  not  think  there  w,is  any  theory  on 
which  an  engineer  relied  in  designing  a  bridge, 
a  roof,  or  a  retaining  svall,  to  which  mathe- 
matical objections  could  not  be  raised  of  the 
kind  that  had  been  raised  against  the  ordinary 
theory  of  dams.  The  state  of  stress  in  a  plate 
around  a  rivet  was  as  complex  as  that  in  the 
foundation  of  a.  dam.  and  was  as  little  sus- 
ceptible of  mathematical  treatment:  and  yet 
engineers  were  not  afraid  ot  making  riveted 
joints." 

It  may  be  said,  with  equal  truth,  that  engi- 
neers will  not  be  afraid  to  continue  building 
gravity  dams  on  the  middle-third  theory,  or  arch 
dams  on  the  cylinder  theory,  and  no  disaster  will 
follow,  always  provided  that  there  is  due  rec- 
ognition ot  the  conditions  of  the  foundation  and 
abutments  which   nature  provides. 

The  futility  of  attempting  a  pure  mathemat- 
ical determination  of  the  stresses  in  a  dam  is 
well  exemplified  by  the  measurements  of  the 
actual  deflections  of  an  arch  dam  at  Barren 
Jack.  New  South  Wales. 

The  structure  Is  of  concrete  with  a  light  ver- 
tical reinforcement  (against  temperature  stress- 
es) ot  20-lb.  steel  rails,  10  ft.  from  center  to 
center  and  1  ft.  from  the  face.  As  the  steel  area 
is  only  0.044%  of  the  area  of  the  concrete  at  the 
base,  and  0.139%  at  the  top  of  the  dam,  its  pres- 
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cnce  Is  negligible,  as  far  o«  bending  stresses  ore 
concerned. 

The  deflections  of  the  Barren  Jack  Dam,  which 
are  shown  In  the  diagram.  Fig.  1.  were  taken 
under  varying  conditions  of  tempeniture  and 
water  depth.  The  ol)servatlon8  made  when  the 
ri'sorvoir  was  empty  and  the  olr  temperature 
57',  which  approximates  the  closest  of  the  ob- 
servations to  mean  temperature,  are  drawn  as 
a  straight  line,  and  tho  other  observations  ore 
plotted  In  regard  thereto.  The  curves  drawn 
through  tho  various  observed  points  are  brought 
for  convenl'-n^e  to  one  common  point  of  origin 
on  the  foniiil.illon  base.  This  Is  not  strlolly  cor- 
rect, for  It  makes  the  Impossible  assumption  thiit 
the  base  Is  ah.HnIuti-ly  rigid,  and  that  the  rock 
on  which  the  ilaiii  stands  Is  Incapable  of  elastic 
deformation  under  tho  stresses  transferred  to  It 
by  the  dam  and  by  tho  weight  of  water  support- 
ed by  the  rock  bed  Immediately  above  tho  dam. 
Deformation  of  tho  rock  undoubtedly  takes 
place,  and,  such  being  tho  case,  the  arch  action 
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lakes  place  in  some  unknown  degree  from  the 
very  base  of  the  dam.  That  delormation  of  the 
ted-rock  does  take  place  to  considerable  depths 
was  the  opinion  expressed  by  the  laie  Sir  Ben- 
jamm  Baker.  Hon.  M.  Am.  Soc.  C.  E.,  in  dis- 
cussing the  Coolgardie  Water  Supply. 

Fig.  1  indicates  that  the  bending  stresses  at 
the  base  are  probably  little  if  any  greater  than 
at  higher  points  of  the  dam.  Were  the  bending 
stresses  at  the  bases  of  arch  dams  as  great  as 
some  theories  would  lead  us  to  think,  many  if 
not  all  the  arch  dams  cited  would  have  been 
fractured,  and  in  particular  the  very  thin  dams 
of  Bear  Valley  and  the  L'pper  Otay.  That  they 
have  not  been  fractured  is  conclusive  that  the 
theories  need   amending. 

The  argument  for  the  sufficiency  of  em- 
pirical formula  in  designing  dams  may  be  left 
as  stated.  The  Reclamation  Service  dam  has 
besides  its  three  sections  the  unusual  feature 
of  a  siphon  spillway.  Such  spillways  have 
been  used  in  a  number  of  cases  on  tlie  New 
York  Barge  Canal  and  we  believe  on  irriga- 
tion canal  work  in  a  few  instances,  but  they 
are  in  general  unusual  practice  and  so  demand 
notice.  The  drawings  shown  of  the  siphon 
spillway  in  another  column  are  more  complete 
than  are  easily  available  elsewhere. 

Referring  to  the  Mexican  water  power  dam, 
the  one  practice  demanding  special  mention  is 
:he  provision  fur  steam  chambers  in  the  gates 
and  gate  abutments  to  prevent  ice  obstruction. 
This  feature  deserves  attention. 


Some   Design   and   Construction   Fea- 
tures of  the   Des  Moines  River 
Viaduct. 

The  Chicago,  Milwaukee  &  St.  Paul  Ry. 
has  completed  a  double-track  steel  viaduct 
across  the  L)es  Moines  River,  near  Madrid,  la. 
Tliis  viaduct,  the  design  and  construction  of 
wliicli  are  fully  covered  in  the  bridges  sec- 
tion of  tliis  issue,  possesses  a  number  of  in- 
teresting features.  It  has  a  length  of  '2,'i'M 
ft.  and  a  maximum  height  of  about  130  ft., 
and  consists  principally  of  a  series  of  40-11. 
tower  spans  and  70-ft.  intermediate  spans, 
witli  two  l."i.5-ft.  deck  truss  spans  over  the 
channel  of  the  river.  The  reinforced  concrete 
floor  for  each  track  is  separate  construction, 
and  consists  of  a  slab,  cast  in  sections,  rest- 
ing on  the  cover  plates  of  the  girder  spans. 
To  decrease  the  amount  of  field  riveting  the 
transverse  girders  at  the  top  of  the  tower 
bents  arc  shop  riveted  to  short  sections  of 
the  tower  posts,  which  are  spliced  below  the 
connecting  gussets  of  these  girders.  The  tops 
of  the  pedestals  which  support  the  tower  posts 
are  inclined,  thus  making  their  Iicaring  sur- 
faces normal  to  the  axes  of  the  ci'lunuis.  The 
abutting  emls  of  ll'e  two  adjacent  truss  spans 
liver  the  main  ch.mncl  of  the  river  rest  on  a 
rocker  bent.  To  secure  ci|ual  tractive  forces 
in  the  two  shore  towers  which  support  the 
outside  ends  of  these  truss  spans  the  west 
truss  has  both  ends  fixed,  while  the  east 
truss  has  an  expansion  bearing  on  the  rncker 
bent   .ind   a   fixed   bearing   on   the   shure   bent. 

The  pile  foundalirns  of  the  pedestals  were 
jelled  througli  about  2(J  ft.  of  sand  and  then 
driven  from  12  to  14  ft.  into  the  liardpan,  the 
water  ruiuircd  for  jelling  the  piles  lieing  ap- 
plied through  a  'J-in.  pipe  at  a  pressure  of 
fnmi  1  |u  to  llJO  lbs.  per  square  inch.  The  con- 
crete fur  all  pedestal  shafts  was  piiured  in  a 
lontinuous  run,  which  required  working  at 
night  for  some  of  the  largest  pedestals.  Most 
of  the  concrete  was  laid  during  the  winter, 
h'xcellenl  resulls  were  obtained  by  healing  the 
sand  by  means  of  steam  pipes  to  about  100" 
I-',  and   the   water  to  about    V>()'    F..   it  being 
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found  unnecessary  to  lieat  the  broken  stone. 
After  being  poured  the  pedestals  were  housed 
in,  and  live  steam  was  turned  on  for  about 
four  days. 

With  the  e.xception  of  the  lower  stories  of 
the  towers  the  viaduct  was  erected  from  the 
track  level  with  a  .50-ton  derrick  car,  equipped 
with  an  80-ft.  boom  and  a  .50-HP.  engine. 
Where  the  ground  was  comparatively  level 
the  lower  stories  of  the  towers  were  erected 
with  a  mule  traveler,  equipped  with  two  60-ft. 
booms  and  two  double-cylinder  engines,  this 
traveler  being  operated  over  an  18-ft.  gauge 
track  laid  along  the  center  line  of  the  via- 
duct. The  most  satisfactory  erection  pro- 
cedure was  to  erect  each  bent  complete,  then 
to  set  the  .girders  and  laterals,  and  lastly  to 
place  the  longitudinal  tower  bracing.  The 
truss  spans  were  erected  on  a  falsework 
trestle,  supported  on  a  pile  foundation.  Each 
story  of  this  falsework  was  framed  in  units, 
the  units  for  the  lower  stories  being  con- 
structed on  the  pile  caps  and  then  lifted  into 
place  by  the  mule  traveler.  Those  for  the 
upper  story  were  framed  at  one  end  of  the 
bridge,  and  were  placed  by  the  derrick  car  as 
the  work  progressed.  The  construction  of  this 
viaduct  required  practically  one  year,  ground 
being  broken  July  10,  1912,  and  the  work  com- 
pleted July  1'2,  1913.     It  is  of  interest  in  con- 


nection with  this  viaduct  to  note  the  data  on 
several  other  long  viaducts  given  in  this  issue. 


Some  Operating  Engineering  Problems 
of  Mountain  Side  Conduits. 

.An  irrigation  or  water  power  "canal"  in 
the  mountainous  west  in  frequently  a  com- 
plex combination  of  types  of  conduit  for  car- 
rying water.  Earth  canal,  elevated  flume, 
tunnel  and  pipe  line  are  usual  in  a  single 
canal.  Such  a  combination  of  structures 
plainly  offers  problems  in  design  and  construc- 
tion which  are  full  of  variety.  Design  and 
construction  furthermore  do  not  conclude  the 
engineer's  work.  A  contributor  in  this  issue 
presents  interesting  evidence  that  even  dur- 
ing the  first  few  years  of  operation,  redesign 
and  reconstruction  may  easily  furnish  en- 
gineering problems  nearly  as  complex  and  as 
costly  to  solve  as  those  of  the  original  con- 
duit work. 

This  article  on  the  Arkansas  Valley  conduit 
to  which  we  refer  particularizes  a  danger  to 
mountain  side  canals  which  is  not  commonly 
mentioned.  Indeed  a  search  of  immediately 
available  books  and  articles  discloses  no  men- 
tion of  it.  Slides  of  earth  or  rock  caused  by 
cutting  along  the  slope  for  canal  or  due  to 
nature's  continuous  work  of  readjusting  her 
mountain    sides    are    not    of    the    same    kintl. 


As  described  by  the  article,  where  an  open 
canal  comes  up  to  the  edge  of  a  crossing 
gulch  or  arroyo  and  there  has  junction  with 
a  closed  system  which  dips  across  the  valley; 
the  water  coming  down  the  canal  finds  in 
the  bottom  at  some  point  back  of  the  siphon 
intake  a  previous  stratum  which  it  follows 
down  the  slopes  of  the  gulch  and  lubricates 
and  loosens  until  a  slide  results.  This  article 
describes  three  slides  due  to  this  cause  and 
also  describes  the  methods  employed  to  re- 
pair the  damages,  and  all  the  repairs  were 
expensive  ones. 

Another  kind  of  siphon  trouble  which  has 
not  to  our  knowledge  been  previously  re- 
corded is  that  due  to  ice  plugs.  The  ciirious 
formation  and  damaging  results_  of  this  ice 
formation  are  sufficiently  explained  by  the 
article.  Another  serious  operating  problem 
emphasized  by  this  article  is  the  handling  of 
silt  accumulations.  The  article  describes  two 
methods,  one  of  which,  the  provision  of  a 
miniature  hydraulic  dredge  for  channel  clean- 
ing is  unique.  Concrete  encasing  rotting 
wood  stave  pipe  is  another  unusual  main- 
tenance method  described.  .iMtogether  the 
article  gives  a  variety  of  reasons  why.  as  its 
author  says,  there  is  something  to  do  after  a 
mountain  side  irrigation  or  water  supply 
canal  is  built  besides  sitting  on  the  bank  and 
watching  the  water  flow  by. 


Design  and   Construction  Features  of 

the  Des  Moines  River  Viaduct 

near  Madrid,  Iowa. 

Contributed  by  J.  H.  Prior.  Assistant  Cliief 
Engineer,  Illinois  Public  Utilities  Commission, 
formerly  Engineer  of  Design,  Chicago,  Mil- 
waukee and  St.  Paul  Ry. 

The  Chicago,  Milwaukee  &  St.  Paul  Ry.  has 
recently  completed  a  steel  viaduct  across  the 
Des  Moines  River  valley,  three  miles  west  of 
Madrid,  la.  This  bridge  is  only  17  miles 
south  of  and  spans  the  same  valley  as  the 
well  known  Boone  viaduct  of  the  Chicago  & 
Northwestern  Ry.  and  it  ranks  with  other 
notable  structures  of  this  type. 

The  viaduct  forms  a  part  of  the  double-track 
reconstruction  work  being  done  by  the  Chi- 
cago, Milwaukee  &  St.  Paul  Ry.  on  its  Chi- 
cago and  Council  Bluffs  division  in  Iowa,  and 
is  on  a  new  alignment  extending  from  Madrid 
to  Woodward,  as  is  shown  in  Fig.  1.  The 
present  line  between  these  two  points  crosses 
the  Des  Moines  River  about  two  miles  south- 
east of  the  new  line,  and  is  a  single-track 
line,  7.6.5  miles  in  length.  The  new  site  re- 
duces the  distance  2.13  miles  and  eliminates 
790°  of  curvature  and  197  ft.  of  rise  and  fall. 
From  the  east  the  viaduct  is  approached  by 
a  double-track  fill  having  a  maximum  height 
of  about  100  ft.  and  a  length  of  3,500  ft.  It 
contains  approximately  I,.300,000  cu.  yds.  of 
material.  The  bridge  is  on  a  grade  of  0.6(! 
per  cent,  rising  toward  the  west,  and  is  a 
double-track  structure,  with  a  total  length  of 
2,394  ft.  2  ins.,  out  to  out  of  steel,  and  a  max- 
imum height  above  the  ground  of  about  130 
ft.  The  superstructure  (see  Fig.  2)  consists,  in 
general,  of  -lO-ft.  towers  and  70-ft.  inter- 
mediate girder  spans.  The  portion  which  spans 
the  main  channel  of  the  river  consists  of  two 
15.5-ft.  riveted  deck  truss  spans,  supported  by 
the  adjacent  tower  bents  and  a  single  rocker 
hent  in  the  middle  of  the  channel. 

The  viaduct  was  designed  for  Cooper's  E-5.5 
loading.  The  dead  load  used  consisted  of  the 
estimated  weight  of  the  structure  and  that  of 
the  reinforced  concrete  deck  slabs  and  a  bal- 
lasted floor,  the  weight  of  the  latter  being 
taken  at  3,900  lbs.  per  linear  foot  of  track. 
The  structure  was  designed  according  to  the 
specifications  of  the  Chicago,  Milwaukee  &  St. 
Paul  Ry.,  which  are  similar  to  the  general 
specifications  for  steel  railway  bridges  of  the 
American  Railway  Engineering  .Association. 


THE  SUBSTRUCTURE. 

Borings  showed  that  from  the  west  abut- 
ment up  to  and  including  bent  No.  27  there  is 
a  thick  bed  of  stiff  yellow  clay  at  a  depth  of 
from  6  to  10  ft.  Tests  of  this  clay  showed 
that  it  would  safely  carry  a  load  of  3  tons  per 
square  foot,  and  the  footings  for  the  west 
abutment  and  for  the  pedestals  up  to  and  in- 
cluding those  for  bent  Xo.  27  were  designed 
for  this  unit  load. 


12  to  14  ft.  into  the  hardpan.  The  jetting  was 
done  with  a  2-in.  diameter  pipe,  a  pressure  of 
from  140  to  160  lbs.  being  maintained  at  the 
nozzle.  The  hardpan  was  penetrated  with 
difficulty,  the  piles  moving  only  about  1  in, 
under  each  blow  of  a  2,800-lb.  drop-hammer, 
falling  about  30  ft.  The  last  inch  of  penetra- 
tion required,  on  the  average,  three  blows. 
The  average  pile  load  was  taken  at  18  tons. 
The  pedestals,  except  those  in  bents  Nos.  0 


Fig.  1. 


Map  Showing  Location  of  Des  Moines  River  Viaduct  and  of  New  and  Old  Railway 

Lines. 


I'^igure  3(a)  shows  in  outline  the  side  and 
end  elevations  of  the  west  abutment,  and  in- 
dicates the  type  of  construction  used. 

From  bent  No.  26  to  the  east  end  of  the 
viaduct  the  surface  layer  consists  of  sand, 
from  2.5  to  35  ft.  in  thickness,  beneath  which 
there  is  a  stratum  of  hardpan.  Pile  founda- 
tions were  used  for  the  footings  of  these 
bents.  On  an  average  the  piles  were  jetted 
26  ft.  through  the  sand  and  were  driven  from 


and  1  (see  Fig.  2),  are  6  ft.  square  on  top  and 
slope  toward  the  center  line  of  the  viaduct, 
making  the  bearing  surface  normal  to  the 
axis  of  the  columns  which  have  a  batter  of  Iw 
ins.  in  12  ins.  The  sides  of  all  pedestals  are 
battered.  Figure  3  (b)  shows  a  typical  down- 
stream pedestal  as  built  for  bents  No.s.  8  to 
24,  inclusive.  The  upstream  pedestal  is  pro- 
vided with  a  nose.  Each  pedestal  has  two  2-in. 
diameter    anchor     bolts,     10    ft.    long,     whicn 
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project  3  ft.,  9  ins.  above  the  tops  of  the  ped- 
estals. These  bolts  pass  through  the  bed 
plates  and  engage  the  lug'  angles  which  are 
riveted  along  the  lower  ends  of  the  columns. 
The  rods  are  anchored  by  means  of  spacers, 
the  concrete  being  poured  around  them.  To 
provide  for  variations  in  their  positions  box 


pressure  and  the  settlement  of  the  fill,  it  was 
decided  to  use  a  small  bank  abutment  at  the 
east  end  until  the  fill  had  settled  sufficiently  to 
justify  the  construction  of  a  more  permanent 
type  of  abutment.  The  abutment  rests  on  60 
ft.  creosoted  piles  which  carry  an  average  load 
of  12  tons  each.     It  consists  of  a  thick  rein- 


was  heated  by  steam  pipes  to  about  100°  F., 
and  the  water  was  heated  to  about  150°  F. 
The  stone  was  not  heated.  After  being  poured 
the  pedestals  were  housed  in,  and  live  steam 
was  turned  on  for  a  period  of  about  four  days. 
The  results  produced  were  excellent,  even 
during  the  coldest  weather.     The  quantity  of 


Fig, 


(b)    East    Part. 
2.    Outline  Drawing  of  Des  Moines  River  Viaduct   Showing  General  Dimensions  and  Methods  Used  in    Erection. 


forms  (extending  2  ft.  below  the  top  of  the 
pedestals)  were  provided  around  each  anchor 
bolt.  The  holes  so  formed  were  grouted  after 
placing  the  bed  plates.  In  addition,  each  bed 
plate  was  fastened  to  the  masonry  with  eight 
2-in.  diameter  fox  bolts,  each  2  ft.,  6  ins.  long, 
the  holes  for  which  were  drilled  after  erecting 
the  bed  plates  and  columns.  To  provide  for 
any  lateral  motion  which  may  accompany  the 
settlement   of   the   fill,   the   pedestals   in   bents 
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forced  concrete  slab  with  a  timber  backwall. 
Bars  are  provided  for  a  permanent  concrete 
backwall  which  will  be  constructed  when  the 
embankment  has  thoroughly  settled. 

The  concrete  is  a  1 :3'/^  :5  mix  for  the  foot- 
ings, and  1 :3  AH  mix  for  the  neatwork.  .An 
excellent  grade  of  sand  was  found  about  '4 
mile  cast  of  the  viaduct.  The  sand  contained 
about  20  per  cent  of  gravel  and  was  used  for 
this  work.     The  location  of  this  gravel  pit  is 


concrete  in  the  pedestals  and  abutments  is 
11,?.")0  cu.  yds. 

The  concrete  in  the  abutments  and  pedestals 
situated  on  the  slopes  at  the  east  and  west 
ends  of  the  viaduct  was  mixed  at  the  foot  of 
the  slopes,  and  was  hoisted  in  concrete  cars  to 
the  pedestals  and  abutments  by  means  of  an 
inclined  track.  The  concrete  in  the  pedestals 
located  on  the  flat  portion  of  the  valley  was 
placed  with  a  stiff-leg  derrick. 

The  work  connected  with  the  layout  of  the 
viaduct  was  done  by  means  of  repeated  hori- 
zontal measurements  with  a  100-ft.  steel  tun- 
nel tape.    A  spring  balance  was  used,  and  the 
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Nos.  0  and  1  were  built  with  horizontal  tops, 
8x10  ft.  m  size,  and  the  bed  plates  for  these 
bents  were  provided  with  slotted  holes.  This 
permits  the  plates  to  be  shifted  and  the  super- 
structure to  be  adjusted  in  case  the  pedestals 
arc  pushed  forward.  Creosoted  piles  having 
length  of  from  10  to  4.5  ft.,  sustain  these  ped- 
estals, the  average  load  on  the  piles  being  12 
tons. 

Both  on  account  of  the  expense  of  an  abut- 
ment built  from  the  ground  up  and  due  to  the 
uncertainty    of    its    withstanding     the     earth 


shown  in  Fig.  1.  The  stone  used  was  a  good 
grade  of  screened  limestone,  with  maxiniuni 
dimensions  of  from  1  to  2  ins.  No  crusher- 
run  stone  was  used.  The  water  was  pumped 
from  the  river. 

The  neatwork  of  all  pedestals  was  poured 
in  continuous  runs,  which  ncccssitatid  work- 
ing at  nislit  on  a  few  of  the  largest  |hm1osI:iI<. 
The  maximum  run  of  215  cu.  yds.  fur  the  ped- 
estals of  l)cnt  N'o.  24  was  made  in  24  hour.s, 
using  one  mixer.  Mpst  of  the  concrete  work 
was  carried  on  during  the  winter.     The  sand 


tape  was  supported  every  33  ft.  Corrections 
were  made  for  temperature  changes.  At  each 
measurement  point,  an  8-in.  diameter  oak  post, 
'i  ft.  Inng,  was  set  in  the  ground,  and  a  zinc 
plate  was  tacked  on  top  of  it.  This  enabled 
the  cstaMisliment  of  an  accurate  and  perma- 
nent point.  Independent  lines  were  run  to 
establish  the  lOU-lt.  stations,  and  the  bents 
were  checked  from  these  points.  On  the 
^lopcs  at  the  cast  and  west  ends,  slope  mea- 
surements were  also  taken  as  a  check.  Much 
of  the  measuring  was  done  at  night  to  secure 
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the  benefit  of  a  more  even  temperature.     The 
layouts  provided  for  a  normal  temperature  of 
I  /o'-&" 


through  the  outstanding  legs  of  the  two  out- 
side end  stififener  angles,  the  bolt  heads  being 
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Fig 


4.    Half  Cross-Section  Showing  Floor  and  Details  of  Top  of  Bent— Des  Moines  River 

Viaduct. 


70°  F.  Concrete  bench  marks,  extending  •"> 
ft.  into  the  ground,  were  placed  so  that  direct 
readings  could  be  made  from  some  bench 
mark  to  every  pedestal.  These  bench  marks 
were  checked  independently  by  tlirce  sets  of 
levels  run  at  different  times  by  different  men. 
the  greatest  difference  of  elevation  being 
0.008  ft. 

The  west  bank  of  the  river,  for  a  distance 
of  about  700  ft.  above  and  about  300  ft.  below 
the  viaduct,  was  thoroughly  riprapped,  as  the 
soil  is  soft  and  the  bank  had  been  rapidly 
wearing  away  for  some  time.  Further  pro- 
tection was  obtained  by  wing  dams  built  up  to 
the  ordinary  high-water  level.  Riprap  was 
also  placed  around  each  of  the  pedestals  of 
bents  Nos.  3  to  24,  inclusive,  as  a  protection 
against  scour  during  the  flood  period,  when 
the  water  frequently  covers  the  entire  flat. 

THE    SUPERSTRUCTURE. 

The  deck  girders  are  spaced  8  ft.,  center  to 
tenter,  and  are  carried  directly  on  top  of  the 
cross  girders  (see  Fig.  4).  They  differ  slightly 
from  tlie  ordinary  standard  Chicago.  Milwau- 
kee &  .St.  Paul  Ry.  type  of  deck  girder  in  that 
the  web  does  not  project  above  the  top  flange 
angles;  cover  plates  being  used  instead,  in 
order  that  the  concrete  deck  slabs  should  have 
central  bearings  on  the  girders.  These  slabs 
arc  provided  with  bearing  strips,  which  rest 
on  the  cover  plates  between  the  inner  lines  of 
rivets.  ,\\.  the  cndi  of  the  7o-ft.  girders, 
where  the  section  does  not  require  the  cover 
plate,  a  plate  of  the  same  thickness  as  the 
cover  plate,  with  a  width  only  sufficient  to  en- 
gage the  rivets  on  the  inner  lines  of  the 
flange  angles,  was  used  to  keep  the  bearing 
surface  of  the  slabs  at  the  same  elevation. 
Holes  for  future  staging  are  provided  in  the 
outstanding  legs  of  the  stiffencr  angles  of  all 
girders  and  cross  girders.  Over  every  bent 
one  girder  span  has  ladder  bolts  which  extend 


countersunk  in  the  end  stiffener  angles. 

The    cross    girders    are    box     girders,    dia- 
phragms being  placed  directly  under  the  two 


inside  deck  girders,  and  also  at  the  splices  of 
the  web  plates  and  gusset  plates.  At  the  ends 
the  webs  are  shop  spliced  to  the  gusset  plates, 
which  in  turn  are  shop  riveted  to  the  out- 
standing legs  of  the  column  angles,  the  col- 
umns being  spliced  below  the  gusset  plates  (see 
Fig.  4).  These  gusset  plates  are  also  slotted 
on  one  side  of  the  cross  girder  to  permit  the 
gussets  for  the  longitudinal  bracing  to  be 
reached  and  riveted  to  the  column  webs  and 
angles.  This  construction  is  easily  erected 
and  presents  an  excellent  appearance.  Hand- 
holes  in  the  gusset  piates  and  ladder  bolts  at 
the  ends  of  the  cross  girders  provide  easy  ac- 
cess for  inspection  and  painting. 

The  upper  and  the  middle  sections  of  the 
columns  in  all  the  bents,  except  Nos.  23  to  26, 
inclusive,  are  of  the  common  built-up  channel 
section,  consisting  of  two  2Gxl-yiG-in.  webs 
and  the  four  6x6x%-in.  angles.  The  rivet 
holes  in  the  15/lC-in.  webs  were  drilled  from 
the  solid,  except  such  holes  as  were  required 
in  assembling.  After  the  holes  in  the  Cx6x%- 
in.  angles  were  sub-punched,  the  angles  were 
bolted  to  the  webs  through  the  above  men- 
tioned assembling  holes.  The  angles  were 
then  reamed  with  a  twist  drill  which  passed 
entirely  through  the  webs. 

Both  the  longitudinal  bracing  and  transverse 
bracing  are  double  systems,  designed  to  resist 
both  tension  and  compression.  They  consist 
of  laced  channels,  with  the  flanges  turned  in- 
ward. One  diagonal  of  the  longitudinal  brac- 
ing is  in  all  cases  carried  through  the  inter- 
section as  a  single  member,  while  the  other 
one  is  broken.  This  is  done  to  provide  an 
additional  factor  of  safety  against  the  sagging 
of  these  members.  The  tendency  to  sag  is 
greatly  increased  by  the  fact  that  the  longi- 
tudinal braces  do  not  stand  in  a  vertical  plane, 
but  are  in  tlie  same  plane  as  the  columns  of 
the  towers.  In  the  transverse  system  all  the 
diagonals  were  broken  at  intersection  points, 
the  tendency  to  sag  not  being  so  great,  as  the 
bracing  lies  in  a  vertical  plane  and  the  method 
used  made  the  erection  somewhat  simpler. 
The  double  system  of  bracing  was  chosen  be- 
cause of  the  increased  rigidity — rigidity  as 
well  as  ultimate  strength  being  an  important 
consideration  in  the  design  of  high  trestles. 
At  the  top  the  towers  are  braced  in  a  hori- 
zontal plane  by  cross-frames,  consisting  of  two 
iix4x%-in.  angles  riveted  back  to  back.  These 
laterals  are  connected  to  large  lateral  plates 
wliich  are  riveted  to  the  tops  of  the  columns 
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Fig.  6.    Details  of  Ends  of  Truss  Spans  at  Rocker    Bent — Des  Moines  River  Viaduct. 
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,and  cross  girders.  They  are  also  riveted  to 
ithe  lower  tlanges  of  the  inside  tower  girders. 
\  Bents  Nos.  22,  23,  2.3  and  26,  which  support 
the  deck  truss  span  (see  Fig.  2,  a),  are  similar 
'to  those  above  described,  but  are  4  ins.  wider. 
■The  c6lumns  of  the  river  bents  (Nos.  23  and 


shore  tower.  This  member  is  braced  against 
sagging  by  an  inclined  transverse  cross-frame. 
The  horizontal  thrust  from  the  truss  span  is 
designed  to  be  carried  partly  through  the 
tower  bracing  by  means  of  a  horizontal  strut, 
which  connects  the  top  of  the  river  bent  to  a 


to  the  transverse  sides  of  the  columns. 

On  account  of  the  heavy  loads  it  was  nec- 
essary to  make  the  columns  of  the  rocker  bent 
(No.  24)  much  heavier  than  those  in  the  tow- 
ers. An  H-section  was  decided  on,  both  be- 
cause of  the  simpler  shop  work  and  because 
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Fig.  5. 


Longitudinal   Elevation  of  Top  of  Tower   Span   and    End   of   Truss   Span- 
Des   Moines   River  Viaduct. 


A)  are  shorter  than  those  for  tlic  adjacent 
licnts  as  the  shoes  of  the  truss  spans  rest  di- 
rnrtly  On  the  tops  of  thcsc  columns  (see  Fig. 
A  2-in.  plate  is  used  under  tlic  bearings 
-(■cure  a  more  equal  distribution  of  the  load 
over   the   column    section.     Struts   are   substi- 


IKiint  at  tlic  same  elevation  on  tlic  other  bent 
of  the  tower.  In  this  manner  tlic  thrust  from 
the  truss  span  is  equally  distributed  into  all 
of  the  tower  pedestals.  The  shoes  on  top  of 
the  river  bents  are  each  connected  to  the  col- 
\imns   with   cicht  bolts.     Four   of   these   bolts 


of  the  advantage  in  having  continuous  webs 
in  both  directions.  At  the  base  each  column 
rests  on  a  cast-steel  rocker-shoc.  the  connec- 
tion l)eing  made  with  a  14-in.  diameter  pin. 
The  load  is  further  distributed  by  means  of 
an  I-beam  grillage.  The  spaces  between  the 
I-beams  were  tilled  with  concrete  after  the 
grillages  were  set  and  before  the  superstruc- 
ture was  fully  erected.  The  main  section  of 
these  columns  is  shown  in  Fig.  Ij,  which  also 
shows  the  manner  in  which  the  columns  were 
widened  in  a  longitudinal  direction  at  the  top 
to  provide  seats  for  the  bed  plates  of  the  truss 
spans.  The  columns  are  reinforced  with  hori- 
zontal diaphragms  spaced  about  11  ft.  apart. 
The  tlanges  are  braced  by  the  transverse  gus- 
set plates  and  batten  plates  and  by  the  single- 
angle  lacing  which  consists  of  3%x3V6.\7/lG-in. 
angles  connected  to  each  flange  with  four 
rivets.  The  gusset  and  batten  plates  are  pro- 
vided (as  on  the  tower  columns')  w;ith  3xG-in. 
hand  holes.  The  transverse  bracing  in  the 
rocker  bent  consists  of  four  8xtixV4-in.  angles, 
laced  horizontally  with  3%x3V4x%-in.  angles 
and  vertically  with  3x7/lt)-in.  bars. 

As  is  shown  in  Fig.  0,  the  west  truss  has  a 
fixed   bearing  on   the   rocker   bent,   while   the 
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7.    Cross-Section   of   Reinforced  Concrete  Floor    and   End  View  of  a  Section  of  the 
Floor — Des    Moines    River   Viaduct. 

luted  for  the  cross  girders  in  these  bents.   The  pass  tlirougli  the  ■-'-in.  base  plate  aii.i  ;    nm;  i 

longitudinal   and    transverse   bracings    in    the  to  the  horizontal  cap  angles  on  the  longitudinal 

shore  towers  arc  similar  to  the  bracing  already  sides  of  the  columns;   two  connect   I"  angles 

ilescribed,  except  that  they  are  somewhat  hcav-  on   the  transverse   sides  of  the  columns;   the 

icr.  By  referring  to  Fig.  5  it  is  seen  that  a  single  other   two   pass   through   the   base  plates  and 

diagonal  member  is  used  at  the  top  of  each  engage  vertical  lug  angles  which  are  riveted 


Fig. 


8.     DelallB   of    Hooks   Used    In    Erection 
of    Des    Moines    River   Viaduct. 


cast  truss  is  provided  with  segmental  rollers. 
With  this  arrangement  the  tractive  forces  in 
the  truss  spans  are  equally  divided  between 
the  two  river  towers,  whereas,  had  the  ex- 
pansion been  placed  at  either  of  the  river  tow- 
ers,  the   bracing  in   the  opposite   river   tower 
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must  necessarily  have  been  very  heavy.  Large 
links,  having  one  round  hole  for  the  fixed  end 
and  one  slotted  hole  for  the  expansion  end, 
engage  the  pins  on  each  side  of  the  shoes  and 
limit  the  movement  due  to  expansion  and 
contraction.     The  links  are  provided  in  order 


sion  which  is  brought  into  the  flange  of  the 
girder  from  the  lateral  system.  If  the  cover 
plate  had  not  been  used  the  laterals  would 
cause  tension  on  the  rivet  heads  in  the  vertical 
leg  of  the  flange  angles.  The  tendency  of  the 
slab  to  move  laterally,  which  is  vety  small,  is 


Fig.  9.    Progress  View  Showing   Erection  of 
of  EO-Ton   Derrick   Reach 


that  the  spans  will  still  be  held  at  tlic  rocker 
bent  in  case  of  the  settlement  of  either  shore 
tower. 

The  channel  spans  are  double-track,  riveted 
deck  truss  spans,  each  span  having  two  trusses 
of  the  Warren  type.  The  top  of  the  floor- 
beams  is  flush  with  the  bottom  of  the  top 
chord,  the  stringers  being  placed  on  top  of 
the  floorbeams,  their  spacing  being  the  same 
as  for  the  girders  on  the  remaining  spans. 
This  arrangement  permits  the  use  of  a  uni- 
form floor  from  end  to  end  of  the  viaduct.  It 
also  prevents  the  projecting  ends  of  the  floor- 
beams  from  marring  the  appearance  of  the 
structure. 

In  the  end  panel  of  the  truss  shown  in  Fig. 
■'),  the  stringers  are  riveted  to  the  floorbcam 
which  joins  the  vertical  posts  and  is  directly 
over  the  end  bearing  points.  The  40-ft.  girder 
spans,  which  also  rest  on  this  floorbeani,  have 
provisions  for  expansion  at  their  bearings  on 
the  floorbeams.  This  detail  enables  the  ver- 
tical post  to  move  when  the  truss  span  de- 
flects without  causing  excessive  bending 
stresses.  The  thrust  frames,  which  arc  lo- 
cated in  these  panels  in  a  plane  below  the 
stringers,  transfer  all  the  thrust  to  the  truss 
at  the  intersection  of  the  top  chord  and  end 
post. 

FLOOR  SYSTEM. 

The  floor  construction  over  the  entire  via- 
duct consists  of  a  reinforced  concrete  slab 
which  carries  the  ballasted  track  (sec  I-'ig.  7). 
The  outer  edges  of  the  slabs  are  brought  up  to 
the  elevation  of  the  base  of  rail  lo  give  the 
deck  a  more  substantial  appearance.  Refuge 
platforms,  formed  by  two  special  slabs  having 
the  outside  parapet  extended,  are  provided 
about  every  loO  ft.  These  platforms  are  al- 
ternated throughout  the  length  of  the  viaduct. 

The  concrete  bearing  strips  of  the  slabs 
bring  the  center  of  bearing  over  the  center  of 
each  girder,  instead  of  beyond  the  vertical  leg 
of  flange  angle,  as  is  the  case  where  the  web 
projects  above  the  top  flange  angles  and  the 
slabs  are  notched.  These  strips  permit  the 
top  latcr:il  plates  to  be  riveted  to  the  top 
flanges  of  the  girders  without  countersinking 
the  rivets,  and  also  permit  the  lateral  plates 
to  be  painted.    The  cover  plate  resists  any  ten- 


Towers   of  Des  Moines  River  Viaduct — Boom 
ing   Across  a  70-Ft.   Span. 

taken  care  of  by  the  rivet  heads  along  the  in- 
ner gage  line  of  the  top  flange. 

Lift  stirrups  are  provided  in  the  slabs  to 
facilitate  handling.  A  2-in.  diameter  fiber 
pipe  was  placed  near  each  side  and  at  the 
middle  of  each  slab  for  drainage  purposes.  The 
slabs  were  all  cast  during  cold  weather.  The 
forms  were  housed,  and  were  heated  by  means 
of  steam  pipes  underneath  the  floor.  The  roofs 
of  the  slab  houses  consisted  of  trap  doors 
through  whicli  tlie  slabs  were  lifted  after  they 
had  set. 

.'\t  all  expansion   joints  the  slabs  are  fitted 


%-in.  in  diameter  by  8  ins.  long.     By  this  ar- 
rangement   the    expansion    joints    are    at    alii 
times  kept  open. 

Open  holes  are  provided  in  the  outside  para-  j 
pet  wall  of  alternate  slabs,  through  which  are  | 
bolted  the  castings  which  support  the  hand- 
rail  stanchions.  A  •2-in.  diameter  pipe  railing  i 
is  used  (see  Fig.  5).  This  is  primarily  for  the] 
safe-guarding  of  the  section  men,  but  it  also' 
gives  a  feeling  of  security  to  passengers. 

A   6x4x%-in.   angle   guard   rail   is   provided  j 
near  the  inner  rail  of  each  track  (see  Fig.  4). 

ERECTION  FE.'kTURES. 

The  erection  of  the  viaduct  was  begun  at' 
the  west  end,  as  the  long,  high  fill  at  the  east 
end  was  not  finished  until  after  the  completion 
of  the  steelwork.  A  temporary  "shoo-fly" 
track  (see  Fig.  1)  connected  the  main  line 
with  the  west  end  of  the  bridge  and  provided 
a  storage  yard  for  materials.  | 

All   material,   except  the   lower   stories  and  | 
the   castings   of   the   towers    (hereinafter    re- 
ferred  to)    was   erected   from  the  track  level 
with   a  oO-ton   derrick  car,   equipped  with  an 
80-ft.  boom  and  a  50-HP.  engine. 

The  procedure  which  proved  to  be  the  most 
satisfactory  one  was  to  erect  each  bent  com- 
plete,  then  to  set  the  girders  and  laterals,  and  I 
lastly  to  place  the  longitudinal  tower  bracing. 
This  procedure  is  illustrated  by  the  line  dia- 
grams of  Fig.  2(a),  in  which  bent  Xo.  27  is, 
shown  completely  erected,  the  derrick  car  being  j| 
shown    in    position    to    place    a    40-ft.    girdSn 
span.     The    longitudinal     bracing,     which    if^ 
shown  dotted  in  the  upper  stories  of  the  towj 
ers,  is  yet  to  be  placed.     Temporary  ties  and 
rails   were  laid   as   the   work  advanced.     Thel 
material  to  be  erected  was  brought  out  as  far! 
as  possible  on  flat  cars  on  the  track  opposite] 
the  derrick  car,  and  was  then  carried  to  posi-  | 
tion,  suspended  from  the  boom.     The  bracing! 
and   laterals   were  handled   with   runner  lines,! 
while  the  girders  were  handled  with  the  load  I 
line   and   were   grasped  with  girder   hooks,  aj 
detail   of   which   is   shown  in    Fig.  8.     The^' 
hooks  were  found  to  be  very  effective.     Th 
maximum    stresses   in   the   derrick   were   prq 
duced  during  the  placing  of  the  18-ton  crosj 
girders,  with  the  boom  reaching  across  a  70-f£ 
span.     Figure   9   shows   the   erection   traveler] 
reaching  across   a   70-ft.   span   and   placing 
tower  post. 

The    following    table    shows     the     shipping 
weights  of  some  heavy  members  handled. 

Member.  Wt.  lb 

Cross  girder  for  single  bents ■"^■"L 

TO-f t.   girder  span 36,50 

Middle  section  of  column  rocker  bent....   "2,7u 
Long  bottom  chord  member 58,0(| 


Fig.   10.    Erection   of   Lower  Stories  of  Towers  With    Double-Boom    Mule    Derrick- 

Moines    River   Viaduct. 


-Des 


lo  lug  angles,  which  are  riveted  with  the  out- 
standing leg  flush  with  the  end  of  the  girders 
or  .stringers,  as  the  case  may  be.  The  spaces 
between  the  slabs  at  all  such  points  are  spanned 
with  V4xlO-in.  bent  cover  plates,  which  arc  an- 
chored to  the  slabs  on  one  side  with  fox-bolts. 


All  riveting  was  done  with  pneumatic  ham- 
mers, operated  at  an  air  pressure  of  about  lO.i 
lbs.  The  air  compressor  was  located  on  the 
west  bank  of  the  river,  and  the  power  was 
supplied  by  a  40-HP.  gasoline  engine.  Twenty- 
three   field   rivets   per   ton   of   metal   were  re- 
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quired  for  the  trestle  spans,  while  for  the  truss 
1  spans  this  number  increased  to  30.  The  rivet- 
ing was  carried  on  continuously  from  the  time 
the  erection  started,  the  greatest  number  of 
jrivets  driven  in  one  day  being  about  l,!)0o,  with 
I  four  gangs  working. 

From  bent  Xo.  32  to  bent  No.  4  (see  Fig. 
12),  where  the  comparatively  level  nature  of 
•  the  ground  made  it  possible,  the  lower  stories 
of  the  towers  were  erected  by  means  of  a 
.-mule  traveler  (see  Fig.  10).  This  traveler 
.was  equipped  with  two  60-ft.  booms  and  two 


erection  casting  at  the  bottom.  The  casting, 
when  lashed  to  the  column  section,  prevented 
the  lines  from  cutting  and  at  the  same  time 
permitted  the  member  to  be  swung  to  the  cor- 
rect batter.  To  guard  against  any  out-swing 
while  lifting  these  heavy  members  the  derrick- 
car  track  was  temporarily  curved  outward, 
so  that  the  end  of  the  boom  was  nearly  over 
the  load  when  the  boom  was  on  the  center 
line  of  the  car. 

Figure   12  shows  a  view  of  the  west  abut- 
ment and  the  west  portion  of  the  viaduct.  This 


products;  also  the  utilization  of  by-products 
and  the  display  of  many  uses  in  which  its  gen- 
eral products  are  employed,  typifying  the  ad- 
vancement in  the  uses  of  this  country's  re- 
sources. 

In  addition  to  the  material  exhibits  before 
mentioned,  the  corporation  intends  to  exhibit 
in  a  comprehensive  manner,  by  moving  pic- 
tures, its  operations  throughout  all  depart- 
ments showing  the  ramifications  of  the  proc- 
esses of  the  corporation's  operations.  It  is 
proposed  as  well,  to  set  forth  the  work 
which  the  United  States  Steel  Corpora- 
lion  has  done  towards  the  social  welfare  of  its 
employes  and  those  depending  upon  them. 
Also  it  will  exhibit  many  forms  of  safety 
devices  that  have  been  conceived  by  the  cor- 
poration officials  and  its  employes,  and  in  the 
installation  of  which  large  sums  have  been, 
and  are  being,  expended  by  the  corporation. 


Fig.   11.     View   Showing    Falsework    Used    in 
Completed    Portion   of   De 

double-cylinder  engines,  with  double  friction- 
•  drums    and    four    independent     winch     heads. 
This  traveler  ran  on  an  18-ft.  gauge  track,  laid 
along  the  center  line  of  the  viaduct.     The  ma- 
terial to  be  erected  by  the  traveler  was  deliv- 
ered on  the  "flat'  east  of  the  river,  and  was 
brought  out  for  erection  over  a  low-level  tem- 
'  porary  construction  track,   parallel  to  and  CO 
'  ft.  south  of  the  center  line  of  the  viaduct.    It 
was    originally    intended    to    have     the     mule 
eler   assist   in   the   erection   of   the   upper 
ries  of  the  towers  by  keeping  the  derrick 
car    supplied    with     material.      However,    the 
shipments  of  the  steelwork  for  the  truss  spans 
'  were  so  delayed  that  work  on  the  lower  stories 
was  continued   and  entirely  completed   before 
the   erection    nf   the   truss    spans    was   begun. 
The  "mule"  was  then  moved  out  a  sufficient 
distance  to  clear  the  pedestals,  and  was  then 
nm  back  to  the  truss   spans  to  assist   in   the 
■  erection    of   the     falsework.     The     procedure 
'  used  in  erecting  the  east  portion  of  the  via- 
,  duct  with  the  mule  traveler  is  shown  in  Figs. 
.    2(b)   and  10. 

The  truss  spans  were  erected  on  the  false- 
work tre-stle  shown  in  Figs.  2(a)   and  11,  the 
1    trestle  being  supported  on  a  pile   foundation. 
'  ■  The    framed    timber    falsework    bents,    three 
I    stories    high,    were    constructed    of    12xl2-in. 
i«-'<ts.  caps  and  sills.     The  longitudinal  struts 
all   bracing  were   3xl2-in.   timbers.     The 
:■-  and  sills  were  drift-bolted  and  the  brac- 
nig  was  spiked.     Each  story  of  the  falsework 
was  framed  in  units.     The  units  for  the  two 
lower  stories  of  the  bents  were  framed  on  the 
pile  caps,   and    were   lifted   into   place   by  the 
mule  traveler.     Tlie  units  for  the  upper  story 
were  framed  at  the  west  end  of  the  bridge  anil, 
together  with  the  stringers  and  blocking,  were 
placed  in   position   by   the   derrick   car  as   the 
work  advanced.    .After  the  west  truss  had  l)ecn 
placed  the  stringers  and  the  units  in  the  upper 
story  of  the   falsework  were  taken  down  and 
again  used  imder  the  cast  truss. 

The  most  difficult  problem  in  connection 
with  the  erection  of  the  steelwork  was  the 
handling  of  the  72,700-lb.  middle  sections  of 
the  rocker  bents.  In  order  to  do  this  work  il 
was  necessary  ti>  shorten  the  boom  of  the  der 
rick  car  to  12  ft.  The  column  sections  were 
unloaded  from  the  low-level  construction 
track  (previously  referred  to),  placed  on  car- 
riage>.  and  then  run  out  on  a  trestle  parallel 
10  and  0  ft.  west  of  the  center  line  of  the  rocker 
bent.  .Xs  nine  strands  of  %-in.  diameter  wire 
cable  were  required  for  the  load  line  of  the 
derrick  it  was  impossible  to  get  sufficient  line 
on  the  drum  to  reach  members  ll.">  ft.  below 
the  base  of  the  rail.  A  70-ft.  loop,  consisting 
of  10  strands  of  %-in.  diameter  cable,  wa-. 
provided.  This  loop  passed  over  a  50-ton  hook 
on  the  end  of  the  load   line  and  through  an 


Erection   of  Truss   Spans — Derrick   Car'  on 
s   Moines   River  Viaduct. 

view  also  shows  the  construction  track  at  the 
base  of  the  viaduct  and  the  derrick  car  at 
work  on  the  east  section  of  the  viaduct. 

The  iriaximum  tonnage  erected  in  one  day 
with  both  the  derrick  car  and  the  mule  traveler, 
was  approximately  200.  It  is  to  the  credit 
of  those  in  charge  that  not  a  single  fatality  nor 
serious  accident  occurred  during  the  work. 
Ground  was  broken  July  10.  1912,  and  the  last 
span  was  completed  July  12,  1013. 

PERSONNEL. 

The  viaduct  was  designed  by  the  engineering 
force  of  the  Chicago,  Milwaukee  &  St.  Paul 
Ry.,  Mr.  C.  F.  Loweth,  chief  engineer,  and 
Mr.  J.  H.  Prior,  at  that  time  engineer  of  de- 
sign.   The  construction  work  was  done  by  the 


Progress  by  Illinois  Steel  Co.  in  Develop- 
ing Alloy  Steels. — The  Illinois  Steel  Co.  has 
made  considerable  progress  during  the  past 
year  in  developing  electric  steel,  particularly 
nickel  and  chrome-nickel  alloys.  It  is  now 
equipped  to  furnish  electric  special  steels  for 
any  purpose.  The  greatest  progress  has  been 
made  in  eliminating  piping  and  segregation  in 
the  steel  ingot.  By  adopting  an  inverted  ingot 
and  pouring  with  a  refractory  top  the  piping 
Isas  been  reduced  to  such  an  extent  that  the 
sale  of  electric  steels  on  a  competitive  price 
basis  with  open-hearth  steel  seems  not  far 
distant.  The  most  inxportant  improvement 
in  manufacturing  manganese  steel  rails  con- 
sists of  the  installation  of  a  quenching  tank  of 
large  proportions.  The  toughness  of  man- 
ganese steel  depends  upon  quenching  froin  the 
temperature  at  which  the  rail  is  rolled,  as  con- 
trasted with  the  air  cooling  of  steel  rails  on 
the  hot  beds.  To  obtain  the  best  results  the 
bath  must  be  of  sufficient  size  and  must  have 
a  circulation  of  sufficient  activity  to  dissipate 
the  heat  from  the  rails  without  any  appreciable 
rise  in  its  own  temperature.  The  quenching 
of  the  rails  follows  immediately  after  camber- 
ing, the  rails  being  fed  continuously  into  the 
tank.  It  has  not  yet  been  po.-sible  to  over- 
come the  obstacles  which  manganese  steel  pre- 


Fifl.  12.    View  of  West  Portion  of  Des  Moines  River    Viaduct— Construction   Track    is 

Shown  at   Base  of  Viaduct. 


railway  company's  forces,  with  Mr  1'..  11. 
1  lowell  in  charge. 

Exhibit  of  United  States  Steel  Corpora- 
tion at  San  Francisco. —  The  aiuiniinriin -ni 
is  made  that  the  Inited  .States  Steel  C'ii 
tion  and  its  subsidiary  companies  pr 
to  have  a  comprehensive  exhibit  of  its  opera- 
tions at  the  Panama-Pacil'ic  Exposition  in  San 
Francisco  in  the  year  101.1.  Il  will  begin  with 
the  ordiclds  and  carry  on  an  educative  picture 
,)f  its  .  in  ore  mining,  rail  ami  water 

lrans| .  '"k  o|ierations,  coil,  roke  .ind 

pig  irc'i'  |ii  Mi.ii.m,  steel  manufacturing  in  its 
various  lines  and  will  also  present  in  a  ma- 
terially displayed  way  the  processes  of  manu- 
facturing of  many  of  its  subsidiary  companies' 


scnts  lo  machining,  and  the  drilling  of  holes 
for  bonding  is  still  impossible.  Punches  have 
been  designed  and  installed  which  give  a  sat- 
isfactory hole,  but  their  operation  is  expensive, 
.'lie  to  breakage  of  tools.  The  lack  of  machin- 
:;.;  qualities  has  operated  against  the  rolling 
i  manganese  steel  in  shape';  other  than  rails, 
although    some    man.  'cl    plates    have 

been  rolled.     It  has  '  ''Ic  to  eliminate 

scams  in  alloy  si     '  nipping  the  seams 

in    the    billet.  has    shown,    how- 

ever, that  ccrt.iii.  .- ■■  -  -teels  are  especially 
susceptible  to  stratifying  when  rolled  from  in- 
got form.  Even  a  very  slight  reduction  by 
passing  the  billets  through  rolls  docs  not  give 
as  good  results  as  breaking  them  down  by 
hammering. 
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Some  Data  on  Several  Large  Railway 
Viaducts. 

(Staff  Article.) 
In  connection  with  the  article  on  the  design 
and  construction  features  of  the  Des  Moines 
River  viaduct,  publislied  in  this  issue,  it  is 
interesting  to  note  the  type  of  construction, 
dimensions  and  weights  of  other  large  via- 
ducts. We  are  indebted  to  Mr.  J.  H.  Prior  for 
the  following  data  relative  to  the  Des  Moines 
River  viaduct  and  five  other  important 
viaducts : 

Des  Moines  River  Viaduct. — The  Des  Moines 
River  viaduct  of  the  Chicago,  Milwaukee  & 
St.  Paul  Ry.,  near  Madrid,  Iowa,  is  a  double- 
track  structure  having  a  length  of  2,395  ft. 
8  ins.,  from  -face  to  tace  of  backwalls.  The 
weight  of  the  steelwork  in  this  structure  is 
6,261  tons.  The  tower  spans  have  a  length  of 
40  ft.,  the  intermediate  spans  a  length  oi  7U 
ft.,  and  the  two  river  deck  truss  spans  a  length 
of  156  ft.  G  ins.  each.  The  height  of  the  via- 
duct, from  river  bed  to  base  of  rail,  is  145  ft. 
An  outline  draw'ing  showing  its  type  of  con- 
struction is  shown  in  Fig.  1(a). 

Boone  Viaduct. — The  Boone  viaduct  of  the 
Chicago  and  Northwestern  Ry.  is  located  in 
Boone  County,  Iowa,  about  17  miles  north  of 
the  Des  Moines  River  viaduct.  It  is  a  double- 
track  structure  having  a  total  length  of  2,685 
ft.,  the  weight  of  the  steelwork  being  6,196 
tons.  The  tower  spans  have  a  length  of  45 
ft.,  the  intermediate  spans  a  length  of  75  ft. 
and  the  deck  truss  river  span  a  length  of  300 
ft.  The  height  of  the  viaduct,  from  river  bed 
to  base  of  rail,  is  185  ft.  Figure  1(b)  shows 
an  outline  drawing  of  this  viaduct. 

Kincua  Viaduct. — The  Kinzua  viaduct  of 
the  Erie  R.  R.  spans  the  Alleghany  River,  near 
Kinzua,  Pa.  It  is  a  single-track  structure  hav- 
ing a  total  length  of  2,053  ft.  1  in.,  the  weight 
of  the  steelwork  being  3,350  tons.  The  tower 
spans  have  a  length  of  38  ft.  6  ins.,  the  inter- 
mediate spans  a  length  of  61  ft.,  and  the  tw-o 
end  spans  a  length  of  62  ft.  Oy2  in.  The  height 
of  this  viaduct,  from  water  level  to  base  of 
rail  is  301  ft.  Its  type  of  construction  is  in- 
dicated in  Fig.  1(c). 

Cokteik  Viaduct. — The  Gokteik  viaduct  of 
the  Burmah  Rys.  Co.,  Ltd.  (see  Fig.  1,  d)  is 
at  present  a  single-track  structure,  with  pro- 
visions for  a  future  double  track.  Its  length, 
out  to  out  of  steelwork,  is  2,260  ft.,  and  the 
weight  of  the  steelwork  is  4,850  tons.  The 
tower  spans  have  a  length  of  40  ft.,  the  inter- 
mediate girder  spans  a  length  of  60  ft.,  and 
the  intermediate  deck  truss  spans  a  length  of 
120  ft.  The  height  of  the  viaduct,  from  its 
lowest  point  to  the  l)ase  of  rail,  is  320  ft. 

Letlibridge  Viaduct.— The  Lethbridge  via- 
duct of  the  Canadian  Pacific  Ry.  at  Lethbridge, 
Alberta,  Can.,  is  a  single-track  structure  hav- 
ing a  length  of  5,327  ft.,  face  to  face  of  back- 
walls.  The  steelwork  of  this  viaduct  weighs 
12,200  tons.  The  tower  spans  have  a  length  of 
67  ft.  (see  Fig.  1,  e),  the  intermediate  girder 
spans  a  length  of  98  ft.  10  ins.,  and  the  deck 
truss  span  near  the  end  a  length  of  167  ft. 
The  height  of  the  viaduct,  from  the  river  bed 
to  the  base  of  rail,  is  314  ft.,  the  tallest  tower 
being  285  ft.  high. 

Viaduct  over  Kaiser  Wilhelm  Canal.— The 
viaduct  over  the  Kaiser  Wilhelm  canal  ( see 
Fig.  1,  f)  is  a  double-track  structure  having 
a  total  length  of  7,120  ft.  Its  height,  from 
water  level  to  top  of  rail,  is  125  ft.,  and  the 
weight  of  the  steelwork  contained  in  it  is 
14,300  tons. 


Hardening  Concrete  Roads. — The  Chemical 
Trade  Journal  for  April  18  contains  the  fol- 
lowing: 

A  new  hardening  material  for  the  surface  of 
concrete  floors  contains  95  per  cent  of  iron 
dust  or  inm  flour.  It  is  added  tothe  dry 
cement  in  the  proportion  of  15  to  25  pounds 
to  each  100  pounds  and  one  part  of  the  mix- 
ture is  used  with  two  parts  of  sand.  This 
preparation  is  applied  as  a  top  coat  to  a  thick- 
ness of  %  to  1  inch.  It  forms  a  hard  and 
durable  floor,  claimed  to  be  waterproof  and 
not  slippery,  and  is  also  used  for  making  new 
concrete  adhere   to  old  in   repairing. 
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A    Discussion    on    Equitable    Hydrant 
Rentals  and  Better  Methods  for 
Apportioning   Fire  Protec- 
tion Cost. 

Probably  no  one  thing  has  caused  so  mucli 
friction  between  private  water  companies  and 

•  the  municipalities  served  as  the  unscientilic 
and  still  common  method  of  charging  for  fire 
protection  at  a  fi.xed  sum  per  hydrant.  In  his 
paper  before  the  34th  annual  convention  ot 
tlic  American  Water  Works  Association.  Mi 
John  W.  .Mvord  of  Chicago  pointed  out  sonii- 
of  the  evils  resulting  from  unscientific  appor- 
tionment of  fire  protection  costs  and  showed 
how  the  existing  evils  can  be  remedied.  The 
paper    follows : 

In   the    formation   of    so   many   new   utility 
commissions  as  are  now  created,  and  are  bc- 

■  ing  created,  there  arises  the  opportunity  to 
obtain  a  more  equitable  and  scientific  adjust- 
ment of  rates  than  has  hitherto  prevailed.  The 
Wisconsin  commission  has  already  done  val- 
uable work  in  showing  tliat  many  of  the  mu- 
nicipalities in  Wisconsin  do  not  pay  enough 
for  public  lire  protection  :  that  is  to  say,  that 
the  cost  of  the  public  fire  protection  system 
is  in  considerable  part  loaded  onto  the  pri- 
vate  consumer.     It    is    a    matter   of   common 

:  knowledge   among  those  who  study  this  sub- 

t  ject  that  this  is  largely  true  all  over  the  coun- 
tr}'.  This  condition  doubtless  arose  from  the 
fact  that  when  franchises  were  originally 
granted,  it  was  easier  for  city  councils  to 
grant  and  water  company  promoters  to  ob- 
tain concessions  for  a  slightly  larger  domestic 
rate,  which  came  from  many  small  consum- 
ers, than  a  proper  and  just  public  payment 
coming  from  a  usually  insufficient  and  ordi- 
narily depleted  general   fund. 

The  injustice  of  this  proceeding  is  fullv 
evident  when  a  careful  study  of  the  two  serv- 
ices is  made.  The  valuable  paper  on  this 
subject  by  Messrs.  Kuichling,  Hawley  and 
Mctcalf,  presented  to  the  .American  Water 
Works  -Association  at  the  Rochester  meet- 
ilng    (see    F.N'ginerring    .\nd    CoNTR.\criNC   of 

'  June  7,  1001),  shows  generally  that  with  the 
smaller  cities  fire  protection  cost  rises  to  a  6-J 
or  7.j  per  cent  proportion  of  all  the  service, 
while  in  the  larger  cities  this  may  be  as  low  as 
to  20  and  '2'i  per  cent. 

The  Wisconsin  commission  has.  as  the  rc- 
suit  f>f  its  studies,  generally  raised  the  fire 
protection  cost,  and  correspondingly  lowered 
the  domestic  rate  in  the  cases  cited  in  Table  I. 


TARI.E  T.— CHARGES  FOR  FIRE  SERVICE  IN 

SKVRN    WISCONSIN 

CITIES. 

Per  Cent 

of  Water 
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Annual 

l>:iti-                                  Popula- 
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C ha  rite 

of                                          tlon 

to  Fire 

for  Fire 

Report,     nt.v.                        1910. 

Service. 

Service. 

IDIft     Jefferson,     Wis. .  . .   2.582 

75.0 

»2,5fiO 

1910     isipon.     Wis 3,7S!t 

65.0 

fi,0S2 

1911     Oconto.     Wis 6.629 

57.5 

9,812 

1909     .\HhIiin.l,    WlH 11,.'J94 

54.5 

20,4SO 

1911     .Tanesvllle.     Wis... 13,894 

54.0 

15.795 

1911     n.-loit.     Wis 1R.12.T 

4S.0 

M,Sf,:! 

1910     Madison.    Wis 2.';, 531 

49.6 

•17,000 
About 

•Speol.il  locnl  conditions  fav 

or  .1    W'W 

lire  .Mer- 

1'*   rharKe   at    Madison. . 

It  IS  safe  to  say  that  in  most  instances 
'  where  private  utilities  arc  serving  the  com- 
miinii)-.  the  citv  is  paying  less  than  half  of 
the  .Tinount  which  properly  should  be  paid 
for  this  service,  tints  loading  the  balance  of 
the  cost  usually  onto  the  small  private  con- 
sumer. 

In  the  case  of  a  municipality  which  owns 
its  own  plant,  and  has  largely  paid  for  it  from 
issues  of  bonds,  paid  from  annual  taxes,  the 
fixed  charges  are  perhaps  more  equitably  dis- 
tributed, but  it  is  yet  an  open  auestion,  even 
in  such  cases,  if  a  careful  study  would  not 
disclose  that  the  consumer  is  not  paying  more 


than  his  proportion  for  the  public  service,  by 
reason  of  the  fact  that  he  virtually  bears  all 
the  operating  cost. 

llETIIOn  OF  EV.\LU.\TIXG   FIRE  PROTECTION    SERVICE 

The  proper  method  of  dividing  the  cost  of 
public  and  private  services  is,  (1)  to  make 
a  valuation  of  the  plant:  (2)  to  make  a  study 
of  the  value  of  a  theoretical  plant,  sufficient 
in  capacity  for  fire  service  only,  and  (3)  a 
study  of  the  value  of  a  theoretical  plant,  ca- 
pable of  domestic  service  only.  The  sum  of 
the  (2)  and  (3)  study  will  give  a  value  much 
greater  than  the  value  of  tlie  combined  plant, 
and  the  value  of  the  combined  plant  should 
then  be  divided  between  fire  service  and  do- 
mestic service  in  proportion  to  the  theoretical 
values  found  necessary  in  each  case.  To  il- 
lustrate: If  the  cost  of  a  combined  fire  and 
domestic  service  in  a  single  plant  is  found  to 
be  $100,000  for  a  given  community,  and  the 
cost  of  a  strictly  fire  service  plant  is  found 
to  be  $80,000,  and  a  strictly  domestic  supply 
plant  $70,000.  or  a  total  for  tw-o  separate 
plants  of  $1.)0,000  for  the  same  community, 
then  the  value  of  the  combined  plant  should 
be  divided  between  the  two  services  on  the 
basis  of  eight-fifteenths  and  seven-fifteenths 
of  the  total  value  of  the  combined  plant,  or 
about  $-")3,400  for  the  proportionate  invest- 
ment for  fire  service,  and  about  $46,600  for 
the  proportionate  investment  in  domestic  serv- 
ice. 

In  addition  to  this  study,  it  is  necessary  to 
inquire,  in  the  same  manner,  into  the  oper- 
ating expenses,  and  divide  the  combined  op- 
erating expenses  between  those  chargeable  to 
fire  service  and  domestic  service.  Here  it  will 
be  usually  found  that  domestic  service  carries 
the  higher  charge. 

Having  found  the  total  investment  in  each 
service,  and  computed  its  interest  and  depre- 
ciation, and  added  to  this  tlie  proper  propor- 
tion of  operating  expense,  we  have  a  proper 
and  equitable  division  of  annual  revenue 
which  should  be  derived  as  between  the  pri- 
vate consumer,  on  the  one  hand,  and  the 
public  fire  protection  expense,  on  the  other, 
and,  as  has  been  before  said,  it  will  be  usual- 
ly found  that  the  public  is  not  paying  nearly 
enough  for  the  public  service  and  the  private 
consumer  is  bearing  the  burden. 

Here,  therefore,  is  an  opportunity  for  our 
public  service  commissions  to  do  some  scien- 
tific rate  making,  easing  the  burden  particu- 
larly on  the  small  consumer  and  placing  it 
where  it  iustly  and  properly  belongs,  on  the 
general  public. 

Rut  more  than  this  can  be  done.  When  the 
proper  amount  for  the  public  to  pay  for  gen- 
eral fire  protection  is  properly  ascertained,  it 
can  be  more  scientifically  applied  than  under 
the  present  irrational  method  so  that  it  will 
not  result  in  the  constant  friction  that  the 
present    method    involves. 

The  method  of  paying  for  fire  protection  at 
so  much  per  hydrant  is  very  common,  but  it 
is  illogical  and  improper  for  the  following 
reasons: 

1.  It  docs  not  apply  the  payments  to  what 
the  public  really  pays  for,  viz.,  pumping  ca- 
pacity, distribution  capacity,  and  the  size  and 
number  of  fixture  openings. 

2.  The  nrescnt  method  has  a  tendency  to 
contract  the  fire-fighting  cfTiciency.  bv  con- 
centrating the  payment  on  an  outlet  fixture, 
thus  constantly  tempting  the  cities  to  improper 
economy  by  the  neglect  to  install  the  proper 
number  and  closer  spacing  of  the  hyrjrants. 
with  increasing  fire  risk  in  any  given  district. 

3.  The  present  method  spreads  the  cost  of 
fire  protection  inequitably,  in  that  cities  have 
to  pay  for  outlying  districts,  with  low  fire 
protection  risks,  as  much  per  hydrant  as  in 
centra!  business  property,  with  high  protec- 
tion risks. 

4.  It  disfourages  the  extension  of  the  dis- 
triliution  system  into  outlving  districts,  by 
reason  of  the  relatively  high  cost  of  the  hy- 
drants  needed. 

5.  It  docs  not  encourage  the  use  of  adequate 


sized  mains,  because  attention  is  concentrated 
on  the  outlet  fixture  and  its  spacing  rather 
than  the  size  and  capacity  of  the  distribution 
system. 

6.  It  discourages  the  setting  of  additional 
and  intermediate  hydrants  when  the  adjacent 
fire  risks  increase,  even  though  capacity  of 
mains  may  be  available. 

7.  It  makes  for  constant  contention  between 
the  city  and  the  company  whenever  new  hy- 
drants or  new  extensions  are  needed,  by  rea- 
son of  the  above  facts,  which  neither  the 
company  or  the  city  ofhcials  are  always  able 
to  fully  analyze  or  understand.  Thus  we 
have  these  two  important  interests  in  con- 
stant antagonism  where  both  should  be  in 
harmony  in  working  for  a  common  end  at  a 
just  cost. 

Many  of  the  bitterest  contests  between  pri- 
vate companies  and  municipalities  arise  from 
this  cause. 

Now,  all  this  source  of  contention  and  fric- 
tion can  be  entirely  avoided  by  a  more  proper 
method  of  payment  for  the  public  service, 
which  will  eliminate  the  objections  above 
made,  and  place  the  burden  of  cost  where 
it  belongs ;  that  it  is  to  say,  in  the  capacity  of 
the  system  for  fire  protection  rather  than  on 
the  number  and  spacing  of  outlet  fixtures.  Just 
as  it  is  more  equitable  to  sell  water  to  the  pri- 
vate consumer  per  unit  of  volume,  by  meter, 
rather  than  by  number  of  outlets  in  the  con- 
sumer's home,  so  is  it  more  equitable  to  pay 
for  fire  protection  per  unit  of  capacity  for 
fire  protection  purposes  rather  than  mainly 
by  unit  of  outlet  fixture.  In  other  words,  let 
us  nay  the  company  for  the  amount  fif  ca- 
pacity it  has  in  its  pumping  and  distribution 
system,  as  well  as  for  the  number  of  outlets 
and  we  will  have  destroyed  most  of  the 
sources  of  friction  that  now  exist. 

The  method  that  first  suggested.itself  to  the 
writer  was  to  apportion  fire  protection  cost 
in  part  to  pumping  capacity,  in  part  to  pipe 
distribution  capacity,  and  in  part  to  outlet, 
but  on  reflection  it  was  seen  that  this  triple 
divison  produced  some  complexity,  which  was 
not  reallv  needed,  and  which  did  not  make 
for  simplicity. 

It  is  comparatively  easy  for  cities  to  enforce 
the  installation  of  adequate  pumping  capacity, 
and  where  pumping  capacity  does  not  amply 
exist  it  is  not  diflicult  for  water  companies 
to  enlarge  it  in  fairly  reasonable  length  of 
time.  .Attention  is  constantly  directed  to 
deficient  pumping  capacity  and  its  future  lack 
is  not  difficult  to  foresee. 

But  the  enlargement  of  distribution  pipe 
capacity  up  to  the  level  of  a  constantly  grow- 
ing population  is  not  so  easily  accomplished. 
Its  lack  is  produced  by  insidious  neglect  of 
which  the  manager,  the  administration,  and 
the  public  has  no  warning.  It  is  here,  if  any- 
where, that  we  need  in  the  ordinary  plant 
and  city  to  have  an  incentive  to  upkeep  and 
enlargement.  It  would,  therefore,  appear  that 
for  purposes  of  simplicity,  it  would  be  fully 
as  effective  to  proportion  fire  protection  pay- 
nienls  in  large  part  on  pipe  distribution  ca- 
pacity, and  in  small  part  on  outlet  fixture  pay- 
menls,  as  to  proceed  in  a  more  complex  man- 
ner by  including  pumping  capacity. 

With  this  principle  in  view,  and  having  ar- 
rived at  the  proper  amount  to  he  paid  the 
utility  for  fire  protection  by  the  methods  here- 
in first  described,  it  remains  to  apportfon  this 
amount  in  such  a  way  that  incentive  is  intro- 
duced to  properlv  install  mains  and  distribu- 
tion system  of  the  proper  size,  and  hydrants 
of  the  proper  spacing,  so  that  the  fire  risks 
will  be  proportionately  met  in  different  sec- 
tions of  the  town,  and  at  the  same  time,  sn 
that  cMcnsions  and  additional  hydrant  rental 
will  not  be  burdensome,  and,  in  short,  that 
;dl  or  most  of  the  causes  of  friction  between 
the  municipality  and  the  utility  enumerated 
above  will  be  removed. 

This  can  be  done  by  paying  for  the  fire 
service  in  large  part  per  mile  of  pipe  at  rates 
depending  on  its  capacity. 
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For  the  purpose  of  having  some  regulating 
limit,  it  is  also  desirable  to  pay  for  the  hy- 
drants a  small  sum,  which  represents  a  rea- 
sonable return  on  their  cost  of  installation, 
together  with  an  allowance  for  their  depre- 
ciation and  annual  maintenance.  This  in  re- 
ality amounts  to  a  nominal  sum,  generally  not 
more  than  $")  to  $8  per  annum  per  hydrant. 
.\t  this  rate  it  should  be  the  privilege  of  the 
city  to  order  in  as  many  or  as  few  hydrants 
as  proper  attention  to  the  relative  fire  risks 
of  the  different  sections  of  the  city  would 
seem  to  demand.  A  proper  appreciation  of 
the  rapidity  with  which  long  lines  of  fire 
hose  reduces  pressure  would  undoubtedly 
make  for  a  liberal  allowance  of  hydrants  un- 
der such  a  scale  of  payment. 

The  company,  being  paid  an  annual  sum 
for  the  hydrants  and  their  maintenance,  has 
no  separation  of  interest  from  the  viewpoint 
of  the  municipality. 

The  bulk  of  the  payment  for  fire  protection 
under  such  a  system  should  come  from  the 
pipe  capacity  unit. 

The  pipe  capacity  unit  does  not  need  to  be 
scientifically  exact;  it  is  sufficient  for  all  prac- 
tical purpo'ses  if  it  is  only  approximate,  and 
particularly  desirable  that  it  be  simple. 

The  best  unit  which  has  occurred  to  the 
writer,  that  approximates  in  some  degree  the 
relative  cost  and  capacitv  of  mains  sufficiently 
for  this  purpose,  and  is  at  the  same  time  sim- 
ple, is  the  inch  foot  of  diameter;  that  is,  the 
number  of  inches  of  diameter  1  ft.  long  in  a 
given  system  of  distribution  pipe.  Thus,  a  6- 
in.  pipe  is  rated  at  6  inch  feet  to  every  foot, 
and  a  12-in.  pipe  12  inch  feet  to  every  foot. 
Having  found  the  total  amount  of  money 
to  be  paid  for  fire  service  in  a  given  system, 
we  should  deduct  the  amount  that  will  be 
raised  by  the  nominal  hydrant  rental  before 
described,  and  we  should  also  deduct  the 
amount  which  will  be  raised  from  sprinkler 
systems  and  other  especial  methods  of  fire 
protection,  and  the  remainder  will  be  the 
amount  to  be  paid  by  the  city  on  the  pipe  ca- 
pacity unit  9r  inch  foot  basis.  The  total  num- 
ber of  inch  feet  in  a  given  system,  divided 
into  the  amount  to  be  raised  by  this  part  of 
the  protection,  will  give  us  the  cost  per  inch 
foot.  This  will  probably  fall  in  most  normal 
cases  within  .4  ct.  to  .7  ct.  per  inch  foot. 

The  total  annual  payment  then  for  any 
given  pipe  will  be  its  diameter  times  the  inch 
Toot  unit  times  its  length. 

Thus,  if  the  inch  foot  unit  is  a  half  a  cent. 
a  6-in.  pipe  will  have  a  fire  protection  rental 
of  3  cts.  per  foot  per  annum,  and  a  12-in.  pipe 
will  have  a  rental  value  similarly  of  6  cts.  a 
foot  annually. 

To  this  amount  computed  for  all  the  pipe 
lines  should  be  added  the  nominal  hydrant 
rental  computed  on  the  total  number  of  hy- 
drants, the  total  making  the  annual  public 
fire  protection  bill  to  the  city. 

It  is  true  that  the  cost  and  capacity  of  mains 
increase  at  a  rate  greater  than  the  first  power 
of  the  diameter.  The  capacity  increases  as 
the  square  of  the  diameter,  and  the  cost  be- 
tween the  first  power  and  the  square.  If  the 
cost  of  mains  is  increased  by  the  replacement 
of  cost  cutting  through  payments,  the  adjust- 
ment of  cost  as  between  different  diameters 
will  be  closer. 

A  uniform  rate  per  inch  of  diameter  is  a 
slight  inducement  toward  the  smaller  pipe, 
as  that  has  the  larger  return,  and  this  may 
be  equalized  (if  it  is  thought  wise)  by  a  slid- 
ing scale,  but.  as  a  matter  of  practical  effect, 
it  is  not  believed  that  the  variation  will  have 
any  appreciable  influence  in  keeping  down  the 
capacity   of   the   distribution   system. 

The  advantageous  features  of  this  arrange- 
ment are : 

1.  That  the  city  proportions  its  payment  to 
the  amount  of  distribution  pipe  capacity  it 
receives,  as  well  as  the  number  of  fixture 
openings    (hydrants')    that   are  available. 

2.  The  payments  for  fire  protection  are 
usually  and  normally  in  proportion  to  the  fire 
risks  in  the  different  districts,  because  the 
larger  mains  are  in  a  general  way  cither  with- 
in or  lead  to  those  districts  most  fully  built 
up  and  most  needing  fire  protection. 

3.  There  is  every  incentive  to  the  company 


in  extending  its  distribution  .system,  to  keep 
sizes  of  mains  up  to  fire  requirements,  and 
to  reinforce  weak  districts,  and  the  cities'  in- 
terest in  fire  protection  and  the  companies' 
interest  in  proper  remuneration  are  thus  co- 
ordinate. 

4.  In  outlying  districts  the  city  does  not 
have  to  pay  for  protection  out  of  all  pro- 
portion to  the  capacity  needed,  and  it  may 
further  regulate  the  number  of  hydrants  in 
such  districts  to  suit  their  character  and 
growth. 

0.  There  is  no  obstacle  to  tlic  introduction 
of  new  hydrants  when  given  districts  need 
increased  fire  protection,  and  thus  the  fire  de- 
partment is  rendered  much  more  efficient. 

The  writer,  in  company  with  Dean  F.  E. 
Turneaure  of  Madison,  Wis.,  and  Dean  Mar- 
ton  of  .\mcs,  Iowa,  was  appointed  in  1912  as 
a  board  of  arbitration  to  determine  the  value 
of  the  water  works  property  at  Freeport,  111., 
decide  upon  the  necessary  enlargement  of  the 
plant,  fix  a  schedule  of  fair  rates,  and  draw 
up  an  ordinance  for  the  extension  of  the  fran- 
chise, should  the  city  determine  to  extend 
rather  than  purchase.  (For  abstract  from 
this  report  see  Eng.neeking  and  Contr.^cting 
of  Oct.  2  and  Oct.  9  and  Dec.  4,  1912.) 

This  opportunity  was  taken  to  introduce  the 
method  of  paying  for  fire  protection  described 
I'.crcin.  and  tlie  city  electing  to  extend  the 
franchise,  the  method  of  paying  for  fire  pro- 
tection has  now  been  in  force  there  for  the 
last  two  years,  and  has  given  satisfaction. 

The  value  of  the  Freeport  plant  in  .'Kpril, 
1912,  was  found  to  be  $310,000  (population 
about  19,000).  New  extensions  and  enlarge- 
ments were  recommended  which  would  in- 
crease this  amount  to  $502,927.  .'\  fair  return 
on  this  amount  was  recommended  to  be  such 
that  it  would  at  no  time  fall  below  7  per  cent, 
after  due  allowance  for  all  expense  of  opera- 
lion  and  depreciation.  This  called  for  a  re- 
turn within   four  years  of  at  least  $70,000. 

From  a  careful  analysis,  it  was  found  in 
tliis  particular  case  that  44  per  cent  of  the 
total  investment  was  necessary  for  fire  pro- 
tection, and  .5fi  per  cent  for  domestic  con- 
sumption, and  it  was  recommended  that  the 
citv  raise  its  payment  for  fire  protection  from 
a  total  of  $10(1.000  (the  amount  then  paid ) 
to  $15,000  in  191.5,  and  $19,800  later.  A  cor- 
responding reduction  was  made  in  the  rates 
to  small  consumers. 

The  apportionment  of  the  fire  protection 
cost  was  made  on  the  basis  herein  described, 
and   resulted  as   follow- s: 

For  each  hydrant  the  annual  sum  of  $7.50 
to  cover  interest,  maintenance,  and  deprecia- 
tion. 

For    future   extensions   as   follows: 

.?0.10  annually  per  foot  of   30-ln.  pipe. 

.OS  annually  per   foot  of  Ifi-in.  pipe. 

.06  annually  per  foot  of  12-ln.  pipe. 

.05  annually  per  foot  of  10-in.  pipe. 

.04  annually  per  foot  of     8-!n.  pipe. 

.OX  annually  per  foot  of     G-ln.  pipe. 

.02  annually  per  foot  of     4-ln.  pipe. 

No  pipe  smaller  than  4  in.  was  recommend- 
ed, and  4  in.  not  to  be  used  for  greater  lengths 
than  1,000  ft.  between  cross  mains. 

For  private   fire  protection   services : 

Private  hydrants  $7.50  annually  per  hy- 
drant. 

$0.06  annually  per  foot  of  6-in.  supply  pipe. 
$0.01  annually  per  foot  of  4-in.  supply  pipe. 

The  charges  per  foot  of  private  fire  pro- 
tection supply  pipe  being  higher  than  charged 
the  city,  because  such  supply  pipe  affords  no 
revenue  from  domestic  consumers. 

For   sprinkler   service : 

.An  initial  payment  of  the  entire  cost  of 
the  supply  pipe,  safety  valves,  etc. 

For  each  sprinkler  head  $0.05  annually. 

Minimum  charge  $50  per  annum. 

The  above  findings  are  only  given  to  il- 
lustrate the  working  out  of  the  system.  Each 
case  requires  to  be  investigated  by  itself,  and 
may  result  in  very  different  figures  owing  to 
special   local   causes. 

It  is  to  be  hoped  that  the  suggestions  here 
contained  will  commend  themselves  to  those 
cities  or  companies  about  to  renew  fire  pro- 
tection contracts,  so  that  past  causes  for  fruit- 
less difficulties  and  friction  may  he  avoided, 
and  especially  is  it  possible   for  the  new  pub- 


lic utility  commissions  to  introduce  such  a 
method  as  is  here  outlined,  because  they  have 
it  easily  within  their  power  to  adjust  rates  to 
a  just  and  scientific  basis,  equitable  to  lioth 
the  public  and  the  private  consumer,  without 
bargaining  or  pressure  from  political  or  per- 
sonal   interest. 


Results  of  Experiments  Made  to   De- 
termine   Rate,    Manner   and   Factors 
Influencing    Death   of   Bacteria   in 
Drinking    'Water    and    Polluted 
Streams. 

Data  on  the  rate  and  manner  of  the  death 
of  bacteria  in  drinking  water  and  in  polluted 
streams,  and  the  different  factors  which  in- 
tlutnce  this  death,  are  of  considerable  im- 
poriance  to  water  works  men  since,  in  the 
case  of  pathogenic  bacteria,  these  matters  af- 
fect the  health  of  men  and  animals.  A  knowl- 
edge of  the  longevity  of  B.  coli  is  of  aid  in 
determining  the  length  of  time  a  sample  may 
be  kept  between  sampling  and  analysis  and 
it  may  also  be  of  value  in  determining  llie 
volumes  to  be  used  in  the  analysis  of  the 
sample.  A  knowledge  of  the  longevity  of  B. 
typhosus  is  necessary  for  the  purpose  of 
analysis  for  the  organism  itself,  and  also  to 
determine  the  chance  of  infection  from  a 
stream  which  may  be  contaminated  with  that 
organism.  The  results  of  experiments  made 
to  determine  the  rate,  manner  and  factors 
influencing  the  death  of  bacteria  in  drinking 
water  and  polluted  streams  were  given  in 
their  recent  paper  before  the  Illinois  Water 
Supply  Association  by  Dr.  Otto  Rahn,  assist- 
ant professor  of  bacteriology,  University  of 
Illinois,  and  Mr.  M.  E.  Hinds,  assistant 
chemist  of  the  Illinois  .State  Water  Survey. 
Their  paper   follows : 

As  a  number  of  uncertain  factors  would  be 
involved    in    working    with    a    natural    water 

TABLE    I.    —    THEORETICAL,    NUMBER    OK 

CELLS  PRESENT  AT  END  OF  60  HOURS 

AND  FOR  EACH  (i-HOUR  INTERVAL. 

Theoretical  number     .\ctual  number 
Hours.  of  cells.  of  cells. 

0 1,000,000  :;i,i,ooo 

6 100, ono                             10,000 

12 10,000                                 0.37 

18 1,000 

24 100 

30 10 

36 1 

42 .1 

48 .01 

54 .001 

60 .0001 

or  sewage,  it  was  thought  best  to  work  first 
on  pure  water  under  known  conditions  and 
to  vary  the  conditions  until  they  finally  ap- 
proached those  found  in  natural  waters.  The 
water  used  for  this  work  was  ammonia  free, 
which,  however,  contained  a  very  small 
amount  of  nitrogen.  It  is  purer  than  ordinary 
distilled  water,  being  redistilled  twice,  and 
is  the  purest  grade  of  water  obtainable  un- 
less a  large  amount  of  labor  is  spent  on  its 
preparation. 

The  rate  of  death  of  B.  typhosus  as  found 
by  ditferent  observers  is  variable,  probably 
due  to  different  experimental  conditions.  Of 
the  many  contradictory  statements  concern- 
ing the  de;ith  rate,  it  is  difficult  to  determine 
which  one  is  correct  as  most  of  the  data  ap- 
pear to  be  reliable.  This  leaves  us  in  doubt 
.is  to  whether  death  is  due  to  lack  of  food. 
presence  or  absence  of  oxygen,  temperature 
changes  or   antagonism   of   other  bacteria. 

During  the  last  seven  years  we  have  learned 
that  bacteria  under  unfavorable  conditions 
die  gradually.  Of  the  total  number,  a  cer- 
tain percentage  will  die  in  a  unit  of  time  and 
of  the  number  surviving  the  same  percentage 
wdll  die  in  the  next  unit  of  time.  .\s  far  as 
we  know,  this  law  holds  true  with  all  causes 
of  death,  whether  by  disinfectants,  light. 
drying  or  heat.     We  know  of  no  exception. 

it  was  only  natural  to  expect  this  same 
regularity  of  death  to  hold  true  in  the  case 
of  B.  typhosus  and  B.  coli  in  pure  water. 
The  experiments  showed  this  to  be  the  case. 
The    reduction    in    the    case    of    R.    typhosus 
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I  was  89.3  per  cent  in  six  hours,  that  is,  after 
!  jix  hours'  time  only  about  lo  per  cent  of 
the  original  number  survived.  Assuming  1,- 
,  000,000  cells  to  be  present  in  the  beginning, 
;  we  find  the  numbers  remaining  as  shown  in 
I  Table  I,  which  is  based  on  a  reduction  of 
!  90  per  cent  in  each  si.x-hour  period. 

It  is  easily  seen  that  we  never  come  to  an 
absolute  zero.  There  are  always  some  bac- 
teria left  alive,  but  the  number  soon  becomes 
1  so  small,  that  for  practical  purposes,  we 
might  consider  them  absent.  Table  I  shows 
a   reduction    in    liii    hours    from    l.i>iH\0OO    per 
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Fig.    1.      Diagram    Showing     Death     Rate    of 
B.   Typhosus   in    Pure    Water. 

c.c.  to  less  than  1  per  gallon.  Whether  such 
water  would  be  considered  safe  for  use,  is 
questionable.  In  90  hours,  we  would  have 
less  than  one  typhoid  bacterium  per  l.OOO.OOO 
gals.  Such  water  would  probably  be  safe. 
Certainly,  no  bacteriological  or  other  analysis 
could   discover   the   bacterium. 

B.  coli  does  not  die  quite  as  fast  as  B. 
t>'phosus.  about  72  hours  being  necessary  to 
reduce  their  number  from  1,000,000  per  c.c. 
to  1  per  gal.  Kruse  states  that  B.  coli  is 
found  a  normal  inhabitant  of  all  waters, 
whether  good  or  bad.  Wc  can  find  it,  if  we 
only   take  a   large  enough   sample. 

Knowing  the  facts,  we  tried  to  find  the 
cause  of  death.  It  is  probable  that  the  death 
of  B.  coli  and  B.  typhosus  in  pure  water  is 
due  to  starvation.  A  sample  of  tap  water 
was  sterilized  and  inoculated  with  B.  coli  and 
proved  to  he  a  fair  medium  for  growth.  .-Vn 
initial  number  of  1,500,000  increased  slowly 
to  3,000,(100  in  twelve  days  and  (hen  slowly 
decreased,  over  half  the  original  number  be- 
ing still  present  at  the  end  of  five  weeks, 
when  the  experiment  was  discontinued.  At 
the  same  time  a  sample  of  deep  well  water 
with  a  very  high  mineral  residue  was  sterilized 
and  inoculated  with  about  2,000,000  B.  coli 
per  c.c.  and  only  1  per  c.c.  was  found  at  the 
end  of  two  day.'!.  This  death  rate  was  higher 
th.nn  in  very  pure  water.  Only  a  trace  of 
organic  nitrogen  was  present. 

It  is  very  important  from  a  practical  view- 
point to  decide  whether  or  not  dissolved 
oxygen  plavs  any  part  in  the  rate  of  the 
death  of  bacteria  in  water.  Whipple  and 
^Iayer  found  that  B.  typhosus  died  about  20 
times  as  fast  without  oxygen  as  with  it,  and 
B.  coli  died  about  twice  as  fast.  The  ab- 
sence of  oxygen  was  secured  by  keeping  the 
lubes  in  an  atmosphere  of  nitrogen  and 
hydrogen.  This  wonid  suggest  a  suffocation 
of  bacteria.  In  our  work  we  have  been  un- 
able to  get  the  same  results  with  B.  coli.  as 
in  all  of  our  tests  the  death  rate  was  lower 
without  oxygen.  Our  work  on  p.  typhosus 
bears  o>it  the  previous  work  in  that  the  death 
rate  is  higher  in  nitrogen  than  in  air,  but 
the  difference  is  slight  as  compared  with 
Whipple's,   perhaps  due  to  a  different   strain. 


perhaps  to  different  water.  Figure  2  shows 
the  difference  m  death  rate  in  air,  hydrogen 
and  nitrogen. 

The  temperature  of  the  water  has  a  direct 
bearing  on  the  death  rate.  Even  though  B. 
coli  and  B.  typhosus  both  grow  much  better 
at  37°  C.  than  at  20°  C,  when  cultivated 
under  growing  conditions,  they  also  die 
faster  at  the  higher  temperature.  With  B. 
coli  we  have  found  the  rate  of  death  to  in- 
crease 1.8  times  with  each  10°  rise  in  tem- 
perature. Growth  and  death  of  bacteria 
must  be  looked  upon  as  chemical  reactions, 
and,  therefore,  must  proceed  faster  at  higher 
temperature  within  certain  limits.  In  work 
with  B.  typhosus  in  Lake  Michigan  water. 
Russell  found  the  death  rate  increased  eight 
times  from  freezing  to  12°  C. 

In  1911  Ruediger  determined  the  rate  of 
death  of  B.  coli  and  B.  typhosus  in  river 
water  under  natural  conditions  bothJii.sum- 
mer  and  in  winter.  He  attributes  the  faster 
death  rate  in  summer  to  the  effect  of  light 
and  to  saprophitic  plants.  We  can  account 
for  the  change  in  death  rate  as  a  change 
due  to  the  difference  in  temperature. 

CONCLVSl'JNS. 

In  pure,  natural  water  and  in  re-distilled 
water,  B.  coli  and  B.  typhosus  die  from 
starvation  in  the  gradual,  regular  manner  ob- 
served  with   other  causes  of   death. 

The  rate  of  death  increases  with  the  tem- 
perature. 

The  presence  of  oxygen  under  these  con- 
ditions, seems  to  be  harmful  for  B.  coli,  but 
beneficial  to   B.  typhosus. 

Further  work  is  to  be  done  on  the  effect 
of  organic  matter,  mineral  matter,  other  or- 
ganisms and  the  temperature  coefficient  under 
these  varying  conditions. 


The  Use  and  Benefits  cf  Pressure  Re- 
cording Gages  in  Water  Works 
Operation. 

Recording  gages  for  keeping  a  permanent 
record  of  steam  and  water  pressures  and  vac- 
'.uiiTi  have  been  used  in  water  works  plants  for 
many  years.  As  long  ago  as  1889  Mr.  Edwin 
Darling  said:  "No  well  conducted  water 
works  can  afford  to  be  without  recording 
gages  and,  when  properly  located,  they  will, 
in  mv  opinion,  pay  for  themselves  within  one 
year. '  By  reference  to  the  gage  charts  the 
pressure  which  existed  at  any  time,  day  or 
night,  and  on  any  date  can  be  determined. 
The  recording  gage  is  a  constant  watchman 
just  as  a  water  meter  is  an  ever-present  in- 
spector. Despite  the  fact  that  such  gages 
have  so  long  been  appreciated  in  the  more 
efficiently  managed  works  they  are  not  used 
in  many  plants  and  often,  where  installed, 
they  are  not  located  or  utilized  to  the  best 
advantatic.  The  present  discussion  on  the  use 
and  benefits  of  pressure  recording  gages  is 
taken  from  the  paper  by  J.  M.  Diveii  before 
the  3'lth  annual  convention  of  the  American 
Water  Works  Association. 

USE   of"  C.^CES    IN    PL'MPING   ST.\TIONS. 

A  recording  gage  on  the  steam  line  is  the 
best  possible  check  on  the  work  of  the  fire- 
man and  engineer.  If  pitniping  to  a  reservoir, 
under  a  constant  load,  tlic  nniformily  of  the 
pressure  line  tells  how  uniformly  the  fires 
arc  being  tended  and  the  feed  water  applied 
An  absolutely  even  line  would  indicate  per- 
fection in  the  fire  room,  a  raggeil  line,  in- 
attention on  the  part  of  the  fireman.  A  sud- 
den drop  in  the  pressure  line  shoulil  correspond 
exactly  with  the  record  of  fires  clenned  or 
boilers  blown  fiff  .\  quick  drop  or  sudden 
rise  at  any  other  time  indicates  improper  fir- 
ing. 

With  a  direct  puinping  system,  or  where 
pressure  has  to  be  raised  for  fires,  a  less  even 
steam  line  is  to  be  expected  ;  but  a  compari- 
son of  the  steam'  and  water  charts  will  show 
how  quicklv  the  Imiler  responds  to  a  sudden 
ilemand  for  more  water  pressure,  by  restoring 
and  hotdint;  the  pressure  when  tbo  w.irk  of 
the  pumping  engine  is  suddenly  inrrciscd.  ,\ 
direct  pressure  pumping  system  requires 
greater  care  and  alcrlncss  on  the  part  of  the 
engineer  and  fireman,  and  the  recording  gages 


are  the  best  means  of  indicating  how  well 
they  perform  their  work.  Perfection  would 
mean  a  line  equal  to  one  drawn  with  a  com- 
pass or  straight  edge,  according  to  the  style 
of  chart  used.  A  ragged,  zigzag  line  means 
inattention  and  carelessness,  or  something 
wrong  with  the  boilers,  steam  lines,  engines 
or  pumps.  It  rests  with  the  chief  engineer  or 
superintendent  to  find  out  which  is  at  fault, 
and  to  correct  the  fault. 

The  presence  of  recording  gages  is  an  in- 
centive and  stimulus  to  the  men  to  do  better 
work.  They  know  that  they  are  constantly 
watched :  that  a  constant  and  indisputable 
record  is  being  made  of  their  work.  The  su- 
perintendent, when  he  visits  the  pumping  sta- 
tion, or  when  the  gage  chart  is  placed  on  his 
desk,  has  a  perfect  check  on  the  work  of  the 
pumping  plant  force,  and  a  record  he  can  pre- 
serve. When  he  has  occasion  to  call  an  engi- 
neer or  fireman  to  account  for  laxness  he  has 
an  undeniable  record  of  work  performed.  .A 
poor  pressure  line  may  not  be  the  fault  of  the 
engineer  or  fireman ;  it  may  be  due  to  poor 
fuel,  a  leaky  or  sagging  steam  line,  bad  feed 
water,  poor  draft,  or  engine  trouble ;  but  the 
engineer  is  just  as  much  at  fault,  for  not 
promptly  recording  and  reporting  such  trou- 
bles, as  he  would  be  for  neglecting  his  work, 
or  not  keeping  the  fireman  up  to  his  part  of  it. 

If  good  pressure  charts  are  obtained  for  a 
while,  but  constantly  and  uniformly  get  bad. 
it  indicates  either  that  the  plant  is  wearing 
out  or  being  overloaded.  If  both  good  steam 
and  water  charts  are  obtained  when  the  plant 
is  pumping  say  5,000,000  gals,  a  day,  and  grow 
more  and  more  ragged  as  the  pumpage  is  in- 
creased, they  surely  indicate  that  the  pumps 
or  boilers,  or  both,  are  being  worked  beyond 
their  economic  capacity.  If  the  pressure  lines 
grow  in  irregularity,  when  there  is  no  increase 
in  the  work,  they  indicate  that  some  part  of 
the  plant  is  wearing  out  or  is  in  bad  order, 
and  needs  overhauling. 

Steady  lines  of  the  steam  charts  indicate 
uniform  and  careful  firing,  and  a  steam  plant 
in  good  condition.  Ragged  gage  lines  indicate 
either  poor  and  irregular  firing  or  bad  condi- 
tion of  the  boilers.  If  the  feed  water  is  a 
scale  forming  water,  the  poor  gage  lines  bear 
out  the  evidence  of  the  coal  scales,  that  the 
boilers   need   cleaning. 

.A  fireman  to  maintain  an  even  line  on  his 
steam  gage  charts  must  stay  by  his  fires,  fire 


fjo 


■0 


■J.zo 


1 

j 

— 1 — ' — 

L          ■      ;      ■           j 

V 

^ 

, 

1  \i 

i     1 

\      '  1  '  '       1     M       ' 

\   \        h  1     ■  1     1  '       1 

H-i-f 

H — b 

tU  1  1  1  1 

Ti-T— k^-J 

T.n:r 


yc 


Fig.  2.     Comparative  Death  Rates  of  B.  Coll 

in   Water  With   Air.  Nitrogen  and 

Hydrogen  Atmoipheres. 

fr< "' I    I., .1.^1,      I    i.-n^   clean    fires. 

Ki  iin   record   he 

wi'  '  c-p  a  record  of 

everj-thmg  that  might  atfect  his  record,  such 
as  poor  fuel,  time  of  cleaning  fires,  blowing 
off  boilers,  etc.  The  latter  records,  which 
might  otherwise  be  neglected,  are  in  them- 
selves of  sufficient  value  to  more  than  pay 
the  cost  of  the  recording  gages,  if  no  other 
benefits  were  obtained. 

The  vacuum  gages  should  also  be  recording, 
to  indicate  the  condition  of  the  engines  anc! 
pumps,  -a  falling  off  in  the  height  of  the  vac- 
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uum  line  indicating  leaks  that  mean  more 
coal.  The  lines  on  the  vacuum  gage  charts 
should  not  vary  much.  If  a  vacuum  of  27 
can  be  obtained  one  month  or  year,  it  should 
be  maintained  the  next  month  and  year.  If  a 
higher  vacuum  is  maintained  with  one  kind  of 
packing  than  with  others,  the  one  holding  the 
high  vacuum  is  the  best,  and  probably  the 
cheapest,  though  much  higher  priced  than  the 
others.  The  difference  in  cost  might  be  made 
up  many  times  in  the  saving  of  fuel. 

No  engine  room  is  complete  without  at 
least  three  recording  gages,  as  the  operation  of 
the  plant  cannot  be  properly  checked  and  gov- 
erned without  them.  They  also  insure  better 
work  on  the  part  of  the  operatives. 

Many  times  the  recording  gages  create  a 
spirt  of  rivalry  between  men  on  different 
shifts,  through  an  effort  on  the  part  of  each 
shift  to  do  better  than  the  others,  to  show 
more  even  lines  on  the  charts ;  thus  causing 
all  to  do  better  and  more  economical  work. 

There  should  be  a  certain  economical  rela- 
tion between  the  steam  pressure  and  the  water 
pressure.  When  this  is  worked  out  it  should 
be  as  closely  maintained  as  possible.  An  un- 
necessarily high  steam  pressure,  even  though 
it  gives  a  very  uniform  gage  line,  is  not  eco- 
nomical. 

USE    OF    RECORDING    GAGES    ON    THE    DISTRIBUTION 
SYSTEM. 

On  gravity  supplies  or  pumping  plants,  in 
cities  of  considerable  size,  a  gage,  or  gages, 
should  be  placed  on  the  distribution  mains  at 
some  central  point,  or  at  typical  points.  If 
more  than  one  service,  high  and  low  service, 
each  should  have  a  recording  gage.  It  is 
well,  when  practicable,  to  take  gage  services 
off  of  large  or  leading  mains,  where  they  will 
not  be  liable  to  the  great  fluctuations  in 
pressure  frequent  on  smaller  distribution 
pipes. 

Of  course  there  should  be  a  gage  in  the 
office,  where  it  will  be  under  the  eyes  of  the 
superintendent  when  in  the  office,  and,  at 
other  times,  of  some  other  officer  or  employe 
of  the  water  works,  of  the  night  watchman, 
if  one  is  employed ;  one  in  the  superintend- 
ent's house,  for  reference  at  night,  is  conve- 
nient, but,  with  telephone  connections,  not 
so  necessary. 

The  connection  to  the  gage  should  be  en- 
tirely independent  of  all  other  service  to  the 
building  in  which  it  is  located.  It  should  be 
of  good  size,  not  less  than  %  in.,  and  placed 
where  it  will  be  in  no  danger  of  freezing,  as 
there  cannot  be  a  circulation  in  the  gage  serv- 
ice and  an  accurate  record  of  pressure  on  the 
main  at  the  same  time,  without  the  expense  of 
a  double  service,  in  which  a  free  circulation 
would  be  doubtful,  unless  it  were  very  care- 
fully planned,  and  even  then  there  would  be 
an  item  of  friction  in  the  smaller  pipe,  that 
would  be  difficult  to  account  for.  Of  course 
water  cannot  be  allowed  to  run  in  the  gage 
supply  pipe,  in  cold  weather,  without  totally 
destroying  the  value  of  the  gage  record. 

The  gage  service  should  be  so  arranged  as 
to  be  easily  blown  out  or  flushed,  to  avoid  all 
possibility  of  stoppage,  by  an  accumulation  of 
sediment.  While  a  %-in.  or  larger  service  is 
recommended,  the  gage  operates  with  a  very 
small  opening;  the  object  of  the  large  service 
is  to  avoid  stoppage. 

LOCATION    OF    GAGES. 

The  pumping  station  sage  comes  first,  and. 
in  smaller  plants,  is  all  that  is  required. 
Larger  plants  should  also  have  an  office  re- 
cording gage.  Cities  or  towns  with  two  or 
more  services  should  have  a  record  on  each 
service.  Targe  cities  should  have  recording 
gages  at  various  points  on  the  distribution  sys- 
tem, notably  near  the  congested  value  districts. 

Gages  can  be  placed  in  the  residences  of 
employes  of  the  works.  They  require  little 
attention,  winding  of  clock,  changing  of 
charts,  and  seeing  that  the  pen.  where  ink 
records  are  made,  is  kept  properly  filled. 

The  fire  department  stations  are  convenient 
places  for  recording  gages,  and  the  fireman's 
interest  in  the  water  pressure  is  enouph  to 
insure  proper  attention.  For  municipal  plants, 
police  stations  can  be  utilized,  if  they  are  bet- 
ter located  than  the  fire  engine  houses,  that 
is.  on  larger  supply  mains. 


Very  long  services  should,  naturally,  be 
avoided,  both  on  account  of  the  expense  and 
the  danger  of  stoppage  in  long  lines  of  small 
pipes.  The  service  should  be  of  durable  ma- 
terial, and,  with  corrosive  waters,  iron  services 
should  be  avoided,  as  an  accumulation  of  iron 
rust  would  stop  up  the  minute  orifice  of  the 
gage. 

OTHER    BENEFITS    OF    RECORDING    G-\GES. 

The  benefits  of  recording  gages  are  many ; 
they  have  been  known  to  stop  law  suits, 
where  actions  for  damages  caused  by  low 
pressure  were  threatened,  The  recording 
gage  settles  many  disputes  concerning  pressure 
at  time  of  fires  or  other  times.  Often  com- 
plaints of  low  pressure  are  made,  not  enough 
to  supply  the  upper  floors  of  some  buildings. 
A  nearby  recording  gage  demonstrates  that  it 
is  a  local  trouble,  within  the  building.  These 
complaints  are  frequently  that  the  pressure  is 
low  at  certain  hours  of  the  day  or  night,  but 
a  gage  chart  show-ing  a  uniform  pressure  at 
those  hours  demonstrates  that  it  is  local  use 
of  water,  in  the  building  itself,  or  in  the  dis- 
tribution system  near  it,  that  causes  the 
trouble. 

The  recording  gage  charts  show  the  effect 
of  cold  weather  on  the  water  supply,  the  low 
pressure  lines  on  the  chart  in  freezing  weather 
indicate  the  extent  to  which  water  is  being 
run  to  prevent  freezing.  They  also  reflect  the 
hot  weather  use  of  water;  a  low  pressure 
line  on  the  chart  at  night  tells  of  water  al- 
lowed  to  run  on  lawns  all  night. 

PORTABLE     RECORDING    GAGES. 

All  parts  of  a  city  cannot  at  all  times  be 
covered  by  recording  gages,  so  that  the  story 
they  have  to  tell  is  incomplete.  Portable  re- 
cording gages  set  up  in  various  places  for 
short  periods  make  a  fairly  complete  record 
of  the  conditions  of  the  supply  at  points  on 
the  distribution  not  covered  by  regularly  estab- 
lished recording  gages.  Such  records  in  large 
buildings,  factories,  etc.,  where  the  fire  hazard 
is  great,   are  particularly  useful. 

A  gage  set  up  for  a  single  day  gives  a  val- 
uable record,  as  it  shows  a  comparison  be- 
tween the  day  and  night  pressure  at  some  par- 
ticular point. 

Portable  gages  can,  with  advantage,  be  con- 
nected to  fire  services,  as,  on  such  services, 
they  would  be  free  from  the  fluctuations  due 
to  the  use  of  water  on  the  premises,  or,  if 
the  fluctuations  existed,  they  would  reveal 
improper  use  of  water  from  the  fire  services. 
With  a  small  portable  house  or  box  to  pro- 
tect them,  gages  can,  in  warm  weather,  be 
attached  to  fire  hydrants,  to  make  a  record  of 
the  pressures  on  the  mains  at  any  point.  Sum- 
mer records  of  this  kind,  made  on  the  outlying 
mains,  mains  in  sparsely  built  up  parts  of  the 
city,  on  long  runs  of  small  distribution  pipes, 
and  on  the  outskirts  of  the  town,  are  of  great 
value   and    interest. 

PRESERVATION     OF    GAGE    CHARTS. 

Charts  should  be  permanently  kept  as  a 
part  of  the  records  of  the  works;  as  part  of 
the  history  of  the  plant.  They  should  be  con- 
veniently filed  for  reference  at  any  time.  For 
straight  line  charts  suitable  albums  or  scrap 
books  make  a  convenient  file.  For  round 
charts  the  scrap  book  form,  though  suitable 
and  convenient,  is  bulky,  as  a  page  would  be 
required  for  each  day's  chart.  Substantial 
pasteboard  boxes  of  the  right  size  to  hold  a 
year's  charts  are  convenient.  These  can  be 
labeled  with  the  year,  and,  w-here  several  re- 
cording gages  are  in  use,  with  the  location  of 
the  gage,  making  it  convenient  to  refer  to  the 
charts  from  any  gage  at  any  time. 

It  is  interesting  to  look  over  the  old  gage 
charts,  also  often  instructive.  A  new  water 
works,  with  new  and  clean  pipes,  with  pumps 
not  overcrowded,  and  ample  size  force  and 
distribution  mains  should  show  a  steady  line, 
with  slight  fluctuations,  and  near  the  outer 
edge  of  the  chart.  As  ihd  consumption  in- 
creases, the  line  grows  less  and  less  steady, 
and  converges  toward  the  center  of  the  chart, 
showing  the  reduced  pressure  due  to  greater 
friction  in  the  mains.  The  raggcdness  of  the 
pressure  line  on  the  chart  also  increases  with 
the  age  of  the  plant,  as  the  mains  become 
tuberculatcd  and  clogged  with  sediment.   Fin.nl- 


ly,  the  consumption  has  gone  beyond  the  pump 
capacity;  a  new  and  larger  pump  is  installed, 
and  the  pressure  line  again  approaches  the 
outer  edge  of  the  chart,  and  becomes  more  | 
steady,  but  still  shows  greater  fluctuation  than 
when  the  plant  was  new  and  working  at  a 
comfortable   rate. 

Notwithstanding  the  new  pumping  engine, 
the  results  are  not  entirely  satisfactory,  when 
compared  with  the  earlier  charts :  the  pump- 
ing engine,  though  of  ample  capacity,  is  work- 
ing harder  than  the  original  pump  had  to 
work ;  both  the  water  and  steam  pressure  lines 
on  the  pumping  station  gages  have  approached 
nearer  to  the  outside  circles.  Higher  water 
pressure  has  to  be  maintained  on  the  pumps 
to  keep  up  the  pressure  on  the  distribution 
mains.  A  comparison  of  the  gage  charts  from 
year  to  year  shows  this  steady  gradual  in- 
crease of  the  pumping  station  pressures,  and, 
at  the  same  time,  lessening  of  tlie  pressure  at 
the  office  and  other  points  on  tlie  distribution 
system.  Finally,  the  pumps  are  unable  to  give 
a  proper  pressure  in  tlie  town,  though  they 
have  a  capacity  even  greater  than  the  de- 
mand. A  new  force  main  is  installed,  and  the 
original  conditions  are  nearly  restored,  though 
the  pressure  lines  are  not  quite  as  steady  as 
at  first,  owing  to  bad  condition  of  the  pipe 
system.  A  thorough  cleaning  of  the  mains 
and  distribution  pipes  restores  the  steady 
pressure  line  near  the  outer  edge  of  the  circle. 
So,  the  gage  chart  tells  us  when  a  new  pump- 
ing engine  is  needed,  when  to  install  a  larger 
force  main  and  feed  mains,  when  the  mains 
need  cleaning. 

There  is  now  an  instrument  for  ascertaining 
from  the  pressure  lines  on  circular  charts,  the 
style  now  mostly  used,  the  average  daily  or 
weekly  pressure.  These  results  can  be  con- 
veniently plotted,  so  as  to  show  compactly 
the  average  pressures  througliout  a  year,  or 
many  years.  The  plotting  of  two  or  more 
years  on  the  same  sheet,  using  different  col- 
ored inks  for  the  different  years,  shows  com- 
pactly the  comparative  pressures  for  the  equal 
seasons  of  each  year.  Temperature  and 
weather  condition  notations  would  add  to  the 
interest  of  these  charts.  For  instance,  the 
month  of  February  in  one  year  shows  a  steady 
and  good  pressure  line,  while  the  same  month 
of  the  next  year  shows  low  pressure  and  a 
ragged  line.  The  temperature  reference  shows 
for  one  year  a  moderate  temperature,  for  the 
other  steady  cold  weather  witli  extremely  low 
temperatures.  Without  the  temperature  record 
the  great  difference  in  pressure  would  be  hard 
to  explain. 

Consumption  records  should  also  be  in- 
cluded, to  account  for  the  probable  steady  de- 
crease in  average  pressures  from  year  to  year. 
Like  the  February  temperature  record,  the 
mid-summer  temperature  and  precipitation 
records  would  also  tell  their  story. 

Pressure  recording  gages  require  little  care, 
if  daily  charts  are  used,  and  they  give  the  best 
records — daily  changing  of  the  charts,  wind- 
ing the  clock,  and  filling  the  pen.  arc  all  that 
is  necessary.  The  supply  pipe  sliould  be 
blown  out  occasionally,  to  keep  it  clean,  and 
the  clock  kept  regulated,  so  that  the  time 
records  will  be  accurate.  This  last  item  is 
important,  should  disputes  arise,  concerning 
pressures  at  time  of  fires,  particularly  in  towns 
where  an  increased  fire  pressure  is  required. 
The  rise  of  the  pressure  line  in  the  cliart 
should  correspond  to  the  instant  with  the 
record  of  the  fire  alarm.  In  this  connection, 
some  care  must  be  exercised  in  placing  the 
charts,  to  sec  that  they  start  on  the  correct 
time  line.  Some  troubles  have  been  caused 
by  carelessness  in  this,  occasionally,  for  some 
tmapparcnt  reason,  the  gage  chart  does  not 
revolve,  though  the  clock  is  going.  This  may 
be  due  to  careless  securing  of  the  chart  or  to 
putting  in  two  charts  at  once,  the  under  one 
revolving  all  right,  hut  not  receiving  the  im- 
pression of  the  pen  or  pencil,  the  outer  one 
slipping  on  the  smooth  surface  of  the  lower 
one  and   remaining  stationary. 


The  Water  Board  of  Omaha,  "Neb.,  has  or- 
dered 2,000  meters  which  will  be  set  during 
the   summer. 


Mav  20,  1914. 
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Installation    and    Testing    of    Double 

Check     Valves     Between    Public 

and  Polluted  Industrial  Water 

Supplies  at  Auburn,  N.  Y. 

In  11*08  an  examination  of  all  check  valves 
on  mill  and  factory  connections  was  made  by 
the  water  department  of  the  city  of  Auburn, 
N.  Y.  These  valves  were  faulty  in  design 
and  of  poor  material.  In  many  cases  the  loca- 
tion of  the  check  valve  was  unknown.  Some 
had  been  in  service  for  20  years  without  a 
single  examination.  Such  valves  were  usually 
simply  huricd  in  the  ground.  The  result  of 
the  investigation  mentioned  was  that  every 
industry  having  a  polluted  private  supply  of 
water  was  required  to  install  double  check 
valves  of  a  special  design,  and  so  set  in  brick 
or  concrete  vaults  as  to  be  at  all  times  ac- 
cessible to  inspection  and  test.  The  design  of 
these  valves,  their  setting,  and  the  method 
employed  in  testing  them  are  here  described 
from  information  taken  from  a  paper  before 
the  .American  Water  Works  Association  by 
Mr.  J.  Walter  .\ckerman,  superintendent  of 
water  works  at  Auburn. 

The  specifications  under  which  the  check 
valves  were  made  require  that  the  seat  ring, 
disc  holding  ring,  and  screws,  and  in  fact  all 
moving  parts,  and  the  hinge  pin  and  bushings 
of  same   be   of   bronze,  the   disc   to  be   faced 


slowly  that  the  back  pressure  on  check  valve 
B  will  not  seat  the  clapper  S  in  valve  B,  and 
the  gages  both  G  and  /  will  fall;  while  if  the 
?'4-in.  cock  £  is  opened  the  valve  B  will  close 
tight.  This  simply  gives  the  degree  of  sensi- 
tiveness of  the  check  valve,  and  indicates  its 
condition;  for  if  the  air  cock  does  not  show 
it  absolutely  tight,  the  drip  E  may.  This  gen- 
erally shows  that  the  rubber  facing  on  the 
clapper  is  either  coated  with  slime,  or  some 
small  indentations  occurring,  allow  the  water 
to  pass  back  through  this  valve. 

The  conditions  of  tests  are  slightly  different, 
depending  upon  whether  a  mill  has  one  con- 
nection or  two.  If  it  has  two  connections 
there  is  always  present  the  city  pressure  from 
the  other  connection  coming  back  to  the  two 
valves;  whereas,  if  there  is  only  one  connec- 
tion there  is  only  the  static  head,  or  else  the 
fire  pumps  in  the  mill  are  started,  and  pressure 
created  in  that  way.  If  the  flow  from  E  or 
//  is  continuous,  it  is  an  indication  that  there 
is  a  leak  either  through  both  check  valves  or 
through  the  stop  gate  A.  If  the  pressure  with 
E  and  H  open  drops  on  G  only,  and  not  on  / 
and  M,  it  is  the  gate  A  leaking ;  but  to  make 
absolutely  sure  allow  all  the  gages  to  assume 
the  normal  pressure,  and  then  suddenly  re- 
lease F.  If  gages  /  and  G  drop,  and  M  does 
not,  and  flow  continues,  then  it  is  an  indication 
that  the  leak  is  througli  A,  and  not  through 
B  and  G. 


From  Public 
Water  Pif>e5 


To  yard. 
System . 


Fig.   1.     Sketch   Showing   Double  Check   Valve    Installation    for    Separation    of     Public    and 
Industrial   Water  Supplies  at  Auburn,  N.   Y.,    and    Apparatus    for     Testing     Valves. 


"    with   medium   hard   rubber,   and   liberal   clear- 

nce   to  be   made   all   around  the  clapper,  the 

n,   the   arm,  etc.     These   specifications   were 

rgely   determined   by   the   inspection   dcpart- 

1  nt  of  the  Associated   Factory  Mutual   Fire 

^u^ance  Companies  of  Boston,  and  they  also 

h1   to   meet   with  the  approval   of  the   water 

■■  partmcnt  of  the  city  of  Auburn. 

The    regulations    are    that     they     shall     be 

listed    once   every    six   months   by    the    water 

department    and    taken   apart   once  each   year 

,     and  examined  for  defects  or  obstructions,  and 

during   this   latter   inspection   a   representative 

'     from  the  .Associated  I'actory  Mutual  Fire  In- 

! ranee    Company    is    present    to    observe   the 

■  udition  of  the  valve  and  assist  at  the  test. 
It  is  specified  by  the  water  department  that 

the  inspection  and  test  shall  be  at  the  expense 
of  the  factory  or  mill  where  the  tests  are 
made. 
Figure  1  shows  a  diagrammatic  reprcscnta- 
y.  tion  of  an  installation  made  in  the  city  of 
Auburn.     The  stop  gate  valves  .-/  and  I)  arc 

■  placed  in  line  as  to  shut  ofT  absolutely  the 
■'.Iter  from  the  clieck  valves.    On  the  entering 

r.     ,<idc,  between  the  first  valve  A  and  the  check 
'      valve  is  a  tap  with  cock  and  air  vent,  on  which 
placed  the  pressure  gage  G.     Likewise,  two 
;lier  t;ips  on  the  two  check  valves  are  made 
with    'he    same    type   of   connection.     Tapped 
into  the  bottom  of  each  of  the  check  valves  is 
a  'i-in.  connection,  controlled  by  cocks  E  and 
F. 
The  actual  test  is  made  as  follows:    CIosinR 
i       Rate  A.  either  the  cock  F.  or  the  air  cock  // 
is  opened.    The  pressure  at  G  onlv  should  fall 
if  the  check. valve  B  is  tight  and  the  gate  .'( 
is  tight.     It  sometimes  happens  that  the  open- 
ing  of    air   cock    //   releases   the    pressure   so 


.After  the  condition  of  gate  valve  A  and 
check  valve  B  has  been  thoroughly  determined 
by  the  above  method,  the  opening  of  air  cock 
A.'  or  drip  F  will  disclose  whether  there  is  a 
leak  on  check  valve  G.  .And,  as  before 
noted,  if  it  shows  a  leak  with  K 
open,  and  tight  with  F  open,  it  simply 
does  not  seat  properly  under  a  low  dif- 
ferential pressure.  y\nd  this  is  important, 
because  the  valve  is  called  upon  to  act  when 
the  fire  pump  raises  the  pressure  above  that 
of  the  water  in  the  city  mains.  And  there 
always  will  be  a  time  when  the  pressure  on 
each  side  is  just  equalized,  and  then  the 
pressure  on  the  mill  side  will  begin  to  build 
up  above  that  of  the  city  side.  .And  wliile 
the  test  may  show  from  both  the  drips  a  tight 
condition,  it  will  not  show  a  tight  condition 
when  only  the  air  cocks  arc  used  slowly,  al- 
lowing the  dilTerence  in  pressure  to  be  gradual. 

In  order  that  a  number  of  trials  may  be 
made  on  check  valve  B.  pressure  should  be 
taken  from  some  source  and  introduced  be- 
tween the  two  valves.  It  is  preferable  in  this 
case  to  take  the  pressure  from  the  main  on 
the  mill  side  between  check  valve  G  and  the 
mill  or  factory  and  allow  it  to  come  in  through 
either  the  drip  pipe  F  or  some  other  place,  in 
order  to  balance  the  pressure  each  side  of 
check  valve  G.  Then  this  by-pass  connection 
would  furnish  water  for  imlimitecl  trials  on 
check  valve  B,  independent  of  check  valve  G. 
for  any  water  which  leaks  through  B  would 
be  replaced  by  the  by-pass  connection,  which, 
if  't  wax  not  there,  would  soon  be  exhausted 
if  check  valve  G  was  tight.  ' 

The  actual  value  of  the  test  is  obtained 
after  it  is  completed  and  the  examination 
made   of    the    interior    lo    show   actual    condi- 


tions, such  as  tuberculations  on  the  iron  body, 
the  smoothness  of  seat  ring,  the  condition  of 
the  rubber  facing  on  clapper,  and  the  manner 
of  the  closing  of  the  valve.  .And  while  the 
test  is  only  to  show  working  conditions,  the 
examination  shows  the  way  the  valves  are 
living  up  to  the  requirements  imposed  upon 
them. 

The  rules  in  the  -Auburn  water  department 
which  control  the  installation  of  check  valves 
and   kindred  appurtenances  are  as   follows : 

No  water  pipes  in  any  building:  or  premises 
supplied  with  water  by  Uie  city  shall  be  allowed 
to  receive  a  supply  of  water  from  any  other 
source  except  In  case  of  pipes  used  exclusively 
for  fire  protection  that  conform  to  the  require- 
ments given  below: 

No  connection  of  the  city  mains  shall  be  al- 
lowed with  pipes  having  another  source  of  water 
used  for  miscellaneous  purposes  except  to  a 
tank  open  to  the  air.  nor  shall  such  pipes  have 
any  physical  connection  with  the  pipes  used  for 
firfe  protection. 

Between  the  pipes  used  exclusively  for  fire 
protection  and  the  city  mains  there  shall  be  two 
check  valves  placed  between  two  positive  valves 
and  located  in  an  accessible  brick  or  concrete 
pit,  with  such  valves,  gages  and  connections  as 
may  be  prescribed  by  the  water  board  for  each 
installation  and  for  the  purpose  of  testing.  The 
check  valve  shall  be  of  a  type  approved  by  the 
water  board.  The  check  valves  shall  be  kept  In 
working  order  by  the  consumer  and  shall  be  at 
all  times  subject  to  inspection  and  test  by  the 
superintendent  of  water  works,  the  cost  of  such 
test  being  borne  by  the  consumer. 

The  pure  water  pipes  that  have  direct  con- 
nection with  the  city  supply,  before  the  same 
have  passed  through  the  aforesaid  double  check 
valves,  shall  be  painted  BLUE;  the  pipes  used 
exclusively  for  fire  protection  shall  be  painted 
RED;  and  the  pipes  carrying  the  impure  water 
and  that  used  for  miscellaneous  mill  purposes 
but  not  for  drinking  sliall  be  painted  YELLOW. 
These  different  systems  of  pipes  shall  not  have 
any  physical  connection  with  each  other  In  the 
mill   or   factory. 

There  shall  be  placed  on  the  discharge  main 
of  the  tire  pump  a  check  valve  and  positive 
gate.  The  latter  shall  be  kept  closed  and  sealed 
hy  the  superintendent  of  water  works,  and 
opened  only  in  case  of  fire  or  for  the  purpose  of 
occasionally  testing  the  fire  system,  but  notice 
of  such  occasional  test  shall  be  given  to  the 
superintendent  of  water  works,  and  during  the 
test  the  positive  gate  between  the  Are  system 
and  the  city  main  shall  be  kept  closed.  During 
the  weekly  trials  of  the  pump  prescribed  by  the 
lire  underwriters  the  water  shall  be  discharged 
cither  through  the  relief  valves  of  the  pump  or 
through   hose   connections   from   the   pump. 


Models   Show   Proper   Lumbering. — Two 

models  which  show  how  the  government  sells 
its  timber  have  just  been  prepared  in  Wash- 
ington for  display  at  the  forest  products  ex- 
position, to  be  held  in  Chicago  .April  30  to 
.May  !>  and  in  New  York  May  20  to  30.  These 
models  represent  an  acre  of  western  yellow 
pine  land  in  a  national  forest  of  the  southwest 
before  and  after  logging. 

In  the  model  showing  the  stand  before  the 
lumberman  goes  into  it  the  trees  range  from 
those  only  a  few  years  old  to  large,  overma- 
ture trees,  more  than  ready  for  the  ax.  In 
the  second  model  the  mature  trees  and  all 
others  larger  than  a  certain  diameter  have 
been  cut  down  and  made  into  logs  and  cord- 
wood.  In  this,  as  in  all  government  sales,  the 
stumps  are  cut  low  to  avoid  unnecessary  waste, 
logs  arc  taken  to  a  small  diameter  well  up 
into  the  tree,  and  such  material  as  is  not  fit 
for  lumber  is  converted  into  cordwood.  To- 
gether, the  models  show  the  care  which  the 
government  requires  of  lumbermen  in  felling 
old  trees  so  that  the  young  growth  is  not  in- 
jured. The  briisli  is  piled  in  heaps  for  burn- 
ing after  the  lumber  has  been  removed,  in 
order  that  the  fire  menace  which  foresters  say 
u.siially  follows  lumbering  may  be  done  away 
with.  The  models  are  on  a  scale  of  about  one 
inch  to  five  feet,  so  that  trees  approximately 
inn  ft.  tall  are  about  20  ins.  high  in  the 
models. 
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Structural   Features  and  Construction 

Methods  Hydro-Electric  Plant 

at  Elkhart,  Ind. 

Contributed  by  William  G.  Fargo,  M.   Am.   Sec. 

C.   E.,   and    Lucius   B.   Andrus,    M.   Am. 

Inst.    E.    E. 

A  hydro-electric  development  comprising 
some  unusual  features  was  completed  in  June, 
1913,  on  the  St.  Joseph  River,  in  the  city  of 
Elkhart,  Indiana.  This  plant  replaces  an  ex- 
tensive system  of  old-time  developments  made 
possible  by  canal  systems  on  both  sides  of  the 
river,  taking  water  from  a  stone-lilled  crib 
dam  with  about  12  ft.  head.  This  dam  was 
located  about  a  quarter  of  a  mile  above  the 
junction  of  the  Elkhart  River  with  the  St. 
Joseph  River.  The  new  plant.  Fig.  1,  has  a 
head  of  IS  ft.,  and  the  new  dam  is  built  imme- 
diately below  the  old  one,  the  concrete  work 
of  the  new  dam  being  joined  to  the  concrete 
apron  which  had  been  added  to  the  old  dam 
at  a   later   date. 

Unusual  Features.— (I)  The  spillway  con- 
sists entirely  of  Tainter  gates,  there  being 
eleven  gates  25  ft.  wide  by  9  ft.  6  ins.  high. 
Three  of  these  gates  are  steam  heated.  (2) 
The  headgates  are  of  the  Tainter  type.  (3) 
The  plant  is  designed  for  the  future  building 
of  a  steam  auxiliary  of  at  least  7,500  kw.  in- 
itial installation,  in  immediate  connection  with 
the  present  water  power  generator  house,  so 
that  the  same  crane  can  serve  both  generator 
rooms  and  a  reduction  of  operating  forces 
can  be  effected. 

At  present  a  portion  of  the  steam  turbine 
room,  in  line  with  the  generator  room,  has 
been  built  for  60  ft.  of  its  length  and  provided 
at  the  far  end  with  a  temporary  sheet  metal 
wall.  No  boiler  room  is  at  present  built, 
but  certain  foundation  work  has  been  put  in 
on  the  downstream  side  of  the  turbine  room, 
is  well  as  certain  foundations  and  walls  for 
the   future  coal  storage. 

The  whole  plant  has  been  laid  out  on  the 
ground,  so  that  a  steam  railroad  spur  can  be 
run  parallel  with  the  boiler  house  for  future 
coal  supply. 

A  screen  house,  with  intake  pipes  and 
valves,  has  already  been  built  for  furnishing 
cooling  water  for  the  future  condensers. 

General  River  Data.— The  watershed  of  the 
St.  Joseph  River,  at  the  location  of  this  dam, 
is  about  2,180  square  miles.  The  ordinary 
summer  flow  is  about  1,300  c.  f.  s.,  with  a 
minimum  of  about  500  c.  f.  s.  The  maximum 
flood  of  record,  in  March,  1904,  was  about 
18,500  c.  f.  s.  The  present  effective  pond 
area,  at  18  ft.  head,  is  about  625  acres. 

Arrangement  of  Plant. — The  plant  is  of  the 
open  flume  type  and  there  are  three  flumes  or 
penstocks,  beside  the  excited  stall.  The  main 
flumes  are  22  ft.  wide  and  carry  16  ft.  of 
water  above  the  floor.  The  total  length  of  the 
penstocks  is  SW^  ft. 

The  plant  as  now  built,  comprising  the  pen- 
stocks, generator  room,  switch  and  transfer 
rooms,  occupies  a  compact  rectangle,  148V4x 
120  ft.  The  exterior  of  the  buildings  is  faced 
with  an  attractive  vitrified  brick  laid  in  black 
mortar.  The  roof  consists  of  3-in.  reinforced 
concrete  slabs,  2V4x5  ft.  in  size,  laid  on  steel 
purlins  carried  by  steel  trusses.  These  slabs 
are  covered  by  green  glazed  tile. 

The  main  power  house  is  served  by  a  30-ton 
hand  crane,  built  by  the  Northern  Engineer- 
ing Works,  Detroit,  and  the  transformer  room 
by  a  10-ton  hand  crane. 

Turbine's. — Only  two  main  units  and  the  ex- 
citer unit  are  installed.  Each  turbine  unit  con- 
sists of  two  pairs  (arranged  tandem)  o( 
James  Leffel  &  Company's  .50-in.  horizontal 
shaft,  center  discharge  turbines,  in  cast  iron 
draft  chests,  discharging  through  draft  tiibcs 
formed  in  tlie  concrete,  each  pair  of  turbines 
having  a  separate  draft  tube  of  ellww  shape. 
These  draft  elbows  are  curved  laterally  and 
off.set  so  as  lo  secure  the  length  of  draft  tube 


sufficient  correctly  to  reduce  the  velocity  of 
the  water  before  delivering  it  into  the  tailrace. 
Each  of  these  turbine  units,  under  a  net  head 
of  18  ft.,  is  guaranteed  to  develop  1,400  HP. 
at  full  gate  opening,  at  120  r.  p.  m. 

The  exciter  turbine  unit  consists  of  one 
pair  of  26-in.  horizontal  shaft,  center  dis- 
charge turbines,  developing  170  HP.  at  257 
r.  p.  m. 

'lurbiiic  Test  Structures. — .\s  will  be  seen 
by  an  examination  of  the  general  plan  of 
the  power  plant.  Fig.  2,  there  is  a  tailrace 
channel  approximately  83  ft.  wide  and  some 
200  ft.  long,  leading  straightaway  downstream 
from  the  turbines,  and  having  smooth  con- 
crete side  walls  and  for  the  most  part  a  con- 
crete bottom.  This  arrangement  forms  an 
ideal  location  for  a  Francis  weir  for  the  pur- 
pose of  measuring  the  water  discharged 
through  the  turbines.  The  crest  of  the  weir 
)S  about  215  ft.  downstream  from  the  center 
of  the  nearest  turbine.  The  actual  length  of 
the  weir  is  82.52  ft.  This  weir  was  formed  by 
placing  plank  wickets  between  vertical  H -sec- 
tion posts  set  in  a  concrete  foundation.     The 


the  cast  iron  draft  chests  or  pedestals  to  their 
respective  bearings. 

The  water  wheel  bearings  are  lubricated  by 
opening  the  valves  successively  and  turning 
the  hand  wheel  on  the  grease  compressor. 
From  one-half  to  a  full  turn  is  all  that  is 
necessary  for  supplying  the  amount  of  grease 
needed  twice  a  day.  After  turning  the  hand 
wheel  the  valve  is  closed  and  the  next  valve 
opened,  and  this  procedure  followed  until  all 
bearings  are  lubricated.  The  lignum-vitse 
bearing  housings  in  the  water  are  so  made 
that  if  the  grease  lubrication  should  fail  for 
any  reason,  such  as  the  breaking  of  one  of 
the  feed  pipes,  there  will  be  sufficieiit  water 
reach  the  bearing  to  prevent  its  burning  out; 
but  while  the  grease  compressor  is  on  the 
water  will  be  kept  out  of  the  bearing  chamber. 

The  shifting  rings  for  operating  the  wicket 
gates  of  the  turbines  are  also  provided  with 
grease  lubrication  at  intervals  around  the  up- 
per portion  of  the  rings. 

Generators. — Each  of  the  main  turbine  units 
is  directly  connected  to  a  1,000-kva.,  three- 
phase,  four-wire,  4,000-volt,  60-cycle  generator 


Fig.   1.      Hydro  Electric   Plant,   Elkhart.    Ind. 


wickets  were  surmounted  by  an  adjustable 
steel  crest  with  a  sharpened  edge,  according 
to  the  Francis  construction,  and  the  whole  ap- 
paratus, except  the  posts,  made  removable,  so 
that  future  tests  may  be  run.  The  hook  gage 
cisterns,  four  in  number,  are  all  located  at 
the  left  side  of  the  channel  when  looking  down- 
stream. There  are  four  inlets,  two  located 
near  the  side  walls  and  two  at  intermediate 
points  across  the  tailrace.  These  inlets  arc 
connected  with  the  cisterns  by  a  2-in.  gal- 
vanized pipe. 

On  June  3  and  4,  1913,  a  turbine  test  was 
run  and  the  power  output  from  the  generators 
was  measured  by  means  of  a  water  rheostat 
located  at  headwater  level  in  the  unused  pen- 
stock. 

Turbine  Lubrication. — The  water  turbines 
arc  provided  with  a  forced  grease  system  for 
lubricating  all  of  the  lignum-vitx  bearings  in 
the  water.  This  system  consists  of  a  single 
large  grease  compressor  in  the  power  house, 
of  capacity  sufficient  for  the  two  present  and 
one  future  unit,  also  the  exciter  turbines.  This 
compressor  is  operated  by  a  geared  hand  wheel 
and  IS  piped  to  three  cast  iron  manifolds,  to 
which  are  attached  l'/4-in.  pipes  leading  to  the 
bearings  in  the  water.  On  these  pipes,  at 
convenient  places  in  the  power  house,  are 
qu'ck-opening  valves.  All  bends  are  long 
radius.  The  pipes  arc  laid  over  the  floor 
of  the  penstock  and  are  securely  anchored 
thereto,    and    from    thence    run    on    the    sides 


unit.  The  exciter  generator  is  100-kw.,  125- 
volt,  direct-connected.  All  were  built  by  the 
VVestinghouse  Electric  &  Manufacturing  Co. 

S/'eed  Regulation. — The  generator  specifica- 
tions called  for  a  fly  wheel  effect  equivalent 
to  1,000,000  foot  square  pounds  at  1  ft.  radius. 
This  had  the  effect  of  requiring  a  heavy  -A 
spider  in  the  rotating  element  of  the  generator  ^ 
and  heavier  shaft  bearings,  etc.,  but  the  better 
regulation  obtained  by  the  careful  attention 
to  fly  wheel  effect,  not  only  in  this  plant  but 
the  other  plants  in  the  system,  has  resulted  in 
very   excellent   regulation. 

Turbine  Governors  and  Connections. — E,ich 
turbine  unit  is  equipped  with  a  Lombard  hori- 
zontal oil  pressure  governor,  30,000  ft.  lbs. 
capacity,  each  having  its  separate  oil  pump 
and  pressure  tank.  Each  main  unit  governor 
is  fitted  with  an  electric  speed  control,  op- 
erated from  the  switchboard.  These  governors 
arc  of  the  direct-connected  type  and  are  placed 
on  high  cast  iron  stands  .so  as  to  straddle  the 
main  gate  operating  shaft,  which  is  carried 
on   top  of  the  turbine  cases. 

The  exciter  turbine  is  regulated  by  a  Lom- 
bard horizontal  oil  pressure  governor  of  2,500 
ft.  lbs.  capacity,  and  is  also  furnished  with  a 
separate  oil  pump  and  pressure  tank. 

Spillway. — The  present  concrete  spillway 
consists  of  eleven  steel  Tainter  gates  and  re- 
placed an  old  timber  crib  dam  of  triangular 
section,  which  had  a  total  length  of  201.2  ft. 
The  new  spillway  was  designed  to  have  equal 
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or  greater  discharging  capacity  without  in- 
creasing the  depth  of  water  over  the  crest,  but 
was  shortened  to  a  net  length  of  275  ft.  The 
Tainter  gate  sills  are  0.35  ft.  lower  than  the 
crest  of  the  old  dam. 

The  one  disadvantage  of  movable  dams  in 
a  northern  climate  is  the  fact  that  they  are 
likely  to  freeze  tight  in  winter.  To  prevent 
this  trouble,  the  central  three  Tainter  gales 
were  provided  with  steam  chambers  along 
their  sides  and  bottom,  and  curved  steel  steam 
chambers,  corresponding  to  the  shape  of  the 
gates,  were  embedded  in  the  piers  between  the 
gates.  .-X  low  pressure  heating  system  was  in- 
stalled in  the  power  house  and  well-insulated 
pipes  carried  over  the  gates  on  the  deck  or 
bridge,  with  connections  to  the  chambers  in 
the  piers  and  swinging  connections  by  means 
of    pipe    joints    and    short    lengths    of    rubber 


The  new  dam  was  built  at  the  downstream 
side  of  the  old  crib  dam  12  ft.  in  height,  which 
thus  became  an  element  of  safety  in  sealing 
the  bottom  upstream  from  the  new  structure. 
The  new  dam  was  joined  and  sealed  to  the 
concrete  apron  which  had  been  put  in  below 
the  old  dam  by  means  of  a  grouted  rubble 
fill,  which  in  general  reached  a  level  7  ft. 
below  the  sills  of  the  Tainter  gates,  or  about 
15  ft.  below  headwater.  Every  part  of  the 
base  of  the  new  structure  was  placed  on  un- 
disturbed clay  in  which  were  no  seams  except 
the  thin  horizontal  sand  seams  above  men- 
tioned. Deep  toothing  trenches  were  cut  into 
the  clay  at  the  upstream  and  downstream  mar- 
gins of  the  main  spillway  base.     Downstream 


lained  approximately  the  proper  proportion  of 
sand  for  making  a  dense  concrete,  and  for 
heavier  mass  portions  of  the  dam  and  other 
parts  of  the  work  was  used  without  screening 
or  washing.  .■\11  of  the  thinner  walls  of  the 
dam,  which  were  built  during  the  winter  of 
1911-12,  were  made  from  a  mixture  of  broken 
stone  and  gravel  aggregate  in  varj-ing  pro- 
portions so  as  to  secure  the  greatest  density, 
and  with  an  amount  of  cement  not  exceeding 
IM  bbl.  to  the  cubic  yard  of  aggregate. 

As  soon  as  the  weather  permitted,  in  the 
spring  of  1912.  a  washing  plant  was  installed 
on  the  right  bank  of  the  river  and  within 
200  ft.  of  the  end  of  the  dam.  The  gravel 
bed   lay  immediately  adjacent  to  this  washini; 


/ 


Flfl.  2.     General  Plan  and  Sections  of    Elkhart   HydroElectric  Plant. 


hose  to  the  chambers  in  the  gates  themselves. 
Similar  heating  devices  have  been  installed 
in  coimcctinu  with  other  Tainter  (jalc  spill- 
ways designed  by  the  Fargo  Engineering  Co., 
and  all  h.ivc  proven  successful. 

The  foundation  soil  under  the  spillway  is  a 
compact  bluish  clay  in  which  were  horizontal 
laminations  caused  by  l/l(i-in.  or  thinner  tine 
sand  scams  at  1V4  or  2-in.  intervals.  These 
fine  sand  seams  were  exactly  horizontal  and 
so  thin  that  under  any  heads  existing  in  the 
cofferd.ims  hut  little  seepage  was  apparent. 
These  thin  sand  scams  would  not  be  noticc<l 
except  for  a  weathered  cfTcct  on  vertical  or 
sloping  banks,  which  had  the  appearance  from 
a  little  distance  of  the  leaves  of  a  book. 


frnni  the  spillway  base  proper  an  apron,  con- 
.sisting  of  book  slabs,  in  general  Ul'.d  ft.  by 
17  ft.  4  ins.  in  si/c,  extended  for  a  distance 
of  115  ft.  The  Inwcr  two  rows  of  slabs,  how- 
ever, were  made  of  riprap  stone  and  grouted. 

Concreting  At cthods— The  total  amount  of 
concrete  used  in  the  Elkhart  dam  and  plant 
is  2'»,022  cu.  yds.  In  thi.s  plant  and  proiccti.m 
walls  built  uprivcr  from  the  plant  there  were 
used  a  total  of  29,l.Sn  bbls.  of  Wolverine  ce- 
ment. The  total  amount  of  r.  steel 
used  in  the  dam  and  plant  wa^ 

[•'or  the  most  part  the  coiiii.i-  ..ki.uRate 
consisted  of  gravel  which  was  obtained  with- 
in a  few  hundred  feet  of  the  work,  so  that 
no   hauling    was   required.     This  gravel   con- 


planl,  and  the  gravel  was  excavated  and  de- 
livered within  reach  of  a  derrick  by  means  of 
.1  scraper  bucket  on  an  endless  cable.  The 
sheave  at  the  far  enil  being  attached  to  a 
transverse  cable,  thus  giving  a  fail-shaped 
area  to  the  pit.  The  gravel  was  hoisted  by 
incars  .if  a  derrick  and  clam-shell  bucket  to 
the  rcciviiiK  hopper  of  the  washing  plant, 
from  which  it  was  washed  by  a  stream  of 
water  from  an  ordinary  4-in.  centrifugal 
pump.  .'\  troush  I  ft.  6  ins.  wide  and  12  ins. 
high,  lined  with  sheet  iron,  led  on  a  7  per 
cent  grade  from  the  receiving  hopper  to  the 
.sorting  hoppers,  the  first  of  these  hoppers  tak- 
ing the  heavier  gravel  and  the  second  the 
sand,   the   silt   passing  along  with   the   water. 
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As  tlie  amount  of  sand  in  the  natural  gravel 
was  quite  uniform,  and  by  frequent  tests  was 
found  to  be  the  proper  amount  to  produce 
dense  concrete,  it  was  feasible  to  remove  the 
partition  between  the  sand  and  gravel  pits  and 
discharge  both  of  the  sorting  hoppers  into  a 
common  bin.  The  cost  of  excavating  and 
washing  of  the  gravel,  including  plant  depre- 
ciation, but  without  overhead,  such  as  office 
charges,  w-as  about  18  cts.  per  cubic  yard. 

The  mixers  were  placed  close  to  the  washer 
and  the  mixed  concrete  was  delivered  to  the 
work  by  means  of  %-cu.  yd.  side  dump  cars 
running  on  24-in.  tracks,  the  maximem  length 
of  run  being  about  550  ft.  to  the  extreme 
side  of  the  power  house.  The  mi.xers  were 
located  on  the  right  side  of  the  river  at  the 
end  of  the  dam,  consequently  the  average  haul 
for  concrete  in  the  dam  itself  was  about  150  ft. 

In  the  power  house  section  the  following 
is  a  fair  example  of  the  labor  cost  of  digging 


Vs  in.  The  direction  of  flow  was  upward  and, 
after  extensive  efforts  to  determine  the  cause, 
the  following  seemed  the  most  likely  explana- 
tion: 

The  forms  where  these  sand  streaks  appear 
were  uniformly  smooth  lumber,  well  oiled,  or 
were  lined  with  steel.  The  concrete  was  put 
in  quite  wet  and  was  perhaps  puddled  with 
tools  a  little  more  than  was  absolutely  neces- 
sary. It  may  or  may  not  be  true  that  some 
of  this  sand  would  repel  the  cement,  but  in 
puddling  the  effect  was  for  this  sand  to  travel 
up  against  the  forms,  as  this  was  apparently 
the  path  of  least  resistance.  On  the  first  ap- 
pearance of  these  sand  streaks,  chemical  and 
physical  tests  were  made  in  different  labora- 
tories to  determine  whether  there  was  any 
likelihood  of  disintegration  of  the  concrete 
due  to  the  primary  causes  of  the  streaks. 
Nothing  of  this  sort  was  found.  The  con- 
crete back  of  the   streaks  was   perfectly  hard 


the  general  layout  of  the  gravel  washing  and 
concreting  equipment.  The  electrical  design 
and  construction  was  in  charge  of  Lucius  B. 
Andrus,  Mem.  Am.  Inst.  E.  E.,  General  Super- 
intendent and  Electrical  Engineer  for  the  In- 
diana &  Michigan  Electric  Co.  The  Fargo 
Engineering  Co.  of  Jackson,  Mich.,  designed 
the  dam  and  the  structural  and  hydraulic  fea- 
tures of  the  plant,  and  their  resident  engineers 
were  Messrs.  D.  N.  Showalter  and  H.  M. 
Morse. 


Method  and  Cost  of  Constructing  the 

Huacal  Dam  in  Sonora,  Mexico. 

The  1  luacal  Dam  is  built  across  the  can- 
yon of  Huacal  Creek,  about  three  miles  north- 
east of  Nacozari,  Sonora,  Mexico,  at  an  ele- 
vation of  550  ft.  above  the  town  and  4,100  ft. 
above  sea  level.  Nacozari  formed  the  base 
of    construction    supplies.      Bulky    pieces   were 


Note  Length  and  Spacing  for^  'Bars  in  Top  and 
Bottom  of  all  tee''  I'J'^' Apron  3labs  13  same  05  for 
slabs  stiown 


Bars  in  Bottom  of  Slabs 
-'8-i8ars-lT0lg 


Bars  in  Top  of  Slabs 
S-?  Bors-17-d'lg-- 


Fig.  3      Details  of  Concrete  Work  for  Talnter  Gate    Dam,   Elkhart    Hydro-Electric    Plant. 


and  washing  gravel,   mixing  and  placing  con- 
crete : 

Coat 

Total  per 

Yards.  Co.st.     Yard. 

Wa.shlriK   .«!and    and    Grave!.  .  .1,6'JO  $299.64  17.7 

Feeding    .Mixer     1,530       2G0.17  17.0 

iiperatinK    Jllxer     1,."i3n         70.94  .'5.2 

KiinninK  Conrrpte  Cars,  550  ft.1,530       222.77  14.6 

Labor   in    Forms 244.58  16.0 

General:      Interpreter,      Fore- 
man,  etc 151.08  9.9 

Total    per    yard 80.4 

NOTF.. — No  overhead  Included.  Cost  of  put- 
tinK  on  top  is  included.  It  .sliould  he  noteii  ihat 
common  labor  was  paid  $2.25  per  day,  and  th.it 
tile  worl<  \va?  run  shni-t  lianfled  throughout  and 
at  a  much  diminished   etflciency. 

.\  peculiar  appearance  of  vertical  sand 
streaks  on  some  of  the  concrete  walls  was 
observed  on  stripping  the  forms.  These  flow 
markings  only  appeared  on  about  one-half  of 
the  work.  They  consist  of  rather  fine  round 
sand,  not  coated  with  cement,  and  consequently 
after  the  removal  of  the  forms  this  sand  could 
be  rubbed  off  with  a  stiff  brush.  The  depth 
of  this   loose   sand   seldom   exceeded    1/10   or 


and  sound  and  has  remained  so.  Somewhat 
drier  concrete,  or  concrete  which  was  not 
worked  with  tools  at  all,  showed  the  same 
effect,  but  in  a  lesser  degree.  The  surfaces 
back  of  these  streaks  are  left  granulated  and 
without  the  smooth,  hai'd  skin  which  it  other- 
wise would  have  had.  In  the  concrete  draft 
tubes  it  was  thought  necessary  to  do  some  sur- 
face coating  and  plastering  to  avoid  this  dis- 
integration, owing  to  the  granulated  surface 
left  by  some  of  these  streaks.  A  few  of  the 
rctainmg  walls  were  floated  with  a  thin  grout 
to  better  the  appearance.  As  before  men- 
tioned, many  of  the  walls  show  but  little  evi- 
dence of  such  streaks. 

The  Elkhart  dam  and  plant  was  built  on 
force  account  by  the  owner,  Mr.  F.  A,  Bryan, 
Vice-President  and  General  Manager  of  the 
Indiana  &  Michigan  Electric  Co.,  giving  per- 
sonal attention  to  the  work,  which  was  in 
charge  of  Mr.  B.  J.  Campbell  during  the  fall 
and  winter  of  1!U1  ;  and  later,  following  Mr. 
Campbell's  illness  and  death,  was  completed 
by  Mr.  D.  L.  Davis,  who  was  responsible  for 


transported  by  wagon  over  a  rough  mountain 
road  some  si.x  miles  in  length,  with  steep 
gradients,  the  maximum  load  being  one  ton  to 
four  good  animals.  Everything  else,  including  i 
all  cement  and  sand,  was  packed  on  mules  i 
and  burros,  with  loads  of  300  lbs.  or  more  to  j 
the  mule  and  175  lbs.  t<\  the  burro.  The  av- 
erage cost  of  packing  was  about  $1.02  per 
■J,ni)(i  lbs.  The  cement  was  packed  from  the 
railroad  depot,  a  distance  of  about  six  miles, 
and  the  sand  from  the  Nacozari  River  about 
four  miles.  The  cost  per  ton  mile  one  way, 
averaged  about  21%  cents.  All  prices  and 
costs  are  given  in  United  States  gold  values. 
.\n  account  of  the  desi,gn  and  construction  of 
this  dam  is  given  in  a  paper  by  Mr.  11.  ?Iaw- 
good,  Proceedings  .American  Society  of  Civil 
I'jigineers.  Vol.  XL,  p.  925,  from  which  we! 
take  the  following  information  on  construc-| 
tion  methods  and  cost : 

DESIGN    OF    n.\M. 

The  narrowness  of  the  canyon  and  the  char- 
acter of  its  rock  sides  and  floor  suggested  an 
arch  dam  as  the  economic  type   for  the  loca- 
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tion.    Comparative  studies  with  a  rock-fill  dam 

I  as  a  practical  alternative  confirmed  the  selec- 

I  tion   of   the   arch   type.     The   requisite   cross- 

•  ■.H.tion    of   the    dam    was    determined    by   the 

-;inple  formula  for  cylinders  subjected  to  ex- 

I  tcrnal  pressure : 

I        Stress,  in  tons   ("2,000  lbs.)  per  sq.  ft.= 
Radius  (ft.)   X  Pressure  (lbs.  per  sq.  ft.). 

Thickness    (ft.). 
The  values  finally  adopted  in  the  design  of 
,  tht  dam  were :     Stress,   1G.3  tons  per  square 
1  foot;    radius.    76    ft.;    and    the    equation    for 
76        D 

thickness    became    T  = X  — ,    whence    the 

16.3.      32 
;  thickness  T  at  the  depth  £>  =  0.146  D. 

With  these  values  the  theoretical  triangular 

•  dam  section  has   a  vertical   front   face,  and  a 

back  face  on  a  batter  of  1%  ins.  to  the  foot. 

,  '  The  lower  portion  of  the  dam  is  built  of  this 

I     form,  the  upper  portion  being  widened  to  meet 

the  practical   necessities   which  govern   a  dam 

top. 

D.^M    STRUCTIRE. 

The    extreme    height    of    the    Iluacal    Dam 
,  from  base  to  crest  is  100.2.5  ft.     The  founda- 
tion  trench    was   excavated    until    sound    rock 
was  reached  at  depths  from  5  to  15  ft.    That 
there  might  be   no  powder  cracks,  hand  tools 
only  were  used   in  the  bottom  of  the  trench. 
Similar  precaution  was  exercised  in  the  alnU- 
I     ment  trenches  at  each  end  of  the  dam,  which 
I     were  carried   horizontally   into   the   rock    for- 
'     mation   to   a   ma.ximum   distance   of  20   ft.  to 
insure  contact  with  sound  rock. 
■    The   front   face  of  the  dam  is  vertical,  the 
back  face  has  a  variable  batter  changing  from 
1%  ins.  to  the  foot  at  the  bottom  to  Vi  in.  to 
the  foot  at  the  top,  as   shown   on   the  cross- 
section.   Fig.    1.     As   actually   built,   the    back 
'     face  does  not  conform   with   this  design  pre- 
cisely.    By  a  mishap,  the  dam  about  its  middle 
iieight  is  somewhat  thicker  than  designed.  The 
tile  was  returned  to  the  true  lines  with  an 
-y  batter,  ai.  shown  in  the  drawing. 
I'he  top  of  the  arched  portion  of   the  dam 
;-  made  hollow,  both  to  save  concrete  and  to 
provide   free   intercommunication  between  the 
space  beneath  the  sheet  of  falling  water  when 
the  dam  is  overflowed  and  the  open  air,  and 
thus  avoid  the  tremors  incidental  to  the  mak- 
ini;    and    breaking   of    contact   between   w-ater 


average  of  numerous  tests  gave  the  void  spaces 
of  the  crusher-run  aggregate,  after  compac- 
tion by  shaking  and  jarring,  as  38  per  cent. 

A  series  of  tests  was  conducted  to  deter- 
mine the  proportion  of  sand  to  crusher  run 
which  would  give  a  mixture  of  greatest  den- 
sity. These  tests  were  made  by  progressive 
weighing  of  a  box  of  known  volume  filled 
with  the  mix  to  be  tested,  the  box  being  shaken 
and  jarred  during  the  process  of  filling.  The 
greatest  average  weight  was  attained  with  1  of 
sand  to  2.03  of  crusher  run,  the  void  space 
being  19  per  cent. 

The  proportions  actually  fed  to  the  mixers 
averaged  1  cement ;  2  sand ;  3.85  crusher  run. 
The  sand  of  the  crusher  run  added  to  the 
straight  sand  made  the  desired  1  to  2%  mortar. 
The  proportion  of  sand  in  the  crusher  run 
varied,  of  course,  from  time  to  time,  with  the 
wear  and  changing  and  consequent  slacking 
and  tightening  of  the  crusher  jaws.  The  fore- 
man watched  the  composition  of  the  crusher 
run  closely,  and  from  his  observations  ad- 
justed from  time  to  time  the  sand  component 
so  as  to  maintain  practically  constant  the  de- 
sired ratios. 

The  resultant  mix  gave  a  mortar  approxi- 
mately from  35  to  40  per  cent  in  excess  of  the 


directly  from  the  pack  animals  into  store  at 
the  highest  point  of  the  plant,  and  the  trans- 
portation was  paid  for  by  count  of  the  sacks 
delivered.  Sand,  with  transportation  paid  for 
by  delivered  weight,  was  unloaded  and  weighed 
into  a  bin  near  the  bottom  of  the  canyon  and 
hoisted  by  bucket  on  inclined  cable  and  deliv- 
ered into  gravity  bins.  The  rock  crusher  was 
operated  at  an  elevation  corresponding  with 
the  spillway  floor  and  fed  by  rock  from  the 
spillway  excavation.  The  product  of  the 
crusher  was  raised  by  belt  and  bucket  elevator 
to  the  bins. 

Cement,  sand  and  crushed  rock  gravitated 
from  their  respective  bins  to  the  batch-measur- 
ing hoppers,  and  thence  to  two  mixers,  one 
with  a  capacity  of  12.7  cu.  ft.  to  the  batch, 
and  the  other  of  21.7  cu.  ft.  The  average  com- 
position of  the  mix  was  1  cement;  2  sand; 
3.85  crusher  run. 

The  mixers  delivered  into  a  1%-cu.  yd. 
bucket  slung  between  two  standing  cables,  one 
crossing  the  canyon  immediately  below  the 
dam  and  the  other  immediately  above.  Trav- 
eling carriages,  one  on  each  cable,  moved  in 
and  out  together.  Hoisting  tackle,  independ- 
ently operated,  reached  from  each  traveling 
carriage  to  the  bucket  bail.    This  arrangement 
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Fig.  1.     Sections  of  Main  and  Cushion  Oams,    Huacai.   IVIexico. 


aiiN  li.iiii  uiih  the  forming  and  breaking  of  a 
vacuum  behiiu!  the  nappe  wlicn  the   free  pas- 

,    sage  of  air  is  wholly  or  partly  suppressed. 

,       The  dam  is  not  of  the  arch  form  for  its  en- 
tire  Icnglh.     For   42    ft.    at    its    southeasterly 

.    end  it   is  of  gravity  section,  and  in  direction 
tangential  to  the  curve. 

The  continuance  of  the  dam  on  a  curve 
throunhout  its  entire  length  would  have 
broiiRht  the  direction  of  its  easterly  end  too 
closely  parallel  to  the  axis  of  the  canyon  to 
have  been  economical  or  safe. 

In  the  canyon  below  the  main  structure  there 
is  a  supplementary  dam  designed  to  create  at 
times  of  overflow  a  water  cushion  with  a  max- 
imum   depth    of    20    ft.    over    tlic    base    of    the 

I     main  dam. 

i  CONCRETi: 

The  writer's  previous  experience  having 
•  shown  a  1  to  2  mortar  to  be  safe  for  water- 
tight concrclc,  and  that  a  1  to  2Vfe  mixture  bor- 
dered on  the  pervious,  a  proportion  of  1  of 
cement  to  214  of  sand  was  adopted,  giving  an 
excess  of  about  2'>  per  cent  of  cement  over 
the  voids  in  the  sand.  The  coarse  aggregate 
was  crusher  run,  graded  from  fragments  of 
'i  to  1  in   down  to  a  coarse,  sharp  sand.    The 


voids  in  the  coarse  aggregate.  Density  oi 
concrete  was  obtained  with  a  sufficient  surplus 
of  mortar  lo  coat  thoroughly  the  surfaces  of 
the  20-lb.  to  300-lb.  "plum"  stones  which  were 
introduced  as  liberally  as  practicable.  The 
"plums,"  first  well  wetted,  were  dropped  into 
the  mush  concrete  and  worked  around  to  in- 
sure liberation  of  any  imprisoned  air.  The 
"plums"  constitute  probably  15  per  cent  of  the 
entire  mass  of  concrete;  a  larger  percentage 
would  have  been  added  if  the  hoisting  facili- 
ties had  permitted.  The  consumption  of  ce- 
ment, as  a  whole,  averaged  about  1.3  bbls.  per 
cubic  yard  of  completed  concrete.  Samples  of 
finished  concrete  broken  out  of  the  actual 
slriirlurc  wcighetl,  dry,  l.VJ  lbs.  per  cubic  foot. 
The  concrete  has  proved  to  be  water-tight 
to  a  marked  degree,  .such  slight  dampness  as 
appears  in  spots  on  the  back  face  of  the  dam 
being  more  probably  due  to  seepage  at  over- 
night joints  between  one  day's  work  and  an- 
other than  In  percolation  through  the  hotly  of 
the  concrete. 

PLANT. 

The  concrete  plant  was  erected  on  the  east 
side  of  the  canyon  at  a  higher  elevation  than 
the  top  of  the  dam.     Cement  was  unloaded 


permitted  the  depositing  at  will  of  the  bucket 
at  any  point  on  the  dam.  Traveling  and  hoist- 
ing ropes  were  operated  at  speeds  of  about 
(100  ft.  per  minute  light  and  400  ft.  per  minute 
loaded.  The  maximum  quantity  of  concrete 
jilaced  in  any  one  day  was  114  cu.  yds.  and 
the  average  per  day  for  the  days  on  which  the 
plant  was  running  was  37.5  cu.  yds.  The 
miiiimum  working  time  of  mixing  and  placing 
1  cu.  yd.  of  concrete  was  3.2  minutes,  the 
maximum  was  lii.25  minutes  per  cubic  yard 
I  refilling  outlet  tunnels),  with  an  average 
working  lime  of  8,7  minutes  per  cubic  yard 
for  the  whole  work. 

The  machinery,  picked  up  around  the  com- 
pany's mines,  and  not  without  some  incursions 
into  the  scrap  pile,  was  of  a  heterogeneous 
char.Tcfer,  incompatible  with  compactness  or 
cfliciency  of  operation.  A  saving  in  plant  in- 
vestment was  effected  at  the  expense  of  the 
ionstruction.il  cost  of  the  dam. 

There  were  five  steam  boilers,  ranging  from 
1"  to  35  HP.,  supplied  with  fceil  water  by  a 
direct-acting  duplex  steam  pump,  drawing 
from  water  impounded  above  the  dam.  Six 
engines  were  used,  a  25-11?.  for  hoisting  and 
a  30-HP.  for  traversing  the  carriages  on  the 
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cablevvays,  a  '26-HP.  on  the  rock  crusher,  a 
30-HP.  on  the  sand  hoist,  and  2-HP.  engines 
driving  the  concrete  mixers.  The  fuel  supply 
was  chiefly  wood  from  the  live  oaks  cleared 
from  the  reservoir,  liberally  helped  out  with 
coal  to  compensate  for  the  wood  being  green. 

It  would  have  been  feasible  to  operate  by 
electric  current  transmitted  from  the  copper 
company's  generating  plant  at  Nacozari.  This 
method  was  contemplated  originally,  but  at 
the  time  was  not  deemed  best.  The  expe- 
rience of  the  work  showed  that  tlie  elimination 
of  boiler  and  enginemen  troubles  and  the 
elimination  of  transportation  of  coal,  and  other 
economies  which  would  have  followed  with 
electricity  as  the  motive  power,  would  have 
resulted  in  a  lower  cost  of  construction. 

The  work  was  carried  on  during  the  Madero 
Revolution,  when  the  country  was  in  a  state 
of  turmoil;  nearby  collisions  between  the  op- 
posing forces  were  frequent,  and  the  labor 
supply  was   disturbed   and   uncertain. 

FORMS. 

The  passing  of  any  bolts,  wire  or  other  form 
fastening   through    from    face   to   face  of   the 
dam   was   prohibited.     The   lower   portion    of 
the  dam  was  constructed  with  wood  forms  of 


tions  on  taper  cast  iron  plugs  built  in  advance 
into  the  concrete  as  the  work  progressed.  The 
plugs  retained  their  position  by  virtue  of  being 
inclined  downward  into  the  concrete.  After 
use  the  plugs  were  withdrawn,  to  be  used 
again,  and  the  pockets  were  filled  with  con- 
crete. Two  plugs  were  used  to  form  a  unit, 
one  under  each  corner.  The  plan  proved  sat- 
isfactory, except  in  some  instances  where  the 
concrete  bucket  with  its  load  struck  heavily 
the  top  of  the  form  and  jarred  the  plug's 
loose.  However,  no  instance  occurred  where 
the  plugs  actually  let  go.  A  bolt  might  be 
added  to  the  plug,  as  shown  by  the  broken 
lines  on  Fig.  2,  which  could  be  removed  with 
the  plug,  the  washer  alone  being  lost  in  the 
concrete. 

The  walkway  on  top  of  the  forms  fulfilled 
admirably  its  purpose  of  a  safe  and  convenient 
working  platform  for  the  concrete  gang. 

The  forms  were  handled  into  place  by  the 
overhead  cableways.  The  cost  and  time  of 
removing  the  steel  forms  from  set  concrete 
and  placing  them  in  new  position  was  low  and 
in  marked  contrast  to  the  cost  and  time  of 
stripping  the  ordinary  wooden  forms.  After 
the  concrete  work  was  completed  the  steel 
farms    were     dismantled     and     part     of    their 


Labor  on  roads  and  trails. 

Plant- 
Buildings,     material     .  .  . . 
Building's,    labor    


Total 


Cableways,    material 
Cableways,    labor    . . . 


Total     

Machinery  and  supplies.. 
Installing  machinery  (lain 
Transporting  machinei  ■,■  . 
Water    tanks     


Total     

Total   Plant    

Miscellaneous,    material.'! 
Miscellaneous,    labor    . . 


Total     

Gates,    central    jettings,    tower. 
Installing   piping,    tower,    labor. 


Total 

Excavation     

Concrete — 

Cement    at    Nacozari    

Transportation   of   cement 


Total     

Sand,    screening  and    handlint: 
Sand,    transportation    


.$0,306 

■  0.597 
.   0.161 

.$0,758 
.  0.315 
.   0.147 

.$0,462 
.  0.S73 
,  0.796 
.  0.238 
.  0.032 

.$1,939 

.  3,159 
.  0.479 
.    1.574 

.$2,053 
.  0.160 
.    0.176 

.$i).336 
.    1.062 

.  5.368 
.   0.569 

.  $5,937 
.  0.601 
.    1.686 
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Forms — 
Lumber 
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Fig.   2.     Steel    Forms  for   Constructing    Huacal   Dam,   Mexico. 


the  customary  stud  and  sheeting  type,  to  a 
height  above  which  the  external  struts  bracing 
the  studding  would  have  become  inconvenient 
ly  long.  The  upper  60  ft.  of  the  dam  was 
built  with  steel  forms  (Fig.  2).  These  were 
in  units  9  ft.  wide  for  the  water  face  and 
8  ft.  3  ins.  for  the  back  face,  and  12  ft.  high. 
They  were  generally  used  in  threes,  making 
a  block  space  for  pouring  concrete  27  ft.  by 
12  ft.  and  of  the  width  of  the  dam. 

No  attempt  was  made  to  vary  the  radius  of 
the  back  face  forms  to  conform  to  increasing 
radius  due  to  decreasing  thickness  of  dam  with 
height.  The  forms  were  shaped  to  a  compro- 
mise radius.  The  slight  angle  made  by  the 
adjacent  forms,  where  not  strictly  conforming 
to  the  true  radius,  was  imperceptible  on  the 
finished  work.  The  location  of  the  dam  and 
its  commercial  use  did  not  warrant  the  in- 
creased cost  of  forms  of  variable  radius  which 
would  have  been  necessary  for  precision  of 
shape.  The  front  face  of  the  dam  being  ver- 
tical, its  radius  is  constant.  The  front  forms, 
being  first  set  accurately  to  position,  consti- 
tuted a  base  from  which  were  set  the  back 
forms. 

The  steel  forms  were  supported  by  their 
lower  edges  engaging  in  hook-shaped  projec- 


structural  shapes  and  turn-buckles  were  used 
for  the  spillway  gates.  The  remainder  of  the 
metal  work  was  found  useful,  and  absorbed 
for  odd  jobs  by  the  mine  mechanical  depart- 
ment. There  was  but  little  material  sent  to 
the  scrap  pile,  whereas  with  wooden  forms 
there  would  have  been  practically  no  salvage. 

REINFORCEMENTS. 

Both  faces  of  the  dam  are  reinforced  ver- 
tically and  horizontally  against  temperature 
stresses.  The  vertical  members  are  old  12-lb. 
mining  rails,  4  ft.  f!  ins.  from  center  to  center 
on  the  front  face,  and  on  the  back  face  4  ft. 
6  ins.  from  center  to  center  for  the  lower  3u 
ft.  of  their  length,  and  9  ft.  from  center  to 
center  for  the  upper  26  ft. 

The  horizontal  reinforcement  consists  of- 
five  rings  of  12-Ib.  rail  immediately  below  the 
crest  of  the  dam,  and,  from  there  down,  %-in. 
round  and  square  rods,  with  spacing  varying 
from  15  to  18  ins.  from  center  to  center.  The 
lower  30  ft.  of  the  dam  is  not  reinforced. 


The  volume  of  concrete  in  the  dam  works 
was  4,988  cu.  yds.  The  cost  of  the  work  was 
as  follows  per  mile  cubic  yard  of  concrete; 


Steel     

Ijabor     

Transportation 


0.520 
1,230 
0.238 


Total     $2,930 

Mixing  and  placing  concrete  and  crushing 

rock,    labor    1.308  • 

Puel    for    above 0.727  | 

P.lacksmithing,     labor     0.250  j 

Hiacksmithing,    materials 0.08J 

Total     $0,332 

Reinforcing    material    $0,291} 

Superintendence     0.5B8  ' 

Kngineering   field    0.568  j 

ICngineering  plans  and  supervision 0.734 

Total     $1.29T 

Grand   total    22.58 

In  recomputing  the  above  items  to  get  units 
for  all  items  instead  of  for  groups  of  items, 
as  did  the  author,  a  slight  discrcpancv  exists 
between  the  author's  total  of  $22,012  'and  the 
total  given.  The  author  divided  total  costs 
by  4,088  cu.  yds.,  while  to  reduce  numerical 
work  we  took  even  5,000  as  the  divisor. 


*! 


I'robably  no  city  of  its  size  in  the  coun- 
try has  more  paving  work  under  contract  at 
the  present  time  than  Terre  Haute.  Ind.  On 
.'\pril  6  this  citv  let  contracts  amounting  to 
$.')70,00n,  and  on' May  12,  to  $366,000. 
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Volume     and     Cost    of     Construction 
Work  on  the  Panama  Canal 
to  Jan.  1,  1914. 
T!ie   total   construction   expenditure   on   the 


to  Jan.  1,  1914,  has  been  $197,965,955.  This 
total  does  not  include  charges  for  sanitation, 
hospitals  and  civil  administration  nor  expend- 
itures for  purchase  ol  the  Canal  Zone  or  the 
old    French    canal    company's   property.      The 


Panama   Canal    from   the  beginning  of   work      items  which  make  up  this  total  are  as  follows: 


Quantities, 
Items:  cu.  yds. 

From  and  including  Gatun  to  the  Sea — 

I     Drv   excavation,   prism 2,181,998 

1'     Hydraulic  excavation,   prism 29,605 

:;     Dredging  excavation,  prism 38,455,050 

Gatun   spillway — 

4  Dry  excavation 

:'■     Preparing  foundation 

•:     Masonry    

7     Ironwork    

5  Gates   

Operating  machinery 

Backfilling   


1.544,202 

44.715 
230,777 


10 


36,923 


11 

j:; 
14 
l.i 

Iti 

17 
IS 


Total   Gatun   spillway 

Gatun  dam — 

Dredging    excavation 38,425 

Drv   filling 12,190,415 

Hydraulic  filling 10.728,965 

Paving    excavation .■ 15,075 

Paving   riprap 78,590 

Paving  broken  stone 15,740 

Surfacing   (square   yards) 390,065 

East  Saddle  dam.  dry  filling 4,117 

Total  Gatun  dam 

Gatun  locks — 

Dry  excavation 

Dredging   excavation 

Preparing  foundations — excavation 

Preparing  foundations — dredging 

Preparing  foundations — filling 

Preparing   foundations — piles,   concrete   din.   ft.) 

Preparing  foundations — piles,  wooden  (lln.  ft.) 

Masonry,    mass 

Masonry,   machine  installation 

Ironwork    

Gates  and  fender  chains 

Emergency  dams 

Operating  machinery 

Control  house,  masonry 

Control  house,  ironwork  and  miscellaneous 

Control  house,  machinery  installation 

Buff er  timbers 

Crili  fenders 

Backfilling    

Filling  center  wall 

I     Filling  around  south  approach  wall— dry 

I    Filling  around  south  approach  wall — hyd 

Cleaning   up 


4,660,055 

1,756,977 

22S.:!76 

19,814 

41,661 

83,670 

251,199 

2,041,175 

25,531 


668 


:, 119, 168 

113,163 

7.072 

594,495 


Total  Gatun  locks 

Gatun  hydroelectric  power  plant — 

42  Dry  excavation 

43  Preparing    foundations 

44  Building    construction 

45  Operating  machinery 


87,067 
11,709 


Total  hydroelectric  power  plant. 
Gatun-Mindi  levee — 

46  Drv   filling 

47  Hydraulic  fllline 


Total  Gatun-Mindi  levee 

48    Caiio  saddle  dam 

19    Colon  breakwater — west 

■  '<    Clearing  drift  from  Gatun  Lake 

Total  construction  cost,  Gatun  to  sea 

■  1     Plant  and  etiuipment  to  be  absorbed  after  Deo.  31,  1911.. 


263.669 
20.398 


1.206,164 


Total  expenditures.  Gatun  to  the  sea 

Gatun  to  Pedro  Miguel — 

Dry   excavation — prism 

DredKing   excav,atlon — prism 

HvdraiiUc  exravation — prism 

Clearing  canal  line  without  excavation  (acres). 

Ma.sonry    

Facing — cement  gun,  square  yards 


109.709,781 

1.069,788 

732,074 

2.630 

1,271 

4,250 


Total  construction  cost,  Gatun  to  Pedro  Mlfruel 

■'.S     Plant    and    piiulpment    to    be    absorbed    In    construction 
costs  after  Dec.  31.  1913 

Total  expenditure  Gatun  to  Pedro  Miguel 

Fr.om  and  Including  Pedro  Miguel  to  the  sea — 

".!)     Drv  excavation — prism 

I'll    Hydraulic    excavation— prism 

II     Dredging  excavation — prism 

Pedro  Miguel  dams — 

62  nr\'  excavation 

63  Dry   filling 

64  Masonry    


85 
66 
67 
6S 
69 
70 
71 
72 
73 
74 
75 


Total  Pedro  Miguel  dams. 
Pedro  Miguel  locks — ■ 


I>ry  excavation. 

Preparing  foundations 

M.asonry  m.ass 

Masonr^-.  machinery  Installation 

Iron  work 

Gates   

Emergency  dams 

Operating   machinery 

Control  house,  masonry 

Control  house.  Iron  work  and  miscellaneous. 
Control  house,  machinery  Installation 


Amount. 

i  1.471.285.43 

11.671.32 

8.941.736.62 


;  1.099.661.65 

98,757.88 

1,846.364.04 

168,761.01 

95.526.30 

104.438.57 

18.255.84 

S  3,431.765.29 

i        20.041.19 

5.309.231.83 

3,202.567.36 

35.555.78 

67.073.08 

40,652.92 

13.904.58 

1,803.89 

$  8,690,830.63 


$  3.155. 

561 

453 

39, 

16, 

141 

164, 

15.235, 

327 

1,360; 

2,515 

855 

2,847, 

24, 

26, 

21, 

16, 

38, 

1,163, 

90, 

3, 

94, 

33, 


572.44 
923.85 
999.02 
720.50 
514.47 
743.12 
235.99 
577.36 
436.95 
954.92 
134,28 
772.14 
177.77 
707.35 
769.97 
586.83 
809.37 
849.65 
003.13 
759.66 
777.61 
077.49 
186.12 


$29,189,289.99 

$        35,310.45 

23.860.05 

234,991.21 

274.639.44 

;      568,800.15 

$      103.008.84 
3.483.32 

$      106.492.16 

t  3.659.71 

3.376.296.34 

7.326.35 

J55.799.054. 99 
42,870.34 

163.756,184.65 

J85. 765.657. 64 

513.503.37 

173.764.40 

157.569.83 

8.353.66 

4.079.11 

$86,622,928.01 

360.310.92 


Unit 
cost. 

i  0.6743 
.3942 
.2325 


$  0.7121 
2.2086 
8.0006 


.4944 


0.5216 
.4355 
.2985 

2.3581 
.8535 

2.5828 
.0356 
.4382 


$  0.6771 

.3198 

1.9879 

2.0047 

.3964 

1.6941 

.6538 

7.4641 

12.8251 


37.5492 


.5488 
.8020 
.6342 
.1582 


$  0.4056 
2.0378 


?  0.3907 
.1708 


%   2.7992 


t   0.7818 

.4800 

.2374 

62.2S06 

6.6721 

.9698 


$86,983,244.93 

4,819,969 

1.549.904 

39.815,319 

i   3.507.516.41 

1.120,907.35 

10.101.446.73 

$  0.7277 
.7232 
.2662 

10,475 
299,518 

$    20.125.17 

336,778.20 

8.411.34 

$   366.314.71 

$  1.9213 
1.1244 



1,133,280 

175,987 

907,136 

16,194 

$  1,033.574.05 

479.416.41 

5.342,714.40 

198.532.86 

666.63(1  41 

$  0.9120 

2.7242 

6.8897 

12.2597 

797 

1. .-.;:.. ir^  :'n 

50,449  "9 
22,493,76 
n.BU.SO 

63.2:'S7 

An  Electric  Power  Railway-Wrecking 
Crane  for  Tunnel  Line. 

(Contributed. J 
A  noteworthy  piece  of  equipment  for  use  in 
case  of  accidents  at  the  Grand  Central  Termi- 
nal has  been  received  recently  in  New  York. 
This  appliance  is  a  double  end  electric  wrecking 
crane,  with  independent  100-ton  capacity  cranes 
at  each  end,  the  whole  being  especially  designed 
for  the  underground  clearances  and  conditions 
existing  in  Grand  Central  terminal.  While 
primarily  designed  to  meet  Grand  Central  ter- 
minal conditions,  it  is  also  adapted  for  use 
on  the  main  line  of  the  electric  division,  where 
operating  conditions  and  clearances  are  such 
as  usually  obtain  on  steam  roads.  This  ma- 
chine may  be  dispatched  at  high  speed  under 
its  own  power  to  the  scene  of  an  accident  any- 
where on  the  electric  division.  In  fact,  it 
combines  the  functions  of  a  crane  with  many 
of  those  of  a  high  power  electric  locomotive. 
It  is  completely  equipped  for  high  speed,  inde- 
pendent operation,  with  air  brakes,  whistle,  and 
all  necessary  fittings. 

To  design  a  crane  of  the  large  capacity  re- 
quired under  the  unusual  limitations  imposed 
by  the  conditions  of  tunnel  operation  was  not 
a  simple  matter.  In  the  restricted  space  of 
the  express  level  deck  of  the  terminal  the 
capacities  must  be  attained  under  conditions 
where  head  room  for  raising  the  boom  and 
room  at  the  side  for  slewing  were  both  re- 
stricted, and,  in  addition,  where  excessive  con- 
centration of  wheel  loads  must  be  avoided.  In 
spite  of  these  complications  a  crane  has  been 
built  and  furnished,  fulfilling  all  the  require- 
ments desirea.  Just  as  operating  conditions 
in  Grand  Central  terminal  are  ditTerent  from 
those  found  elsewhere,  so  is  this  crane,  which 
ivas  designed  to  meet  those  conditions,  unusual 
in  its  features.  The  procedure  in  case  of  a  wreck 
underground  would  be  somewhat  as  follows: 
If  possible  the  wreckage  would  be  lifted  clear 
of  the  track  and  the  crane  would  then  back 
out  with  it.  However,  if  the  crane  could  not 
raise  the  damaged  equipment  off  the  track — 
either  on  account  of  lack  of  head  room  or  be- 
cause of  the  size  of  the  piece — one  end  would 
be  lifted  with  the  main  hoist  and  with  the 
auxiliary  hoist  a  special  truck  would  be  placed 
in  under.  The  crane  would  then  drag  away 
the  load. 

In  construction  the  crane  is  unusually  mas- 
sive and  of  great  strength.  The  car  body  is 
67  ft.  long,  with  a  wheel  base  of  51  ft.,  and 
is  carried  on  two  compound  trucks,  made  up 
of  two  four-wheel  trucks  each.  A  cradle  on 
which  the  car  l)ody  rests  allows  the  compound 
trucks,  as  well  as  each  single  truck,  to  have 
perfect  freedom  to  swing  when  taking  curves. 
Complete  air  brakes  arc  provided  :  also  a  hand 
brake  wheel  at  each  end.  There  is  a  compre- 
hensive system  of  air-operated  telescopic  out- 
riggers or  jack  beams,  used  to  add  stabilitj' 
during  heavy  lifting  and  to  distribute  the  load 
over  a  greater  area.  These  arc  controlled  by 
valves  with  suitable  levers,  and  arc  instantan- 
eous in  action,  thus  combining  ease  and  speed 
of  operation. 

.'\t  each  end  of  the  car  is  a  complete  inde- 
pendent crane,  with  a  structural  mast  and 
boom,  accurately  turned  roller  p.ith  and  roll- 
ers, and  the  slewing  mechanism.  .Ml  of  the 
motions  of  operation  may  be  performed  inde- 
pendently, and  with  loads  up  to  the  capacities 
of  the  motors  may  be  performed  simultaneous- 
ly. A  special  feature  is  the  air  operation  of 
all  clutches  to  insure  quick  and  sure  engage- 
ment and  release.  Such  a  system  with  suit- 
able levers  is  at  both  ends  of  the  car,  each 
operating  its  respective  end,  except  for  the 
propelling  which  may  be  controlled  from  either 
end. 

The  electrical  equipment  is  noteworthy,  n(jt 
rinly  on  account  of  the  power  it  develops,  but 
bccavise  of  its  flexibility.  Six  principal  motors 
with  a  total  of  1.100  H.P.  are  used  for  operat- 
ing the  crane,  as  follows:     Four  of  200  H.P. 
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Items: 

76  Buffer  timbers. 

77  Crib  fenders 

78  Backfilling 

79  Filling   center   wall. 

80  Cleaning   up 
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Total    Pedro   Miguel   locks 

Miraflores  east  dam  and  spillway — 

SI     Dry  excavation 

82     Masonry,    mass •••■ 

S3     Masonry,  machinery  mstallation 

84  Ironwork  

85  Gates  and  caissons 

86  Operating  machinery 

87  Cleaning   up •■ 

88  Channel  south,  dry  excavation 

Total  Miraflores  east  dam,  and  spillwf 
Miraflores  west  dam — 

89  Dry  excavation 

90  Drv   filling ■ 

91  Hydraulic  filling 

92  Masonry   


Total  Miraflores  west  dam, 
Miraflores  locks- 


93  Dry  excavation,  diversions 

94  Dry  excavation  in  lock  site 

95  Dredging   excavation 

96  Hydraulic    excavation 

97  Preparing  foundations— excavation. 

98  Preparing  foundations— wood  piles  (I.  1.) 

99  Masonry — mass   •  •  •  •. 

100  Masonry — machinery  installation 

101  Iron    work 

102  Gates   

103  Emergency  dams 

104  Operating  machinery 

105  Control  house — masonry 

106  Control  house— iron  work  and  miscellaneous 

107  Control  house — machinery  installation 

108  Buffer    timbers 

109  Crib  fenders 

110  Backfilling  

111  Filling  center  wall 

112  Cleaning   up 

Total  Miraflores  locks 

La  Boca  locks  and  dams  (abandoned) — 

113  Dry  excavation 


Quantities, 

cu.  yds. 

Amount. 

18,013.32 

22,162.40 

829,048 

366,008.85 

217,939 

109,797.82 

24,277.76 

$12,126,011.90 

166,251 

$      281,455.64 

74,221 

508,151.35 

59 

3,505.78 

31,496.81 

52,911.41 

101,805.74 

2,110.66 

4,520 

1,815.27 

$      983,252.66 

24,459 

S        25,680.06 

1,735,059 

858,302.41 

59,324.09 

4,403 

21,316.80 

$      964.623.36 

5,885 

$          2,028.98 

2,222,582 

2,065,386.14 

309,647 

142,379.66 

332,703 

195,299.02 

415,981 

793,058.10 

44,705 

58,874.76 

1,479,156 

7,937,895.51 

21,102 

248,449.10 

935,647.50 

1,550,890.02 

452,985.50 

1,928,688.54 

941 

49,619.29 

17,378.18 

957.05 

7,392.86 

51,579.96 

2,220,413 

924,704.20 

246,655 

156,432.19 

46,679.63 

$17,566,326.19 

78,233 

$      158,343.29 

Unit  each  for  propelling,  and  two  of  150  H.P.  each 

cost.  {q^  hoisting  and  for  operating  the  machinery. 

'.'.'..'.  The  propelling  motors  are  direct  connected  to 

'.4415  the    axles    of    the    compound    trucks,    two   at 

.5038  g3(,|.,  gp(j  q£   f[,g  (.jr.     They  are  arranged  so 

that  all  four  may  be  used  for  traveling,  or  if 

desired  only  the  two  at  either  end.     They  are 

$  0  6930  capable  of  operating  safely  on^fluctuations  of 

6!8465  line  voltage  between  300  and  7.50  volts  D.  C. 

59^4200  Control  is  from  each  end  of  the  car,  the  con- 

troUers    being    arranged    for    connecting    the 

'.'.'.'.'.  motors  in  series,  series  parallel,  and  parallel. 
There  is  also  an   electrically  driven  air  com- 

__ll^l^  pressor. 

For  intermittent   and  emergency   service,  as 

might  be  required   with   the   third   rail  out  of 

*  ■"^'2947  commission,    or    when    suitable    cable   connec- 

; tions  could  not  be  made  with  a  feed  line,  there 

4.8414  is  installed  on  the  crane  a  high  capacity  stor- 
age  battery.     This   is   ready    for  instant   serv- 
ice to  operate  the  crane  independently  of  any 
$  0.3448  outside   source   of   power.     It  consists  of  230 
'1111  cells,  and  has  a  capacity  of  75  amperes  for  8 
'.5'870  hours,  with  a  maximum  discharge  rate  of  3.50 
1.9066  amperes    for   2   hours.     There    is    a   complete 
5'3665  testing  and  charging  outfit,   in  order  that  the 
ll!7737  battery  may  be  charged  anywhere  that  connec- 

tion  can  be  made  with  a  feed  line.     At  each 

end  of  the  car  is  installed  a  switchboard  suit- 

'.'.'.'.'.  ably    equipped    with    lamps    and    instruments, 

52.7304  including  an  ampere-hour  meter  for  use  with 

the  storage  battery. 

'.'.'.'.'.  The  operation  of  hoisting  is  by  means  of  a 

•■••;  train  of  cut  spur  gearing.     There  is  a  brake 

■534!  of    sufficient   capacity    to    hold    the    maximum 

.' load  in  any  position,  or  to  lower  it  at  a  low 

rate    of    speed.      A    combination    clutch    and 

brake  is  provided  for  dispatch  lowering  of  the 

$  2,0240  block.      In    addition    there    is    a    ratchet    and 


Fig.  1.     Electric  Wrecking  Crane  for  New  York   Central   Tunnel    Line, 


\ 


114  Construction — dams    • 

115  Construction — locks  

Total  La  Boca  locks  and  dams 

116  Naos  Island  breakwater 

Total  construction  cost,  Pedro  Miguel  to  sea 

117  Plant  and  equipment  to  be  absorbed  in  construction  cost 

after  Dec.  31,  1913 

Total  expenditures,  Pedro  Miguel  to  sea 

Terminal  facilities,  Cristobal — 

118  Fuel  oil  tanks 

119  Coaling  plant 

Total  terminal  facilities,  Cristobal 

Terminal  facilities,  Balboa — 

120  Preliminary  work , 

Preparing  site — 

121  Miscellaneous    

122  Excavation    

123  Filling  

Total  preparing  site 

124  Yards  and  tracks 

125  Dredging   inner  basin 

126  Main   drv   dock 

1 27  Drv  Dock  No.  2 

128  Coaling  plant 

129  Sea  wall 

130  Permanent  shops 

131  Docks    

132  Fuel  oil  tanks 

Total  construction  cost,  terminals,  Balboa 

133  Plant    and    e<iulpment    to    be    absorbed    in    construction 

costs  after  Dec.  31.  1913 

Total  expenditures,  terminals  at  Balboa 

Mlart-llaneons  Items — 

134  Permanent  town  site — Balboa 

135  Permanent  town  site  La  Boca 


315,350.07 

159,306.40 

$      632,999.76 

1,686,959  $      593,918.09 

$48,022,317.16 

828,996.51 

$48,851,313.67 

$        49,717.90 

3  72,045.59 

$      221,763.49 

$        37.178.24 

$      385,283.68 

418,562  263,506.68 

740.100  319,572.25 

$      968,362.61 

S        18,130.34 

2,663.276  447.237.25 

508,280.73 

1,961.87 

192,539.62 

82.61 

1,251.001.17 

820.330.27 
30,666.63 

$  4,231.777.34 

273.274.02 

$  4,555.051.36 

$      178,643.46 
119.565.05 


pawl  of  ample  strength  to  hold  the  maximum 
.....       load   when   the   clutch    is   disengaged   .-uid   the 

winch   heads   arc   in   operation.     These   winch 

$  03521      heads  are  on  either  side  of  tlie  crane,  are  o£ 
'■ — —      25  tons  capacity  and  are  independent  in  opera- 

tion  of  all  other   mechanisms.     The  auxiliary 

hoist  is  arranged  to  operate  at  the  same  radius 
'^-^      as   the   main   block,   or   at  different   points  on 

the  boom.     The  boom  hoist  or  radius  varying 

mechanism   may   be    operated   with   the   maxi- 

'.'.'..'.      mum  load  suspended  from  the  boom. 

With  all  four  propelling  motors  in  use  the 

crane  was  guaranteed  to  travel  at  the  follow- 
ing speeds:  Hauling  an  80-ton  rolling  load, 
25  miles  per  hour  on  straight  level  tracks.  15 
miles     per     hour     on     a     2.7%     grade     and 

$  0.6296      12    miles    per    hour    on    straight    level    tracks 

!4318      with  the  addition  of  a  50-ton  suspended  luad. 

As  a  matter  of   fact,  actual   speeds  greatly  in 

'.'.'.,',      excess  of  these  were  attained.     .\t  tlie  formal 

$  o'.i679      test    conducted    by    the    railroad    officials,    the 

crane  propelled  itself  at  a  rate  of  :^4  miles  an 

'.[',',',      hour  while  hauling  an  80-ton  rolling  load.    .Sat- 

isfactory  operation  is  also  possible,  using  only 

the  two  motors  at  cither  end  of  the  car,  with 

'[■■■       resulting  speeds  of  about  (iO  per  cent  of  those 

when  all  four  motors  are  used. 

In  general,  the  following  capacities  are  pro- 
vided  for:     On  solid   foundation  with  outrig- 

gers :   100  tons  at  24   ft.  2  ins.  radius  straight 

ahead  or  6  ft.  6  ins.  either  side  of  center;  100 

tons  at  22  ft.  radius  straight  ahead  or   12  ft. 
....'.      either  side  of  center;  100  tons  at  I.'?  ft.  8  ins. 


May  20,  1914. 
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Items: 
136    Permanent  town  site — Pedro  Miguel. 


Quantities, 
cu.  yds. 


I3S 

11 


Total  town   sites. 
Permanent  Buildings — 


Designing — General 
Administration  building,  Balboa. . . . 
Gold  employes  quarters,  Balboa.... 
Silver  employes  quarters.  La  Boca. 
Municipal  buildings,  Paraiso 


Total,  construction  permanent  buildings. 
Power  transmission  system — 

142  Preliminery  work 

143  Overhead   transmission  line 

1 44  Cable  direct  lines 

143    Transformer   substations 


Amount. 
56.042.78 


Unit 
cost. 


i 
$ 

354,251.29 

9,137.67 

169,472.14 

3,887.98 

39,588.57 

883.80 

Total  power  transmission  system. 

1 46  Trans-Isthmian  oil  line 

147  Lights  and  buoys 


14S 


Total  construction  miscellaneous  items 

Plant    and    equipment    to    be    absorbed    in    construction 
costs  after  Dec.  30,  1913 


Total  expenditures  miscellaneous  items. 


$      222,970.16 

$        22,768.01 

202.017.21 

178,756.63 

45,800.16 

t      449,342.01 

$        34,558.73 

488,603.61 

$  1,549,725.80 
$        48,671.28 


$  1,598,397.08 


— . Total  construction  expenditures $197,965,955.18  

Item  26  and  99 — Charges  to  masonry  in  this  cjuarter  represent,  to  a  great  extent,  work  done 
in  finishing,   chipping,   etc.,   and   the   cost   has   no  direct  relation  to  the  yardage  placed. 

Item  No.  57 — Represents  operation    cement  gun  used  in  facing  walls  of  cut. 

Item  No.  54 — Hydraulic  Excavation — This  work  was  done  on  the  upper  banks  of  the  Canal  north 
of   Gold   Hill. 

Item  No.  91 — Hydraulic  filling  Miraflores  West  Dam — Expenditures  represent  cost  of  pipe  lines, 
flumes,  etc.  661,048  cubic  yards  have  been  deposited  in  the  dam  from  dredges  and  hydraulic  ex- 
cavation in  lock  chambers  and  in  prism  below  the  locks.  The  expense  thereof  has  been  charged  to 
"Excavation." 

Items  113,  114  and  145 — La  Boca  Locks  and  Dams — These  expenses  were  Incurred  prior  to  the 
adoption  of  Miraflores  as  the  site  for  the  lower  locks  and  dams  at  the  Pacific  entrance  of  the  Canal. 

Item   119 — Preliminary  work  and  dredging. 

Items   143  and   147 — Includes  charges  to  plant  account  for  this  work. 

Items  51,  58,  117,  133  and  14S — The  expenditures  for  plant  and  equipment  are  absorbed  In  the 
■  onstructlon  costs  on  the  basis  of  the  estimated  cost  of  plant  and  the  estimated  quantities  of  work 
Ui  be  done.  The  amount  under  these  items  represents  the  balances  which  are  to  be  absorbed  into 
construction  costs  of  Dec.   31,  1913. 

General — When  excavated  material  is  used  for  filling,  such  as  dams,  backfilling,  etc.,  the  cost  of 
dumping  only  is  charged  to  the  item  benefited,  other  expenses  being  charged  to  "Excavation." 

Due  to  changes  in  organization,  this  statement  no  longer  represents  the  work  done  by  the 
varidus  construction  divisions,  the  divisions  shown  thereon  being  geographical. 


swinging  180°  ;  without  outriggers  50  tons  at 
24  ft.  2  ins.  radius  straight  ahead,  and  25  tons 
at  13  ft.  8  ins.  swinging  180°. 

This  crane  was  designed  and  built  by  the 
Industrial  Works,  Bay  City,  Mich.,  from  spec- 
ifications prepared  by  a  committee  consisting  of 
C.  H.  Quereau,  Superintendent  Electrical  Equip- 
ment (Chairman)  ;  H.  ,\.  Currie,  .Assistant 
Electrical  Engineer,  and  B.  J.  Buell.  Wrecking 
Master  of  the  X.  Y.  C.  &  H.  R.  R.,  and  was 
furnished  through  the  George  M.  Newhall 
Engineering  Co.,  eastern  agents  for  the  Indus- 
trial Works. 


Automatic  Street  Lighting. — Experiments 
are  being  made  at  Leeds,  England,  with  au- 
tomatic lamp-lighting  installations,  and  they 
have  proved  so  promising  that  17,000  gas 
lamps  in  that  city  are  to  be  equipped.  Two 
systems  have  been  considered  and  preference 
has  been  given  to  the  adjustable  clock  over  the 
wave-pressure  system.  It  is  estimated  that  77 
men  at  28s.  6d.  ($6.93)  per  week  can  be  dis- 
pensed with,  which  means  an  annual  saving 
of  about  $28,000.  It  has  been  shown  that  fail- 
ures in  lights  by  the  clock  system  are  only  23 
out  of  10,000,  and  these  can  be  adjusted  by  in- 
spection. It  is  claimed  that  by  the  automatic 
system  there  is  an  enormous  saving  in  mantles, 
and  an  all-around  saving  of  nearly  20  per  cent. 


Portland  Cement  Production  in  1913. — 
The  final  figures  for  the  Portland  cement  in- 
dustry in  1913,  as  obtained  by  the  United 
States  Geological  Survey  on  Marcli  16,  show 
a  production  of  92,097,131  barrels,  shipments 
of  88.689,377  barrels  and  stocks  on  hand,  11,- 
220,328  barrels. 
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Some  Engineering  Problems  Connect- 
ed With  the  Maintenance  of  a 
Water  Supply  Conduit. 

Contributed  by  R.  G.  Hosea,  Assistant  Engineer. 
Colorado  Fuel  &  Iron  Co.,   Pueblo,  Colo. 

Many  people,  engineers  and  laymen,  appear 
to  have  the  idea  that  after  a  ditch  has  once 
liecn  constructed  all  troubles  arc  over  and 
that  thereafter  all  tliat  has  to  be  done  is  to 
sit  on  the  bank  and  watch  the  water  flow  by. 
The  following  article  will  perhaps  show  the 
fallacy  of  this  idea;  it  shows  in  some  detail 
the  troubles  connected  with  the  operation  of 
a  medium  sized  canal  for  the  first  seven 
>cars   after   its   construction. 

This  canal  is  known  locally  as  the  Arkan- 
sas Valley  Conduit,  and  takes  water  from  the 
\rkansas  River  two  miles  or  so  below  Flor- 
■  ncc,   Colo.     It   has   a  capacity   of   about    lOn 
'c.   ft.,  and  a  water  right  of  70  sec.  ft.,  and 

irrics  the  major  part  of  the  water  supply 
!  'r  the  steel  works  of  the  Colorado  Fuel  & 
Iron  Co.  at  Pueblo,  Colo.  This  canal  is  ap- 
proximately 38%  miles  long,  of  which 
'7  2/10   miles   are   earth    section,    l   miles   arc 

>ncrclc  lined  section,  3/10  miles  arc  con- 
crete lined  tunnel  section,  and  7  miles  arc  '•<' 
lo  60  in.  fliameter  wood  pipe  siphons.  Fm 
about  half  of  its  length  the  conduit  follows 
till;  river  valley,  almost  within  a  stone's  throw 
"f  the  river  itself,  but  gradually  getting 
niarcr  and  nearer  to  the  general  level  of  the 
mesas,  .some  10(1  to  200  ft.  above.  The  river 
has  cut  down  through  a  series  of  horizontal 
strata  of  limestone  and  sand  stone,  making  a 
valley  hounded  by  high  flat  topped  cliffs  (Fig. 
I )  and  as  the  conduit  follows  this  valley  for 
'nme  20  miles,  the  construction  of  the  ditch 
was  difficult  and  expensive.  In  many  places 
it  was  necessary  to  locate  the  ditch  directly 
imder  the  cliffs  and  to  build  concrete  pen- 
blocks  in  dangerous  places  where  any  leak- 
mc  would  be  sure  to  cause  settling,  if  not  an 
icln.il  land  slide. 

The  seven  miles  of  siphons  consist  of  25 
wood  stave  pipes,  varjing  in  diameter  from 
50  to  fiO  ins.,  in  length  from  100  to  5,300  ft.; 


the  heads  run  up  to  150  ft.  These  siphons  car- 
ry the  canal  water  across  gullies  or  arroyos 
and  one  of  them  carries  the  ditch  under  the 
cement-manufacturing  town  of  Portland, 
Colo. 

Generally  where  the  grade  of  the  ditch  was 
such  as  to  bring  it  at  the  base  of  the  cliffs. 
a  concrete  lined  section  was  built  supported 
on   the   lower    side   by   a    retaining   wall,   and 


Fig.   1.  Typical  Country  Traversed   Showing 

Reconstruction  of  Siphon  No.  16  Around 

Landslide.   Arkansas   Valley   Conduit. 

all  tunnel  sections  were  concrete  lined  as  in- 
dicated bv   Fig.  2. 

After  ;lie  ditch  ^cts  out  of  the  river  valley 
the  construction  is  not  so  difficult,  being 
through    the   usual   western   adobe   soil. 

The  first  real  trouble  was  encountered  at 
the    intake   ends    of    several    of    the    siphons, 


notably  Nos.  11,  16  and  21.  At  each  of  these 
places  the  siphon  carries  the  ditch  across  a 
wide,  deep  arroyo,  and  the  penstock  is  perched 
upon  a  rocky  point  at  the  "jumping  offplace."' 
The  water  coming  down  the  ditch  toward 
the  penstock  would  apparently  find  a  pervious 
stratum  on  the  upper  side,  follow  along  it 
until  it  came  to  the  more  impervious  rock, 
and  saturate  the  whole  hillside  below  this 
plane,  causing  a  slide  which  would  take  with 
it  the  penstock  and  more  or  less  of  the  ditch 
section.  At  Siphons  11  and  16  this  was  over- 
come bv  increasing  the  length  of  the  pipe, 
carrying  the  new  pipe  around  the  slide  (Figs. 
1  and  3)  and  building  a  new  penstock  farther 
up  the  ditch,  beyond  where  the  plane  of  the 
slide  intersected  it.  This  plane  could  be  read- 
ily seen  after  a  slide,  as  the  amount  of  the 
settlement  in  some  cases  was  several  feet.  At 
siphon  24  this  could  not  be  done  and  a  deal 
iif  money  was  spent  in  trying  to  make  the 
section  water  tight  and  to  make  the  penstock 
'stay  put,"  but  these  slides  once  started  ap- 
iicar  to  settle  indefinitely,  and  flimies  and 
linings  would  merely  pull  apart.  Finally  a 
line  change  was  made  at  this  point  (Fig.  4) 
involving  the  construction  of  a  tunnel  300  ft. 
long  and  tlie  taking  down  and  rebuilding  of 
some  1,250  ft.  of  pipe.  The  approaches  to 
ihis  tunnel  contained  447  cu.  yds.  of  earth, 
1.897  cu.  yds.  of  loose  rock  and  2,415  cu.  yds. 
.if  solid  rock  and  the  concrete  lining  and 
new  penstock  contained  477  cu.  yds.  of  con- 
.-rcte.  The  work  on  the  tunnel,  lining  and 
jienstock  was  done  by  Maurice  Ryan  of 
I'uehlo  and  the  pipe  line  change  was  done 
'<y  the  ditch  crew. 

These  slides  could  not  be  avoided  as  the 
character  of  the  material  was  necessarily 
ire.ichcrous,  being  largely  debris  from  over- 
hancing  cliflFs.  composed  often  of  rock  cov- 
ered with  soil,  resting  on  a  sloping  shale  base. 

In  some  cases  slides  have  been  stopped  by 
carrying  the  water  in  a  lined  flume  laid  in 
the  ground  and  tamped  around  with  imper- 
vious material.  When  the  water  has  drained 
out  of  the  sliding  material,  consolidation 
takes  place  and  stops  the  slide.  These  flumes 
are   lined    with   waterproof   tarred     felt,    and 
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the  seams  are  caulked  with  tar  and  pitch. 
The  illustration  (Fig  h)  shows  one  about  200 
ft.  long  over  a  clay  slide.  It  is  expected  that 
the  material  will  be  solidified  by  the  time  the 
fliime  rots  away. 

The  next   difficulty  encountered  was  in  the 
handling    of    sand,    of    which    the    Arkansas 


Fig.  2.  Portal   of  Tunnel   at   Siphon    No.  24, 
Arkansas    Valley    Conduit. 

River  carries  a  very  large  amount.  It  was 
at  first  expected  to  handle  all  the  coarser  sand 
in  four  basins,  which  could  be  operated  two 
at  a  time,  the  water  settling  in  one  pair  while 
the  other  was  being  cleaned  out.  This  method 
proved  costly  and  inadequate,  and  the  ditch 
and  siphons  below  the  basins  began  to  fill 
up  and  cut  down  the  carrying  capacity.  This 
trouble  was  overcome  by  building  a  sand 
gate  (Fig.  6)  one-half  mile  below  the  head 
gate  of  the  ditch  with  a  waste  channel  lead- 
ing back  to  the  river.  The  grade  of  this 
channel  was  3%  ft.  below  the  grade  of  the 
ditch  at  the  sand  gate,  and  it  is  found  that 
by  opening  the  sand  gate  for  a  few  hours 
the  water  scours  out  all  the  sand  deposited  in 
the  first  half  mile  of  ditch,  thijs  creating  a 
pocket  one-half  mile  long  in  which  new  sand 
is  deposited  when  the  gates  are  closed.  This 
sand  gate  is  almost  automatic  and  since  its 
installation  the  trouble  with  sand  has  been 
reduced  to  almost  nothing.  The  building  of 
this  "iand  gate  was  complicated  by  the  fact 
that  the  waste  way  had  to  go  under  the  main 
lines  of  both  the  Santa  Fe  and  the  Denver  & 
Rio  Grande  railways  and  that  in  excavating 
for  it  water  was  encountered. 

As  the  storage  capacity  of  the  steel  works 
water  supply  is  limited,  being  less  than 
1,. 500.000.000  gals.,  while  the  average  daily 
use  is  20,000.000.  exclusive  of  seepage  and 
evaporation  losses,  it  has  been  necessary  to 
run  water  in  the  ditch  every  possible  day. 
In  attempting  to  do  this  it  was  found  that 
it  was  practically  impossible  to  operate  a  com- 
paratively small  ditch  having  so  many 
siphons,  in  the  winter  time,  on  account  of 
the  slush  ice  which  would  plug  up  in  the  pen- 
stocks and  siphons  causing  endless  trouble. 
At  one  gulch  crossing  a  .'jO-in.  pipe  descends 
to  150  ft.  below  the  intake  and  has  a  grade 
of  0.3  per  cent  across  a  length  of  2,797  ft. 
This  siphon,  after  carrying  for  a  time  water 
containing  small  floating  ice  cakes  and  slush 
or  anchor  ice  appeared  to  choke  up  and  the 
flow  ceased.  As  the  head  above  the  intake 
increased,  the  obstruction  would  loosen  and 
water  begin  to  flow,  but  in  the  meantime  the 
ditch  at  the  outlet  of  the  siphon  would  run 
dry  and  the  siphon  would  discharge  a  plug 
100  ft.  or  more  in  length  made  up  of  ice 
particles,  which  would  fill  the  ditch  section, 
so  that  when  the  water  finally  appeared  it 
would    run    out   over    the    banks    of    the    ice- 


filled  section  and  cause  a  washout.  Just  what 
is  the  cause  of  this  phenomenon  we  have 
not  fully  determined,  but  we  suppose  that  in 
the  ascending  leg  of  the  siphon  the  ice  and 
water  separate,  with  the  ice  on  top  or  ahead. 
Then  when  the  flow  is  re-established,  the 
ice  is  forced  out  as  a  plug.  Whatever  the 
cause,  it  is  disastrous  and  discourages  efforts 
to  operate  in  very  cold  weather.  It  might  be 
stated  that  the  approach  to  this  siphon  is 
over  an  open  mesa  country  for  six  or  eight 
miles,  where  the  cold  at  night  is  great,  and 
the  conditions  favorable  for  the  formation 
of  shore  and  anchor  ice  in  the  comparatively 
shallow  ditch  section.  In  attempting  to  run 
water  under  such  conditions  a  waste  or  turn- 
out gate  at  the  intake  end  of  such  siphons  is 
a   necessity   to   avoid   wrecking  the   ditch. 

This  illustrates  some  of  the  difficulties  of 
operating  a  small  ditch  in  winter.  Larger 
ditches  which  use  flumes  over  arroyos  can 
often  carry  water  through  the  winter  season 
by  carefully  regulating  the  flow  so  as  to  first 
secure  an  ice  sheet  over  the  surface  and 
afterwards  maintaining  a  uniform  flow  be- 
neath the  ice.  This  does  not  seem  possible 
where  the  inverted  siphon  is  a  necessity,  as 
the  ice  breaks,  tips  up  on  edge  and  dives 
into  the  intake  often  packing  there  and  chok- 
ing the  flow  or  else  acting  as  above  described 
at   the  ascending  part  of   the  siphon. 

After  the  water  is  turned  out  in  the  winter 
the  ditch  section  fills  up  with  snow  and  ice 
and  when  the  water  is  turned  in  again  .it  is. 
necessary  to  follow  the  water  foot  by  foot 
down  the  ditch,  breaking  up  ice  jams  and 
nursing  it  along  a  little  at  a  time.  In  this 
work  a  little  home-made  fire  cracker,  con- 
sisting of  a  part  of  a  stick  of  giant,  with  cap 
and  fuse  attached,  has  been  foimd  very  ijse- 
ful.  One  of  these  dropped  on  an  ice  jam 
does  more  work  than  three  men  with  ice 
hooks. 

Siphon  No.  10  as  originally  built,  was 
4,673  ft.  long,  a  60-in.  diameter  wood  stave 
pipe;  3,173  ft.  of  this  carried  the  water  across 
two  gulches.  The  other  1,500  ft.  lay  directly 
under  cliffs  from  60  to  100  ft.  high  and 
directly  above  the  Santa  Fe  railroad,  a  source 
of  constant  danger  to  the  railway  and  of 
anxiety  to  all  connected  with  the  ditch.    One 


and  ditched  a  few  cars,  but  fortunately  in- 
juring no  one.  To  avoid  a  repetition  of  such 
accidents  a  change  of  location  was  necessary. 
The  pipe  was  diverted  up  the  first  gulch,  a 
distance  of  about  1.200  ft.,  and  a  tunnel  1,320 
ft.  long,  through  a  very  tough  black  shale 
was    driven   at   some   distance  back   from   the 


Fig.  3.   Reconstruction   of   Siphon    No.  11,  60- 
in.     Wood     Stave     Pipe,     on     20       Curve 
Around  Slide,  Arkansas  Valley  Con- 
duit. ' 

cliffs.      This    came    out    in    the    same    gulch 
originally    crossed    by    the    second    part    ofl 
siphon  No.  10  so  the  old  pipe  line  was  swungl 
over  to  meet  the  new  location,  a  distance  of* 
1,000    ft.   or   so.     This   work    had   to   be   com- 
pleted in  the  winter  when  the  water  was  out 
of    the    ditch.      Bids    were    received    and    the 


Fig.    4.   Realignment    of    Siphon    No.    24    to  Meet  Tunnel,   Arkansas   Valley   Conduit. 


night  a  part  of  the  cliff  fell  over  on  to  the 
pipe.  A  night  watchman  was  always  kept 
at  this  place,  but  he  was  at  the  other  end  of 
his  beat,  and  before  the  break  was  <liscovered 
and  the  water  turned  out.  a  considerable  land 
slide  had  gone  down  onto  the  Santa  Fe 
track.    Later  a  freight  train  ran  into  the  slide 


contract  awarded  to  the  Phillips  &  O'Gara 
Construction  Co.  of  Denver.  The  figures  for 
the  final  estimate  showed:  Earth,  1,575  cu. 
yds. ;  loose  rock,  (!70  cu.  yds. ;  solid  rock,  842 
cu.  yds.;  tunnel  excavation,  1.317  lin.  ft.,  and 
concrete  lining  and  penstocks.  1,058  cu.  yds.  i 
The   contract   did   not   cover   the  changing  of 
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the  wooden  pipe  which  was  done  by  our  own 
men.  The  original  pipe  was  maintained  across 
the  shde  imtil  the  tunnel  was  completed, 
when  it  was  taken  down  and  the  old  lumber 
used  in  the  construction  of  the  new  pipe, 
saving  some  1,300  ft.  of  pipe. 
The  tunnel  was  driven  under  the  direction 


the  summer  of  1909  it  was  found  that  certain 
other  pipes,  which  had  been  in  use  less  than 
ten  years,  were  so  badly  rotted  as  to  be  al- 
most gone,  the  sound  wood  in  many  places 
being  very  thin.  On  this  account  some  of  the 
siphons  on  the  .Xrkansas  Valley  Conduit  were 
uncovered    and   inspected,   and    although   they 


Fig.  5.  Temporary   Flume   Built  Over  Slide   Until    Consolidation,    Arkansas    Valley    Con- 
duit. 


of   Mr.   O'Gara  and   is  one   of   the   best   jobs 

•  of  its  kind   to  be   found.     The  "section  was  7 
I    ft.  wide  and  7   ft.  high  at  the  arch  ring,  and 
I   contained    approximately    2    cu.    yds.    excava- 
tion  per   lineal    foot  and  about   %   cu.  yd. "of 

:   concrete  lining  (about  6  ins.  thick)   per  lineal 

foot.     Machine  drills  were  used,  operated  by 

i   compressed  air.  and  11  holes  were  drilled  for 

I   each  round  of  shots.  Two  shifts  were  worked 

'■   at    each    face    so   tliat    four    rounds    of    shots 

were    fired    per    day,    using   7-5   to   80   lbs.   of 

40  per  ceVit  giant  per  round.    The  tunnel  was 

driven   at  an  average   rate  of  "20   ft.  per  day 

•  and    the    two    faces    came    together    with    no 
appreciable  difference  either  of  line  or  grade. 

This  was  an  expensive  change,  but  it  did 
away  with  the  most  dangerous  place  on  the 
line  and  every  one  felt  better  when  it  was 
completed.  The  tunnel  was  surveyed,  driven 
and    lined    with    concrete    in    less    than    five 


Fig.  6.  Sand  Gate  on   Arkansas  Valley  Con- 
duit. 

months,    during     much    of     which    time    the 
weather  was  very  bad. 

.'\s  noted  above,  there  are  on  the  Arkan- 
sas Vallev  Conduit,  2.5  wood  stave  pipe 
siphons,  aggregating  .37,000  ft.  These  were 
built  at  an  average  cost  of  $4.96  per  lineal 
foot,  or  $18.1,.')20,  exclusive  of  trenching.    In 


had  been  in  place  less  than  three  years,  some 
rotten   wood   was   found   showing   that  some- 
thing had  to  be  done  to  protect  them  and  the 
large    investment    they    represented.      It    was 
linally    decided    to    enclose    them    in    concrete 
as   being   more   permanent   and   cheaper   than 
anything  else.     The   rotting  of   the   staves   in 
these  pipes  takes  place  on  the  outside  in  con- 
tact  with   the   soil.     .As   the   pipes  are  buried 
in  a  trench  with  a  light  cover  of  porous  soil. 
excellent  conditions  of  heat  and  moisture  art 
.=et    up    to    encourage    dry    rot.      Even    under 
high    pressure    where   the   wood    is    saturatcil 
with  water  the  soil  absorbs  it  and  leaves  tht 
surface     subject    to     attack.     An     imperviou- 
coaling    of    tar    or    paint    on    the    outside    (■■ 
such    pipes    will    produce    saturation    of    tli' 
wood    but    is   not   permanent.     The   effect   <•■ 
dry   rot   is  to   allow   the   steel   bands   to   sink 
into   the   staves   and   produce  leaky   joints.   \v. 
time    it    is    no    longer    possible    to    cinch    tli 
bands    or    the    staves    buckle    and    new    om 
must  be  put  in.    The  concrete  casing,  put  m 
while   the  pipe  is  under  pressure,  after  can 
fully   stopping  all   leaks,   will   stop   the  rottini; 
of    staves,    since    they    will    be    assured    com- 
plete   saturation,    and    the,  air    and    possibK 
soil    influences    are    cut    off.      The    prescrv.T 
tion    of   bands   and    shoes   embedded    in    con 
Crete    is    also    assured.      It    is    necessary    t^ 
backfill    the   pipes   to   prevent    injury   to   con 
crctc   by    freezing,    since   it    will    also   be   sai 
urnted    more    or    less    by    water    under    pre 
sure    from    within. 

This    work    has   been    done    by    the    Pucbl" 
Bridge   Co.   of   Pueblo,  Colo.,  and  there  have 
been  placed  about   12.500  cu.  yds.  of  cnncrcte 
up   to   March    1,    1914.     This  practically       ■" 
pietes   all    of    the    siphons    on     the    .Ark.i! 
Vnlloy  Conduit.     Figure  7  shows  the  wotk  .i 
encasing   one   of   the   siphons   in   proprrvs      ll 
will    he   noted    that    removable   steel    seciinn.il 
forms  are  used  .nnd  as  the  same  forms  i  ^ 
been   used   since   the   beginning   the   form    • 
pensc   on   the   whole  job  has  been   very    I ■» 
The   greatest   cost   is   due   to  the   inaccr.s>.i'i:> 
location,   often   on    steep   hillsides    and   under 
high   rlifl's  where  hauling  of   material   is  dif- 
ficult.    This   concrete   casing   has         •      '      • 
$1.3.3    per    lineal    foot    of    pipe,    cv 
cement   and    forms,   and   cost   nf   ili...  .  .;t 

pipe  trench.  The  resulting  concrete  pipe  has 
been  very  satisfactory,  except  in  one  place 
where    there    is    some    very    strong    seepage 


water  which  is  disintegrating  the  concrete. 
It  is  expected  that  the  concrete  casing  will 
prevent  any  further  decay  of  the  wood  and 
for  that  reason  no  reinforcing  was  used 
other   than   that   supplied   by   the   pipe   bands. 

While  the  sand  gate  mentioned  above  takes 
care  of  the  sand  in  the  upper  end  of  the 
ditch,  still  a  certain  amount  of  finer  sediment 
is  constantly  being  deposited  in  the  earth  sec- 
tions, and  the  heavy  storms  bring  in  a  large 
amount  wherever  the  ditch  intercepts  local 
drainage.  The  problem  of  removing  this  is 
troublesome.  In  the  winter  when  the  w-ater 
is  turned  out,  the  channel  is  filled  with  snow 
and  ice.  and  it  would  be  almost  impossible  to 
clean  out  this  frozen  sand  and  mud  at  such 
a  time.  We  have  been  experimenting  with  a 
small  dredge  boat  which  carries  a  gas  en- 
gine and  a  centrifugal  pump,  the  pump  intake 
pipe  drags  along  the  bottom  of  the  ditch  be- 
hind a  cutter  or  agitator,  which  stirs  up  the 
mud.  The  pump  then  lifts  this  liquid  mud 
over  the  bank  of  the  ditch.  This  boat  has 
not  yet  been  in  operation  long  enough  to  tell 
just  how  efficient  it  may  be,  but  it  seems  to 
do  the  required  work  very  well  at  a  low  cost. 

On  Dec.  4.  1913,  with  no  previous  warn- 
ing, a  large  section  of  hillside  slid  away  from 
the  adjacent  cliff,  taking  with  it  some  220  ft. 
of  concrete  lined  ditch.  This  lining,  so  far 
as  we  know,  was  water  tight :  at  any  rate  it 
showed  no  signs  of  leakage  nor  did  any 
signs  of  seepage  show  up  in  the  level  ground 
below  the  hill.  The  location  here  was  such 
that  only  one  thing  could  be  done,  viz:  to 
shoot  a  bench  out  from  the  cliff  and  rebuild 
the  ditch  on  it.  This  was  rather  a  large  job 
as  the  cliff  was  52  ft.  high  at  this  point,  but 
in  time  the  cliff  was  shot  down,  a  bench 
made  ^nd  a  concrete  section  reinforced  with 
old  pipe  bands  was  built  upon  it.    The  work 


Fifl.    7.   Enc.ising    Rotting    Wood    Si.ive    Hipe 
in    Concrete.    Arkansas    Valley    Conduit. 

was  done  by  the  regular  ditch  crew  and  a 
few  extra  laborers,  and  Feb.  20.  1914,  saw 
the   water  running  in  the  new  channel. 

These  arc  a  few  of  the  larger  problems 
such  as  might  come  to  any  manager  or  ditch 
superintendent,  but  there  are  a  thousand 
others,  smaller  perhaps  but   imporant   never- 
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theless.  Water  courses,  which  at  the  time  of 
construction  seemed  too  small  to  require  more 
than  a  small  culvert,  grow  from  year  to  year, 
until  it  becomes  necessary  to  span  them  witli 
bridges  or  very  much  larger  culverts.  Every 
structure  built  must  be  extra  heavy  and 
strong  and  must  be  founded  upon  a  rock, 
for  water  is  a  treacherous  element  to  con- 
trol and,  like  some  otlier  things,  it  works 
while  you  sleep.  Prairie  dog  holes  in  the 
banks  are  a  source  of  constant  danger,  espe- 
cially in  the  fills. 

.■Vt  one  place,  where  the  ditch  is  carried 
across  a  shallow  valley  on  a  fill,  there  is  an 
8-ft.  arch  concrete  culvert  to  take  care  of 
the  local  drainage.  During  a  very  heavy  sum- 
mer storm  this  culvert  became  blocked  with 
a  matted  mass  of  Russian  thistles  and  hail 
stones,  and  the  water  went  over  the  ditch 
bank,  washing  out  a  large  part  of  this  fill. 
The  drainage  area  tributary  to  this  culvert  is 
very  small  and  the  8-ft.  arch  seemed  ample 
for  any  possible  flow.  This  cloudburst  was 
jiurely  local  and  a  small  drainage  area  caught 
all  the  water  that  fell  and  brought  it  quickly 
to  the  culvert,  along  with  all  the  weeds  and 
trash*  over  the  whole  surface  area.  In  re- 
placing this  fill  the  ditch  section  was  lined 
with  a  board  flume  and  tamped  with  imper- 
vious material,  the  theory  being  that  the  fill 
will  become  consolidated  and  firm  by  the 
time  the  flume  rots  away.  It  is  difficult  to 
see  what  means  can  be  used  in  cases  of  this 
kind   to  guard  against  washouts. 

The  question  of  damages  to  land,  cattle, 
etc.,  by  reason  of  the  operation  of  a  ditch, 
though  perhaps  strictly  a  legal  one,  is  con- 
tinually coming  up  and  involves  the  exercise 
of  considerable  diplomacy  and  tact.  While 
the  damage  done  by  an  actual  break  in  a 
ditch  is  readily  discernible,  that  done  by 
seepage  to  subjacent  lands  is  a  constant 
source  of  dispute  between  the  ditch  company 
and  the  land  owners. 

The  manager  of  a  canal  or  ditch  company 
lives  in  a  pleasing  state  of  uncertainty  as  to 
iust  what  will  happen  next,  and  his  men  on 
the  job  get  to  be  expert  at  carpentering,  mak- 
ing concrete,  handling  powder,  and  doing  ail 
sorts  of  repair  work.  The  variety  is  inter- 
esting and  instructive,  but  the  cost  of  a  ditch 
and  the  engineering  problems  connected  with 
it  are  by  no  means  finished  with  its  construc- 
tion. 


Diversion  Dam,  Spillway  and  Controll- 
ing Works  of  Universal  Design 
for   U.    S.    Reclamation 
Service. 
(Staff  Article.) 

The  East  Park  Feed  Canal  is  being  built  to 
divert  water  from  Stony  Creek  into  the  East 
Park  Reservoir  of  the  Orland  irrigation  proj- 
ect in  Calusa  County,  California.  At  Stony 
Creek  the  diversion  structures  shown  by  Fig.  1 
are  planned.  They  comprise  an  arch  diversion 
dam,  upper  controlling  works,  a  canal  with  a 
spillway  along  one  edge,  lower  controlling 
works  and  a  siphon  spillway.  The  universal 
features  arc  the  dam  section,  the  canal  with 
an  over  edge  spillway  and  the  siphon  spillway. 
Referring  to  the  general  plan  in  Fig,  1,  the 
location  of  the  dam  across  the  narrow  gorge 
of  the  creek  is  prominent.  At  the  right  hand 
end  of  the  dam  and  between  it  and  the  bank 
are  set  the  upper  controlling  works.  From 
there  a  canal  is  excavated  along  the  side  of  the 
lilufT  and  extending  downstream  to  a  second 
set  of  controlling  works  which  discharges  into 
the  feed  canal  proper.  The  river  edge  of  the 
canal  between  the  controlling  works  is  the 
main  spillway;  the  siphon  spillway  is  just 
above  the  lower  controlling  works  on  river 
side. 

The  dam  proper  is  an  arch  with  a  radius  of 
100  ft.  between  tw'o  abutments,  one  of  which 
is  a  retaining  wall  of  gravity  section  extend- 
ing into  the  side  of  the  gorge.  The  arch  por- 
tion of  the  dam  has  a  crest  length  of  1.5.^  ft. 
and  at  its  highest  point  is  39.1  ft.  from  base 
to  crest.  The  section  of  the  dam  at  this 
maximum  height  is  shown  by  Fig.  2.  The 
nntablv  thin  section  is  the  feature  of  interest 


and  the  drawing  has  been  made  to  give  the 
reinforcement  and  all  dimensions  in  detail. 
The  concrete,  as  required  by  the  specifications, 
will  be  proportioned  generally  1 :7  to  1 :9,  the 
larger  numeral  representing  the  sum  of  the 
separate  volumes  of  sand  and  gravel,  but  the 
c.Kact  proportions  may  from  time  to  time  be 
fixed  by  the  engineer.  All  sand  is  to  pass  a 
Vi-'m.  screen  and  at  least  90  per  cent  is  to  be 
retained  by  a  100-mesh  screen  and  the  particles 
are  to  be  so  graded  that  the  voids  shall  not 
exceed  35  per  cent.  The  gravel  is  to  pass  a 
2-in.  and  to  be  held  in  a  ^/4-in.  screen. 

A  section  of  the  spillway  canal  is  given  by 
Fig.  3,  showing  it  to  be  a  plain  trapezoidal 
channel  with  one  side  formed  by  a  concrete 
weir  over  which  the  water  can  spill  down  the 
gorge  side  into  the  river. 

The  siphon  spillway  is  shown  in  longitudinal 
section  by  Fig.  4.  The  lateral  dimensions  are 
(i-ft.  width  of  throat  decreasing  to  4-ft.  width 


Sudari  Irrigation  Plan. — Interesting  plans 
are  proiected  fur  irrigation  works  in  the 
Sudan,  according  to  Consular  Reports.  The  new 
dam  on  the  Blue  Nile  will  be  located  about  KJO 
miles  below  Khartum;  the  height  of  this  dam 
has  not  been  decided,  and  the  width  will  be 
somewhat  less  than  that  of  the  dam  at 
Assuan.  If  begun  this  summer  it  will  take 
about  three  years  to  complete,  as  work  can 
he  carried  on  only  during  the  dry  season. 
Drillings  already  taken  show  an  excellent 
rock  foundation,  although  there  are  V-shaped 
fissures  which  will  have  to  be  overcome.  The 
canalization  v/ould  be  straight  with  few  diffi- 
culties in  construction.  The  proposed  canal 
will  irrigate  100,000  acres  of  land,  and  this 
acreage  will  in  time  be  increased  to  500,000. 
The  scheme  for  the  construction  of  a  dam 
on  the  White  Nile  about  GO  miles  south  of 
Khartum  is  .^till  in  prospect.  Lord  Kitchener 
is  at  present  devoting  himself  to  the  extension 
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Map    and     Structures     of     Diversion   Works,  East  Park  Feed  Canal,  Orlund  Project,  U.  S. 

Reclamation   Service. 

KIg  1 — Plan  of  Diversion  Works.     Fig.  2— Section  of  Diversion  Dam.     Fig.    3 — Section    of    .Spillway 
Canal.      Fig.    4 — Longitudinal     Section     of     Siphon    Splliwa.v.     Fig.  5— Details  of  Siphon  Head 

Construction. 


at  the  outlet.  The  details  of  the  siphon  head 
are  shown  by  Fig.  5.  They  are  so  complete 
that  no  further  structural  details  are  needed. 
The  concrete  for  this  siphon  is  to  be  the  same 
as  that  used  in  the  dam. 

The  supervising  engineer  of  the  Orland 
project  of  which  the  works  illustrated  are  a 
part  is  E.  G.  Mopson. 

That  commercial  automobile  lines  will  solve 
the  railway  problem  in  the  Philippines  is  the 
opinion  of  the  Governor-General,  according  to 
a  recent  statement.  K  line  was  recently  started 
in  Leytc,  where  roads  are  in  excellent  condition. 


of  the  irrigat'on  of  the  Delta,  three  zones  be- 
ing first  taken  in  hand.  This  work  is  neces- 
sarily slow  and  expensive,  and  will  cost  a  con- 
siderable sum  of  money,  but  it  will  bring  un- 
der cultivation  several  hundred  thousand  acres 
of  exceptionally  good  land.  With  its  com- 
pletion the  need  for  the  construction  of  the 
White  Nile  dam,  which  will  cost  $o.000,000i 
will  become  more  than  ever  imperative.  The 
site  for  the  latter  is  a  good  one,  there  being  a 
rock  bottoiri,  while  the  river  bed  is  wide  and 
therefore  capable  of  holding  up  a  great  sitpply 
of  water. 
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Notes    on    Survey   Practice    at    Storm 
Lake,  la..  With  an  Accurate  Method 
g  of  Balancing  Earthwork  from 

*  Profile. 

Contributed     by    H.     L.     Browne.     Asst.     Eng 
Bueiia  Vista  Co.,  Storm  Lal<e.  la. 
,       A  good  way  to  designate  each  road  or  sec- 
,  tion  of  road   for  tilling  or   construction  pur- 
poses  is  to  start  at  the  N.  E.  corner  of  the 
county    and    letter    and    number    the    sections 
as  ^ shown    in    Fig.    1.      The    road    designated 
i'-7-.5  means  tlie  two  miles   of   road  between 
sections   2<i-30-:il-32.      Road   3'-C-D    means   a 
road  on  the  half  section  line  between  3  and  -1. 
In   designating   bridges   the  distance   from   the 
section  corner   is  given,  i.  c..   Bridge   F-fi-7-43 
means   a   bridge   0.43   miles    from    the    X.   W. 
>-..r.  Sec.  32. 

In  their  county  two  instrument  men  and 
iwo  rodmen  take  the  field  notes  for  three 
niiies  of  road  in  two  days.  Two  parties  are 
f'lrmcd.  One  party  chains  the  distance,  sets 
-lakes  at  100  ft.  intervals  along  cne  fence 
Ime  and  notes  the  plus  distances  to  important 
points.  The  other  party  sets  flags  in  the 
center  of  the  road  every  1,000  ft.  to  sight 
by  and  begins  to  take  cross-sections.  The 
first  party  after  running  well  ahead  takes 
the  drainage  notes  and  helps  to  finish  the 
cross-sections. 

In  working  up  the  notes,  the  rodman  plats 
cross-sections  and  the  instrument  nian  finds 
the  ''average  ground  line''  (explained  later ) 
for  three  miles  of  road  in  two  days'  time. 
It  takes  the  instrument  man  three  days  to 
plat  the  profile  and  lav  the  grade  line  for 
three   miles   of   work. 

T.ABLE  I— CO.ST  OF  FIELD  WORK  IN  SUU- 
VriYlNG  THItEE  MILE.S  OF  RO.\P  r.\' 
BUENA    VISTA   CO.,    lA. 

"ei"-  Cost. 

Automobile  hire.   2   days  at   $4.00 $  S  Oil 

Hoard.    8   dinners   at   |o..00 4  OK 

In.strument   man,   11   days  at  $5.00 j.   n',  (M 

llcjdman,    •;   days   at   ?2.."j0 1.-,.00 

."-Mpplies — Profile   paper,    etc o.OO 


Total   for  tiiree   miles $87.00 

(list    per    mile 29.00 

The  cross-sections  shown  in  Fig.  2  (a)  arc 
similar  to  those  advocated  by  the  Iowa  -State 
Highway  Commission  and  are  in  use  here  on 
66-ft.   roads. 

The  method  of  computing  the  excavation 
and  balancing  cut  and  fill  which  is  given  be- 
low has  given  good  results  for  us.  The  results 
obtained  have  been  checked  by  e.xact  computa- 
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Fig.     1.   Method    of    Designating    Roads    and 
Bridges. 

tinn  on  several  sections  "l  work  both  on  flat 
prairie  roads  and  roads  having  as  high  as 
six  per  cent  grades.  In  all  rases  these  com- 
pu'ations  have  checked  within  two  per  cent. 
The  "average  ground  line"  is  defined  as  a 
horizontal  line  so  placed  on  the  cross-section 


of  the  existing  road-bed  that  the  sum  of  the 
areas  above  the  line  is  equal  to  the  sum  of 
those  below  the  line,  i.  e.,  the  excavation  and 
embankment  at  the  section  are  equal.  It  is 
the  average  elevation  of  all  points  on  the 
existing  ground  cross-section.  Fig.  2  (b) 
shows  the  "average  ground  line"  for  several 
sections. 

To  locate  the  "average  ground  line"  a 
datum  is  assumed  (usually  through  the  low 
point  in  the  ditch)  and  the  area  between  the 
datum    and    the    ground    line    found    for    a 


responding  to  a  cut  or  fill  below  or  above 
the  "average  ground  line"  taken  from  Table 
II.  By  net  cut  or  fill  is  meant  the  excess  of 
cut  or  fill  at  the  section  beyond  that  required 
to  make  the  cross-section  at  that  point,  quan- 
tities being  computed  from  a  level  section. 
.•\n  approximate  grade  line  is  now  laid. 
This  should  meet  all  controlling  features  such 
as  R.  R.  crossings,  bridges,  maximum  grades, 
etc.,  and  should  be  so  placed  that  the  excava- 
tion and  embankment  will  balance  as  nearly 
as  it  is  possible  to  judee   with  the  eye.     To 
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Fig.  2.   Cross  Section  for   Roads   in   Euena   Vista   County,  Iowa. 


width  of  .50   ft.     This  area  may  be  computed, 
or    found    with    a    planimcter. 

Then, 
area 

• — +  elev.  of  datum  ^  elev.  of  "av 

50 
ground   line." 

The  width  .50  ft.  has  been  found  by  experi- 
ment to  give  accurate  results  in  this  section. 

( The  "average  ground  line"  may  be  lo- 
cated with  a  fair  degree  of  accuracy  by  eye 
after   a   little   practice. —  Editors.) 

The  "average  ground  line  "  need  not  be  de- 
termined for  every  station  but  only  where  a 
marked  change  in  the  shape  of  the  cross- 
section   occurs. 

The  two  sets  of  elevations  are  now 
plotted  (preferably  to  a  scale  of  1  in.  = 
100  ft.  horizontal  and  1  in.  ^  4  ft.  vertical), 
as  shown  in   Fig  3. 

In  Table  II  is  given  the  volume  of  excava- 
tion or  embankment  for  various  depths  of  cut 
and  fill  where  the  cross-sections  illustrated 
in   Fig.  2  are  used. 


rapidly  determine  whether  the  cuts  and  fills 
will  balance  the  device  illu.strated  in  Fig  4 
may  be  used. 

The  scale  is  applied  to  the  profile,  the  point 
marked  "grade"  being  placed  on  the  proposed 
grade  line.  The  net  excavation  or  embank- 
ment for  any  cut  or  fill  between  the  proposed 
grade  line  and  the  existing  "average  grade 
line"  is  read  directlv  from  the  scale  for 
any  point  on  the  profile.  The  "average  grade 
point"  is  defined  as  the  point  at  which  the 
excavation  from  the  ditches  makes  the  fill  for 
the  crown.  This  point  is  located  with  the 
scale  and  is  found  at  that  point  on  the  pro- 
file where  the  zero  cut  and  fill  mark  on  the 
scale  coincides  with  the  "average  ground 
line."  The  location  of  their  point  gives  the 
length  of  the  earth  wedges  used  in  com- 
puting quantities. 

/:.r(im/'/r.— What  is  the  approximate  exca- 
vation and  embankment  between  Sta.  Ki"  and 
Sta.  172? 

.'\pply  the  scale  to  the  profile  with  the 
point    marked    "grade"    on    proposed    finished 


TABL,E  11— riHh-    VARD.S    1 


"  |Tpnth.s. 


-MPL'TED    FOR    CROSS-SECTIONS   lULlSTRATED 
IN    FIG.    2. 
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Fig.  4  ilhislrates  a  device  for  the  rapid 
taking  off  of  quantities  from  the  profile.  It 
is  made  of  a  piece  of  "Plate  .\"  profile  paper 
2'/4  ins.  wide  with  a  ^-in.  slot  cut  in  the 
center.  .Mone  this  slot  are  written  the  net 
volumes  of  excavation  and  embankment  cor- 


gradcs  at  Sta.  IfiT.  On  the  scale  read  8-5 
CM.  yds.  cut  where  the  "average  '  ground  line 
is  intercepted,  .^pplv  the  scale  at  Sta.  Ifi7  -^ 
.10  and  read  zero  cut  and  fill,  and  so  on 
throughout.  Make  up  a  table  similar  to 
Table  lU. 
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TABLE       HI— APPROXIMATE 
BETWEEN    STA.     167    AND 
BAL.A.NCING   PROFILE. 
Yardage  at  ends 
above  that  required 
lo  make  the  section 
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QUANTITIEd 
STA.    172    FOi: 

Net  yardage  above 
that  required  to 
make  the  section. 


Sta. 
167 

Cut. 
117 

Fill. 
0 

Cut. 

Fill 

(t) 

29 

0 

-r-aO 

0 

0 

16S 

0 

0 

0 

ti 

169 

(■ 

0 

0 

0 

170 

0 

0 

(7) 

0 

0 

5 

171 

n 

(-) 

■1.1 

172 

0 

72 

By  making  up  a  table  of  this  kind  the 
amount  of  earth  which  must  be  moved  some 
distance  is  determined  rapidly  and  accurately 


ing    to    the    methods    outlined    in    books    on 
earthwork. 

Only  the  material  to  be  moved  beyond  the 
section  is  included  in  it.  Net  yardage  is 
plotted  vertically  as  sliown — cut  down  and 
lill  up — fill  being  corrected  for  shrinkage.  The 
balancing  line  is  drawn.  Where  the  material 
does  not  balance  within  the  free  haul  limits 
(in  this  case  500  ft.)  as  at  A-B,  the  line  C-D 
is  drawn  at  the  place  where  its  length  between 
the  points  where  it  intersects  the  mass  dia- 
gram is  equal  to  the  free  haul. 
A  B  +  C  D 

Then, —  Free  haul  ^=  Over- 

2 

haul  distance. 

The  yardage  of  overhaul  is  represented  by 
the  distance  between  lines  .^  B  and  CD  (in 
this  case  79  cu.  yds.)  and  is  multiplied  by 
the  overhaul  distance  to  obtain  the  yardage 
for    compensation. 

Then, 
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Fig.   3.   Portion    of    Plans   for    Use    in    Road   Construction    in    Buena   Vista   County,    Iowa. 


and  with  the  aid  of  this  table  the  final  grade 
line  may  be  so  placed  that  an  economical  dis- 
position of  the  earth  can  be  made.  Only 
the  information  which  is  needed   is  given. 

To  obtain  the  final  quantities  to  be 
used  for  tinal  payment  and  for  use  in  con- 
structing a  mass  diagram  to  determine  over- 
haul, a  tabulation  similar  to  Table  IV  (which 
is  a  table  for  a  different  section  of  road  from 
that   shown   in   I'"ip.  2)    should  be  made. 

In  making  up  this  table  the  quantities  cor- 
responding to  the  exact  cut  or  fill  at  the  sta- 
tion arc  taken   from  Table  II. 

The  mass  diagram  for  determining  over- 
haul and  the  disposition  of  excavated  ma- 
terial shown  in  Fig.  3  is  constructed  accord- 


Overhaul    X   Compensatiiiu  per   \W   ft.  = 
Total  compensation. 

Full  information  as  to  excavation,  embank- 
ment, borrow,  waste,  free  haul,  overhaul  and 
pay  (piantities  of  excavation  and  overhaul 
should  be  placed  on  the  plans. 

Roadwork  in  Nova  Scotia  in  1914. — It  is 
estimated  that  about  $(iOO,000  will  be  expended 
this  year  for  road  work  in  the  Province  of 
Nova  Scotia,  Can.  .'\  portion  of  this  total  is 
in  the  form  of  statute  labor  and  the  remainder 
is  contributed  by  the  Government  out  of  its 
revenues  and  expended  on  the  roads  in  the 
various  counties,  the  work  being  done  under 
the  direction   of   county  inspectors.     In   addi- 


TABLE    IV— FINAL   QUANTITIES    FOR    PAY- 
MENT   AND    USE    IN    MASS    DIAGRAM. 

Net  yardage 
for  use 
Yardage  in  mass 

at  ends.  diagram. 

Embank- 
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tion  an  act  passed  last  year  provides  for  th« 
expenditure  of  $10,000  in  Ferris  county.  Fundi 
amounting  to  $13,000  yearly  from  license  fees- 

Cubic  Yds  Per  100 Ft  Depth 
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Fig.  4.  Scale  of  Net  Quantities  per  10O  Ft. 
for    Use    in    Balancing    Profile. 

for  motor  vehicles  also  are  available  for  road 
betterment  purposes.  Hiram  Donkin,  Halifax, 
X.  S.,  is  Road  Commissioner  of  Nova  Scotia. 


Curves  on  Brick  Roads:  Super-elevation.— 

The  follnwiiin  talilc  shows  the  supcr-clcyation 
Mil  curves  used  in  brick  road  construction  in 
Ohio.  The  change  in  level  is  made  by  de- 
pressing one  side  of  the  road  and  elevating 
the  other  the  amount  shown. 


Pf'gree  of 
curve. 
0—  6 
7 

S 


DilTerence  in 
elev.itlon  of 
curbs,  in  ft. 

0 

0.36 

0.40 

0.46 

0.52 

0.56 

0.62 

0.66 


outside 

furb  raised, 

inside  curb 

lowered.  In  ft. 

0 

O.IS 
0.20 
0.23 
0.26 
0.28 
0.31 
0.33 


10 
11 
12 
13  and  over 

.Ml  curves  arc  to  have  normal  elevation  af 
P.C.  and  P.  T.  and  are  to  acquire  the  maxi- 
mum amount  of  elevation  or  depression  at  a 
distance  of  50  ft.  from  the  point  of  tangency 
except  in  special  cases. 


May  20.  1914. 
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Methods  and  Cost  of  Snow  Removal  in 

Philadelphia  in  1914. 

Philadtlphia  lias  a  wiikly  scattered  business 
section  compared  to  other  cities  and  the  prob- 
lem of  snow  removal  involves  the  handling  of 
large  quantities  of  snow.    The  method  of  fight- 
ing the  snowstorm,  or  beginning  the  work  of 
iiioval    before    any    considerable    accumula- 
II  takes  place,  which  is  in  vogue,  is  no  doubt 
■ponsible  in  a  large  measure  for  the  success 
this  city  in  coping  with  its  snow  problem. 


ranged  for  in  advance,  and  in  most  cases  con- 
sisted of  sewer  manholes,  and  were  so  located 
that  the  hauls  were  comparatively  short. 

Prior  to  1912,  no  attempt  was  ever  made  to 
liandle  the  snowf  in  a  systematic  manner 
through  the  use  of  plows  and  scrapers  and 
piling  before  loading,  the  consequence  being 
that  traffic  was  more  or  less  tied  up  until  the 
snow  was  entirely  removed  from  the  streets. 
The  plan  under  which  we  operated  this  season 
provided  that  the  snow  be  first  plowed  to  the 
side   of   the   cartway   and    then    shoveled   into 
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Bureau  of  Highways,  Philadelphia 


ADING  TICKET 
STUB 


District 
11 


Ticlcet  No. 
7250.5 


Bureau  of  Highways 

Department  of  Public  Works 

Philadelphia 


LOADING 

TICKET 


SNOW  REMOVAL 


District 
II 


Ticket  No. 
72505 


SNOW    REMOVAL 
ONE  DOUBLE-TEAM  LOAD 

-^changed  for 

lumping  Ticket  No 


To  INSPECTOR  AT  DUMPING  STATION: 

Allow  bearer  to  dump  at  proper  Station  ONE  DOUBLE- 
TEAM  LOAD  OF  SNOW,  and  Exchange  this  ticket  for  Dump- 
ing Ticket  No 


Inspector 


(a) 


•Bureau  of  Highways,  Phh 


DUMPING  TICKET 
STUB 


District 
11 


Ticket  No. 
72042 


Bureau  of  Highways         I 
Department  of  Public  Works   DUMPING 
Philadelphia  TICKET 


SNOW  REMOVAL 


Di.strict 
II 


Ticket  No. 
72042 


SNOW    REMOVAL 
ONE  DOUBLE-TEAM  LOAD 


This  Certifies  That  bearer  dumped  O.NE  DOUBLE-TEAM 
LOAD  OF  SNOW  at  proper  Station,  and  this  ticket  was  ex- 
changed for  Loading  Ticket  No 


bhanged  for 
iding  Ticket  No. 


Inspector 


(b) 
Fig.   1.     Forms  of  Loading  and   Dumping   Tickets   Used   in   Philadelphia,   Pa. 


is  also  quite  probable  that  the  increased  use 

rapid-moving  motor  vehicles  has  had  an 
portant  bearing  upon  the  lack  of  customary 

fie  congestion  noticeable  in  this  and  other 

|s  during  the  past  winter. 

he  information   given    in   this   article   was 

ppared   by    Mr.    Wm.  'H.   Connell.   chief   of 

bureau    of    highways   and    street   cleaning 


piles,  from  which  it  was  loaded  into  wagons 
and  hauled  to  the  disposal  places.  Formerly 
the  contract  for  the  removal  of  snow  in  the 
central  section  of  the  city  was  awarded  to  one 
contractor,  with  the  result  that  the  city  was 
at  the  mercy  of  this  contractor,  who,  in  turn, 
was  at  the  mercy  of  the  smaller  contractors 
from   whom   he  had   to   secure  teams   for  the 


Furthermore,  this  method  made  it  possible  to 
start  work  simultaneously  in  the  13  different 
districts.  The  bids  received  ranged  from  78 
to  89  cts.  per  load  of  2  cubic  yards,  depend- 
ing upon  the  location  of  the  district  and  the 
length  of  haul  to  the  disposal  place. 

The  specifications  required  the  contractors  to 
start  two  snow  plows  in  each  district  within 
two  hours  after  notification,  and  to  remove 
a  minimum  number  of  loads  of  snow  within 
24  hours   after  being  notified  to  begin   work. 


Fig.    3.      Snow    Scraper   Clearing    Center   of 
Street. 

to  insure  the  removal  of  a  depth  of  0  ins.  in 
this  period  of  time. 

Force  Emftloycd. — The  total  force  at  work 
cleaning  the  snow  was  in  the  neighborhood  of 
2.40O  men,  1,000  horses  and  500  wagons. 
Three  division  and  eight  district  engineers,  and 
|Oo  inspectors  were  engaged  in  the  supervision 
of  the  work.     One  inspector  w'as  assigned  to 


Fig.  2.     View  Showing  the  Depth  of  Snow  on 
a  Country  Road. 

Ill    rhila(lel|>liia.   ami    preseiitid   al    ihe    Phila- 
<Iclpliia  Snow  Removal  Conference. 

I'rclimiiiary  (hfiaiii:(ili'<>i.—T'^''V  system  em- 
ployed consisted  of  outlining  a  plan  of  caiii- 
paign  dcsigne<l  to  rope  with  the  conilitions  that 
might  arise.  The  engineers  and  inspectors  were 
instructed  and  understood  what  was  expected 
of  them  in  case  of  a  storm.  .'Xs  soon  as  the 
snow  was  of  a  depth  of  about  2  ins.  the  ma- 
chinery was  put  to  work  to  fight  the  storm. 
The  disposal  points  were  all  planned  and  ar- 


Fig.  4.     Scraper  Piling  Snow  in  Street  Gutter. 


work,  as  no  one  contractor  in  the  city  lias  suf- 
ficient teams  .ivailablc  to  handle  llie  work  in 
its  entirety 

It  was, -therefore,  decided  that  much  better 
results  could  be  obtained  by  dividing  the  cen- 
tral section  uf  the  city  into  l.'t  dislricls.  and, 
in  advertising  for  bids,  provision  w.ts  made 
that  no  one  contractor  would  be  awarded  more 
than  two  of  these  districts.  This  gave  the 
small  contractor  with  a  few  teams  an  equal 
opportunity  to  bid  against  the  larger  contract- 
ors,   and    greater    competition    was    obtained. 


each  snow  <listrict  to  act  as  a  squad  leader, 
and  to  each  of  these  leaders  was  assigned 
eight  or  more  inspectors,  divided  into  first  and 
scconil  call  men.  with  the  understanding  that 
in  ease  of  snow  the  squad  leader  was  to  get 
in  touch  with  his  inspectors  and  also  the  con- 
tractor for  his  district,  and  then  communicate 
with  the  main  office  for  orders  to  start  work. 
Mclliod  of  Condiiclimi  Work. — .Xs  soon  as 
the  snow  fall  was  of  sufficient  depth  to  war- 
rant proceeding  with  the  work,  the  contractors 
were   ordered   to   start   snow   plows   in  their 
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respective  districts.  The  snow  was  plowed 
to  the  sides  of  the  streets,  after  which  the 
teams  and  laborers  were  ordered  to  proceed 
with  the  work  of  removal.  In  this  way  we 
managed  to  keep  ahead  of  the  storm  on  all 
the  main  business  thoroughfares  and  succeeded 
in  having  the  streets  open  to  traffic  when  the 
snow  ceased  falling:  this,  of  course,  necessi- 
tated working  day  and  night.  The  entire  en- 
gineering force  worked  in  day  and  night  shifts. 
and  were  instructed  to  follow  the  plows,  and 
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Fig.    1.     Sections    Showing    Construction    of 
Ford    at    Cowles,     Nebr. 


under  no  condition  to  permit  them  to  stop 
working  until  the  snow  was  plowed  to  the 
sides  of  the  streets.  Our  experience  has  led 
us  to  believe  it  was  only  through  this  method 
of  fighting  the  snow  that  we  managed  to  cope 
with  the  situation. 

System  of  Checking  Loads. — The  following 
system  was  employed  for  checking  the  number 
of  loads  hauled:  Inspectors  were  stationed  at 
both  the  loading  and  dumping  places.  When 
a  wagon  was  loaded  with  the  required  two 
cubic  yards  capacity,  a  loading  ticket,  Fig.  1  (a) 
properly  signed  by  the  inspector,  was  given  to 
the  driver;  and  upon  delivery  and  dumping 
of  the  load  at  the  dump  designated  for  the 
respective  district,  the  loading  ticket  was  ex- 
changed by  the  dump  inspector  for  a  dump 
ticket,  Fig.  1  (b)  signed  by  the  inspector  and 
showing  the  number  of  the  loading  ticket  for 
which  it  was  exchanged.  The  stubs  in  both 
the  loading  and  dumping  ticket  books  were 
properly  filled   in   to  serve  as  a  double  check. 

Amount  and  Cost  of  Work. — During  the 
months  of  February  and  March,  1914,  five 
snow  storms  laid  a  total  of  31  ins.  of  snow. 
The  area  cleaned  in  the  central  business  section 
amounted  to  20  miles  of  streets,  or  831,593  sq. 
yds.  of  surface.  The  snow  was  removed 
moved  from  this  area  at  a  cost  to  the  city  of 
$2,275  per  mile  for  the  entire  winter ;  the 
average  cost  per  storm  for  the  four  largest 
storms,  being  $5G8  per  mile.  This,  of  course, 
does  not  include  the  work  done  by  the  regular 
street  cleaning  forces  outside  of  the  central 
business  section  of  the  city  (all  the  street 
crossings  throughout  the  entire  city  were 
cleaned  and  portions  of  a  number  of  the  main 
thoroughfares),  nor  does  it  include  the  force 
employed  in  opening  up  the  country  roads. 

Sufigcstcd  Improvements. — It  is  unfortunate 
that  the  city  does  not  own  scrapers  and  plows, 
as  this  portion  of  the  work  at  least  should 
be  done  by  the  city  forces.  Sufficient  scrapers 
and  plows  should  be  owned  by  the  city  and 
stationed  at  advantageous  points  so  that  they 
could  be  put  to  work  as  soon  as  a  storm  is 
making  sufficient  headway  to  warrant  it.  In 
this  way  the  city  with  its  own  forces  could 
plow  (lie  snow  to  the  sides  of  the  streets,  which 
would  keep  them  open,  and  the  snow  could 
then  be  hauled  away  without  seriously  incon- 
veniencing traffic. 

The  Philadelphia  Rapid  Transit  Co.  had  its 
plows  working  all  night  and  managed  in  this 
way  to  keep  ahead  of  the  storm  to  such  an 
extent  that  the  traffic  was  not  seriously  tied 
up.  As  a  matter  of  fact,  it  was  only  during 
the  last  storm  that  some  of  the  lines  were  out 
of  service  for  a  few  hours,  and  these  were 
in  the  outlying  districts.  In  connection  with 
the  work  of  the  railway  companies,  it  would 
seem  to  be  practical  to  have  some  sort  of  a 
plow  designed  that  would  not  onlv  clean  the 
snow  from  between  the  tracks  but  for  an  area 


of  eight  to  ten  feet  on  each  side  of  the  tracks. 
This  work  could  be  carried  on  in  the  same 
way  that  we  used  our  plows  and  scrapers  this 
winter,  namely,  by  putting  the  plows  to  work 
in  the  early  stages  of  the  storm  and  fighting 
the  snow.  It  would  pay,  and  would  be  a  big 
help  toward  solving  the  snow  removal  problem 
on  railway  streets. 

Most  of  the, snow  removed  from  the  cen- 
tral portion  of  the  city  was  dumped  into 
sewer  manholes.  Unfortunately  all  these  sewer 
manholes  could  not  be  utilized  because  of  the 
small  flow  of  water  in  the  sewers.  A  study 
is  now  being  made  with  a  view  to  having  wa- 
ter connections  placed  inside  of  all  the  man- 
holes to  facilitate  the  flow,  and  thus  enable 
us  to  use  about  50  per  cent  more  manholes 
than  are  now  available. 


Design  and  Cost  of  Construction  of  a 

Concrete  Paved  Ford  at  Cowles, 

Nebr. 

(St,\ff   Article.) 

In  flat  and  semi-arid  sections  of  the  coun- 
try where  rainfalls  are  infrequent  but  usually 
torrential  the  provision  of  waterways  of  suffi- 
cient area  to  care  for  the  runoff  and  prevent 
washouts  is  a  serious  problem.  A  possible 
solution  for  some  localities  may  be  secured 
in  the  use  of  a  paved  ford,  or  dip  in  the 
longitudinal  profile  of  the  road,  similar  to 
that  used  at   Cowles,  Nebr. 

While  a  bridge  or  culvert  large  enough  to 
provide  for  the  water  is  undoubtedly  more 
satisfactory  and  better  road  design  than  the 
paved  ford  type  of  construction,  there  may 
he  conditions  under  which  the  use  of  a  ford, 
or  dip,  is  economical.     This  is  especially  true 


Macadam  Road  Construction  Without 
the  Use  of  a  Heavy  Roller. 

It  often  happens  in  improving  short,  iso- 
lated sections  of  road  that  a  heavy  roller  is 
not  available.  Where  a  soft  limestone  is  used 
in  the  construction  it  is  possible  to  build  a 
very  satisfactory  road  without  the  use  of  a 
roller.  Many  of  the  noted  Kentucky  turn- 
pikes were  built  in  this  way.  These  instruc- 
tions were  presented  in  the  fourth  report  of 
the  Illinois   Highway  Commission  as  follows: 

Construction. — The  essential  features  of 
such  construction  are  a  well  drained  and  well 
shaped  foundation  to  place  the  stone  upon, 
the  uniform  spreading  of  the  crushed  stone, 
the  proper  width  and  alignment  of  the  earth 
shoulders,  which  hold  the  bed  of  stone  in 
place  and  the  proper  drainage  of  the  road  bed 
by  means  of   lateral   drains   filled   with   stone. 

The  critical  time  in  the  life  of  such  a  road 
is  during  the  first  year  or  two  after  it  is  built, 
particularly  the  first  year.  After  the  crushed 
stone  has  been  placed  and  covered  with  screen- 
ings and  the  road  opened  for  traffic,  it  is  in- 
evitable that  ruts  will  form  along  the  wheel 
track,  and  if  these  ruts  are  allowed  to  remain 
in  the  surface  of  the  road  they  will  hold  water 
and  cause  its  rapid  deterioration.  If  however, 
the  ruts  which  form  when  the  road  is  first  put 
into  service  are  filled  with  stone  and  the  sur- 
face kept  smooth  by  means  of  a  drag  or  road 
grader,  the  stone  will  finally  compact  to  form 
a   smooth,   even,   durable   surface. 

Instead  of  the  screenings  to  fill  voids,  a 
good  bonding  gravel  is  very  much  better  and 
even  if  screenings  are  used,  the  surface  of  the 
road  should  be  covered  to  a  depth  of  about 
1  in.  with  a  good  quality  of  gravel.  This 
gravel,  however,  should  not  contain  too  great 


Fig.   2.     View    of    Ford    Looking    Along    Road. 


where  the  surrounding  country  is  flat  and  in 
sections  where  the  dry  stream  beds  arc 
sandy  or  composed  of  soils  which  are  easily 
eroded. 

The  concrete  ford  built  at  Cowles.  Nebr., 
is  85  ft.  long  and  16  ft.  wide.  Aggregate  for 
the  concrete  was  obtained  near  the  ford.  The 
concrete  was  mixed  in  a  power  mixer.  The 
work  was  done  by  contract  at  the  prices 
given   below.     The   cost   data  given   in   Table 


TABLE     I.     —    CONTRACT    COST    OF    CON- 
STRUCTING  A   CONCRETE  FORD   AT 
COWUKS,    NEBR. 
Item.  Cost 

Concrete.   ,'!2   cu.    yds.   at   $.5. SO JlT.'i.nO 

Triangular    nicsh    reinforcing 16.0U 

Total  co«t   J191.00 

Cost   per  pquarc   yard tl.26 

Cost  per  linear  foot  of  ford 2.2n 


I  and  the  sketches  shown  herewith  as  Figs. 
1  fa)  and  1  fb)  were  contributed  by  Mr.  F.  .A. 
Good  of  Cowles,  Nebr. 


a  percentage  of  clay  or  loam,  because  if  there 
is  a  large  quantity  of  clay  in  the  gravel,  it  will 
l)ecome  sticky  during  wet  weather  and  cause 
the  stone  to  pull  out  of  the  surface  of  the  road 
on  the  wheels. 

Emphasis  is  placed  on  the  fact  tliat  if  the 
surface  of  the  road  is  to  become  fit  for  traffic, 
it  should  be  repeatedly  smoothed  during  the 
first  year  of  service,  and  after  that  time  it  will 
require  comparatively  little  attention.  A  small 
amount  of  repair  work  each  season  on  the 
various  roads  will  prevent  any  serious  dete- 
rioration in  them,  and  will  maintain  them  in 
a  satisfactory  condition  indefinitely.  The  best 
material  to  keep  the  surface  in  good  condition 
is  a  good  grade  of  bonding  gravel  which 
should  not  run  over  1  in.  in  size.  It  should 
be  spread  very  thin  upon  the  road  where  it 
shows  wear.  Repairs  of  this  nature  should  be 
made  early  in  the  spring  so  as  to  leave  the 
surface  well  bon<k-d  before  hot.  dry  weather. 
Too  much  emphasis,  however,  can  not  be  put 
on  the  necessity  for  giving  the  roads  due  at- 
tention from  year  to  year  if  they  are  to  re- 
main  in  satisfactory  condition. 
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The  Faulty  Nature  of  American  Water 
Consumption  Statistics. 

In  his  paper  before  the  1912  convention  of 
the  -American  Water  Works  -Association  Mr. 
Edward  S.  Cole  called  attention  to  the  desira- 
bility of  separating  domestic  consumption 
from  other  forms  of  water  consumpion  in 
reporting  the  amount  of  water  used  by  a  city. 
Unless  such  a  separation  is  made  water  con- 
sumption statistics  are  very  likely  to  be  mis- 
leading and  may  have  but  little  value  for  com- 
parative purposes,  although  so  freely  used  in 
that  manner.  It  has  always  been  the  custom 
in  this  country  to  report  the  total  consump- 
tion. Thus  the  average  daily  pumpage  nf 
water  in  gallons  for  a  given  city  is  divided  by 
the  total  population  of  the  city,  or  by  the 
number  of  water  takers  if  other  supplies  than 
tlie  public  one  are  utilized,  and  the  quotient 
obtained  is  reported  as  the  average  daily  per 
capita  consumption  of  water  in  gallons  per 
person.  Thus,  as  Mr.  Cole  states,  we  lump 
together  indiscriminately  public  use,  business 
use  and  domestic  use  and  compare  the  figures 
so  obtained  with  similar  figures  from  other 
cities.  Moreover,  the  .American  figures,  ob- 
tained as  stated,  frequently  arc  compared  with 
the  consumption  statistics  reported  by  English 
cities,  although,  as  a  rule,  the  latter  tigures  are 
for  domestic  consumption  only.  Many  of  our 
most  prominent  writers  on  water  works  sub- 
jects have  fallen  into  the  error  of  comparing 
the  total  per  capita  consumption  of  water  in 
American  cities  with  the  domestic  consumption 
in  English  cities  while  under  the  impression 
that  reported  figures  on  the  use  of  water  by 
the  cities  of  the  two  countries  are  truly  com- 
parable. A  mistake  of  a  somewhat  similar 
nature  is  made  when  the  consumption  statis- 
tics for  a  manufacturing  city  are  compared 
with  those  from  a  residential  city.  This  is 
dc.-irly  apparent  when  we  consider  that  in  many 
cities  enough  water  is  used  for  Ijusiness  pur- 
poses to  give  a  per  capita  consumption  for 
the  whole  city  of  over  100  gals.  Many  who 
are  interested  in  water  supply  matters,  par- 
ticularly city  officials,  have  failed  to  grasp 
this  phase  of  the  inilividualitv  nf  a  water 
w  >rks  system  just  as  they  have  failed  to  take 
into  consideration  local  influences  on  the  cost 
of  supplying  water  and  the  resulting  effect 
upon  water  rates. 

In  an  article  on  water  consumption  in  In- 
diana, published  in  our  issue  of  May  13,  lill4, 
a  contriliutor  stated  that  it  is  surprising  when 
questioning  many  water  works  operators  to 
find  how  little  they  know  about  the  amount 
of  water  used  in  their  cities.  This  condition 
IS  said  lf>  exist  in  many  privately  owned  jilants 
as  well  as  in  the  municipal  plants.  Many  times 
when  consumption  data  arc  given  out  they 
are  based  on  only  roughly  appro.ximatc  esti- 
mates and,  in  some  cases,  appear  to  be  little 
more  than  fairly  shrewd  guesses.  Very  often 
the  consiunption  data  given  out  are  in  error 
by  as  much  as  20  per  cent  owing  to  pump  slip- 
page which  has  nr)t  been  properly  taken  into 
consideration.  Again,  water  used  in  con- 
dcH'^ers  and  pumped  twice  is  all  reported  as 
used,  no  allowance  being  made  for  double 
pumpage.  I'"or  many  other  reasons  the  water 
consumption  data  given  out  by  .American 
cities  arc  faulty. 

Following  the  reading  of  the  paper  men- 
tioned Mr.  Cole  was  appointed  chairman  of 
a  committee  on  water  consumption  and  the 
conuuitlee  has  been  working  for  some  time  to 
gather  consumption  statistics  in  which  the 
domestic  consumption  of  water  is  separated 
from  the  use  of  water  for  other  purposes.  The 
committee  made  a  progress  report  at  the   re- 


cent convention  of  the  .Association  and  there 
is  still  time  to  report  to  the  chairman  addi- 
tional data  on  the  domestic  consumption  of 
water.  Data  on  domestic  consumption  will  be 
valuable  to  every  water  works  operator  and 
.will  enable  him  to  test  the  efficiency  of  his 
plant  in  this  important  particular.  Having  in 
mind  that  only  the  domestic  consumption  of 
w^ater  is  truly  comparable,  as  between  various 
cities  of  similar  character  of  population,  we 
urge  any  reader  who  may  have  such  data 
to  communicate  them  to  Mr.  Cole  at  220 
Broadway,  New  York.  The  researches  of  the 
committee  will  be  published,  it  is  believed,  in 
an  early  issue  of  the  quarterly  journal  of  the 
Association. 

Our  readers  in  the  water  works  field  are 
urged  to  keep  their  water  consumption  statis- 
tics, so  far  as  practicable,  in  such  form  that 
the  use  of  water  for  public  purposes,  for  busi- 
ness purposes  and  for  domestic  purposes  can 
be  reported  with  a  degree  of  accuracy  worthy 
of  the  importance  of  this  matter. 


The  Testing  of  Aggregate  in  Concrete 
Road  Construction. 

It  IS  unnecessary  to  emphasize  to  structural 
engineers  the  importance  of  dense  concrete 
and  hard,  tough  aggregate  therefor.  This 
requirement,  however,  has  not  been  so  long 
taught  to  road  builders  although  its  complete 
acceptance  is  of  greater  importance  to  them. 
Proportioning  concrete  is  beautifully  simple  in 
theory — in  practice  it  is  often  not  so  simple. 
The  construction  of  a  first-class  concrete 
wearing  surface  demands  an  absolute  uni- 
formity of  concrete:  in  hardness,  in  mixture, 
in  percentage  of  moisture,  in  curing,  and  pos- 
sibly in  the  temperature  at  which  laid.  Every 
one  of  the  factors  mentioned  is  controllable 
and  subject  to  the  improvements  in  methods 
which  will  undoubtedly  follow  the  careful 
study  being  given  to  concrete  roads  by  en- 
gineers at  the  present  time. 

The  properties  of  concrete  depend  funda- 
mentally upon  the  aggregate  from  which  it  is 
produced  and  therefore  the  quality  of  the  ag- 
gregate is  all  important.  With  this  in  mind, 
recent  specifications  for  concrete  road  surfaces 
are  much  more  specific  in  this  respect  than 
formerly.  For  instance,  the  requirement  of  a 
French  coefficient  of  wear  of  at  least 
twelve  in  the  stone,  the  testing  of  sand  for 
silica  content,  the  requirement  of  carefully 
graded  sizes  of  stone,  are  matters  of  import- 
ance. The  quality  of  the  concrete  which 
comes  out  of  the  mixer  is  entirely  dependent 
upon  the  materials  which  go  into  it.  Mixing 
concrete  is  not  a  magic  process  by  which 
poor  materials  may  he  transformed  in  some 
inexplicable  ir.anner  into  imperishable  stone. 

In  this  connection,  the  method  of  propor- 
tioning gravel  concrete  which  is  given  in  tliis 
issue  of  Enginekking  anu  Contracting  has 
much  to  commend  it.  While  we  do  not  believe 
it  is  desirable  to  have  an  excess  of  mortar  in 
concrete  for  use  in  a  road  surface,  as  pro- 
vided for  in  some  of  the  curves  in  this  article, 
the  systematic  and  continuous  sampling  and 
testing  of  the  aggregate,  which  the  method  and 
outfit  used  prmiilis,  is  of  great  importance  in 
securing  unifi  rm  results.  The  methods  given 
were  developed  by  Mr.  .A.  N.  Johnson,  of  the 
Illinois  Highway  Commission  for  use  in  se- 
curing good  results  in  the  concrete  bridge  and 
culvert  work  under  his  supervision  and  have 
been  successfully  used,  as  his  bridges  testify. 
In  concrete  road  construction  this  method 
should  be  used  to  supplement  the  regular 
laboratory  tests;  it  is  not  proposed  as  a  sub- 
stitute. 
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There  are  ?  number  of  factors  entering  into 
the  question  of  proportions  and  not  the  least 
of  these  is  the  water  content  of  the  mixture. 
With  the  great  variation  in  soil  composition  of 
the  sub-grade  upon  which  the  surface  is  laid 
there  must  exist  an  accompanying  difference  in 
seepage  and  absorption  of  moisture  from  the 
concrete  in  curing.  It  would  seem  then  that 
even  should  uniformity  of  materials  and  mix- 
ture be  .secured,  the  cured  concrete  surface 
would  be  by  no  means  uniform.  This  is  un- 
doubtedly a  difficult  condition  to  overcome. 
Various  remedies  have  been  suggested,  among 
them  may  be  mentioned,  the  addition  of  a 
small  amount  of  hydrated  lime  to  the  cement, 
the  use  of  a  relatively  dry  concrete,  the  in- 
corporation of  a  small  amount  of  clay  in  a 
sandy  sub-grade.  It  may  be  stated  that  the 
final  evolution  of  the  concrete  road  has  by  no 
means  been  reached.  It  is  possible  that  it  may 
never  become  standardized  and  details  of  con- 
struction must  be  varied  radically  to  success- 
fullv  meet  local  conditions. 


Modern  Tendencies  in  Equipping  and 
Operating  Structural  Shops. 

It  is  essential  that  the  designer,  the  detailer 
and  the  builder  thoroughly  understand  the 
character  of  the  equipment  and  the  procedure 
followed  in  structural  steel  shops.  Unless 
one  is  closely  connected  with  the  operation 
of  such  shops  it  is  difficult  for  him  to  ap- 
preciate the  constant  changes  in  equipment 
and  methods.  As  the  writer  has  recently 
visited  a  number  of  the  leading  structural 
shops  in  this  country  and  Canada  and  has  had 
considerable  experience  in  such  shops  in  the 
past  he  will  record  some  of  the  impressions 
created. 

The  greatest  progress  has  been  made  in  the 
methods  and  equipment  for  handling  ma- 
terials, as  it  is  now  realized  that  decreasing 
the  number  of  operations  required  to  fabri- 
cate a  member  is  extremely  important.  The 
manner  of  storing,  loading  and  unloading  ma- 
terials, and  the  transfer  of  them  to  and  from 
the  machines  are  even  more  important  factors 
than  the  speeds  of  the  various  machines,  al- 
though the  use  of  high-speed  tools  has  in- 
creased considerably.  One  marked  change 
has  been  the  development  of  heavy-duty  ma- 
chines for  massive  work.  '  Shears,  bending 
rolls,  straightcners,  saws  and  punches  now 
have  much  greater  capacities.  In  connection 
with  multiple  punches  one  of  the  most  inter- 
esting developments  has  been  the  automatic 
sp.icing  tables  in  use  in  some  shops.  Coin- 
cident with  the  use  of  heavier  machines  there 
is  a  marked  tendency  to  separate  the  facilities 
for  light  and  heavy  work.  .Although  this  re- 
quires a  greater  floor  space,  and  thus  increases 
the  overhead  expenses,  the  increased  produc- 
tion has  resulted  in  lower  unit  costs.  The 
operation  of  the  large-capacity  machines  for 
light   work   is   a  very   wasteful   procedure. 

Especially  in  the  smaller  shops,  the  use  of 
combination  machines,  such  as  machines  for 
shearing  and  punching,  for  sawing  and  rotary 
planing,  for  bending  and  straightening,  etc.. 
lias  griallv  increased.  The  small  combina- 
tion shearing  and  punching  machines  arc  ex- 
tremely usetul  as  they  can  also  be  taken  into 
the  field  .ind  used  for  such  cmergencv  service 
as  is  unavoidable  in  erection  work.  The  saw- 
ing and  rotary  planing  machines  arc  in  some 
shops  displacing  friction  saws,  as  the  planer 
face  can  be  used  for  a  number  of  operations. 

Radial  extension  drills,  operating  from  long 
arms  which  may  he  attached  either  to  the 
w.ills  or  may  be  swung  completely  around  a 
column,  have  come  into  extensive  use.    Heavy 
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pneumatic  riveters,  carried  by  a  crane  which 
is  in  turn  mounted  on  a  truck,  are  in  use  in 
some  shops.  The  truck  runs  on  a  track,  and 
is  operated  by  means  of  an  electric  motor. 
The  increasing  use  of  tough  alloy  steels  for 
the  rivet  sets  has  reduced  the  breakage  caused 
by  the  punching  of  thick  plates.  The  in- 
crease in  the  use  of  large  horizontal  milling 
machines  is  marked.  Several  of  these  ma- 
chines have  a  travel  of  from  30  to  40  ft.,  the 
■plates  being  held  tightly  in  position  by  pis- 
tons operated  from  pneumatic  cylinders. 
Rotary  planing  machines  are  growing  in 
favor,  and  duplex  adjustable  planers  are  now- 
arranged  for  planing  both  ends  of  long  mem- 
bers at  tlie  same  time.  .-Xn  interesting  devel- 
opment has  been  the  milling  machines,  which 
have  recently  come  into  use  for  finishing  the 
ends  of  braces  and  stififeners  and  for  cham- 
fering the  corners  of  angle  braces.  One  of 
these  tools  is  so  constructed  that  it  will  mill, 
simultaneously,  both  ends  of  two  angles.  Ma- 
chines for  boring  pin  holes  at  both  ends  of 
long  compression  members  are  also  in  use.  and 
have  been  developed  to  a  high  degree  of 
efficiency. 

Electric  drive  has  now  come  into  almost 
universal  use,  and  with  it  there  has  come  more 
complete  pneumatic  systems.  Most  of  the 
larger  machines  are  operated  by  separate 
motors,  but  it  is  quite  common  practice  to 
connect  several  of  the  smaller  machines  by 
shafting,  and  to  operate  them  from  a  single 
motor.  Locomotive  cranes  are  being  used 
more  and  more  for  yard  service  and  to  trans- 
port the  material  to  and  from  storage.  The 
use  of  magnets  suspended  from  traveling 
cranes  or  from  the  booms  of  locomotive 
cranes  has  effected  economy  in  some  plants. 
Although  traveling  electric  cranes,  which  span 
the  bays  of  structural  shops,  have  increased 
in  efficiency  and  capacity,  wall  cranes,  column 
cranes  and  monorail  hoists  are  being  used  to 


an  increasing  extent.  The  development  of 
monorail  systems  has  been  especially  marked. 
The  improvement  in  the  construction  of  the 
shops  themselves  cannot  be  overlooked.  The 
increasing  use  of  metal  frames  and  sashes 
has  resulted  in  much  better  lighting  systems, 
and  the  ventilation  facilities  have  also  greatly 
improved.  In  this  connection  the  efficient 
plant  of  the  St.  Lawrence  Bridge  Co..  which 
was  built  and  equipped  expressly  for  the  con- 
struction of  the  new  Quebec  Bridge,  is 
worthy  of  note.  The  large  number  of  special 
and  efficient  machines  contained  in  this  plant 
are  of  particular  interest  to  anyone  interested 
in  the  fabrication  of  steelwork.  Considering 
the  economic  side  only,  it  is  hardly  probable 
that  the  building  of  such  an  elaborate  plant 
as  this  for  the  construction  of  a  single  bridge 
is    justifiable. 


Neglected  Factors  in  the  Designing  of 
Masonry  Dams. 

Dam  designers  are.  largely,  men  of  con- 
tented mind.  Failures  of  dams — one  or  two 
a  year— occur  and  the  dam  builder  applies 
his  old  formulas  and  marshals  his  old  data 
and  assumptions  and  designs  anew.  Since, 
ten  or  more  years  ago,  the  Austin,  Texas,  dam 
slid  down  stream  and  broke  into  pieces  there 
have  been  prominent  dam  failures  "due  to 
foundation"  but  designers  are  still  designing 
with  scarcely  more  precise  knowledge  of  rock 
friction  and  of  uplift  pressure  than  they  had 
two  decades  ago.  They  have  discussed  these 
factors  and  that  of  ice  thrust  voluminously 
but  they  have  accumulated  very  few-  data. 

A  contributor  in  this  issue  calls  for  action 
toward  determining  some  of  the  neglected 
factors  in  the  designing  of  masonry  dams. 
Because  his  remarks  are  brief  and  because 
they  are  a  justified  demand  for  facts  we  urge 


engineers  to  read  them.  Without  facts,  we  j, 
are  inclined  to  agree  with  a  recent  writer  that 
there  has  been  enough  discussion  of  dam  de- 
sign. But  there  is  a  real  need  for  the  ac- 
cumulation and  discussion  of  facts.  Discus- 
sion affirming  and  denying  the  importance  of 
uplift  pressures  w-ould  if  gathered  make  a 
fair  sized  book,  but  there  is  not  a  test  record 
showing  what  the  intensity  and  distribution 
of  such  pressures  may  be  or  indeed  showing 
beyond  question  that  any  uplift  pressures  ex- 
ist in  cases  of  rock  founded  dams.  Accounts 
are  plentiful  of  rock  sliding  on  rock  under 
dams  but  there  are  no  test  records  that  are 
not  old  and  unreliable  of  the  coefficient  of 
friction  between  rock  and  rock. 

Two  years  ago  (E.  &  C,  June  •20,  l'Jl-2)  we 
published  a  summary  of  the  practice  and 
opinions  of  many  dam  designers  in  respect  to 
ice  thrust  on  dams.  In  the  same  article  we 
published  the  results  of  the  most  complete 
field  and  laboratory  study  of  ice  pressures 
and  ice  strengths  that,  we  believe,  has  ever 
been  prosecuted.  Two  years  have  added  no 
fact  of  importance  to  these  records  and 
summaries  yet  they  made  plain  that  most  en- 
couraging results  would  probably  follow  from 
continued  investigation. 

Investigation  is  needed  of  the  character 
and  intensity  of  ice  pressure  and  of  uplift 
pressure  and  it  is  needed  to  determine  the 
friction  of  rock  on  rock.  It  is  needed  whether 
or  not  it  turns  out  that  engineers  may  safely 
neglect  specific  allow-ance  for  these  factors  in 
designing  dams.  Their  significance  or  insig- 
nificance will  never  be  agreed  upon  until  one 
or  the  other  is  demonstrated.  Ice  pressure, 
uplift  and  rock  friction  are  all  capable  of  de- 
termination to  some  degree  of  precision  by 
means  of  not  difficult  laboratory  and  field 
tests.  This  journal  has  repeatedly  urged  that 
such  tests  be  undertaken  and  it  here  urges 
again    that    they   be    undertaken. 
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Some  Data  on  the  Use  and  Properties 
of  Cinder  Concrete  Floors. 

The  following  article  on  cinder  concrete 
floors  considers:  the  manner  of  using  rein- 
forced cinder  concrete  floor  slabs  by  various 
cities  in  the  eastern  part  of  the  country;  the 
unit  stresses  adopted  by  several  cities,  and 
some  data  tending  to  establish  unit  working 
stresses  from  actual  stresses;  the  qualifications 
of  this  material  for  floors,  together  with  a 
comparison  with  stone  concrete;  the  arbitrary 
manner  of  testing  floor  constructions;  and 
the  difference  between  the  conditions  of  such 
tests  and  the  actual  loadings  found  in  build- 
ings. The  data  were  abstracted  from  a  paper 
"Cinder  Cmcrete  Floors,"  by  Guy  B.  Waite, 
in  Proceedings,  American  Society  of  Civil 
Engineers,  Vol.  XL.,  p.  889. 

Where  cinders  of  good  quality  can  be  ob- 
tained cinder  concrete,  reinforced  with  steel, 
is  used  very  extensively  in  the  eastern  part  of 
this  country  for  fireproof  floor  construction. 
It  is  estimated  that  more  than  50  per  cent  of 
the  large  fireproof  structures  of  Philadelphia 
have  reinforced  cinder  concrete  floor  slabs, 
and  New  York  probably  has  a  larger  propor- 
tion of  such  floors. 

Floor  slabs  of  stone  and  gravel  concrete,  re- 
inforced with  steel,  of  the  same  general  form 
as  cinder  concrete  have  been  .systematized  by 
engineers  so  that  they  arc  being  used  on  a 
rational  basis;  but  cinder  concrete  has  been 
allowed  to  straggle  along,  without  much  at- 
tention .  from  engineers  in  general,  and  is  be- 
ing used  in  a  varied  manner.  Most  large 
cities,  such  as  Philadelphia,  Boston  and  Chi- 
cago require  cinder  concrete  for  floor  slabs 
to  be  designated,  in  thickness  and  in  quantity 
of  reinforcement,  with  certain  values  of  unit 
Stresses  as  a  limit. 

In  New  York  and  in  most  small  cities  in 
the  eastern  part  of  the  country  unit  stresses 
are  not  considered  in  the  use  of  such  con- 
crete.    In  these  places  its  use  is  either  entirely 


arbitrary  or  a  separate  test  is  required  for 
each  condition. 

In  New  York,  since  the  beginning  of  the 
use  of  cinder  concrete  floors  in  18i)(!,  there 
have  been  about  2U0  approvals  for  reinforced 
floor  slabs  of  this  material,  based  on  load 
tests.  These  approvals  w-ere  for  varying 
spans,  thicknesses  of  concrete,  and  quantities  of 
reinforcement.  The  tests  have  generally  been 
conducted  with  a  uniformly  distributed  load 
(of  pig  iron,  bags  of  cement,  or  sand)  im- 
posed on  the  slab. 

As  will  be  shown  the  results  of  former 
tests,  which  include  all  principal  constructions 
in  use,  are  extremely  varialde.  The  writer  has 
been  informed  that  since  UUl  concentrated 
load  tests  are  required  for  all  new  approvals 
by  the  Borough  of  Manhattan.  The  result  is 
that  there  are  approvals  of  concrete  floor 
slabs  in  which  the  effective  depth  is  3  ins.  (4 
ins.  total  thickness)  and  the  reinforcement  is 
less  than  VzAb.  per  square  foot  on  an  8-ft. 
span,  with  a  live  load  of  "J-jU  lbs.  per  square 
foot.  In  these  slabs  the  concrete  is  in  the  pro- 
portion of  1 :2:.5. 

Each  contractor  in  New  York  is  held 
strictly  to  the  details  of  construction  for  his 
approvals.  For  instance,  if  the  approval  al- 
lows a  live  load  of  2-50  lbs.  per  square  foot 
up  to  O-ft.  spans,  and  it  is  desired  to  use  the 
construction  for  a  live  load  of  only  tiO  lbs. 
per  square  foot  on  (i-ft.  G-in.  spans,  this  con- 
struction will  not  be  allowed  although  stressed 
less  than   with  the  approved  loads. 

Moreover,  stone  and  gravel  reinforced  con- 
crete floor  slabs  are  required  to  be  designed 
according  to  the  following  values :  Extreme 
fiber  stress  in  concrete,  (350  lbs.  per  square 
inch;  maximum  tension  in  mild  steel,  IC.OOO 
lbs.  per  square  inch;  ratio  of  moduli,  15.  .Ac- 
cording to  these  values,  stone  concrete  slabs 
in  some  cases  would  be  designed  with  a  greater 
thickness  and  have  greater  reinforcement  than 
the  approvals   for  cinder  concrete. 

The    writer   believes    that    the   excuse   "that 


cinder  concrete  is  so  extremely  variable  as 
not  to  permit  of  the  assignment  of  unit 
stresses''  is  not  well  founded.  The  fact  that 
cinder  concrete  is  being  used  extensively  in 
engineering  construction  is  sufficient  reason 
for  assigning,  for  safety,  some  unit  stresses, 
in  order  to  insure  uniformity.  The  present 
manner  of  making  arbitrary  approvals  has  led 
to  confusion,  various  forms  of  reinforcement 
obtainmg  approvals  in  w-hich  the  spans,  thick- 
nesses of  concrete,  quantities  of  reinforce- 
ment and  floor  loads  vary  beyond  description. 
The  proposed  building  codes  of  11U2  and 
1913  have  persistently  continued  the  present 
manner  of  using  cinder  concrete  (with  slight 
modifications)  for  floor  constructions.  In 
these  codes  the  manner  of  designing  and  con- 
structing cinder  concrete  floor  slabs  is  arbi 
trarily  specified.  In  the  proposed  code  o' 
1913  the  allowable  carrying  capacity  of  theT 
slab,  with  a  3-in.  effective  dei'th  on  8-ft.  spans, 
is  increased  (over  the  1912  code)  to  a  live 
load  of  '250  lbs.  per  square  foot. 

CINDF.R.S. 

Cinders  for  concrete  floor  construction  are 
understocd  to  mean  either  hard  or  soft  coal 
ashes  coming  from  boiler  iilants.  Coal  ashes 
from  a  stove  or  a  small  house  boiler  are  gen- 
erally too  finely  burned  to  be  of  use  in  this 
kind  of  concrete.  Cinders  from  either  hard 
or  soft  coal  having  sharp  particles  greatly  in 
excess  of  the  smooth  ashes  make  a  concrete 
of  considerable  strength  and  of  good  fire-re- 
sisting qualities. 

Cinders  vary  in  size  from  the  consistency  of 
coarse  building  sand  to  clinkers  several  inches 
in  diameter.  Some  hard-coal  cinders  run  so 
perfectly  in  grade  that  good  concrete  is  made 
without  the  addition  of  sand;  more  often, 
however,  sand  must  be  added.  The  quantity 
of  sand  required  to  fill  the  voids  is  variable, 
but  the  usual  specification  is  2  parts  of  sand  tOi 
5  parts  of  cinders.  .        ; 

After  a  long  experience  in  the  use  of  cmder 
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Iconcrete  the  writer  believes  that  there  should 
!be  no  danger  in  assigning  working  stresses  to 
Ithe  materia!,  these  stresses  being  taken  from 
itests  on  known  mixtures  in  which  cinders  of 
[the  lowest  grade  permitted  are  used.  If  the 
Smaterial  is  too  poor  to  have  such  working 
istresses  assigned  it  seems  evident  that  cinder 
Iconcrete  is  i.ot  a  safe  material  for  such  an 
'important  part  of  the  structure  as  the  floor 
Islab. 

CINDER    CONCRETE    AS    FIREPROOFIXG. 

Since  ]89fi  about  82  different  floor  construc- 
tions  have   been   tested   in   the   United   States 

|by  tire  and  water.  Nearly  all  these  tests  were 
made  under  the  auspices  of  the  Bureau  of 
Buildings  of  New  York,  on  full-sized  floor 
slabs.     About  40   of  the   tests   were   on   rein- 

j forced  cinder  concrete  floor  slabs,  about  23 
on  stone  or  gravel  concrete  floor  slabs,  10  on 

'some  form  of  hollow  tile,  and  the  others  on 
special  floor  constructions. 

!    The  test  structures  were  about  14  ft.  square 

land  9  'ft.  high,  with  a  fire  grate  at  the  bottom, 

'the  floor  slabs  to  be  tested  forming  the  ceiling. 

'The  average  temperature   on   the  tested   floor 

,  slabs   was    1,700°    F.,   maintained    for   4   hours. 

'Following  this  there  was  a  water  test  of  tiO 
lbs.  pressure  through  a  1%-in.  nozzle  applied 

,  for  10  minutes  to  the  under  side  of  the  slabs. 


protected  \.\it  remainder  of  the  material.  In 
this  concrete  there  were  at  least  5  per  cent  of 
unburned   pea  coal,   which  was  unaffected  by 

the  fire. 

ARBITR.\RV    TESTING    OF    CINDER    CONCRETE. 

In  New  York,  after  each  type  of  cinder  con- 
crete construction  had  qualified   for  fireproof- 


the  highest  carrying  capacity  were  based  on 
tests  with  slabs  which  were  continuous  over 
supports  (Figs.  1  to  5).  In  practice  it  is 
seldom  that  cinder  concrete  floor  slabs  between 
steel  beams  can  be  made  continuous  through- 
out a  floor. 
In   Figs.   12  and   13,  which  are  assumptions 


TABLE  II.— rXIT  STRESSES  FOR  CINDER  CONCRETE    AS    USED    BY    VARIOUS    CITY    DE- 
PARTMENTS. 


5 

Philadelphia 
Boston    

Chicago    .... 
Baltimore    . . 


t-  CO 

i-^ 

o  >. 

~ 

c- 

V 

0)-=.:: 

3 

c 

0  M 

1^ 

?l 

-0 

^o 

250 

30 

Hard  coal. 

300 

25 

Soft  coal. 

215 

30 

Hard    or   soft 

300 

30 

Hard  or  soft. 

i 

>E% 

1:2:4 

16.000 

1:2:4  to 

16.000 

l:2V4:5      . 

1    to  3 

18.000 

aggregate. 

1:2:4 

13,000 

None. 
None. 

None. 
None. 


During   the   fire   test   a    load    of    150   lbs.   per 
-qiuire  foot  remained  on  the  entire  surface  of 


ing,  the  variations  in  spans,  carrying  capacity, 
etc.,  were  determined  by  each  manufacturer  by 
constructing  the  slabs  he  proposed  to  use  and 
testing  them  with  uniformly  distributed  loads 
under  the  supervision  of  the  Bureau  of  Build- 
ings.    This  was  the  method  used  for  the  ap- 


for  illustration,  it  will  be  noticed  that  the  re- 
inforcement is  simply  laid  over  the  top  flanges 
of  the  supporting  steel  beams.  In  practice 
there  is  no  way  of  taking  up  the  slack  in  the 
reinforcement  coming  over  the  tops  of  the 
beams,   and   the   consequences  are  that   under 
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Figs.  1  to  5.  Cinder  Concrete  Floor  Slabs    Approved    by    Bureau    of    Buildings,    New    York. 


the  slabs.  After  the  fire  test  the  slabs  were 
subjected  to  a  total  load  of  600  lbs.  per  square 
foot. 

In  these  tests  the  cinder  concrete  floor  con- 
structions withstood  the  fire  and  water  better 
than  any  other  material.  In  the  writer's 
opinion  the  reason  for  this  is  not  due  to  the 
fact  that  cinder  concrete  is  more  fireproof 
than  the  others,  but  simply  to  the  fact  that  it 
is  not  ruptured  and  destroyed  by  the  ex- 
pansion=  and  contractions  caused  by  fire  and 
water. 

Hollow    tile,    as    a    material,    may    bt;   more 


provals  of  the  constructions  shown  in  Figs.  1 
to  Fig.  5,  inclusive,  with  the  exception  of  Fig. 
3,  which  was  constructed  for  lire  test.  These 
constructions  were  taken  from  the  files  of 
the  Bureau  of  Buildings  from  among  some  200 
similar  approvals. 

For  comparison  with  the  approved  cinder 
concrete  floor  slabs  shown  by  Figs.  1  to  5  the 
writer  gives  the  relative  thickness  and  the 
quantity  of  icinforcenient  for  slabs  under 
similar  conditions  according  to  the  unit  stresses 
used  by  Philadelphia  (see  Figs,  (i  to  8),  and 
also  the  thicknesses  and  ((uantity  of  reinforcc- 


such  conditions  there  can  be  no  continuous  ac- 
tion— such  as  engineers  understand — in  the 
combined  steel  and  concrete  structure.  Un- 
less considerable  slack  is  allowed  on  the  sides 
of  each  supporting  beam  the  tamping  of  the 
concrete  works  the  reinforcement  to  the  top 
of  the  slab. 

In  buildings  where  a  wooden  floor  is  used 
the  sleepers  are  generally  laid  directly  on  the 
steel  beams,  and  consequently  the  concrete  is 
kept  below  the  top  flanges  of  the  beams.  Here, 
therefore,  the  concrete  is  not  continuous  in 
any  part  of  the  floor;  but  in  the  interior  spaces 


Live  load 
per  8<|uare   foot 
floor  area. 

1"U  Ibg.  and  less. . 


TABLE  I.  — REINFORCEMENT  FOR  CINDER  CONCRETE  SLABS. 
(From   proponed    Building  Code  of   1913,   Sec.    1U4,   Art.   8.) 

Tension  wires  4  Ins.  on  centers, 
, Span    between    steel   beams. - 


Type    of_ 
reinforcement. 


-6  ft. 

1 


0  In.  or  less.- 
A  rea    of   steel 


per 
slab. 


111. 


(  Bars     11.4 

I  Wire   mesh No.  7  wire 

101  to  150  lbs I  Bars     O.B  lb. 

/  Wire   mesh No.  6  wire 

lal  to  20O  lbs )  Bars     0.7  1b. 

I  Wire   mesh No.  .1  wire 

201  to  2.-.0  lbs I  Hars     0.8  lb. 

)  Wire    mesh No.  4   wire 


I  fool    width    of 

(CMS  sq.  In.) 

(0.0735  sq.  In.) 
(0.147  sq.  In.) 

(O.OM)S  sq.  In.) 
(0.20B  sq.  In.) 
(ii.inl  8(|.  In.) 
(0.230  sq.  In.) 
(0.120  sq.  In.) 


f  Area    of   steel 
Ifoot    width    of 


6    ft.    1    In.    to    7    ft.    0    In. » 

per    ! 
slab.  J 
(0.147  sq.  In.) 
(0.0SC8  sfi.  In.) 

(0.177  sq.  In.) 

(0.101  s>|.  In.) 

(0.265  sq.  In.) 

(0.120  sq.  In.) 


Ire 


Matter  In  parcnthe.Mes  added   for  comparison.     All  other  matter  us  per   eode 


0.6  lb 
No.  6 
0.6  lb. 
No.  fi  win 
0.9  lb. 
No.  4  win 
1.0  lb. 
No.  3  wli-c 


((I.2'.i4   B<| 
lO  no  s 


<l.  In.) 

fl.   In.)  . 


o.r. 

No. 
0.8 
No 
1.1 

No, 

1.2 
No 


-7    ft.    1    In. 
f    Are 
I  fool 
ll>. 

5  wire 
lb. 

4  wire 
lb. 

3  wire 
lb. 

'1  wire 


to   8   ft.    0   In. , 

a  of  steel  per  1 
width  of  slab.  J 
(0.177  sq.  In.) 
HI  iiil  HI).  In.) 
HI  j:i;  sq.  In.) 
(U. l::u  sq.  In.) 
(0.324  sq.  In.) 
(11.140  sq.  In.) 
(0.353  sq.  In.) 
I0.in2  SI).   In.) 


fireproof  than  cinder  concrete,  but  the  stresses 
due  to  the  expansion  of  the  exposed  surface 
destroy  it. 

One  test  structure  which  was  built  entirely 
of  cinder  concrete,  mixed  1  to  4  without  santl, 
withstood  four  different  fires  before  being 
torn  down  tc  make  rnom  for  imprnvcments. 
Only  the  surface,  for  a  depth  of  less  than  I 
in.,  was  affected;  this  was  dehydrated,  but  the 
burned  cinder  concrete   was   still     intact     and 


mcnt  required  by  New  York  for   1:2  ;4  stnne 
concrete  (see  I'igs.  !•  to  11). 

It  is  to  be  noted  in  comparing  the  stone 
or  gravel  concrete  constructinn  (l*igs.  !i  to 
II)  with  ih''  cinder  concrete  that  the  former 
is  made  imquestionably  continuous,  and  the 
latter,  in  most  cases,  is  cut  into  and  is  simply 
supported  by  the  steel  beams  ( Figs.  1  to  8, 
and  12  and  13). 
The   approvals    for   the   longest   spans    with 


uii  all  li'-urs.  wiiciMir  C'litiiunnis  or  not,  the 
channels  on  the  outside  spans  and  against  op- 
enings in  floors  cannot  have  either  concrete  or 
reinforcement  continuous  over  them  (.Figs.  12 
and   13). 

To  any  one  acquainted  with  the  actual  con- 
struction of  cinder  concrete  floors  it  must  be 
apparent  that  some  parts  of  each  floor  will 
not  admit  of  being  constructed  with  the  same 
care  that  might  be  attained  in  a  test  construe- 
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tion;  therefore  it  does  not  follow  that  because 
a  slab  was  continuous  in  the  test  it  is  so  in 
actual  practice. 

Moreover,  these  tested  slabs  were  held  by 
adjacent  slabj  on  each  side  of  the  supports, 
thus  enabling  each  side  to  take  thrust.  In 
practice  the  outside  slabs  next  to  walls,  ele- 


quired  is  only  about  one-half  as  great  as  for 
any  other  form  of  reinforcement — even  with 
the  same  kind  of  wire  but  without  the  mesh. 

USE   OF  CINDER  CONCRETE  BY  CITIES   OTHER  THAN 
NEW  YORK. 

The  cities  mentioned  in  Table  II  use  a  ratio 


■TABLE  III.— WEIGHT  AND  COMrRESSIVE  STRENGTH  OF  CINDER  CONCRETE  AS  USED  IN 

FIREPROOF  FLOORS  IN  NEW  YORK. 

(The  table  covers  120  samples.     Each  figure  given  is  the  average  of  10  samples.) 

Description.  A.                         B.  B2.                       C. 

Mix    1:2:5                    1:1:5  1:2:5                    1:2:5 

Weight,   lbs.   per  cu.  ft 107                      100  107                      109 

One-month  test: 

Crushing  strength,  lbs.  per  sq.  In 407                      507  81S                      9S0 

Mod.  of  elast..  lbs.  per  sq.  in 924,600                857,400  1,230,000  1,492,000 

Two-month  test: 

Crushing  strength,  lbs.  per  sq.   in 701                       662  1,234                    1,035 

Mod.   of  elast..   lbs.   per  sq.   in 1,134,000             1,030,000  1,740,000  1,428,2-50 

Six-month  test: 

Crushing  strength,  lbs.  per  sq.  in 933                       754  1.744                    1,478 

Mod.  of' elast.,  lbs.  per  sq.  in 971,000             1,050,000  1,348.000  1,276,000 

Note. — B  was  hand-mixed;  A,  B2  and  C  were  machine-mixed.     The  modulus   of  elasticity  was 
determined  at  a  point  of  the  elastic  curve  corresponding  to  one-fourth  the  ultimate  strength. 


vator  .shafts,  stairways,  show  windows,  etc., 
are  only  resisted  for  thrust  by  tie  rods  and  by 
concrete  slabs  on  one  side.  If  the  writer  is 
correct  in  his  statement  that  outside  slabs, 
etc.,  are  not  under  the  same  conditions  as  the 
tested  ones,  v.'here  the  reinforcement  and  the 
concrete    is    carefully    made    continuous,    then 


of  moduli  of  elasticity  of  about  30,  and  the 
highest  allowed  extreme  fiber  stress  in  any  of 
these  cities  is  300  lbs.  per  square  inch. 

The  results  of  tests  on  cinder  concrete  given 
in  Table  III  are  those  obtained  from  some 
tests  conducted  at  Columbia  University  with 
the  co-operation  of   the   Bureau   of   Buildings 
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DESIGNING     REINFORCED     CONCRETE     FLOOR     SL.-VBS. 

Solid  slabs  of  cinder  concrete  are  not  weak 
in  shear,  so  that  the  discussion  of  vertical  and 
diagonal  shear  will  not  be  necessary.  In  the 
writer's  observation  of  many  breaking  tests', 
on  cinder  concrete  floor  slabs  there  has  never) 
been  a  failure  near  the  supports;  almost  uni-; 
formly,  the  breaking  has  taken  place  near  the- 
center  of  the  slab.  Usually  the  top  of  the  cen-.i 
tral  portion  has  spalled  off  (cup  fashion),  ap-- 
parently  due  to  horizontal  shear  and  compres-j 
sion,  after  which  the  slab  suddenly  collapsed,  \ 

Adhesion. — The  adhesion  of  cinder  concrete,' 
to  various  kinds  of  reinforcement  is  shown  by; 
Table  IV,  which  gives  the  results  of  a  series;: 
of  tests  on  1:2:4  cinder  concrete,  made  in  1904|i 
by  H.  B.  Gaylord  and  H.  A.  Pratt,  ats 
Stevens  Institute  of  Technology.  The  cementi 
was  Lehigh  Portland,  and  the  cinders  were;' 
those  coming  from  a  boiler  plant.  The  con- 
crete blocks  were  6x6  ins.  and  the  steel  was|' 
embedded  in  the  center. 

It  will  be  noted  by  referring  to  Table  IV 
that  the  plain  bars  held  in  tension  quite  as 
well  as  the  deformed  bars,  the  average  ad- 
hesion  of  the  surface  embedded  being  about 
200  lbs.  per  square  inch.  This  same  fact,  as  to 
the  relative  adhesion  of  plain  and  deformed! 
steel  bars  in  stone  concrete,  has  already  beer 
shown  in  numerous  tests.  It  is  therefore  con- 
sidered that  the  form  of  the  reinforcement  is 
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Wt  of  steel  per  sq.  ft-  =  0  5/  * 
Continuous  slab 

Above  thickness  mhenextreme  fiber  stress  '250'persqin 
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Above  thickness  when  extreme  fiber  stress  '650per  sq 
Ratio  of  moduli '15, total  lood'400i-dS'4d8"persq.ft      (in 
Fig  9 
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Wf  of  steel  per  sq  ft -042' 
Continuous  slab 

Above  thickness  when  extreme  fiber  stress  '250'per  sq  in 
Ratio  of  moduli '30, total  load  =  95^-32'l27''  per  sq  ft 
FiG.7 
<S-0" >^ 
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wt  of  steel  persq.  ff-0  79* 
Continuous  slab 


I:, 


Wt  of  steel  per  sq  ft  ■ 
Continuous  slab 


0.66' 


Above  thickness  when  extreme  fiber  stress- c^50'persq. 
Ratioof  moduli -30:10101  load -250+32' aSZ'per  so  ft        (in 
FiG.8 


Above  thickness  whenextreme  fiber  stress -eSO'persq.in 
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wt  of  steel  per  sq.  ft '121' 
Continuous  slab 
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Above  thickness  whenextreme  fiber  stress '  650'per  sq  in 
Ratio  of  moduli 'l5,total  load- 250*48'£98'persq  ft 
Fig.  1 1 


Figs.  6  to  8.  Thicknesses  and    Reinforcements  for    Cinder    Concrete 
Slabs    Using    Unit    Stresses   Specified    by  Philadelphia — De- 
signed for   Conditions  Similar  to   Those  for   Slabs   Shown 
In  Figs.  1  to  5. 


Figs.  9  to   11.       Thicknesses  and   Reinforcements    Required    by    Bu 
reau    of    Buildings,    New   York,  for    1:2:4       Stone    Concrete — 
Designed    for    Conditions    Similar    to      Those   for    Slabs 
Shown    in    Figs.   1   to  5. 


this  form  of  so-called  continuous  construction 
is  being  used  in  an  unapproved  and  unsafe 
manner. 

With  the  conditions  of  continuous  construc- 
tion under  which  these  slabs  were  tested,  with 
a  possible  arching  of  the  loading,  and  with 
supports  braced  against  side  flexure,  the  stress 
that  came  on  the  steel  and  concrete  at  the 
middle  of  the  slab  can  only  be  guessed.  Still, 
according  to  the  latest  proposed  building  code 
(that  of  1913)  tests  and  approvals  of  that  kind 
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of  New  York.  Although  these  limited  tests 
would  seem  to  show  that  a  ratio  of  moduli  of 
less  than  30  could  be  used  the  writer  has  been 
informed  tha*  specimens  "C"  were  from  extra 
good  concrete,  and  that  "A"  and  "B"  are 
nearer  the  average  material.  The  ratios  used 
by  Philadelphia,  Chicago  and  Baltimore  seem 
to  be  about  right.  -As  will  be  seen  later  a  less 
ratio  of  moduli  will  give  a  less  carrying  ca- 
pacity, other  things  remaining  the  same. 

Based  on  the  tests  made  at  Columbia  Uni- 


Panelled  Ceiling 
Fig.  12 


inunaterial  so  long  as  it  has  sufficient  surfacj 
embedded. 

(The  author  gives  an  analysis  of  cinder  re- 
inforced concrete  beams,  and  determines  the 
thickness  of  slabs  and  the  quantity  of  steel  re- 
quired for  various  assumptions,  which  we  have 
omitted   in   our   abstract.) 

STRESSES  IN  APPROVED  FLOOR  SLABS. 

The  location  of  the  neutral  axis  for  an) 
particular  thickness  of  slab  is  a  function  of  the 
relative   stresses   in   the  materials  and  of   the 


Filling 


Flat  Ceiling 

Fig.  1 3 


'\A/all  F7rz  n  Wall 

Figs.  12  and  13.  Assumed  Designs  to  Which    Reference     is     Made — Reinforcement     Not    Continuous. 


were  to  have  preference  over  unit  stresses.  The 
following  is  quoted  from  Sec.  104,  Art.  8,  of 
this  proposed  code : 

The  concieie  19  made  1:2:5;  slab  thickness, 
4  Ins..  with   reinforcement  1  in.  from  bottom. 

Reinforcement  must  be  as  per  tabulations. 

It  will  be  noticed  from  Tabic  I  that  when 
the  reinforcement  is  of  wire  mesh  the  area  re- 


versity  it  is  the  feeling,  at  the  present  stage  of 
these  tests,  that  an  extreme  fiber  stress  of 
from  200  to  2o0  lbs.  per  square  inch  on  cinder 
concrete  is  all  that  can  be  used  conservatively. 
Only  the  tests  up  to  six  months  old  have  been 
made;  the  final  tests  may  alter  this  assump- 
tion, but  for  discussion  these  values  are  suffi- 
ciently correct. 


moduli  of  elasticity.     Referring  to  Fig.  5,  as- 
sume that   the   ratio  of   moduli    remains  con- 

/.                         16,000 
stant  at  30,  and  that  —  =  64,  i.  e.,  oi 

/c  250 
20,000  1 
,  and  that  the  slab  tested  is  continuous. 


312,5 


Mav  27.  iyi4. 


Engineering    and    Contracting 


603 


The  neutral  axis  is  0.32rf  from  the  top  of  the 
slab,  when  the  concrete  and  steel  are  propor- 
tioned for  these  stresses.  For  a  4-in.  slab, 
therefore,  the  neutral   axis  would  be  0.96  in. 

I  from   the    top   of    the    slab.     A   normal    4-in. 

islab  is  good  for  a  total  floor  load  of  150  lbs. 
per  square  foot  on  a  o-ft.  span  with  a  rein- 
forcement of  0.31  lb.  per  square  foot;  but  in 


we  take  an   end   slab,   as   is   done   with   stone 

12  W  V 

concrete,    we   have   a   moment    of   , 

10 
or  21.058  in. -lbs.   In  this  case  the  extreme  fiber 
stress  will  be   1,133  lbs.  per  square  inch,  and 
the  stress  on  the  steel,  02,000  lbs.  per  square 
inch. 


TABLE 

IV.— RESULTS  OF  ADHESION  TESTS 

ON   1:2:4   CINDER  CONCRETE. 

Area  of 

Lensth 

Peri- 

cross- 

Pull,  In 

Pull 

No.  of 

embed- 

meter. 

section, 

pounds 

Pull,  per 

per 

speci- 

aed.in 

in 

in  stuiare 

Shape  of 

Kind  of 

per 

inch  of 

square 

men. 

irches. 

inches. 

inches. 

bar. 

concrete. 

Inch. 

perimeter. 

inch. 

1 

fi'A 

1.75 

0.094 

De   Mcinn 

f  Cinder,  1 

I    1:2:4     J 

396 

1,414 

206.2 

2 

11% 

1.73 

0.094 

598 

3,883 

247.2 

3 

6y* 

1.75 

0.094 

Flat. 

376 

1.343 

214.0 

4 

16 

1.75 

0.094 

•• 

250 

2,2S3 

142.8 

5 

18 

1.75 

0.094 

" 

'• 

230 

2,371 

131.4 

C 

23 

1.75 

0.094 

" 

" 

176 

2.072 

89.8 

7 

5 

1.57 

0.196 

Round. 

" 

400 

2,730 

255.0 

S 

6V4 

1.57 

0.196 

" 

553 

2,076 

339.2 

9 

9 

1.57 

0.196 

" 

647 

3,710 

412.2 

10 

13 

1.57 

0.196 

" 

•• 

379 

5,460 

196.0 

n 

16 

1.5/ 

0.196 

<■ 

417 

4,331 

277.0 

12 

28% 

1.57 

0.196 

** 

239 

4,188 

145.0 

13 

6 

1.623 

U.156 

%  by  5/16-ln. 

500 

1,834 

307.6 

14 

10>4 

1.C25 

0  156 

146 

914 

&0.U 

13 

12 

).6i;3 

0.136 

" 

500 

3.66S 

308.9 

16 

ITV* 

1.625 

0.156 

•* 

345 

3,661 

212.3 

17 

Vi\ 

1.623 

0.136 

310 

3,778 

191.0 

IS 

27  H 

1.625 

0.156 

" 

232 

3,895 

143.0 

ID 

■l?i 

3.23 

0.623 

1  by  %-in. 

990 

1.477 

311.0 

20 

6% 

3.23 

0.625 

800 

1.661 

246.3 

21 

M% 

3.25 

0.625 

665 

3,013 

204.6 

22 

20 '4 

3.25 

0.62.^. 

" 

680 

4,353 

215.0 

23 

26% 

S.2'. 

0.625 

fl  by  %-ln/ 
L   channel. 

645 

5,303 

193.0 

24 

11% 

3.125 

0.203 

Stone. 

895 

3,168 

247.9 

25 

18 

3.125 

0.203 

" 

610 

3,505 

194.7 

26 

22H 

3.125 

0.203 

" 

" 

523 

3,433 

103.8 

97 

6% 

3.123 

0.203 

" 

cinder. 

840 

1.713 

273.1 

28 

SH 

3  125 

0.203 

848 

2.304 

271.1 

29 

16% 

3.125 

0.203 

" 

•• 

245 

1,120 

166.8 

30 

17 

3.123 

0.203 

" 

<* 

555 

3.019 

177.6 

31 

20  »4 

3.125 

0.203 

** 

•  < 

433 

2.216 

141.0 

3: 

22^a 

3.125 

0.203 

" 

•■ 

476 

3,435 

154.0 

33 

35% 

3.125 

0.203 

" 

•' 

294 

3,357 

93.9 

34 

eMf 

1.00 

0.0625 

Ransome. 

<• 

431 

2,800 

439.  S 

3i> 

7H 

1.00 

0.0625 

«• 

377 

2,825 

376.6 

36 

10 

1.00 

0.0625 

" 

409 

4,085 

40S.5 

37 

1314 

1.00 

0.0625 

" 

■• 

334 

4,435 

334.8 

38 

22 

1.00 

0.0625 

" 

" 

270 

5.230 

238.6 

39 

26% 

1.00 

0.0625 

"   ■ 

" 

753 

2.000 

73.4 

40 

6 

i.nn 

0.0625 

Square. 

" 

442 

2.630 

441.6 

41 

7% 

1.00 

0.0625 

" 

" 

322 

2.500 

332.3 

42 

H'/i 

1  00 

0.0625 

" 

' 

;^9'> 

2.300 

217.4 

43 

15% 

l.no 

0.0625 

" 

" 

261 

3,200 

206.4 

44 

25  V, 

i.no 

0.0625 

" 

" 

128 

3,215 

127.3 

45 

32% 

1.00 

0.0625 

■■ 

113 

3.650 

111.1 

this  4-in.  slab  of  8-ft.  span,  as  approved,  No. 
5  wires  at  3  ins.  on  centers  are  used.  This 
makes  the  actual  reinforcement  about  50  per 
cent  greater  than  the  normal  reinforcement 
based  on  the  above  values. 

This  relative  excess  of  steel  (reducing  the 
comparative  stress  coming  on  the  reinforce- 
ment)  will  lower  the  neutral  axis  below  that 

/• 
given    above.     T  he   stress   in    the   steel,   , 

E. 

2  16,000 

for  this  case  is  —  X  .     On  account 

3  30.000,000 

of  the  excess  steel  the  neutral  axis  will  be 
located  0.4  Irf  or  1.23  in.  from  the  top  of  the 
slab — instead  of  0.96  in.  for  the  case  where 
there  is  no  excess  of  steel. 

According  to  the  ruling  of  the  New  York 
Building  Department  the  4  ins.  of  cinder  con- 
crete weighs  32  lbs.  per  square  foot.  There- 
fore the  approval  of  this  floor  construction  is 
for  a  total  load  of  250  -f  32  =  282  lbs.  per 
square   foot. 

If  wc  considered  the  slab  continuous  the  bcnd- 
1 
mg  mnM\cn(  is  —  Ji'A'  =  18,048  in.-lbs. 
12 

This  is  equal  to  the  resisting  moment   (one 

1.23 
force  of  the  couple  being  12/c  having 


a  lever   arm   equal   to   —    X    1.23    -|-    1.77  = 
3 

19  11  X  /.  in.-lbs.  Therefore  /.  =  014  lbs. 
per  square  inch,  which  is  the  extreme  liber 
stress  on  the  concrete.  The  area  of  the  rein- 
forcement is  0.134  S(|.  in.,  and  /.  =  52,000 
lbs.  per  square  inch. 
If  instead  of  considering  the  slab  continuous 


If  we  take  the  condition  of  reinforcement 
simply  laid  over  the  supports  (as  shown  in 
I'igs.  12  and  13)  then  the  slab  is  simply  sup- 
ported    at    the     ends,     and     the     moment     is 

12  (KL^ 

,  or  27,072  in.-lbs.     This  latter  con- 

8 
dition   gives  an   extreme   liber   stress  of   1,417 
lbs.    per    square    inch,    and    a    steel    stress    of 
78,000  lbs.  per  square  inch. 

Under  such  abnormal  stresses  the  modulus 
of  elasticity  for  cinder  concrete  probably  does 
not  remain  constant,  which  would  slightly 
modify  the  foregoing  deductions.  However, 
even  if  an  indelinite  number  of  assumptions 
were  made  regarding  the  ratio  of  moduli  of 
elasticities  of  wire  and  of  cinder  concrete, 
ratios  of  stresses  in  concrete  and  steel,  and 
the  variable  support  of  slabs,  etc.,  the  fore- 
going deduced  stresses  would  still  be  found  to 
represent    approximately   correct   conditions. 

The  writer  wishes  to  call  attention  to  the 
comparison  of  the  thickness  of  stone  concrete 
slabs  with  approved  cinder  concrete  slabs  un- 
der similar  conditions.  It  is  found  that,  for 
the  same  conditions  as  for  the  approved  cinder 
concrete  slab  (Fig.  5)  discussed  herein,  the 
stone  concrete  would  be  required  to  be  about  I 
in.  thicker  than  the  cinder  concrete. 

RECOM  MKNMlATIONS. 

(  1 )  The  practice  of  testing  cinder  concrete, 
arbitrarily,  under  the  most  favorable  condi- 
tions, and  then  recommen<ling  the  results  of 
these  tests  to  be  used  under  the  most  unfavor- 
able condilions  which  may  exist  in  a  building, 
is  dangerous  and   entirely   unnecessary. 

t2)  Unit  stresses  for  the  design  of  rein- 
forced cinder  concrete  arc  of  more  import- 
ance for  its  proper  use  than  the  unit  stresses 
used  for  reinforced  stone  concrete,  because  of 
the  greater  variableness  of  the  former. 

(3)   There  are  at  present  sufficient  precedents 


for  choosing  some  unit  stresses  for  the  use  of 
reinforced  cinder  concrete  slabs  in  each  lo- 
cality where  this  material  is  being  used. 

(4)  It  is  practical  and  of  little  cost  for 
each  city  to  establish  ultimately  proper  work- 
ing stresses  for  reinforced  cinder  concrete, 
based  on  tests  with  the  materials  used  in  its 
locality. 


Results  of  Tests  to  Determine  the  Mor- 
tar-Making Qualities  and  Char- 
acteristics of  Illinois  Sands. 

The  importance  of  securing  a  good  quality 
of  sand  for  use  in  mortar  and  concrete  is  not 
always  appreciated,  in  fact,  the  sand  is  often 
selected  after  only  a  superficial  examination. 
As  a  result  sands  which  produce  a  mortar 
deficient  in  both  durability  and  strength  are 
often  used  when  sands  of  a  high  quality  are 
easily  obtainable.  There  is  need  of  more  re- 
liable data  on  the  characteristics  and  mortar- 
making  qualities  of  typical  sands.  The  fol- 
lowing data  on  a  number  of  sands  found  in 
various  parts  of  Illinois  are  of  value  in  point- 
ing out  their  characteristics,  the  data  being 
abstracted  from  Bulletin  No.  70,  Illinois  En- 
gineering Experiment  Station,  by  C.  C.  Wiley. 
The  results  of  the  tests  and  investigations  here 
recorded  are  directly  applicable  to  mortar  for 
stone  or  brick  masonry,  and  in  all  probably 
apply  equally  well  to  concrete.  Many  of  the 
conclusions  drawn  from  the  tests  are  applic- 
able to  sands  in  general. 

Many  of  the  samples  of  sand  were  furnished 
by  city  engineers  throughout  Illinois.  The  fol- 
lowing list  gives  the  cities  whose  engineers 
furnished  samples  of  sands  for  these  tests, 
together  with  the  reference  numbers  used  to 
designate  the  various  samples: 


Ref.  No. 
City.  of  sand. 

Aurora 17 

Beardstown 27 

Bloomington 7 

Cairo 23 

Champaign 12 

Chicago 1,  2.  3.  4 

Decatur 14 

East  St.  Louis 21 

Elgin 5,  6 

Freeport 15,  16 


Ref.  No. 
City.  of  sand. 

Galesburg 13 

Jacksonville 26 

Joliet 18 

.Moline 19 

Mt.  Carmel 28 

Paris 23 

Rockford 8 

Springlield 9,    10,    11 

Taylorville 24 

Waukegan 22 


DESCRIPTION    OF   SANDS. 

The  following  description  of  the  sands  used 
in  these  tests  is  based  partly  on  the  general 
information  furnished  by  the  parties  who  sent 
the  sands  and  partlv  on  the  tests.  Samples 
.\os.  20,  29.  30,  31  and  .32  were  collected  by 
those  in  charge  of  the  tests: 

No.  0. — This  Is  the  standard  sand  used  In  the 
comparative  tests  of  cement.  It  is  pure  quartz, 
and  comes  from  the  .St.  Peter  formation  near 
Ottawa,  III.  The  grains  are  spherical,  almost 
transparent,  wtlh  dull  surfaces,  and  are  nearly 
of  the  same  size,  since  the  sand  Is  screened  to 
pass  a  No.  20  sieve  and  be  retained  on  a  No.  30 
sieve. 

No.  1. — This  sand  was  taken  from  banks  along 
the  shore  of  Lake  Michigan.  Its  color  Is  light 
yellow,  and  the  gralr).'*  are  angular  and  consist 
prinelpallv  of  iiuartz.  The  sand  Is  very  fine,  and 
contains  0.:!  per  reiu  of  suspended  matter. 

No.  2. — This  Is  also  a  ijank  sand  from  the 
shores  of  Lake  Michigan.  It  Us  light  gray  In 
color  and  Is  roinnosed  principally  of  quartz  with 
a  small  proportion  of  granite.  Hint  and  lime- 
stone. It  is  somewhat  belter  Kra(le<i  than  No.  1 
aiul  contains  11.:;  per  cent  of  suspended  matter. 

No.  3.— This  Is  another  lake  sand.  The  smaller 
grains  are  priiuipally  quartz,  while  the  latger 
ones  are  coinlM>"ieil  of  granite,  tllnt.  limesione 
and  chert,  which  gives  the  sand  Us  light  gray 
color.  It  Is  heller  graded  than  either  No.  1  or 
No.  2.  It  coiilalns  U.:i  per  cent  of  suspeniled 
matter. 

No.  4. — This  is  a  sample  of  Joliet  limestone 
screenings.  Th.-  stone  Is  very  close  and  even 
groined   and    1  !••   blue  tint.     In   crushing, 

some   of   It    1  a   very   line   dust,    but   It 

contains   no  1    matter.     The   sample   is 

hardly  typical. 

No.  5. — A  bank  sand  from  the  Hammond  pit, 
near  Elrin,  Ii(;Iit  \.1Io\vlsh  gray  In  color:  con- 
tains I'  'he  average  Illinois  sand: 
also  cor  .  Mint  and  chert:  one  of 
the  CO.  I  I'd:  although  reported  all 
washed  hiiml  II  •.unt.4ins  1  per  cent  of  suspended 
matter. 

No  •.  .=;  I.-,  ncil  sand  from  Stimpson  pit  near 
!•*!  '     color,    and    contains    a    smad 

pr-  ;.   granite  and   chert,  although 

ri"  of    quartz,     somewhat     finer 

than    .No.   ;.,   <  oi.iulns  0.9  per  cent  of  suspended 
matter. 

No.  7. — Bank  sand  from  Sugar  Creek,  near 
Bloomington;  quite  uniform  In  quality:  Is  much 
used  for  pavement  cushions,  hut  Is  considered 
too  dirty  for  concrete:  contains  8  per  cent  of 
suspended  matter  In  the  form  of  clay  which  Is 
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distributed  through  the  sand  and  does  not  form 
a  coat  on   the  grains. 

No.  S. — Banlc  sand  from  near  Rocl<ford;  de- 
posits are  large  and  of  uniform  qualit.v;  sand  is 
light  gray  in  color,  and  contains  considerable 
limestone  and  flint;  sand  is  well  graded;  con- 
tains 0.(i  per  cent  of  suspended   matter. 

No.  9. — Sample  of  sand  used  in  construction 
of  Supreme  Court  building  at  Springfield;  it  is  a 
bank  sand  from  near  Lincoln;  has  dark  gray 
color,  as  about  one-half  of  its  mass  consists  of 
dark  colored  tlints  and  granites,  the  remainder 
being  fjuartz  with  some  limestone;  is  fairly  well 
graded  and  contains  1.1  per  cent  of  clay  which 
f.dheres  to  tiie  tcrains. 

No.  10. — Bar  sand  from  Mississippi  River,  near 
Alton;  dark  gray  in  color,  and  contains  limestone 
and  Hint;  has  (i.;;  per  cent  of  suspended  matter; 
sand    is   very   fine. 

No.  11. — Bar  sand  from  near  Alton;  brownish 
gray  in  color,  and  contains  some  flint  and 
limestone;  liner  grains  are  well  rounded,  but 
coarser  ones  are  quite  angular;  very  fine  but  not 
quite  as  fine  as  No.  10;  contains  0.2  per  cent  of 
suspended  matter. 

No.  12. — Bank  sand  from  along  Wabash  River, 
near  Covington,  Ind.;  yellowish  gray  in  color, 
and  contain.s  some  limestone,  flint  and  shale; 
grains  all  well  rounded;  fairly  well  graded;  con- 
tains 1.5  per  cent  of  suspended  matter  in  form  of 
loose  clav. 

No.  13. — Bank  sand  from  near  Gladstone;  has 
gray  color,  and  contains  some  flint  and  granite, 
with  grains  moderately  angular;  is  quite  fine, 
and  is  the  cleanest  of  the  bank  sands,  containing 
only  0.2  per  cent  of  suspended  matter. 

No.  14. — Screened  sand  from  bank  gravel  found 
along  Sangamon  River,  near  Decatur;  has  brown- 
ish gray  color,  .and  contains  considerable  flint, 
gianite,  limestone  and  shale,  with  some  softer 
rocks  containing  iron  oxide;  is  the  coarsest 
sample  of  natural  sand  tested;  contains  2.5  per 
cent  of  suspended   matter. 

No.  15. — Bank  sand  from  near  Freeport;  is 
yellow  in  color  due  to  1.3  per  cent  of  clay  which 
adheres  tightly  to  grains;  is  composed  princi- 
pally of  quartz,  with  some  flint,  limestone  and 
granite;  only  moderately  fine;  grains  are  quite 
hard  and  well  rounded. 

No.  16. — Sandstone  screenings  from  near  Free- 
port:  stone  is  rather  soft;  sample  is  deficient  in 
fine   material;    contains  no  suspended   matter. 

No.  17. — Screened  sand  from  bank  gravel  near 
Aurora;  has  yellowish  color,  and  is  composed 
almost  entirely  of  quartz,  with  some  shale; 
grains  are  well  rounded,  and  the  0.5  per  cent  of 
suspended  matter  adheres  to  them  but  is  easily 
removed  by  wetting;  comparatively  coarse  and 
not  well  graded. 

No.  IS. — This  sand,  which  comes  from  the 
Fuller  pit,  near  Joliet,  has  some  rather  unusual 
characteristics;  color  is  reddish  yellow,  due  to 
large  amount  of  clay;  grains  are  quite  uniform 
and  rounded;  contains  IS. 3  per  cent  by  weight 
of  suspended  matter,  consisting  almost  entirely 
of  clay  which  adheres  tightly  to  grains  and  can- 
not be  washed  off  without  scrubbing;  after  a 
thorough  washing  the  sand  is  quite  different  in 
appearance,  iieing  grayish  in  color;  sand  is  al:)0Ut 
half  quartz,  the  other  materials  being  limestone 
and  granite,  with  considerable  shale  and  ottier 
soft  rocks. 

No.  19. — Bar  sand  from  Mississippi  River,  a 
few  miles  above  Moline;  has  grayish  color,  and 
is  composed  pi'incipally  of  quartz,  with  some 
Hint,  limestone  and  granite;  is  quite  fine,  con- 
tains no  suspended  matter,  and  has  a  decided 
deficiency  of  very  tine  material. 

No.  20. — Bank  sand  from  near  Urbana;  has 
yellowish  gray  color,  and  contains  some  granite, 
flint,  shale  and  chert;  grains  are  well  rounded, 
and  are  coated  to  a  considerable  extent  with 
clay,  of  which  there  are  3.5  per  cent;  grains  are 
not  well  graded;  when  wet  this  sand  behaves 
much   like  quicksand. 

No.  21. — Sand  was  dredged  from  bed  of  Mis- 
sissippi River  at  East  St.  Louis;  has  light  gray 
color,  and  contains  some  granite  and  Hint,  but 
consists  mostly  of  pure  quartz,  almost  trans- 
parent; is  the  sharpest  of  the  natural  sands 
tested;  not  well  graded  but  contains  a  very  low 
percentage  of  voids;  contains  only  a  trace  of 
suspended   matter. 

No.  22. — Sand  from  shore  of  Lake  Michigan. 
near  Waukegan;  sample  has  a  dark  gray  color, 
and  consists  principally  of  quartz,  flint.  lime- 
stone, granite,  sandstone  and  shale,  with  a 
small  amount  of  coal  and  cinders;  sand  is  very 
fine,  and  contains  no  suspended  matter. 

No.  23.— Bank  sand  from  uniform  deposits  near 
Paris,  III.;  sand  Is  very  fine  and  grains  are  well 
rounded,  consisting  principally  of  quartz,  with 
some  limestone  and  chert;  color  is  pale  yellow; 
.sand  contains  1.2  per  cent  of  suspended  matter. 
No.  24. — B.ank  sand  from  uniform  deposits 
near  Taylorvllle;  sand  Is  light  yellow  In  color, 
and  the  grains  are  well  rounded;  consists  prln-' 
cipally  of  <iuartz,  limestone  and  shale;  sand  Is 
the  finest  and  lightest  of  any  tested,  and  con- 
tains 4  per  cent  of  suspended   matter. 

No.  25. — .Sand  pumped  from  bed  of  Ohio  River, 
above  Cairo.  III.;  h.as  grayish  color,  and  contains 
some  granite  and  limestone;  Is  moderately  fine, 
but  Is  deficient  In  both  coarse  and  fine  grains; 
contains  0.3  per  cent  of  suspended  matter. 

No.  26.— Sand  from  bed  of  Mississippi  River, 
near  Hannibal.  Mo.;  has  bluish  color,  and  con- 
tains considerable  flint,  granite  and  chert,  the 
grains  being  moderately  rounded;  deficient  m 
both  coarse  and  very  fine  grains,  and  contains 
0.2  per  cent  of  suspended   matter. 

No.  27. — Bank  sand  from  somewhat  variable 
deposits  near  Beardstown;  color  is  reddish  yel- 
low, due  to  4.4  per  cent  of  clay  which  forms  a 
coating  around  the  grains;  sand  contains  some 
^anlte,    limestone,    flint    and    considerable    soft 


TABLE    I.— RESULTS   OF  TESTS   TO   DETERMINE   THE  TENSILE    STRENGTH    OF 

TARS    USING   VARIOUS     SANDS. 

Sand.  .\ge.  Tensile  strength — Pounds  per  sq. 

No.         Name.                                                                               days.  Individual  briquettes. 

7  615  645  640  690  620 

00     Neat   cement -!  28  7S0  730  770  760  720 

90  755  820  7S5  780 

7  220  200  220  230  230 

0  Ottawa  standard,   20-30 -[28  310  300  315  340  315 

90  375  365  375  370  360 

7  115  110  108  113  108 

1  Chicago  K.    I.    Co -{28  205  195  190  200  165 

90  210  210  210  190  205 

7  150  175  175  145  150 

Chicago  Z.  R.  Co ' -{28  300  260  275  290  250 

90  315  310  330  290 

7  200  220  205  170  ISO 

3  Chicago  K.  I.  Co -128  265  295  260  270  305 

90  320  310  320  305  315 

r    7  220  240  200  210  220 

4  Joliet  limestone  screenings -^28  295  335  365  350  330 

[90  450  530  505  460 

r    7  245  270  240  220  250 

5  Elgin,   Hammond  pit -^28  380  375  395  425  410 

[90  465  455  450  445  490 

f    7  190  ISO  210  225  210 

6  Elgin,   Stimpsc.n  pit -^28  340  340  360  350  390 

1.90  415  420  405  400 

r  7  225  230  225  235  210 

7  Bloomington  {  2S  225  265  250  240  235 

[90  295  305  275  285  270 

f  7  250  240  260  230  245 

8  Rockford  ^28  335  345  350  335  330 

[90  385  380  410  360  395 

r  7  235  220  230  210  200 

9  Lincoln  -^28  285  270  275  285  275 

[so  310  310  290  300  300 

r  7  185  ISO  175  185  150 

10  Alton  -128  245  230  250  255  220 

[90  275  270  260  270  270 

r  7  180  195  210  195  190 

11  Alton  -^28  245  235  250  245  240 

[90  270  285  295  280  270 

f  7  205  185  200  200  205 

12  Covington,  Ind -^28  265  280  250  280  2S5 

[90  315  315  310  305  315 

r  7  190  180  180  170  170 

13  Gladstone  i  2S  230  220  205  210  225 

[90  250  235  240  230  240 

r  7  270  310  285  285  305 

14  Decatur    -^28  380  375  355  355  360 

[90  425  435  420  430  430 

r  7  245  205  200  220  190 

15  Freeport   -^28  275  285  270  260  265 

f  7  180  ISO  195  220  170 

16  Freeport  sandstone  screenings -^28  220  250  240  210  250 

[90  235  260  270  270  300 

f  7  270  290  260  270  270 

17  Aurora    -^28  390  415  400  435  410 

[90  470  460  450  450  440 

r  7  120  130  98  100  100 

IS  Toliet            •!  28  100  105  125  115  140 

[90  145  170  155  150  150 

18  .loliet  (washed)... •!  2S  150  170  190  its  185 

f  7  160  180  175  170  160 

19  Moline     .■ -^28  250  225  235  245 

'       ™o""e  ^gjj  275  260  260  245  240 

r  7  190  185  190  200  200 

''0  Urbana         i  28  240  240  230  220  245 

.0  Lroana  -y^^  ^^^  ^^o  315  310  340 

f  7  170  185  170  160  170 

M   Fast  St  Louis  -^28  195  210  205  190  210 

.1   L,ast  &t.  1.0UIS                          |gg  ,g^  275  230  245  245 

r  7  140  145  160  175  155 

"■>     Waukeean     1  28  235  230  225  225  .230 

--  "''""egan  |g^  ^^g  ^^^  280  3IO  305 

r  7  125  130  120  130  120 

o,  pTri<i                          ^28  200  200  200  205  190 

-'            ^  [90  260  245  285  265  245 

f  7  110  100  100  115  130 

"i     Tavlorville       -i  28  140  155  150  155  135 

.1   laMorMiie "^  ^^  ^jo  220  195  220  200 

r  7  155  155  140  155  175 

or  Palm                    -^28  260  210  235  220  245 

"'  ^   " [90  300  295  300  325  280 

f  7  160  150  150  175  175 

'fi  Hannibal              , -^28  220  200  205  225  180 

.6  Hannibal  .,           ^^^  290  270  290  275  275 

[7           95  80  90  90  90 

'7     Beardstown            -(28  115  105  100  105  115 

•■'     "carasiown    j^^  ^^^  ^^^  ^^^  j^g  j^^ 

f    7  100  100  85  100  100 

Pt     Mt      Carmel                                  i  28  140  135  130  140  125 

m     Mt.  carmel |  ^^  ^^^  ^^^  j...  ^^^  jgp 

f  7  130  120  130  110  100 

2<t  T  a  Salle          i  28  200  180  175  190  200 

ij     i^a  &aiie -y^^  ^^^  200  185  190  210 

r  7  195  170  180  185  170 

■10  Peoria    -^28  200  205  200  205  210 

••"  ^eo"!^   •- [90  235  260  265  260  280 

r  7  165  140  175  185  150 

31  Peoria            1  28  210  220  230  200  235 

■*'  ^^°"^     [90  315  320  295  285  320 

f  7  120  110  105  105  115 

T)  Peorli                   -^28  155  155  145  145  160 

i.     j-eoria  |  ^^^  ^^^  jg^  j55 
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i"ex'uiffineneslu)''No^''V"'^^"''^  '°  ^'"'"'  ^'""^^'-  and  785  lbs.  per  square  inch  at  7,  28,  and  90       suits  of  these  tests  are  given  in  Tables  II  and 

No.   2S  — Bar   sand  'from  Wabash   River,   near  '^^ys,    respectively.      The    sand    mortars    were       IV. 

Mt.  Carmel;  color  is  yellowish,  and  sample  con-       mixed  with  !)  per  cent  of  water,  corresponding  Sip^f      4nitlvtit Thp      fnllnwitur     ctTnHTrd 

tains  flint,  granite  and  cinders:  almost  as  fine  as  -o   the   "^l    ncr   cent   above    as   reauired   hv   the        ..of          --H'OliSiS.      ine      touowing     staildara 

,  No.  27:  it  is  the  finest  and  dirtiest  of  the  river  ..?-       -r.-     ^        ,        t  ^^^?' .?=>  requirea  D>   tne       sieves  were  used:     Nos.  o,  8,  10,  lo,  20,  30,  40, 

]  sands,  containing  2.4  per  cent  of  suspended  mat-  bpecihcations   tor  the   Lnilorm    lests  ot   Le-       oQ,  74,  lOO,  150,  and  200.     In  some  of  the  ear- 

ter;  grains  are  well   rounded.  ments''   with   standard   sand.      Ihis  amount   of       Her   tests    sieves    Xos     .">     10     1  "1     nO     -inH    ''00 

No.  29.     Bank  sand  from  along  Little  Vermll-  ...oter  was  sufficient  for  the  clean    hard  sands            J.  lesis    sieves    .\ OS.   o.    w,    10,    lov    ana    -UU 

:iion   River,   above  La   Salle:   color   is  grav.   and  »ater  was  sumcient  lor  tne  ciean.  nara  sanos.       were  omitted.    The  sieves  were  nested  in  order 

the  sand  consists  almost  entirel.v  of  quartz,  the  but  with  dirty  or  soft  sands  the  mortars  were       of   size,   the   largest   at   the  top.     The   washed 

grains  being  well  rounded;  sand  is  very  fine,  and  quite  drv.     However,  as  the  utmost  care  was       sand    was    then    nlacerl    nn    the   tnn    sieve   and 

-contains  3.2  per  c>>nt  of  suspended  matter.  J^i-er,    in    mnlHinp-  the   hriniieftes     if   is   not   he-        fu         u    1       .1      P'^cea    on    tne    top    Sie\  e    ana 

■  No.    30.— Sand    from    Cresent   gravel   pit   near  \?^^^,  "?  molding  tne   briquettes,  it  is  not  De-       the  whole  shaken  for  40  minutes  on  a  "Per  Se 

■  Peoria:  color  is  yellowish  and  sand  contains  lieved  that  this  has  any  considerable  effect  on  Sieve  Agitator"  driven  by  power  at  100  r.  p. 
some  .shale,  flint  and  granite;  grains  are  well  the  results,  especially  at  the  ages  of  28  and  90  ni  After  shak-inir  the  sanH  retainer!  nn  each 
rounded  and  quite  fine;  sand  contains  2.7  per  ^avs  The  rnortars  were  mixed  in  hatches  "  snaking  tne  Sana  retainea  on  eacn 
cent  of  suspended  matter.  "^^■.      '■"^    mortars    were    mixcci    in    batcnes       s,eve    was    weighed    and    from    these    weights 

No.    31.— Sand    was    taken    from    large    sewer  suthcient    for    six    briquettes.      liighteen    bri-       the    percentage    passing    each    sieve    was    cal- 

trench  in  1  eona  and   was  used  in  the  construe-  quettes  were  made  from  each  sand.     Two  bri-        culated        In     makinir     these     ealnilatinns     the 

tion  of  the  sewer;   color  is  .vellowish  gray;  sand  ',,p,,pc    frnm    earh    hatch     or    six-    in    all    from        *^"'a'*^"-       i"               j^.    '^^"^     calculations     tne 

contams  some  flint,  granite,  limestone  and  chert-  <l""tes    trom   each    batch,   or   six   in   aU    trom       amount    of    suspended    matter,   as    determined 

,  it  Is  quite  fine  and  contains  \.i<  per  cent  of  sus-^  each   sand,   were   tested   at   the  ages   ot    .,   :i(<,       by   the   cleanness   test,   was   included    with   the 

■  pended  matter.  and   90   davs.     The  entire  series  of  briquettes       material  nassint^  the  finest  sieve      The  results 
!       No.    32.— Bar   sand    from    Illinois   River,    above  ...„„    molded    as    nearlv    at    the    same    time    as        ™/;"'^'   Passmg  tne   nnest   sie\e.       1  he  results 

■  Peoria;   color  is  brownish  gray;   about  one-half  \\ere    moiaed    as   nearly   at   tne   same   time   as       of  these  tests  are  given  in  Table  II. 

of   the   grains   are   qiiaitz,    the   remainder   bein:j  practicable,    and    all    other    precautions     were            ^        -^     ^        •,         t-..             -n              •         r    1. 

nint.  limestone,  granite,  chert  and  cinders;  sand  taken  to  maintain  uniform  conditions  through-           ^Mcific  Gravity.— The  specific  gravity  of  the 

IfpnTd' mane?"**  •"'""tains  0.6  per  cent  ot  sus-  „m    j^e    mixing   and    molding.      After    being       ^ands   was   determined  by  means   of   a   Schu- 

pended  "'^"^^g  n,„lded  the  briquettes  were  kept  in  moist  afr       T-an"  /Pe^'hc  gravity   flask.     This   flask  con- 

■  Pr.^n..,;..    .f    7     .1         T,                I          f  for  a'"'"t  -^i  h'^""  and  then  stored  in  water       sists  of  a  bulb  or  bottle  into  the  neck  of  which 
:.,^A  '^^r!       -^^  ^V  '^u    TI      .^^"^^^'^    °^  maintained   at   about   70°    F.   in   tanks   so   ar-       a  graduated  stem  hts  with  a  ground  joint.    The 

Ti    i.hf    naner  rn°d  h'  ^^^°'T'^  '"  ^^^'  ranged  that  the  water  was  gradually  changed.       1^""^  ^^as  filled  with  water  and  the  height  of 

«Jnl.  las  ^r  ?      .d    f              '      '       ""  ^' i^  '-^^Po"  reaching  the  required  age  the" briquettes      ^he  column  of  water  in  the  steam  read   from 

■  ^^.^hlr'  f  r  /  U  ^  ^  u  ^  '"",?  were  removed  from  the  water  and  immediately  '^f  graduations  Fifty  grams  of  sand  were 
number       for     idemihcation.       It     was     then  broken  in  a   Riehle  automatic  cemem  testing      admitted,  care  being  taken   to  permit  the  es- 

'  nn.nini  ^f  ^  M    n  '\T        Z     d""f  "'""'  machine,  applying  the  load  at  the  rate  of  GOO       "P^   of   'he  air,   and   the   new   height   ot   the 

openings  of  0.20  in.,  thoroughly  dried  over  a  j,       ner  minute                                                               water    column    read.      The    difference    in    the 

steam  coil,  and  then  stored  in  wooden  lockers  .        '                                                              two  readings  gave  the  volume  of  water   dis- 

;  in  a  room  maintained  at  about  70°  F.     It  w-ill  The  detailed  results  of  these  tests  are  given       placed.     Another  50  grams  of  sand  were  iin- 

!  be  noted  that  a  maximum  size  of  grain  of  0.20  in  Table  I.     It  will  be  noted  that  these  results       mediately  admitted  to  secure  a  double  deter- 

I  in.    was    used    throughout    these    tests.      This  are  quite  uniform,   i.   e.,  the  variation  in   the       mination  as  well  as  a  check  on  the  observa- 

I  size  was  adopted  at  the  beginning  of  the  series  strength  of  the  briquettes  of  the  same  sand  at       tions.    The  specific  gravity  was  compiled  from 

'  of  tests  which  was  before  the  national  engi-  the  same  age  is  small.    The  sands  were  ranked       these  data,  the  results  being  shown  in  Tables 

TABLE  IL— RESULTS   OF  SIEVE  ANALYSIS   TESTS  OF  SANDS. 

Sand.  Susp.                                              Per  cent  by  weight  passing  sieve  No.: — 

No.        Name.                                                                      matter.     200         150          100  74            60           40            30           20            16            10             8                5        0.2  in. 

per  cent. 

1  Chicago,   K.   I.  Co 0.3  4.2         48.6         69.5         56.4  99.1         99.7         99.8  ...         100.0  100.0 

2  Chicago,   Z.-R.   Co 0.3  2.5         20.0         25.9         77.3  S7.5         93.7         94.7  ...  99.1  100.0 

3  Chicago,  K.  I.  Co 0.3  2.4  9.9         15.9         49.1  69.0         78.3         79.8  ...  89.1  100.0 

4  Limestone    Scr 0.0  8.1  9.3         10.7         14.9  15.5         19.9         21.2  ...  52.3  100.0 

5  Elgin    1.0  2.8  5.0  7.4         20.9  36.4         51.7         55.0  ...  84.0  100.0 

6  Elgin    -. ..     0.9  2.1  5.2  9.0         23.6  39.2         60.1         65.5  ...  97.3  100.0 

7  Bloomington    S.O           9.0           9.7         11.4         19.8         21.7         43.0          56.5         67.2         69.9         85.8           92.1           96.6         lOO.C 

8  Rockford    0.6  1.7  5.5         10.8         25.1  34.3         60.0         68.2  ...  9S.0  100.0 

9  Lincoln   1.1  2.4  4.1  6.5         26.7  46.4         61.7         65.S  ...  95.4  100.0 

10  Alton     0.3  1.2  5.2         10.5         45.6  70.2         S7.8         90.3  ...  9S.2  100.0 

11  Alton    0.2  2.2  5.3  8.9         30.1  53.8         76.2         80.0  ...  97.0  100.0 

12  Covington,   Ind 1.5  3.6  5.7  7.6         19.8  31.6         47.9         53.3  ...  93.5  100.0 

12     Gladstone     0.2  1.1  6.8         12.9         63.8  SS.S         97.0         97.9  ...  99.8  100.0 

14  Decatur   2.5           2.9           3.1           3.9           6.0           7.8         21.0           35. S         45.9         48.7         71.6           81.5           93.7         100.0 

15  Freeport    1.3           3.0           3.7           6.6         14.4         18.5         43.9          63.6         79.2         82.5         97.2           99.2           99.9         100.0 

,16     Sandstone  Scr 0.0  0.2  1.4  4.2         30.9  63.2         82.9         86.4  ...  98.3  100.0 

17     Aurora    0.5  0.9  1.1  1.6         12.3  35.1         55.7         61.3  ...  97.S  100.0 

■   18     .lollet     18.3         19.3         19.5         20.2         21.1         22.2         32.5           63.7         94.8         96.9         99.5           99.7           99.9         100.0 

19  .Moline     0.0           0.0           0.1           0.2           1.6           4.3         35.2          67.1         S5.S         88.6         96.9           98.3           99.4         100.0 

20  I'rbana   3.5           6.7           8.6         17.0         39.1         52.4         74.4           79.6         83.5         84.5         92.3           95.3           98.3         100.0 

21  F:ast  St.   Louis trace       0.4           0.7           1.8           5.9           9.9         39.5          55.1         79.4         S2.fi         95.9           97.8           99.4         100.0 

22  Waukegan   0.0           0.1           0.2           0.8           8.8         12.1         3S.4           61.7         S2.0         85.8         98.0           99.0         100.0         100.0 

:    23     Paris    1.2           1.7           2.1           4.3         12.9         16.9         64.4          91.4         97.fi         98.1         99.1           99.4           99.S         100.0 

24  Taylorvllle    4.0           7.4           9.4         22.1         55.6         75.4         99.5           99.8         99.9         99.9         99.9         100.0         100.0         100.0 

25  Cairo   0.3           0.4           0.5           0.8           2.5           3.9         24.9           62.9         81.9         84.8         95.7           '.K.l           99.8         lOO.O 

26  Hannibal.    Mo .'. .  0.2           0.3           0.4           0.9           3.9           7.4         33.2          58.5         76.9         80.4         93.3           96.1           99.3         100.0 

27  Beardstown    4.4           6.6           7.6         13.2         35.3         47.4         97.0          99.6         S9.9         99.9         99.9         lOO.O         100.0         100.0 

28  Mt.     Carmel ■ 2.4           2.6           2.7           3.9         18.8         34.2         98.7          99.8         99.9         99.9         99.9         100.0         100.0         100.0 

29  La  Salle 3.2           4.2           4.5           6.8         16.5         26.0         87.6          97.7         99.1         99.3         99.7           99.S           99.9         100.0 

30  Peoria    2.7           3.1           3.5           6.0         14.5         17.8         47.8          74.9         88. 2         90.3         96.7           9S.0           99.0         100.0 

:    31     Peoria    1.9           2.3           2.4           2.6           3.0           4.0         20.0          59.5         S3.fi         86.5         96.2           97.9           99.3         lOO.O 

32     Peoria   0.6           0.8           0.9           2.0           9.2         13.3         68.7          S9.1         96.0         97.1         99.0           99.4           99.7         100.0 


Peering  societies  generally  adopted  0.25  in.  as 
the  maximum  size;  and  in  the  later  tests  it 
was  thought  unwise  to  make  a  change  as  it 
was  impracticable  to  repeat  some  of  the  earlier 
tests.  Fortunately  the  difference  arising  from 
using  0.20  instead  of  0.25  is  very  small,  since 
none  of  the  sands  contained  an  appreciable 
amount  of  material   larger   than  0.20  in. 

Each  sand  was  tested  for  cleanness,  grada- 
tion of  size  of  grains  (sieve  analysis),  specific 
gravity,  voids,  and  weight.  The  approximate 
mineralogical  composition  and  comparative 
sharpness  were  also  dcteririined.  Tests  for 
tensile  strength  were  made  on  mortars  made 
of  each  of  the  sands.  In  making  all  of  these 
tests  especial  care  was  taken  to  eliminate  the 
personal  factor  from  the  results. 

TcHsile  Strcntilh. — Tensile  tests  were  made 
on  mortars  composed  of  Portland  cement  and 
the  various  sands  mixed  in  the  proportions  of 
1:3  by  weight.  The  cement  used  was  a  stand- 
ard brand  liought  on  the  open  market.  Two 
bags  of  cement  purchased  at  the  same  time 
were  used.  Tests  of  the  neat  cement  from 
each  bag  gave  the  same  results,  within  the 
limits  of  observation,  as  follows  :  Percentage 
passing  the  Xos.  imi  and  20i)  sieves,  91"  and 
80  respectively;  percentage  of  water  for  nor- 
mal plasticity  Cl.U;   tensile   strength   642,   772, 


in  the  order  of  the  tensile  strength  of  the 
mortars  at  90  days.  This  ranking  is  shown 
in  Table  IV. 

CIcauncss. — The  sands  were  tested  for  clean- 
ness as  follows:  1,000  grams  of  the  sand  were 
thoroughly  agitated  in  about  I  gal.  of  water. 
The  mixture  was  then  allowed  to  settle  for 
about  one  minute,  experience  showing  that 
this  allowed  sufficient  time  for  the  finest  sand 
Id  settle.  The  dirty  water  was  then  si|>lione<l 
off  with  a  '/4-in.  rubber  tube,  care  being  taken 
that  none  of  the  sand  was  carried  over  with 
the  water.  This  washing  process  was  repeated 
until  the  water  showed  no  discoloration.  It 
was  usually  found  necessary  to  "scrub"  the 
dirtier  sands  between  the  hands  lo  entirely 
remove  the  coating  of  clay  from  the  grains. 
The  sand  was  then  transferred  to  a  pan  and 
as  much  water  as  possible  drawn  off  by  jar- 
ring the  sand  until  the  water  Mushed  l<>  the 
surface,  and  then  removing  the  water  with  a 
pipette.  The  sand  was  then  re-dried  over  the 
steam  coal  and  weighed.  The  loss  in  weight 
due  to  the  washing  was  taken  as  the  amnunt 
of  suspended  matter. 

The  time  required  to  .iccomplish  this  wash- 
ing varied  from  about  15  minutes  for  a  fairly 
clean  sand  to  about  'iVt  hours  for  the  dirliest, 
the  average  being  about  one  hour.     The   re- 


III  and  IV. 

I'oids. — .-Mtcr  a  careful  investigation  of  the 
various  methoils  of  determining  the  percent- 
age of  voids  the  following  method  was  used  : 
About  2n  c.  c.  of  sand  were  placed  in  a  grad- 
uated cylinder  which  was  about  2  ins.  in  diam- 
eter and  had  a  capacity  01  about  5()il  c.  c.  The 
sand  was  compacted  by  striking  the  cylinder 
lightly  on  a  pad  composed  of  eight  thick- 
nesses of  heavy  cotton  flannel.  Twelve  blows 
were  given  at  a  rate  of  about  two  per  second 
with  a  fall  of  about  I  in.,  care  being  taken 
that  the  blow  was  not  hard  enough  to  cause 
the  sand  to  bounce,  precautions  also  being 
.  taken  to  prevent  the  sand  from  being  thrown 
from  side  to  side.  Successive  increments  of 
sand  were  .nlded  in  this  manner  until  the  cyl- 
inder was  tilled.  The  difference  between  the 
weight  of  the  empty  cylinder  and  that  of  the 
cylinder  full  of  sand  gave  the  weight  of  500 
c.  c.  of  dry  compacted  sand.  Knowing  the 
specific  gravity  of  the  .sand  the  percentage  of 
voids  was  computed  from  the  equation 
S-W 

r'=ioo , 

in  which  /'  is  the  voids  expressed  as  a  per- 
centage of  the  total  volume,  //'  is  the  weight 
of  the  sand,  and  i'  is  the  product  of  the  vol- 
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ume  of  the  sand,  its  specific  gravity,  and  the 
weight  of  a  unit  volume  of  water,  i.  e.,  S  is 
the  weight  of  an  equal  volume  of  sand  con- 
taining no  voids.  In  this  case  5  equals  500 
multiplied  by  the  specific  gravity. 

The  results  obtained  by  this  method  are 
quite  uniform,  the  ma.ximum  variation  from 
the  mean  of  live  determinations  of  the  weight 
of  500  c.  c.  of  the  same  sand  (made  by  the 
same  observer)  being  only  7.5  grams,  or  about 
0.8  per  cent.  The  maximum  variation  from 
the  mean  of  four  sets  of  determinations  on  the 
same  sands  by  four  different  observers  was 
only  1.5  per  cent.  The  results  of  these  tests 
are  given  in  Tables  III  and  IV. 

IVeirjbt. — The  weight  per  cubic  foot  of  each 
sand  was  computed  from  the  weight  of  500  c. 
c.  and  is  given  in  Tables  III  and  IV.  These 
results  average  about  3  per  cent  liigher  than 
the  results  obtained  by  other  observers  on 
similar  sands;  but  it  is  believed  that  this  is 
due  to  a  difference  in  the  method  6f  compact- 
ing the  sands.  It  is  also  thought  that  the  re- 
sults given  here  are  more  nearly  correct  for 
the  dry  sands  after  being  transported  some  dis- 
tance in  wagons  or  cars. 

DISCUSSION    OF    TESTS. 

Although  this  series  of  tests  includes  only 
a  small  proportion  of  the  different  sands  used 
in  Illinois,  it  is  believed  that  a  sufficient  num- 
ber of  samples,  well  distributed  geographically, 
have  been  tested  to  serve  as  an  index  to  the 
mortar-making  qualities  of  the  sands  available 
in  various  sections  of  the  Illinois,  and  at  the 
same  time  afford  some  information  relative  to 
the  mortar-making  qualities  and  other  char- 
acteristics of  sands  in  general.  Following  is  a 
brief  discussion  of  the  results  of  this  series  of 
tests,  together  with  the  conclusions  which 
may  be  drawn. 

Mineralogical  Composition. — The  mineralog- 
ical  composition  of  a  sand  is  the  fundamental 
factor  in  its  mortar-making  qualities,  since 
not  cnly  its  durability  and  hence  the  durabil- 
ity of  the  mortar  but  the  size  and  gradation 
of  the  grains,  the  nature  of  the  grain  surfaces, 
the  strength  of  the  grains  themselves,  and  all 
the  other- factors  which  affect  the  strength  of 
the  mortar  are  more  or  less  directly  dependent 


Specific  Gravity. — The  specific  gravity  of  a 
sand  affords  but  little  information  relative  to 
its  mortar-making  qualities,  its  principal  value 
being  as  a  factor  in  certain  computations. 
Quartz  has  a  specific  gravity  of  about  2.65; 
and  the  nearer  the  specific  gravity  of  a  sand 
approaches  this  value  the  greater  is  the  con- 
tent of  silicious  material.     A  higher  value  in- 


cement  to  their  surfaces,  hence  the  strongest 
mortars  are  invariably  those  in  which  the 
cement  most  readily  adheres  to  the  sand  grains. 
The  common  requirement  of  specifications  that 
sands  for  mortar  and  concrete  shall  be  sharp 
is  not  only  useless  but  may  even  be  detri- 
mental, and  should  be  omitted. 

k'oids. — The  percentage  of  voids  in  dry  sand 


TABLE  IV.— SUMMARY   OF  RESULTS  OF  TESTS  TO  DETERMINE  THE   CHARACTERISTICS 

AND   MORTAR   MAKING   QUALITIES    OF  VARIOUS    SANDS. 

Tensile  strength  of  1:3 

mortar  at  90  days. 

In   per  cent  of 

the  strength  of  Rank  ac-  Welg-ht 

Standard            cording  to  per  Suspended 

Sand.                                                           Lbs.  per  sand       Neat  tensile  Voids,  cu.  ft.,  matter.  Specific 

No.         Name.                                         Kind.  sq.  in.  mortar.cement. strength,  pet.  lbs.  pet.  gravity. 

00     Neat   cement Portland  7S5        213.4        100.0  

0  Ottawa  standard 20-30          3GS         100.0           46. !i  7         34.6  10S.7  0.0  2.660 

1  Chicago  K.  I.  Co Lake          205           55.7           26.1  27         36.2  105.8  0.3  2.655 

2  Chicago   Z.-R.    Co Lake          311           S4.5           39.6  11         34.4  lOS.S  0.3  2.655 

3  Chicago  K.  I.  Co Lake          314           85. 4           40.0  10         31.6  115.1  0.3  2.695 

4  Limestone    screenings Jollet         485         131.8           61.8  1         28.5  122.8  0.0  2.750 

5  Elgin,   Hammond  pit Bank         464         126.0           59.1  2         31.9  115.7  1.0  2.720 

6  Elgin,  Stimpson  pit Bank         410         111.5           52.2  5         31.6  114.4  0.9  2.6S0 

7  Bloomington     Bank         286           77.8           36.4  17         30.5  113.8  8.0  2.625 

S     Roekford    Bank         386         104.9           49.2  6         32.0  113.0  0.6  2.665 

9     Lincoln   Bank         303           82.4           38.6  14         32.4  111.9  1.1  2.650 

10  Alton   River         269           73.2           34.3  20         31.5  112.5  0.3  2.630 

11  Alton    River         280           76.2           35.7  18         31.0  114.5  0.2  2.660 

12  Covington.    Ind Bank         310           84.4           39.5  12         33.5  110.4  1.5  2.660 

13  Gladstone    Bank         241           65.5           30.7  25         35.8  106.3  0.2  2.655 

14  Decatur    Bank         428         116.4           54.5  4         30.3  115.8  2.5  2.660 

15  Freeport     Bank         317           86.2           40.4  9         33.0  113.9  1.3  2.720 

16  Sandstone  screenings Freeport  269           73.2           34.3  20         33.0  112.2  0.0  2.705 

17  Aurora    Bank         454         12.'!. 3           57.8  3         34.2  111.7  0.5  2.720 

IS     Joliet    Bank         159           43.3           20.3  31         39.7  100.2  18.3  2.660 

19  Moline     River         257           69.8           32.7  24         32.3  112.0  0.0  2.650 

20  Urbana   Bank         330           89.7           42.0  8         35.0  107.5  3.5  2.650 

21  East  St.   Louis River         258           70.2           32.8  23         30.1  115. S     Trace  2.650 

22  Waukegan   Lake          296           80.5           37.7  16         32.7  112.5  0.0  2.680 

23  Paris    Bank         259           70.4           33.0  22         35.2  108.3  1.2  2.665 

24  Taylorville    Bank         211          57.4          26.9  26        39.4  99.7  4.0  2.635 

25  Cairo   River         298           81.0           38.0  15         34.7  107.8  0.3  2.645 

26  Hannibal,  Mo River         279           75.8           35.5  19         31.3  115.0  0.2  2.680 

27  Beardstown    Bank         140           38.1           17.9  32         37.9  101.0  4.4  2.605 

28  Mt.  Carmel River         170           46.2           21.7  30         36.5  104.4  2.4  2.635 

29  La  Salle Bank          194           52.7           24.7  28         35.5  106.7  3.2  2.650 

30  Peoria   Bank         262           71.2           33.4  21         32.9  111.9  2.7  2.666 

31  Peoria    Bank         306           83.2           39.0  13         36.9  103.9.  1.9  2.640 

?2     Peoria  River         178           48.4           22.7  29         34.6  108.7  0.6  2.660 


dicates  considerable  quantities  of  materials 
other  than  quartz,  which  are  likely  to  be  hard 
and  durable;  while  a  lower  value  usually  in- 
dicates the  presence  of  soft,  unsatisfactory  ma- 
terial, or  of  considerable  quantities  of  clay 
and    loam     or    other     foreign     matter.     The 


TABLE  III.— RESULTS  OF  TESTS  TO  DETERMINE    THE    SPECIFIC    GRAVITY,    VOIDS    AND 

WEIGHT  OF  VARIOUS   SANDS. 
D, 

water  Specific  W,  Voids, 

displaced  gravity,            S,  weight  S — W 

by  100  g.  100  500x  of  500  c.c.   ,  Weight 

Sand.                                                           of  sand,  specific  of  sand,  S  per 

No.        Name.                                                     cu.  cm.  D  gravity.  grams,    per  cent.  cu.  ft.,  lbs. 

0  Standard    37.57  2.660  1330.0  870.0  34.6  108.7 

1  Chicago,   K.  I.  Co 37.62  2.655  1327.5  847.0  36.2  105. S 

2  Chicago,    Z.-R.    Co 37.65  2.655  1327.5  £71.0  34.4  10S.8 

3  Chicago,  K.  I.   Co 37.13  2.695  1347.5  922.0  31.6  115.1 

4  Limestone  screenings 36.40  2.750  1375.0  983.0  28.5  122. S 

5  Elccln   36.69  2.720  1360.0  926.0  31.9  115.7 

6  Elgin     37.27  2.680  1340.0  S16.0  31.6  114.4 

7  Bloomington    38.10  2.625  1312.5  911.5  30.5  113. S 

8  Roekford    37.51  2.665  1332.5  905.0  32.0  113.0 

it     Lincoln     37.72  2.650  1325.0  895.5  32.4  111.9 

10  Alton     38.03  2.630  1315.0  901.0  31.5  112.5 

11  Alton     37.57  2.660  1330.0  917.0  31.0  114.5 

12  Covington,  Ind 37.60  2.660  1330.0  884.5  33.5  110.4 

13  Gladstone    37.65  2.655  1327.5  852.0  35.8  106.3 

34     Decatur    37.60  2.660  1330.0  927.5  30.3  115.8 

15  Freeport    36.80  2.720  1360.0  912.0  33.0  113.9 

16  Sandstone   screenings 36.97  2.705  1352.5  899.0  33.0  112.2 

17  Aurora    36.75  2.720  1360.0  894.0  34.2  111.7 

18  Jollet    37.60  2.660  1330.0  802.0  39.7  100.2 

19  Moline    37.77  2.650  1325.0  897.0  32.3  112.0 

20  Urbana   37.75  2.650  1325.0  861.0  35.0  107.5 

21  East    St.    Louis 37.73  2.650  1325.0  927.0  .     30.1  115.8 

22  Waukegan    37.25  2.680  1340.0  901.0  32.7  112.5 

23  Paris    37.52  2.665  1332.5  867.0  35.2  108.3 

24  Taylorville    37.88  2.635  1317.5  798.5  39.4  99.7 

25  Cairo    37.79  2.645  1322.5  863.0  34.7  107.8 

26  Hannibal,    Mo 37.33  2.680  1340.0  921.0  31.3  115.0 

27  Beardstown    38.40  2.605  1302.5  809.0  37.9  101.0 

28  Mt.    Carmel 37.90  2.635  1317.5  835.5  36.5  104.4 

29  La  Salle 37.70  2.650  1325.0  854.0  35.5  106.7 

30  Peoria    37.50  2.665  1332.5  896.5  32.9  111.9 

31  Peoria     37.80  2.640  1320.0  832.0  36.9  103.9 

82     Peoria     37.61  2.660  1330.0  870.0  34.6  108.7 


on  the  nature  of  the  component  materials  of 
the  sand. 

The  samples  tested  indicate  that  the  ma- 
jority of  Illinois  sands  are  composed  of  satis- 
factory materials.  Quartz  is  the  principal 
component,  forming  the  bulk  of  the  medium- 
sized  grains,  and  in  most  cases  more  than  half 
of  the  entire  volume  of  the  sand.  Limestone 
is  the  next  in  importance,  while  the  other 
rocks  form  comparatively  a  small  proportion 
of  the  whole. 


specific  gravities  of  the  samples  tested  ranged 
from  2.G0  to  2.75, 

.Sharpness. — Angularity  or  irregularity  of 
the  sand  grains  appears  to  exert  no  effect  on 
the  tensile  strength  of  the  mortar.  In  com- 
pression, the  sharp  sands  may  show  a  slight 
advantage  due  to  the  interlocking  of  the  an- 
gular grains;  but  evidently  such  action  is  in- 
sig:nificant  as  compared  with  the  resistance  to 
displacement  of  the  grains  afforded  by  the 
bond  between  them  due  to  the  adhesion  of  the 


is  a  function  of  its  compactness  and  the  grada- 
tion of  sizes  in  the  sand  grains,  hence  the 
effect  of  the  voids  on  the  strength  of  the  mor- 
tar is  included  with  that  of  the  gradation  of 
the  sizes  of  the  grains.  The  percentage  of 
voids  is  valuable  in  determining  the  amount  of 
cement  necessary  to  give  the  densest  mortar. 
The  sands  tested  show  voids  varying  from 
28.5  to  39.4  per  cent.  The  average  sands  con- 
tained 32  to  34  per  cent  when  dry  and  well 
compacted. 

Si:e  and  Gradation  of  Grains. — It  has  been 
demonstrated  both  by  experiment  and  prac- 
tice, that  coarse  sands  will  yield  denser  mor- 
tars than  fine  sands,  and  that  the  maximum 
density  is  obtained  when  the  various  sizes  of 
grains  are  present  in  the  proper  proportions. 
Just  what  the  proper  proportions  are,  or  in 
other  words,  what  the  ideal  form  of  the  sieve 
analysis  curve  is,  has  not  as  yet  been  deter- 
mined. Experiments  with  materials  for  con- 
crete indicate  that  for  a  mixture  of  cement, 
sand,  and  stone  the  sieve  analysis  curve  sliould 
approximate  a  parabola,  and  by  analogy  it 
would  seem  that  the  same  should  be  true  of  a 
mixture  of  cement  and  sand  as  well.  Assum- 
in.g  that  the  parabola  is  the  ideal  line  for  the 
mixture,  and  remembering  that  the  cement  is 
very  fine,  it  follows  that  the  ideal  line  for  the 
sand  considered  alone  must  lie  bcloiv  the  para- 
bola, and  that  it  would  be  different  for  each 
proportion  of  cement  used.  But  since  the  ce- 
ment is  very  line  and  forms  a  relatively  large 
proportion  in  most  mortars,  the  consequent 
variation  in  the  ideal  gradation  for  the  sand 
considered  alone  will  not  be  great;  and  hence 
it  may  be  said  that  for  the  common  propor- 
tions of  cement  and  sand  (1:1  to  1:4)  the 
flatter  the  sieve  analysis  curve  of  the  sand  the 
denser  will  be  the  mortar  made  from  it. 

It  has  also  been  demonstrated  that,  other 
things  being  equal,  the  denser  a  mortar  the 
greater  is  its  strength;  and  hence  the  size  and 
.gradation  of  the  grains  is  indirectly  a  factor 
in  the  strength  of  the  mortar.  Unfortunately, 
the  fact  that  "other  things  must  be  equal''  has 
been  frequently  overlooked  with  disappointing 
and  sometimes  disastrous  results.  It  is  only 
when  the  various  sands  are  identical  in  min- 
eralogical composition,  condition  of  the  grain 
surfaces,    cleanness,    etc.,    that    the    size    and 
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gradation  of  the  grains  becomes  the  control- 
ling factor  in  the  strength  of  the  mortar,  and 
even  then  it  is  only  relative.  Thus  if  two 
sands  are  exactly  alike  in  all  respects,  except 
size  and  gradation  of  the  grains,  the  better 
graded  sand  will  yield  a  mortar  of  both  great- 
er density  and  greater  strength ;  but  this 
strength  may  be  decidedly  less  than  that  of  a 
mortar  from  a  third  sand  which  may  be  less 
perfectly  graded  than  either  of  the  two  given 

'sands  but  is  superior  in  other  characteristics. 
Where  strength  is  of  the  first  importance  in 
a  mortar  the  only  criterion  is  a  direct  test  for 
strength;  but  after  the  absolute  strength  of  the 
mortar  from  any  one  sand  is  determined,  the 
sieve  analysis  may  indicate  whether  the 
strength  can  be  somewhat  increased  by  improv- 
ing the  gradation  of  the  sand.  In  general  this 
improvement   must   be   accomplished   by  judi- 

,  cious  screening  rather  than  by  the  addition  of 
other   material,    since   usually   the   added    ma- 
terial will  not  be  of  the  same  general  character 
as  the  given  sand.     Where  a  dense  or  impcr- 

'  vious  ;nortar  is  required,  the  size  and  gradation 
of  the  grains  are  of  more  importance;  and  if 

.  strength  is  secondary  may  control  the  choice 
of  the  sand.  In  this  case  the  sieve  analysis 
curves   may   be   of   considerable  assistance   in 

(  selecting  the  proper  sand,  or  in  indicating 
whether  the  desired  results  can  be  obtained 
either    by    combining    several    sands    or    by 

.  screening.  In  no  case,  however,  should  the  di- 
rect test  for  strength  be  omitted,  for  a  certain 
amount  of  strength  is  always  required,  and  a 
good  result  for  the  sieve  analysis  is  not  suf- 
ficient evidence  that  the  mortar  will  have  suf- 
ficient strength. 

The  maximum  size  of  grain  permissible  de- 
pends on  the  work  for  which  the  mortar  is  in- 
tended. For  concrete  the  maximum  size  is 
now  taken  at  %-in.,  but  certain  kinds  of  ma- 
sonry, require  a  much  smaller  maximum  size. 
The  maximum  size  of  grain  fixes  the  limits  of 
sieve  analysis,  and  consequently  two  sands 
may  differ  greatly  in  average  fineness,  yet  each 
one  may  be  more  perfectly  graded  and  heiice 
more  suitable  for  some  particular  work  than 
the  other. 

In  general,  the  sands  tested  were  quite  fine 
and  several  of  them  were  extremely  so  The 
bank  sands  showed  the  greatest  difference  in 
gradation.  The  river  sands  showed  less  dif- 
ference in  gradation  than  the  bank  sands,  and, 
although  the  latter  also  showed  the  greatest 
difference  in  strength,  this  is  probably  due 
more  to  a  greater  difference  in  the  other  char- 


actertistics  than  to  a  diflference  in  gradation. 

Cleanness. — Foreign  material  in  a  sand  may 
affect  the  strength  of  the  mortar  by  retarding 
or  preventing  the  hardening  of  the  cement,  by 
preventing  the  adhesion  of  the  cement  to  the 
sand  grains,  and  if  present  in  sufficient  quan- 
tities by  simple  "dilution"'  of  the  cement.  Or- 
ganic matter  is  the  most  common  source  of 
trouble,  but  inert  clay  and  loam  may  prove 
deleterious  under  certain  conditions.  Experi- 
ments indicate  that  finely  divided  inert  clay 
or  loam  may  be  present  in  an  average  sand  to 
the  extent  of  10  to  lo  per  cent  without  appre- 
ciably affecting  the  strength  of  the  mortar, 
provided  the  clay  or  loam  does  not  adhere  to 
the  grains,  while  a  very  small  quantity  may 
seriously  impair  the  strength  of  the  mortar  if 
it  forms  a  coating  around  the  sand  grains. 

Tensile  Strength. — The  tensile  strength  of 
the  natural  sand  mortars  varied  from  140  to 
464  lbs.  per  square  inch  at  the  age  of  90  days. 
By  comparing  the  tensile  strengths  with  the 
sieve  analysis  cufves  it  was  noted  that  the 
coarser  sands  gave  the  mortars  of  greater 
strength.  Only  t\ve  of  the  natural  sands  gave 
a  tensile  strength  greater  than  the  Ottawa 
standard  sand ;  and  it  will  be  noted  that  all  of 
these  are  bank  sands  with  rounded  grains, 
comparatively  well  graded  and  containing  con- 
siderable material  other  than  quartz.  The  riv- 
er sands  showed  less  variation  in  strength 
than  the  bank  sands,  but  this  is  to  be  expected 
since  they  differ  less  in  composition,  grading 
and  cleanness.  It  may,  therefore,  be  expected 
that  river  sands  will  form  mortars  of  only 
moderate  strength,  and  that  there  is  likely  to 
be  little  variation,  between  different  sands ; 
and  that  bank  sands  will  furnish  the  mortars 
of  greatest  strength,  but  that  the  strength 
from  different  sands  will  vary  through  a  wide 
range. 

Table  1  shows  that  the  mortars  differ  widely 
in  the  time  required  to  attain  approximately 
their  maximum  strength,  and  that  the  weak 
mortars  invariably  require  less  time  than  the 
strong  mortars.  This  is  explained  by  the  fact 
that  the  strength  of  a  mortar  is  largely  de- 
pendent on  the  bond  between  the  cement  and 
sand.  With  poor  sands  the  maximum  bond  is 
reached  long  before  the  cement  has  reached  its 
full  strength,  while  with  the  better  sands  the 
nia.ximum  bond  is  not  attained  until  the  cement 
has  more  completely  hardened ;  hence  more 
time  is  required.  The  7,  14,  and  possibly  "28- 
day  tests  are  therefore  not  absolutely  reliable 
for  comparing  the   ultimate   strength   of   dif- 


ferent sand  mortars.  For  such  comparisons 
the  longest  time  available  should  be  used.  The 
short  time  tests  are,  nowever,  of  value  in 
determining  how  soon  it  is  permissible  to 
remove  forms  or  to  subject  the  material  to 
limited  use. 

Crushed  Stone  Screenings. — .\Ithough  the 
limestone  screenings  (No.  4)  formed  the 
strongest  mortar,  it  must  not  be  concluded 
that  all  screenings  are  superior  to  natural 
sands.  This  sample  of  screenings  was  of  ex- 
ceptional quality  in  every  respect,  while  the 
natural  sands  tested  were  the  average  quality 
met  in  practice.  The  sandstone  screenings 
(No.  16)  gave  only  medium  results.  The  re- 
sults for  the  limestone  and  the  sandstone 
screenings  indicate  that  there  may  be  as  great 
a  variation  in  the  mortars  made  from  screen- 
ings as  in  those  made  from  natural  sands. 
These  two  samples  of  screenings  are  not  suffi- 
cient to  warrant  any  general  conclusions  as 
to  the  relative  merits  of  sands  and  screenings 
except  that  under  favorable  conditions  of  qual- 
ity of  stone  and  of  crushing,  screening,  and 
handling,  the  screenings  may  compete  favor- 
ably with  good  natural  sands. 

Proportioning. — These  tests  indicate  that  the 
variation  in  the  mortar-making  qualities  of 
sands  may  be  so  great  that  a  stronger  mortar 
may  be  obtained  from  a  lean  mixture  of  one 
sand  than  from  a  much  richer  mixture  of  an- 
other sand,  and  since  the  cement  is  the  most 
expensive  part  of  the  mortar  a  substantial 
saving  in  the  cost  of  materials  may  be  ef- 
fected by  a  judicious  choice  of  the  sand. 

The  selection  of  the  proper  proportions  for 
a  mortar  is  essentially  a  problem  in  economics, 
whether  the  result  to  be  attained  is  a  mortar 
or  a  concrete  of  maximum  strength,  or  one  of 
the  greatest  density  and  imperviousness,  or 
simply  one  of  sufficient  strength  for  the  pur- 
pose in  hand.  The  object  in  any  case  is  to 
obtain  the  desired  result  with  the  minimum 
cost.  If  this  fact  is  kept  in  mind  it  will  be- 
come clear  that  it  may  really  be  true  economy 
to  spend  what  appears  to  be  a  considerable 
amount  of  time  and  money  in  investigating  the 
available  sands  and  determining  the  best  com- 
binations. Obviously,  the  saving  to  be  effected 
varies  with  the  magnitude  of  the  work,  and 
hence  the  bigger  the  job  the  more  important  it 
is  that  the  materials  be  properly  selected.  If 
such  investigations  were  generally  made  it 
would  certainly  result  in  reducing  the  careless 
and  extravagant  use  of  cement,  the  most  costly 
material  entering  into  mortar  or  concrete. 
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Proposed    Works    for    the    Additional 

Water  Supply  of  Toronto, 

Ontario. 

The  water  supply  for  the  city  of  Toronto 
is  obtained  from  i^ke  Ontario  through  two 
submerged  intakes  sunk  on  the  lake  bottom, 
from  each  of  which  a  steel  pipe  runs  to  a 
well  on  Toronto  Island.  .After  passing 
through  the  filtration  plant  the  water  is  con- 
veyed across  the  island  in  a  steel  pipe  and 
under  the  bay  by  means  of  a  tunnel  which 
terminates  at'  the  John  Street  pumping  sta- 
tion. From  this  station  the  water  for  the 
jowcr  part  of  the  city  is  delivered  directly 
into  the  mains,  while  that  for  the  upper  part 
of  the  city  is  delivered  to  the  high  level  sta- 
tion, where  it  is  rcpumpcd.  The  Rose  Hill 
reservoir  serves  as  a  storage  for  the  lower 
district,  the  John  Street  pumps  being  directly 
connected  to  it. 

Owing  to  the  way  in  which  the  ground  rises 
northward  from  the  bay,  the  city  has  been 
divided  into  three  districts  (exclusive  of  the 
recently  annexed  North  Toronto)  for  dis- 
tribution purposes,  the  division  lines  between 
these  districts  being  roughly  by  parallel  lines 
along  College  Street  and  Dupont  Street. 
These  districts  are  called  the  low  level, 
middle  level,   and   high    level    respectively. 

In  1911  there  was  only  'one  intake  from 
the  island  into  the  lake,  and  through  troubles 


of  various  kinds,  this  intake  broke  near  the 
shore  causing  very  great  inconvenience  and 
trouble.  The  city  council  then  appointed  a 
commission  of  four  engineers  to  report  upon 
the  whole  matter  of  Toronto's  water  supply. 
This  commission  presented  a  report  in 
February,  1912,  covering  a  number  of  matters 
and  recommending,  amongst  other  things,  a 
duplicate  intake  off  the  island,  which  was 
later  installed,  and  further,  that  an  entirely 
new  system  with  intake  off  Scarborough 
plateau  be  constructed.  The  positon  sug- 
gested for  the  latter  is  shown  in  Fig.  1. 

.After  this  commission's  report  was  pre- 
sented, several  changes  took  place  in  the  or- 
ganization of  the  city  engineer's  cicpnrlmcnt, 
and  on  the  resignation  ot  Mr.  Rust.  Mr.  R. 
C.  Harris  was  ajipointcd  conmiissioner  of 
works  in  1012.  After  a  study  of  the  Scar- 
borough scheme  he  felt  that  he  could  not 
be  definitely  committed  to  it,  and  as  there 
was  need  of  something  being  done  as  early 
as  possible,  he  recommended  that  a  ukmuv 
by-law  relating  to  water  supply  be  submitiiil 
to  the  t.-ixpnyers  in  the  vcrv  widest  tonus. 
so  that  on  Jan.  I,  1013,  the  cilzcn.^  voted  $li,- 
677,000  "for  additions  and  extensions  to  the 
w?.tcr  works  pumping  and  distributing 
pl.-nt." 

The  money  having  been  voted  by  the  peo- 
ple, Mr.  Harris  felt  that  it  would  be  safer 
to  have  the  whole  matter  gone  into  by  local 


men  who  have  been  in  intimate  touch  with 
water  works  matters  for  some  time.  Prof. 
Robert  W.  .Angus  of  the  University  of 
Toronto  was  appointed  as  Consulting  En- 
gineer on  the  work  about  the  end  of  .April, 
1913,  and  hail  with  him  Mr.  James  Barr,  of 
the  works  department,  a  man  with  an  in- 
timate knowledge  of  the  city's  plants.  It  is 
from  information  furnished  by  Prof.  .Angus 
that  the  present  article   has  been   prepared. 

.After  a  most  careful  study  of  the  report 
of  the  commission  of  1012.  Mr.  Barr  and 
Prof.  .Angus  found  it  impossible  to  indorse 
the  Scarborough  scheme,  for  reasons  set  out 
flsewbere.  .A  second  plan,  called  the  Vic- 
toria Park  project,  was  then  worked  out  and 
is  described  here  in  some  detail.  Much  of 
this  description  has  been  taken  from  the 
report  of  Commissioner  Harris  to  the  council 
in  December,  1!'13.  The  article  relates  to 
the  location  of  the  intake  as  well  as  to  its 
proposed  design. 

INTAKE    LOCATION. 

In  selecting  the  point  from  which  a  water 
supply  is  to  be  drawn  the  most  important 
controlling  factors  arc:  (1)  Reliability  of 
supply:  (2)  Comparative  purity  of  the  water, 
and  (3 1  The  location  must  admit  of  con- 
venient distribution  of  the  water  throughout 
the  city.  Some  one  of  these  points  may  have 
to  be  selected  as  the  controlling  factor.  Thus, 
there   must    always   be  a   reliable   supply,   but 
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so  long  as  the  water  is  quite  safe  and  good, 
it  may  be  necessary  to  allow  the  problem  of 
distribution  to  be  the  determining  factor  in 
selecting  the   site. 

There  are  three  possible  places  at  whicli 
such  installation  may  be  located.  1.  At 
Toronto  Island,  adjacent  to  the  present  sys- 
tem. This  site  would  naturally  be  sug- 
gested. 2.  At  some  point  west  of  Humber 
Bay.  3.  At  some  point  east  of  the  island, 
which  would  mean  at  least  as  far  east  as  the 


The  municipality  will,  doubtless,  continue  to 
expand  to  the  north,  east  and  west,  with  the 
probability  that  the  greatest  accretion  of  ter- 
ritory  will    be   to   the   north. 

As  the  breadth  of  the  city  increases,  the 
problem  of  water  distribution  from  a  single 
source  becomes  more  and  more  difficult,  cost- 
ly and  unreliable,  for  if  accident  occurs  at 
the  source  of  supply,  famine  is  imminent, 
and  the  city  is  left  entirely  without  reserve. 
Toronto   has   outgrown  the  stage  where  such 


Fig.     1.   General     Map    of    Toronto     Showing    Location   of    Present,    Rejected   and    Proposed 

Water    Supply    Intakes. 


Woodbine  racecourse.  The  relative  merits 
of   the  three  locations  are  as   follows : 

The  Island  Location. — Under  many  cir- 
cumstances this  would  be  the  most  natural  to 
adopt,  inasmuch  as  it  is  at  the  center  of  the 
city,  and  contiguous  to  the  section  where 
most  water  is  used.  Study  shows  that  it 
would   not   be   satisfactory. 

The  bed  of  the  lake  slopes  off  gradually 
to  a  depth  of  23  ft.  at  about  1,700  ft.  from 
shore  and  then  falls  with  a  grade  of  over 
10  per  cent,  making  the  problem  of  construc- 
ting an  intake  difficult  and  uncertain. 

It  is  essential  to  safety  that  the  new  intake 
be  placed  at  some  distance  from  the  present 
ones  to  render  improbable  the  failure  of  all 
at  the  same  time. 

As  to  purity,  it  is  quite  possible  to  treat 
the  present  supply  so  as  to  make  it  perfectly 
safe  and  very  desirable.  The  location  could 
not  be  rejected  on  this  score. 

As  to  distribution  Toronto  is  increasing  in 
size  with  very  great  rapidity.     From  1890  to 


a  condition  is  permissible,  and  must  follow 
the  admittedly  prudent  policy  of  large  lake 
cities  similarly  placed,  and  increase  the  num- 
ber of  intakes  as  the  area  of  the  city  in- 
creases, in  order  to  ensure  uninterrupted  sup- 
ply, and  furnish  additonal  distribution  centers. 

Cleveland,  Chicago  and  Milwaukee  may  be 
cited  in  this  connection.  The  first-mentioned 
city,  with  a  population  in  1912  of  about  600,- 
000,  and  a  water  consumption  of  61,000,000 
imp.  gals,  daily,  is  placing  a  second  intake 
at  the  present  time ;  the  same  is  true  of  Mil-, 
waukee,  a  city  of  about  the  same  size  as 
Toronto,  while  Chicago  (population  2,259,000 
in  1911)  with  an  extreme  length  of  27  miles 
has  six  intakes  and  two  more  are  in  contem- 
plation. In  Chicago  there  are  land  tunnels 
connecting  the  suction  sides  of  various  pump- 
ing stations,  thus,  from  the  distribution 
standpoint,  practically  increasing  the  number 
of   sources   of    supply. 

It  must  be  conceded  that  Toronto  must  in- 
crease  the   number   of   intakes   in   proportion 


The  question  then  resolves  itself,  into 
whether  the  new  intake  and  works  shall  be 
placed  at  the  east  or  west  side  of  the  city. 

The  Westerly  Location. — Fig.  1.  shows  that 
this  location  would  necessarily  lie  to  the  west 
of  Humber  Bay,  and  it  is  probable  that  in 
the  future  an  intake  may  have  to  be  con- 
structed at  this  point.  A  study  of  its  possi- 
bilities will  be  made. 

As  to  purity  of  supply,  it  is  well  known  that 
there  is  at  present  pollution  around  Humber 
Bay  and  to  the  west,  due  to  the  condition  of 
Humber    River   water    and    other    factors. 

This  cannot  in  any  way  be  viewed  as  an 
insurmountable  diflSculty  inasmuch  as  proper 
treatment  of  the  water  would  render  it  quite 
potable. 

As  to  reliability,  there  is  little  room  for' 
doubt  that  a  safe  intake  could  be  constructed, 
although  a  survey  would  have  to  be  made, 
along  with  lake  borings,  before  a  definite 
opinion  could  be  offered. 

There  is,  however,  a  very  serious  objection 
to  this  location  in  so  far  as  distribution  is 
concerned  as  it  lies  considerably  to  the  west 
of  the  present  city  boundary,  and  would  thus 
require  much  large  piping  to  conduct  the 
water  to  the  point  where  it  would  be  first, 
used.  _ 

The  western  location,  therefore,  would  not 
be    desirable. 

The  Easterly  Location.  —  There  remains, 
then,  only  the  location  to  the  east  of  the 
island.  The  westerly  limit  for  such  would 
necessarily  be  at  the  Woodbine  racecourse 
since  the  island  ends  at  that  point. 

It  is  desirable  to  keep  a  safe  distance  from 
any  large  discharge  of  sewage.  Having  re- 
gard for  the  effluent  from  the  Morley  Ave- 
nue sewage  disposal  plant,  and  the  westerly 
trend  of  the  lake  currents,  we  are  forced  to 
the  east.  On  the  other  hand,  the  further  the 
distance  to  the  east  the  more  undesirable  be- 
comes the  location  from  a  distribution  stand- 
point. In  order  to  get  the  best  light  possible 
on  this  extremely  important  phase  of  the 
question  studies  of  the  shore  line  and  con- 
tours  were   made.  ; 

An  examination  of  the  short  line  shows 
that  while  the  ground  is  fairly  level,  and 
only  about  40  ft.  above  the  lake  at  Victoria 
Park,  it  rises  at  a  rapid  rate  to  the  east,  until| 
reaching;  the  very  high  ground  forming  the 
'Scarbor"ough  Plateau.  Should  a  point  be' 
chosen  to  the  east  of  Victoria  Park,  there-, 
fore,  the  pumping  station  would  have  to  be| 
on  made  ground  at  the  water's  edge. 

The  foregoing,  coupled  with  the  results' 
of  preliminary  surveys  on  land  and  lake,  and 
the  very  desirable  positon  of  the  park  as  a 
distributing  center,  caused  the  Victoria  Park 
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Fig.    2.   Plan    and    Profile    of    Proposed    Water    Works    Intake    Tunnel    at   Toronto. 


1910  the  population  more  than  doubled,  and 
the  rate  of  growth  since  1905  has  been 
greater.  This  has  naturally  been  accompanied 
by  an  increase  in  the  extent  of  the  city.  At 
present,  the  distance  from  the  easterly  to 
the  westerly  boundaries  is  approximately  ten 
miles,  while  from  the  bay  front  to  the  north- 
erly limit  of  North  Toronto  approximates 
6.4  miles. 


to  the  expansion  of  the  city,  and  that  the 
intake  tunnels  must  supply  pumping  stations 
at  convenient  distribution  centers,  unless 
there  be  some  overruling  condition  which  pre- 
vents. At  present,  one  new  intake  situated 
near  one  of  the  present  city  boundaries  is 
imperative,  and  before  the  lapse  of  many 
years  a  second  may  be  required  near  the 
other  boundary. 


site  to  be  selected  tentatively.  A  complete 
study  has  confirmed  this  selection.  As  this! 
location  differs  very  materially  from  that! 
chosen  by  the  Board  of  Commissioners  of 
1912,  arguments  are  presented  which  not  only: 
show  the  desirability  of  the  park  location; 
intrinsically,  but  prove  that  it  has  very  de-| 
cided  advantages  over  the  Commissioners'  lo-j 
cation,   which   is   some   five  miles  to  the  east 
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of   Victoria    Park    on    the    Scarborough    Pla- 
'teau  as  shown  in  Fig.   1. 

COMPAltlSON     OF     VICTORIA     PARK     AND     SCARBOR- 
OUGH   INTAKES. 

Purity. — Comparing     these     two     locations 
from  the  essentials  of  a  good  source  of  sup- 
ply,  the   matter   of   purity   will   be   first   dealt 
'with. 

There   is   a   false   sense   of    security   in   the 

'  idea,  that  by  going,  say,  seven  miles  from  the 

Morley    .Avenue    sewage    disposal    works,    or 

any  source  of  pollution,  as  the  Commissioners 

proposed,  pure  potable   water  can  be  secured 

■  without  after  treatment.  There  can  be  no 
.question,  that  in  general,  the  further  an  in- 
take is  from  any  source  of  pollution,  the 
purer  will  be  the  water,  but  this  factor  must 
only  t)c  allowed  to  e.xercise  its  proper  weight, 
having  regard  for  other  influencing  condi- 
tions, and  the  fact  that  any  supply  available 
for  this  city  must  be  made  safe  by  sewage 
treatment,  water  filtration  and  chlorination. 

It  is  true  that  the  rate  of  dilution  of  sew- 
age in  the  lake  increases  as  the  distance  from 
the  outlet   increases,   so   that  up   to  a  critical 

'  point   there   is   a   gain    in   increasing   this   dis- 

'  tance.  but  beyond  certain  ranges  the  dilution 
is  so  great  that  a  practical  limit  is  set. 

Again,  it  is  well  known  that  bodies  of 
polluted  water  mav  move  about  the  lake   for 

*  miles  without  diffusion,  and  may  in  this  way 
endanger,   to   some   e.xtent   the   supply   to  any  • 
intake    within    several    miles    of    the    city,    if 
sewage    purification    and      filtration     be     not 
adopted.     In   this  connection   it   is   helpful   to 

;  refer   to   the   report   to   the    Citv   Council   by 
Dr.  G.  G.   Nasmith  on  October  5,   1911.     Dr. 
Nasmith    says : 
At  different  times,  sewage  polluted  water  has 

I  been  obtained  at  points  as  far  apart  as  nin«! 
miles  east  of  Toronto,  five  miles  west  of  To- 
ronto, and  three  miles  beyond  the  Island. 

On  .July  26.  after  a  strong  westerly  gale,  sam- 
ples   were    obtained    two    miles    east    of    Dutch 

I  Church  at   Scarborough,   and   one   mile  from  the 

■  shore,  which  showed  sewasre  contamination. 

!      This   was   the  most  graphic  demonstration  of 
what  a  heavy  gale  could  do  in  driving-  sewage- 
laden  water  long  distances. 
From   these   analyses,   and     from     the     ocular 

.  demonstrations  which  we  have  had  of  these  cur- 

'  rents  flowing  in  various  directions  with  the 
wind.   I  am   forced   to  the   conclusion   that   cur- 

'  rents  of  sewage  polluted  water  may,  at  times, 
flow  almost  directly  from  the  Eastern  and 
Western  Gaps  to  any  intake  that  may  be  placed 
within  a  radius  of  several  miles  of  the  city. 

Continuing  his   report.  Dr.   Nasmith   speaks 

•  the  pollution  due  to  storm  water  and 
■-ays : 

From  what  I  have  seen  this  summer,  and 
from  the  evidence  I  have  laid  before  you.  I  have 
little  doubt  but  that  at  times  this  polluted  water 
will  be  carried  to  and  beyond  our  present  intake 
or  any  other  intake  that  may  be  subsequently 
laid. 

I  would  sum  up  the  report  by  saying  that  this 
v.eHtlgatlon  has  proved,  to  my  mind  .  .  .  that 
we  cannot,  with  our  sewerage  system  as  It  is 
l>eln(f  constructed,  hope  to  keep  all  untreated 
Mwage  out  of  the  lake  all  the  time,  and  that, 
therefore,  ...  we  must,  to  obtain  pure  water. 
■i"e   both   filtration   and   sterilization. 

In  view  of  these  statements  of  Dr.  Nasmith, 
'I    is   evident    that    there    is    no   hope    of    ob- 
taining pure  water  at  all  times,  at  any  reason- 
able  distance    from    Toronto,    and.    therefore, 
the  matter  of  primary  purity  nuist  not  be  al- 
lowed   to    unduly    affect    the    location    of    the 
intake,  as  the   water   must  be   treated   in   any 
«vent.     The    improvements    in    the    treatment 
of  water  have  been  so  great  'that  water  taken 
either    off    Victoria    Park      or      Scarljnrough 
Plateau  can  be  made  perfectly  safe  aiid   sat- 
isfactory  for  drinking  purposes,  and.   indeed, 
It  cither  place  the  raw  water  would  be  quite 
>rc  during  the  greater  part   of   the  year. 
The   report  of   the   Commission  as   relating 
'  the  purity   feature,   may  be  again  quoted : 
Those  investigations  also  lead   to  the  conclii- 
on    that    there    Is    no    locality    along    the    lake 
''ont.    from    Mimico    to    Scarborough    Heights, 
which  has  an  assured  purity,  and,  further  than 


that.  It  Is  demonstrated  that  waters  15  mllci 
from  shore  are  not  tree  from  contamination: 
hence  there  is  no  one  locality  within  the  range 
under  consideration,  at,  or  on,  which  you  can 
locate  a  water  intake  with  assurance  that  the 
water  taken  mto  it  will  be  free  from  contam- 
ination; although  at  times  healthful  water 
could  be  secured  at  almost  any  chance  location. 
And,  therefore,  we  have  no  expectation  of  ob- 
taining a  water  supply  which  must  not  be  sub- 
jected to  efficient  artificial  method  of  purifica- 
tion. 

From  the  point  of  purity,  therefore,  the 
water  opposite  Victoria  Park,  if  taken  at  a 
distance  of  about  one  mile  from  shore  and 
at  a  depth  of  about  40  ft.,  would  be  per- 
fectly satisfactory,  and  fully  as  desirable  as 
that  taken  from  further  east.  This  location 
is  two  and  one-half  miles  from  the  Morley 
Avenue  outlet. 

Another  consideration  which  indicates  the 
superiority  of  this  location  is  the  fact  that, 
though  the  effluent  from  Morley  Avenue 
sewage  disposal  works  is  at  present  treated 
so  as  to  largely  deprive  it  of  its  contaminat- 
ing influence,  the  city  will,  by  the  time  the 
Victoria    Park    project    could    be    completed. 


show  that  the  water  at  the  park  site  will  be 
slightly  warmer  than  at  the  island,  the  aver- 
age difference  being  only  2°  F. 

Reliability. — As  to  reliability  of  supply  the 
Victoria  Park  site  furnishes  an  almost  ideal 
location.  The  accompanying  tunnel  plan.  Fig. 
2,  shows  a  series  of  soundings  taken  at  this 
point,  and  indicates  a  gently  sloping  lake 
bottom,  for  a  distance  of  r\vo  miles  and 
over,  on  the  line  of  the  tunnel.  .\t  about 
2,100  ft.  from  shore,  the  depth  of  water  is 
25  ft.:  at  3.700  ft.  it  is  about  33  ft.,  and  at 
G,4'J0  ft.  out  it  is  nearly  -I'J  ft.  The  average 
slope  of  the  lake  bed  is  thus  less  than  1 
per  cent.,  furnishing  a  spot  sufficiently  level 
to  place  an  intake  at  any  desired  point.  (All 
depths  are   referred   to   Zero   lake  level). 

The  results  of  a  series  of  borings  made  at 
this  location,  indicate  that  at  about  6,400  ft. 
off  Victoria  Park,  in  a  depth  of  49  ft.  of 
water,  shale  was  struck  at  82  ft.  depth.  At 
about  5.200  ft.  from  shore,  in  a  depth  of  42 
ft.  of  water,  shale  was  struck  at  a  depth  of 
72  ft.,  and  at  corresponding  depths  at  other 
locations,  the  depth  of  the  shale  at  the  shore 
being  50  ft.  These  borings  all  show  that  it 
is  quite  possible  to  tunnel  in  shale,  to  an  in- 


Fig.    3.      Sectional     Elevations     of     Proposed       Intake    Crib,    Lake    and    Shore    Shafts    and 
Tunnel    for    Proposed    Additional     Water    Supply   for   Toronto,   Ontario. 


have  in  operation  at  Morley  .\ venue  a  sys- 
tem of  purification  which  will  render  this 
effluent   innocuous. 

Dr.  Nasmith,  under  instructions  from  Dr. 
Hastings,  has  for  six  months  past  been  con- 
ducting experiments  with  a  view  tii  arriving 
at  the  best  solution  of  this  particular  prob- 
lem, and  as  soon  as  a  conclusion  is  reached, 
a  recciinmendation  will  be  made  to  the  coun- 
cil  to  give  effect  thereto. 

r«rftiVir.v.— The  question  of  turbidity  is 
one  of  much  importance.  In  order  to  ascer- 
tain the  ciinditions  at  the  selected  point,  ob- 
servations have  been  taken,  whenever  there 
was  any  indication  of  disturbance  of  the  clay, 
since  the  middle  of  September,  but  it  has  only 
been  possible  to  obtain  samples  on  three  days, 
because  of  the  fact  that  the  turbidity  has 
not  extended  out  to  the  proposed  site  of  the 
intake  crib.  In  each  case  the  observations 
were  made  after  fairly  heavy  storms,  although 
these  were  not  of  so  long  .duration  as  would 
occur  at  other  seasons  of  the  year. 

.•\t  the  X'ictoria  Park  intake  crib  site,  the 
tnrbiditv  at  20  ft.  and  over,  below  the  sur- 
face, fiiil  not  exceed  2.0,  while  on  one  of  these 
days  the  turbidity  at  the  island  intake  was 
37 ;  on  another  day  it  averaged  17.  and  on 
the  third  dav  it  was  14.  The  proposed  site 
is  thus  superior  to  the  present  intake  loca- 
tions in  this  respect, 

Trm/'iTn/Hrr.— Observations  of  temperature 


take  placed  nearly  one  nulc  from  slii>rc.  and 
in  a  depth  of  approximately  4!'  ft.  of  water, 
driving  the  tunnel  in  good  shale,  without  go- 
ing to  a  depth  which  would  preclude  com- 
pressed air  working  should  it  prove  neces- 
sary. Figure  2  also  indicates  the  profile  of 
the  lake  bottom,  and  the  line  of  the  shale  as 
found   from  the  actual  borings. 

It  is  quite  possible  to  construct  at  this  site 
a  tunnel  and  intake,  which  \yill,  without 
doubt,   ensure   safety   and   reliability. 

.'\notlier  advantage  of  this  positon  is  its 
convenience  as  a  distributing  point  to  the 
|)resent  city  system.  The  city  is  growing  in 
all  directions  .ind  Victoria  Park  will  probably. 
in  a  few  years,  be  surrounded  by  a  populous 
district. 

A  station  at  this  point  will  be  in  admirable 
positon  for  connection  to  the  present  sys- 
tem. It  is  not  too  far  removed  from  the 
sections  where  most  of  the  water  is  used, 
and  any  main  laid  from  the  station  will  be 
used  for  distribution  from  the  point  where 
it   leaves    the   park. 

In  connection  with  the  present  project,  ad- 
ditional reservoir  capacity  is  not  provided,  as 
it  is  deemed  unnecessary.  This  will  be  dis- 
cussed later. 

THE    TROfOSFn    WORK.<;     AT    VICTORIA    PARK. 

Goicral. — In  general  it  is  proposed  to  build 
nn   intake  crib  off  \'ictoria    Park,   about   one 
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mile  (5,1U0  ft.)  from  shore,  in  49  ft.  of 
water.  The  crib  will  be  approximately  110 
ft.  in  diameter,  constructed  of  steel  and  con- 
crete, and  surmounted  by  a  house,  the  main 
part  of  the  crib  rising  IQVa  ft.  above  the 
lake.  The  house  will  carry  a  permanent 
light  and  the  requisite  fog  signal  apparatus, 
and  include  living  rooms  for  men.  The  crib 
will  contain  the  necessary  ports  for  the  ad- 
mission of  water,  as  shown  in  Fig.  3. 

The  inside  of  a  crib  will  contain  a  vertical 
steel  shaft,  lined  with  cement  or  brickwork, 
running  down  to  a  proper  depth  below  lake 
level,  so  as  to  connect  with  the  tunnel  6,380 
ft.  long,  running  horizontally  to  the  shore  at 
Victoria  Park.  The  internal  diameter  of  the 
shaft  will  be  11  ft.,  that  of  the  tunnel  9  ft., 
the  latter  to  have  its  invert  105  ft.  below 
mean  lake  level,  .^t  the  shore,  there  will  be 
a  vertical  shaft  10  ft.  in  diameter,  rismg 
above  the  normal  lake  level  at  this  point. 
From  the  vertical  shore  shaft  there  will  be 
two  horizontal  7-ft.  tunnels,  one  on  each  side 
and  parallel  with  the  shore.  One  of  these 
tunnels  will  supply  the  suction  side  of  the 
pumps  in  the  station  to  be  erected,  the  other 
will  act  as  a  reserve  to  be  used  in  case  the 
size  of  the  station  is  increased  later. 

The  pumping  station  will  be  located  in 
Victoria  Park,  which,  with  a  piece  of  land 
to  the  east,  is  of  sufficient  size  to  contain  a 
station  and  filtration  plant  of  a  capacity 
of  120,000,000  imp.  gals,  per  24  hours,  should 
such  capacity  ever  be  required.  There  will 
still  be  room  for  a  fair-sized  park.  A  pro- 
tecting breakwater  will  be  erected  and  the 
banks  will  be  terraced. 

The  pumping  station  will  have  an  initial 
capacty  of  60,000,000  imp.  gals,  per  24  hours, 
but  is  being  so  designed  that  this  may  very 
easilv  be  increased  to  120.000,000  gals,  if  de- 
sired, after  the  removal  of  a  single  end  wall. 
Since  the  water  will  have  to  be  filtered, 
the  station  must  be  divided  into  two  parts, 
viz.,  low-lift  and  high  lift,  the  former  taking 
the  water  from  the  tunnel  shaft  and  deliver- 
ing directly  to  the  filters,  while  the  latter 
will  deliver  the  filtered  water  direct  to  the 
city  mains.  Each  part  will  have  a  capacity 
of'  60,000,000  imp.  gals,  per  24  hours.  The 
low-lift  pumps  will  work  against  a  head  of 
appro.ximatelv  To  ft.,  while  the  approximate 
head  on  three  of  the  high-lift  pumps  will  be 
220  ft.,  or  0-')  lbs.  per  square  inch,  and  that 
on  the  fourtli  pumn  about  315  ft.  or  137  lbs. 
per  square  inch.  The  exact  pressures  against 
which  the  low-lift  pumps  will  have  to  work 
cannot  be  determined  until  the  filters  are  de- 
signed. 

The  mechanical  type  of  filter  is  recorn- 
mended,  and  in  connection  with  this  it  is 
proposed  to  install  a  reservoir  with  a  ca- 
pacity of  2,500,000  imp.  gals,  and  to  provide 
space  for  a  settling  basin  should  the  make 
of   filter   require  it. 

From  the  station,  four  36-in.  pipes  will  de- 
liver water  to  four  new  42-in.  mains  which 
will  join  the  present  distribution  system.  This 
plan  contemplates: 

1.  A  system  which  will  supply  an  additional 
quantity  of  water  equal  to  that  now  being 
used  during  maximum  draft,  thus  practically 
duplicating  the  present  plant. 

Therefore,  in  the  event  of  accident  at  any 
time  to  the  sewage  purification  plant,  or  either 
filtration  or  pumping  plants,  the  use  of  either 
plant  could  be  discontinued,  and  the  safety 
of  the  supply  still  maintained.  By  reason  of 
tht  proposed  plant  being  a  duplicate  in  ca- 
pacity of  the  existing  plant,  with  provision 
for  future  increase,  the  continuity  of  the  sup- 
ply is  assured. 

2.  A  system  which  will  ooerate  in  exact 
harmony  with  the  existing  plant,  thus  enab- 
ling  both    to   work   in    coniunction. 

3.  ,\n  arranfpmcnt  which  can  be  doubled 
in   rapacity   without   doing   unnecessary   work. 

4.  A  supply  which  is  unfailing,  in  so  far 
as  human  agcncv  can  make  it.  It  will  not  be 
dcletcriouslv  affected  by  storms,  ice,  shift- 
ine  sand,  etc. 

5.  A  supply  of  water,  which  is  as  pure 
?s  it  is  possible  to  obtain  in  the  vicinitv  of 
Toronto,  and  which  after  treatment  will  be 
perfectly  safe  and  satisfactory. 


6.  An  improved  service  throughout  the  en- 
tire city. 

7.  An  attractive  park  on  the  waterfront. 

DET.MLS   OF  W.\TER   WORKS   EXTENSION. 

Intake  Crib.— The  intake  crib  is,  in  a 
sense,  the  most  important,  and,  in  some  ways, 
the  most  difficult  part  of  the  work.  On  ac- 
count of  the  nature  of  the  elements  to  which 
it  is  exposed,  the  design  should  be  worked 
out  from  the  experience  of  others.  Cribs 
have  been  constructed  in  the  lakes  by  various 
other  cities;  at  Buffalo  the  crib  is  110  ft. 
diameter  in  18  ft.  of  water;  the  Cleveland 
crib  is  nearly  five  miles  from  shore  in  49 
ft.  of  water,  and  is  100  ft.  in  diameter.  Chi- 
cago has  six  cribs  of  varied  construction, 
some  with  surrounding  breakwaters,  and  the 
latest  designed  without.  Of  the  latter,^  the 
Harrison  crib  is  112  ft.  diameter  and  is  in 
34  ft.  of  water,  while  the  new  Dunne  crib 
is  111  ft.  diameter,  and  in  33  ft.  of  water. 
The  Milwaukee  crib  is  under  60  ft.  diameter, 
and  is  in  25  ft.  of  water,  but  from  a  study 
of  conditions,  it  appears  to  be  inadvisable  to 
adopt  so  small  a  size.  From  a  study  of  the 
experience  of  these  cities,  it  is  concluded 
that  the  Toronto  crib  should  be  110  ft. 
diameter. 

The  depth  of  water  in  which  the  crib  can 
be  set  depends  upon  the  method  of  placing  it, 
and  the  forces  to  which  it  will  therefore  be 
subjected.  This  crib,  made  of  a  steel  shell, 
will  be  constructed  in  the  harbor  and  floated 
to  the  desired  location  and  sunk.  On  ac- 
count of  the  depth  of  water  in  the  bay,  the 
shell  could  not  be  floated  to  a  greater  depth 
than  17  ft.  It  is  clear  that  the  success  of 
such  an  undertaking  will  depend,  to  a  very 
large  extent,  upon  the  relative  amounts  of 
the  shell  above  and  below  the  water  surface 
when  floating,  and  as  the  depth  below  is,  in 
this  case  small,  the  total  height  of  the  struc- 
ture is  limiited.  So  far  as  known,  no  city 
in  America  has  installed  a  crib  under  such 
conditons  as  those  existing  at  Toronto,  in 
water  deeper  than  50  ft.,  the  Cleveland  in- 
take  being  the   deepest. 

Since  the  cost  of  this  part  of  the  work 
will  be  great,  and  hence  any  unsuccessful  ex- 
periment would  be  very  serious,  it  is  not  ad- 
visable to  attempt  anything  that  has  not  been 
done  successfully  elsewhere,  so  that  the 
depth  of  water  in  which  this  crib  will  be 
placed  is  49  ft.  The  water  entering  such  a 
crib  will  he  quite  as  good  for  drinking  pur- 
poses as  if  taken  at  much  greater  depth. 

The  intake  crib  will  consist  of  two  con- 
centric steel  cylinders,  set  on  end  and  firmly 
braced  together,  so  as  to  be  rigid  and  stiff, 
the  outer  cylinder  being  110  ft.  diameter,  and 
the  inner  60  ft.  diameter.  Plates  set  radially 
between  these  shells  will  divide  the  annular 
space  into  compartments,  which  will  be  con- 
structed with  bottoms  so  as  to  make  them 
watertight.  The  compartments  will  then  be 
sufjiciently  filled  with  concrete  to  make  the 
draft  of 'the  structure  17  ft.,  after  which  it 
will  be  towed  into  the  desired  position  and 
sunk,  the  lake  bottom  having  been  previously 
levelled  and  otherwise  prepared  for  its  sup- 
port. After  sinking,  the  annular  space  will  be 
filled  with  concrete,  and  the  structure  built  up 
above  the  water  to  provide  living  quarters 
for  men,  with  lights  and  signals  for 
mariners. 

Properly  constructed  ports  in  the  crib  will 
admit  water  to  the  inner  60  ft.  well  :  these 
ports  will  be  controlled  by  gates  which  may 
be  closed  at  pleasure,  but  the  water  will  never 
be  pumped  from  the  inside  of  this  well.  An 
Trrangcmcnt  has  been  provided,  however,  so 
that  it  will  be  quite  possible  at  any  time 
to  pump  all  of  the  water  out  of  the  tunnel 
for  cleaning  and  other  purposes,  should  this 
be  desired. 

hilak-c  .T/m//.— Through  the  center  of  the 
intake  crib,  a  vertical  steel  shell  will  be  sunk 
to  a  depth  to  meet  the  tunnel.  This  shell 
will  rise  inside  the  crib  above  lake  level,  and 
will  have  proper  openings  for  the  admission 
of  watf-r  to  its  interior:  these  ports  will  hnve 
gates  that  may  be  closed  when  desired.  The 
material  w'll  be  cxcavnted  from  the  inside 
of  this  shaft,  which  will  be  lined  with  brick- 
work to  finish   11    ft.  inside  diameter. 


7  unncl.—A  tunnel  will  be  driven  between 
the  shore  and  intake  shafts  having  an  inside 
diameter  of  9  ft.  with  a  brick  or  concrete 
lining.  As  it  is  possible  that  compressed  air 
vvill  be  necessary  in  the  driving  of  this  tun- 
nel, and  in  order  to  make  it  perfectly  safe  for 
workmen,  the  invert  will  be  not  over  105  ft. 
below  the  lake  level.  The  length  of  the  tun- 
nel will  be  about  6,380  ft. 

Shore  Shaft.— 1\\\s  shaft  will  be  of  similar 
dimensions  to  that  at  the  intake,  but  with  a 
diameter  of  10  ft.  inside  the  brick  or  con- 
crete lining ;  will  be  closed  at  the  top,  and  at 
13V2  ft.  below  Zero  lake  level  will  have  two 
7-ft.  diameter  horizontal  branches,  to  which 
the  suction  pipes  of  the  pumps  will  be  di- 
rectly connected.  The  cover  on  the  shore 
shaft  will  be  high  enough  to  prevent  damage 
from  surges  in  the  tunnel,  these  being  very 
small,  owing  to  the  low  tunnel  velocity  of 
only  1.71  ft.  per  second  when  delivering  60,- 
OOO'.OOO  imp.  gals,  per  24  hours. 

Capacity  of  Tunnel  and  Shafts. — With  a 
draft  of '100,000,000  imp.  gals,  per  24  hours 
the  loss  of  head  in  the  tunnel  and  shafts 
will  be  under  2.5  ft.,  so  that  the  capacity  will 
be  much  above  100,000,000  gals,  if  it  is  de- 
sired to  increase  the  demand  above  this 
amount  at  any  time. 

PUMPING    ST.\TION     AND    FILTR,\TI0N    PLANT. 

The  general  scheme  of  the  station  has  been 
described  already.  There  are  two  parts  which 
will  be  described  separately. 

Loiv  Lift  Station.— The.  purpose  of  the 
pumps  in  this  station  will  be  to  take  water 
from  the  tunnel  shaft  and  deliver  it  to  the 
filters  Thev  will  be  driven  by  steam  and 
have  a  total'  capacity  of  60,000.000  imp.  gals. 
per  24  hours.  The  lift  at  zero  lake  level 
may  be  approximately  75  ft.,  depending  upon 
the  make  of  filters  used.  In  order  to  procure 
the  best  use  of  the  tunnel,  the  floor  of  this 
station  should  be  at  lake  level.  An  excavation 
will  be  made  and  the  station  built  with  water- 
tight walls  and  basement.  In  order  to  insure 
safety,  there  will  be  two  48  in.  delivery  pipes 
to  the  filter  plant,  each  conduit  carrying  away 
the  water  from  two  pumps. 

High  Lift  5/a//ow.— This  station  will  also 
contain  steam  driven  pumps,  having  total  ca- 
pacity of  60,000,000  imp.  gals,  per  day,  three 
having  a  total  lift  of  approximately  220  ft., 
and  the  fourth  with  a  lift  of  about  315  ft. 
The  precise  lift  is  vet  to  be  determined.  The 
floor  level  of  this  s'tation  will  be  at  the  ground 
level  cf  Victoria  Park. 

Filtered  water  will  be  delivered  to  this  sta 
tion  through  a  single  7-ft.  pipe,  the  suction 
of  each  pumping  unit  being  connected  directly 
thereto.  '  There  will  be  four  separate  dis- 
charge pipes,  each  36  ins.  in  diameter,  one 
from  each  pump,  and  connected  to  the  dis- 
tribution svstem.  ■ 
Boiler  Room.  Coal.  Storage,  Etc.— Tht 
boiler  room  will  be  located  between  the  en- 
gine rooms.  This  arrangement  brings  the 
boilers  close  to  all  pumps,  thus  giving  good 
steam  connections,  and  also  precludes  any  in- 
terference whatever  between  the  boiler  and 
engine  foundations  and  the  water  pipes.  This 
latter  matter  is  of  the  very  greatest  impor- 
tance. Much  attention  has  been  given  to  the 
security  of  the  system,  and  the  prevention  of 
damage  to  the  pipes  from  any  cause.  It  is 
essential  that  they  must  always  be  easily  ac- 
cessible  for   examination    and   repairs. 

The  boilers  will  be  equipped  with  mechan- 
ical stokers,  and  the  boiler  room  will  be  fur- 
nished with  coal  and  ash  handling  machinery, 
so  as  to  reduce  the  cost  of  operating  the  plant 
to  a  minimum.  • 

Coal  will  be  conveyed  to  the  plant  in  rail- 
road cars  drawn  bv  electric  motor,  alone 
tracks  laid  to  York  Station,  a  distance  of  1% 
miles. 

The  coal  bunkers  will  have  a  storage  capac- 
ity equivalent  to  one  week's  supply. 

RESERVOIR. 

The  matter  of  an  additional  reservoir  is 
one  requiring  careful  study.  There  is  no  con- 
venient location  for  a  reservoir  in  the  eastern 
part  of  the  citv.  and  it  would  have  to  be 
located  far  beyond  the  city  limits  if  placed  in 
this  direction. 
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An  additional  reservoir  for  the  city  of  To- 
•onto  is  by  no  means  essential,  and  not  at  all 
■■equisite.     It  is  desirable  that  there  should  be 
jiomc  water  storage  to  provide  for  fluctuations 
in  demand   from   time  to  time.     This  storage 
■las  already   been   adequately   provided   for   in 
:he  Rose  Hill  reservoir,  which  has  ample  ca- 
oacity  for  all  the  present  and  proposed  pump- 
ng   equipment,    and    will    readily    suffice    for 
;the  needs  of  Toronto  for  some  time  to  come. 
An  examination  of  the  country  has  shown 
.that  to  secure  suitable  land   for  an  additional 
re5er\oir  it  would  be  necessary  to  go  so  far 
out    that    much    of    its    effect    would    be   lost. 
;Such  a  plan  cannot  be  recommended. 
I    The  present   Rose   Hill  reservoir  has  a  ca- 
•pacity   of   ::!!».L'"iO,0(lO   imp.    gals.,    which    corre- 
sponds to  about  20  hours'  supply  at  the  pres- 
rent  average  daily  pumpage  of   approximately 
iSO.OUU.OOO  imp.  gals.,  and  is  quite  sufficient  to 
'compensate   the   ordinary    fluctuations   of   dis- 
charge, due  to  fire,  excessive  heat  or  cold,  and 
other  causes. 

It  will  be  interesting  in  this  connection  to 
jgive    the    experience    of    some    of    the    larger 
American   cities,   using   lake    water.     Buffalo, 
'with   an   average   daily   consumption   of    117,- 
000.000  imp.  gals.,  has  a  single  reservoir  hold- 
ing 08,000,000  gals.,  or  20  hours'  supply.     De- 
troit,  with   an    average   daily   consumption   of 
nearly  88,000,000  imp.  gals.,  has  no  reservoir. 
Chicago    does    not    possess    a    reservoir.      In 
.  Cleveland    the    average    daily    consumption    is 
6.3,O0O,M0iJ   imp.   gals.,   and   the  city   is  divided 
•  up   into    three   districts    for    distribution    pur- 
,  poses,   there   being  a   reservoir    for   each   dis- 
.  trict.  the  largest  having  a  capacity  of  67,000,- 
:  000  imp.  gals.      Milwaukee  has  a  present  con- 
■  sumption   of  about   7i.),000,000  imp.   gals.,  and 
I  is   now   increasing   its   pumping   capacity,   but 
1  there    is    no    intention    of    increasing   the   ca- 
:  pacity    of    the    reservoir,     which    holds    only 
17,000,000    imp.    gals.,    or    about    si.x    hours' 
.  supply. 

'■  The  foregoing  examples  show  that  Toronto 

'  has    now    a    much    larger    reservoir    capacity 

.'  than  many  other  of  the  larger  cities,  the  .size 
of    reservoirs    being    evidently    largely    influ- 

:  enccd    by    local    conditions.      The    experience 

.  of   the   cities   quoted   confirms   the   conclusion 

:  otherwise  reached,  that  there   is  no  necessity 

I  at  present   to  increase   the   reservoir  capacity 

.  for  this  city. 

!  mSTRIBUTION    SYSTEM. 

From  the  pump  house  there  will  be  four 
'  3fi-in.  pipes,  with  Venturi  meters,  running  a 
'  short  distance  from  the  station,  after  which 
they  will  be  enlarged  for  distribution  pur- 
poses, and  will  feed  four  42-in.  mains,  all  of 
these  pipes  being  cross-connected  and  con- 
trolled by  valves  in  such  a  way  as  to  make 
a  perfectly  flexible  arrangement.  The  de- 
tails of  the  proposed  extension  of  the  dis- 
tribution system  arc  chiefly  of  local  interest 
and  are  not  here  given.  The  need  of  new 
mains  was  determined  by,  and  the  design  of 
these  mains  has  been  based  upon,  extensive 
pitometer  surveys  made  for  that  purpose. 

The   estimated   cost   of   the   project   recom- 
mended is  as  follows : 

ESTIMATED  COST  OK  PROJECT  AS  KECOM- 
M  ENDED. 

I.Ake  rrib — ^complpte  .nnd  plttced $    400,000 

l.«kc  Bhiifl,  tiimicl  anci  shore  Bhaft 800.000 

Sllf  nnd   hullrllnis'M BOO. 000 

T'umplni,'   f<|iilpnu:nt    380.000 

Bollors    nml    .Mti>kpni 80.000 

Coal   nnrt  imh   hanfllltn:  mnrhlnery 30.000 

Tracks    and    oviTh«.a<l    r.fiiilpm*!nt    from 

York    tip    piimplriK   Htntli>n 3.'..000 

Motor  :infl  <.f|iilpm<nl   fur  hiimlllnK  cnfB  5.000 

F^lprtrlc  IlKhllni!  unit  iit  Hiallon 2.000 

Tw.nty-alx   mlli'.i  of  distribution  maln8  2,010,000 

Rpoclal.q    nnd    valves fifl.OOO 

nilrntlim  plant    OOO.OOO 

I."VfllnK,  grading,  etc S.OOO 

$4,937,000 
Add    10   per  cent   for   enfftneering  nnd 
eontlnKencles     493.700 

}o. 430.700 

Six  miles  of  dl.Mtrlbi'tlon  main— Hlnh 
level  piimplne  station  to  West  To- 
ninto.  for  piirt  of  which  contracts 
htv..   h<.,"n   iiwarded %    353,000 

Additions  to  Mich  Level  Pumplnp  Sta- 
tion and  nrovlslon  of  steam  reserve 
stifflclent  for  ultimate  output  of  this 


station,    for  part   of  which   contracts 

have  been  awarded 250.000 

Total    $6,033,700 

Recap!  culatior — 
Expenditure  authorized  by  taxpayers.  .$6,677,000 
Estimated  cost  of  propject  as  proposed  6,033,700 

Balance  to   meet   debenture  discount 

and  financing   $    643, 30u 

The  project  was  submitted  by  Commis- 
sioner Harris  of  the  city  and  the  provincial 
health  departments,  both  of  whom  approved 
it  on  the  understanding  that  the  sewage  ef- 
fluent from  the  Morley  \\t.  works  should 
be  properly  purified  as  required  by  the  Pub- 
lic Health  Act.  As  this  treatment  of  the  sew- 
age is  required  by  law  there  should  be  no 
trouble  from  this  source  and  the  matter  is 
now  receivng  the  attention  of  the  author- 
ities. 


Dam  Foundations. 


To  THE  Editors  : — The  writer  feels  con- 
strained to  make  a  few  remarks  concerning 
dam  foundations  and  the  effect  of  the  char- 
acter of  the  foundation  on  the  type  of  dam 
to  be  selected.  It  seems  generally  to  be  con- 
sidered necessary,  when  trying  to  draw  at- 
tention to  any  important  point,  to  emphasize 
that  point  to  the  exclusion  of  other  perhaps 
equally  important  points. 

Mr.  Edward  Godfrey  in  E.n'gin'eering  and 
CoNTR.ACTiNG,  Feb.  11,  1914,  says.  "It  is  a 
crime  to  design  a  dam  without  considering  up- 
ward pressure."  I  think  in  a  general  way 
that  statement  is  correct,  with  emphasis  on 
the  word  "considering,"  but  do  not  think  that 
means  that  in  every  single  case  such  upward 
pressure  must  be  included  as  one  of  the  forces 
acting  on  the  dam.  I  think  there  are  cases 
where  a  consideration  of  upward  pressure 
in  connection  with  thorough  examination  of 
the  foundation  leads  to  correct  conclusion 
that  upward  pressure  of  water  will  never  act 
on  the  base  of  that  proposed  dam. 

I  agree  with  Mr.  God f rev  that  upward 
pressure  has  contributed  largely  to  many  dam 
failures.  He  also  states  in  the  discussion 
above  referred  to  that  "no  dam  ever  failed 
that  was  heavy  enough  and  wide  enough  at 
the  base  to  be  stable  under  the  pressure  of 
water  on  the  wetted  side  and  underneath  it, 
regardless  of  what  it  was  founded  on."  Per- 
haps that  is  so,  but  does  Mr.  Godfrey  mean 
to  say  that  he  would  use  no  other  type  of 
dam  anywhere,  for  instance,  that  he  would 
use  such  a  massive  type  of  dam  "regardless 
of  what  it  was  founded  on"  for  such  a  foun- 
dation as  was  under  the  portion  that  failed 
of  the  Stony  River  Dam?  I  do  not  think  he 
would  actually  build  any  dam  "regardless 
of  what  it  was  founded  on"  for  such  neglect 
of  an  important  phase  of  engineering  design 
and  construction  seems  entirely  out  of  harm- 
ony with  his  character  as  indicate*!  by  most 
of  his  contributions  to  engineering  literature 
which  have  come  to  my  notice. 

I  do  not  know  how  many  dams  have  been 
built  as  heavy  as  indicated  in  the  above  quo- 
tatifin.  If  a  triangular  cross-section  with 
vertical  up  stream  face  be  considered  and 
the  upward  pressure  be  taken  as  equal  to  full 
hydro.static  pressure  at  the  heel,  ilecreasing 
uniformly  t<i  zero  at  the  toe  ami  the  weight 
of  masonry  be  taken  as  I.MI  lbs.  per  cubic  fool. 
I  make  out  that  the  center  of  pressure  would 
remain  within  the  middle  third  when  the 
thickness  at  base  equaled  S,'>  per  cent,  h  if  /i 
is  depth  of  water  and  height  of  dam.  I 
also  make  out  that  in  the  same  case  the  hori- 
zontal water  pressure  would  equal  8.')  per  cent 
of  the  effective  weight  of  the  dam.  so  that 
even  for  that  thickness.  I  think  it  would  be 
worth  while  to  pay  some  attention  to  the 
foundntiiin.  i.  c.,  to  see  that  it  was  better  than 
it  proved  to  be  at  .\iistin  dam,  Pennsylvania, 
and  also  .Austin  dam,  Texas.  Perhaps  in 
those  cases  an  upward  pressure  greater  than 
zero  was  acting  between  some  of  the  rock 
layers  beneath  the  toe  of  dam  at  time  of 
failure. 

It  seems  to  me  that  it  is  Iwttcr  engineering 
to  make  a  thorough  examination  of  the  foun- 
dation and.  where  possible,  cither  improve  it 
by    grouting    or    other    methods,    or    prevent 


under  passage  of  water  by  a  cut-off  wall  ihat 
will  cut  off  the  flow. 

I  do  not  believe  in  condemning  a  particular 
type  of  dam,  or  any  other  structure,  merely 
because  there  are  instances  of  failure  recorded 
against  that  type.  If  so,  where  shall  we 
stop  and  what  structures  can  we  build?  If 
the  foundation  of  a  dam  was  faulty  and  it 
failed,  why  not  charge  at  least  a  part  of  the 
failure  to  the  faulty  foundation,  since  in 
many  cases  it  would  have  been  altogether  pos- 
sible and  feasible  to  have  foreseen  the  prob- 
able failure  and  prevented  it  by  an  effective 
cut-off  wall  or  other  method,  as,  for  instance, 
Austin.  Pa.,  dam.  Stony  River  dam,  Hauser 
Lake  steel  dam,  Pittsfield  dam.  and  others. 
That  does  not  mean  that  man  was  in  no 
way  responsible,  for  he  should  know  enough 
about  foundation  conditions  to  prevent  most 
of  such   failures. 

It  seems  to  me  that  in  many  cases  it  is 
better  policy  not  to  build  a  continuous  floor 
under  the  hollow  concrete  type  of  dam,  but 
merely  sufficient  footings  under  the  buttresses 
to  keep  the  pressure  on  the  foundation  within 
safe  limits,  paying  more  attention  to  the  cut- 
off wall.  "That  is,  make  it  extremely  diffi- 
cult for  water  to  get  under  the  dam  but  give 
free  exit  to  the  tail  water  for  all  that  does 
get  through,  so  that  no  serious  upward  pres- 
sure can  develop.  This  was  evidently  the 
policy  in  the  design  for  the  Rock  Run  Stor- 
age dam,  Coatesville,  Pennsylvania.  (See  En- 
gineering AND  Contracting,  Feb.  11,  1914, 
page  189). 

Referring  to  the  editorial  discussion  in  En- 
gineering AND  Contracting,  .April  1.  1914. 
page  .376,  I  agree  that  the  transmission  of 
pressure  through  rock,  concrete,  and  soils 
of  varyin.g  degrees  of  density  is  a  good  field 
for  experimentation.  Extensive  tests  in  that 
line  should  help  remove  the  matter  of  up- 
ward pressure  from  the  realm  of  guesswork. 
However,  there  has  been  something  done  along 
this  line.  In  the  Journal  of  the  Western  So- 
ciety of  Engineers  for  1897,  pages  449  to  508, 
inclusive,  is  a  paper  on  this  subject  giving 
the  results  of  tests  made  for  a  thesis  at  the 
University  of  Wisconsin  by  A.  E.  Broenni- 
man  and  H.  H.  Ross.  They  experimented 
with  several  kinds  of  stone,  several  mixtures 
of  cement  mortar,  and  the  stone  coated  with 
cement  mortar.  .\s  I  understand  the  results, 
the  pressure,  starting  with  l!2..5  ins.  of  mercury 
(equal  to  about  70  ft.  head  of  water)  was 
transmitted  with  diminishing  intensity  into 
the  stone  or  mortar.  The  pressure  indicated 
by  the  curves  at  the  farthest  points  where  it 
was  measured  was  generally  equivalent  to 
from  t!  to  10  ft.  head  of  water.  The  curves 
were  extended  to  zero  pressure  a  short  dis- 
tance beyond,  at  what  I  understand  to  be  near 
the  face  of  the  stone  or  mortar  exposed  to 
atmospheric  pressure,  i.  e.,  farthest  from  the 
face  to  which  the  maximum  pressure  was 
applied.  The  penetration  shown  to  this  point 
of   zero  pressure  was   from   13  ins.  to  21   ins. 

It  would  he  interesting  to  know  whether  the 
pressure  would  be  appreciable  at  a  <Iistance 
from  the  pressure  face  nearly  equal  to  the 
thickness  of  gravity  dams.  The  conclusions 
drawn  by  the  authors  of  the  paper  were  that 
in  a  dam  the  pressure  would  extend  clear 
through,  rCiiching  zero  at  the  down  stream 
face.  i.  e.,  that  the  upper  surface  of  w.iter  in 
the  voids  of  the  niasonr)',  or  at  least  the  sur- 
face of  zero  pressure,  curves  downward  from 
the  head  water  surface  at  up  stream  face  to 
the  tailwater  surface  at  the  down  stream  face. 
The  direction  taken  by  the  cur\'C  would,  of 
course,  depend  on  the  porosity  of  the  masonry. 

This  seems  in  line  with  the  conditions  as 
often  found  in  earth  fill  dams  where  tests 
have  shown  in  some  cases  that  the  upper 
surface  of  saturation  slopes  downward  to- 
wards the  down  stream  face  and  is.  I  think, 
generally  convex  upward.  From  the  tests 
above  referred  to,  I  conclude  that  in  porous 
concrete  or  stone  of  a  uniform  texture  the 
curve  would  be  conccrfe  upward.  That  is,  that 
the  pressure  decreases  more  rapidly  near 
the  up  stream  face  than  it  does  farther  in 
the  structure.  In  case  of  a  rock  seam  be- 
neath the  dam.  it  would  evidently  be  possible 
to  get  an  upward  pressure  much  greater  than 
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zero  beneath  the  toe  of  the  dam  if  such  seam 
admitted  water  freely  from  the  reservoir  but 
tightened  up  too  much  to  permit  of  its  free 
exit  below  the  dam  and  close  to  the  toe. 

While  making  a  survey  of  the  Shawneetown, 
Illinois,  levee,  for  the  Internal  Improvement 
Commission  of  Illinois  in  March,  litOT,  the 
writer  had  opportunity  to  observe  some  of 
the  results  of  leakage  under  an  earth  dam. 
This  levee  is  nearly  four  miles  long,  enclos- 
ing three  sides  of  the  town,  and  for  most  of 
this  distance  the  water  surface  on  the  out- 
side was  from  7  to  15  ft.  higher  than  the 
ground  at  the  toe  of  the  inner  slope  for  part 
of  the  time  this  survey  was  in  progress.  The 
water  had  been  several  feet  higher  in  Janu- 
ary of  that  same  year  and  has  been  still 
higher  in  previous  and  in  subsequent  years, 
notably  in  1913  when  the  lower  levee  was 
voluntarily  cut  and  the  town  flooded  gradu- 
allv  to  prevent  a  recurrence  of  what  hap- 
pened in  1898.  when  more  than  300  ft.  of  the 
levee  was  carried  out  (or  in)  and  many 
houses  washed  away  and  people  drowned. 

The  top  soil  is  largely  clay,  but  several 
feet  down  contained  more  sand  and  during 
every  high  water  stage  many  "seeps"  or  "high 
water  springs"  opened  up  near  the  toe  of  the 
inner  slope.  These  were  no  doubt  often  due 
to  removal  of  part  of  the  top  clay  either  on 
outside  or  inside  of  the  levee,  or  both,  mak- 
ing it  easier  for  water  to  gain  access  to  the 
sandy  stratum  on  the  outside  and  to  burst  up 
througli  the  impervious  cover  on  the  inside. 
In  general  these  seeps  were  controlled  by  pil- 
ing on  dirt  sacks,  first  surrounding  the  seep 
completely  and  then  covering  it  tightly  with 
one  or  two  or  even  more  layers  of  sacks. 
This  even  proved  effective  in  some  cases 
where  the  head  from  outside  water  surface 
was  as  much  as  18  ft.  In  free  water  the  pres- 
sur  due  to  18  ft.  head  equals  1.123  ll:s.  per 
square  foot,  so  it  is  evident  there  was  a  great 
reduction  in  pressure  in  passing  through  (iO 
to  100  ft.  of  ground,  when  two  or  three  lay- 
ers of  dirt  bags  would  entirely  stop  the  flow. 

In  1808  little  attention  was  being  paid  to 
these  seeps  and  one  of  them,  occurring  where 
the  soil  was  probably  more  pervious  than 
elsewhere,  increased  in  size  until  so  much 
sand  and  soil  had  been  carried  through  that 
an  under  channel  was  fonued,  quickly  in- 
creasing in  size  and  resulting  in  the  break 
above  referred  to  and  a  large  pocket  gouged 
out  30   ft.  below  the  natural  surface. 

Suppose  a  heavy  type  masonry  dam  were 
built  on  such  a  soil,  a  dam  thick  enough  to 
stand  the  upward  pressure  for  fidl  head, 
would  it  prevent  such  an  underflow,  without 
an  effective  cut-off  wall?  Some  one  may 
say  that  it  would  compress  the  soil  and  ren- 
der it  less  pervious.  But  a  triangular  con- 
crete dam  20  ft.  high  with  the  center  of 
pressure  within  the  middle  third  would  never 
load  the  soil  with  more  than  3,0U0  lbs.  per 
square  foot  vertical  component,  neglecting 
upward  pressure  of  water,  which,  when  exist- 
ing, would  reduce  it  still  lower.  It  does  not 
take  a  very  good  quality  of  earth  founda- 
tion to  stand  3.000  lbs.  per  square  foot  with- 
out much  settlement,  so,  if  there  were  a  stra- 
tum of  sand  several  feet  below  the  base  of 
such  a  heavy  dam  and  the  water  in  the  reser- 
voir gained  access  to  it  and  also  gained  exit 
below  the  dam,  it  would  probably  not  take 
any  longer  to  undermine  the  structure  than 
if  it  were  an  earth  fill  or  a  hollow  concrete 
dam.  The  result  would  be.  no  doubt,  a  worse 
wreck  than  occurred  at  the  Pittsfield  dam 
"wash   under." 

Reverting  again  to  the  editorial  comment 
above  referred  to.  possibly  the  quite  extensive 
investigations  that  have  been  carried  on  by 
the  U.  S.  G.  S.  (and  perhaps  others)  on 
the  flow,  of  underground  waters  might  give 
some  useful  or  at  least  suggestive  informa- 
tion on  the  transmission  of  pressures  in  per- 
vious strata. 

The  discussion  relative  to  varying  and  un- 
certain coefficients  of  friction  under  dains  and 
in  soil  and  between  layers  of  rock  are  perti- 
nent, and  those  are  certainly  subjects  worthy 
of  experimentation. 

It  is  well  to  remember,  however,  with  re- 
gard   to   experiments   dealing    with    soils    and 


rocks  that  tliese  materials  are  exceedingly 
variable  in  kind  and  condition  and  that  where 
the  strata  are  not  very  uniform  in  position 
and  texture  it  is  easy  to  miss  some  flaw  or 
dangerous  feature  because  the  borings  and 
test  pits  explore  a  very  small  portion  of  the 
foundation  material.  So  that  however  ex- 
tensive our  experiments  with  known  materials 
under  controlled  conditions,  we  generally 
have  some  tinkuozi'iis  to  deal  with  in  founda- 
tion work.  That  is  what  makes  it  so  inter- 
esting and  gives  the  engineer  of  experience 
and  good  judgment  in  such  lines  an  ad- 
vantage. As  has  been  proven  more  than  once 
it  will  also  sometimes  pay  to  employ  a  geolo- 
gist to  pass   judgment  on  a  dam   site. 

With  regard  to  sketch  Fig.  1,  page  376, 
.'\pril  1,  1914,  Enoineerixc  and  Contr.\cting, 
the  projection  B  under  the  toe  of  the  dam  no 
doubt  would  be  of  benefit  in  some  cases  but 
in  other  cases  it  might  be  a  detriment.  If 
the  upward  pressure  under  the  dam  would 
lie,  under  ordinary  conditions,  greatest  at  the 
heel  and  practically  zero  at  the  toe,  such  a 
downward  projection  would  surely  increase 
the  pressure  just  back  of  it  by  making  the 
exit  of  the  underflow  more  difficult.  Had  this 
scheme  been  used  for  the  Austin,  Texas,  dam 
it  would  have  had  to  extend  to  considerable 
depth  to  have  been  effective,  as  the  tail  water 
from  the  power  house,  flowing  along  the  toe 
of  the  dam  to  reach  the  low  water  river 
channel,  had  cut  away  the  rock  in  front  of 
and  back  under  the  toe  for  several  feet  depth 
below  the  bottom  of  said  toe.  (See  Engineer- 
ing News,  May  10,  1900,  page  .308). 

I  think  a  better  way  to  increase  the  resist- 
ance to  sliding  when  the  dam  is  on  rock  is  to 
roughen  the  rock  surface  imder  the  entire 
base  of  the  dam,  full  width.  I  presume  this 
is  generally  done,  but  even  this  is  not  suffi- 
cient for  such  cases  as  the  two  Austin  dams 
where  probably  the  movement  that  started  the 
failure  in  each  case  was  at  a  seam  or  sur- 
face between  different  layers  of  rock  below 
the  base  of  the  dam. 

Much  of  the  editorial  discussion  referred  to 
and  many  of  the  dam  failures  seem  to  me  to 
strengthen  the  arguments  for  dams  with  in- 
clined up-stream  faces  that  make  use  of  the 
water  pressure  to  hold  the  dam  dozen  in- 
stead of  presenting  a  vertical  up-stream  face 
and  so  inviting  the  water  to  push  it  for- 
ward or  overturn  it. 

The  arch  dam,  where  the  conditions  are 
suitable,  is  undoubtedly  one  of  the  best  and 
most  economical.  I  have  seen  the  statement 
in  print  several  times  and  have  never  seen  it 
disputed  that  no  arch  dam  ever  failed.  I 
think  it  will  be  found  that  the  multiple  arch 
dam  like,  or  similar  to  the  Eastwood  dam, 
built  recently  in  southern  California  at  Big 
Bear  Valley,  can  be  safely  and  economically 
applied  in  many  places  where  either  the  grav- 
ity or  the  .Xmliurson  type  would  also  be  feas- 
ible. For  five  or  six  years  I  have  been  dis- 
cussing this  type  of  dam  before  my  classes  as 
a  variation  of  the  -Ambursen  type.  I  was 
somewhat  surprised  to  find  recently  that  a 
multiple  arch  dam  has  been  in  existence  for 
over  a  lumdred  years  in  India.  The  axes  of 
the  arches  arc  vertical.  It  is  described  in 
"The  Practical  Design  of  Irrigation  Works," 
by  W.  G.  Bligh,  second  edition,  iniblishcd  in 
1910  by  Van  Nostrand.  In  this  book  are  also 
described  several  other  multiple  arch  dams 
and  a  design  by  the  author. 

Insufficient  spillway  capacity  has  been  tlie 
cause  of  many  failures,  especially  of  earth 
dams,  the  most  notorious  example  of  which 
tlie  writer  knows  being  the  Conemaugli  dam, 
the  failure  of  which  caused  the  Johnstown 
flood  in  1889.  Since  the  maximum  flood  dis- 
charge is  never  absolutely  known  and  there 
is  always  a  chance  of  its  value  being  raised 
in  future,  why  is  not  the  spillway  a  good 
place  to  apply  a  substantial  factor  of  safety, 
the  size  of  this  factor  depending  on  the 
length  of  time  for  which  reliable  discharge 
data  is  available? 

H.    P.    BOARUMAN. 

Professor  of  Civil   Engineering, 

University   of    Xevada. 
Reno,  Xev.,  May  19,  1914. 


Three   Neglected   Factors  in   the   De- 
signing of  Masonry  Dams. 

Contributed  by  William  Osmond,  2-iJ  Cumberland 
St.,   Blool^Iyn,    IC   Y. 

It  is  not  the  intention  of  the  writer  to  enter  i 
into  a  lengthy  and  tedious  discussion  of  how 
to  design  safe  masonry  dams.  Such  an 
article  would  require  being  bound  between 
two  hard  covers  at  least  an  inch  apart.  Fol- 
lowing each  dam  failure  the  technical  press 
blossoms  out  with  articles  dealing  with  dam 
design.  Two  weeks  later  the  press  is  back 
to  normal,  describing  projects  of  diverse 
kinds,  methods  of  paving,  water  works  and 
hydro-electric  plants,  bridges,  dredges,  etc. 
The  design  of  masonry  dams  is  apparently 
forgotten  until  the  ne.xt  large  collapse.  It  j 
is  my  desire  to  stir  up  expert  discussion  on  | 
the  subject  during  this  period  of  peace. 

Influence  of  Oz'ciHoiv. — Flood  conditions 
are  the  most  trying  to  which  a  dam  is  sub- 
jected. Tlie  structure  may  be  safe  from  over- 
turning when  full,  but  suppose  many  vertical  j 
feet  of  water  are  flowing  over  its  crest;  10 
ft.  of  overflow  may  reduce  the  factor  of 
safety  by  many  per  cent.  The  depth  of  water 
to  produce  failure  equals  the  height  of  the 
dam  in  feet  multiplied  by  1.33,  i  e.,  when  the 
overflow  is  one-third  the  full  head,  the  dam 
is  no  longer  safe.  The  overturning  moment 
for  failure  conditions  is 
02..5 

M    =    (h''  —  3hd'  +  2d) 

6 
where    li    is    the    depth    of    water   to    produce 
failure,  and   d  is  the   depth   above   dam  crest. 
The    final    deduction    is    that    the    overturning 
62..J  h' 

moment   is  . 

3 

These  are  simple  formulas,  but  their  very 
simplicity  seems  to  have  caused  their  logical 
development  and  the  conditions  they  repre- 
sent to  have  been  widely  overlooked.  Not 
th.-it  they  are  new ;  there  are  engineers  who 
are  ver>'  familiar  with  their  importance,  but 
in  many  quarters  the  results  prove  their  neg- 
lect. 

Ice  Thrust. — The  next  factor  to  consider 
in  logical  progression  is  the  effect  of  up- 
stream ice.  Usually  this  subject  is  disposed 
of  by  saying  that  ice-thrust  is  indeterminate ; 
but  a  thing  or  a  condition  indeterminate  is 
by  no  means  a  thing  or  condition  to  be  neg- 
lected. Happy  is  the  designer  of  a  dam  in  the 
tropics,  in  the  elimination  of  at  least  one 
menace  of   unknown   proportion. 

In  allowing  for  ice-thrust,  several  factors 
nmst  be  considered,  and  they  are  far  from 
simple.  The  strength  of  the  current  is  of 
great  importance.  Ice  exerts  itself  upon  ob- 
structions by  thrusting  and  by  impact.  In  a 
swiftly  flowing  river,  impact  is  of  course  the 
controlling  factor.  The  stress  occurs  by  an 
intermittent  series  of  blows,  widely  varying 
in  force.  .\  slow  current  may  freeze  over, 
which  results  in  a  complex  thrust,  due  to 
current  action  and  to  the  expansion-thnist  due 
to  freezing.  The  latter  is  a  constant  push. 
Should  the  ice  break,  separate,  and  freezing 
set  in  again,  absolutely  unknown  and  inde- 
terminate stresses  are  present.  The  latter 
condition  suggests  that  even  in  absolutely  quiet 
pools  ice-thrust  must  be  taken  into  account. 
The  happy  solution  of  the  ice-thrust  factor 
is  empirical.  Sound  judgment,  based  upon 
approximate   calculations,   is    requisite. 

Hearing  on  Foundation. —  Xced  the  import- 
ance of  this  point  of  the  design  be  em- 
phasized? Apparently,  yes.  Seldom  does  a 
dam  break  in  two  laterally,  .\lmost  inva- 
rialily  the  trouble  is  transmitted  to  the  base. 
It  is  not  enough  to  know  tliat  the  masonry 
rests  upon  rock.  It  inust  be  ascertained  by 
deep  borings  that  the  rock  is  not  too  thinly 
stratified.  Often  a  high  factor  of  safety  is 
sought  in  the  foundation.  This  is  of  no 
avail.  Suppose  the  factor  of  safety  of  the 
dam  itself  is  2;  of  what  use  is  a  foundation 
factor  of  safety  of  .50?  Such  calculations  and 
aims  cease  to  be  engineering.  .Mthough  the 
rock  will  sustain  the  completed  dam,  fail- 
ure seldom  occurs  through  direct  compression. 


.May  27,  1914. 


Engineering   and    Contracting 


613 


jThe  pressure  at  the  toe  (downstream  edge) 
increases  from  the  condition  of  reservoir 
empty  to  reservoir  overflowed.  At  overflow- 
Ihead  the  stress  there  is  infinite.  At  fail- 
ure-level, failure  occurs  irrespective  of  the 
'bearing  power  of  the  foundation   rock. 


As  regards  uplift,  the  only  safe  analysis  is 
to  consider  it  due  to  full  head  acting  con- 
stantly from  heel  to  toe.  Too  often  it  is 
accepted  as  decreasing  from  maximum  at 
the   heel   to   zero  at   the   toe.     It   is   probably 


safe  to  assume  the  latter  when  dealing  with 
earth  dams ;  but  practice  has  shown  otherwise 
in  the  case  of  concrete.  Considering  the 
problem  in  the  light  of  simple  gravity  is  all 
right  in  the  classroom,  but  not  where  money, 
life,  and  professional  reputation  are  at  stake. 
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Commercial  Development  of  the  Mini- 
doka Project  Power  Plant,  U.  S. 
Reclamation  Service. 

To  furnish  power  for  pumping  water  to 
irrigate  some  48,000  acres  of  bench  lands  in 
the  Minidoka  project,  the  Reclamation  Serv- 
ice built  a  power  plant  at  Minidoka  Dam,  on 
Snake  River,  Idaho.  With  a  fall  of  46  ft., 
this  develops  appro.ximately  10,000  h.p.,  using 
water  which  must  be  allowed  to  flow  down 
!the  river  for  prior  rights. 
[  Over  90  per  cent  of  this  power  is  required 
:  for  pumping  during  the  height  of  the  irri- 
gation season,  but  during  the  winter  the  plant 
would  be  idle  except  for  the  extensive  use 
of  power  in  the  towns  and  on  the  farms  of 
the  project.  Here  electricity  is  used  for 
heating  and  cooking,  as  well  as  for  lighting 
and  power.  Information  on  the  development 
of  this  commercial  service  is  given  by  Mr. 
Barry  Dibble,  engineer,  in  the  "Reclamation 
Record"  for  .April,  1014: 

The  Minidoka  Dam  is  6'/-!  miles  south  of 
'  Minidoka,  hlaho.  the  nearest  railroad  point. 
The  power  house  is  at  the  north  end  of  the 
dam,  on  the  diversion  channel,  which  is  used 
for  a  tail-race.  Water  for  running  the  plant 
is  taken  through  li'-ft.  pcn,stocks  directly  from 
the  reservoir,  known  as  Lake  Walcott,  created 
by  the  dam. 

The  building  is  a  two-story  reinforced  con- 
crete structure,  oOxloU  ft.,  resting  on  piers  in 
the  diversion  channel.  On  the  first  floor  are 
five  2.000  h.p.  vertical  turbines  connected  to 
the  penstocks.  Directly  above  each  turbine, 
on  the  second  floor,  is  a  1,200  k.w.  electric 
generator.  On  this  floor  also  are  the  ex- 
citers and  governors  that  control  the  turbines. 
The  generators  furnish  current  at  2,200  volts, 
which  is  increased  to  33,000  volts  by  air- 
cooled  transformers  located  on  a  gallery  over- 
hanging the  second  floor.  This  gallery  also 
contains  the  switchboard  for  controlling  the 
entire  power  house. 

From  the  power  house  transmission  lines 
carry  the  energy  over  the  project.  The  three 
principal  pumping  plants  for  supplying  the 
south  side  unit  are  from  11  to  13  miles  from 
the  power  house.  Some  comparatively  small 
irrigation  pumps  have  also  been  installed  for 
high-land  areas  on  the  north  side  of  the  river. 
A  number  of  drainage  pumps  have  been  in 
use  for  several  years  to  keep  down  the  ground 
water  until  deep  gravity  drains  could  be  com- 
pleted. 

Four  substations  supply  power  for  use  in 
the  towns  of  Rupert,  Heyburn  and  Burley  and 
for  groups  of  farmers.  These  towns  arc  13, 
20  and  22  miles,  respectively,  from  the  power 
hoMse.  The  transmission  system  consists  of  62 
miles  of  .33,000-volt  lines  and  over  20  miles 
of  2.200-voIt  linos. 

The  lands  under  the  South  Side  Unit  arc 
covered  by  three  canals,  at  30.  fio  and  00- ft. 
levels.  The  water  is  lifted  from  stage  to 
rtage  by  the  largest  pumping  stali'ins  which 
have  ever  been  used  for  purposes  of  irriga- 
tion. During  the  irrigation  season  of  1013 
about  120.000  acre-feet  were  pumped,  of  which 
1"  per  cent  was  used  on  the  30-ft.  level.  3fi  per 
cent  was  used  on  the  CiO-ft.  level.  an<l  17  per 
cpm  was  pumped  to  the  Oo-«ft.  level. 

The  fact  that  this  irrigation  pumping  uses 
nearly  the  entire  capacity  of  the  power  house 
in  the  summer  and  leaves  it  i<lle  in  the  winter, 
left  an  opening  for  a  verv  interesting  phase 
of  development,  of  which  a<lvantagc  has  been 
taken  in  supplying  power  to  the  three  principal 
towns  of  the  project  and  to  the  farmers  and 
various  industries.  The  probable  demand  would 


not  have  used  more  than  a  small  portion  of 
the  power  available  for  many  years.  The 
problem  was  to  market  the  surplus  during 
the  winter.  Electrical  cooking  and  heating 
were  encouraged  by  giving  low  rates,  and  the 
demand  has  grown  rapidly.  On  Jan.  1,  1913, 
the  three  towns  of  the  project  were  served  a 
maximum  of  nearly  l,5o0  kilowatts,  an  in- 
crease of  nearly  100  per  cent  over  the  amount 
used  at  the  beginning  of  the  preceding  year. 
On  Jan.  1,  1914.  this  had  practically  doubled 
again,  being  close  to  3,(K)0  kilowatts. 

This  use  of  power  was  so  novel  that  at  first 
suitable  electric  heaters  could  not  be  obtained, 
and  the  Government  engineers  w  ere  called  upon 
to  design  and  build  them.  Now  heaters  are 
shipped  to  the  project  in  large  quantities  by 
several  electrical  firms.  For  the  ordinary 
household  use  of  electricity  for  lights,  ironing, 
washing-machines,  vacuum  cleaners,  and  cook 
stoves,  the  energy  costs  from  $3  to  $4  per 
month,  w'hile  to  heat  the  same  house  it  costs 
from  $4  to  ?8  or  $9  a  month  in  the  winter. 


The  revenues  from  the  sale  of  electric  en- 
ergy have  increased  very  rapidly,  amounting 
in  1910  to  something  over  $500;  in  1911  to 
over  $.5,000,  and  in  1913  to  over  S15,5(K). 

The  increase  in  the  winter  demand  is  well 
illustrated  by  the  accompanying  diagram.  Fig. 
1,  which  shows  the  variati6n  in  the  power 
furnished  by  the  plant  since  it  began  opera- 
tion. The  peaks  or  high  points  on  the  curve, 
marking  the  time  of  greatest  power  demand, 
recur  each  irrigation  season  when  almost  the 
full  capacity  of  the  plant  is  utilized  in  pumping 
for  irrigation.  The  low  points  on  the  curve 
represent  the  winter  power  demand  and  show 
its  rapid  increase. 

The  upper  dotted  line  shows  the  tendency 
of  the  maximum  summer  demand  to  become 
constant,  approaching  the  capacity  of  the  plant. 
The  lower  dotted  line  indicates  a  tendency  of 
the  minimum  winter  demand  to  increase  more 
and  more  rapidly  from  year  to  year.  If  these 
two  dotted  curves  are  extended  according  to 
these  tendencies,  they  will  meet  at  some  point 
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Fig.   1.     Power  Furnished  by   Minidoka   Power   Plant   Since   Construction. 


The  .Amalgamated  Sugar  Co.  uses  over  200 
kilowatts  for  motors  in  its  factory  at  Burley. 
The  alfalfa  meal  mill  of  the  Pnrtlaml  Feeder 
Co.,  a  new  industry  on  the  project,  uses  a 
•50  h.p.  motor.  Here  pulp  and  iiMJ.isses  from 
the  sugar  factory  arc  mixed  with  alfalfa  meal 
and  ground  grain  to  fee<l  over  2,000  cattle.  At 
Heyburn  a  tlour  mill  and  brick  yard  arc  elec- 
trically operated. 

At  Rupirl  a  handsome  three-story  high 
school  with  accommodations  for  (500  students 
has  just  been  completed.  This  building  has 
no  chimney.  Its  electric  heating  plant  has  a 
capacity  of  400  kilowatts.  A  blower  delivers 
enough  warmed  air  to  fill  the  building  every 
fifteen  minule.-i.  The  domestic  science  room 
is  etjuipped  with  individual  electric  hot-platcs. 
The  chemical  laluiratory  has  electric  evap- 
orating pans,  water  stills  and  other  appliances. 
The  manual  training  shop  apparatus  is  run  by 
the  motor  which  drives  the  main  ventilating 
fan.  Hot  water  for  the  gymnasium  b.iths, 
domestic  science  department,  cluimcal  labora- 
tories and  other  features  is  provided  by  an 
electric  w.iiir  heater.  The  building  is  bril- 
liantly lighted  throuehout. 

Roth  Rupert  and  Burley  have  modern  water 
systems,  drawing  water  from  deep  wells  by 
electrically  operated  pumps. 


on  the  diagram,  representing  a  time  before  the 
year  1920.  That  is,  if  the  minimum  and  max- 
imum power  demands  continue  to  increase  in 
the  same  way  that  they  have  to  date,  by  1920 
the  plant  would  have  a  steady  demand  for  iis 
entire  capacity,  which  would  greatly  increase 
its  earning  power.  While  such  a  favorable  out- 
come is  not  to  be  expected,  the  diagram  shows 
clearly  the  rapid  increase  in  the  demand  for 
power  since  the  plant  was  built. 

The  power  system  has  been  operated  since 
1909,  when  power  was  used  for  pumping  only. 
In  the  fall  of  1910  delivery  for  commercial 
purposes  began.  Three  eight-hour  shifts  work 
at  the  power  house  and  principal  pumping  sta- 
tions. Operators  are  paid  $75  to  $^5  per 
month,  depending  upon  experience  and  respon- 
sibility. The  power  house  is  in  charge  of  a  fore- 
man and  an  assistant.  The  three  South  Side 
pumping  stations  are  in  charge  of  one  forem.nn, 
who  also  has  an  assistant.  The  transmission 
lines  and  150-milc  telephone  system  are  pa- 
trolled and  kept  in  repair  by  a  forcnian  and 
lineman,  who  also  look  after  considerable 
construction  work.  The  smaller  statiiins  are 
usually  taken  care  of  by  a  single  man  at  each 
who  devotes  only  a  part  of  his  time  to  this 
work. 
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General  Design  of  Drainage  Pumping 

Plant,  South    Quincy    Drainage 

and  Levee  District,  Illinois. 

(Staff  Article.) 

The  pumping  plant  illustrated  is  part  of  the 
drainage  works,  the  general  character  and 
the  volume  of  which  were  stated  in  our  Cur- 
rent News  Section  for  May  6,  1914.  A  main 
ditch  bisecting  the  area  collects  the  flow  of  the 
interior  ditch  and  drain  system  and  carries  it 
to  the  levee  beyond  which  the  water  is  then 
carried  by  sluicing  or  pumping.  The  illustra- 
tions show  tlie  sluice  way  and  pumping  plant 
structures.  They  are  located  behind  the  heel 
and  under  the  line  and  consist  of  a  suction 
bay,  sluice  way  and  appurtenances,  discharge 
bay,  pump  foundations  and  pumps  and  a  pump 
house.  The  several  structural  features  are  de- 
scribed fuHy  by  the  drawings. 


I'^or  sluice  concrete  a  lV4-in.  stone  or  gravel 
]  ;3:(j  mi.xture  is  to  be  used  and  for  reinforced 
concrete  a  %-in.  stone  or  gravel  1:2:4  mi.x- 
ture. In  other  details  the  concrete  materials 
and  manufacture  are  those  required  by  good 
practice  in  concrete  building  work.  The  char- 
acteristics of  the  reinforcing  required  are  in- 
dicated by  the  drawings.  Steel  of  60,000  to 
70,000  lbs.  ultimate  strength  is  required  and 
precision  of  spacing  is  particularly  demanded. 
Another  requirement  is  the  use  of  long  bars 
to  minimize  the  number  of  laps;  these  are  to 
be  staggered  and  kept  as  far  apart  as  is  prac- 
ticable and  are  also  to  be  at  least  30  diameters 
overlap.  No  welded  bars  are  permitted. 
I'orms  are  required  to  be  such  as  to  give  not 
only  true  shapes  and  dimensions,  but  also  a 
smooth  surface.  The  inside  of  the  culvert 
in  particular  is  required  to  be  finished  smooth 
and  then  given  a  wash  coat  of  neat  cement. 

The  general  arrangement  of  the  pumps  and 
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and  no  calking  on  the  surface  of  the  ground 
will   be  allowed. 

The  spigots  of  the  pipes  shall  be  carefully 
adjusted  in  the  hubs  so  as  to  give  a  uniform 
space  all  around  for  the  lead  joints. 

The  best  soft  lead  in  pigs  shall  be  used  for 
the  joints,  and  when  melted  shall  be  kept  tree 
from  dross  and  all  irr.purities,  and  each  joint 
shall  be  run  at  one  pouring.  No  plugging  or 
repairing  of  a  joint  shall  be  done  with  cold 
lead  or  otherwise  after  the  joint  is  first  run. 
The  lead  shall  be  driven  up  and  condensed 
with  proper  tools,  and  in  any  case  in  which  a 
joint  is  not  done  to  the  satisfaction  of  the  en- 
gineer the  contractor  must  remove  the  lead 
and  packing  and  repack  and  relead  the  joint. 

All  pipes  and  castings  shall  be  carefully  swept 
and  cleaned  as  they  are  laid  and  shall  be  freed 
from  any  earth,  stones  or  rubbish  which  may 
find  place  in  them  before  or  during  the  opera- 
tion of  laying,  and  every  open  end  shall  be 
closed  before  leaving  the  work  at  any  time. 


■Tile  Coping 


Fig.  1.    General  Plan  and  Details  of  Drainage   Pumping  Plant  for  the  South  Quincy  Drainage  and   Levee  District,  Illinois. 


In  constructing  the  substructure  it  is  re- 
quired that  no  levee  be  built  at  this  point  un- 
til the  concrete  work  is  completed.  It  is  also 
required  that  all  trenches  and  pits  for  the 
concrete  structures  be  excavated  with  vertical 
sides  held  by  sheeting  and  to  dimensions  no 
larger  than  are  necessary  to  accommodate  the 
structure  and  the  sheeting.  The  culvert  trench 
is  required  to  have  its  bottom  rounded  to  the 
culvert  arc  so  Uiat  no  outside  forms  are 
needed  to  shape  the  concrete;  if  this  soil  be 
too  unstable  for  such  shaping  a  footing  or 
base  for  the  culvert  is  to  be  provided.  Exact- 
ness in  excavation  is  particularly  required. 
The  plans  call  for  about  15,000  cu.  yds.  of 
excavation. 

Besides  care  not  to  disturb  the  natural  soil 
unnecessarily,  great  care  is  demanded  in  the 
backfilling.  AH  backfilling  is  to  be  with  shov- 
els and  the  earth  is  to  be  tamped  from  the 
bottom  up  using  not  fewer  than  two  tampers 
to  each  shoveler.  Around  pipes  and  culverts 
selected  material  for  given  stress  is  required 
for  b.acklilling  and  particularly  careful  tamp- 
ing is  demanded.  Attention  is  directed  to  the 
toe  and  heel  walls  and  to  the  cut-ofT  walls  or 
collars  provided  to  prevent  percolation  along 
the  outside  walls  of  the  culvert. 


piping  and  of  the  gates  and  other  appurte- 
nances is  shown  by  the  drawing.  The  require- 
ments for  pipe  laying  are: 

Pipes  shall  be  laid  In  trenches  carefully  pre- 
pared for  them  and  shall  be  securely  supported 
In  position  until  all  joints  have  been  poured 
and  the  earth  has  been  thoroughly  compacted 
under  and  around  them.  Where  pipes  pass 
through  the  foundation  w.alls,  openings  shall  be 
left  so  that  no  weight  will  be  brought  to  bear 
upon  the  pipe  due  to  any  settlement  In  the 
masonry  structures.  Suction  pipes  must  be 
absolutely  alr-tlght;  discharge  pipes  must  be 
water-tight.  The  engineer  will  test  for  these 
requirements  b<-fore  accepting  the  work,  and 
the  contractor  will  be  required  to  make  good 
any  defects  which  may  be  found. 

Tbc  beat  quality  of  Jute  packing  shall  be  used 
for  calking  pipe  joints,  and  shall  be  well  driven 
up  so  as  to  leave.  In  all  cases,  a  space  for 
lend  of  2'^  ins.  In  length  In  hubs  and  3  Ins. 
at  each  end  of  sleeves. 

Before  calking,  all  parts  of  the  joints  shall 
be  thoroughly  cleaned  with  a  bellows  and  brush, 
and  no  lead  shall  be  run  In  unless  the  joint  Is 
clean.     All  joints  must  be  calked  In  the  trench, 


The  pumping  machinery  proper  consists  of 
two  double  suction  centrifugal  pumps  of  GO,- 
000  gals,  per  minute  capacity  operated  by  two 
250  hp.  motors,  440  volts,  3-phase,  550  revolu- 
tions per  minute. 

The  engineers  for  this  plant  are  the  Ed- 
mund T.  Perkins  Engineering  Co.,  Chicago, 
111. 


Dipper  Dredge  for  Panama  Canal. — The 
"Paraiso."  a  1.")  cu.  yd.  dipper  dredge,  twin  of 
the  "Gamboa,"  now  at  work  in  Culchra  cut, 
has  sailed  from  New  York  in  tow  of  a  tug. 
These  dredges  were  constructed  by  the  Staten 
Island  Shipbuilding  Co.  The  dippers  are  10 
ft.  0'/4  ins.  in  height,  from  the  bottom  band  to 
the  upper  edge  of  the  lip,  and  each  has  a  ca- 
pacity of  15  cu.  yds.  They  are  built  with 
manganese  steel  lips  and  dipper-door  hinges 
of  forged  steel,  6xW  ins.  in  cross  section.  They 
are  hung  on  a  3V4  in.  single-part,  wire  rope 
hoisting  cable.  The  h,-indle  is  72  ft.  long  with 
top  and  bottom  bars  measuring  2x12  ins.  in 
cross  section,  and  weighs  40%  tons.  The  dip- 
per boom  is  62  ft.  long,  weighs  60%  tons  and 
is  of  plate-girder  construction.  The  dredges 
can  dig  to  a  depth  of  50  ft.  below  the  surface 
of  the  water. 


May  27,  1914. 
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Earth     Slides     on     the     Calumet-Sag 

Branch  of  the  Chicago   Main 

Drainage  Channel. 

The  considerable  development  of  earth  slides 
on  the  Calumet-Sag  Channel  of  the  Sanitary 
District  of  Cliicago  is  discussed  in  a  recent 
special  committee  report  to  the  Trustees  of  the 
District.  The  engineer  members  of  this  com- 
mittee were  E.  J.  Killey.  .Kssistant  Chief  En- 
gineer; and  Philip  Harrington,  Resident  En- 
gineer.   The  following  arc  the  sections  of  their 


steeper  than  the  angle  of  repose  of  the  par- 
ticular formation  then  being  excavated,  and  in 
many  cases  has  been  further  aggravated  by 
the  superimposing  on  the  bcrni  heavy  sooil 
banks  at  a  comparatively  small  distance  from 
the  slope. 

Surface  erosion  is  a  gradual  sloughing  of 
the  surface  of  the  slopes  due  to  the  weathering 
action  of  the  elements.  In  addition  to  rain 
and  wave  action,  the  action  of  frost  is  a  con- 
tributing cause  of  slides  of  this  character.  The 
freezing  and  thawing  of  the  bank  tends  further 
to  aggravate  the  sloughing  of  the  surface  of 


Ground 


'4  3hecit'no 


Fig.  1.     Method  of  Slope  Paving,  North  Shore  Channel,    Chicago    Drainage    Canal. 


report  which  relate  specifically  to  the  Calumet- 
Sag  slides: 

The  usual  formation  encountered  in  the  Sag 
valley,  where  the  Calumet-Sag  Channel  is  now 
being  constructed,  is  a  shallow  layer,  not  ex- 
ceeding 5  ft.,  of  a  clay  having  a  light  yellow- 
ish or  bufT  tint,  just  below  the  top  soil,  below 
which  is  found  the  blue  clay  which  forms  the 
body  of  the  drift.  This  blue  clay  sometimes 
becomes  very  dense  and  is  excavated  with  dif- 
ficiilty.  Below  this  is  often  encountered  a 
formation  of  a  hard  brown  clay,  sometimes 
containing  gravel  and  small  boulders  partially 
cemented.  This  material  is  extremely  diffi- 
cult to  excavate,  and  often  necessitates  blast- 
ing. Occasionally  a  water-bearing  layer  of 
blue  clay  containing  a  large  percentage  of  sand 
and  silt  and  varying  in  thickness  from  1  to 
5  ft.  is  encountered.  This  silty  clay  (locally 
termed  'bull-liver")  is  very  unstable  and  when 
exposed  has  a  tendency  to  flow.  Its  support- 
ing power  is  of  course  very  small,  and  this 
formation  has  constituted  one  source  of 
trouble  in  maintaining  the  canal  banks.  .An- 
other source  has  been  seams  of  clay  resem- 
bling shale.  This  clay  tends  to  disintegrate 
and  crumble  upon  exposure  to  the  atmosphere, 
which  jleaves  the  bank  unsupported.  In  the 
swampv  regions,  of  which  there  is  a  large 
area  along  the  route,  extensive  peat  beds  are 
found.  This  peat  formation  sometimes  occurs 
at  a  depth  of  10  to  20  ft.  below  the  ground 
surface,  although  usually  it  constitutes  the 
top  soil.  This  peat,  when  relieved  of  the 
moisture  which  it  has  absorbed,  is  very  light 
in  weight  and  incapable  of  supporting  a  hiKli 
bank.  .As  a  result,  considerable  difficulty  has 
been  encountered  in  designing  the  canal  slopes 
and  disposing  of  the  spoil  to  meet  this  con- 
dition. 

Three  types  of  sliding  ground  have  been 
encountered  as  follows:  (I)  Structural 
breaks  resulting  fmm  inability  of  a  layer  of 
drift  to  hold  the  weight  of  the  overhead  hank. 
(2)  Normal  or  gravity  slides.  (H)  Surface 
erosion. 

Structural  breaks  occur  at  points  where  a 
lavcr  of  shale  upon  exposure  to  the  atmos- 
phere disintegrates  and  crumbles.  A  crack  or 
fissure  then  develops  in  the  bank,  sometimes 
at  a  distance  of  200  to  300  ft.  from  the  chan- 
nel center  line  and  this  crack  gradually  widens 
and  deepens  as  the  bank  moves  slowlv  info 
the  channel.  Instead  of  a  layer  of  shale,  the 
prime  cause  may  be  a  peat  stratum,  or  it  may 
be  .1  soft,  silty  or  unstable  clay. 

The  normal  or  gravity  slide  results  from 
the  n^'ovemcnt  of  the  overhead  bank  upon  a 
slippery  layer  of  clay  or  other  material,  the 
line  of  stratification  of  which  is  clearly  defined. 
It  's  due  almost  entirely  to  an  excavated  slope 


the  slopes,  so  that  the  sowing  of  shallow  rooted 
grasses  and  like  vegetation  is  not  in  all  cases 
a  sufficient  preventive  means. 

Where  slides  occur  due  to  the  failure  of  an 
underlying  stratum  of  material  to  hold  up 
the  unbalanced  pressure  or  where  the  bank 
created  Ly  the  same  operation  shows  move- 
ment upon  an  underlying  stratum  of  a  differ- 
ent material,  the  only  remedy  which  can  be 
advised  is  the  flattening  of  the  slopes  until 
sufficient  weight  has  been  removed  to  estab- 
lish a  state  of  equilibrium;  in  other  words, 
until  the  angle  of  repose  for  the  material  then 
moving  has  been  attained.  For  this  reason, 
it  has  been  maintained  that  waste  or  spoil 
banks  should  be  placed  at  a  considerable  dis- 
tance from  the  banks  in  all  cases  where  pre- 
liminary borings  show  indications  of  forma- 
tions of  this  character  and  the  side  slopes  of 
the  channel  designed  flat  enough  to  prevent 
movement  of  the  bank.    The  distance  that  the 
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TT 


top  of  the  slope.  In  some  cases  this  has  proven 
an  ample  margin  of  safety,  while  in  others 
slides  have  occurred  at  points  where  the  ma- 
terial is  soft  and  of  unstable  character.  These 
conditions  have  been  recognized  and  much  of 
the  later  work  that  has  been  awarded  by  con- 
tract, has  called  for  1  vertical  on  i  horizontal 
slope,  with  the  spoil  banks  removed  400  ft.  from 
the  top  of  the  slope.  Moreover,  in  one  case, 
where  the  material  is  exceptionally  soft,  the 
contractor  has  been  ordered  to  place  no  spoil 
on  the  berms,  but  to  transport  it  approximate- 
ly one-half  mile  to  a  specially  provided  dump. 
To  prevent  slides  due  to  surface  erosion,  the 
remedy  which  has  been  found  most  successful 
and  efficient  has  been  to  rip-rap  the  side 
slopes  with  large  sized  rubble  in  a  layer  8  to 
10  ins.  thick  placed  upon  a  12-in.  layer  of 
crushed  stone  or  gravel.  The  crushed  stone 
or  gravel  forms  a  cushion  between  the  rubble 
and  natural  bank  and  at  the  same  time  pro- 
vides a  water  course  for  the  surface  water 
which  would  otherwise  flow  down  the  slope. 
It  also  tends  to  prevent  the  frost  maknig  any 
great  headway  into  the  slopes,  and  thus  ob- 
viates the  results  of  thawing.  In  some  cases 
it  has  been  found  advantageous  to  drive  a  pile 
and  timber  foundation  with  batter  piles  in 
front  to  act  as  a  brace  for  this  rip-rap  slope 
pavement.  This  foundation  serves  a  two-fold 
purpose,  it  acts  as  a  support  for  the  rip-rap, 
and  it  tends  to  prevent  further  movement  of 
the  banks  due  to  the  overhead  weight.  It  has 
been  tried  on  the  North  Shore  Channel,  Fig. 
1.  and,  so  far,  has  proven  entirely  successful. 
However,  where  rip-rap  can  be  placed  before 
the  water  has  been  turned  into  the  channel, 
it  is  better  and  more  economical  to  carry  the 
slope  paving  to  a  solid  foundation,  such  as 
rock  or  very  hard  earth.  This  latter  method 
is  now  being  employed  on  practically  the  en- 
lire  length  of  Calumet-Sag  Channel.  Fig.  2, 
the  rock  necessary  for  the  rubble  being  exca- 
vated from  the  canal. 


Rivers  and  Harbors  Bill  and  Surveys  for 
Flood  Control. — The  subcommittee  which 
h;is  been  considering  the  federal  rivers  and 
harbors  appropriation  bill  passed  recently  by 
the  house  of  representatives  reported  the 
measure  last  Thursday  to  the  senate  commit- 
tee on  commerce.  The  bill  as  reported  car- 
ries appropriations  of  nearlv  $-">l,0iMi,0i>ii,  an  in- 
crease of  $8,000,000  over  the  amount  in  the 
house  act.     One  feature  of  the  bill  is  the  pro- 


Fig.  2.     Method  of  Slope  Paving,  Calumet  Sag   Branch,  Chicago  Drainage  Canal. 


spoil  bank  should  be  placed  from  the  channel, 
and  the  angle  of  inclination  of  the  side  slopes 
are  subjects  uf  conjecture,  and  may  be  ar- 
rived at  with  any  <legree  of  accuracy  only  by 
one  having  long  experience  with  similar  wori< 
and  with  the  particular  class  of  material  to  be 
encountered.  It  is  far  from  an  exact  com- 
putation. However,  it  may  be  generally  said 
that  the  angle  of  inclination  of  a  slope  to 
prevent  movement  is  in  most  cases  steeper 
than  the  angle  necessary  to  retard  and  stop 
the  mi>vcmcnt  of  a  bank  which  has  commenced 
to  slide.  For  this  reason  it  can  reailily  be 
seen  that  it  is  far  more  economical  to  excavate 
the  side  slopes  to  the  necessary  inclination  as 
the  excavation  is  carried  down  to  gr.Tde,  than 
it  is  to  allow  the  material  to  slide  and  excavate 
it  afterwards.  Not  only  docs  the  latter  method 
tend  to  increase  the  total  yardage  in  anv  cross 
section,  but  it  also  involves  other  difficulties 
such  as  extricating  machinery,  track,  etc..  with 
the  accompanying  loss  ami  expense. 

The  Calumet-Sag  Channel,  having  a  cut  of 
about  ^0  ft  .  was  designed  with  sl"i'cs  in  earth 
of  1  vertical  on  2  horizontal,  with  the  spoil 
banks  removed   from  50  to   lOfl   ft.   from  the 


vismn  authorizing  the  Corps  of  Engineers,  U. 
S.  .Army,  to  make  surveys  of  rivers  in  Ohio, 
Indiana  and  West  Virginia  for  the  purpose  of 
dflerinining  the  best  methods  of  flood  control 
and  the  basis  of  co-operation  between  federal 
and  local  authorities  and  interests. 


Ditch  Work  for  Decson  District.  Missis- 
jippi. —  The  Drainage  Commissioners  of  Uol- 
ivar  County,  Mississippi,  will  open  bids  on 
June  .".  at  their  office  in  Cleveland,  Miss,,  for 
the  excavation  of  the  following  canals  in  the 
Decsiin   Drainage  District: 

Bottom 

Li-iik-th.  Av.  cut.    width, 

mlicii.  ft.  ft. 

9.5  S.6  10 

1.:  3.9  in 

.9  10.3  6 

1.0  7.7  6 

The  main  ditch  and  Lateral  A  follow 
ur.il  channel  and  will  have  to  be  cleared  of 
cMirc'.  and  other  timber  for  about  three- 
f.iurths  of  its  'listance.  Laterals  E  and  F"  will 
not  follow  a  natural  channel  and  the  clearing 
will  be  light.  W.  VV.  Boone,  Cleveland,  is 
Engineer. 
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A  Rating  Table  for  Excavation  With 
Pick  and  Shovel. 

Contributed    by   L.    K.    Sherman,    N.    Am.    Soc. 
C.  E.,  Chicago,  111. 

The  accompanying  diagram  and  tables  rep- 
resent the  amount  of  excavation  of  various 
materials  which  will  be  performed  in  a  ten- 
hour  day  by  the  average  laborer  working  un- 
der good  supervision.  In  making  this  com- 
pilation the  writer  has  compared  a  large  num- 
ber of  data  from  many  sources  witli  figures 
obtained  in  his  own  experience  on  construc- 
tion. As  might  be  expected  there  is  wide  di- 
vergence in  such  published  data. 

The  curves  in  the  diagram  based  on  a  ra- 
tional relation  of  one  class  of  material  to  an- 
other as  regards  the  amount  of  work  or  power 
required  in  picking  or  shovel  cutting  and  the 
power  required  in  casting  up  materials  of  dif- 
ferent weights.  The  output  of  excavation  is 
proportional  to  the  amount  of  power  or  work 
required  to  move  a  cubic  yard  of  the  material. 
Let  the  amount  of  work  or  power  to  cut  into 
and  fill  the  shovel  with  sand  be  called  unity. 
Then  for  other  materials  the  relative  power  to 
cut  out  and  place  on  the  shovel  will  from  ex- 
perience be  as  in  Table  I. 

TABLE  1.— POWER   TO  PICK.   LOOSEN   AND 
CUT    ONTO    SHOVEL. 

Sand    P  =  10 

Gravel,    loose    i,~5n 

Earth,    medium    i,— :■„ 

Clay,   light   5=r° 

Clay,   dr>'.   herd £— c'^ 

Clay,    wet,   heavy I,— 5n 

Hard  pan   P=6.0 

The  work  or  power  to  lift  or  cast  up  the 
material  after  the  shovel  is  filled  is  propor- 
tional to  the  .weight  of  material  and  height 
cost  or  which  is  the  same,  the  depth  of  cut. 
Then  if  IF  is  the  weight,  the  relative  power  to 
cast  up  material  to  different  heights  H  will 
be  as   follows : 

Sand    W  H  where  W=1.0 

Gravel         W  H  where  W  =  1.0 

Earth,  medium  W  H  where  W=0.8 

Clay,   llsht    WH  where  %J  =1.1 

Clay     drv    W  H  where  ^\  =1.1 

Clay,   wet    A*  H  where  W=1.3 

Hard  pan    W  H  where  W=1.12 

The  total  power  to  shovel  and  cast  any  ma- 
terial is  P-\-W H.  The  output  is  inversely 
proportional  to  the  power  or  work  required. 
The  output  of  any  material  by  hand  excava- 
tion in  cubic  vards  per  man  per  10  hours  is 

30 

Cubic  yards  ^ 

P  +  ZWH 
The  constants  30  and  .3  are  empirical  and  like 
the  relative  values  of  P  have  been  selected  to 
correspond  with  the  best  data  available  on 
excavation  of  various  materials  at  different 
depths  of  cut. 

The  curves  in  the  diagram  Fig.  1  are  platted 
according  to  the  above  formula  with  coeffi- 
cients P  and  W  as  previously  noted.  The  let- 
ters represent  observations  from  various  pub- 
lished statements  and  are  not  equally  reliable 
or  comparable.  The  curves  do  not  attempt  to 
average  the  data  but  correspond  with  the 
writer's  experience  and  some  of  the  most  def- 
inite of  the  published  data.  Table  II  shows 
the  number  of  cubic  yards  an  average  laborer 
should  excavate  and  cast  out,  at  various  depths 
in  ten  hours  while  working  at  the  depths 
stated.  Table  III  shows  the  average  number 
of  cubic  yards  per  10-hour  day  that  an  aver- 
age laborer  should  excavate  working  from  the 
surface  to  the  depth  stated.  This  figure  for 
the  same  material  is  naturally  somewhat 
greater  than  given  in  Table  II.  These  figures 
may  be  increased  by  30  per  cent  for  rapid 
workers  and  may  be  decreased  .30  per  cent  for 
inefficient  workmen.  The  foregoing  material 
may  be  now  definitely  classified  as  follows : 

Snnrf.— Weight,  3,000  lbs.  per  cubic  yard 
slightly  damp.  In  natural  bed.  Not  over  15 
per  cent  clav. 

(Jrai'f/.— Weight,  3,000  lbs.  per  cubic  yard. 
Loose,  as  excavated  material. 


TABLE  II.— CUBIC  YARDS  PER  MAN  PER 
10  HOURS  AT  STATED  DEPTHS. 


Sand     21.2 

Gravel,  loose   1.'^.4 

Earth     12.8 

Light    clay    S.9 

Dry  clay   6.4 

Wet  clay  .').4 

Hard    pan    4.6 


Earth. — Weight,  2,400  lbs.  per  cubic  yard. 
Slightly  damp,  in  natural  bed,  easily  plowed, 
little  or   no   pick   work   required.     Would   re- 


14.5 

10.7 

8.5 

5.2 

11.8 

9.2 

7.7 

4.9 

10.5 

9.0 

7.5 

4.9 

7,8 

6.0 

5.2 

3.S 

R..'! 

4.7 

4.1 

3.S 

4.7 

4.2 

3.5 

2.7 

4.2 

3.7 

3.3 

2.7 

lying  "blue  clay"  of  Chicago.     Gumbo  in  this      '•■ 
class. 

Hard  Pan. — Weight,  3,360  lbs.  per  cubic 
yard.  Requires  picking  equal  to  one-half  the 
time  spent  in  shoveling  and  casting. 

The  use  of  the  relative  coefficient  P  is  sug- 
gested as  a  simple  and  definite  means  of  de- 
scribing or  designating  any  class  of  earth  ex- 
cavation. 

The  jog  in  the  curves  (Fig.  1)  at  depth  of 
9  ft.  represents  an  allowance  of  P^^l  on  ac- 
count of  extra  labor  of  shovel  cutting  done  to 
recasting  from  a  platform.  .-Ks  a  matter  of  fact 
no  recasting  may  be  done  at  the  St  ft.  depth  or 
even  14  ft.  depth  but  the  output  per  man  will 
not  be  increased  over  the  quantity  shown  by 
the  diagram. 


0      I      2    3     4     5    6 


Cubic  Yards  per  man  in  10  hours 
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Fig.    1.   Excavation    With     Pick    and    Shovel, 


quire  some  sheeting  in  trenches  over  6  ft. 
deep. 

Clay  ('/tff/i/j.— Weight,  3,300  lbs.  per  cubic 
yard.  Slightly  damp,  easily  plowed.  Not  stiff 
or  very  cohesive,  corresponds  to  yellow  clay 
lying  below  the  black  soil  and  above  the  blue 
clay  in  vicinity  of  Chicago.  Would  require 
some  sheeting  in  trenches  over  6  ft.  deep. 
Little    pick    work    required. 

Clay  (dry,  /mrrfA— Weight,  3,300  lbs.  per 
cubic  yard.  Requires  pick  work  equal  to  one- 
third  time  spent  in  shoveling  and  casting.  No 
sheeting  required  at  any  depth.  Corresponds 
to  material  on  top  of  ravines  along  the  lake 

TABLE   III.— AVERAGE   EXCAVATION   IN 

•  CUPIC  YARDS  PER  10  HOURS  FOR  CUTS 

FROM  SURFACE  TO  STATED  DEPTHS. 


Sand      21.2  18.1  15.1  13.6  10.7 

Gravel,    loose    1B.4  13.7  11.8  10.8  8.8 

Earth     12.8  11.7  10..')  9.7  8.1 

Light    clay     8.9  8.1  7.3  6.7  5.8 

Dry  clay    6.4  5.9  5.4  5.1  4.5 

Wet   clay    5.4  6.1  4.7  4.4  3.8 

Hard  pan    4.6  4.4  4.2  3.9  3.5 

shore    in    Lake    County,    111.     Hard    plowing. 
Adobe  in  this  class. 

Clay  ('wf/;.— Weight,  3,000  lbs.  per  cubic 
yard.  Tough  and  cohesive,  has  to  be  cut  out 
in  pieces.  Slightly  sticky,  would  require  sub- 
stantial sheeting.     Corresponds  to  the  under- 


The  recorded  data  platted  on  Fig.  1  are 
designated  by  a  letter  for  the  class  of  ma- 
terial. The  number  following  the  lettfer  re- 
fers to  the  .'iourcc  from  which  the  data  were 
obtained,  as  follows:  (1)  .\merican  Engi- 
neers' Pocket  Book;  (2)  Cost  Data,  Gillette; 
(3)  Earth  Work  Cost,  Gillette;  (4)  L.  K. 
Sherman;  (.'i)  Windette.  Journal  West.  Soc. 
Engrs. ;  (6)  Concrete  Costs,  Taylor  &  Thomp- 
son; (7)  Orrock;  (8)  Prelini;  (9)  Engineer- 
ing and  Contracting  (December,  lilOS),  .Allan- 
tic,  Iowa,  Sewers,  M.  A.  Hall ;  Centcrville,  la.. 
Sewers,  M.  .K.  Hall ;  ( 10)  Engineering  and 
Contracting;  (II)  Engineering  and  Contract- 
ing. 


Laying    Brick:    Rate    of    Performance. — 

The  following  table  compiled  from  informa- 
tion given  in  the  Canal  Record  gives  the  per- 
formance of  a  brick  laying  gang  working  on 
the  brick  floor  of  the  quay  at  the  Balboa  ter- 
minals, Panama: 

Item. 
No.  of  brick  laid  by  5  men  in  10  hours...   96,000 

.No.   of  brick  laid  per  man  per  hour 1.920 

No.    of   men    handling   brick,    mixing   and 

carrying    mortar,    etc 62 

Cost  of  laying,  per  1,000  brick,  at  13c  per 

hour,    for   layers    7c 

The  laying  squad  consisted  of  five  West  In- 
dian masons,  serving  in  relays,  three  rncn 
working  at  the  same  time  with  two  resting 
in  reserve.  The  paving  was  laid  between  the 
inner  rail  of  the  track  along  the  face  of  the 
quay  and  the  inner  coping  and  covered  an 
area  of  2,222  sq.  yds.,  the  dimensions  being 
approximately  ■'lO  ft.  by  400  ft. 
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TABLES  FOR  ESTIMATING   GRADING  QUANTITIES  ON  REVALUATION 

By  M.  H.  Brinkley,  C.  H. 

Assistant  Engineer,  Railroad  Commission  of  California. 

EXPLANATION  OF  TABLES 


On  account  of  the  large  amount  of  rail- 
way val'.iation  which  is  to  take  place  m 
the  near  future,  quick  methods  of  estimat- 
ing grading  r|iiantities  will  be  necessary. 
This  is  especially  true  if  cuts  and  tills  are 
measured  up  in  the  lield.  On  most  of  the 
railways  of  the  country  adequate  records 
of  original  cross-section  quantities  and 
cross-slopes  or  often  center  ground-line 
profiles  do  not  exist.  In  such  cases,  the 
usual  cross-section  on  revaluation  is  a 
four-point  section,  two  points  being  at  the 
intersection  of  the  roadbed  plane  at  the 
grade  line  with  the  side  slopes  and  the 
other  two  points  at  the  intersection  of  the 
side  slopes   with  the  ground  surface. 

The  table  shown  herewith  was  drawn  up 
by  the  writer  and  adapted  on  the  revalua- 
tion of  the  Xew  York  Central  R.  R.  and 
was  also  used  on  canal  excavation  in  con- 
nection with  the  revaluation  of  hydraulic 
properties  carried  forward  by  J.  G.  White 
&  Co.  in  California.  This  table  is  applicable 
to  any  side  slopes  or  width  of  roadbed,  the 
only  condition  being  that  the  section  shall 
be  a  four-point  section  with  level  base. 
Most  sections  on  revaluation  are  of  that 
type  and  irregular  sections  are  infrequent 
except  on  very  heavy  work. 

A  section  is  assumed  to  be  uniform  for 
a  volume  extending  halfway  to  the  ad- 
joining sections  on  either  side.  By  look- 
ing twice  in  the  table,  the  yardage  per  100 
ft.  for  any  section  may  be  taken  out  and 
placed  in  the  notebook  opposite  the  sec- 
tion. It  is  then  a  simple  operation  to 
multiply  by  the  length,  which  is  equal  to 
one-half  of  the  distance  between  the  two 
adjoining  sections.  The  yardage  at  each 
section  is  not  e.xact  for  the  volume  con- 
sidered, but  the  total  yardage  in  any  cut 
or  till  is  exact. 

Take  as  an  example  the  case  where  the 
field  notes  are  as  follows : 

-f  7.0        U.O       0.(1     +9.0 


18.0 


1-2.0     11.0     19.0 


Then   (see  diagram  on  accompanying  cut), 

B  =  23.0 

d,=   8.0 

d,=   G.O 

B  +  d,  =  29.0 

Note  also  that  the  value  B  +  di  is  taken 
from  the  above  field   notes  as  follows: 
B  +  di  =  n  +  18  =  2:i 

The  latter  operation  is  quicker  than  the 
former  and  should  be  used.  It  needs  only 
to  be  mental. 

For  B-|-<yi  =  29  and  /i:  =  9  the  corre- 
sponding volume  from  the  table  is  483  cu. 
yds.  Similarly  B -+-<f=  =  12  +  10  =  31,  /i,  = 
7 ;  and  corresponding  volume,  from  the 
table,  is  4<>2  cu.  vds. 

The  total  volume  per  100  ft.  =  483 -f- 
4()2  =  88.j  cu.  yds. 

If,  instead  of  the  volume  extending  to 
the  halfway  points  on  each  side  of  a  sec- 
tion, the  boundmg  limits  are  taken  at  the 
sections,  the  yardage  is  easily  found  by 
taking  one-half  the  sum  of  the  two  vol- 
utiies.  This  gives  the  average  yardage  per 
100  ft.  and  with  the  distance  known,  the 
total  exact  yardage  is  obtained. 

On  the  tabulation  sheet  the  column  usual- 
ly containing  end  area  figures  may  be  oc- 
cupied by  the  items  cubic  yards  per  100 
ft.,  another  colunm  by  distances  and  a 
third  column  by  the  final  yardage  results. 

It  should  be  noted  in  the  tables  that 
B  -¥  di  or  B  +  d:  and  N,  or  H-.  may  be 
read  off  either  in  the  vertical  column  or 
at  the  top  of  the  sheet  and  are  inter- 
changeable. 

These  tables  have  particular  application 
to  sections  which  are  the  result  of  remeas- 
urement  of  earthwork  quantities.  On  this 
account  they  are  suitable  for  use  on  the  re- 
valuation of  railways  and  canals.  But  the 
underlying  principles  involved  are  such 
that  the  tables  can  be  made  of  very  broad 
application.  Thev  are  made  up  bv  taking 
100 

of  the   product  of  two  numbers.    On 

5t 


this  basis  they  can  be  used  in  estimatmg 
grading  quantities  from  any  cross-section 
however  irregular,  although  particularly 
applicable  to  four  point  sections.  For  in- 
stance, by  the  ordinary  methods,  areas  are 
computed  by  multiplying  distances  between 
readings  by  the  sum  of  the  two  bounding 
heights.  This  is  done  across  the  figure 
and  from  the  sum  of  the  results  is  sub- 
tracted twice  the  areas  below  the  slopes, 
obtained  in  the  same  manner.  One-half 
of  the  remainder  is  the  area  of  the  figure. 
If  the  yardage  per  100  ft.  is  wanted  it  is 
found  by  taking  lbO/27  of  the  area.  This 
amounts  to  taking  100/54  of  the  remainder 
above. 

Dy  the  improved  method,  the  distances 
between  readings  and  the  sum  of  the  two 
bounding  heights  are  looked  up  in  the 
table  and  the  yardage  read  oflT.  The  re- 
sults are  added.  In  the  same  way  the 
vardages  below  the  slope  lines  are  obtained 
and  their  sum  siibtracted  from  the  result 
above.  The  remainder  is  the  yardage  per 
IDii  ft.  This  gives  much  quicker  results 
than  by  the  ordinary   methods. 

The  table  for  railways  is  made  up  to 
even  feet  as  that  is  as  close  as  measure- 
ments are  usually  made  in  the  field  on  re- 
valuation. The  uncertainties  of  the  work 
are  such  that  it  is  a  useless  refinement  to 
take  measurements  closer  than  the  nearest 
foot.  If  rod  readings  to  tentlis  are  taken 
interpolation  is  easy,  as  the  intervals  are 
entirely   regular. 

The  table  for  canals  was  made  up  to  the 
nearest  half  foot  on  account  of  there  be- 
ing a  greater  percentage  of  error  in  taking 
the  nearest  foot  for  small  canals,  although 
only  in  small  ditches  is  this  refinement 
necessary. 

By  the  use  of  these  tables  there  is  a 
very  great  saving  of  time  and  labor  over 
the  old  methods  for  four  point  sections, 
and  astonishing  progress  can  be  made.  But 
the  work  is  also  rapid  for  irregular  sec- 
tions. 


TABLE    OF    \OLUMES    FOR    CANALS 

T*il»  t.ihle  gh'es  cubic  yarfls  i>er  100  ft.  of  cross-section  above  w.iter  ."iir'acr.     Tlie  \'ai«'aKe  In  crof^.s-aetHon  b»'lo\v  w.Tt«'r  iiiirface  wIM  usually 
run  iinifurm  for  each  base  and  side  slope  and  may  be  calcululed  extra.      The  lable  ulna  applies  taking  the  bottom  of  the  canal  as  the  base. 
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Discussion   of   a   Case   in   Complicated 
Overhaul. 

Contributed    Vty    S.    H.    <;eorge.    Assistant    Engi- 
neer, Chicago.  Milwaukee  &  St.  Paul 
Ry.,    Seattle.    Wash. 

In  all  the  various  methods  of  computing 
overliaul  in  earthwork,  the  prohlems  arc  ex- 
plained and  illustrated  hy  very  simple  cases, 
where  the  whole  or  a  portion  of  a  cut  is 
hauled  to  make  a  portion  or  the  whole  of  an 
embankment.  Occasions  often  arise  where 
these  simple  explanations  are  inadequate  to 
cover    complicated    cases.      The    specific    case 
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Fig.    1.     Diagram    Computation   of   a   Compli- 
cated   Problem    in    Overhaul. 


considered  in  this  article  is  well  illustrative 
of  as  complicated  a  case  as  will  often  arise. 
The  condition  was  due  to  the  fact  that  ma- 
terial from  a  large  waste  cut  was  hauled  an 
unusual  distance  through  two  smaller  cuts  to 
complete  three  fills,  instead  of  obtaining  ma- 
terial from  side  borrow.  There  being  no 
limit  of  haul  specified  in  the  contract,  the 
limit  to  which  the  iraterial  could  profitablv 
be  hauled  was  reached  only  when  the  price 
for  the  overhaul  reached  the  unit  price  for 
common  excavation. 

The  method  used  in  figuring  the  overhaul  is 
one  which  I  believe  to  be  the  fairest  to  both 
the  contractor  and  the  railway  company.  IIow^- 
ever,  the  method  of  obtaining  the  cubic  yards 
of  overhaul  is  not  under  discussion.  Other 
methods  may  be  used  in  the  figuring  should 
they  be  considered  more  desirable  and  benetit 
be  derived  by  the  following  presentation  of 
the  problem. 

The  material  from  ditches  in  the  cuts,  and 
on  the  surface  have  been  included  in  the  ex- 
cavation quantities.  The  material  excavated 
being  such  that  the  actual  limit  of  haul  ex 
ceedcd  the  station  on  the  profile  where  tin- 
cross-section  quantities  balanced,  thereby  de- 
noting swell,  the  embankment  quantities  per 
each  100  ft.  station  were  proportionately 
shrunk,  according  to  the  percentage  of  the 
total. 

For  the  purpose  of  simplifying  the  compu- 
tations and  explanations  the  grade  points  are 
given  at  even  pluses,  while  all  quantities  are 
given  to  the  nearest  100  cu.  yds. 

The  profile  and  mass  diagram  or  overhaul 
chart  arc  shown  below  in  Fig.  1.  At  the  top 
of  Fig.  1  is  shown  the  profile,  the  number  of 
cubic  yards  of  excavation  and  the  equated 
embankment  quantities  in  each  100  ft.  station 


being  indicated  thereon,  above  and  below  the 
grade  line  respectively. 

In  the  overhaul  chart  or  mass  diagram,  be- 
low tlie  profile,  the  600  ft.  free  haul  is  scaled 
oflF  in  each  case,  and  the  pluses  at  which  the 
free  haul  line  intersects  the  excavation  and 
embankment    lines    are    noted.      These    pluses 


from    X.    from    which    the    remainder    of    the 
fill   is   made. 

The  figuring  for  the  overhaul  follows  in 
detail  in  Table  I.  For  convenience  the  four 
parts  are  separated.  Each  100  ft.  section 
quantity  is  multiplied  by  the  average  haul  to 
the  free  haul  line.     The  location  of  this   free 


Overhaul   No.    1- 
1,500   ou.   yds.   O.   H.         30' 

3,000   cu.   yds.   O.   H.  110' 

2,800  cu.    yds.   O.   H.  210' 

2.600  cu.   yds.   O.   H.  310' 

100  cu.   yds.   O.   H.  362.5' 

10,000  cu.  yds. 

Overhaul  No    2— 

2,000  cu.    yds.   O.   H.  552.5' 

1,600  cu.    vds.   O.   H.  650' 

1,-100  cu.    vds.   O.   H.  750' 

600  cu.    yds.    O.   H.  827.25' 


5,000  cu.   yds. 

Overhaul  No.    3- 

300  cu.   yds.  O.  H. 

2,400  cu.   yds.  O.   il. 

2,200  cu.   yds.  O.   H. 

2,100   cu.    vds.  O.   H. 

l.SOO   cu.    yds.  O.   H. 

1,200  cu.   yds.  O.   H. 


TABLE  I. 


450  cu.   yds.  O.    H.  100  ft. 

3,300  cu.    yds.  O.   H.  100  ft. 

5,8S0  cu.   vds.  O.   H.  100  ft. 

8,060  cu.    yds.  O.    H.  100  ft. 

362.5  cu.    yds.  O.   H.  100  ft. 

18,052.5  cu.   yds. 

11.050  cu.    vds.  O.    H.  100  ft. 

10.400  cu.   yds.  O.  H.  100  ft. 

10,500  cu.   yds.  O.    H.  100  ft. 

4.903.5  cu.   yds.  O.   H,  100  ft. 

30,913.5  cu.  yds. 


434' 

=      1.302 

cu. 

yds. 

O. 

H. 

100 

400' 

=  ll,7i-,0 

cu. 

vds. 

(). 

H. 

100 

590' 

=    12,9,S0 

cu. 

vds. 

C). 

H. 

100 

690' 

=    14,490 

cu. 

vds. 

(). 

H. 

10(1 

790' 

=    14,220 

cu. 

vds. 

(). 

H. 

100 

905' 

=    10,860 

cu. 

yds. 

O. 

H, 

100 

65,612       cu.    yds. 


10,000  cu.  yds. 

Overhaul  No.  4 — 
3,000  cu.   vds.   O.   H.    1,152.75'  —  34,582.5   cu.   yds.   O.   H.    100   ft. 
2,600  cu.   yds.   O.   H.   1,280'        =  33.280      cu.   yds.  O.   H.   100   ft. 


5,600  cu.  yds. 

No.  1—10,000  cu.  yds.  O.  H. 

No.   2—  5,600  cu.  vds.  O.  H. 

No.  3—10,000  cu.  yds.  O.  H. 


07,862.5  cu.    yds. 

180.525'   =  18,052.5  cu.  yds.  O.  H.   100  ft. 

659.170'   -  36,913.5  cu.  yds.  O.  H.   100  ft. 

656.120'  =  65,612.0  cu.  yds.  O.  H.   100  ft. 


No.  4—  5,600  cu.  yds.   O.  H.   1,211.83'     —     67,862.5  cu.  yds.  O.  H.   100  ft. 


31,200  cu.   yd.-?. 


188,410.5  cu.  yds. 


cause  a  proportionate  division  of  the  quantity 
within  the  corresponding"  100-ft.  section.  For 
convenience  the  excavation  line  is  shown  in 
red  (see  dot  and  dash  line),  while  the  em- 
bankment is  black.  It  may  be  well  to  add 
that  the  quantities  are  platted  graphically  as 
is  customary  in  all  cases. 

Beginning  at  the  neutral  grade  point  at  Sta. 
20,  1,800  cu.  yds.  are  moved  east  to  complete 
the  adjoining  fill  A.  Similarly  the  total  yard- 
age of  cuts  Y  and  Z  are  moved  eastward. 
We  now  have  10,000  cu.  yds.  remaining  to 
complete  fill  B,  and  5,600  cu.  yds.  to  com- 
plete fill  C,  all  to  be  hauled  from  cut  A'.  In 
order  not  to  break  our  scale  of  yards  on  the 
chart,   the  remaining   lil.oiiO   cu.   yds.   in   fill  B 


haul  within  the  limits  of  haul  is  immaterial, 
it  can  be  located  at  any  point  desired. 


A  New  Excavator  of  the  Steam-Shovel 
Type  for  General  Earth  Work. 

(Staff  Article.) 
.\  light  portable  excavator  capable  of  be- 
ing adapted  to  several  kinds  of  earth  moving 
operations  is  shown  by  the  accompanying  illus- 
trations. This  machine  will  travel  at  two 
speeds,  one  and  three  miles  per  hour,  and 
is  designed  to  go  anywhere  that  can  a  team 
and  dump  wagon.  For  excavating  three  dif- 
ferent types  of  scoops  are  provided,  namely, 
a   dipper,   Fig.    1  ;    a   skimmer,    Fig.   2,   and   a 


Fig.   1.   Keystone   Excavator  Equipped   With    Dipper  for   Excavation  from    Bank. 


are  replatted  in  the  new  position  shown  by  the 
line  a-b.  That  is,  the  remainder  of  the  fill 
line  is  dropped  vertically  until  horizontal  witli 
the  end  of  excavation  in  cut  \.  \Vc  now 
have  a  straight  horizontal  haul  from  X 
through  ./  and  )'  to  B.  The  yardage  here 
required  is  readily  seen  bv  inspection  to  be 
10,0110  cu.  yds. 

We  now  replat  the  remainder  of  fill  C  c-d, 
raising  it  vertically  to  the  11,800  cu.  yd.  level 
thereby    again   giving   us   the   horizontal    haul 


ditcher.  r"ig.  3,  scoop.  .'Ml  three  scoops  arc 
al>nut  equal  in  capacity,  holding  approxi- 
mately two-fifths  of  a  yard,  and  can  be  op- 
erated at  about  the  same  speed,  i.  e.,  two 
to  three  times  a  minute  in  free  digging. 

The  dipper  scoop  is  carried  on  hinged  dipper 
sticks  as  shown  in  the  illustration,  directed, 
lowered  and  raised  by  the  boom.  This  boom 
of  shovel  is  used  for  going  into  a  side  hill 
embankment  in  practically  the  same  manner 
as  larger  steam  shovels. 
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The  skimmer  scoop  has  a  flat  bottom   and 

is    used    largely    in    street    grading    and    for 

'.  comparatively   shallow   excavation.      It   is   car- 

I  ried   on    rollers   which   slide   along   the   boom. 

I  When   the   skimmer   type   of   shovel    is   to   he 


Fig.  2.  Skimmer  Bucket  Equipment  for  Key- 
stone   Excavator. 


used  thfe  dipper  sticks  are  removed  and  the 
tackling  changed.  The  skimmer  scoop  can 
be  used  advantageously  for  re-tilling  ditch.  It 
should  be  roted  that  the  form  of  the  scoop 
makes  it  possible  to  have  a  smooth,  level,  fin- 
ished  surface   in  grading. 

The  ditching  scoop  differs  from  the  dipper 
and  skimmer  in  shape  and  is  employed  in 
making  ditches  for  sewers,  water  mains,  etc. 
It  is  good  for  a  width  of  15  ins.  to  44  ins.,  and 
a  depth  of  t!  or  8  ft.  The  best  record  with 
this  type  of  scoop  was  made  by  S.  B.  Markley. 
contractor  of  Woodlawn,  Pa.,  on  work  at 
Conway,  Pa.  He  dug  in  eight  hours  4u(l  ft.  of 
<Iitch  4-V4  to  .j  ft,  deep  and  .'36  ins.  wide  at 
tlie  bottom. 

In  operation  the  action  of  the  dipper  scoop 
1-  reversed,  for  ditching,  the  scoop  being  car- 
ried on  a  hinged  arm  at  the  extremity  of  the 
boom,  and  the  machine  being  moved  backward 
as  the  ditch  is  completed.  The  l)est  record 
hitherto  achieved  with  the  dipper  scoop  was 
142  loads,  dump  wagons  of  IV2  yards  ca- 
pacity being  well  tilled,  in  liV4  hours'  running 
time.  For  short  periods  wagons  were  loaded 
at  tlie  rate  of  one  in  each  one  and  a  quarter 
minutes. 

Two  men  are  required  to  manipulate  the 
machine.  The  boiler  is  8lix(>i)  ins.  :md  is  of 
the  inverted  porcupine  style.  The  engine  is 
8x8  ins.    The  weight  of  the  complete  machine 


is  about  16.000  lbs.     The  machine  is  made  by 
the  Keystone  Driller  Co.,  Beaver  Falls,  Pa. 


Fig.   3.   Ditcher   Tucket   Equipment  for   Key- 
stone   Excavator. 
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Proportioning  Gravel  Concrete :  Quan- 
tity and  Cost  Curves. 

In  pri  pMrtioning  the  material  for  concrete 
r'iii'U  anil  concrete  waterways  it  is  necessary 

at  the  aggregate  be  carefully  proportioned 
■  secure  a  maximum  density.  The  importance 
•  I  securing  maximum  density  is  self-evident 
I"    engineers    engaged    in    building     concrete 

ads,  the  wearing  qualities  of  which  bear  a 
inite  relation  to  the  density  of  the  concrete. 

While   clean,    hard    gravel    is   generally   ac- 

I'ted  as  a  superior  material  lor  concrete, 
i.icre  is  undoubtedly  a  wide  variation  in  the 
quality  of  the  mixture  produced.  This  is  due 
in  a  large  measure  to  uncertain  proportioning 

:)sequcnt   on  the  use  of   pit   run   aggregate. 

.  our  issue  Feb.  14,  191^,  we  gave  a  method 
of  accurately  proportioning  the  aggregate, 
illustrated  by  various  curves  developed  by 
Clifford  Older,  bridge  engineer,  Illinois  High- 
way Commission,  and  the  present  article  is  a 
development  and  elaboration  of  this  method 
as  presented  by  T.  R.  .Agg  and  C.  S.  Nichols 
in  Bulletin  :!4,  Engineering  Experiment  Sta- 
tion, Iowa  State  College  of  Agriculture  and 
Mechanic   .Arts. 

Strenijlh. — It  has  been  established  by  nu- 
merous experiments  that  the  strength  of  the 
concrete  which  is  made  from  any  mixture  of 
sand  and  stone  depends  primarily  upon  the 
ratio  of  sand  to  cement  in  the  mixture,  so 
long  as  the  mortar  thus  made  is  sufficient  in 
quantity  to  fill  the  voids  in  the  stone.  The 
strength  of  the  concrete  is  not  increased  by 
decreasing  the  amount  of  stone  below  the 
quantity  in  which  the  voids  will  be  just  filled, 
nor  is  it  materially  decreased. 

The  exact  strength  of  a  concrete  made  from 
a  mixture  of  sand  and  stone  will  vary  consid- 
erably with  the  size  and  grading  01  the  sand 
and  of  the  stone.  If  the  .sand  grains  are  all 
very  small  and  the  stone  pieces  all  of  the  same 
size,  a  relatively  poor  concrete  will  be  pro- 
duced with  a  given  amount  of  cement.  If,  on 
the  other  hand,  the  sand  ranges  in  size  from 
%  in.  down  and  the  stone  ranges  in  size  from 
2V4  ins.  (lown  t"  Vi  in.,  both  being  well  graded, 
a  relatively  stnmg  concrete  can  be  made  with 
a  given  amount  of  cement. 

Mixtures. — The  following  mixtures  are  com- 
monly specified  for  a  few  classes  of  concrete 
work.  This  will  serve  to  indicate  in  a  gen- 
eral way  the  work  for  which  each  is  suited  : 

Footings     on     bridge     abut- 1 

ments    V 1-3-6.  or  1-3-5 

Brick  pavement  base J 


Abutments,    piers   and   head- 1 

walls   I,   „,,    -   „„  ,   .,,,    , 

Brick   pavement    base,    loun-  (  ^"^  ■^"^' ""^ '"-^■■* 

dations   J 

Reinforced     concrete     of     all 

kinds,     such     as     culverts, 

tanks,   bridge  floors,   walls. 

one   course   paven-tnt 1-2-4 

Hand   rails,   girders,   one 

course  pavements,  one 

course  sidewalks,  and  work 

to     take     a     good     smooth 

finish    I-2-3V. 


gravel  in  any  proportion  as  It  comes  from  the 
pit. 

Coarse  Aggregate. — Pebbles  screened  from  pit 
run  gravel,  or  crushed  stone  of  a  size  that  is 
retained  on  a  Vi-in.  screen. 

Gravel. — Pit  run  gravel  or  screened  and  graded 
gravel. 

Crushed  Stone. — Broken  stone  of  anv  charac- 
ter, crushed  and  screened  over  a  ^4-ln.  screen 
and  through  a  2^4-ln.  screen. 

One  Sack  Cement.— .\  sack  of  cement  is  as- 
sumed to  be  0.95  cu.  ft. 

Measurements     are     by     volume     measured 


Cubic  feet  of  Pit  2un  Gravel  pei?  Sack  of  Cement 


100 


I 


e  (0 


I .  —  ^  I.- 

14 


NvMeee  Sachs  cf  Cement  Pce  cubic   vapo  of  Concpete 
Fig.   1.  Curve  for    Use   In     Proportioning    Concrete. 
iHascil    on    0.12    cu.    ydH.    of  sanr]    0.81    cii.    jiIh.    of    «tonc    per    imiI)Ii'    yard    of    concrete. > 


Df/ini/io»iJ.— The  various  terms  used  herein 
arc  defined  as  follows : 

Stone. — That  portion  of  n  pit  run  urnvel  that 
la  rotnlned   on   n    '4-ln.   screen. 

Snnd. — That  portion  of  a  pit  run  (travel  that 
passes  a  'i-ln.  screen,  or  a  '/«-ln.  screen,  as 
the   case   may  be. 

Pit     Run     Gravel. — A     mixture    of    pand    and 


loose;  that  is,  shoveled  or  dumped  into  the 
measuring  box  without  tamping  or  shaking 
down. 

PIT  RIN  CRAVKL:   CHARACTERISTICS  AND  USE. 

It    frequently    becomes    necessary    to    make 
concrete   from  pit   run  gravel  and  it  is  com- 
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mon  practice  to  specify  an  arbitrary  mixture 
such  as  1  to  4,  or  1  to  6. 

A  1  to  4  concrete  made  from  pit  run  gravel 
from  one  pit  will  ditTcr  in  strength  very  much 
from  a  1  to  4  mi.xture  of  pit  run  gravel  from 
some  other  pit  unless  the  two  gravels  happen 
to  be  very  much  alike  as  to  the  sand  content. 

A  specification  such  as  1  part  cement  to  4 
parts  pit  run  gravel  means  nothing  unless  the 


that  which  would  make  with  the  sand  in  the 
gravel  a  1  to  2^/i  mortar.  The  amount  of 
stone  in  the  gravel  does  not  influence  the 
amount  of  cement  to  be  used,  but  if  the  vol- 
ume of  stone  in  the  gravel  were  more  than 
twice  the  volume  of  the  sand  some  of  the 
stone  should  be  screened  out.  If  the  volume 
of  stone  in  the  pit  run  gravel  is  less  than  twice 
the  volume  of  sand   that   does  not  tnaterially 


Cubic  yarps  Stone  toadp  to  Pit  I^un  Gravel  to  make  a  cubic  rAep  of  Concrete 

0  01  02  03  04  05  0.6  0.7 


/  2  3  4  5  6  7  S 

Number  cugjc  YAeps  Pit  Pun  Cipavel  to  scpeenfojp  one  cubic  YAec  of  Concrete 
Fig.  2.   Curve  for  Determining  Correction  to    Make   in   Aggregate. 


allowable  percentage  of  sand  in  ^he  pit  run 
gravel  is  also  specified.  It  is  generally  as- 
sumed that  a  mi.xture  of  one  part  cement  to 
four  parts  pit  run  gravel  is  equivalent  to  a 
mi.xture'  of  one  part  cement  to  two  parts  sand 
and  four  parts  stone.  As  a  matter  of  fact 
they,  are  not  equivalent  unless  the  volume  of 
sand  in  the  pit  run  gravel  is  just  half  the  vol- 
ume of  the  stone.  It  is  apparent,  then,  that 
in  making  concrete  from  pit  run  gravel  there 
must  be  some  basis  of  proportioning  that  takes 


decrease  the  strength  of  the  concrete,  so  long 
as  the  ratio  of  sand  to  cement  is  kept  constant. 
The  amount  of  concrete  obtained  w-ith  a  sack 
of  cement  in  this  latter  case  will,  however,  be 
less  than  if  the  volume  of  stone  were  just 
twice  the  volume  of  sand,  and  the  amount  of 
cement  used  per  cubic  yard  of  gravel  would, 
therefore,  be  greater  than  if  the  sand  and 
stone  were  in  the  proper  relative  proportion. 
Sand. — Since  the  amount  of  sand  in  a  pit 
run  gravel   determines  the  amount  of  cement 


ter  is  considered  from  the  standpoint  of  sci- 
entific grading  of  the  fine  and  coarse  aggre- 
gates ("sand"  and  "stone")  the  maximum 
size  of  the  particles  of  sand  should  vary  with 
a  variation  in  the  maximum  size  of  the  pieces 
of  coarse  aggregate.  If  the  coarse  aggregate 
is  graded  up  to  2%  inches,  then  ^A-in.  sand 
would  be  the  best,  but  if  the  coarse  aggregate 
is  graded  up  to  1%  in.,  then  sand  graded  from 
about  Va  in.  down  would  probably  be  best. 

It  is  not  necessary  or  desirable  on  small 
work  to  vary  the  sand  screen  for  each  deposit 
of  gravel,  even  if  the  maximum  size  of  stone 
does  vary,  because  the  grading  of  the  material 
otherwise  is  not  uniform  enough  to  warrant 
such  great  refinement  in  the  size  of  the  sand. 

Variation  in  Size  of  Sand. — If  sand  from 
Vs  in.  down  is  used  it  should  be  reasonably 
well  graded.  Just  how  much  variation  would 
be  permissible  cannot  be  definitely  stated  from 
the  data  at  hand,  but  good  results  have  been 
repeatedly  obtained  when  the  percentage  of 
the  Vs  in.  sand  which  passed  a  1/16  in.  screen 
was  as  little  as  Co  per  cent  and  where  it  was 
as  great  as  85  per  cent.  With  this  variation  it 
is  believed  that  concrete  may  be  safely  propor- 
tioned on  the  basis  of  the  amount  of  Vs  in. 
sand  contained. 

Where  the  percentage  of  sand  passing  the 
1/16  in.  screen  is  less  or  greater  than  65-85 
per  cent  it  should  be  used  with  caution  and 
the  amount  of  cement  used  based  upon  the 
amount  of  M  in.  sand  contained. 

Pit  run  gravels  of  such  a  character  that 
both  the  Vs  in.  and  %  in.  sands  screened  from 
them  are  poorly  graded  should  not  be  used 
as  gravel  on  work  of  any  importance  without 
being  reproportioned  or  being  mixed  with 
other  pit  run  gravels  that  will  correct  the  de- 
ficiencies in  their  grading.  Most  of  them  are 
sands  and  could  be  used  as  such  if  coarse  ma- 
terial were  added. 

Cleanness. — It  is  assumed  that  the  material 
does  not  contain  an  excess  of  clay  or  loam. 
The  percentage  of  clay  by  dry  measure  should 
not  exceed  3  per  cent  for  reinforced  concrete 
work  and  5  per  cent  for  mass  concrete,  not 
reinforced. 

If  concrete  is  to  be  used  for  work  where 
weight  is  the  principal  requirement  and  where 
the  load  in  compression  does  not  exceed 
200-300  lbs.  per  square  inch,  then  any  pit 
run  gravel  may  be  safely  used  if  the  proper 
amount     of     cement     is     added.       If,     how- 
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Fig.    3.  Curve    for    Determining    Cost    of    1:2:4    Concrete. 
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Cost  ofMatcbials  roe  on£  cubic  of  IZi-5  Concrete 
Fig.  4.  Curve  for  Determining  Cost  of  1:2[4:5  Concrete. 


account  of  the  varying  percentages  of  sand  in 
the  gravel. 

If  the  pit  run  gravel  is  to  be  used  for  mak- 
ing the  concrete  for  bridge  piers  or  for  a  pave- 
ment base,  where  a  mixture  of  1  :2%  :5  would 
be  specified  if  crushed  stone  or  screened  gravel 
and  sand  were  available,  the  amount  of  cement 
to  be  used  with  the  pit  run  gravel  would  be 


that  must  be  used,  it  becomes  of  considerable 
importance  to  know  just  what  part  of  the 
mixture  shall  be  called  sand.  It  has  become 
common  practice  to  consider  as  sand  that  por- 
tion of  pit  run  gravel  that  will  pass  through 
a  Vi-in.  screen,  and  most  plants  furnishing 
sand  on  a  commercial  scale  have  their  screens 
arranged  in  that  way.     If,  however,  the  mat- 


ever,  gravels  are  used  in  reinforced  concrete 
where  the  loads  in  compression  may  reach 
600-700  lbs.  per  square  inch,  much  more  care 
should  be  exercised  and  the  concrete  should 
be  accurately  proportioned. 

Quantity  of  Gravel  Seeded  for  a  Cubic 
Yard  of  Concrete. — The  exact  amount  of  pit 
run   gravel   necessary   for  one   cubic   yard  of 
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rammed  concrete  is  hard  to  specify  since  it 
will  depend  partly  upon  the  dryness  of  the 
gravel  when  measured  and  partly  upon  whether 
it  is  measured  loose  or  packed. 

It  is  assumed  that  a  cubic  yard  of  pit  run 
gravel,  loose  measure,  makes  one  cubic  yard 
of  concrete.  It  is  also  assumed  that  if  sand 
and  stone  are  measured  separately  and  remixed 
for  making  concrete  it  will  require  0.42  cu. 
yds.  of  sand  and  0.84  cu.  yds.  of  stone  for  one 
cubic  yard  of  concrete.  This  is  not  exactly 
true  for  all  mixtures  but  is  nearly  so  for  ordi- 
nary mi.xturcs  where  the  quantity  of  stone  is 
specified  as  twice  the  quantity  of  sand  as  in 
1:2:4  or  1:3:6  concrete.  Curves  and  all  com- 
putations herein  are  made  upon  this  basis. 

REPROPORTION'l.NG    GR.WELS  :    TYPICAL    EXAMPLE. 

As  an  illustration  let  it  be  assumed  that  con- 
crete is  to  be  made  from  pit  run  gravel  on 
work  for  which  the  specifications  provide  a 
mixture  of  1:2:4,  but  permit  the  use  of  pit 
run  gravel  if  cement  i^;  added  in  such  a  quan- 
tity that  the  mortar  meets  the  specifications. 
If  the  pit  run  gravel  contains  more  sand  than 
is  required  there  are  three  alternatives: 

1.  To  add  cement  so  that  the  mortar  will  be 
of  the  specified  strength,  that  is  1  part  cement 
to  2  parts  sand. 

2.  To  screen  the  gravel  and  discard  the  sur- 
plus sand,  in  which  case  the  smallest  amount  of 
cement   would   be   used. 

3.  To  add  broken  stone  to  the  pit  run  gi'avel 
so  that  the  specified  ratio  of  sand  to  cement  will 
be  maintained  as  well  as  the  ratio  of  sand  to 
stone.  In  this  case  the  same  amount  of  cement 
would  be  used  as  in  (2). 

Which  of  these  three  methods  will  be  fol- 
lowed will  depend  upon  their  relative  cost 
and  that  will  vary  with  the  relative  cost  of  the 
various  materials  and  the  percentage  of  sand 
in  the  gravel.  The  following  analysis  and 
discussion  of  a  sample  of  pit  run  gravel  will 
illustrate  the  manner  in  which  the  most  eco- 
nomical method  of  mixing  can  be  determined. 

(1)  Cost  With  Pit  Run  Craz'cl.— Let  it  be 
assumed  that  the  pit  run  gravel  has  been,  an- 
alyzed and  has  been  found  to  contain  60  per 
cent  of  sand  and  56  per  cent  of  stone  and  is 
to  be  used  without  reproportioning.  The 
amount  of  cement  to  use  for  one  cubic  yard 
of  concrete  is  one-half  of  the  amount  of  sand 
in  one  cubic  yard  of  the  pit  run  gravel  or 
%(27x0.6)=8.1  cu.  ft.  Since  1  sack  of  cement 
contains  0.95  cu.  ft.,  the  number  of  sacks  of 
8.1 

cement  to  use  is  =8.52. 

0.95 

Referring  to  Fig.  1,  find  the  percentage  of 
sand  at  the  left  of  the  diagram  and  follow  to 
the  right  to  the  curve  marked  1 :2  mortar,  and 
read  at  the  bottom  of  the  diagram  the  number 
of  sacks  of  cement,  in  this  case  8.52.  In  like 
manner  the  amount  of  cement  may  be  deter- 
mined for  any  other  percentage  of  sand,  and 
for  any  of  the  three  mixtures  given  in  the 
diagram. 

When  the  pit  run  gravel  is  used  it  is  desir- 
able to  know  the  amount  of  gravel  in  cubic 
feet  that  must  be  used  with  1  sack  of  cement, 
so  that  the  proper  quantity  can  be  placed  in 
the  mixer. 

Since  27  cu.  ft.  of  the  above  pit  run  gravel 
is  to  be  used  with  8.52  sacks  of  cement,  the 
amount  of  gravel  to  use  with  one  sack  of  ce- 
27 

mcnt   is  =3.16  cubic   feet.     This  quantity 

8.52 
can  also  be  determined  from  the  diagram  in 
Fig.  1  as  follows:  rin<l  the  percentage  of 
sand  at  the  left  of  the  diagram  and  follow  to 
the  right  to  the  curve  marked  "Cubic  feet  of 
pit  run  gravel  to  use  with  one  sack  of  cement. 
l:2:t  mixture"  and  read  at  the  top  of  the 
diaRram  the  number  of  cubic  feet  ol  pit  run 
gravel,  in  this  case  3.16.  In  like  manner,  the 
quantity  can  be  determined  for  any  other  per- 
ccnlatje  of  sand  and  for  any  of  the  three 
mixtures  given. 

If  cement  costs  $1.50  per  barrel  and  the  pit 
run  gravel  costs  25c  per  cubic  yard,  the  cost 
of    cement    and    the    above    gravel    per   cubic 
yard  of  concrete  is: 
8.52 

Cement   X  »1.50=: »3.19 

4 
Oravcl  0.:R 

$3.44 


The  cost  for  cement  and  aggregate  may  also 
be  determined  from  the  diagram  in  Figure  3. 
At  the  left  of  the  diagram  find  the  percentage 
of  sand  which  in  this  case  is  60,  and  follow  to 
the  right  to  the  curve  marked  "pit  run  gravel 
at  25c  per  cubic  yard"  and  read  at  the  bottom 
of  the  diagram  the  cost  for  cement  and  aggre- 
gate for  one  cubic  yard  of  concrete,  which  in 
this  case  is  found  to  be  $3.44. 

In  the  same  way  the  cost  for  cement  and 
aggregate  can  be  determined  for  any  other 
percentage  of  sand.  If  the  mixture  is  1 :2%  :5 
the  cost  can  be  obtained  from  Fig.  4  and  if 
1:3:6,  from  Fig.  5. 

(2)  Cost  IVilh  Screened  Crai^el. — Having 
the  cost  of  cement  and  aggregate  for  one  cubic 
yard  of  concrete,  using  the  pit  run  gravel, 
find  the  cost  of  cement  and  aggregate  for  one 
cubic  yard  of  concrete  if  the  excess  sand  is 
screened  out  and  discarded.  Since  the  amount 
of  sand  required  for  one  cubic  yard  of  con- 
crete is  0.42  cu.  yds.,  and  the  amount  of  stone 
0.84  cu.  yds.,  the  amount  of  the  pit  run  gravel 
that  must  be  screened  to  furnish  enough  stone 
for  one  cubic  yard  of  concrete  may  be  deter- 
mined as  follows: 


Since   0.42   cu.   yds.   of   sand    will   be   used, 

0.21  cu.  yds.  of  cement  will  be  used,  or  5.67 

cu.  ft.,  and  since  a  barrel  of  cement  is  3.8  cu. 

ft.,  the  number  of  barrels  of  cement  required 

5.67 

is =1.49,  or  say,  1.5  barrels. 

3  8 

Cost  of  cement  1.5  x  J1.50  = J2.25 

Cost  of  1  cu.  yd.  pit  run  gravel 0.25 

Cost  of  screening  1.5  cu.  yd 0.45 

Cost  of  agsregate  per  cu.  yd $2.95 

If  the  surplus  sand  must  be  paid  for  it  will 
add  to  the  above  the  cost  of  0.5  cu.  yd.  sand 
discarded,  or  12'.4c,  making  the  cost  of  the  ag- 
gregate for  one  cubic  yard  of  concrete  $3.07. 

The  cost  of  aggregates  for  a  cubic  yard  of 
concrete  when  the  percentage  of  sand  is  known 
and  when  the  mixture  is  1:2:4,  1  :2%  :5  or 
1 :3 :6  can  be  read  from  the  diagram  in  Figs. 
3,  4  and  5. 

These  diagrams  also  give  a  curve  of  costs 
when  all  material  screened  must  be  paid  for 
and  are  used  in  the  same  manner  as  the  curves 
already  described  which  are  given  in  Fig.  3. 

Cost  When  Stone  is  Added. — If  crushed 
stone  is  available,  it  may  be  cheaper  to  add  it 


^^j  .  />  3^i  375  *25 

Cost  OF  MATeei^LS  foi?  one  cubic  yapp  of  13 ■&  Concqbte 

Fig.   5.  Curve    for    D*termining   Cost   of    1:3:6    Concrete. 
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The  amount  of  stone  needed  is  0.84  cu.  y<ls. 
and   1   cu.  yd.  of   the   pit   run  gravel   contains 
0.56  cu.  yds.  of  stone,  therefore,  the  amount  to 
0.84 

screen  is  ^1,5  cu.  yds. 

0.56 

The  amount  to  screen  may  also  be  deter- 
mined from  the  curve  in  h"ig.  2  as  follows: 
Find  at  the  left  of  the  diagram  the  per  cent 
of  sand  in  the  pit  run  gravel  and  follow  to  the 
right  to  the  curve  marked  "(.iravel  to  screen" 
and  read  at  the  bottom  of  the  diagram  the 
number  of  cubic  yards  to  screen,  which  in  this 
case  is  1.5. 

In  like  manner  the  number  of  cubic  yards 
to  screen  can  be  determined  for  any  percentage 
of  sanil.  The  curve  holds  good  when  the 
amount  of  coarse  aggregate  is  specilicd  to  be 
twice  the  amount  of  sand,  regardless  of  the 
amount  of  cement   specified. 

The  cost  of  the  aggregate  for  a  cnhic  yard 
of  concrete  depends  upon  the  cost  of  the  pit- 
run  gravel,  the  cost  of  screening  antl  whelbcr 
the  surplus  sand  must  be  paid  for  or  may  be 
left  in  the  pit  and  not  paid  for.  .XsMimc  that 
pit  run  travel  costs  2-5c  per  cubic  yard,  that 
the  surplus  sand  need  not  l)c  paid  for  an:l  that 
screening  costs  .30c  per  cubic  yard,  and  that 
cement  costs  $1.50  per  barrel,  and  the  cost  of 
cement  and  aggregate  for  one  cubic  yard  of 
concrete   will    be   as    follows: 


to  make  up  the  deficiency  in  coarse  material 
than  to  screen  the  gravel.  To  determine  the 
quantity  of  stone  to  add  for  one  cubic  yard 
of  concrete,  the  amount  of  the  pit  run  "gravel 
to  use  to  furnish  the  proper  quantity  of  sand 
must  first  be  determined.  Since  it  requires 
0.42  cu.  yd.  of  sand  for  a  cubic  yard  of  con- 
crete and  each  cubic  yard  of  the  pit  run  gravel 
contains  O.tl  cu.  yd.  of  sand,  the  quantity  of 
the  pit  run  gravel  needed  to  furnish  sand  for 

0.42 

a  cubic  vard  of  concrete  is =0.7  cu.  yd. 

0.6 
Since  the  pit  run  gravel  contains  56  per  cent 
of  stone,  there  will  be  in  the  0.7  cu.  yds.  of 
pit  run  gravel  0.7X0.56  or  0.392  cu.  yd.  of 
stone,  and  since  0.8-1  cu.  yd.  of  stone  is  needed 
for  a  cubic  yard  of  concrete  it  will  be  neces- 
sarv  to  add  io  the  0.7  cu.  yd.  of  pit  run  gravel 
0,81— O..30=0.15  cu.  yd.  of  stone.  The  cost  of 
the  materials  for  one  cubic  yard  of  concrete 
will,  in  this  case,  be  as  follows,  assuming  the 
stcmc  In  cost  $1.60  per  cubic  yard: 

Co-It  of  pit  run  (travel.  0  7  X  0.2fi  = $0.17 

(•o»t  of  Ht.ino  til  add.  0.45  X  $1.60  = 0.'2 

("oBl  of  cement,  1.5  X  $1.50  = ■   Z-25 

Co«l  mnlorlBl  for  1  cu.  yd.  of  concrete.  .$3.14 

The   amount    of   stone   to   add   to   pit     run 

gravel  containing  any  percentage  of   sand,  to 

give  material  for  one  cubic  yard  of  concrete, 

can   be   obtained    from    Fig.   2  by   finding  the 
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percentage  of  sand  at  the  left  of  the  diagram 
and  following  to  the  right  to  the  curve 
marked  "Amount  of  stone  to  add  to  pit  run 
gravel''  and  reading  the  quantity  to  add  at 
the  top  of  the  diagram.  It  should  be  noted 
that  if  the  sand  content  of  the  pit  run  gravel 


it  is  cheaper  to  add  stone  than  to  screen  if  the 
sand  content  exceeds  75  per  cent,  and  if  only 
the  material  used  is  paid  for  it  is  cheaper  to 
add  stone  than  to  screen,  when  the  sand  con- 
tent exceeds  88  per  cent. 

These  relations  hold  true  whether  Va  in.  or 


standpoint,  all  studies  should  be  directed  to 
this  end.  This  will  require  constant  special 
preparation,  concentration  and  distribution  of 
other  forces  available  to  obtain  the  best  and 
most  economical  results.  These  results  should 
be  the  restoration  of  normal  traffic  conditions 


TABLE  I.— METHOD  OF  TABULATING  ANALYSIS  OF  VARIOUS   IOWA    GRAVELS. 
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Maquoketa. 
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Pacific  Junction. 
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Ottumwa.  river  gravel. 
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Le  Mars,  Kramer  Pit. 
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Clemont,  Williams  Pit. 
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Clarinda. 

NOTE — It  should  be  noted  that  the  per  cent  of  sand  and  stone  has  been  determined  by  weight  and   not  by  volume,  and  for  purposes  of  comparison 
the  percentage  of  sand  should  be  used.    The  percentage  of  stone  is  not  comparable  with  results  of  test  made  by  volume  measure. 


is  less  than  42  per  cent,  then  sand  must  be 
added  as  indicated  in  the  diagram  or  some  of 
the  stone  must  be  screened  out  of  the  pit  run 
gravel  and  wasted. 

Summary. — Now,  having  determined  the 
cost  of  the  aggregate  for  one  cubic  yard  of 
concrete  by  each  of  the  three  methods  of  pro- 
portioning the  pit  run  gravel  under  discussion, 
the  most  economical  can  be  chosen.  For  con- 
venience the  three  possibilities  are  summarized 
as  follows : 

Cost  Per  Cubic  Yard  of  Concrete  for  Aggregate 
and  Cement, 

1.  Use  without  reproportioning $3.44 

2.  (a)  Screening  out  and  discarding  surplus 

sand  and  paying  only  for  gravel  used  2.95 
(b)  Screening  out  and  discarding  surplus 

sand,  but  paying  for  all  gravel  used..   3.07 

3.  Adding   crushed  stone 3.14 

It  will  be  seen  that  the  cheapest  method  is 
to  screen  out  and  discard  surplus  sand,  if  only 
material  used  is  paid  for.  If  all  gravel 
screened  must  be  paid  for  it  is  still  cheaper 
than  to  add  stone,  although  the  difference  is 
■slight.  It  is  by  far  the  most  expensive  to  use 
the  pit   run  gravel   without   reproportioning. 

CONCLUSIONS. 

The  relative  costs  of  the  three  methods  out- 
lined will  vary  with  the  costs  of  materials  and 
the  cost  of  labor,  and  for  any  given  set  of 
conditions  these  costs  must  be  worked  out  be- 
fore a  decision  can  be  reached,  as  to  the  most 
economical  procedure.  The  quantities  of  ma- 
terials can  readily  be  determined  from  curves 
shown  in  Figs.  1  and  2  and  the  costs  can 
then  be  determined  when  the  price  is  known. 

1:3:4  Mix. — .''t  study  of  I'^ig.  3  which  applies 
to  concrete  mi.xed  in  the  proportions  of  1:2:1 
and  with  materials  at  the  prices  indicated  on 
the  diagram,  shows  that  if  the  sand  content 
of  the  gravel  is  more  than  50  per  cent  and  less 
than  !)5  per  cent  it  pays  to  screen  and  repro- 
portion.  It  also  shows  that  it  is  much  cheaper 
to  add  crushed  stone  than  to  use  the  pit  run 
gravel.  If  the  sand  is  above  80  per  cent  it  is 
cheaper  to  add  stone  than  to  screen  if  the  sur- 
plus sand  must  be  paid  for. 

i:2^k:s  Mix. — In  the  same  way  it  can  be 
seen  from  Fig.  4  that  for  1  :2*^  :5  concrete 
with  materials  at  the  prices  indicated  on  the 
diagram,  if  the  percentage  of  sand  is  less  than 
50  per  cent  there  is  no  great  saving  to  be  ob- 
tained by  reproportioning,  but  if  the  percent- 
age of  sand  is  between  50  and  95  it  will  be  a 
decided  saving  to  screen.  The  diagram  also 
shows  that  if  all  the  material  screened  must 
l)e  paid  for,  including  the  surplus  sand,  then 
if  the  sand  content  is  greater  tlian  75  per  cent 
it  will  be  cheaper  to  add  stone  than  to  screen 
the  gravel. 

i:s:6  .!/;>.— Similarly,  Fig.  5  shows  that 
for  a  1:3:0  concrete  with  materials  at  the 
prices  indicated  on  this  diagram,  it  pays  to 
screen,  if  the  sand  content  exceeds  55  per  cent 
and  is  less  than  03  per  cent.  It  also  shows 
that  if  all  material  .screened  must  be  paid  for 


Vi  in.  sand  is  used  and  the  decision  as  to  which 
size  will  be  adopted  for  sand  depends  upon  the 
size  of  the  coarse  aggregate  as  previously  ex- 
plained. 

If  the  Vi  in.  sand  is  used  more  cement  will 
be  required  with  pit  run  gravel  than  if  Va  in. 
sand  is  used,  but  in  case  of  doubt,  use  the  % 
in.  sand. 

It  should  be  noted  that  the  typical  cases 
worked  out  in  the  preceding  pages  give  re- 
sults which  are  comparable  only  when  the 
prices  paid  for  pit  run  gravel,  crushed  stone, 
screening  and  cement  are  as  indicated.  For 
other  prices  the  quantities  can  be  determined 
from  Figs.  1  and  2,  the  cost  being  computed 
as  outlined  in  the  illustrative  example.  The 
computations  are  simple  and  the  tests  can 
readily  be  made  in  the  field  and  adjustments 
in  the  methods  of  proportioning  made  in  ac- 
cordance with  the  tests. 

In  this  connection  it  should  be  noted  that 
for  concrete  roads  or  pavements  the  pit  run 
gravel  should,  in  every  case,  be  screened  and 
the  sand  and  stone  thus  obtained  used  for  the 
concrete.  Pit  run  gravel  should  never  be  used 
for  concrete  road  or  pavement  construction. 


Summary    of    Suggestions    Offered    at 

the  Philadelphia  Snow  Removal 

Conference. 

The  methods  and  costs  of  snow  removal  as 
demonstrated  by  present  practice  in  a  number 
of  representative  cities,  have  been  presented  in 
articles  on  snow  removal  which  appeared  in 
our  issues  of  April  22,  2!1.  May  (i,  13  and  2u. 
In  this  article  Mr.  Morris  R.  Sherrerd,  Chief 
Engineer  for  the  Board  of  Street  and  Water 
Commissioners,  \ew-ark,  N.  J.,  brictly  sums  up 
the  suggestions  made  at  the  Philadelphia  Snow 
Removal  Conference. 

It  may  be  of  advantage  briefly  to  sum  up 
some  of  the  suggestions  proposed:  (1)  The 
study  of  the  prol)iem  and  its  relation  to  local 
conditions  in  advance  of  the  winter  season. 
(2)  The  investigations  of  proper  dumping 
places  and  the  preparation  of  special  manholes 
and  branch  sewers.  (3)  The  consideration  of 
what  sewers  are  adapted  for  the  purpose  of  re- 
ceiving snow.  (4)  The  organization  of  forces 
for  supervision  and  inspection.  (5)  The  ar- 
rangement in  advance  with  local  contractors 
for  securing  carts,  wagons  and  men  on  short 
notice.  ((!)  The  method  of  pay  for  such  outside 
assistance,  either  by  contracts  in  advance  or 
upon  yardage  or  day  method  of  payment.  (7) 
The  concentration  on  this  work  at  short  notice 
of  all  available  city  employes  from  every  de- 
partment of  the  city's  activities  from  wdiich 
men  available  for  the  work  can  be  spared. 

The  seriousness  of  the  problem  is  evidently 
cne  of  getting  satisfactory  results  in  the  short- 
est   possible    time,    and    from    an    engineering 


as  soon  as  possible  after  a  snow  storm  which 
is  of  sufficient  magnitude  to  interfere  with  this 
traffic. 

Co-o(<eraiion     JJ'ith     Traction     Company. — 

The  restoration  of  traffic  applies  equally, 
and  perhaps  more  forcibly,  to  the  mainten- 
ance of  trolley  traffic  as  to  provision  for 
other  forms  of  street  traffic.  In  the  larger 
cities  the  trolley  companies  have  generally 
made  adequate  provision  to  take  care  of  the 
removal  of  snow  from  their  tracks,  but  it  is 
often  done  at  the  expense  of  the  use  of  streets 
en  the  side  of  the  trolley  lines  for  the  storing 
of  snow  removed  from  the  tracks.  Here  again 
the  element  of  co-operation  must  be  brought 
into  play.  In  a  very  heavy  snowfall  there  is 
a  great  demand  for  laborers  and  teams  for  the 
purpose  of  snow  removal,  and  it  has  been  the 
experience  of  most  of  the  trolley  companies 
that  practically  all  of  the  men  which  they  can 
obtain  are  needed  to  keep  their  lines  in  work- 
ing condition. 

One  method  of  co-operation  between  the 
trolley  companies  and  the  municipality  which 
has  worked  more  or  less  satisfactorily,  has 
been  the  division  of  work  between  the  trolley 
company  and  the  city  by  which  the  trolley 
company  not  only  removes  the  windrow  on 
certain  designated  streets  which  are  agreed 
upon  in  advance,  but  removes  all  of  the 
snow  from  curb  to  curb  on  these  desig- 
nated streets,  the  city  on  its  part  under- 
taking to  do  the  same  thing  on  an  equiva- 
lent mileage,  so  that  the  available  force  of 
both  the  trolley  company  and  the  city  are  im- 
mediately at  work  clearing  up  congestion  due 
to  a  snowfall,  and  are  not  conflicting  with  each 
other. 

Hauling  in  Gondola  Cars. — In  thii*  ar- 
rangement it  has  been  found  of  advantage 
to  have  the  trolley  company  assume  the 
clearing  of  the  narrow  streets  in  the  busy 
section  of  the  city  through  which  their 
tracks  run.  This  work  can  be  done  more  ad- 
vantageously by  them,  particularly  at  night,  by 
the  use  of  gondola  cars  on  the  street  railway 
tracks.  For  the  convenience  of  the  traveling 
public  who  may  use  the  trolley  cars,  it  is  im- 
portant for  the  city  to  provide  a  space  on  the 
side  of  the  track  where  other  traffic  may 
readily  move,  otherwise  the  invariable  blocking 
of  street  cars  w'ill  result  from  the  use  of  the 
tracks  by  heavily  loaded  trucks. 

Snozc  Plo-a'S. — To  quickly  obtain  this  re- 
sult more  attention  might  properly  he  given 
by  the  traction  companies  to  some  form  of 
snowplow  which  would  throw  or  scrape 
the  snow  removed  from  the  tracks  to  a 
further  distance  than  is  now  the  practice,  get- 
ting the  windrow  sufficiently  far  froin  the 
tracks  to  give  a  space  for  one  vehicle.  This 
will  result  on  the  wider  streets,  where  it  can  be 
a<lvantageously  done,  in  immediately  keeping 
optn  for  vehicular  traffic  such  wide  streets  on 
which    the    trolleys    run.    and    also    keep    the 
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vehicular  traffic  from  the  necessity  of  using 
the  tracks.  This  work  can  be  done  by  the 
trolley  company  concurrently  with  the  opera- 
tion of  their  sweepers  and  this  additional 
scraping  thus  being  undertaken  at  short  inter- 
vals of  time  during  the  snowfall,  so  that  the 
amoimt  of  ?now  to  be  so  removed  on  each 
trip  would  lie  limited  to  say  from  one  to  two 
inches  in  ilepth  and  while  the  snow  is  more  or 
less  easily  removed  than  is  the  case  with  the 
windrow  which  is  now  thrown  up  by  the  usual 
practice  employed  by  the  railway  companies, 
this  also  brings  into  play  a  very  potent  factor 
in  snovy  removal,  which  would  be  an  additional 
help  without  resorting  to  the  necessity  for  the 
employment  of  extra  labor. 

The  operation  of  this  side-extended  snow 
plow  (if  we  might  so  designate  it)  during  the 
early  periods  of  a  snowfall  and  before  traffic 
has  to  any  serious  degree  packed  the  snow  on 
the  side  of  the  tracks  and  also  before  the 
snow  from  the  sidewalks  has  been  shoveled 
irito  the  street  will,  it  is  believed,  make  it  pos- 
sible to  obtain  satisfactory  results  from  such 
a  method  that  could  not  be  accomplished  if  it 
were  attempted  to  be  done  after  the  snow  had 
ceased  falling. 

Track  Szvccfcrs.—lt  might  be  possible  to 
go  a  step  further  along  the  lines  suggested  by 
having  special  track  sweepers  operated  by  trof- 
ley  power  which  would  extend  over  the  sides 
of  the  track  having  the  same  arrangement, 
with  a  hinged  joint,  as  is  now  done  with  trol- 
ley sprinklers,  so  that  they  could  be  dropped 
back  parallel  to  the  side  of  the  car  when  pass- 
ing through  narrow  streets  or  meeting  an  ob- 
struction. It  is  the  writer's  intention  to  en- 
deavor to  obtain  the  operation  bv  the  street 
railway  company  of  some  such  equipment  to 
get  the  advantage  of  the  further  removal  of 
the  windrow  from  the  tracks,  as  a  substantial 
comiiliance  with  the  franchise  ordinance  re- 
quirements mentioned  above,  namelv,  that  this 
snow  .shall  be  removed  within  21  liours  after 
a  snowfall.  But  it  is  believed  that  anv  other 
municipality  where  this  obligation  does  not 
rest  upon  the  traction  conipanv  for  snow  re- 
moval, may  obtain  the  advantage  of  the  use  of 
-nie  such  additional  equipment  bv  the  railway 
■iipanics,  and  that  .such  an  'arrangemen't 
wniild  he  of  sufficient  benefit  to  justify  a  con- 
tract being  made  between  the  city  and  the  rail- 
way company  for  this  purpose. 

Ilusliuiii. — The  discussion  in  regard  to 
flushing  snow  through  the  sewers  brings  to 
the  writer's  mind  a  factor  gained  from  his 
own  experience  in  the  operation  of  water 
works,  which  may  be  of  advantage  in  increai*- 
ing  the  capacitv  of  the  sewer  svstcm,  and 
which  has  not  been  given  due  weight  in  this 
discussion. 

In  the  operation  of  a  long  line  of  water 
conduit  on  a  gravity  supply,  during  a 
"■\evL-  winter,  the  formation  of  anchor  ice 
II  the  intake  reservoir  was  so  serious 
to  interfere  with  the  normal  flow  of 
water  through  the  conduit.  During  the  second 
ilay  it  was  found  that  the  water  delivered  into 
the  city  reservoirs  was  very  dirtv  and  not  in 
Its  usual  good  condition.  Several  davs  after- 
vards  a  comparison  of  the  meter  readings  as 
to  the  flow  of  water  through  this  conduit  be- 
fore and  after  this  incident  in  connection  with 
the  anchor  ice  showed  that  the  coniluit  whose 
tornur  maximum  capacity  was  3(5  million  gal- 
lans  per  21  hours  had,  for  some  reason,  in- 
creased to  :t7H  n-:!lii.n  gallons  in  -.'I  hours, 
and  the  only  satisfactory  way  to  account  for 
this  increase  of  carrving  capacitv  seems  to  he 
that  tl.e  anchor  ice  had  scraped'  oflF  the  slime 
from  the  interior  of  the  pipe  and  thereby  re- 
duced the  frictional  resistance  on  the  flow  of 
water:  so  it  may  lie  that  the  unwarranted  ac- 
cumulation of  snow  on  the  streets,  is  in  a 
measure,  an  advantage  to  the  sewer  system 
which  has  not  so  far  been  appreciated. 


The  Committee  on  Water  and  Ordinances 
of  the  Wheeling,  W.  Va.,  City  Council  has 
received  .nn.l  taken  up  for  consideration  the 
report  nf  ilie  engineers  employed  by  the  city 
to  investigate  and  recommend  a  system  of 
water  filtration.  The  engineers  reported  in 
favor  of  a  rapid  sand  or  mechanical  plant  as 
nest  adapted  to  the  citv. 


Bituminous  Filler  and  Dry  Mortar  Bed 
in  Creosoted  Wood  Block  Pave- 
ment Construction. 
-A  wood  block  pavement  is  in  a  large  meas- 
ure  a   standardized   structure.     Its  efficacy   to 
meet    certain    traffic   conditions   is    well   estab- 
lished.     The    discussion    of    its    shortcomings 
and     present    methods    O'f    overcoming    them 
which    is    given    here    was    prepared    from    a 
paper  by  R.  S.  Manley,  president  of  the  Creo- 
soted   Wood    Block    Paving    Co.,    \ew    Or- 
leans, La.,  at  the  tenth  meeting  of  the  .\mcri- 
can    Wood    Preserver.s'    Association,    and    the 
discussion  thereof  by  H.  L.  Collier. 

.-\  creosoted  wood  block  pavement  should 
show  no  evidences  of  wear  for  many  years 
if  the  proper  materials  are  used,  and'if'thev 
are  assembled  in  th<;  proper  way.  The  cor- 
rect depth  of  base,  or  foundation,  varies  with 
the  soil  conditions,  but  the  materials  forming 
this  concrete  foundation  and  the  methods  of 
mixing  are  in  such  common  use  as  to  be 
standard  and  easily  secured. 

The  principal  causes  of  defects  in  the  wood 
surface  of  more  or  less  serious  nature  are  (1) 
irregular  or  uneven  surface  due  to  careless 
laying,  shifting  of  sand  cushion,  or  breaking 
or  Settling  of  concrete,  and  (2)  expansion 
difticulies  due  to  the  entrance  of  water  into 
the  blocks  either  by  way  of  the  joints  or  from 
below. 

.An  irregular  or  uneven  surface  is  death  to 
any  paving  material  because  a  depression  in 
the  surface  holds  water  and  repeated  churn- 
ings  of  wagon  wheels  in  the  depression  are 
bound  to  cause  an  enlargement  and  deepening 
of  the  depression.  To  avoid,  the  concrete 
should  be  mixed  quite  wet  and  finished  smooth- 
ly with  a  flat  wooden  sjireader.  wliich  gives 
a  surface  practically  as  even  and  uniform  as 
could  be  obtained  with  a  templet.  On  this 
spread  Vi  in.  to  1  in.  of  clean  sand,  making  the 
saiid  cushion  confonn  to  the  contour  of  the 
finished  street.  Place  the  blocks  quite  closely 
together,  roll  thoroughly  until  a  perfect  sur- 
face with  no  inequalities  has  been  obtained  and 
until  the  blocks  are  firmly  in  place.  It  will 
require  a  great  deal  of  rolling  to  accomplish 
this,  but  the  end  justifies  the  means.  .After 
this  fill  all  joints  two-thirds  full  of  hot  bi- 
tuminous filler  of  such  melting  point  as  is 
suited  to  climatic  conditions,  and  spread  a  thin 
coating  of  sand  thereon.  The  use  of  the  bi- 
tuminous filler  is,  in  my  estimation,  most  im- 
portant. It  converts  the  street  into  an  effect- 
ive watershed  which,  without  absorbing  any 
of  the  water,  directs  it  into  storm  sewers  or 
oher  drainage  paths.  Should  any  water  re- 
main on  the  surface  the  wind  an<l  the  sun, 
both  good  evaporative  agencies,  will  rapidly 
dissipate  i'. 

Expansion  difficulties  are  eliminated  by  the 
use  of  bituminous  filler,  for  there  can  lie  no 
exjiansion  without  al>s<irption  ol  water,  and 
no  absorption  of  water  when  all  rainfall  is 
conducted  quickly  to  drainage  sewers.  In  addi- 
tion to  this  it  must  be  remembered  that  with 
the  bituminous  filler  each  block  is  siirroundeil 
by  an  individual  expansion  joint. 

.Another  way  of  constructing  wood  block  sur- 
face which  is  sometimes  recninmended  is  to 
provide  a  mixed  sand  and  cement  cushion  and 
sand  filled  joints  or  interstices.  The  sand  and 
cement  cushion  does  not  give  the  iipportiinil\ 
for  abolulely  smooth  surface  that  the  sand 
cu.diion  gives  and  is  considerably  more  costly. 
The  sand  filler  in  the  joints  allows  moisture 
to  be  absorbed  in  the  pavement,  and  ultimate- 
ly this  moisture  gets  into  the  blocks  and  trouble 
ensues.  It  is  only  on  extremely  heavv  tnflic 
streets  that  sand  can  be  used  as  a  filler  with- 
out expecting  some  expansion  diflicullies  soon- 
er or  later.  The  proof  of  the  pudding  is  the 
eating  and  the  pr<M>f  of  theories  of  wood  block 
construction  lie  in  the  actual  occurrences  on 
the  street. 

It  can  be  staled  without  fear  of  successful 
Contradiction  that  cvcrj-  sand-filled  pavement 
in  the  South  has  at  one  time  or  other  given 
trouble  from  uncompensated  expansion,  and 
with  ecjiial  confidence  it  can  be  stated  that  not 
one  bitnminoiis-filled  pavement  has  given 
trouble  from  this  cause. 
There    have    been    objections    put    forward 


to  the  bituminous  filler  because  of  the  belief 
that  it  would  produce  a  sticky  surface,  dis- 
agreeable in  warm  weather;  but  if  the  proper 
filler  is  secured,  and  it  is  correctly  applied 
there  can  be  no  such  objection.  The  suitable 
filler  has  a  consistency  of  rubber  and  can  be 
taken  in  the  fingers,  bent  and  twisted  with- 
out soiling  the  fingers.  In  applying  this  filler 
a  spreader  with  squegee  attachment  places 
the  filler  in  the  joints  where  it  is  needed  and 
not  on  the  surface  of  the  blocks  where  it  is 
not  needed. 

It  is  proper  also  to  use  less  creosote  oil  per 
cubic  foot  of  timber  when  bituminous  filler  is 
used  for  the  primary  function  of  the  creosote 
oil  in  this  case  is  to  preserve  against  decav 
instead  of  trying  to  make  the  creosote  oil 
rill  the  double  role  of  preservative  and  abso- 
lute waterproofing.  No  one  familiar  with  pre- 
servative methods  and  history  will  question 
the  efficacy  of  10  pounds  of  creosote  oil  per 
cubic  foot  in  preserving  against  decay  for  an 
indefinite  period.  We,  therefore,  see  that  bi- 
tuminous filler  can  be  used  carefullv  and  with- 
out inconvenience  because  of  stickiness. 

To  sum  up,  therefore,  provide  adequate 
smooth  concrete  foundation,  use  enough  sand 
to  cover  any  inequalities  in  the  concrete  or 
depth  of  blcck^  (except  in  railway  areas  and 
on  grades,  where  use  sand  and  cement  mixed), 
lay  blocks  tightly,  roll  until  smooth,  fill  joints 
with  bituminous  filler,  spread  coating  of  sand, 
and  turn  on  traffic. 

.A  sand  and  cement  cushion  is  mixed  dry  in 
the    proportion    of.   one    part    of    cement    and 
three  parts  of  sand,  struck-off  with  a  templet 
and  the  blocks  set  thereon  grain  vertical  close 
jointed  sidcwise  and  with  a  %  in.  joint  between 
the   ends   of   the    blocks.     The   concrete    base 
is  given  three  or  four  days  in  which  to  harden, 
and  when  sufficiently  strong  to  work  o\er  the 
sand    and    cement     mixture    above    described 
placed  on  the  same  to  take  up  any  iiregularitv 
in  the  surface  of  the  concrete  and'in  the  length 
of  the  blocks.     There  is  suflicient  moisture  in 
the  concrete  base  to  bring  about  chemical  ac- 
tion between  the  sand  and  cement  in  less  than 
twelye  hours.     This  cushion  can  be  rolled  as 
readily  and  as  satisfactorily  as  the  pure  sand 
cushion.     .An     advantage     this    cushion     has 
over  sand  cushion,  is  that  when  chemical  ac- 
tion  has   taker,   place,   the   blocks   having  been 
tamped  to  a  firm  bearing  on  same  before  hard- 
ening,   it   affords   a    perfectly    smooth    support 
lor   all   parts   of   the   block,  and   even   though 
water    should    get    into    the    pavement    eitlier 
from  an  opening  between  the  blocks  or  from 
a  broken  water  pipe,  this  foundation  cannot  be 
disarranged.    There  is  always  a  certain  amount 
of  vibration  in  a  wood  block  pavement  under 
traffic,  an(l   should  tile  sand  cushion   get   dry, 
this  vibration  would  cause  the  sand  to  trickle 
into   the   honeycombs   of   the  concrete  base  to 
such  an  extent  that  there  would  be  formed  on 
the    surface    of    the    pavement    slight    saucer- 
holes,    which    would    not    be    the   case    if    the 
cushion  was  made  of  sand  anil  cement. 

The  old  London  method  of  laying  the  pave- 
ment in  a  paving  pitch  wash  was  not  a  bad 
one;  in  fact,  if  the  concrete  was  finished  with 
a  smooth  surface  exactly  parallel  with  the 
[inished  surface  <if  the  pavenienl  niul  liot  pav- 
ing pilch,  with  111  per  cent  by  weight  of  Port- 
land cenieni  added,  and  spread  with  a  squegee 
into  which  the  blocks  are  set  promptly,  grain 
vertical,  no  construction  will  give  iietler  re- 
sults. 

I'nder  no  condition  should  less  than  l(i  lbs. 
of  oil  to  the  cubic  foot  of  timber  be  used  and 
the  blocks  invariably  placed  on  a  '4  in.  cushion 
of  sand  and  cement  mixed  in  the  proportion 
of  I  ::i  and  a  bituminous  Itller  so  fluxed  as 
not  to  melt  in  'hummer  or  beciMiic  brittle  above 
I">  degrees  l-"ahr.,  applied  when  heated  to  at 
least  .'llln  degrees  an<l  worked  back  and  forth 
rapidly  with  a  squeegee  until  all  the  cracks 
and  interstices  are  filled.  .A  pavement  so  con- 
structed will  prove  entirely  satisfactory.  This 
is  the  record  made  to  date.  To  emphasise  the 
necessity  of  the  use  of  a  bituminous  filler,  a 
treatment  of  1(!  lbs,  with  a  bituminous  filler 
is  preferable  to  a  treatment  of  20  pounds  with 
a  sand  filler.  One-half  inch  is  recommeniled 
as  to  the  depth  of  the  .sand-cement  cushion,  be- 
cause if  the  contractor  is  required  to  finish  his 
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concrete  founiJation  with  a  templet  to  within 
a  Vz  in.  of  the  finished  surface,  he  will  do  bet- 
ter concrete  work  than  if  allowed  to  complete 
the  same  with  an  irregular  surface. 

As  to  the  particular  oil  to  he  used,  we  need 
a  pure  oil,  one  that  will  preserve  the  timber, 
and  at  the  same  time  have  specific  gravity  suf- 
ficiently great  to  hclii  make  non-absorbent  the 
blocks,  say  not  far  from  1.1)8  specific  gravity. 
A  proper  oil  and  an  elastic  filler  will  prevent 
buckling,  bleeding  and  slipperiness. 


cu.  yds.   of   crushed   stone   weighing  with  the 
wagon   6,600  pounds,  or   1,650   lbs.  per  wheel. 


gives    lor    a 


tire,    8'i")    lbs.    per    inch    of 


Notes    on    Macadam    Maintenance    in 

York  County,  Ontario. 

Canadian  practice  in  maintaining  macadam 
roads  is  very  similar  to  that  in  the  United 
States.  A  brief  discussion  of  the  methods 
used  in  York  County,  Ontario,  is  given  here 
as  presented  by  E.  A.  James,  consulting  en- 
gineer for  the  York  County  Highway  Com- 
mission in  a  paper  before  the  recent  Road 
Congress  at  Montreal. 

There  are  many  agencies  tetiiling  toward 
the  destruction  of  macadam  roads,  such  as  the 
grinding  and  loosening  action  of  horse  drawn 
or  motor  vehicles,  the  scouring  and  softening 
effect  of  water,  and  the  action  of  wind  in 
carrying  off  the  metal  in  the.  form  of  dust — 
natural  or  due  to  fast  moving  vehicles.  Much 
may  also  be  said  of  the  detrimental  effects 
which  result  from  bad  drainage,  narrow  tires 
carrying  heavy  loads,  the  tracking  of  vehicles 
and  the  presence  of  foreign  materials  on  the 
road,  such  as  mud,  etc.,  which  ciuse  wheels 
to  pick  up  the  metal. 

_  Proper  construction  is  an  absolute  necessity 
if  maintenance  charges  are  to  be  kept  within 
reasonable  limits.  The  subgrade  must  he  well 
bound,  the  shoulders  properly  rounded  and 
compacted,  ami  proper  drainage  provided  and 
maintained.  Ditches  should  be  kept  open  at 
tlie  sides,  and  the  crown  and  shoulder  kept  in 
such  shape  that  the  ditches  can  perform  their 
proper  function. 

In  construction  perhaps  too  little  attention 
is  paid  to  minimum  grades.  The  formation 
of  ruts  prevents  lateral  drainage,  and  a  small 
quantity  of  water  standing  on  the  surface  of 

TABL,!':  I.— COST  PER  APPLICATION  OF 
OILING  ONE  MILP:  OF  ROAD,  OP  DIFFER- 
ENT WIDTHS  WITH  VARYING  QUANTI- 
TIES OF  MATERL\L,  IN  YCJRK  COUNTY, 
ONTARIO. 

lion.     Cost  of  appliration. 


Oil.  at  ;  i^  cts.  per 
?jr,  per  mile. 


£—_ 
•C'O 

^£ 

10 
12 
14 
IG 
18 
20 


>.« 

sE 

ca> 

73a 

5,SG7 

7.010 

8,213 

9,G87 

10,560 

11,733 


.■S       ^2 
a"        a=^ 

Ua 

•^  ui 
1245 
289 
333 
377 
421 
465 


5," 
trs 

$135 
157 
179 
201 
223 
235 


S355 
421 
■■.87 
554 
619 
685 


a>  ^ 

Aa> 
.  u 

Mg. 
,-1  en 
$465 
553 
641 
72S 
817 
905 


rH  tn 

57.T 
G85 
795 
905 
1.015 
1,125 


Oil,  al  8J4  cts.  per  gallon. 
life. 


$25  per  mile. 


Cost  of  application. 


c:S 

10 
12 
14 
16 

IS 
20 


at 

Vi  a 
5,S67 
7. inn 

:'.::v7 

ii.7:;3 


«3 

Ml3 

$150 
175 
2C0 
225 
250 
275 


a" 

eC3 

$275 
325 
375 
425 
475 
025 


a- 
.  V 
—  u 
a  as 
60  3 

._  o- 
(>  » 
$400 
47.-. 
550 
I!  2  5 
700 
77.i 


aa> 
.  ^ 

-a 

C  3 


$ 


H  tn 


62;-. 
725 
825 
925 
1,025 


I' 
to  ''• 

^& 

►-  vt 
650 
775 
900 
1,150 
1,150 


a  macadam  road  causes  a  local  softening  of 
llie  rna<l  metal,  so  that  shallow  ruts  soon  be- 
come furrows.  This  trouble  insomuch  as  due 
to  the  softening  cfFect  of  water,  may  be 
prevented  by  providing  longitudinal  as  well  as 
lateral  drainage. 

The  average  12-ton  roller  carrying  coal  and 
water  has  approximately  18,000  lbs.  on  the 
rear  axle.  The  rear  roller  width  is  usuallv 
20  ins.,  and  there  is  a  pressure  of  4.J0  lbs. 
per  inch  on  the  width  in  contact  with  the 
road.     In   comparison,   an   average   load   of  2 


width.  Jt  will  be  seen  that  a  4-in.  tire,  giving 
a  pressure  of  412  lbs.  per  inch  of  width  is 
approximately  equivalent  to  a   12-ton  roller. 

The  carrying  of  mud,  etc.,  upon  the  road 
may  be  prevented  by  keeping  the  shoulder  and 
side  roads  smooth  and  well  compacted  by 
dragging. 

While  oiling  cannot  be  considered  a  perma- 
nent remedy,  it  goes  far  towards  preventing 
the  carrying  away  of  the  metal  in  form  of 
dust,  as  well  as  assisting  in  making  the  road 
surface  waterproof.  Table  I  gives  an  idea 
of  the  cost  of  oiling  in  York  County.  This 
cost  includes  heating  the  oil. 

Ordinarily  the  following  applications  will 
suffice:  First  year — First  application,  %  gal. 
per  square  yard  ;  second  application,  M,  gal.  per 
square  yard.  Subsequent  years — Two  applica- 
tions, each   Vi  gal.  per  square  yard. 

'1  here  are  three  general  systems  of  main- 
tenance, viz:  (1)  contract  system,  (2)  per- 
sonal supervision  by  rural  population,  i.  e., 
statute  labor  system,  and   (3)  patrol  system. 

The  contract  system  is  not  satisfactory,  it 
lieing  practically  impossible  to  get  proper  ob- 
servance of  the  term  of  contract.  The  statute 
labor  system  is  unsound  in  principle,  unjust 
in  its  operation,  wasteful  in  its  practice  and 
generally  unsatisfactory  in  results. 

The  patrol  system  is  the  most  popular  and 
best  method  of  macadam  road  supervision.  .\ 
man  is  given  charge  of  a  section  of  road  from 
■I  to  6  miles  in  length,  for  the  maintenance  of 
which  he  is  held  personally  responsible  to  the 
road  authorities.  Extensive  tools  are  not  nec- 
essary, a  wheelbarrow,  a  shovel  and  a  tamping 
iron  comprises  the  outfit.  With  these  tools 
ruts  and  holes  are  repaired  in  their  infancy. 
The  system  should  be  put  in  operation  as  soon 
as  possible  after  the  completion  of  construc- 
tion. 

The  best  method  of  repair  is  to  sweep  the 
hole  or  depression  clean  and  paint  with  a 
light  tar.  throwing  into  the  hole  enough  1-in. 
stone  to  bring  the  depression  to  the  form  of 
the  road,  adding  a  little  more  tar,  some  Vz-'m. 
chips  and  rolling  until  firm.  Repairs  are  made 
without  disturbing  the  base.  When  tar  or  as- 
phalt are  not  available  pick  the  stones  loose 
for  a  few  inches  around  the  depression,  add 
enough  fresh  material  to  fill,  wet  ami  tamp 
lirmly.  In  a  day  or  so  the  patch  may  have 
loosened  slightly  but  if  gone  over  a  few  times 
it  will  soon  set  as  sound  as  the  surrounding 
road. 

.■\  method  of  more  extensive  repair  which 
has  been  tried  with  considerable  success  on 
heavily  traveled  roads  by  the  York  Highway 
Commission,  consists  of  resurfacing  macadam 
with  bituminous  material.  Ruts  were  coated 
with  Vs  in.  of  Tarvia  and  into  this  was  rolled 
enough  stone  to  b.ring  the  road  to  the  proper 
cross  section.  The  surface  was  tlien  given 
an  application  of  about  V2  gal.  of  Tarvia  per 
square  yard,  into  wdiich  was  rolled  rock  chips 
or  gravel  sufficient  to  prevent  bleeding.  Gran- 
ite, trap  rock  and  pea  gravel  have  been  used, 
but  trap  rock  on  account  of  its  greater  hard- 
ness and  toughness  is  undoubtedly  best.  .A 
bituminous  surface  of  this  description  is  much 
more  resilient  than  macadam.  The  cost  is  from 
$(100  to  $800  per  mile  of  16-ft.  road,  depending 
upon  the  condition  of  the  base. 


Methods  of   Making    Field    Tests    of 
Sand-Clay   Mixtures. 

The  deteriiiination  of  the  qualities  of  dif- 
ferent sand-clay  mixtures  is  largely  a  matter 
of  field  experiment.  Results  of  tests  so  far 
devised  are.  in  a  measure,  of  use  onlv  to  the 
individual  making  the  test.  No  satisfactory 
standard  of  comparison  has  as  yet  been  dis- 
covered although  the  work  of  Mr.  Jno.  C. 
Koch  of  the  University  of  Georgia,  which  was 
described  in  full  in  the  issue  of  Enoineerint, 
AND  Contracting  for  March  18,  1014,  is  in- 
teresting and  represents  an  advance  in  this  di- 
rection. 

In  the  Proceedings  American  Society  Civil 
Engineers,  pp.  1084-5,  there  are  described  by 
E.  W.  James  tests  for  determining  the  correct 


percentage  of  sand  and  the  slaking  qualities 
of  the  clay  which  have  been  in  vogue  among 
sand-clay  road  builders  for  a  number  of  years. 
These  tests  are  of  value  not  only  in'  pre- 
liminary investigation  but  in  determining  cor- 
rect proportions  during  construction  and  after 
completion  of  the  w-ork.  The  tests  as  sys- 
tematized by  Mr.  James  are  given  here. 

The  sources  of  material  are  located  and  se- 
lection is  made,  depending  usually  on  the 
length  of  haul  and  the  depth  of  the  deposits 
boneath  the  surface.  The  immediate  prob- 
lem is  to  determine  the  best  mixture  of  the 
materials  selected. 

Typical  samples  are  taken  of  both  sand  and 
clay.  Mixtures  are  made,  ranging  from  1  part 
sand  to  3  parts  clay,  up  to  3  parts  sand  to  1 
part  clay,  or  sometimes  beyond  these  limits, 
if  the  materials  appear  to  warrant  it.  These 
mixtures  should  be  made  to  vary  bv  one-half 
of  1  part,  1  :3,  1  :2V2,  1  :2,  etc.,  H/a  :1,  2:1,  2^/2  :1, 
etc.,  and  should  be  worked  up  with  water  into 
putty-like  masses. 

From  each  test,  mix  a  small  sample  of  from 
1  to  2  cu.  ins.  cut  out  with  a  small  measure. 
A  small  medicine  glass,  or  even  a  large  brass 
thimble  is  handy.  It  is  only  essential  to  get 
equal  samples  from  each  test  mix.  These 
samples  are  then  rolled  between  the  palms 
of  the  hands  into  reasonably  true  spheres  and 
placed  in  the  sun  to  dry.  Some  designating 
marks  may  be  scratched  on  them. 
^  When  thoroughly  baked,  they  are  placed  in  a 
circle  in  a  flat  pan  or  dish,  and  em.iugli  water  is 
poured  into  the  pan  to  cover  them,  care  being 
taken  not  to  pour  the  water  on  the  samples. 
Slaking  will  begin  at  once  and  will  proceed  at 
different  rates.  The  sandy  specimens  will 
break  down  first,  those  with  excessive  clay  will 
disintegrate  second  in  order,  and  those  having 
about  the  proper  proportions  will  act  more 
slowly..  Usually,  there  will  be  one  or  two  that 
determine  the  proper  proportions  of  the  ma- 
terials, and,  in  the  writer's  experience,  these 
will  usually  lie  together  in  the  series  of  test 
mi.xtures. 

A  supplementary  test  of  some  value  can 
also  be  made  on  the  dry  spheres.  Lightly 
rubbed  with  the  thumb,  those  having  too  much 
sand  will  bresk  down  rapidly.  Those  having 
too  much  clay  will  soon  begin  to  "dust"  away, 
while  those  having  the  most  stable  mixtures 
will  assume  a  slightly  glazed  efTect  under  the 
light  rubbing,  due  to  the  moisture  and  oil  of 
the  skin. 

These  two  tests  will  not  give  the  same  re-  - 
suits.  The  dry  test  will  indicate  a  mixture 
richer  in  clay  as  the  better  one,  and  the  wet 
test  will  indicate  a  sandier  mixture.  The 
sample  indicated  as  satisfactory  under  tlie  wet 
test  that  lies  between  the  other  two  will  prove 
best  in  service.  These  tests  do  not  determine 
the  absolute  sand  or  clay  content  of  the  mix- 
ture, for  the  clay  selected  almost  always  con- 
tains sand,  and  this,  in  most  cases,  contains 
silt  or  clay.  The  tests  serve,  however,  to  fix 
the  actual  values  of  the  mixture  in  the  pit 
run,  as  represented  by  the  samples. 


Engineers'    Club    of    Dayton,— .\nnounce- 

meiit  has  been  received  of  the  opening  exer- 
cises on  Mav  14  of  the  newly  organized  lin- 
gineers'  Club  of  Dayton,  Ohio,  and  the  dedi- 
cation of  the  new  club  house.  Mr.  William 
Lodge,  member  of  the  American  Society  of 
Mechanical  Engineers  and  president  of  the 
Lodge  &  Shipley  Machine  Tool  Co.,  Cincin- 
nati, was  the  speaker  of  the  evening.  Officers 
were  elected  and   by-laws  adopted. 


\yater    Supply    Problems    at    Santiago.— 

Difficulty  has  been  found  in  finding  a  sufticient 
water  supply  for  the  city  of  Santiago  dc  Cuba. 
Nearby  sources  have  proved  entirely  inade- 
quate, and  engineers  have  not  yet  solved  the 
problem.  The  newest  proposition  is  to  tap  the 
Ri\er  Baconao  at  Ramon  de  las  Yaguas, 
through  pipes  to  the  city.  The  distance  is 
where  a  dam  can  be  built  and  water  sent 
75  miles,  and  the  cost  is  estimated  at  $3,000,000. 


The  Ohio  State  Board  of  Health  has  or- 
dered the  city  of  Cambridge  to  build  new  wa- 
ter works  by  January,  1915. 
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Village  Water  Supply. 

In    discussing    the    advantages    of    a    public 
water  supply,  Mr.  W.  H.  Dittoc,  chief  engineer 
of  the  Ohio  State  Board  of  Health,  recently 
•  gave  some  very  interesting  figures  relative  to 
water  supply  conditions  in  the  villages  of  the 
:  southerly   half   of   his   state.      In   this    section, 
315  villages  have  populations  of  3,0o0  or  under. 
Of  the  cities  under  500  population  2%  per  cent 
have  public  water  supplies.     Of  the  cities   of 
500  to  1,000  population,  1,000  to  2,000  popula- 
tion and  2,000  to  3,000  population,  the  number 
of  cities  having  public  water  supplies  are  23. 
r  50  and  80  per  cent,  respectively.     It  is  inter- 
esting to  note  that  one  village  of  KX)  popula- 
tion   has   a   public   water   supply.      Mr.    Dittoe 
concludes   that   the  number  of  water  supplies 
which  have  been  installed   in  communities  of 
less  than  1,000  population  refutes  the  argument 
that   the   small   communities   cannot   aft'ord   to 
provide  this  important  municipal  improvement. 
The   latter  point  is  well  taken.     There  are 
few   communities   of    1,000   population,   in    the 
•   central  and  eastern  portions  of  the  country  at 
any   rate,    that   cannot   afford   a   public   water 
supply.     In  arguing  the  advantages  of  such  a 
supply   before    the   officials   and    taxpayers   of 
villages,   however,   the   health    officer   and    en- 
gineer   should    do   more   than    urge    its   value 
froni  the  standpoint  of  public  health  and  good 
business  investment.    The  former  consideration 
is  now  given   much   weight   by  villagers,   and 
rightly  so,   but  the  latter  point  is  usually  -en- 
tirely lost  upon  them  and  impresses  them  as 
being  exceedingly    far-fetched   and   as   a   pro- 
moter's "talking  point." 

In  addition  to  considerations  of  public  health 
considerations  of  convenience  have  great  weight 
when  they  are  frankly  brought  forth.  If  the 
people  of  a  village,  from  one  viewpoint,  prefer 
to  look  upon  a  public  water  supply  as  a  lux- 
ury why  not  let  them  so  regard  it?  It  is  some- 
thing of  a  lu.xury  perhaps  but  one  to  which 
they  are  entitled  and  which,  as  a  rule,  they  can 
aflford.  Considering  the  scale  of  living  in  this 
country  and  how  cheerfully  even  our  villagers 
pay  for  what  they  want,  it  becomes  almost 
ridiculous  for  small  communities  to  say  that 
they  can't  afford  public  water  supplies.  Once 
such  communities  appreciate  the  convenience 
of  running  water  in  the  house  they  are  ready 
to  undertake  the  installation  of  water  works 
systems.  More  attention  can  well  be  paid  to 
this  aspect  of  the  matter  by  those  interested, 
for  any  reason,  in  promoting  public  water 
supplies. 


Moving     Earth     With     Wheeled     and 
Fresno  Scrapers. 

To  a  dirt  mover  the  mention  of  a  wheeled 
scraper  gang  calls  for  comment.  There  is  no 
element  of  his  organization  in  which  the 
average  grading  contractor  takes  a  greater 
pride,  and  it  has  been  often  said,  that  there  is 
no  belter  gage  of  the  calibre  of  a  contractor 
than  the  operation  of  this  outfit.  Under  mod- 
ern conditions  it  is  the  cavalry  of  the  grading 
force.  When  well  organized  and  running 
smoothly  there  is  no  prettier  sight — a  rough 
talking,  hard  featured  crew — but  it  makes  the 
dirt  fly.  It  is  the  thermometer  of  the  morale  of 
the  contractors'  organization.  Its  output  re- 
flects immediately  any  change  in  operating 
condition.  Mules  and  men,  dirt  and  weather, 
make  a  combination  calling  for  knowledge  and 
generalship  of  a  high  order. 

The  hiiman  element  which  enters  into  the 
organization  and  operation  of  scraper  work 
makes  it  difTicult  to  establish  definite  rules  for 
determining  output,  but  there  is  no  study  more 
instructive— which    will    lead    to    valuable    re- 


sults—than the  careful  analysis  of  the  opera- 
tion of  such  a  crew.  This  has  been  done  in  the 
article  in  this  issue  of  Engineerinx 
-■\ND  CoNTR.\CTiNG  by  Richard  T.  Dana.  In 
this  article  the  experienced  man  will  find  that 
many  of  the  methods  and  figures  which  he 
carries  in  his  head  are  not  only  checked  but 
the  factors  entering  into  grading  work  are  ac- 
curately analyzed  and  stated. 

It  is  undoubtedly  true  that  many  grading 
contractors  are  strongly  wedded  to  certain 
methods  and  tools  often  differing  materially 
for  use  on  the  same  class  of  work  and  fre- 
quently to  the  exclusion  of  more  economical 
methods  and  tools.  There  are  a  number  of 
possible  causes  for  this.  The  difficulty  of  be- 
coming thoroughly  acquainted  with  the  numer- 
ous appliances  available  and  the  adaptability  of 
each  to  different  conditions,  such  as  soil,  labor, 
and  motive  power,  is  great.  The  human  ele- 
ment involved  in  the  operation  of  each  makes 
a  contractor  leary  of  changing  from  some- 
thing he  has  spent  a  good  portion  of  his  time 
and  energy  becoming  thoroughly  familiar  with 
to  a  method  or  device  which  will  in  all  prob- 
ability requires  much  additional  close  study 
to  operate  efficiently. 

It  is  possible  also  that  a  lack  of  accurate 
data  is  partly  responsible  for  this  condition. 
Rules  for  increasing  the  output  of  men  are 
often  subject  to  quick  and  radical  changes; 
theories  for  machines  are  practically  constant. 
The  combination  of  the  two  often  leads  to  val- 
uable results  where  conditions  are  carefully 
studied  and  rules  are  not  accepted  as  ironclad 
but  as  a  guide  to  the  economic  output. 
They  furnish  also  a  valuable  means  of  com- 
parison with  other  work  and  serve  as  a  guide 
in  establishing  methods  on  new  work  which 
from  the  start  are  free  from  many  elements 
of  chance. 

It  may  be  stated  that  the  cost  of  moving 
dirt  on  one  job  should  never  be  accepted  lit- 
erally when  estimating  the  cost  on  a  similar 
job.  Costs  may  serve  as  guide  boards  but  they 
are  by  no  means  equivalent  to  a  firsthand 
knowledge  of  the  road  to  be  traveled.  The  mis- 
take is  often  made  of  estimating  directly  from 
cost  data.  Cost  data  should  not  be  used  first- 
hand;  prepare  an  estimate  based  upon  local 
conditions  and  use  available  cost  data  as  a 
check  to  determine  whether  the  estimate  is 
within  the  bounds  of  reason  as  judged  by  work 
already  accomplished. 

It  must  be  borne  in  mind  also  when  inter- 
preting time  studies,  and  curves  and  data  de- 
rived therefrom,  that  results  as  shown  are 
absolutely  accurate  while  the  work  is  in  prog- 
ress, modifying  conditions  due  to  other  causes 
must  be  estimated  and  allowed  for  separately. 


"Theoretical"  and  "Practical"  Design- 
ing— The  Fallacy  of  Attempting  So 
to  Divide  Engineering 
Designing. 

The  efficient  designing  of  structural  steel- 
work requires  the  services  of  an  engineer  who 
is  essentially  practical.  I'nfortiinately  we  still 
occasionally  find  an  engineer  who  is  inclined 
to  believe  that  the  only  practical  engineers  arc 
those  who  have  gained  their  entire  engineer- 
ing knowledge  from  the  school  of  experience 
and  who  have  never  attended  an  engineering 
college.  Most  engineers,  however,  realize  that 
we  have  many  practical  engineers  aninng  us 
who  arc  graduates  of  engineering  s' Im'  !s  and 
also  many  who  have  never  received  training 
in  such  schools.  One  of  the  chief  advantages 
possessed  by  the  engineering  graduate  lies  in 
the  fact  that  his  schooling  gives  him  a  train- 
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ing  in  the  fundamentals  of  engineering,  and 
thus  enables  him  to  avoid  many  of  the  mis- 
takes which  the  other  man  is  apt  to  make 
while  slowly  acquiring  his  education  in  the 
school  of  experience. 

The  advisability  of  discussing,  formally, 
only  those  things  with  which  we  are  familiar, 
and  of  avoiding  the  formulation  of  definitions 
and  rules  governing  subjects  concerning  which 
our  knowledge  is  quite  limited,  is  strikingly 
illustrated  by  a  paper  recently  published.  We 
should  not  care  to  give  further  prominence  to 
this  paper  were  it  not  for  the  fact  that  the 
author  of  it  is  president  of  an  engineering 
company,  and  published  his  article  in  a  well 
known  engineering  journal.  As  some  of  the 
statements  made  are  absurd,  and  yet,  because 
of  the  prominence  given  them,  may  tend  to 
mislead  men  just  entering  into  their  engineer- 
ing careers,  we  shall  quote  these  statements 
and  then  discuss  them.  We  have  no  criticism 
of  a  considerable  part  of  the  paper,  which  is 
entitled  "The  Practical  Design  of  Steel  Struc- 
tures," where  the  author  confines  himself  to 
statements  of  facts.  Starting  with  the  intro- 
duction of  the  article  to  which  reference  has 
been  made  we  quote  the  following : 

Permit  me  to  emphasize  tlie  word  "practical.  ' 
Tills  qualifying  word  was  inserted  to  make  the 
subject  more  interesting  to  the  general  engineer. 
The  distinction  between  the  theoretical  and  the 
practical  designer  Is  thus  described: 

The  theoretical  designing,  which  consists  of 
making  the  preliminary  plans  and  calculating 
the  stresses,  is  generally  done  bv  men  specially 
trained  for  that  division  of  the  work.  These  men 
are  invariably  technically  educated,  although 
some  self-made  men  have  become  very  pro- 
ficient, in  which  case  they  have  worked  in  con- 
iunction  with  or  directly  under  technical  men. 
It  win  thus  be  seen  that  for  the  calculation  of 
stresses,  a  college  education  Is  absolutelv  neces- 
sary. 

•  •  •  The  practical  design  can  be  subdi- 
vided into  three  general  divisions: 

(1)     Laying  out  and  detailing  In  the  office. 
(;!)     Fabrication  in   the  shop, 
(3)     Erection  in  the  field. 

•  •  •  The  practical  man  generally  makes 
the  better  draftsman,  because  what  he  knows 
he  has  learned  by  hard  knocks.  He  goes  about 
Ills  work  thoroughly  and  systematically  and  pro- 
duces a  very  good  picture  of  the  meiiibers  un- 
der consideration.  By  practical  draftsman,  I 
mean  one  who  has  had  a  common  school  educa- 
tion and  has  worked  in  the  shop  or  field,  pref- 
erably both,  and  then  comes  Into  the  drawing 
room  and  learns  the  business  from  the  bottom 
up. 

The  tcclmiral  man  figures  and  thinks  too 
much  and  fails  to  produce  the  picture  which 
shows  what  is  wanted.  The  fault  with  the 
technical  man  Is  that  ho  has  been  educated  to 
be  an  entrineer.  and  when  he  finds  that  ho  has 
a  certain  amount  of  drudgery  and  menial  work 
to  do  he  gets  discouraged. 

From  these  quoted  statements  it  will  be 
seen  that  the  author  divides  the  subject  of  de- 
signing into  two  classes:  "theoretical  design- 
ing" and  "practical  designing."  Such  a  divi- 
sion is  absurd.  One  is  just  as  "practical"  as 
the  other,  and  neither  is  "theoretical"  (which 
means  not  practical  or  depending  on  theory). 
The  making  of  preliminary  plans  most  cer- 
tainly should  be  in  charge  of  a  man  who  is 
essentially  practical.  The  statement  that 
"making  the  preliminary  plans  and  calculating 
the  stresses  is  generally  done  by  men  specially 
trained  for  that  division  of  the  work"  is  axi- 
omatic— and  is  equally  true  of  any  kind  of 
work  which  we  may  call  to  mind.  It  is  stated 
that  "These  men  arc  ini-ariably  ti-chnically 
educated,  although  some  self-made  men  have 
iK'Come  very  proficient."  This  statement  is  not 
only  contradictory,  but  it  also  shows  the 
;iuthi>rs  inaccurate  line  of  reasoning.  It  is 
evident  that  by  the  term  "technically  educated" 
the  author  means  such  men  as  have  received 
their  training  in  an  engineering  school.  We 
take  exception  to  this  restricted  use  of  the 
word  "technical."     It   applies   equally  well   to 
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any  art,  or  science,  or  even  lo  business.  The 
skilled  painter  is  "technically  educated,"  as  is 
also  the  skilled  mechanic,  or  the  trained  busi- 
ness man. 

The  statement  that  "It  will  llni>  be  seen  that 
lor  the  calculation  of  stresses  a  college  educa- 
tion is  absolutely  necessary"  is  also  absurd. 
We  know  of  many  men  who  have  never  at- 
tended an  engineering  school,  yet  are  very 
proficient  in  computing  stresses  and  designing 
steel  structures.  In  fact  our  engineering 
schools  are  now  giving  less  emphasis  to  the 
importance  of  knowing  how  to  compute 
stresses.  They  realize  that  this  part  of  the 
work  is  only  incidental  to  an  engineering  edu- 
cation, and  are  devoting  more  time  to  the 
ihdrougli  teaching  of  fundamental  engineer- 
ing principles. 

Taking  up  the  author's  subdivision  of  what 
he  terms  "practical  design"  it  is  quite  evident 
tliat  "Fabrication  in  the  shop"  and  "Erection 
in  the  field,"  two  of  the  three  classes  into 
which  he  divides  this  subject,  are  not  a  part 
of  design  at  all.  It  is,  however,  true  that  a 
knowledge  of  the  methods  used  in  fabricating 
and  erecting  the  steelwork  is  essential  to  the 
eriicient  designer,  as  it  will  enable  him  so  to 
design  his  structures  that  they  can  be  eco- 
nomically faliricated  and  erected.  In  fact,  we 
believe  that  much  better  results  could  be  se- 
cured if  the  engineer  who  designs  a  structure 
would  give  more  of  his  time  to  designing  the 
erection  equipment  and  the  erection  i)rocedure. 

The  author's  assertion  that  "The  i)ractical 
man  generally  makes  the  better  draftsman,  be- 
cause what  he  knows  he  has  learned  by  hard 
knocks"  would  not  be  open  to  criticism  if  he 
had  not  defined  wdiat  he  meant  by  a  "prac- 
tical'' draftsman.  Here  it  is  a  case  of  talking 
too  much.  He  says  "By  practical  draftsman. 
1  mean  one  who  has  had  a  common  school 
education  and  has  worked  in  the  shop  or 
field,  preferably  both,  and  then  comes  into  the 
drafting  room  and  learns  the  business  from 
the  bottom  up."  Evidently  the  author  believes 
that  limited  education  is  essential  if  a  "prac- 
tical draftsman''  is  to  be  developed.  Such 
an  argument  is  illogical,  as  education  in 
itself  can  only  help  a  man — it  certainly  is  not 
rletrimental  to  him.  It  is  fortunate  for  the 
engineering  graduate  that  most  employers  of 
engineering  draftsmen  do  not  reason  as  does 
this  one.  This  we  know  to  be  a  fact.  Years 
ago  there  was  prejudice  against  graduates  of 
engineering  schools,  but  the  author  is  a  "stand- 
patter" on  this  proposition  and  is  practically 
alone. 

The  statement  that  the  "technical  man" 
(here  meaning  the  engineering  graduate)  "fig- 
ures and  Ihiiihs  too  much,  and  fails  to  produce 
the  picture  which  shows  what  is  wanted"  is 
rather  startling.  Although  engineering  grad- 
uates tlo  sometimes  over-emphasize  the  im- 
portance of  some  features  of  college  life,  this 
is  the  first  time  to  our  knowledge  that  the 
charge  of  thinking  too  much  has  been  made 
against  them.  If  an  engineering  education 
could  make  every  man  do  "real  thinking"  it 
should  he  made  compulsory. 

Evidently  the  author  still  believed  that  he 
had  not  made  his  case  strong  enough  for  he 
says :  "The  fault  with  the  technical  man" 
(meaning  the  man  with  an  engineering  educa- 
tion )  "is  that  he  has  been  educated  to  be 
an  ciijiiiucr."  This  indeed  is  a  severe  indict- 
ment, yet  it  is  made  by  the  president  of  an 
engineering  company,  who  him>elf  is  a  mem- 
ber of  a  national  engineering  society.  He 
concludes  the  above  sentence  by  saying  "and 
when  he  finds  that  he  has  a  certain  amount 
c.f  drudgery  and  menial  work  to  do  he  gets 
discouraged."  Such  a  general  statement  is 
unfair  tn  the  engineering  graduate,  for  a  very 
large  number  of  such  men  have  started  as 
draftsmen  and  later  have  risen  lo  positions  of 
prfimincnce.  The  fact  that  they  have  been 
unwilling  to  remain  draftsmen  all  their  lives 
docs  not  signify  that  they  l)ccanie  discnur- 
agcd,  but  that  they  pos.scsscd  a  worthy  am- 
bition. It  is  probably  true  that  not  through 
choice  but  through  necessity  did  the  man  of 
limited  engineering  education  continue  as  a 
draftsman  until  he  was  forced  out  of  the  or- 
ganization. 

We  believe   that  it   is  a   mistake   to  attempt 


to  set  apart,  arl)itrarily,  one  branch  of  engi- 
neering design  as  "theoretical,"  and  assign  to 
it  men  who  have  received  training  in  our  en- 
gineering schools,  and  another  branch  as 
"practical,"  and  to  place  in  charge  of  it  men 
wlio  have  gained  their  entire  knowledge  of  en- 
gineering from  the  school  of  e-xperience. 
Either  type  of  man  may  become  eminently 
successful  in  any  branch  of  engineering,  pro- 
vided he  has  the  proper  desire  and  ability  to 
learn  and  the  necessary  application.  To  be 
successful  in  any  branch  of  engineering  one 
must  be  essentially  practical,  and  this  quality 
cannot  be  measured  by  the  fact  that  a  man 
lias  or  has  not  received  training  in  an  engi- 
neering school.  .Such  a  training,  however,  we 
believe  is  advisable. 


The  Cincinnati  Sewerage  Report. 

The  city  of  Cincinnati  has  long  been  con- 
fronted with  a  sewerage  problem.  For  over  a 
quarter  of  a  century  efforts  have  been  under 
way  for  the  recognition  of  this  problem  and 
for  its  practical  solution.  About  two  years 
ago  a  constructive  technical  study  of  the 
broad  jiroblems  of  sewage  collection  and  dis- 
posal for  the  entire  city  was  begun  and,  based 
upon  these  studies,  a  report  on  a  compre- 
hensive plan  of  sewerage  has  just  been  pub- 
lished. 

The  report  is  of  exceptional  interest  not 
only  on  account  of  its  scope  but  from  the 
amount  of  detailed  information  it  contains. 
The  Cincinnati  sewerage  engmeers  have  had 
a  rare  opportunity  to  begin  at  the  bottom  and 
to  build  up  a  comprehensive  sewerage  systeui 
for  a  great  city.  A  careful  reading  of  the 
report  convinces  one  that  the  engineers  are 
in  a  fair  way  to  make  the  most  of  their  op- 
portunity. 

The  report  contains  chapters  on  the  history 
of  the  present  .systems,  the  underground  sur- 
vey, the  topographic  survey,  new  and  relief 
sewers,  intercepting  sewers  and  creek  im- 
provements and  sewage  disposal.  Articles 
liased  upon  some  of  these  chapters  will  be 
published  in  early  issues  of  this  journal  in 
the  sewerage  section.  The  present  issue  con- 
tains an  article  on  the  design  of  new  and  re- 
lief sewers.  Articles  will  follow  on  tlie  un 
derground  survey,  the  design  of  intercepting 
sewers,  and  the  study  of  the  sewage  disposal 
problem.  All  of  these  articles  will  be  of  un- 
usual interest  and  value  to  all  classes  of  sew- 
erage engineers. 


Decreasing  the  Financial  Hazard  Inci- 
dent to  the  Sinking  of  Wells. 

It  has  often  been  remarked  tliat  all  con- 
tracts for  pipe  lines  in  wet  materials,  or  in 
earth  and  ruck  of  unknown  character,  are  so 
speculative  as  to  become,  in  effect,  mere  gam- 
bling. The  natural  consecpienccs  of  bidding  on 
work  invi)lving  tlie  excavation  of  uninvesti- 
gated materials  are  big  losses  or  unfair  profits. 
The  sinking  of  water  supply  wells  is  a  form  of 
construction  work  in  which  the  financial  hazard 
has  seldom  been  minimized  by  unit  price  bid- 
ding of  an  ade(piate  nature  such  as  is  now 
freipiently  employed  in  trenching,  tunneling 
and  kiiulred  operations  in  the  soil.  The  water 
department  of  San  I)ieg<i,  Cal.,  recently  re- 
ceived bids  for  sinking  wells  under  a  set  of 
specifications  which  we  pidilisb  in  abstract  in 
an  article  in  the  water  works  section  of  this 
issue. 

The  advantages  arising  both  to  contractor 
and  owner  from  the  sinking  of  wells  on  the 
unit  price  basis,  here  under  consideration,  are 
perhaps  best  indicated  by  reviewing  present 
vcncral  practice  in  awarding  well  contracts  and 
in  pointing  r)Ut  some  of  the  financial  hazards 
incident  to  these  contracts.  The  owner  com- 
monly specifies  the  diameter  of  well  desired, 
fixes  its  location  and  estimates  its  probable 
dentil.  The  contractor,  without  knowing  the 
exact  nature  of  materials  to  he  traversed  h\ 
the  well,  submits  his  hid  to  put  down  the  well 
at  a  certain  price  per  fool  of  depth,  h're- 
tpiently  the  price  is  made  to  vary,  in  the  pro- 
posal, according  to  the  final  deptli  of  the  well. 
In  proceeding  under  this  plan  the  cotitractor 
must  base  his  estimate  of  cost   upon  the  ma- 


terials he  expects  to  encounter  in  sinking  the 
well,  and  his  judgment  is  guided  by  the  best 
available  logs  of  wells  put  down  in  the  locality. 

A  well-drilling  concern  which  operates  ex- 
tensively in  any  section  soon  collects  much  val- 
uable data  on  underground  conditions  in  that 
section.  Moreover  logs  of  wells  are  kept  by 
municipal  and  other  corporations  who  have  had 
wells  driven,  and  these  records  are  usually 
available  to  the  well  contractors  either  at  first 
hand  or  from  the  state  geological  department. 
Beyond  the  scope  of  these  inferential  data  the 
contractor  must  gamble  on  what  he  will  strike. 
It  is  scarcely  necessary  here  to  point  out  the 
limitations  of  well  logs  as  basis  for  bidding  on 
the  sinking  of  other  wells.  Of  course  such 
data  are  valuable  as  far  as  they  go  but  all  wh.i 
are  at  all  familiar  with  well  construction 
know  how  rapidly  the  formation  of  gathering 
grounds  sometimes  varies  in  short  horizontal 
distances. 

Under  the  San  Diego  specifications  the  unit 
prices  submitted  in  the  contractor's  proposal 
are  predicated  upon  two  variables:  namely,  the 
depth  and  the  nature  of  the  material  encount- 
ered at  that  depth.  The  contractor  is  there- 
fore paid  a  fair  price  for  his  Work,  and  !•; 
largely  protected  against  tlie  financial  Iosm 
incident  to  striking  unlo(3ked  for  materials  "i 
unexpected  quantities  of  the  materials  which 
render  construction  difficult.  The  advantagi 
to  the  owner  is  obvious. 

There  arc  enough  hazards  in  the  well  drill- 
ing business,  what  with  the  loss  of  tools  in  tin- 
well  and  other  mishaps  peculiar  to  this  busi- 
ness, without  gambling  on  the  nature  of  tin- 
materials  to  be  penetrated.  Tlie  San  Diegn 
method  of  awarding  well  drilling  contracts  de- 
serves to  become  widely  adopted. 


The    International    Engineering    Con- 
gress at  the  Panama-Pacific 
Exposition. 

There  is  outlined  in  this  issue  the  program 
nf  papers  and  discussion  planned  for  the  En- 
gineering Congress  which  assembles  next  year 
at  the  International  Exposition  in  San  Fran- 
cisco. The  noteworthy  feature  of  this  con- 
gress is  the  provision  made  for  the  wide  part- 
icipation of  engineers  of  all  kinds  and  to  ren- 
der available  the  papers  and  discussi<ms.  For 
the  nominal  fee  of  $o  any  engineer  may  be- 
come a  member  of  the  congress  and  with  this 
membership  is  included  any  one  volume  which 
may  be  chosen  of  the  papers  and  discussions. 
.Additional  volumes  can  be  purchased  for  $6 
each.  .As  prices  run  for  books  on  engineering, 
this  price  of  $•')  per  volume  is  low. 

.\nother  feature  is  worth  noting.  There 
seems  to  have  been  a  systematic  effort  to  di- 
rect the  labors  of  the  various  contributors  l)y 
planning  in  advance  and  in  detail  the  sub- 
jects to  be  considered  by  each  writer.  Lack 
of  co-ordination  of  different  parts  of  the  pro- 
gram of  papers  and  want  of  precise  defini- 
tion of  the  field  to  he  covered  by  the  dif- 
ferent contributors  have  been  noticeable  de- 
fects in  the  published  proceedings  of  most 
similar  engineering  congresses.  It  will  be  a 
material  benelit  to  its  proceedings  if  the  work 
of  the  Panama-Pacific  I'^ngineering  Congress 
is  directed  by  a  carefully  developed  jilan.  To 
engineers  who  have  felt  that  the  construction 
of  the  Panama  Canal  should  l)e  recorded  in 
some  more  available  and  usable  form  than 
is  provided  by  the  annual  reports  of  the  Isth- 
mian Canal  Commission,  it  will  be  a  grati- 
fication to  note  that  the  canal  work  will  be 
the  subject  of  perhaps  a  score  of  co-ordin- 
ated papers  prepared  by  the  canal  engineers, 
and  planned  lo  be  collected  in  one  volume  of 
ihe   jiroceedings   of   the   congress. 


The  Canadian  (government  has  set  aside  an 
area  of  '■)■^  sq.  mi.  in  British  Columbia  to  be 
used  as  a  naliimal  park.  It  is  beautifully  sit- 
uated in  the  vicinity  of  Mount  Revelstoke  and 
will  be  known  as  Revelstoke  Xatioiial  Park. 
.Many  natural  beauties,  such  as  glaciers,  wa- 
terfalls and  high  mountain  peaks  ari-  included 
in  the  reservation,  and  it  is  located  on  the  line 
of  the  Canadian  Pacific  Railway. 


1 1, lie 


1<)1- 


Engineering   and    Contracting 


629 


KDcacIl©  (oimcM. 


Average   total   amount   transported   pe  r  day. 
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The  value  for  C  will  depend  upon  the  num- 
her  of  horsfs  u-icd  in  a  team,  whether  extra 
teams  arc  employed  in  loading,  the  general 
organization  of  the  gang,  and  to  a  lesser  ex- 
tent on  the  cost  of  repairs  and  depreciation 
of  tlic  scrapers  theinsel\es.  The  \  alue  t»-  of 
the  net  load  will  depend  entirely  upon  the 
type  and  size  of  equipment,  and  the  care  with 


The  Economic  Handling  of  Earth  by  ^w 

Wheel  and  Fresno  Scrapers.  £.L^1.\  ^.  , 

Contrlbuttd    by    Richard    T.     Dana.    Consulting       ^^   *        ^' 

Engineer,   i;   William  St..  New  York.  £)   ,  \  \ 

The   cost   of   earth   moving   is   a   substantial  S'y^K/ 

factor  in  the  total  expense  of  nearly  all  con-       R=C 

struction  work,  and  a  considerable  part  of  all      

earth  moving  operations  is  for  work  where 
it  is  not  economical  to  use  locomotives  and 
cars,  either  because  of  the  length  of  haul  or 
because  the  magnitude  of  the  work  is  not 
sufficient  to  justify  the  preparatory  costs  of 
.1  large  plant.  Under  such  conditions  a 
choice  must  be  made  between  wagons  or 
carts  and  one  or  more  of  the  various  types  of 
M-Taper. 

It  has  been  the  experience  of  the  writer 
that  a  majority  of  contractors  east  of  the 
Allc'jhenies  are  unfamiliar  with  the  relative 
ad\antages  of  the  different  kinds  of  scraper 
and  do  not  possess  the  data  necessary  to  de- 
termine for  the  particular  conditions  of  their 
work  which  style  and  size  should  be  most 
economic.  A  contractor  who  has  found 
wheel  scrapers  very  successful  in  a  certain 
kind  of  earth  is  likely  to  be  biased  in  favor 
of  the  wheel  scraper  for  that  kind  of  earth 
more  or  less  regardless  of  the  length  of  haul. 
Errors  of  judgment  in  a  matter  of  this  kind 
result  in  literally  burying  for  all  time  money 
that  ought  to  bring  some  benefit  to  somebody. 
Money  lost  by  utilizing  the  wrong  method  in 
the  field  is  lost  to  the  whole  community.  No 
one  gains  by  it.  since  it  is  spent  without  pro- 
ducing a  proportionate  result.  It  is  as  though 
a  man  in  carrying  earth  in  a  wheelbarrow 
had  a  pig  of  iron  fastened  to  the  vehicle 
which  served  no  purpose  except  to  reduce 
the  net  load  which  the  man  could  haul,  and 
the  net  result  that  he  could  produce  with  his 
day's  labor.  A  contractor  who  should  dis- 
cover a  pig  of  iron  screwed  to  the  under 
side  of  his  wheelbarrow  would  certainly  un- 
screw it  and  feel  that  someone  or  something 
had  done  him  a  grievous  wrong.  To  use  the 
wrong  equipment  is  an  equally  grievous  ^'^'  ^' 
wrong,  but  it  is  not  always  so  obvious,  and 
is  far  more  common.  The  principal  causes  oi 
such  error  are  lack  of  data  and  of  the  form- 
ulas necessary   for  their  application. 

A  careful  study  and  analysis  of  scraper 
work  was  made  under  the  direction  of  the 
writer  by  Mr.  A.  C.  Haskell  for  the  Con- 
struction Service  Co.  of  New  ^'nrk,  and  the 
results  are  given  below  to  enable  those  who 
have  scraper  work  to  make  rapidly  and  con- 
veniently those  computations  without  which 
no  work  of  this  kind  can  economically  be 
done.  The  general  economic  formula  for 
transportation   is  as   follows: 

Symbol.  Factor. 

'  The  total  expenses  per  day  in  cents. 

!<• The  net  load,  for  the  average  trip,  in    pounds,  or  other  convenient  unit 

5 The  speed    (average)    when   loaded,    in   feet  per  minute. 

KS The  speed    (average)    when   returning,  in   feet  per  minute. 

D The  length  of  haul  in  feet. 


Cost    of   transportation   per   pound,   or  other  convenient  unit. 


tiplied  by  a  density  factor  and  afterward 
checked  by  the  place  measure  computations. 
The  check  on  the  wheeler  capacity  was  not  so 
accurate  as  that  with  the  Frcsnos.  in  which 
case  the  computed  amounts  from  several 
cellar  excavations  checked  the  estimated  loads 
within  5  per  cent. 
In  a  well  organized  scraper  gang  the  speed 


Trans- 

Transporting 

Fair. 

Waiting.           Loading. 

porting. 

Dumping. 

empty. 

Date,    June   20. 

13:30-15:25             15:37 

18:27 

1S:50 

20:58 

Sand  and   some   loam. 

14:15-16:20             16:50 

19:50 

2(!:30 

22:13 

Loads  fair — 3   to  yard. 

24:20-25:13             25:27 

29:15 

29:22 

32:13 

avera.ge. 

24:40-25:50             26:20 

29:29 

29:35 

32:49 

33:18-34:04             34:17 

37:58 

38:09 

40:20 

Gang:  10  scrapers. 

33:25-34:58             33:10 

38:09 

38:20 

40:30 

1  snatch. 

42:25-43:12             43:32 

47:10 

17:15 

49:50 

1  loader. 

43:20-44:04             44:18 

47:15 

47:20 

50:20 

I  dumpman. 

50:48-53:20             53:30 

56:14 

56:27 

58:40 

1  foreman. 

51:07-53:48             54:05 

56:57 

57:12 

59:50 

1  waterboy. 

Footnote.— The   time 

und'er   each   heading 

is   that 

Road   to  dump   better   con- 

at whicli   the  performance  was  completed,   i. 

e..   Line 

dition    today   and    drivers 

No.  1  waiting  at  the  loading  point 

was  from 

13:30  to 

walk. 

15:25;   loading  from    15:25 

to  15:37; 

transporti 

ng   from 

Turn    =    12x2.6  =    30' 

15:37   to   18:27.   etc. 

D           =240x2.6  =  625' 

Observations  wer-;  generally  made  in  groups  of  10 

D'         =  :-25  X  2.6  =  585' 

or   20  to   facilitate  obtaining  the  averages. 

Noted  on  several  occasions 

Times  were   taken   upon  different  teams 

in  order 

less      time      occupied      to 

to  get  a  fair  average. 

dump,    as    drivers    mount 
scrapers  without  stopping 
them. 

Sample   Page  from    Inspector's   Note    Book    Showing    Method    of    Keeping    Notes    in 

the    Field. 


which  loading  is  done.  It  is  likely  to  vary 
much  more  with  wheel  scrapers  than  with 
■■'resnos.  In  heavy  ground  which  has  not  been 
well  loosened,  parlicuhirly  where  there  are 
many  roots  of  trees  and  occasional  boulders, 
the  wlicel  scrapers  often  fail  to  gel  more 
than  a  GO  per  cent  or  70  per  cent  load.  The 
value  for  U'  was  determined  by  taking  the 
average  of  several  hundred  trips,  the  amount 
of  each  load  being  estimated  by  the  inspector 
on  the  basis  of  the  space  occupied  loose,  inul- 


/.. 

A'. 

If 

U 
S 

KS 

I  * 


KS 


j{'*k) 


K 
IV 


+  I 


+  / 


rile  time    Inst   in   turning,   resting,   ami    wasted    for  an   average   round   trip, 

in  minutes. 
The  total  cost  in  cents  per  ton  for  ttnnsportation. 
The  number  of  minutes  in   the  working  day. 

The  following   facts  arc  deduciblc  algebraically  : 

Time  for  a  loaded  trip,  in  minutes. 

Time   for  the  empty  haul. 

.'\ctuul  time  not  occupied  in  transporting  material,  in  minutes. 

.  .Average  time  for  one  round  trip,  in  minutes. 

.  .Average  number  of  trips  per  day.  This  value  must  be  an  integral  quantity, 
for  the  average  work   for  any  one  day. 


loaded  and  that  light  are  fairly  constant  for 
constant  conditions,  changing  as  soon  as  the 
local  conditions  vary.  These  conditions  are 
the  wetness  of  the  ground  hauled  over,  the 
"sea  room"  available  for  each  team  and  the 
grades  and  curvatures  along  the  lino  of  haul. 
The  length  of  haul  is  nearly  always  a  con- 
stantly varying  quantity.  Its  average  value 
was  determined  by  measuring;  it  at  regular 
intervals,  and  averaging  the  ligures  thus  ob- 
tained. The  time  lost  in  turning,  loailing,  etc., 
varies  somewhat  hut  for  a  given  set  of  con- 
ditions was  taken  as  an  average  of  a  large 
number  of  observations.  The  data  obtained 
in  this  way  by  an  inspector  who  timed  scrap- 
ers for  two  hours  or  so  each  day  were  after- 
ward compared  with  a  count  kept  by  a  boy 
with  a  tally  machine  at  the  dump,  resulting 
in  very  close  agreement,  except  iliat  the  av- 
erage costs  obtained  by  the  time  study  method 
were  nearly  always  a  few  per  cent  less  than 
the  probable  actual  costs  kept  by  the  tally 
boy  over  the  whole  day's  work.  The  main 
reason  for  this  seemed  to  he  that  when  under 
the  eye  of  an  inspector  with  a  watch  in  one 
hand  and  a  not'-  book  on  his  knee  the  drivers 
keen  their  teams  going  a  little  faster  when 
not  loailed  and  arc  a  little  more  prompt 
in  dumping  and  turning  than  when  observed 
by  a  hoy. 

A  sample  page  from  the  inspector's  note 
book  is  given  by  Fig.  1,  showing  how  the 
notes  were  entered  in  the  field,  and  there  fol- 
lows in  l-'ig.  2  a  typical  report,  made  up  at 
night  by  the  inspector,  of  his  conclusions, 
with  the  result  of  observations.  These  notes 
were  taken  by  an  expert  observer,  and  would 
not  be  easy  to  duplicate  by  the  ordinary 
timekeeper;  but  suflicicntly  good  notes  for 
maintaining  excellent   control   over   the   work 
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can  be  made  by  a  man  of  limited  experience, 
once  the  principles  are  thoroughly  under- 
stood. The  main  essential  is  that  the  ob- 
server shall  be  absolutely  unbiased.  He  shall 
have  no  interest  whatever  in  the  quality  or 
quantity  of  the  work   done,  and"  should  con- 


waste  much   more  tlian   the  loam,  so   that  the 
load  actually  dumped  is  considerably  less. 

In  Table  I  column  12  gives  values  of  R  in 
the  transportation  formula.  Table  II  gives 
costs  on  the  same  kind  of  work  at  about  the 
same   time,   taken  by   an   ordinary  timekeeper 


Date. 


Wheel   Scrapers. 


H- 


gang  was  hauling  sand  and  loam    from   A- 


■  Avenue,  under  the  rail- 
road bridge  to  a  point  close  to  the  cement  factory.  The  road  to  the  dump  was  in  very 
fair  shape  today,  having  dried  up  considerably.  The  drivers  wali^ed  with  scrapers 
loaded  almost  invariably.  A  decrease  in  time  required  to  dump  was  noticed,  due  to 
some  of  the  drivers  mounting  the  empty  scrapers  while  in  motion,  thereby  cutting 
down  the  time  by  the  amount  required  to  stop,  get  on  scraper  and  start  again.  Con- 
siderable time  might  be  saved  if  all  drivers  followed  this  plan.  Good  loads  were  the 
rule,  although  there  are  many  boulders,  large  and  small,  which  made  loading  difficult 
at  times. 


Waiting  at 

loadin 

S  point. 

Loading 

Mlns. 

Sees. 

Sees. 

1 

55 

12 

2 

05 

30 

0 
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14 
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46 

13 
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33 

12 
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47 
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44 
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2 

32 
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2 

41 

IT 
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D    

625' 

D'     

:.85' 
197' 

/mi 

S     

1. 

KS     

-36 
1.2 

mln 

K    

1        .... 

2  m.  01.4 
5'  38.1" 

s. 

D/S    D'KS 

W 

0.33  c.  y 
739.5   ct 

—  83 

c     

3. 

Dumping 

Transporting 

and 

Transporting 

loaded. 

turning. 

em 

pty. 

Mins.  Sees. 

Sees. 

Mins. 

Sees. 

2 
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23 
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1 

43 

3 
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2 
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3 
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3 
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3 
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9 

13 

2 

52 

15 

O 

38 

3 

09.8 

13.6 

2 

28.3 

10 

scrapers   . . . 

s 

:3.oo 

7.50 

snatch    

loader    

2.25 

dumpman    . 

1.65 

6..G5 
1.00 

waterboy    . . 
C    = 

10 

$ 

73.95 

R  =  739.5       7.659  =  2S.6  cts.  per  c.  y. 

X =  4. 58  cts.  per  c.  y.  per  100'  hau 

600         0.33    =0.0113  cts  per  lb. 


Fig.  2.    Typical  Report  from  Field  Notes. 


fine  himself    solely   to  an   accurate   report   of 
the  facts. 

In  the  following  tables  the  columns  headed 
"Transportation  Cost"  show  the  cost  for  ac- 
tually moving  the  material,  while  the  columns 
entitled  "Static  Cost"  arc  for  the  cost  of 
waiting  at  the  loading  point,  loading,  dump- 
ing and  miscellaneous  delays.  No  account  is 
taken  of  extraordinary  delays,  such  as  break- 
downs,  etc. 

WHEEL    SCRAPER    WORK. 

The  following  observations  of  wheel  scrap- 
ers cover  a  period  of  some  three  months  and 
were  made  under  various  conditions. 

The  wheel  scraper  is  a  modified  form  of 
the  drag  scraper,  being  suspended  between 
two  wheels  in  such  manner  that  the  pan 
drags  along  the  ground  when  loading  and 
then,  when  full,  may  be  raised  by  a  system  of 
levers,  so  that  it  rides  suspended  several 
inches  above  the  ground.  The  operation  of 
loading  ordinarily  requires  the  assistance  of 
a  two  or  three-horse  snatch  team  and  driver, 
and  a  "loader"  whose  duty  it  is  to  lower  the 
pan,  guide  it  while  being  filled  and  to  raise  it 
when  full.  At  the  dumping  point  the  pan  is 
unhooked  and  lowered  and  the  dumpman  by 
an  upward  thrust  upon  the  attached  handle 
causes  the  pan  to  make  a  quarter  turn  thus 
dumping  and  partially  spreading  the  ma- 
terial. 

Distinction  has  been  made  between  wheel- 
ers in  loam,  clayey  loam  (Table  I),  etc.,  and 
wheelers  in  sand,  fine  gravel,  etc.,  owing  to 
the  fact  that  the  nature  of  the  soil  materially 
affects  the  size  of  load,  and  consequently  the 
speed  of  transportation  more  or  less.  Al- 
though it  may  take  less  time  to  get  a  full 
load  in  soft  sand,  it  usually  takes  more  time 
to  get  started  after  the  snatch  team  has  been 
unhooked  owing  to  the  wheels  being  deeply 
buried.     And   during   transit   the     sand     will 


for 


without  'time  study  and  is  inserted 
pari  son. 

From  Table  I  it  will    be    seen    that  the  av- 
erage cost  per  cubic  yard  was  6.2  cts.  for  the 


The  observations  in  Table  III  were  made 
where  a  road  had  been  cleared  through  the 
woods.  The  soil,  a  rich  loam,  was  more  or 
less  interspersed  with  roots,  to  extricate 
which  required  the  labor  of  two  men.  In 
this  instance  the  static  cost  is  high,  due  in  a 
measure  to  the  time  required  to  load.  Owing 
to  the  roots  running  through  the  soil  some- 
times it  was  necessary  to  make  more  than  one 
attem.pt  to  load,  but  good  full  loads  were 
obtained,  which  is  really  more  essential  than 
saving  a  few  seconds  and  starting  for  the 
dump   with   a  half   loaded   scraper. 

The  principal  thing  to  be  called  to  atten- 
tion here,  however,  is  a  fault  very  frequently 
observed,  the  wrong  apportionment  of  scrap- 
ers to  length  of  haul.  In  this  case  there 
were  too  many  for  so  short  a  haul,  thereby 
causing  frequent  delays  both  at  the  loading 
point  where  they  became  bunched  and  en 
route  to  the  dump,  which  forced  up  the  static 
cost.  The  rate  of  progress  in  transit  was  also 
reduced,  especially  on  the  return  from  the 
dump,  as  is  shown  bv  KS,  when  the  teams 
were  obliged  to  slow  down  to  allow  those 
ahead  room  to  turn,  load,  etc.  This  is  a  state 
of  affairs  which  should  never  be  permitted; 
scrapers  should  maintain  a  steady  progress  in 
both  directions,  and  at  no  time  should  a 
scraper  be  obliged  to  wait  idle  at  the  loading 
point   for  the  ones  ahead  to  be  loaded. 

The  observations  in  Table  IV  were  taken 
where  the  top  soil  was  very  dry,  clouds  of 
dust  being  raised  at  each  attempt  to  fill  a 
scraper. 

Both  the  static  cost  and  the  transportation 
cost  per  100  ft.  of  haul  are  excessive,  the 
former  is  due  partially  to  the  time  wasted  at 
the  dump,  which  observation  has  shown  to  be 
prolonged  beyond  all  necessity.  Drivers  are 
wont  to  stop,  take  long  turns  about,  etc.,  when 
really  there  is  no  need  of  stopping  at  all,  and 
the  scraper  should  be  turned  about  immediate- 
ly after  dumping,  in  the  shortest  possible 
radius.  The  excessive  transportation  cost 
per  100  ft.  haul,  to  which  may  be  directly 
traced  the  high  cost  per  cubic  yard,  was  owing 
to  the  extremely  long  empty  haul  Z)'  as  com- 
pared to  the  loaded  haul  D,  whereby  con- 
siderable time  was  consumed.  The  haul 
should  always  be  the  shortest  route  to  ^  the 
dump,  and  the  return,  if  it  is  not  feasible  to 
use  the  same  route,  should  be  as  direct  as 
possible.  The  loads  were  small,  due  to  tlie 
dry,  dusty  nature  of  the  material,  which  could 
not    be   heaped,    and    wasted    considerably    en 


TABLE  I.— WHEEL  SCRAPERS  IN  LOAM  AND  CLATET  LXDAM. 
(Arranged   in  order  of  static   charge.) 

OJ.Si  o 


E.5 


m  ^ 


.£n  •  t.  -a 

-c  — '^  C)  rt 

Load                     §c|  5  o2 

No.  Sc.     D.           D'.         S.         KS.         K.         C.  Y.      1  Min.     JCg  O  HO 

6...    385         ■«45         212         233         l.v)6         0.38         1.10         26  4P  15.2 

5...   190         225         208         225         l.OS         0.37         1.23         28  46  11.0 

5...    525         525         194         232         1.20         0.33         1.03         30  32  23.2 

5...    345         345         218         218         1.00         0.31         1.00         30  39  16.5 

5...    235         285         142         197         1.38         0.41         1.24         31  43.5  14.5 

7...    530         530         182         230         1.2G         0.37         1.41         26.2  58.5  23.6 

5...    350         350         206         232         1.13         0.33         1.26         32  43.5  16.7 

7...   570         570         222         260         1.17         0.37         1.4S         25.3  G3.3  23.0 

4...    350         350         226         312         1.38         0.33         1.10         34.2  32  18.5 

6...    330         400         222         238         1.07         0.39         1.58          39  56  18.6 

7...    325         520         206         255         1.24         0.30         1.54          19.3  73.2  22.8 

4...    125         190         26S         ir.O         0.56         0.42         2.05          34  89.0  15.2 

6...    275         625         216         244         1.13         0.30         1.89          21.2  92.4  27.0 

4...    195         195         197         240         1.22         0.35         1.90          36.8  77.1  18.0 

7...    250         380         21S         216         0.99         0.30         2.23          17.9  115.9  23.0 

Mln.     4...  125         190         142         150         0.56         0.30         1.00          17.9  32.0  11.0 

Av.     5.5..  332         396         209         232         1.11         0.35         1.54          28."  60.1  19.1 

Max.   7...  670         625         268         312         1.38         0.42         2.23          39.0  115.9  27.0 
In  the  above  table  abbreviations  are  as  follows: 

No.    Sc Number  of  scrapers  at  work  in  gang. 

D     Length  of  loaded  haul,   feet. 

D'    I.*ngth  of  empty  h.iul,   feet. 

S    Rate  of  travel,  loaded,  feet  per  minute. 

KS    Rate  of  travel,  empty,  feet  per  minute. 

K     R.itlo  of  empty  speed  to  loaded  speed. 

Load  C.  Y Size  of  load  carried  In  cubic  yards,   place  measure. 

1    All  time  except  that  In  actual  transit  to  or  from  d\imp. 

Other  "1"  time Other  lost  or  Idle  lime;  that  in  addition  to  loading  time. 


o 

a 

■  s:  • 

da 

a    3 

o 

CO  u 

c   . 

c3  m 
HO 

to" 

3.9 

11.3 

3.0 

4.3 

6.7 

3.5 

4,3 

18.9 

3.6 

4.5 

12.0 

3.5 

4.7 

9.8 

4.2 

5.0 

18.6 

3.5 

5.3 

11.4 

3.3 

f-5 

17.5 

3.1 

5.5 

12.0 

3.4 

6.2 

12.4 

3.8 

6.8 

16.0 

4.9 

S3 

6.9 

6.S 

89 

18.1 

6.6 

9.2 

8.8 

4.5 

10.0 

13.0 

5.2 

39 

6.2 

3.0 

62 

12.9 

4.1 

10.0 

18.9 

6.8 

fixed  or  static  cost,  which  includes  cost  of 
loadine,  dumping  and  idle  time,  and  4.1  cts. 
per  100  ft.  of  haul  for  the  transportation 
cost,  based  on  the  time  study  figures. 


route  to  the  dump,  which,  of  course,  nms  up 
both   static   and   transportation  costs. 

The   observations   of    Table    V   were   made 
where  a  gang  was  removing  top  soil  from  a 
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)iece  covered  with  tall  weeds,  the  roots  of 
vhich  prevented  very  full  loads.  The  soil 
vas  dry  and  dusty. 

Here  is  another  e-xample  of  too  many  scra- 
,)ers  for  the  length  of  haul.  This  fact,  com- 
:)ined  with  the  small  loads,  produced  the  high 


Curves,  Fig.  3,  may  be  drawn  showing  costs 
for  varying  loads  and  lengths  of  haul. 

When  operating  in  sand  and  gravel  wheel 
scrapers  are  subject  to  less  difficulty  in  load- 
ing, and  the  material,  although  more  evenly 
loaded,    is    likely    to    dribble    out    in    transit. 


Small  loads  were  again  responsible  in  part, 
but  the  chief  reason  was  because  of  a  long 
turn  of  about  220  ft.  around  a  pool  of  water 
at  the  dump.  The  time  consumed  in  making 
this  extra  long  turn  after  the  material  had 
been  dumped  so  increased  .',  the  time  when  the 
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3.     Curves  Showing  Costs   Per  Cubic  Yard  of  Handling   Loam  and   Loam  Clay  with 
Wheel   Scrapers  for     Various   Sizes  of   Load    and   Length  of  Haul. 

DATA   USED   IX   CALCULATING  CURVES  FOR   WHEEL  SCRAPERS  IN  LO.VM   AND   CLAYEl 

LOAM. 

C    S96   cts.  D    Varies. 

w    Varies.  S    209  ft.  mln. 

I    1.54min.  K    1.1. 

W    600  min. 

Value  for   C   for   o-scraper  gang  determined   as 
follows: 

10  mules   at    $1.75 $17.50 

6  drivers   at   $1.95 9.75 

1  loader   at   $2.25 2.25 

1  dumpman   at   $1.75 1.75 

1  3-mule   snatch  at   $5.25 5.25 

1  3-mule   snatch   driver  at   S2.25 2.25 

1  D.  R.  at  3  per  cent  per  month -1.07 

Foreman   at   $4.00 4.00 

Waterboy   at   $1.00 1.00 


Value  of  scraper $48.00 

Value   of   harness 50.00 


Total    $44.S2 

1  'ftr   scraper    8.96 

1     rC.  D.  (1  +  1/k)        1C1  1    rS9Gxl.91D 


r;  =  • 


w 


.10 
.15 
.20 
.23 


0  =  100'. 
36.65 
24.43 
18.32 
14.66 


S  W 
-Costs. - 


•+■ 


W 


1  -A 


209X600 


■-I- 


500'. 
91.25 
60.83 
45.62 
36.50 


1000'. 

106.33 
79.75 
63.30 


1.54X896 

1 

1     [ 

1 

1         — 

1 

0.01365 

v>  + 

2  30  1 

600 

1 

w   1 

. 

-Costs. 

\ 

w.             D 

=  100' 

500'. 

1000'. 

.30 

JO  90 

30.42 

53.17 

.35 

10.47 

26.07 

46.57 

.40 

9.16 

22.81 

39.87 

.45 

8.14 

20.28 

36.44 

costs.  The  time  "Waiting  and  Preparing  to 
Load"  is  altogether  too  high.  The  speed  KS 
on  the  return  is  less  than  S  loaded  speed. 
When  this  state  of  affairs  exists  it  can  in- 
variably be  traced  to  too  many  scrapers,  foi 
they  become  bunched  about  the  loading  point 
and  the  returning  drivers,  seeing  this,  slow 
down,  thus  wasting  considerable  time. 

D/S(.t+l/k)+l 

In   the    formula,   R^C. ■ — 

IV.  W 


Fig.  4.     Device  Permitting  Lateral  Play  of 
Pole  in  Wheel  Scraper  Work. 

•11  the  quantities  may  have  fixed  values  deter- 
mined from  observation  assigned  to  thcin,  ex- 
cept W  and  D,  the  lo.id  and  haul,  which  will 
vary  according  to  the  kind  of  scraper  em- 
ployed and  the  nature  of  the  work. 


Table  VI  gives  the  results  of  a  large  number 
of  observations  under  these  conditions. 

The  observations  of  Table  VII  were  made 
where  the  material  was  a  mixture  of  sand  and 
loam,  without  enough  of  the  latter,  however, 
to  lend  stability  to  the  whole.  Boulders  were 
numerous,  often  interfering  with  the  obtain- 
ing of  good  loads. 

The  above  costs  are  a  good  example  of  how 
conditions  affect  results,  and  the  above  meth- 
od of  analysis  readily  shows  this.  The  static 
cost,  8.4  cts.  per  cubic  yard,  is  somewhat 
above  the  average,  due  partly  to  the  boulders 
making  loading  difficult,  and  partly  to  the 
small  loads  carried  to  the  dump.  But  it  is  the 
high  transportation  cost  which  attracts  atten- 
tion. This  vN'as  due  to  the  road  to  the  dump 
being  exceedingly  rough  and  muddy  after  re- 
cent rains,  the  scrapers  sinking  at  times  al- 
most to  the  hubs.  The  loads  were  conse- 
quently small,  wasting  away,  and  the  rate  of 
moving  (.9  and  A'.S")  materially  reduced.  Ob- 
servations were  taken  in  the  afternoon  of  the 
same  day  when  a  new  and  less  difhcult  path 
was  used,  and  the  effect  was  shown  directly. 
S  increasing  to  101  ft.  per  minute  and  KS 
to  23'l  ft.  per  minute,  and  the  transportation 
cost  being  reduced  l.I  cts.  per  cubic  yard. 

The  observations  of  Table  VIII  were  made 
where  the  material  handled  was  a  coarse  sand 
with  a  sprinkling  of  loam. 

In  this  instance  the  reverse  of  the  last  case 
cited  is  true.  Here  the  transportation  cost  is 
normal,  but  the  static  cost  (which  sliows 
(luctuaticns  in  cost  due  to  all  operations  ex- 
cept   actual    transportation),    is     very     high. 


Fig.  5.    Typical  Arrangement  of  Teams  in 
Wheel  Scraper  Work. 


scraperb  are  not  actually  engaged  in  the 
handling  of  material,  that  in  consequence  the 
static  cost  was  excessive.  It  will  be  noticed 
in  the  time  study  that  two  or  three  of  the 
scrapers   turned   about   shortly   without   waste 

TABLE  11.— WHEEL    SCRAPERS   IN   LOAM 
AND    CLAYEY    LOAM. 

Total  Total 

No   of  Load,      cost  per     cost  per 

scrapers.  D.        cu.  yds.     cii.  \d.     \W  haul. 

4  :i05         II.;;?.         2.-..I.'         v4' 

4 130  0.33  24.6  18.9 

5  180  0.33  IS.O  10.0 
5  .  300  0.34  22.8  i.6 
4   :  235  0.33  23.2  9.8 

5 160  0.37  16.7  10.4 

4         ....  225  0.33  23.4  10.4 

4  200  0.33  20.6  10.3 
4"    225             0.33             21.4  9.5 

5  :...  180  0.33  23.0  12.8 

4 550  0.33  18.9  3.4 

4   290  0.33  18.0  6.2 

5 290  0.33  19.6  6.8 

4 300  0.33  22.8  7.6 

5 300  0.29  23.0  7.7. 

5 250  0.31  19.4  7.8 

4    &    5 262  0.30  21.0  8.1 

4    .......  ISO  0.29  15.1  8.4 

4         ...  260  0.33  22.0  8.B 

4      325  0.33  24.0  7.4 

4 350  0.33  26.2  7.B 

4 250  0.33  23.7  9.5 

Mln.    4 130  0.29  15.1  8.J 

Av    4  4  261  0.33  21.5  90 

Max  5.:::::::  SbJ      0.37      26.2      18.9 

•Cents. 

of  time,  and  the  foreman  should  have  seen 
that  all  did  likewise. 

The  observations  of  Table  IX  were  made 
where  the  material  was  a  coarse  dry  sand 
which  wasted  a  great  deal  en  route  to  the 
dump. 

Observation  has  shown  that  high  costs  are 
more  often  due  to  carrying  poor  loads  to  the 
dump  than  to  any  other  cause.  It  will  be  no- 
ticed that  in  the  above  gang  a  shovclman  was 
employed  whose  duly  it  was  to  follow  a  scra- 
per as  it  was  being  loaded  and  without  delay- 
ing the  progress  of  the  work  to  fill  up  the 
scraper  as  much  as  possible.  By  this  means 
the   wedge-shaped   space   at   the   back  of   the 


Fig.   6.     Wheel   Scraper   Just   After   Being 
Dumped. 

scraper,  invariably  left  empty  when  using  a 
snatch  team  alone,  was  filled.  Besides  causing 
much  larger  loads  to  be  delivered  at  the 
dump,  the  scheme  prevented  the  drivers  from 
standing  in  this  space  and  riding  the  scrapers 
loaded,  a  thing  frequently  observed  under  the 
excuse  that  it  was  necessary  to  keep  the 
scrapers  balanced  and  prevent  the  material 
wasting  out  the  front,  but  which  should  under 
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TABLE   III.— WHERL   SCRAPER    WORK.    OBSTRUCTED   BY    ROOTS. 


Transporting 

Ti-ansportlng 

Delays,  including 

Loading. 

loaded. 

empty. 

dumping. 

Mln. 

Sec. 

Min. 

Sec. 

Min. 

Sec. 

Min.       Sec. 

0 

38 

0 

20 

1 

22 

1             00 

0 

27 

0 

IS 

0 

57 

2             18 

0 

37 

0 

31 

30 

1             47 

0 

38 

0 

23 

Ofi 

1             11 

0 

33 

0 

20 

59 

1             41 

0 

27 

0 

31 

23 

1             33 

0 

3(1 

n 

21 

20 

1             15 

0 

45 

0 

53 

24 

2             01 

0 

39 

0 

35 

2S 

1             14 

0 

34 

0 

27 

10 

1             04 

Av.    0 

34 

0 

28 

Ifi 

1             29 

D — Loaded    haul. 

.125' 

4  .scrapers 

It    J5 

50 

$22.00 

D' — Empty    haul 

.190' 
.208  ft. 

pe 

r  min 

1  snatch  team  a 
1   loader    

nd 

driv< 

>r   7.50 

S — IK'   28   sec... 

2.25 

KS— 190'    1  m.,    16  s. .. 

.l.'iO  ft. 

per  min 

1  fiumpman 

1.65 

K— 150/2G8    

.0.5G 

1   waterboy 

1.00 

1   

.i  min 

.  1  min 

03 

55 

sec. 

sec. 

1  foreman 

6  55 

D/S   +    D'/KS... 

w    

.0.425 

yds. 

$40.95 

C    

.40.95/4  = 

1024  cts. 

W    

.600  min. 

1024      3.77 

n  =  —  ■- 

—  15 

2   cts. 

pei 

oil. 

vd.  -  S.3   c 

s.   static  -j    5.5 

Ct.'!. 

I:p 

■    100 

-ft.    haul. 

eOO        0.425 

no  conditions  be  allowed.  The  material  here 
was  very  soft,  however,  and  a  great  denl  wast- 
ed off,  as  the  haul  was  rather  long  and  rougli 
Front  gates  upon  the  scrapers  would  have 
made  the  retaining  of  the  good  loads  pro- 
duced by  the  shovelman's  efforts  possible,  and 
correspondingly  decreased  the  unit  costs. 

In  order  to  plat  curves  for  various  load? 
and  length  of  haul  for  wheel  scrapers  in  sand, 
average  values  would  be  substituted  in  the 
formulas  as  follows,  on  the  basis  of  a  -"i- 
scrapcr  gang : 

C     896  cts. 

I     1.75  min. 

w    variable. 

S     215  It.  pel'  min. 

K    1.1. 

1/K    0.91. 

D     variable. 

W     nOii  m.n. 

1    /896  X   1.91  D       896    X   1.75\         >     nn,„-n4 
'^  =  w  i"2T5-l<M0-  +  600~j  =  w   ^°°'"'  °  ^■ 


apportionment  of  the  number  of  scrapers  to 
the  length  of  haul.  In  order  to  make  this  lat- 
ter point,  which  is  of  prime  importance,  more 
speci'ic,  (ine  or  two  illustrations  will  lie  given 
to  show:  (11  How,  if  too  few  scrapers  arc 
at  work  upon  a  given  haul,  the  addition  of  an- 
other will  lessen  the  cost  per  cubic  yard,  and 
(2)  if  there  is  already  a  sufficient  number  at 
work  to  produce  economical  results,  how  the 
addition  of  one  more  may  make  the  unit  cost 
I'cr    cubic   yard    higher,    and    in    addition    may 


1000'. 


w. 

D  =  100'. 

50U-. 

.10 

3S.37 

.15 

26.25 

61.63 

.20 

19.68 

46.22 

.25 

15.75 

36.98 

.31 

12.70 

29. S2 

.35 

11.25 

26.41 

.40 

9.84 

23.11 

.45 

8.75 

20.54 

63.52 
51.23 
45.37 
39.70 
35.29 
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The  time  studies  given  above  show  how  im-       actually   re  luce    the   total   am<  unt    nt    material 
portant  it  is  to  have  full  loads  and  the  proper      handled. 


O 


The      following     observations     were     madi 
where   the   material    handled   was   a   loam  am 
clay  mixture,   rather   sticky,  but  which   loadec 
well    and    did    not    waste    on    the    way   to   thetir 
dump.     The  length  of  haul  was  about  325  ft|  ■ 
From  i)  :45  a.  m.  to  2  p.  m.,  6%  hours,  omittingi  ,rj 
one  hour  at  noon,  with  four  scrapers  workingl  ''' 
330  loads  were  dumped  ^  110  cu.  yds.  at  threel 
loads  to  a  yard.  ' 

4  scrapers    at    $5.50 $22. Of 

1  snatch  team  and  driver 7.M 

1   loader     2.21 

1  dumpman    1.6.' 

%   foreman     2. IS 

V4  waterboy    0.3; 

$35.91 

6V4,        3591 
Cost   per   cu.   vd.^ X ^  ■.'iJ.4  cts 

10  110 

|)er    cu.   yd.  ^  ti..3   cts.    per   cu.   yd.   per    100-ftj 
baul.  Kfj 


.•\t    the   above   rate   of   handling 


10 


X  :«0- 


;u.   yds 


)uld   be   dunipeiBl*' 


r,28   loads,   or    17i 
per  10-hour  day. 

From  2  p.  m.  to  0  :45  p.  m.,  3%  hours,  witi 
five  scrapers  working,  2-V2  loads  were  dumpe' 
=  84    cu.   yds. 

Cost:    .-Xs  above,  with  addition  of   1   scraper' 
=  41.41. 

3%         4141 

Cost   per   cu.    \il.^ X ^  lS.."i  cl* 

10  84 

per   cu.   >d.^"i.i    cts.    per   cu.   yd.    per    lOO-fl 
liaul. 

10 

.•\t   above    rate   of   handling  —  X  252 

3% 
loads    or   224   cu.    yds.    would    be   dumped   pet 
lO-bour  day. 

Thus  it  will  be  observed  that  the  addition  of 
a  scraper  in  this  instance  was  all  for  the  bet 
ter,  as  for  an  increase  of  15  per  cent  in  cost, 
27  per  cent  more  material  would  be  handled 
per  day  at  a  decreased  cost  of  10  per  cent  per 
cubic  yard  and  10.5  per  cent  per  cubic  yard  * 
per    100-ft.   hau' 

Another  instance   was   where  a  coarse  saili 


nd 


Fig.  7.     Wheel   Scraper  Work  on  a    Haul  of    1.C40  Ft.  Which  Was  Not  Economical. 


TABLE 

IV.- 

-WHEEL  SCRAIEU 

\VC  lUK 

IN   Vi; 

;v  DKi 

UIA.M. 

ValtInK  and 

preparing 

Transporting 

Trans 

porting 

to    load. 

Loading. 

loaded. 

l)um 

ping. 

em 

ply. 

Delays. 

Mln.   Sec. 

Mln. 

Sec. 

Mln. 

Sec. 

Mln. 

Sec. 

Mln. 

Sec. 

Min.    Sec 

0         33 

0 

31 

.   1 

2G 

0 

17 

2 

31 

II         25 

U         35 

0 

20 

1 

03 

1 

10 

2 

05 

0          3.". 

0         43 

(1 

23 

1 

2» 

0 

20 

2 

38 

I)         44 

0 

14 

1 

24 

0 

26 

2 

49 

0          25 

0         44 

II 

IS 

1 

07 

0 

15 

2 

44 

0         30 

.    0         39.8 

0 

21. 

2                   1 

16.2 

0 

29.6 

2 

33.4 

0       :3 

D— Loaded    haul 275' 

D' — ICniply  haul 625' 

S— 275    1  m.    16.2  s 21i;'  mln. 

KS— 025   2  m.    33.4  8 21 1    min. 

K— 244/21C     1.13 

1    1  mln.  53.6  sec. 

D/S    +    D'KS 3  min.  'g.O  sec. 

w    n.29(l  cu.  yds. 

C— 5030/0     83S.33  cts. 

W    600  mln. 

838.33      6.72 

n= X 

601,        0.290 


Cost  of  6  sciapcr  gang. 


7.0  cts.  per  cu.  yd.     —  8.3  cts.  static  cost   +   6.6  cts.  per  lOo'  haul. 


.$50.30 


was  hauled  about  325  ft.  The  loads  were  not 
very  good  and  the  costs  were  ratiur  high,  but 
the  case  serves  well  as  an  example  of  tin 
point  in  view.  From  (j  :45  a.  in.  to  12  m.,  5l4 
hours,  with  five  scrapers  working,  275  loads 
were  dumped  ^75  cu.  yds.    The  cost  was: 

5  wheelers   at    $5.50 ^27.-_' 

1  snatch   team  and   driver i;' 

1   loader     2.1. 

1   (lunipman    !■*' 

'tt    foreman     2.^ 

'/i  waterboy    O.S;. 

Total    $11-<1 

r,V4.       4141 

Cost    per    cu.    vd.  = X =  2!i    cl.v 

10  75 

=  8.9  cts.  per  cu.  yd.  per  100-ft.  haul. 
At  the  above  rate  of  handling,  525  loads,  or 
143  cu.  yds.  would  be  dumped  per  lo-hour  day 
I'>om   1  p.  m.  to  5:45  p.  in.,  4%  hours,  witli 
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ix  scrapers  working,  324   loads  =  88  cu.  yds. 
rere  (lumped. 

Cost:    .\s  aliove   plus  one  wheeler ^$46.91. 
4%         4691 

Cost   per  cu.  vd.  = X =  "2.").3  cts. 

10  88 

^  7.8  cts.  per  cu.  yd.  per  lOU-ft.  haul. 


At  this  rate  of  handling  683  loads,  or  18.5 
cu.  yds.,  would  be  dumped  per  10-hour  day. 
Thus  for  an  increase  in  cost  of  13  per  cent, 
29  per  cent  more  material  would  be  handled 
per  day,  at  a  decreased  unit  cost  of  18V4  per 
cent  per  cubic  yard,  and  14  per  cent  per  cubic 
yard   per   100-ft.  haul. 


It  is  not  easy  to  comprehend  at  first  glance 
the  effects  produced  by  having  too  many 
scrapers  for  a  certain  haul.  It  seems  natural, 
without  analysis,  to  suppose  that  the  more 
scrapers  there  are  working,  the  more  work 
will  be  accomplished.  Proof  of  this  was  evi- 
denced  by   such  conditions  existing.   In  order 
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TABLE   VI.— WHEEL.  SCRAPERS  IN  SAND. 


as 


WO 


ZOO  300  ''00  500 


ica 

:   M 

V 

w 

CO 

•o 

■a  o 

Oo 

L>oad, 

M 

£0 

■i^B 

Hfe 

Sc.  No 

D. 

D'. 

S. 

KS. 

K. 

cu.  yds. 

I   mln. 

om 

oo 

KO 

5.. 

425 

520 

220 

193 

0.S75 

0.426 

1.05 

22.5 

40.5 

19.7 

3.7 

6.. 

500 

625 

240 

244 

0.99 

0.426 

1.14 

25.6 

42.7 

20.0 

3.9 

6.. 

.    490 

60--. 

256 

25S 

1.00 

0.408 

1.21 

24.0 

4S.5 

19.1 

4.3 

10.. 

.1020 

1020 

216 

247 

1.14 

0.296 

1.30 

19.6 

58.8 

42.4 

5.4 

7.. 

.    600 

650 

248 

272 

1.10 

0.300 

1.22 

12.1 

61.3 

27.4 

5.5 

9.. 

.1040 

1040 

221 

276 

1.23 

0.296 

1.31 

1S.5 

60.2 

42.6 

5.7 

9.. 

.    690 

665 

218 

'>42 

1.11 

0.333 

1.54 

16.3 

76.1 

28.2 

5.8 

9.. 

.    845 

835 

216 

234 

l.OS 

0.29G 

1.50 

17.1 

72.8 

38.0 

6.4 

8.. 

.    690 

690 

218 

230 

1.05 

0.296 

1.54 

17.5 

75.1 

35.0 

7.0 

10.. 

760 

800 

218 

230 

1.06 

0.250 

1.46 

18.S 

09.0 

41.5 

7.2 

9.. 

$80 

920 

187 

226 

1.21 

0.300 

1.75 

18.4 

86.5 

44.5 

7.4 

10.. 

625 

585 

197 

236 

1.20 

0.330 

2.02 

17.2 

104.2 

28.6 

7.6 

9. . 

8S5 

860 

224 

225 

1.00 

0.330 

2.14 

23.3 

105.2 

36.8 

8.1 

9.. 

495 

545 

204 

234 

1.15 

0.260 

1.66 

15.4 

84.0 

31.2 

8.1 

8.. 

600 

650 

226 

262 

1.16 

0.300 

1.91 

16.5 

98.2 

30.7 

8.3 

10.. 

825 

825 

205 

235 

1.15 

0.296 

2.02 

lft.8 

101.4 

39.8 

8.4 

10.. 

5S5 

625 

ISl 

212 

1.17 

0.220 

1.50 

18.6 

71.4 

43.0 

8.4 

S. . 

G50 

650 

216 

236 

1.09 

0.296 

1.90 

20.7 

93.2 

34.8 

8.6 

9.. 

655 

575 

199 

234 

1.17 

0.230 

1.57 

15.7 

78.5 

40.2 

8.6 

9.. 

535 

575 

210 

231 

1.10 

0.333 

2.32 

19.4 

120.1 

28.0 

8.8 

10.. 

960 

960 
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2.10 

22.7 
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1.13 

0.330 

2.60 
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10.0 
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875 
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1.14 

0.296 

2.47 
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2.89 
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Mln.5.  .. 

425 
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0.S7 
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12.1 
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1.75 

19.1 
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Curves  Showing  Cost  Per  Cubic  Yard   of   Handling   Loam,  Sand,   Etc.,  With   Fresno 
Scrapers  for  Various  Sizes  of   Load  and    Length   of  Haul. 


Five  scrapers  in  standard  gariK.     Three  animals 
er  scraper. 

iiles  at   $1.75 $26.25 

Drivers  at   $1.95 9.75 

iLoader  at  $1.95 1.95 

I.  Ii.  R.  at  3  per  cent  per  m-ynlh 0.98 

Fireman   at    $1.00 4.00 

Waterbov  at   $1.00 1.00 


Value  of  scraper $13.75 

Value  of  harness 50.00 


Total    $43.93 

Per  scraper  C 8.79 
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to  look  more  closely  into  the  details  of  this 
case,  it  is  worth  while  to  present  the  complete 
time  study.  Table  X.  The  material  was  a  mix- 
ture of  clay  and  sand,  with  enough  of  the  lat- 
ter to  cause  it  to  break  up  well  when  plowed. 
Seven  scrapers  were  at  work. 

At  the  above  rate  of  hauling  210  cu.  yds.  of 
material  would  be  dumped  per  ID-hour  day. 

The  observations  in  Table  XI  were  made 
when  eight  scrapers  were  working  in  the  same 
material  and  hauling  to  the  same  distance. 

600 

.At  the  above  rate  of  handling X  8  X  0.3 

7.03 
=  2ii.5  cu.  yds.  would  be  dumped  per  day. 

Thus,  be  it  observed,  actually  less  material 
was  handled  with  eight  scrapers  than  with  sev- 
en, so  that  in  consequence  the  unit  costs  per 
cubic  yard  were  higher.  This  result  was  due 
to  the  fact  that  the  time  lost  at  the  loading 
point  was  nearly  doubled  (compare  time 
studies)  owing  to  the  scrapers  getting  bunched 
up  there  and  being  obliged  to  await  their 
turn  to  be  filled  with  the  snatch  team ;  the 
time  of  transporl.ition  was  materially  increased 
owing  to  the  enforced  reduction  of  the  rate 
of  traveling  due  tu  overcrowding,  so  that  the 
time  necessarily  lost  by  the  gang  due  to  this 
congestion  more  than  overbalanced  the  extra 
amount  of  material  which  an  additional  scraper 
would  ordinarily  handle. 

The  above  presents  a  typical  example  of  ;on- 
ditions    very    frequently    observed,    conditions 


797      5.13 

!■       — X =  23.0  cts.  per  cu.  yil. 

600      0.296 


III  etii.     sIntlcfB.Z  ct».  per  lOO-ft.  of  haul. 


Fig.   9.      Locding    Fresno    Scraper. 


for  the  existence  of  which  there  is  no  excuse, 
especially  when  the  work  is  being  carried  on 
rnder  the  supervision  of  a  man  of  long  experi- 
ence in  such  wiirk,  who.  if  he  opened  his  eyes 
to  facts  and  took  an  interest  in  his  work, 
could  not  help  but  ilclerniiiic  what  cnnslitutes 
the  efficient  handling  of  his  gang.  But  expe- 
rience has  proved  that  the  great  majority  of 
foremen  do  not  take  enough  interest  to  sit 
down  after  workinc  hoMrs  and  fuMire  out  ho.v 
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the  efficiency  of  their  gang  may  be  increased 
during  working  hours.  Scraper  work  may  be 
divided  into  the  following:  Loading,  trans- 
porting and  dumping.  Each  of  these  operations 
is  distinct   in   itself  and  yet  each  so   depends 


Fig.   10.      Loaded   Fresno  Scraper  on   Way 
to  Dump. 

upon  the  others  that  if  there  is  any  flaw  in  one 
the  whole  work  must  show  the'  effect.  For 
example,  a  few  moments'  observation  of  a  piece 
of  work  shows  that  the  scrapers  are  constantly 
in  motion  with  no  idle  time  at  the  loading  point 
except  that  required  to  turn  and  get  into  posi- 


tion for  loading  and  the  progress  to  and  from 
the  dump  is  brisk,  but  there  are  periods  when 
the  snatch  team  is  idle  for  several  minutes 
waiting  for  a  scraper  to  load  and  the  dump- 
man  sits  idly  upon  his  shovel. 

Again,  if  the  loading  team  is  hooking  into 
one  scraper  after  another  in  rapid  succession 
and  the  dumpman  has  no  sooner  spread  one 
scraper  load  than  the  next  team  comes  along, 
but  gathered  around  the  loading  point  idly 
awaiting  their  turn  to  be  loaded  are  several 
scrapers,  the  drivers  laughing  and  joking,  the 
horses  nosing  about  on  the  ground,  the  prog- 
ress to  the  dump  reduced  because  of  conges- 
tion, is  it  not  self-evident  that  too  many 
scrapers  are  on  the  work  and  enough  should 
be  taken  off  to  keep  them  moving  all  the  time? 
When  things  are  going  briskly  the  entire  at- 
mosphere of  the  work  is  charged  with  energy, 
felt  alike  by  man  and  beast,  but  when  obliged 
to  wait  for  minutes  at  a  time  in  idleness  a 
feeling  of  inertia  pervades  the  work  which,  in 
its  results,  it  must  necessarily  reflect.  Keep 
everything  in  motion.  See  that  the  loader, 
snatch  team,  and  dumpman  are  kept  busy,  that 
the  scrapers  are  continually  on  the  move,  and 
work  will  be  performed  economically.  Have 
regular   intervals   for   letting   the   whole   gang 


TABLE  Vn.— WHEEL  SCRAPER  WORK  IN  SANDY  LOAM. 
Waiting  and 


preparing 

to 

load. 

Min. 

Sec. 

0 

45 

1 

02 

0 

40 

1 

10 

0 

50 

A 

V.    0 

53.4 

Lo 

ading. 

Mm 

.    Sec. 

0 

28 

0 

15 

0 

16 

0 

14 

0 

20 

u 

18.6 

5S5'. 

625'. 

iKr 

per  min. 

per  min. 

Transporting 

loaded. 
Min.    Sec. 


D    

D'    

S— 585,  3  min.  13.6  sec 

KS— 625.   2  min.   57.2   sec , 

K— 212/181    1.17. 

[:■■■    1  min.  30  sec. 

T)/S+  XD7KS     6  min.  10.8  sec. 

w 0.2G  cu.  yds. 

C— 7395/10    739.5  cts. 

W 600  min. 


37 
03 
12 
16 
00 
13.6 


Dumping  and 

turning. 

Min.    Sec. 


15 
15 
12 
33 
15 
18 


Transporting 

empty. 
Min.    Sec. 


50 
02 
10 
59 
45 
57.2 


10  scrapers   at   $5.50. 

1  snatch    

1  loader    

1  dumpman     

1  foreman    

1  waterboy    


.J55.00 
.  7.50 
.  2.25 
.  1.65 
.  6.55 
.     1.00 

J73.95 


73.95      7.68 

R  —  "7:~><T~r  —  ^2  «='s-  <^"-  y3.  =  St   cts.   static  -f  5.9  cts.  per  100-tt.  haul. 
600       0.22 


TABLE  VIII.— SCHAPER  WORK  IN  COARSE  SAND. 
Waiting  and  pre-  Transporting  Dumping  and  Transporting 

parmg   to   load.  Loading.  loaded.  turning.  empty. 

Min.    Sec.  Min.    Pec.  Min.    Sec.  Min.    Sec.  Min.    Sec. 

1         05  0         37  2         59  1         04  2         48 

3  20  0    IT  2    35  1    07  2    06 

4  08  0  14  3  14  1  12  1  56 
1  05  0  12  2  31  0  14  2  26 
1  26  0  12  3  08  0  12  2  00 
1  42  0  18  2  18  0  24  2  03 
1    09            0    15            2    45            1    08             2    43 

0  49  0         11  3         00  1         17  2         00 

1  10  0  18  2  20  1  14  2  26 
0         50                            0         13                             1         45                             1         22  3         00 

Av.    1         40.4  0         16.7  2         39. B  0         56.4  2         21 

D    585'. 
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'  ■  ■  • _ 2  min.  53.5  sec.  Cost  of  9  scraper  gang $68.45 
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w 0.26  cu.  yds. 

C— 68.45/9    760.5  cts. 

W GOO  minutes. 

760.5      7.9 

R  =  — — X =  38.5  cts.  per  cu.  yd.  ;=:  14.1  cts.  static  -|-  1.2  cts.  transportation  per  100-ft.  haul. 

600         0.26 


TABLE  TX.- 

-WHEEL  SCRAPER  WOl^K  IN 

COARSE,  DRY  SAND,  VERY 

LONG  HATTL. 
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rest,  if  necessary,  but  while  at  work  let  each: 
individual  unit  of  the  whole  be  performing  its! 
function  to  the  best  of  its  capacity.  '| 

The  greatest  trouble  with  wheel  scrapers  isf 
likely  to  be  caused  by  the  heavy  pressure  on! 
the  collars  of  horses  and  mules,  due  to  loadingi 
in  heavy  ground.  For  this  reason  the  collars!' 
should  be  made  to  fit  as  perfectly  as  possible,'! 
and  the  animals  examined  every  night  for 
sores  on  the  necks  or  withers.  i 

When  loading  wheelers  with  a  snatch  teaml 
the  chain  should  be  hooked  to  a  point  as  near* 
as  possible  to  the  scraper  itself,  otherwise  the'i 
pull  of  the  snatch  team  will  throw  a  heavy  load] 
on  the  backs  of  the  wheeler  team.  t 

An  excellent  device  observed  in  the«suburbs| 
of  Cleveland,  O.,  is  shown  in  Fig.  4.  By  this 
means  the  pole  has  a  very  considerable  lateral 
play,  very  much  to  the  relief  of  the  wheel  team 
when  strain  comes  upon  the  snatch. 

Figure  5  illustrates  a  typical  arrangement  of 
teams,  removing  earth  in  street  grading. 

Figure  6  shows  a  wheeler  just  after  having 
been  dumped,  two  men  doing  this,  unassisted 
by  the  driver.  Only  one  extra  man  is  neces- 
sary, if  helped  by  the  driver.  These  illustra- 
tions are  from  photographs  taken  on  a  well 
organized  and  highly  efficient  piece  of  work. 
Figure  7,  composed  of  two  joined  photographs, 
shows  the  general  conditions  on  a  haul  of  1,040 
ft.,  which  was  not  economical.  No  amount  of 
good  management  in  the  gang  will  overcomel 
the  handicap  of  a  haul  so  long  as  to  require  an' 
altogether  different  kind  of  equipment.  Thel 
cost  of  the  work  shown  in  Fig.  7  for  the  trans-l 
portation   alone  was  36.9  cts.  per  cubic  yard. 

The  working  speed  of  a  team  is  such  that': 
when  heavily  loaded  the  team  proceeds  a  little! 
more  slowly  than  the  ordinary  man  will  walk, 
but  when  "light,"  horses  (more  than  mules) 
are  apt  to  move  faster  than  the  ordinary  walk- 
ing gait  of  the  driver.  Consequently  it  is  a 
good  plan  to  require  all  drivers  to  ride  in  the 
scraper  (which  can  be  done  with  wheelers,  but 
not  with  Fresnos)  when  light,  and  never  to  sit 
on  the  loaded  scraper. 

When  dumping  a  wheel  scraper  it  is  import 
ant,  sp  far  as  possible,  to  have  the  team  on 
ground  at  least  as  high  as  that  on  which  the 
scraper  rests.  Otherwise  the  heavy  load  that 
always  comes  on  the  collar  or  saddles  by  the 
act  of  dumping  will  be  increased  by  gravity, 
often  to  the  great  distress  of  the  animals. 

In  loading  a  scraper,  care  should  be  exer- 
cised not  to  allow  the  team  to  pull  it  farther 
and  overload  it  after  it  is  once  full,  since  such 
extra  effort  is  utterly  useless  and  is  very  ex- 
hausting.    Conversely,  each  load  should  be  a 


W 


780      9.72 

R  = X =  42.6  cts.  CU. 

600      0.296 


ts.  static  +  3.5  cts.  per  100-ft.  haul. 


Fig.    11.      Harness    Arrangement    in    Fresno 
Scraper  Work. 

full  one.  The  first  mark  of  a  badly  handled 
job  is  improper  and  variable  loading  of  the 
vehicles. 

It  should  be  borne  constantly  in  mind  when 
laying  out  and  directing  earth  moving  work 
with  small  equipment  that  the  "normal  haul" 
for  a  wheel  scraper  is  longer  than  for  a  frcsno 
and  shorter  than  for  a  one-horse  cart. 

,    FRESNO   SCRAPER  W'ORK. 

With  this  type  of  equipment,  each  scraper  is 
hauled  by  from  two  to  four  horses,  or  mules, 
depending  upon  its  capacity:  but  the  services 
of  a  snatch  team  and  driver  and  usually  of  a 
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umpman,  regularly  required  for  wheel  scraper  The  Fresno  is  not  suitable  for  work  includ-      can  be  made  to  take  a  heavy  or  light  cut  at  the 

iork.  may  be  dispensed  with.    The  salient  fea-  ing  many  roots  or  boulders,  and  is  not  gener-      option  of  the  driver.    In  grading  lawns,  finish- 

ures  of  the  Fresno  are   the   speed  and   ease  ally  used  with  snatch  teams  for  loading.  When       ing  cuts,  etc.,  the  Fresno  can  take  a  thin  slice 

vith    which    it    can    be    loaded    and    dumped  the  ground  is  too  hard  for  Fresno  loading  it      of  an  inch  or  a  deep  scoop  of  nearly  a  foot 

nd  also  its  much  lower  first  cost.   The  capacity  may  not  be  too  hard  to  be  loaded  by  wheelers       with  equal  facility,  and  is  controllable  in  load- 

iif  the  Fresno  ordinarily  hauled  by  three  horses  and  snatch  teams,  but  where  the  haul  is  short       ing  by  one  hand  on  the  dumping  lever. 

s  from  T  to  8  cu.  ft.  as  against  a  capacity  of 

I  to  10  en.  ft.  for  the  No.  2V2  wheelers.     As  TABLE  XI. 

nentioned  at  the   beginning  of  this   paper,   in  Waiting  ana  pre-                                              Transporting              Dumping  and             Transporting 

:omparing  two  methods  to  determine  the  more  paring  to  load.                Loading.                        loaded.                         turning.                        empty, 

economical  for  the  handling  of  material  it  boils  *^i"-    %'^-                  ^'j"'    \f-                  ^'^"-    %f-                  *^i"-    Sj|=-                   *^|"-    %%''■ 

down   to   a   question   of   amount   carried   and  1       65                        0       15                       2        33                        0       25                       2       32 

speed  of  handling.    Now,  it  is  evident  that  of  0       42                        0       13                       2       44                        "       ;5                       2       15 

Avo  methods  of  practically  equal  cost  of  opera-  1       49                        0       2-                       2       30                        0       27                        1       45 

ion  if  one  is  sufficiently  more  speedy  than  the  0       53                        0       19                       1.      55                        0       18                        2        00 

jther  it  will  do  work  more  economically  even  1        13                       0       14                       2       31                        S       ^'                        I       *^ 

;hough  handling  less  material  per  unit.    On  the  0       39                        0       10                       2       54                        02!                       3       15 

jther  hand  there  may  come  a  point  where  the  0       55                        0       16                       2       47                        0       25                        2       40 

laul  gets  so  long  that  the  advantage  gained  in  av.    1        15.7                    0       16.5                      2       38.6                   0       22.5                   2       28. < 

speed  of  loading  and  dumping  (the  time  con-      D^ 600\ 

iumcd  in  transit  of  course  assumed  as  being  s.'. !'.!!!!!..'.'.'.'".'.'.!'.".'.'.!! 226'' per  min. 

:he  same  in  both  instances)   will  be  overcome  KS........   "!'...'.'..... '.'...162' per  min. 

bv  the  fact  that  the  other  method  handles  more      K 1.16.  „         .„  .„. ., 

',,„_,■]  1 1  mm.  54.7  sec.  Cost  of  3  scraper  gang $62.95 

'"^     '  1  T  u,     ^-IT    .  D/S   -f   DVKS 5  min.  7  sec. 

For  example,  assume,  Table  XII,  two  gangs,      c 7S7  cts. 

one  composed  of  five  Fresno  scrapers  and  one      "[• g-^O  cu.  yds. 

of  five  wheel  scrapers.     For  this  gang  the  unit  "*     

cost  per  scraper  is  practically  the  same,  say  900  787     7.03 

.cts.    For  each  round  trip  the  wheeler  loads  in  ^~  ^n^T^"  ^"■'^  '^'^'  ''*'"  '^"^  ^'^•  =  ^•3  static  +  3.7  cts.  per  100-ft.  haul. 

1%  minutes  and  dumps  and  turns  in  Vz  min-  

ute.     The     Fresno    loads   in   V2    minute    and  .    .               ,,           ,                           ...                    ™  . ,     ,^,,.     .                .        ,       , 

dumps  and  turns  in  V*  minute.     Then  in  the  ''  '^  generally  much  more  economical  to  loosen           lable  AiV  gives  results  of  a  large  number 

'                           r  D/'\  (lA-I/K^A-l  ''  ^^'''^  ^  plow  and  haul  with  Fresnos  than  to      of  cost  data  on  Fresno  work  in  various  mate- 

',         ,       , f^  u/^  (i-ri/is.)-\-i  use  the  wheelers.    The  purpose  of  this  paper  is       rials,  arranged  in  the  same  manner  as  those  on 

ormu  a,  y                                          .  mainly  to  show  comparisons  between  methods      wheelers  in  the  early  part  of  this  paper. 


TABLE   XII. 
Wheelers.  Fresnos. 

D    220'.  220'. 

S    220' per  min.         220' per  min. 

■KS    220' per  min.         220' per  min. 

K    1  1 

l/K    1  1 

1    (1%  -(-  ';4) 2  min.    (%-|-V4>  0.7.5  min. 

D/S    (1  +  l/K).,   2  min.  2.00  mm. 

W    600  min.  600  min. 

w    %  cu.  yd.  %  cu.  yd. 

C    900  cts.  900  cts. 

2-1-2 

U  =   900. =  IS  cts.  per  cu.  yd. 

GOOX% 
2  -I-  0.75 

for  wheelers.  =000. =  16'A    cts.    per    cu. 

I  600XH 

'  yd.   for  Fresnos,  showing  the  latter  to  be  more 
economical. 

I     Or  suppose  the  assumptions  are  as  in  Table 
XIII. 

TABLE    XIII. 

Wheelers.  Fresnos. 

D    440'  140' 

S    L'20'  per  mill.  -20'  per  min. 

KS     220' per  min.  220' per  min. 

K   1  1 

l/K    1  1 

I  1  (m  -f  H) 2  min.  (Vi  +  Vi)0.75  min. 

'  D/S  (1  -J-  l/K)..    4  min.  4      min. 

|W    000  min.  COO    min 

w    14  cu.  yd.  V4  cu.  yd. 

I  C    900  cts.  900  cts. 

4  +  2 
R=  900. =^27  cts.  per  cu.  yd.  for  wheel- 
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Length  of 
Fig.  12.     Diagram  Comparing  Economy  Up  to   275  Ft.  Haul  of  Fresno  and  Wheel  Scrapers. 


«r»  =  900.  ■ 
Fresno.s. 


G00x% 
4  -f  0.75 


COO  X 


=  28^4     rts.     per 


yd.     for 


Showing  that  now   the   wheelers  are  working; 
the  more  economically. 


Waiting  and  pre- 
paring tn  load.  Loading. 
Min.    Sec.                     Min.    Sec. 

0  rtD  0         l.T 

1  05  0  15 
0  34  0  16 
n         45                            0         13 

0  28  0         12 

1  00  n  10 
0  31  0  10 
0  30  0  10 
0  35  OS 
0         48  0         12 

Av.     0         41.1  0         12.1 

D    600  ft. 

ty     fi.-.Oft. 

S    24.S  ft.  min. 

KS    272  ft.  min. 

K    1.10. 

I    1  min.  1.'!.4  sec. 

D/S  +  D'/KS 4  min.  48.5  ace. 

w    0.30  cu.  yds. 

C    820.7  CIS. 

W   600  min. 

R  =  820.7  X  6.03  =  27.4  cts.  per  cu.  yd.  : 


where  both  or  all  are  possible,  but  when  one 
and  one  only  can  be  economic.  For  hauling 
the  material  up  heavy  grades,  such  as  a  rail- 
way embankment,  the  Fresno  is  much  more 
satisfactory  than  the  wheeler  and  second  only 
to  the  small  scoop.  /V  peculiar  advantage  of 
the  Fresno  for  certain  kinds  of  work  is  that  it 


TABLE    X. 

Transporting 

Dumping  and 

Transporting 

loaded. 

turning. 

em 

pty. 

Min.    Sec. 

Min.    Sec. 

Min. 

Sec. 

2         38 

0         12 

2 

30 

2         33 

0        27 

1 

45 

2         09 

0         11 

34 

1         53 

0         IS 

49 

2         35 

0         17 

0 

05 

2         33 

0         25 

2 

39 

2         49 

0         25 

2 

15 

2         20 

0         18 

n 

10 

2         20 

0         22 

0 

05 

2         15 

0         27 

3 

03 

2         25 

(I         20.2 

0 

23.5 

Cost  of  7  Bcmpcr  gang tS7.4S 


5.5  cts.  per  cu.   yd.  static   -f  3.65  cts    per  100-ft.  haul 


Below  are  shown  in  detail  time  studies  of 
various  observations,  with  remarks  upon  the 
conditions  affecting  the  results. 

The  observations  in  Table  XV  show  the 
Fresno  to  have  been  working  very  well.  The 
material  was  a  loam  and  clay,  enough  of  the 
latter  being  present  to  form  an  ideal  track  for 
the  scrapers,  hard  and  smooth.  The  loads 
were  of  good  size. 

The  static  cost  here  is  considerably  below  the 
average,  which  shows  at  once  that  there  was 
very  little  wasted  time,  and  that  the  work 
moved  smoothly.  The  transportation  cost  is 
somewhat  above  the  average  and  a  glance  at 
5'  and  KS,  the  rates  of  moving,  which  are  low, 
makes  the  reason  apparent,  showing  that  as  a 
whole  the  work  went  smoothly,  but  slowly.  No 
doubt  the  general  speed  of  this  work  could 
have  been  considerably  increased  and  still 
have  things  move  nicely,  but  it  is  preferable  to 
have  the  work  run  uniformly  even  at  the  ex- 
pense of  speed  than  to  rush  in  transit  and 
wait  idle  about  the  loading  point. 

The  observations  in  Table  XVI  were  made 
where  the  material  handled  was  top-soil,  rather 
sticky   from    recent    rains. 

In  this  instance  the  static  cost  is  far  above 
the  average,  due  to  excessive  idle  time.  In  the 
first  place  the   time  of  "Waiting  at  Loading 
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Point"  is  far  too  high  and  arose  from  a  con- 
dition very  often  observed  upon  scraper  work 
for  the  existence  of  which  there  is  no  excuse 
or  reason  except  neghgence  upon  the  part  of 
the  man  in  charge.  This  is  allowing  the 
scrapers  to  get  bunched  together  so  that  the 
work  becomes  spasmodic.     Teams  are  idle  at 


case.  Then  the  loader  works  witli  regularity, 
the  teams  move  with  miiform  speed,  do  not 
get  bunched,  and  there  is  no  necessity  of  wast- 
ing time  in  idle  waiting.  In  the  second  place 
the  loading  time  is  too  great.  This  was  due 
to  the  scrapers  frequently  hitting  some  hard 
spot   not   sufficiently  plowed,  overturning  and 


TABLE 

XIV.— 

FRESNO    SCRAPEli 

COSTS. 

3     Transpo 

rtation. 

No.  of 

•O 
>. 

3 

i 

o 

•a 
>i 

6 
u 

cn 

o 

a. 

2d 

o 

o 

5.h| 

Material. 

scrapers. 

U. 

D'. 

.S. 

KS. 

K. 

1. 

1-^ 

O 

!/J  ,-. 

H 

C.   and 

T. 

4 

125 

165 

177 

210 

1.09 

0.39 

.240 

11.7 

2.4 

9.3 

7.4 

S.   and 

r 

3 

125 

190 

18S 

205 

1.09 

0.48 

.286 

11.5 

2.6 

8.9 

7.1 

L. 

3 

100 
155 
200 
130 
85 
120 
155 

200 
155 
300 
120 
105 
145 
195 

226 
265 
226 
226 
193 
264 
187 

236 

226 
218 
234 
216 
199 
189 

1.04 
0.85 
0.97 
1.03 
1.12 
0.75 
1,01 

0.43 
0.44 
0.53 
0.51 
0.51 
0.42 
U.57 

.246 
.250 
.296 
.280 
.280 
.250 
.286 

11.3 
11.3 
14.0 
9.4 
8.5 
11.9 
13.5 

2.8 
2.9 
2.9 
3.0 
3.0 
3.1 
3.2 

8.5 
8.4 

11.1 
6.4 
5.5 
8.8 

10.3 

8.5 

L. 

3 

5.4 

L, 

...     3 

5.5 

L. 

....     3 

4.9 

L 

3 

6.5 

L. 

2 

7.3 

S.  and 

C 

3 

6.6 

-L. 

2 

85 
135 

105 
ISO 

260 
198 

254 
222 

0.98 
1.12 

0.49 
0.61 

.280 
.286 

8.2 
11.8 

3.3 
3.4 

4.9 
8.4 

5.8 

C.   and 

.s 

3 

6.2 

3 

112 
120 
200 

135 

140 
235 

187 
200 
212 

238 
208 
248 

1.27 
1.04 
1.17 

0.47 
0.54 
0.66 

.230 
.250 
.286 

11.8 
11. 8 
13.8 

3.4 
3.5 
3.6 

8.4 

8.3 

10.2 

7.5 

L.. 

2 

6.9 

S.   and 

c. 

3 

5.1 

L, 

3 

112 
260 

125 
319 

208 
196 

i83 
228 

1.36 
1.16 

0.58 
0.64 

.250 
.250 

10.3 
21.0 

3.8 
4.0 

6.5 
17.0 

5.8 

S.    and 

r. 

3 

6.5 

C.   and 

s 

3 

170 

195 

226 

233 

1.03 

0.73 

.286 

13.0 

4.1 

8.9 

5.2 

L 

3 

140 

175 

150 
210 

206 
211 

235 
256 

1.14 
1.21 

0.63 
0.78 

.230 
.286 

12.7 
13.5 

4.1 
4.3 

8.6 
9.2 

6.1 

S.   and 

r 

3 

5.3 

S.   and 

r 

3 

1.55 

185 

218 

214 

0.9S 

0.80 

.286 

13.2 

4.4 

8,8 

5.7 

C.    and 

s 

3 

130 

185 

208 

1.12 

0.80 

.286 

12.5 

4.5 

8.0 

6.1 

S.   and 

r 

3 

155 

ISO 

201 

163 

0.81 

0.82 

.286 

14.9 

4.5 

10.4 

6.7 

L, 

3 

200 
245 

300 

270 

204 
220 

211 
212 

1.03 
0.96 

0.87 
1.06 

.278 
.286 

18.8 
19.1 

5.0 
5.9 

13.8 
13.2 

6.9 

S.   and 

r 

3 

5.4 

S.   and 

r 

3 

195 

235 

196 

168 

0.86 

1.15 

.286 

19.7 

6.4 

13.3 

6.8 

s 

3 

300         313 
120         170 
85         105 
156         192 
300         315 
C.    and    L.. 

214 
217 
177 

265 
clayey 

221 
195 
163 

220 

283 

loam; 

1.05 
0.90 
0.75 
1.05 
1.36 
S.    and 

1.07 
1.14 
0.39 
0.67 
1.15 
C,    c 

.250 

.250 

0.230 

0.269 

0.296 

ayey    sand 

24.6 
16.7 

8.2 
13.7 
24.6 

L.. 

6.8 
7.4 
2.4 
4.0 
7.4 
loam ;    S 

17.8 

9.3 

4.9 

9.7 

17.8 

,    sar 

5.9 

L. 

3 

7.7 

Mln.    . 

9 

4.9 

Av.    . . . 

3.0 

6.3 

Max 

. .      4 

8.5 

Vn 

3er 

"Material"— 

d. 

D— Loaded 

haul   In    feet 

KS— Empty 

speed   in    ft 

pel- 

mm. 

D' — Empty 

haul  in  fee 

K— Rat 

0   of 

empty  and 

load 

!d   speed 

S — Loaded 

speed   in   ft. 

per 

mm. 

1— Time 

othe 

■  than  that 

of  transportation. 

in  min 

TABLE  XV.— FRESNO  SCRAPER  WORK  IN  CLAYEY  LOAM. 


Waiting  and  pre- 
paring to  load. 
Min.    Sec. 


Av. 


0 

03 

0 

12 

0 

25 

0 

U 

0 

9 

0 

12 

0 

10 

0 

7 

0 

13 

0 

6 

0 

11 

Loading. 
Min.    Sec. 
0  7 

0  7 

0 
0 
0 
0 
0 
0 
0 
0 
0 
..125' 
.165 


Transporting 

loaded. 

Min.    Sec. 


12 


15 


8>/& 


D 
D' 

S— 125/42'   hi   s 17' per  mill. 

KS— 165'  47  s 210' per  min. 

K— 210/177     1.19 

1 0— 23Vi 

D/S    +    D'/KS 1— 29M: 

w 0.2t  cu.  >ds. 

C— 35.7.5/4    894  cts. 

W 600  min. 


53 
38 
32 
41 
29 
50 
55 
39 
45 
43 

4214 


Transporting 

empty. 

Min.    Sec. 


50 
35 
40 
51 
41 
58 
47 
48 
46 
53 
47 


Other 

delays. 

Min.    Sec. 


3 
0 
0 
0 
0 
15 
0 
0 


4  scrapers    ;ind    dri\ers  at    S7.2(i.  .  .  .$28.80 

1  loader     1.95 

1  foreman     4.00 

1  waterboy     1.00 


$35.75 


894 

1.88 

R  = X  =  27 

.4  cts.  per  cu.  vd.  —  Z 

4  cts.  static  +  7.4  ct 

s.  per  100 

It.  haul. 

600 

0.24 

TABLE 

XVI.— FRESNO 

SCRAPER    WORK 

IN 

HEAVY   TOPSOIL 

Waiting 

at   load- 

Transporting 

Turning   at 

Transp 

ortlng 

Ing 

polnt. 

Loading. 

loa< 

ed. 

dump. 

empty. 

Mln. 

Sec. 

Min.    Sec. 

Min. 

Sec. 

Min. 

Sec. 

Min. 

Se» 

0 

40 

0         40 

0 

23 

0 

14 

0 

46 

0 

37 

0         14 

0 

32 

0 

14 

0 

50 

0 

15 

0           8 

0 

37 

0 

20 

0 

50 

0 

50 

0           9 

0 

36 

0 

25 

0 

50 

0 

20 

0         15 

0 

38 

0 

22 

0 

65 

Av.    0 

32.4 

0         17.2 

0 

33.2 

0 

19 

0 

52.2 

D 

..120' 

D' 

..170' 

S— 120'/33.2    sec... 

.  .217'  per  min. 

KS— 170'/52.2     195'  per  mln. 

K— 195'/217     0.9 

1 1  mln.  08.6  sec. 

D/S   +  D'/KS 1  mln,  25.4  sec. 

w 0.25  cu.  yds. 

C— 2925/3     975  cts. 

W 600  mln. 


Cost    of   3   scraper    gang. 


.$29.25 


975      2.57 

R=r X : 

600      0.25 


16.7  cts.  per  cu.  yd  : 


.4  cts.  per  cu.  yd.   static  +  7.7  cts.   per   Kfl-ft.   haul. 


the  loading  point  waiting  for  the  ones  ahead 
to  be  loaded  and  when  all  are  en  route  to  the 
dump  the  loader  is  idle  until  the  first  arrives 
again.  In  consequence  the  whole  speed  of 
action  is  reduced.  It  is  just  as  easy  to  keep 
teams  equally  spaced,  especially  when  there  arc 
but  three  or  four  upon  a  short  haul,  as  in  this 


haviiu;  Id  turn  about  for  reloading.  Having 
the  "round  well  plowed  is  of  prime  importance 
in  Fresno  work,  as  it  cuts  down  the  actual 
loadin''  time,  and  keeps  the  whole  work  in 
motion  better.  In  the  tliird  place  the  time 
"Turniu"  at  Dump"  should  be  reduced  one- 
half     There  is  no  necessity  of  stopping  i  ?ec- 


ond  in  dumping  and  once  the  scraper  is  empt*    J( 
the   driver   should   turn   his   team    right   abouf^' 
without   moving   from   his   tracks.     Too   oftei* 
a  long  sweep  is  made,  wasting  much  valuablij 
time.     The  transportation  charge  is  above  thi 
average  due  to  the  slow  return  from  the  dumij 
(if   and  S),   arising   also   from   crowding  ant 
the  material  reduction  of  speed  occurring  wher 
drivers  see  that  teams  ahead  of  them  are  idli, 
at  the  loading  point. 

In  the  work  for  which  the  time  study,  Tabli 
XVII,  was  made  the  material  was  well  plowet 
top  soil  in  almost  ideal  condition  for  Fresnc 
work. 

Here  both  static  and  transportation  charge.') 
are  below  the  average.  A  more  unifornj 
spacing  of  scrapers  was  observed  with  the  re^j 
suit  that  the  idle  and  loading  times  were  ma 
terially  reduced;  and  the  rate  of  transportatioi 
was  very  satisfactory  accounting  for  the  \ov 
transportation  charge. 

To  secure  cost  diagrams,  Fig.  8,  for  Fresni 
scraper   work,    average   values   may   be   substi 
tuted    in    the    general    transportation    formuli      -- 
given     above,     where:     C  =  879    cts.;    1  =  0.6'      "• 
mins. ;  W  =  600  mins. ;  5  =  212  ft.;  K  =  l.OSJ 
1/K  =  0.9.5,  load  and  haul  being  variable.       | 

The  costs  above  given  do  not  include  anyl 
thing  for  overhead  charges,  superintendenct! 
(above  foreman),  preparatory  charges,  oflRc(j 
expenses,  contractor's  profit,  etc.  This  refer] 
to  both  classes  of  scrapers.  These  values  ard 
plotted  on  the  accompanying  chart,  from  whicH 
with  conditions  approximately  as  assumed  th« 
cost  of  such  work  for  various  lengths  of  hauj 
may  be  read  directly. 

When  Fresno  scrapers  are  loaded  froi 
plowed  ground  it  is  infinitely  easier  to  loai 
when  dragging  across  than  lengthwise  of  thi 
furrow.  Double  plowing  is  often  econoniicall 
The  dumping  operation  should  be  accomplished 
by  a  quick,  sharp  lift  on  the  handle,  and  prefj 
erably  on  a  down  grade.  W  hen  the  ground  i 
very  well  loosened  the  driver  can  do  his  ow: 
loading  as  well  as  dumping.  The  path  to  th( 
dump  must  be  reasonably  free  from  obstruc' 
lions,  else  the  scrapers  may  dump  themselve: 
without  intention  on  the  driver's  part. 

GENERAL  HINTS  ON  ALL  SCRAPER  WORK. 

(1)  Be  sure  to  use  the  right  kind  o; 
scraper.  A  Fresno  with  three  mules  is  eco- 
nomical  up  to  about  27.5  ft.  of  haul  as  agains] 
wheel  scrapers  with  2  mules,  when  it  can  loaf 
readily.  Where  the  ground  is  full  of  roots  usi 
wheelers. 

To  drivers : 

(2)  Report  any  case  of  bad  fitting  harnesi 
to  the  foreman  immediately.  Don't  let  th( 
team  drag  you  by  the  reins.  You  arc  sup- 
posed  to  be  able  to  walk  as  far  as  a  loade' 
team. 

To  foreman  : 

Make  a  personal  detailed  inspection  of  ead 
mule's  harness  the  first  thing  in  the  mornini 
and  at  noon,  and  report  any  case  of  ill  fittini 
liarness  to  the  timekeeper  on  his  next  rouni 
Foremen  will  be  held  responsible  for  allowinj 
any  mule  to  work  with  badly  fitting  harness 

"(3)  See  that  each  scraper  is  full\  loader 
The  cost  of  plowing  is  less  than  1  ct.  per  cubi 
yard,  which  is  less  tlian  the  cost  of  lettini 
scrapers  work  when  only  partly  loaded. 

(I)      In  loading  the  scraper  when  it  is  on 
full  of  earth  do  not  let  the  mules  try   to  pijj 
it   anv    far'hcr  and   overload   it.    The  last  t 
seconds   of   drag   against    the   dead   weight 
earth  are  mule  killers. 

f-5)     On    all    scraper    work    drivers    are   n 
ipu'red  to  walk  at  all  times  when  the  scraper 
loaded  and  they  are  to  walk  at  all  times  wil 
the  Fresno  scraper,  whether  loaded  or  cinpl. 
With  wheeler  scraper  work  drivers  should  rid] 
on  the  scraper  wdien  it  is  empty.     In  steppini 
on  or  ofT  of  the  scraper  be  sure  not  to  dela\ 
the  team  in  any  way. 

(6)  In  dumping  wheel  scrapers  tr\  not  ti 
dump  w'hen  the  mules  are  on  ground  that  i.« 
l<nver  than  the  scraner,  as  by  doing  this  it 
brings  a  tremendous  load  on  the  mules'  necks 

(7)  So  direct  the  work  that  the  loadett 
teams  will  have  the  shortest  haul  and  tin 
rmnty  teams  if  necessary  may  have  a  much 
longer  haul,  but  in  no  case  should  the  empt> 
I'MiI  be  unnecessarilv  long.  It  is  better  to  let 
the   mule   team   stand   still   to   rest   than   to  let 
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I  cover  unnecessary  ground.     This  seems  like  even  a  distance  apart  as  possilile      This  will 

I  simple  rule,  but  its  violation  has  often  been  make   the   work   lighter   on   the   nudes,   easier 

jbserved  on  several  different  jobs.  on  the  drivers  and  will  tend  to  avoid  confusion. 

i>i\     See    that    the    scrapers   are    spaced   as  (9)     The  loaded  .scraper  should  always  have 

TABLE   XVII.— FRESNO    SCRAPER   WORK   IN    WELL   LOOSENED   TOP    SOIU 
Walling  at  load-  Transporting  Dumping  and  Transporting 

Ine  point  Loading.  loaded.  turning.  empty. 

Min      Sec  Min.    Sec.  Min.     Sec.  Min.     Sec.  Min.     Sec. 

0  ■      10  0  6  0         32  0         11  0         31 

I  0         15  0  6  0         34  0  8  0         32 

I  0         16  0  6  0         40  0         10  0         31 

0         15  0  7  0         33  0  9  0         33 

0         12  0  5  0         34  0         12  0         32 

0         15  0  5  0         27  0         13  0         33 

0  9  0  4  0         36  0         12  0         34 

0         13  0  5  0         30  0         15  0         25 

0         25  0  8  0         44  0         10  0         27 

0  8  0  7  0         36  0         10  0         30 

■,v      0         13.8  0  5.9  0         34.6  0         U  0         30.8 

130' 

!20' 

;26'  per  min. 

'' 234'  per  min. 

_'>-jl/'>'>6    1.035 

0—30.7  sec.  '  Cost  of   3  scraper  gang »29.75 

<    4-    b'/ks 1—05.4  sec. 

0.28  cu.  yds. 

-1  75/3     92  cts. 

, 600  mm. 

L~ — 

I      99'     1  6 

{— X— 9.4  cts.  per  cu.  yd.   =   ?..'J  cts.  static   X   4.9  cts.  per  lOO-ft.  haul. 

,     too     0.28 


the    right    of    way    as    against    the    unloaded 
scraper. 

(10)  Whenever  a  scraper  gets  stuck  or  is 
in  any  trouble  don't  lose  any  time  before  noti- 
fying the  foreman  and  sending  for  help.  The 
snatch  team  is  employed  for  the  purpose  of 
helping  the  scrapers  at  all  times  and  in  all 
possible  ways. 

(11)  Be  sure  not  to  have  too  few  scrapers 
on  a  long  haul  and  too  many  scrapers  on  a 
short  haul ;  sec  that  every  scraper  is  busy  all 
the  time :  see  that  the  loader  and  snatch  teams 
are  busy  all  the  time:  in  short,  that  each  unit 
of  the  work  is  contributing  its  maximum  effort 
to  the  accomplishment  of  the  whole. 

Figures  9  to  11  show  Fresno  scrapers  in  op- 
eration and  Fig.  12  is  a  diagram  showing  that 
Fresno  scrapers  are  more  economic  than  wheel 
scrapers  up  to  27-5  ft.  haul. 

The  observations  and  time  studies,  with 
manv  of  the  conclusions  and  all  of  the  tables 
contained  in  this  paper  were  made  by  Mr. 
Allan  C.  Haskell,  of  Construction  Service  Co. 
ill  the  course  of  several  extended  investiga- 
tions in  the  cost  and  methods  of  this  class 
of  work  for  various  clients. 
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The     Individuality     of    Water    Works 
Systems. 
The   fact  that  here  has  been   a  popular  ten- 
lu  y  in   the  past   to  measure  tht-   rcasonable- 
-  of  rates  of  one  public  utility  plant,  or  even 
i\   rales  for  a  new  plant,  by  a  comparison 
iliose  in  force  in  other  cities  seems  to  war- 
mi    a    little    consideration    of    the    difference 
i  luccn    various   plants   of   like   kind   and   be- 
n  n  the  conditions  under  which  they  operate. 
irse  differences  seem  generally  far  from  be- 
fullv   appreciated   except   by   the   compara- 
1 ,   few  who  have  had  something  to  do  with 
iisiderable  number  of  such  properties  and 
occasion    to    make    comparisons    between 
in.      In   his  paper   before   the   recent   annual 
cntion    of    the    .American    Water    Works 
-■Mciation,    .Mr.   W.    E.    Miller,    of   the   Join' 
'  ni^'ineering  Department  of  the  Wisconsin  Tax 
.mil  r<ailroad  Commissions,  discu-scd  this  mat- 
icr  and  presented  numerous  data  indicating  the 
iiulividualitv  of  public  utilities.     The  portions 
Mr.    Miller's    paper    which    relate    to   water 
iks  are  here  reprinted. 

riie   popular  comparison   of   rales  of   differ- 
.  m  water  or  other  utility  plants  appears  to  be 
iciv    a    superficial    one.   due   to   the    lack   of 
pledge  and   appreciation   of   the  great  dif- 
irrenccs  that  may  exist  even  in  cities  of  sim- 
ilar size.     Certain  water  works  franchises  have 
'"•.ilied   that    the   rates  ta  be   ch:irged   by   the 
iiiUcs    under    those    franchises    should    not 
.  ccd   the  average  of  those  in  certain  other 
cities  named  therein. 

In  the  field  of  water  works  construction 
■  re  are  many  different  factor>  and  combina- 
ns  of  factors  which  enter  into  the  costs  of 
1  lants.  The  mere  costs  of  prospecting  f'r 
and  developing  water  supplies  for  relatively 
-mall  cnuimunities  have  often  been  relatively,  'f 
not  actually  greater  than  in  the  case?  of  much 
larger  citiis.  particularly  so  when  the  losses 
involved  in  necessary  changes  from  one  source 
to  another,  if  not  to  a  third  and  even  a  fourth 
source,  are  considered. 

Topography  and  geology  are  influential  fac- 
tors in  the  co'sts  of  water  plants.  F,ven  climate 
is  an  important  consideration  since  it  affects 
the  depths  at  which  mains  and  services  are  to 
be  laid  and  the  character  of  other  features. 
One  does  not  have  to  travel  very  far  in  cer- 
tain sections  to  find  standard  trench  depths 
differing  (pijte  remarkably.  For  example,  at 
Chippewa  I'alls,  in  the  west  central  part  of 
Wisconsin,  the  franchise  granted  to  the  water 
company  required  a  depth  of  9  ft.  of  cover, 
which  involved  cutting  info  a  considerable 
amount  of  solid  rock.  .-\t  Hurley,  on  the  north 
line  of  Wisconsin,  and  Iron  wood,  in  upper 
Michigan,  the  water  mains  are  laid  in  a  trench 
only  ")  ft.  deep  and  it  is  understood  that  very 


litt'c.  if  an>.  trouble  through  freeing  of  mains 
has  occurred.  Heavy  snow  covering  through- 
out the  winter  is  given  as  the  reason  for  the 
comparatively  shallow  penetration  of  frost  in 
those  places.  Milwaukee's  specifications  for 
pipe  laying  call  for  a  depth  of  liVi  ft.  to  the 
center  of  pipe.  Within  the  state  of  Wiscon- 
sin alone  the  standard  depths  of  cover  on 
water  mains  in  different  cities  have  been  found 
to  range  from  4V4   ft.  to  9  ft. 

It  seems  needless  to  say  that  the  character 
of  material  to  be  excavated  and  the  cost  of 
excavating  it  have  also  varied  between  wide 
limits,  covering  everything  from  a  merely 
damp  loamy  sand,  requiring  no  use  of  picks. 
sheet  piling  or  pumps,  to  solid  rock,  involving 
drilling  and  blasting,  or  to  wet  sand  and  gravel 
retpiiring  tight  sheathing  and  much  pumping. 
Conditions  very  favorable  to  low  C(jst  of 
pipe  laying  predominate  in  some  cities  while 
in  others  the  work  is  very  difficult  almost 
throughout.  One  small  city  in  Wisconsin 
within  the  writer's  knowledge  has  found  it 
impracticable  to  finance  the  construction  of  a 
water  works  solely  because  of  the  fact  that 
the  pipe  laying  would  involve  the  expense  of 
almost  continuous  excavation  of  solid  rock. 

In  discussing  the  distribution  system,  which 
forms  so  large  a  part  of  the  cost  of  every 
water  works  plant,  it  is  also  of  interest  to  note 
how  various  plants  differ  as  to  average  size  of 
pipe  in  mains.  This,  as  well  as  the  cost  of 
laying,  materially  affects  the  total  investment. 
Some  water  pipe  systems  contain  a  consider- 
able proportion  of  small  wrought  iron  and 
steel  pipe,  ranging  fnim  %  in.  to  M  in.,  running 
l(  pgitudinally  with  the  streets  and  classed  as 
mains,  although  serving  only  private  consuni- 
e-s,  while  other  cities  have  nothing  smaller 
than  -l-iii.  or  even  6-in.  pipe. 

Data  for  a  number  of  Wisconsin  w.iler 
I'ants,  showing  for  each  case  the  population  In 
l!»|ii  census,  the  total  mileage  of  mains  ;uid  the 
average  pipe  diameter  are  given  in  Table  I 
The  average  size  was  determined  bv  multipl>- 
ing  each  diameter  by  the  length  of  that  si/e 
and  dividing  the  sum  of  those  proilucls  by  the 
total  length  of  all  sizes. 

In  adililion  to  the  data  given  in  Table  I  the 
following  similar  statistics  for  certain  water 
plants  outside  of  Wisconsin  are  available  : 


Av'Kf 

MIIps 

nintn 

of  pipe. 

ln» 

2.3621 

S.62 

364.11 

S.28 

Pliiec.  Pupulfttlon. 

ChleaKO,  III 2.18S,283« 

IndPiniipoIlK,    Intl...     233.6ri0» 

•1910.     tl»II.     J1914. 

The  foregoing  figures  were,  in  most  cases, 
compiled  from  statLslics  furnished  by  the 
plants  for  the  year  ending  June  :tft,  191.1.  In 
a  few  instances  statistics  on  pipe  mileage  for 
that  vcar  were  not  available  and  those  of  somc- 


TABLE      I.— AVEliAGE     SIZES  OF     WATER 

.MAL\S  IN  VARIOUS  WISCONSIN  CITIES. 

Class  A   Plants. 

AVge 

Popu-  Miles  of  Dlam., 

Place.                               lation,  mains.  Ins. 
Private  ownership — 

Ashland    11,594  30.70  6.S7 

Beloit     15,125  27.56  6.38 

Chipper/a    Falls    8.893  

(Jreen    Bay    25,236  96.74  4.13 

.lanesville     13.894  32.55  5.60 

.Marinette     14,610  33.66  5.22 

.Merrill     8,689  19.92  5.49 

Oshkosh    33.062  B0.34  6.23 

Racine     38,002  76.43  7.0ii 

Superior 40,384  61.82  7.95 

.Municipal — 

.\pplcton     16,773 

-All    sizes    29.72  .1.57 

Cast    iron   only 22.62  6.79 

lOau  Claire Pipe  data  not  available. 

Fond    dii    Lac 18.797  33.82  5.81 

Kenosha     21.371  41.93  6.12 

La  Crosse   30,417  t!3.97  8  22 

.Madison     25,531  51.13  5.18 

Manitowoc     13.027  24.63  6  94 

.Milwaukee     373.857  499.00  8  61 

Shfljoyiian     26.398  68.50  5.69 

Watertiiwn    8,829  20.59  6  46 

Waukesha     8,740  25.86  6.70 

Wausau    16,560  31.92  5.33 

Class    B    Plants. 
Private— 

AntiBO     7,196  13.97  5.16 

Ht-aver   Dam    6.758  16.67  6  17 

.Mi-Men     1.833  3.68  6.30 

.Menunionle    5,036  10.91  5  65 

Oconto     5.629  14.48  5. 28 

Kipon     3,739  11.63  5.92 

Stevens     Point    8,6112  16.04  6.09 

Washhirn    S.S30 

All    sizes    S.43  ri..-.0 

1-ln.    .ind   larger    ...  6.6"  6  55 

White   water    3.224  8.76  6.83 

■MMnJelnnl — 

Haraboii     6,324  J4.36  6.20 

Hi-rlin      4.636  9..'i8  6.67 

CnluiiiliUH     2.523  6.86  5.51 

MdKprton    2.513  6  52  5.69 

F'"i>it    .Vtkliison    3,877 

4-lii    and    lai'Ker    ...  8.78  5.20 

All    sizes    10.38  1.90 

iJrand    Kaphls    6.521  16.65  5.26 

I  liaison     2, Sill  8.78  1.69 

Kaiikaiina    4,717  10.46  6.88 

Ijikf    (li-nevn    3.079  7.72  5.89 

l.nni-iisl.T                          .      2,329  8.">9  4.44 

.Marshll.'l.l                               5.793  8.99  7.72 

M.n.i.'^ha                           ..      fi.OSl  13.29  7.87 

Monme    4.410  S.98  6.39 

Nvi-n  ih     5,734  13.76  6.53 

New    Richmond    1.988  3.22  5.63 

New    L<indon    3.383  5.87  S.70 

Plallevllli.      1.452  14.65  4.75 

I'ortace     5.140  18.37  4.24 

Port    Washlnirton    3,792  17.17  6.40 

Rhiiii'lander     5.637  16.28  6.92 

Rhr    I  .like    ,     3,908  9.76  4.73 

Itl.lilanrl    Center    2,652  7,68  5.05 

RIv.-r    KiiIIh     1.991  5  16  5.65 

Shiiwuno    2.923  5.94  5,36 

.<oiilh    Milwaukee    6,092  7.72  6.17 

Sparta     3.973  12.95  4.93 

SloiiRhton    4,761  13.37  4.43 

.«liii-K.-on    Bay    4.262  1.84  9.43 

Tomnh     3,419  7.63  4.74 

Tomahawk      2.907  6.31  6.49 

T«<.     Rlvem     4.850  10.05  4.61 

Waiiparn     2,789  9.71  6.27 

WeHt     Allla     6.<46  27.9  6.56 

Ooonomowoc    3,054  8,74  6.88 

Plymouth     3,094  9.S3  1.89 
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what  i-arlier  dates  were  used,  being  taken  from 
inventories  and  valuations. 

In  those  cases  where  much  pipe  smaller  than 
4  ins.  is  used  it  is  evident  that  the  fire  service 
is  either  not  coextensive  with  the  pipe  system 
or  it  is  of  a  lower  order  of  excellence  than  in 
those  cases  where  no  such  small  pipe  is  found. 

The  question  sometimes  arises  as  to  how 
marked  is  the  tendency  for  the  average  dia- 
meter of  distribution  mains  of  a  water  plant 
to  increase  with  the  total  mileage  or  with  the 
population  of  the  cities  supplied.  In  order  to 
most  clearly  show  that  tendency  so  far  as  the 
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or  average  sizes,  under  certain  specitic  condi- 
tions. 

Were  all  conditions  except  average  pipe 
diameter  similar  in  Madison  and  Milwaukee, 
Figs.  3  and  4  would  indicate  that  the  cost  of 
the  Milwaukee  system  per  mile  or  per  foot 
would  exceed  that  of  Madison  by  about  60 
per  cent. 

Among  the  numerous  factors  entering  into 
the  problem  of  the  pipe  system  and  into  the 
difference  existing  between  the  several  sys- 
tems named  above,  both  as  to  average  diameter 
and  cost  per  foot  or  other  unit  of  length,  are; 
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pense  of  the  water  works,  instead  of  by  prop- 
erty owners  or  tenants,  as  is  the  custom  in 
some  cities. 

While  the  foregoing  and  other  facts  show 
that  very  little  is  to  be  gained  by  merely  com- 
paring total  water  plant  investments  or  valua- 
tions in  different  cases  on  any  basis,  it  is  con-  ij 
sidered  of  some  interest  to  note  how  such  total 
values  do  vary. 

Thirty-three  of  the  Wisconsin  water  works 

plans  of  which  physical  valuations  have  been 

made  by  the  engineering  staff  of  the  railroad 

commission  of  Wisconsin  for  the  commission's 

use  and  consideration  in  rate  or  purchase  cases 

compare  as  follows  on  the  "per  capita"  basis: 

2  plants   showed   v.ilues   betw.   $14.70  and  $15.00 

14  plants    shnwei;    values    betw.     15.00  and    20.00 

10  plants    showed    values    betw.     20.00  and    25.00 

i  plants    showed    values    betw.     25.00  and    30.00 

2  plants    showed    values    betw.     30.00  and    35.00 

0  plants    showed    values    betw.     35.00  and    40.00 

1  plant  showed  a  maximum  of    40.96 

33  plants  showed  an  average  of  $21.34 

The  same  plants  compared  on  the  basis  of 
total  physical  valuation  per  service  connection 
show  the  following  relative  amounts : 

2  plants  had  values  between.  $  75.00  and  $100.00 

12  plants  had  values  between.  100.00  and    150.00 

10  plants  had  values  between.  150.00  and    200.00 

5  plants  had  values  between.  200.00  and    250.00 

4  plants  had  values  between.  250.00  and    300.00 


Fig.    1. 
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Diagram    Showing    the    Variation    in   Average   Diameters  of  Mains  in   64  Wisconsin 
Water    Systems — Cities    Arranged    In     Order  of  Population. 


foregoing  figures  indicate  its  existence  those 
values  have  been  put  in  graphical  form  as 
shown  by  the  diagrams  Fig.  1  and  Fig.  2.  The 
former  shows  the  various  cities  arranged  in 
the  order  of  magnitude  of  their  population, 
the  second  in  the  order  of  total  pipe  mileage. 

The  great  diversity  of  average  pipe  diame- 
ters can  hardly  be  fully  accounted  for  by  dif- 
ferences in  local  conditions  alone  but  are 
doubtless  due  in  large  measure  to  differences 
in  personal  ideas  of  those  who  have  had  to 
do  with  the  development  of  these  systems.  It 
is  also  to  be  remembered  that  these  several 
plants  will  certainly  not  show  the  same  de- 
gree of  adequacy  under  their  respective  sets  of 
operating  conditions  and  requirements.  They 
are  all,  doubtless,  fully  adequate  for  the  or- 
dinary daily  commercial  service,  but  the 
capacity  for  good  direct  pressure  fire  service 
in  addition  is  low  in  those  cities  where  aver- 
age pipe  diameters  are  small.  In  two  cities  of 
similar  size  and  having  very  similar  pipe  sys- 
tems the  fire  service  will  be  poorer  in  that  one 
using  the  greater  amount  of  water  in  the  gen- 
eral commercial  service. 

It  can  scarcely  be  contended  that  the  dia- 
grams Figs.  1  and  2,  establish  the  existence  of 
a  tendency  for  the  average  diameter  of  mains 
in  a  system  to  increase  as  the  mileage  in- 
creases or  as  the  city  grows  in  population.  The 
developments  of  single  or  individual  systems 
would  be  much  more  reliable  indications  of 
the  natural  changes  in  average  pipe  sizes,  as 
the  great  diversity  of  ideas  of  those  in  charge 
of  extensions  of  various  systems  and  the  great 
diversity  of  other  local  conditions  would 
largely  be  eliminated. 

Figure  3  shows  the  change  in  average  pipe 
diameter  with  increase  in  total  mileage  in  two 
water  pipe  systems  in  Wisconsin,  those  of 
Madison  and  Milwaukee. 

In  order  to  indicate  the  approximate  effect 
of  difference  in  average  pipe  diameter  upon 
the  average  cost  per  foot  of  all  mains  in  a 
system,  the  diagram  Pig.  4  has  been  prepared 
from  unit  prices  used  in  1911  valuation  of  the 
Milwaukee  water  works.  That  valuation  was 
made  by  the  engineering  staff  of  the  railroad 
commission  of  Wisconsin  for  the  commission's 
use  in  determining  equitable  rates.  The  dia- 
gram shows  values  per  foot  of  mains  including 
material  and  labor  costs.  These  unit  values 
are,  of  course,  not  applicable  in  valuation  of 
other  pipe  systems  where  conditions  are  dif- 
ferent. The  diagram  merely  indicates  approx- 
imate  relative   unit   values   on   different   sizes. 


(1)  Depth  of  cover  required  to  prevent  freez- 
ing; (2)  character  of  soil  as  regards  difficulty 
of  excavating  it;  (3)  rates  of  cost  for  ma- 
terials and  labor;  (4)  average  and  maximum 
present  rates  of  demand  of  private  service; 
(5)  provision  or  lack  of  provision  of  a  tem- 
porary surplus  of  capacity  to  take  care  of 
future  extensions  into  new  territory;  (6)  pro- 
vision for  increased  demand  in  existing  terri- 
tory; (7)  provision  for  reduced  carrying  ca- 
pacity by  incrustation  or  tuberculation  ;  (8) 
character  of  fire  service  to  be  provided  ;  (9) 
location  of  pumping  plant  with  respect  to  cen- 
ter of  distribution;  (10)  permissible  total  loss 
of  head  by  friction  (affected  by  topography  of 
territory),  etc. 

.A.  little  reflection  on  the  number  of  factors 
that  affect  the  design,  development  and  cost  of 
a  water  pipe  system,  and  on  the  range  of  val- 
ues any  one  factor  may  have  in  different  cases 


33  plants  averaged  $171,91 

22  plants  in  the  largest  groups  averaged.  .$146.95 
When    compared     on     the     investment    per 
1,000,000    gals,    pumped    during    a   year    these 
plants  appeared  as  follows : 

5  plants  furnished  no  pumping  statistics. 

3  plants  had  values  between $    3S0  and  $    400 

4  plants  had  values  between....  400  and  500 
9  plants  had  values  between....  000  and  703 
3  plants  had  values  between....      SOO  and    1.000 

6  plants  had  values  between....  1,000  and  1.300 
1  plant  had  a  maximum  value  of  6,02S 

On  this  basis  of  comparison  it  is  seen  that 
the  capital  charges  for  each  1,000,000  gals,  of 
water  pumped,  if  computed  at  the  same  rate 
for  all,  were  almost  16  times  as  much  in  the 
highest  case  as  in  the  low'est. 

The  valuations  to  which  reference  has  been 
made  herein  were  not  the  final  and  official  val- 
uations fixed  by  the  commission  on  the  utilities 
as  going  concerns  but  included  merely  the 
physical  property.  The  fact  that  the  difference 
between  the  two  is  often  quite  considerable 
appears  to  be  far  from  being  generally  realized. 

Not  only  do  public  utilities  vary  widely  as  to 
comparative  costs  or  values  but  they  serve 
communities  having  decided  peculiarities  and 
individualities  of  their  own.  Great  differences 
are  found  in  the  average  wealth  of  the  inhabit- 
ants of  various  cities,  in  the  extent  and  charac- 


so  60 

Miles  of  Mains 

Fig.    2.     Diagram    Showing    the    Variation    In    Average     Diameters    of    Water     Mains    in    64 
Wisconsin     Cities — Cities     Arranged     In   Order   of    Pipe    Mileage. 


shows  that  it  is  but  natural  for  such  systems 
to  possess  decided  individuality. 

The  entire  distribution  system  of  a  public 
water  works  property  often  represents  two- 
thirds  or  even  a  greater  proportion  of  the  total 
plant  value,  yet  in  a  number  of  cases  it  falls 
to  materially  less  than  one-half  the  total.  Such 
differences  are,  in  part,  due  to  lack  of  uni- 
formity in  the  matter  of  ownership  of  service 
pipes  and  meters,  these  being  generally  counted 
as  parts  of  the  distribution  system  in  cases 
where   they   arc   installed   by   and   at    the   ex- 


ter  of  the  industries  located  therein,  in  the 
topography  and  geology  of  the  land  on  which 
they  are  built  and  in  other  aspects.  .Ml  these 
decisively  affect  the  demands  on  the  utilities 
and  therefore  their  operating  expenses,  and 
necessary  rates. 

A  comparison  of  the  pumping  expenses  alone 
of  17  of  the  larger  Wisconsin  water  plants, 
excluding  Milwaukee,  showed  a  range  of  from 
$10.38  to  $32..32  per  1,000,000  gals,  during  the 
year  ending  June  30,  1913.  The  head  pumped 
against,  not  including  suction  lift,  varied  from 
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100  ft.  to  about  230  ft.  There  was  apparently 
but  little  relation  between  the  pumping  pressure 
and  the  cost  pei'  1,000,000  gals,  pumped.  Some 
of  the  plants  in  Wisconsin  pump  against  a 
domestic  pressure  of  as  low  as  70  ft.  head, 
while  just  across  the  state  line  is  one  (in  Du- 
Imth)  which  raises  water  (in  three  lifts)  from 
Lake  Superior  to  an  elevation  of  about  900  ft. 
The  extra  expenses  of  pumping  the  same 
water  twice,  once  from  deep  wells  to  a  low 
reservoir  or  from  a  lake  or  stream  to  a  puri- 
fication plant,  then  to  the  city  mains  and  the 
expenses  of  purification  are  material  elements 
in  the  total  cost  of  service  of  some  plants  and 
are  not  present  in  that  of  others. 


quite  clearly  that  every  water  plant  has  its 
own  peculiarities  and  individuality.  The  best 
interests  of  both  the  utility  and  the  public  it 
serves,  demand  that  it  be  considered  separ- 
ately and  independently  of  all  others,  except, 
perhaps,  when  all  the  differences  in  local  con- 
ditions arc  fully  understood  and  due  allow- 
ances are  made  therefor.  The  law  of  aver- 
ages has  its  uses  but  it  certainly  is  not  applica- 
ble in  determining  reasonable  rates  for  one 
plant  by  those  of  others. 

In  making  comparisons  between  various 
water  plants,  for  example,  it  is  to  be  remem- 
bered that  the  statistics  of  each  plant  are  con- 
tinually   changing    and    in    some    cases    much 


Fig.  3.  Diagram  Showing  Changes  in  Average   Diameters    of    Water    Mains    with     Increase 
m    Mileage    in    Milwaukee    and    Madison,   Wis. 


Some  plants  are  found  to  be  furnishing  serv- 
ice to  substantially  all,  and  others  to  less  than 
half  of  the  inhabitants  of  their  respective  com- 
munities. Even  if  all  cities  were  built  equally 
compact,  this  variation  in  proportions  of  popu- 
lation served  would  materially  affect  the  niim- 
ber  of  consumers  per  mile  of  mains,  or,  in 
other  words,  the  number  of  feet  of  mains  for 
each  consumer  in  the  cases  of  diflFerent  utilities. 
Most  cities  show  some  growth.  In  certain 
cases  this  has  been  positive,  permanent  and 
rapid,  in  others  it  has  been  very  slow,  even  to 
a  negative  growth  or  reduction.  Rapidity  of 
community  growth  affects  the  depreciation 
accruing  to  the  utility  through  obsolescence 
and  inadequacy,  causing  replacements  and  en- 
l.irgements  before  existing  facilities  have  he- 
me worn  out. 

I Jnc  of  the  very  important  differences  be- 
tween the  rates  of  various  water  utilities  is  in 
the  manner  in  which  the  total  expense  has  been 
divided  between  the  public  and  the  private 
service.  By  the  public  service  is  meant  that 
included  in  the  hydrant  rentals.  By  private 
service  is  meant  all  the  remainder,  which  is 
sometimes  designated  as  the  general  service 
and  subdivided  into  classes  termed  domestic, 
commercial  and   industrial  service. 

Until  a  very  few  years  ago  the  determina- 
tion of  hydrant  rentals  seems  to  have  rarely 
if  ever  been  put  upon  a  scientific  and  equitable 
basis.  Such  charges  were  generally,  if  not 
always,  fixed  by  a  process  of  bargaining  be- 
tween municipal  authorities  and  the  owners 
or  managers  of  the  utilities.  The  latter  natur- 
ally got  what  they  could  nf  their  total  reve- 
nues in  the  form  of  hydrant  rentals  and  en- 
deavored to  spread  the  balance  of  the  total 
expense  of  operation  and  fixed  charges  over 
the  general  service. 

There   is  probably  no  need  of   reproducing 
here  any  of  the  abundant  published  data  show- 
ing   how    greatly    the    hydrant    rentals    have 
iricd  in  different  cities.    That  such  great  dif- 
rcnces  exist  seems  to  be  quite  widely  known, 
obviously,  if  a  waterworks  is  to  have  a  fair 
and    proper   gross    income,    it    must    make   up 
from  the  private  consumers,  or  water  takers, 
whatever   amount   of    fair   revenue   it    fails   to 
Rct  in  return  for  its  municipal  hydrant  service. 
Rates  for  the  former  arc  clearly  dependent  in 
part   upon   whether   or   not   ihe   latter   service 
'lids  its  just  proportion  of  the  total  expense. 
These    and    numerous    other    considerations 
which    might    be    mentioned,    all    demonstrate 


more  rapidly  than  others.  At  any  given  time 
the  business  of  each  plant  in  any  list  that  may 
be  taken  is  in  a  particular  stage  of  its  develop- 
ment and  that  of  each  plant  is  likely  to  be 
quite  different  from  all  the  others.  In  the 
writer's  judgment  these  considerations  all 
demonstrate  quite  clearly  that  each  plant  is 
to  be  considered  upon  its  own  particular  con- 
ditions and  merits  as  a  special  case  having 
decided   individuality. 


Specifications  for  Driving  12-in.  Wells 

in  Water  Bearing  Sands  at 

San  Diego,  Cal. 

The  following  matter  is  abstracted  from  the 
specifications  recently  drawn  up  by  the  depart- 
ment of  water  of  San  Diego,  Cal.,  Maj.  Her- 
bert R.  Fay,  superintendent,  to  govern  the  bid- 
ding on  and  sinking  of  13  12-in.  wells  in  the 
water-bearing  sands  in  Mission  Valley.  These 
specifications  arc  out  of  the  ordinary  in  that 
they  serve  largely  to  minimize  the  gamble  in- 
cident to  the  well  drilling  business  as  it  is 
usually  conducted.  We  have  commente-i 
editorially  upon  this  phase  of  the  subject  else- 
where in  this  issue.  In  this  abstract  of  the 
specifications  only  the  purely  engineering  fea- 
tures are  touched  upon,  general  provisions  be- 
ing omitted. 

The  location  of  the  wells  is  indicated  upon 
a  map  prepared  for  that  purpose.  The  I'', 
wells  will  be  12  ins.  in  diameter  and  will  be 
drilled  to  a  depth  of  approximately  80  ft.  from 
the  surface. 

The  contractor  will  furnish  all  well  casings, 
shoes  and  starters  ;  the  well  casing  will  be  12-in. 
No.  12  gage  double  well  pipe  with  a  12-in.  No. 
12  gage  riveted  starter,  21  ft.  long,  two  piv  for 
1.")  ft.  and  three  ply  for  6  ft.  with  a  rJx(>x%-in. 
shoe.  The  well  casing  will  be  of  hard  steel, 
especially  adapted  for  the  purpose  for  which  it 
is  to  be  used,  and  of  approved  design. 

The  contractor  will  furnish  first-class  drill- 
ing ni.nchincry  and  competent  men  lo  operate 
it  and  will  shove,  or  drive  the  will  casing 
tlirough  the  water-bearing  sands  into  the  clay, 
or  other  solid  material  beneath  in  order  that 
all  loose  strata  will  be  prevented  from  entering 
the  well  from  around  the  shoe.  After  stopping 
the  12-in.  casing  the  contractor  will  drill  suf- 
ficiently far  in  advance  to  form  a  sand  pocket 
and  proper  submergence  for  an  air  pump,  or 
other  appliance,   this   depth   to   be  determined 


by     the    hydraulic    engineer,     department    of 
water. 

The  contractor  will  drill  the  well  true  and 
straight  and  it  must  permit  of  a  9%  in.  inside 
diameter  casing  being  let  from  the  top  of  the 
well  to  the  bottom  without  forcing  and  with- 
drawn without  the  least  difticulty. 

Upon  completion  of  the  well  the  contractor 
will  perforate  the  casing  with  a  star,  or  other 
approved  design  of  perforator  of  approved  de- 
sign. All  water-bearing  strata  will  be  perfor- 
ated with  four  rows  of  perforations,  perfora- 
tions to  be  in  such  manner  as  to  permit  of  a 
minimum  amount  of  sand  with  a  maximum 
amount  of  water. 

Log  of  Well. — The  well  driller  is  to  furnish 
small  bags  with  strings  on  same,  size  of  the 
bags  to  be,  when  flat,  5  ins.  long  by  5  ins.  wide 
and  samples  of  material  from  which  each  well 
is  dug  shall  be  placed  in  the  bags  and  tagged 
at  what  depth  the  material  was  excavated  from 
the  well.  Not  less  than  one  sample  shall  be 
taken  for  every  10  ft.  of  depth  of  well.  In 
passing  from  one  class  of  strata  to  another,  a 
sample  shall  be  taken  at  the  beginning  of  the 
strata.  \  log  of  the  well  is  to  be  furnished  by 
the  contractor,  showing  accurately  the  location 
of  the  various  strata  from  the  surface  of  the 
ground  and  also  the  elevation  of  the  top  of 
the  pipe  above  the  surface  of  the  ground  and 
the  location  of  each  series  of  perforations,  the 
number  of  perforations  and  the  depth  they  are 
from  the  top  of  the  pipe. 

Local  Data. — In  submitting  bids  the  con- 
tractor will  have  advantage  of.  any  information 
which  may  be  in  the  files  of  the  department  of 
water  in  order  to  assist  him  in  giving  an  in- 
telligent bid.  Three  wells  were  drilled  in  Mis- 
sion X'alley  in  which  there  was  fine  sand  and 
small  gravel  down  to  a  depth  of  80  ft.,  from 
80  ft.  down  to  18(3  ft.  was  shale.  One  well  had 
a  bed  of  gravel  from  22  ft.  to  46  ft.  Another 
well  had  8  ft.  of  gravel  from  72  ft.  to  80  ft., 
overlaying  the  shale  bed.  The  third  well  had 
practically  no  gravel,  just  fine  sand.  The  wells 
under  these  specifications  will  be  drilled  in  a 
little  coarser  sand  than  those  in  the  lower 
valley. 

BIDDING    REGVLATIOXS. 

The  contractor  shall  bid  according  to  these 
specifications  and  these  specifications  only.  No 
bid  will  be  considered  in  which  the  contractor 
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Works. 

(As  estimntod  by  englnecrlntr  Mntt  of  Ilallroad 

CommlSDion,    1911.) 

presumes  to  give  an  alternative  for  which  he 
will  do  the  work.  The  following  is  the  schedule 
upon  which  contractors  shall  bid  per  foot : 

(a)  From  0  ft,  to  100  ft.  deep;  price  per  foot 
for  sand,  silt,  dirt,  etc. 

(b)  From  0  ft.  to  100  ft.  deep:  price  per 
foot  for  gravel. 

(c)  From  0  ft.  to  100  ft.  deep;  price  per 
foot   for  boulders  or  rock. 

(i\)  From  0  ft.  to  100  ft.  deep;  price  per 
foot  for  shale. 

(c)   Price  per  foot  beyond  100  ft.  in  depth. 

(i)   Price  for  cleaning  and  testing  each  well. 

(a)  Includes  all  material  that  can  be  easily 
worked  without  undue  pounding  and  ':liall  in- 
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cluilf  all  gravel  of  small  character  up  to  and 
including  l'/4  ins.  in  diameter. 

(b;  Includes  all  grave!  above  P/i  ins.  in 
diameter  to  what  is  known  as  lioiilders. 

(c)  Boulders  include  such  material  as  needs 
breaking  in  order  to  be  brought  to  the  surface 
l)y  ordinary  drilling  processes  and  are  pre- 
sumed to  be.  where  in  question  or  doubt,  of  6 
ins.  or  larger. 

( d)  .Shale  will  be  considered  as  a  heavy  clay- 
like substance  which  will  not  readily  break  un- 
der the  action  of  tlie  churn  drill  and  under- 
lies the  bed  of  the  valley.  .'\11  questions  in 
regard  to  shale  will  be  settled  by  the  hydraulic 
engineer  and  in  no  cases  will  compacted  silt 
l)c  regarded  as  shale,  it  will  come  under 
class   (a). 

Kach  well  will  be  thorouglily  cleaned  and 
pumped  out  and  tested  to  the  satisfaction  of 
llie   hydraulic  engineer. 

Mr.  11.  .\.  \\'hitney  is  lixdraubc  engineer  of 
the  .San   Oiego  water  department. 


"^nme  General  Plans    and    Prelimin?'-- 
Engineering  Studies  for  the  Devel- 
opment of  the  Hetch  Hetchy 
Water  Supply  for  San 
Francisco. 

The  construction  of  the  Hetch  Hetchy  water 
supply    system   for  the  city  of   San   Francisco 


O'Shaughnessy,  city  engineer  of  San  Fran- 
cisco. The  accompanying  map,  obtained  from 
another  source,  is  presented  to  show  the 
tentative  location  of  the  Hetch  Hetchy 
aqueduct,  the  country  traversed  by  it,  the  loca- 
tion and  extent  of  watersheds  and  the  sites  of 
projected  reservoirs.  Some  of  the  water- 
sheds controlled  by  the  Spring  Valley  Water 
Co.,  which  now  supplies  the  city  witb,  water, 
are  also  shown  in  the  map. 

Having  the  right  under  the  Raker  Ijill  to 
impound  water  in  Hetch  Hetchy  valley.  Lake 
Eleanor,  and  Cherry  Creek  watersheds,  by 
constructing  dams  on  these  reservoir  sites  the 
city  can  store  in  the  Sierras  a  total  of  1)89,700 
acre-ft.,  or  approximately  22o,000,000,OuO  gals, 
of   water. 

In  addition  to  the  reservoir  sites  at  Hetch 
Hetchy,  Lake  Eleanor,  and  Cherry  Creek, 
there  are  many  otlier  feasible  storage  sites  on 
the  upper  reaches  of  the  San  Francisco  drain- 
age area  which  brings  the  grand  total  storage 
on  the  drainage  area  controlled  bv  the  citv  to 
83(i,800  acre-ft. 

.Ml  water  impounded  in  the  reservoirs  will 
be  surplus  flood-water  which  now  goes  to 
waste  and  is  a  constant  menace  to  the  low- 
lying  districts  along  the  banks  of  the  San 
Joaquin  River.  The  city  has  never  conceded 
more  than  .300,000  acres  of  land  as  being  prop- 
erly tributary  to  and  dependent  upon  tlie  Tuo- 
lumne  River    for    irrigation   water.     The   .\d- 


on  the  upper  Tuolunme  River  watershed  (out- 
side of  the  area  controlled  by,  San  Francisco 
and  below  Jawbone  Creek — as  provided  in  the 
Raker  billj  gives  a  grand  total  storage  of 
635,000  acre-ft.  available  to  the  irrigation  dis- 
tricts. In  addition  to  this  there  is  a  v<  ry  large 
storage  site  about  live  miles  southeast  of  the 
proposed  Davis  reservoir  of  the  Turlock  irri- 
gation district.  This  is  known  as  the  Dry 
Creek  reservoir  site  ;  it  has  a  capacity  of  325,- 
000  acre-ft.  The  city  has,  then,  as  the  avail- 
able storage  on  the  San  Francisco  drainage 
area  830,800  acre-ft.  and  outside  of  the  San 
Francisco  area  and  available  for  use  by  the 
irrigation  districts,  SHJO.OOO  acre-ft. 

From  the  foregoing  it  is  evident  that  no 
serious  controversy  can  arise  in  the  future  be- 
tween the  irrigationists  and  the  city,  relative 
to  the  withdrawal  of  water  from  the  aqueduct, 
since  with  proper  storage  there  will  be  an 
ample  supply  of  water  for  both  interests. 

STEPS    IN    THE    DEVELOPMENT    OF    THE    PROJECT. 

In  the  development  of  the  Hetch  Hetchy 
project,  the  first  step  will  be  to  survey  and 
determine  the  exact  route  of  the  aqueduct 
from  Hetch  Hetchy  to  San  Francisco.  The 
Raker  bill,  under  which  the  grant  was  secured, 
requires  that  a  map  of  this  route  and  of  all 
land  belonging  to  the  Federal  government  re- 
quired by  San  Francisco  for  the  completion 
and  maintenance  of  its  water  and  hydro-elec- 


Map    Showing    Tentative    Location    of   the    Hetch-Hetchy    Aqueduct,    of    the    Proposed  Additional  Water  Supply  for  San   Francisco, 


is  an  undertaking  of  such  magnitude  that  it 
will  re(|uire  the  most  careful  prcliminpry  study 
to  insure  the  completion  of  the  various  units 
of  the  project  at  the  proper  time.  Il  is  such 
a  short  time  since  the  I  letch  Hetchy  grant  was 
secured  by  the  city  that  at  present  there  can 
be  given  only  a  very  general  idea  of  the  en- 
gineering steps  to  be  undertaken.  It  is  esti- 
mated that  if  the  work  is  carried  through  fm 
a  business  basis,  with  no  interruptions  from 
(he  usual  causes  which  impede  municipal  work, 
the  Hetch  Hetchy  water  should  be  delivered  at 
the  city  inside  of  seven  years.  It  is  our  plan 
to  report  the  features  of  the  design  ?nd  con- 
struction of  this  important  water  supply  de- 
velopment as  fast  as  authoritative  information 
becomes  available  for  that  purpose.  What  may 
he  termed  the  engineering  preliminaries  arc 
here  discussed  from  information  taken  from 
a  recent  address  before  the  Commonwealth 
Club    of     San    Francisco    by     Mr.     M.     M. 


and  the  Country  Traversed   by   It. 

visory  Board  of  Army  Engineers,  however, 
states  that  when  the  dams  are  completed  and 
the  reservoirs  filled,  there  will  be  a  daily  sup- 
ply ot  over  ■100,000,1111(1  gals,  for  San  Francisco, 
and  surplus  sufficient  to  irrigate  400,00o  acres 
of  land.  Considering  the  availability  of  the 
Merced  River  to  the  south  and  the  Stanislaus 
River  to  the  north,  and  the  amount  of  land 
that  should  lie  properly  tributary  to  these 
streams  when  their  nm-off  is  stored,  there 
need  be  no  fear  that  tlie  area  to  be  irrigated 
from  the  Tuolumne  will  ever  exceed  300,000 
acres.  Hv  the  time  that  .San  Francisco  needs 
4011,000,000  gals,  per  day  from  its  Ti>olumne 
supply,  the  irrigation  districts  can  have  de- 
veloped fi.35,000  acre-ft.  of  storage  fiom  the 
Tuolumne  watershed  alone,  the  waters  for 
which  will  come  almost  entirely  from  drainage 
areas   not   controlled   by   San   Francisco 

The     foothill     storage    of     168,000     acre-ft.. 
together   with   the   467,000   acre-ft.   of   .'torage 
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trie  works,  be  filed  w-ith  the  Secretary  of  the 
Interior  before  any  perniincnt  construction 
work  is  begun.  .\  !'V4-milc  wagon  road  will 
be  built  from  Hog  Ranch  to  the  site  of  the 
dam.  This  road  will  be  H  ft.  wide,  macadam- 
ized, and  have  a  maximum  grade  of  1  per 
cent.  From  Smith's  station,  on  the  old  Oak- 
dale-Yoscmite  stage  route,  a  good  road  22 
miles  in  length  has  already  been  constructed 
to  Hog  Ranch.  With  a  few  alterations  and 
repairs,  tliis  road  will  meet  the  present  needs. 
I'ield  headquarters  for  an  engineering  force 
will  be  establishd  near  the  Hetch  Hetchy  dam- 
site.  Trails  will  he  built  and  telephones  in- 
stalled to  connect  these  headquarters  with  all 
operating  divisions  of  the  work  as  it  pro- 
gresses. ,\  construction  railroad  to  the  dam- 
site  will  also  be  built,  but  the  exact  route  for 
this  has  not  yet  been  determined.  When  this 
preliminary  work  shall  have  been  completed, 
there  will  be  erected  a  temporary  power-plant 
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lo  generate  electricity  for  operating  air  com- 
pressors, derricks,  rock  crushers,  concrete  mix- 
ers, and  other  construction  machinery. 

.Aside  from  the  wagon  roads  already  men- 
tioned (which  on  the  completion  of  the  work 
will  be  resurfaced  and  manitained  by  the  city 
lor  the  accommodation  of  visitors  to  the  val- 
ley), the  first  permanent  construction  will  be 
the  Hetch  Hetchy  dam  and  the  initial  unit  of 
the  city's  hydro-electric  development,  including 
•Jl'  miles  of  aqueduct  from  the  Earlv  intake  to 
Moccasin  Creek,  costing  about  $i».»X)ti.(iUU. 

The  height  of  the  Hetch  Hetchy  dam  will  be 
;ii"p  ft.;  its  crest  length  about  81)1.1  ft.  The 
•-tructure  will  be  of  cyclopean  concrete,  will 
have  a  roadway  along  the  top.  and  be  artis- 
tically finished  to  harmonize  with  the  sur- 
rounding landscape. 

The  Hetch  Hetchy  dam  to  a  height  of  300 
ft.  will  impound  112,000,000,001)  gals.  From  an 
economic  standpoint,  it  seems  desirable  to  con- 
struct the  Hetch  Hetchy  dam  to  its  full  height 
(if  300  ft.  at  once  instead  of  to  a  height  of 
•_'0i)  ft.  first,  as  provided  in  tlie  Raker  bill. 
The  reason  for  this  is  that  more  water  will 
thus  be  rendered  available  for  the  immediate 
generation  and  uninterrupted  supply  of  elec- 
tricity, which  can  be  sold  to  the  irrigation  dis- 
tricts and  used  by  the  city,  thus  lessening  the 
burden  of  the  taxpayers. 

To  prevent  contamination  of  the  water  in 
the  reservoir,  it  will  be  necessary  to  clear  all 
the  trees  and  shrubbery  from  the  area  that  will 
be   submerged. 

Of  the  total  reservoir  area  of  190  acres,  only 
300  acres  will  have  to  be  cleared  in  this  man- 
ner, as  the  remainder  is  barren.  Some  of  the 
larger  trees  can  be  converted  into  lumber  and 
used  for  construction  purposes.  The  remainder 
will  lie  cut  down  and  removed  from  the  site 
While  this  work  is  in  progress  at  the  dam  site, 
work  will  also  be  started  on  the  conduit  at 
the  Ivarly  intake:  also  on  the  main  .-'.queduct 
and  on  a  permanent  power  plant  at  Moccasin 
Creek. 

The  Early  intake  will  be  located  on  the  Tuo- 
lumne River  near  the  mouth  of  Cherry  Creek, 
1-J  miles  below  the  Hetch  Hetchy  dam.  It  is 
proposed  at  first  to  use  the  river  channel  to 
convey  water  from  the  Hetch  Hetchy  reser- 
voir to  the  Early  intake,  in  order  to  lessen  the 
first  cost  and  bring  into  early  use  a  .-)(l,0()0- 
IIP  electric  plant,  the  revenue  from  which 
will  carry  the  financial  burden  of  this  portion 
nf  the  outlay. 

Water  will  be  delivered  from  the  ma-'n  river 
iliannel  at  the  Early  intake  by  nici-iis  of  a 
temporary  overflow  tlam  oOn  ft.  in  len'^th  and 
about  |->  ft.  high,  and  diverted  intfi  a  pressure 
tunnel  ID  ft.  in  diameter  leading  to  Moccasin 
("reek,  21)  miles  distant. 

There  is  only  one  power  drop  in  ihe  aque- 
duct line  first  to  be  constructed.  The  power 
house  site  for  this  is  situated  very  close  be- 
side the  main  highway  at  Moccasin  Creek,  ti 
miles  easterly  from  where  the  aqueduct  crosses 
the  main  Tuolumne  River,  and  about  III  miles 
distant  from  the  city  hall  of  San  Francisco, 
along  the  aqueduct  line,  or  l-ll)  mile.-,  around 
tlje  heail  of  the  bay. 

The  aqueduct  capacity  from  the  Early  in- 
take down  to  the  power  house  will  In-  some- 
what al)f>ve  li'.'i)  cu.  ft.  per  sccontl.  <vliich  is 
the  equivalent  to   loO.nOO.Ooo  gals,  daily 

The  elevation  of  tail  water  of  this  power 
house  is  planned  to  Ic  Hflt)  ft.  abo^'o  mean 
sea  level.  The  water  level  at  I  he  int.ikc  will 
be  •-',3|."(  ft.  and  the  gross   fall  thus   1.1J">  ft. 

The  conduit  from  Moccasin  Creek  power 
house  across  the  San  Joaquin  valley,  a  distance 
of  (.")  miles,  will  next  l)e  undertaken.  The 
si/e  of  i)ipe  for  this  jjurpose,  and  wh^■l!■ler  r)ne 
large  or  two  smaller  ones  are  preferable,  are 
economic  and  engineering  problems  which 
have  not  been  definitely  decided,  and  which 
demand  the  most  careful  consideration 

.\ll  of  the  tunnels  along  the  aqiie<lncl  will 
be  lined  with  concrete  and  smoothly  finished, 
and  all  steel  pipes  will  be  filastercd  on  the 
inside  with  cement  mortar.  The  cemcn'  lining 
will  preserve  the  steel  pipes  from  ru?t,  thus 
maintaining  their  carrying  capacity  imdimin- 
ishcd. 

It  will  be  desirable  to  um'te  the  wcslcrlv  end 
of    the    aqueduct    with    the    reservoir    of    the 


Spring  Valley  Water  Co.,  if  the  same  can  be 
acquired  by  the  city.  Ihe  object  is  to  arrange 
an  economic  plan  of  progressive  development 
when  practicable  in  order  to  avoid  premature 
and  unnecessary  outlays  for  duplication  of 
structures  which  would  be  an  undue  burden 
on  the  taxpayers.  The  coiupletion  of  the 
Calaveras  dam,  now  in  course  of  construction, 
should  add  about  ■2i),lli)0,(H)0  gals,  per  day  to 
the  present  Spring  Valley  water  supply,  and 
provide  aiuple  water  until  the  Hetc:.  Hetchy 
system  is  coiupleted. 

This,  however,  will  meet  the  nece^.^ary  de- 
mand for  a  short  time  only,  barely  sufficient 
lo  permit  first  delivery  of  water  from  Hetch 
Hetchy  to  San  Francisco. 

In  the  future,  when  the  demands  of  San 
Francisco  warrant,  the  Lake  Eleanor  and 
Cherrj-  Creek  units  and  other  highe.-  reser- 
voirs in  the  city's  41T,q(»i-acre  watershed  will 
be  added  to  the  svstem. 


The     Self-Purification     and     Care     of 

Water  Stored  for  Public  Supply 

Purposes. 

The  advantages  of  the  reservoir  storage  of 
water  are  many  and  the  disadvantages  are 
few.  T-'ormcrly  the  expression  "stagnant  wa- 
ter" carried  with  it  many  ill-defined  fears. 
It  is  now  well  known  that  still  water  rather 
than  runniii.g  water  purifies  itself  the  better. 
The  greater  the  velocity  of  a  stream  the 
sooner  is  its  pollution  delivered  to  the  con- 
sumer. Much  more  depends,  therefore,  upon 
the  time  of  flow  than  upon  the  distance  tra- 
versed between  the  point  at  which  a  stream 
is  polluted  and  the  point  at  which  withdrawal 
of  water  is  made.  The  following  discussion 
of  the  self-purification  of  stored  waters  and 
the  care  of  such  waters  when  intended  for 
public  use  is  taken  from  an  address  by  Dr. 
Win.  P.  Mason,  professor  of  chemistry  at  the 
Rensseher  Polytechmc  Institute,  before  the 
I'Vanklin  Institute,  as  published  in  the  Journal 
of  the' Institute  for  April,  191J.  Under  the 
heading  of  the  care  of  stored  waters  the  use 
of  copper  sulphate  for  the  removal  of  algal 
growths  is  discussed  and  data  on  the  amount 
of  the  material  needed  and  the  amount  which 
can  be  safely  used  are  given.  The  portion  of 
Dr.  .Mason's  paper  which  relates  to  the  patrol 
of  watersheds  is  omitted  from  this  abstract. 

Stagnation  has  its  disadvantages,  of  course. 
Increase  in  color  naturally  follows  if  water 
))e  permitted  long  lo  reiuain  in  cimtact  with 
a  muddy  bottom  loaded  with  soluble  extrac- 
tive luatters.  Xot  only  is  damage  to  the 
water's  physical  appearance  a  residt  of  such 
contact,  but  the  material  passing  into  solu- 
tion is  likely  to  furnish  abundant  food  for 
those  minute  forms  of  life  which  carry  objec- 
ti<inahle  tastes  and  smells  to  many  public 
waters. 

One  condition  of  "standing  water."  namely, 
that  of  being  overst<Kked  with  vecetablc 
growths,  is  practically  the  only  one  toward 
which  objection  can  |)oint  when  considering 
the   pros   and  cons   of   reservoir   storage. 

The  word  "vegetable"  is  here  to  be  taken 
in  its  liroad  sense,  as  it  shoidd  include  not 
only  those  growths  which  would  be  recog- 
iii/ed  by  the  public  at  large,  but  also  those  of 
the  tuinute  world  as  well,  which  latter  consti- 
tute one  branch  of  that  lake  life  known  as 
"plankton," 

.•\s  an  instance  of  excessive  overgrowth,  a 
small  lake  could  he  named  which  is  so  loaded 
with  dense  vegetation  that  deca>  gets  ahead 
of  new  growtli,  and  the  use  of  its  water  is 
productive  of  temporary  diarrhiva.  It  is  a 
stained  water,  but  its  color  is  not  to  be  con- 
sidered as  a  measure  of  its  objectionable 
qualities  for  table  use,  as  many  waters  of 
much  darker  lint  are  of  excellent  (|iiality  for 
such  purpose.  Color  and  fitness  for  drinking 
bear  no  relation  to  each  other. 

It  is  true  tiiat  colorless  waters  are  now 
demanded  by  the  people,  and  "meadow  leas" 
are  growing  in  disfavor,  but  that  change  in 
public  opinion  is  of  recent  date  and  is  not 
based  unon  established  hygienic  grounds. 

The  deepening  in  color  of  the  lower  layers 
of  a   water   stored   upon   an   imclean   bottom; 


the  encouragemeiu  of  growths  of  small  or- 
ganisms producing  taste  and  smell  by  reason 
of  an  accumulation  of  extracted  food  suit- 
able for  their  development ;  and  a  deficiency 
in  dissolved  oxygen  in  the  bottom  levels,  con- 
stitute the  sum  of  objections  that  can  be 
raised  to  the  iiupounding  of  water,  and  they 
are  much  more  than  balanced  by  the  advan- 
tages that  accrue   from  such  storage. 

The  pollution  from  shore  drainage  that 
reaches  a  reservoir  water  is  likely  to  be 
naturally  much  smaller  in  quantity  than  that 
received  by  a  flowing  stream;  nevertiicless, 
very  serious  pollution  may  occur  in  concen- 
trated form,  even  when  the  efforts  of  the  care- 
taker are  the  most  earnest.  Thus,  the  writer 
has  seen  numerous  loads  of  stable  manure 
spread  upon  the  very  steep  banks  of  a  small, 
cup-shaped  distributing  reservoir.  The  inten- 
tion in  this  case  was  good,  and  much  pride 
was  taken  in  the  fine  lawns  of  the  waterworks 
park,  but  a  better  choice  of  fertilizer  could 
have  been  made  for  such  a  location.  It  is 
entirely  possible  to  protect  a  reservoir,  and  to 
a  great  degree  the  water-shed  also,  if  careful 
policing  of  the  district   be  established. 

When  meadow  lands  are  flooded,  the  ex- 
traction of  food  for  plankton  growth  must 
of  necessity  take  place,  and  we  are  forced  to 
choose  between  stripping  the  proposed  bot- 
tom or  else  depending  upon  the  employment 
of  some  means  of  killing  or  removing  the 
organisms   that   are   likely   to   develop. 

-As  to  what  could  l>e  done  to  rid  a  water 
of  the  odors  due  to  algal  and  other  growths, 
the  outlook  was  not  very  hopeful  previous  to 
the  appearance  of  the  "copper  sulphate 
process"  proposed  bv  Moore  and  Kellerman 
in    1904. 

The  method  of  applying  this  chemical  is 
simple  enough,  and  its  use  is  very  eflicacious. 
Bought  in  bulk,  it  can  be  had  at  about  ■>  cts. 
per  pound,  and  its  distribution  is  readily 
secured  by  filling  it  into  perforated  buckets, 
or  even  bags,  and  towing  the  same  by  row- 
boat  or  launch  over  the  reservoir  surface. 

(In  discussing  the  "coppering"  of  reservoirs 
Dr.  Mason  has  suggested  that  a  raft  carrying 
the  bucket  of  copper  sulphate  crystals  be 
towed  behind  the  boat  which  is  rowed  around 
the  reservoir.  The  bucket  is.  of  course,  per- 
forated and  conies  in  contact  with  the  w'ater 
through  a  hole  in  the  raft  into  which  it  is 
set  to  a  suitable  depth  to  insure  stability.  By 
this  means  a  careless  or  inditTcrent  workman 
is  less  likely  to  spill  the  contents  of  the 
bucket  at  one  spot  and  consider  his  work  fin- 
ished.— Editors. ) 

Decided  objection  was  raised  against  such 
a  process  of  "disinfecting"  a  public  water 
supply,  and  the  opposition  was  especially 
marked  in  England,  but  the  use  of  it  is  still 
with  us  and  is  likely  to  stay,  for  the  reason 
that  the  "dose"  is  minute  and  is  only  occa- 
sionally required,  that  it  is  reliable  in  results, 
and  that  experiment  has  .shown  that  it  is  not 
followed  by  the  evil  consequences  predicted. 

It  mu.st  be  rememliered  that  it  is  not  added 
to  the  water  continually  but  is  used  only  at 
stated  and  widely  separated  intervals,  namely, 
at  those  limes  when  the  "crop"  of  minute 
organisms  has  become  so  well  grown  as  to 
produce   objectionable   effect    upon   the   water. 

Perhaps  one  reason  why  the  "coppering""  of 
reservoirs  has  led  to  so  much  criticism  is  be- 
cause of  the  dead  fish  that  are  lo  be  seen 
after  the  chemical  has  been  applieil.  W"hcn 
c<insidering  this  effect  upon  fish  life,  one 
should  bear  in  mind  that  the  "dose"'  has  of 
necessity  to  be  applie<l  imiformly  over  the 
surface  of  the  water,  and  each  acre  of  such 
surface  presumably  receives  the  same  amomit. 
irrespective  of  the  depth  of  wafer  that  the 
acre  covers.  .Xs  a  result,  the  shallow  parts 
of  the  lake  receive  temporarily  a  L-reater 
quantify  of  the  sulphate,  per  cubic  fool  of 
water,  than  do  those  which  arc  deeper;  again, 
the  entire  quantity  of  chemical  intended  for 
the  whole  body  of  the  lake  is  delivered  to  a 
few  inches  of  its  surface  layer;  therefore, 
until  diffusion  has  taken  place,  fish  which 
chance  to  swim  into  such  water  receive  a  very 
concentrated  dose  and  are  likely  to  be  affected 
by  it.  Distribution  is  complete  by  the  time 
the  water  reaches  the  public  mains,  and.  more- 
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over,  the  minute  dose  used  has  been  more  or 
less  completely  disposed  of  through  its  action 
upon  the  organisms  for  whose  destruction  it 
has  been  employed. 

In  a  paper  before  the  Section  on  Hygiene 
of  the  Eighth  International  Congress  of  Ap- 
plied Chemistry,  1912,  Kellerman  presented 
the  data  given  in  Table  I  on  the  required 
amount  of  copper  sulphates^ 

TABLE     I.— QUANTITY     OF     COPPER     SUL- 
PHATE    REQUIRED     TO     KILL     VARIOUS 
FORMS     OF     ODOR-PRODUCING     ORGAN- 
ISMS. 
Copper   Sulphate   Required,   Expressed  as   Parts 
per  Million  Parts  of   Water. 

Anabsena    J^ 

Asterionelia     ^■'■ 

Beggiatoa     •'•      .       . 

Chara     -2    to    5. 

Cladophora    !■ 

Cladothrix    2 

Clathrocyttis    l 

Coelosphcerium   >;    .      „ 

Conferva    '1    to    ... 

Euglena    1- 

Fragilaria    -•' 

Hvdrodictyon    1 

Kirclineriella     5.      to  10. 

Leptomitus    ■> 

Microspora    "■_ 

Navicula  ■ " '  , 

Oscillatoria     1-    to      .4 

Peridinlum    ?• 

Scencdesmus "•      to  lu. 

Splrogyra  „    to     ■<> 

Ulothrix _• 2 

Uroglena    ^9 

Volvox  ;-' 

Zygnema ' 

He  adds  a  list  of  twelve  genera  of  algx 
that  in  his  experience  are  causing  trouble  in 
reservoirs  and  ponds  : 

Number   of   Observed   Cases. 

Anabfena     27       Conferva    T^G 

Asterionelia    9       Crenothrix    13 

Beggiatoa    ^0       Fragilaria   II) 

Chara    26       Navicula    21 

Cladophora    17       Oscillatoria  49 

Clathrocystis   23       Splrogyra    43 

Jackson  claims  that  blue-green  algse  will 
die  if  the  water  be  "coppered"  one  part  to 
five  million.  His  dose  for  Mellosira  or  Sy- 
nedra  is  one  to  two  million,  and  he  claims 
that  the  former  gives  no  odor  of  growth,  but 
only  that  of  decay.  He  tinds  that  coppering 
runs  out  certain  forms  of  organisms  and  sub- 
stitutes others  by  a  sort  of  selective  action, 
but  those  thus  substituted  are  not  likely  to  be 
odor-producers;  and  he  further  notes  that, 
while  "bottom''  or  decomposition  odors  are 
easily  shaken  out  by  aeration,  "top"  odors, 
viz.,  those  fi  growth,  have  to  be  removed  by 
filtering  out  the  organism,  or  killing  them  by 
copper  sulphate,  or  both.  In  his  opinion,  fil- 
tration of  either  type  is  effective  for  removal 
of  odors  of  growth,  but  he  believes  that 
aeration  would  be  worse  than  useless  for  liv- 
ing plankton,  for  the  reason  that  the  agitation 
would  tend  mechanically  to  release  the  oil 
causing  the  taste,  which  oil  is  not  very  easily 
oxidized. 

Naturally  the  cost  of  treatment  with  sul- 
phate of  copper  will  depend  in  part  upon  the 
amount  of  the  chemical  that  is  to  be  used, 
which  in  turn  is  determined  by  the  kind  of 
organism  that  it  is  intended  to  kill ;  but  it 
may  be  said  that  a  mixed  growth  of  Mellosira 
and  .Asterionelia  was  removed  from  the  Troy 
reservoir  at  an  expenditure  of  14.9  cts.  per 
1,000,000  parts  of  water  treated,  labor  in- 
cluded. The  dose  was  one  part  of  copper  sul- 
phate to  3,.jO0,000   parts  of   water  by   weight. 

In  the  article  by  Kellerman  above  quoted 
there  arc  figures  given  indicating  the  safe 
limit  for  treating  water  with  copper  sulphate 
when  certain  fish  are  to  be  protected. 
Copper  Sulphate.  Expressed  as  Parts  per  Mil- 
lion   Parts    of    Water. 

Black  bass 2.1  Perch     75 

Carp     3         Picl<erel     4 

Catfish    4         Suckers     3 

Goldfish     5  Swnfish     1.2 

Trout     14 

It  must  be  noted  that  these  figures  assume 
a  thorough  mixing  of  the  sulphate  solution 
with  the  whole  body  of  water.  They  would 
not  hold  for  the  unequal  distribution  and  re- 
sulting local  concentrations  already  men- 
tioned. 

In  some  reservoirs  which  have  been  formed 
liy  the  extensive   flooding  of  swamp  bottoms 


there  may  develop  objectionable  growths  of 
crenothrix,  a  general  term  denoting  an  aquatic 
plant  which  at  times  gives  much  trouble  be- 
cause of  its  tendency  to  develop  in  the  street 
mains  and  clog  the  pipes.  It  is  often  discov- 
ered quite  unexpectedly,  being  dislodged  by 
the  current  attending  hydrant  flushing  or  by 
the  draft  caused  by  fire  engines.  Dead  ends 
are  spots  likely  to  harbor  it,  and  its  long  rusty 
filaments  have  been  mistaken  for  horse 
manure. 

There  are  three  types  of  the  growth,  each 
possessing  the  peculiarity  of  precipitating 
from  the  water  in  which  it  grows  its  own 
particular  metallic  hydroxide.  By  far  the 
commonest  of  the  three  is  Crenothrix  Kuh- 
niana,  which  demands  iron  for  its  develop- 
ment and  which  deposits  large  amounts  of 
iron  hydroxide  as  the  result  of  its  growth. 
The  iron  required  for  growth  must  be  in 
solution,  and  the  quantity  demanded  would 
seem  to  be  about  0.3  part  of  iron  per  million. 

In  order  that  the  iron  may  be  in  solution, 
we  naturally  would  expect  the  dissolved  oxy- 
gen to  be  low  and  the  quantity  of  reducing 
agents,  such  as  organic  materials,  to  be  high, 
and  those  are  the  conditions  that  we  find  in 
practice  to  be  favorable  to  the  development  of 
the  plant. 

It  is  likely  to  be  encountered  in  waters  from 
swampy,  peaty  sources  where  dissolved  o.xy- 
gen  is  scanty  and  where  the  necessary  iron  in 
solution  may  be  had.  Driven  wells  in  such 
localities  frequently  furnish  it.  Darkness 
favors  its  growth,  and  its  development  in  city 
water-mains  is  often  excessive,  resulting  in  a 
material  reduction  of  the  carrying  capacity 
of  the  pipes.  The  writer  has  some  doubt 
about  the  "manganese"  variety  of  Crenothrix 
being  as  rare  as  some  think  it  is,  he  having 
found  large  quantities  of  manganese  in  a 
heavy  Wisconsin  growth.  Beythien  and  oth- 
ers have,  moreover,  noted  that  the  presence 
of  manganese  in  water  directly  favors  the 
growth   of   the  ordinary   form   of   Crenothrix. 

Beyond  the  mechanical  stopping  of  street- 
pipes,  Crenothrix  is  exceedingly  objectionable 
to  the  laundry  interests  of  the  community,  for 
the  reason  that  its  rusty  filaments  cause  "iron 
stains"   to  appear   upon   white   linen. 

Removal  of  the  iron  by  oxidation  and  fil- 
tration IS  the  best  guard  against  troubles  due 
to  Crenothrix. 

It  must  not  be  sweepingly  assumed  that  all 
the  "plankton"  life  is  to  be  rated  as  uniformly 
objectionable;  quite  the  contrary,  as  a  rea- 
sonable degree  of  it  acts  as  a  distinct  help  in 
maintaining  the  safety  of  natural  waters.  Thus 
we  find  "bacteria  eaters,"  such  as  many  kinds 
of  ciliated  infusoria,  rotifiers,  dophnia  and  the 
like,  feeding  upon  minute  germ  life,  and 
doing  so  to  our  great  advantage. 

RESERVOIR    STRIPPING. 

With  a  view  to  avoid  the  troubles  arising 
from  the  undue  growth  of  odor  producing  or- 
ganisms the  stripping  of  the  bottom  and  sides 
of  reservoirs  below  the  water  line  and  the  re- 
moval of  a  portion  of  the  upper  soil  has  been 
advocated  and  carried  into  practice.  This,  of 
course,  entails  very  great  expense  when  the 
surface  to  be  stripped  is  at  all  extensive.  .'\t 
Columbus,  Ohio,  such  work  cost  $159  per 
acre.  In  view  of  the  expense  of  such  treat- 
ment for  large  reservoirs  the  question,  "Docs 
it  pay?"  is  pertinent. 

For  the  sake  of  general  appearances,  if  for 
no  other  reason,  trees,  shrubs  and  bushes 
should  be  removed.  Dead,  standing  timber 
and  fallen  logs  are  most  unsightly  and  are 
very  likely  to  produce  complaint  from  the 
visiting  public.  In  other  words,  the  reservoir 
site  should  be  cleared  and  grubbed,  with,  of 
course,  entire  removal  of  every  vestige  of 
human  habitation;  but  beyond  that  it  scarccl.T 
pays  to  go.  The  portion  of  the  flooded  land 
lying  between  high-water  and  low-water 
marks  should  receive  especial  attention,  for 
the  reason  that  during  the  periods  of  its  ex- 
posure it  is  capable,  if  uncarcd  for,  of  pre- 
senting an  unpleasant  appearance  and  provok- 
ing adverse  criticism;  with  the  further  ob- 
jection that  heavy  weed  growth  may  develop 
if  it  be  long  uncovered,  which  growth  will 
contribute  toward  the  production  of  taste  and 
smell   when   the  water  again  covers   it. 


In  an  instance  where  it  was  proposed  to 
restore  a  dam  that  had  been  out  of  repair  for 
over  50  years,  the  writer  advocated  the  cut- 
ting off  of  the  standing  dead  timber  at  the 
existing-  water  level  before  closing  the  breach, 
in  order  to  insure  a  better  looking  sheet  of 
water  when  the  reservoir  filled.  This  was  for 
appearances  only,  as  all  extractive  matter  had 
been  leached  out  of  the  old  vegetation  long 
before. 

Aeration,  filtration,  and  the  judicious,  occa- 
sional use  of  copper  sulphate  constitute  the 
processes  at  our  disposal  for  combating  the 
annoyance  arising  from  algal  growths,  and 
their  use  will  give  greater  satisfaction  than 
the  expensive  stripping  of  reservoir  bottoms, 
a  treatment  which  was  so  frequently  advo- 
cated in  the  past. 

PURIFICATION    IN    STORAGE. 

Dr.  A.  C.  Houston,  of  the  London  Metro- 
politan Water  Board,  has  undertaken  some 
very  extended  researches  upon  the  question  of 
water  purification  as  a  result  of  storage.  He 
found  that  in  stored  Thames  water  tjie  death 
of  typhoid  bacteria  took  place  rapidly,  al- 
though the  rate  varied  with  the  temperature 
of  the  water.  In  cold  water  they  lived  longer 
than  in  warm,  and  50°  F.  seemed  to  be  a  crit- 
ical point  above  which  their  mortality  rate 
was  much  increased. 

In  his  7th  Research  Report,  Houston  states 
that  typhoid  bacilli  lived  in  stored  raw  Thames 
water  for  the  following  lengths  of  time:  At 
32°  F.,  five  weeks;  at  41°  F.,  four  weeks;  at 
50°  F.,  three  weeks;  at  04°  F.,  two  weeks. 

Even  these  figures  do  not  tell  the  entire 
story.     Put  in  more  detail  they  read : 

At        One       Two     Three  Four  Five 
start,    week,    weeks,    wks.  wks.   wks, 
32'  F.    ..   103,328     47,766         980         65         34         3 
41°  F.    ..   103.328     14,894           26           6           3       .. 
50°  F.    . .    103.328            69           14           3         .... 
04°  F.    ..   103,328  39  3         

He  concludes:  "It  is  difficult  to  escape  the 
belief  that  thirty  days'  storage  of  river  water 
is  tantamount  to  sterilization,  so  far  as  the 
microbes  associated  with  water-borne  epi- 
demic disease  are  concerned." 

Dr.  Houston  adds :  "I  am  well  satisfied  that 
a  well-stored,  rapidly  filtered  water  is  likely 
to  be  safer  than  an  unstored,  slowly  filtered 
water." 

Although  Dr.  Houston  is  doubtless  sound 
in  his  judgment  that  a  great  measure  of  safety 
will  result  from  four  weeks'  reservoir  stor- 
age of  a  polluted  water,  yet  we  must  be  as- 
sured that  the  period  of  storage  is  real  and 
not  simply  apparent ;  or,  in  other  words,  we 
must  know  that  all  of  the  water  really  does 
remain  in  the  reservoir  for  the  specified 
length  of  time  before  it  is  used  for  public 
consumption. 

Where  the  inlet  and  outlet  of  a  reservoir 
are  near  together,  as  is  not  uncommonly  the 
case,  it  makes  but  little  difference  what  the 
capacity  of  the  total  storage  may  be;  the  wa- 
ter simply  slips  in  and  out  again  with  prac- 
tically as  little  stay  as  though  the  reservoir 
was   a  standpipe. 

If  the  lake  be  long,  narrow  and  deep,  and 
all  of  its  water  be  obliged  to  traverse  its  en- 
tire length  before  being  taken  for  supply,  then 
the  conditions  would  appear  ideal  for  purifica- 
tion of  the  inflowing  water  before  the  outlet 
was  reached,  and  yet  even  under  those  excel- 
lent conditions  it  is  possible  to  have  intro- 
duced unexpected  and  upsetting  factors,  un- 
less the  watershed  is  regularly  patrolled  and 
inspected. 


Use   of   Cast    Lead    in   Making   Tem- 
porary   Repairs    to    Triplex    Pump, 
Cracked  by  Freezing,  at  Sydney, 
Nova  Scotia,  Water  Works. 

Contributed    by    James    Menzie,    Superintendent 
of   Water   Works,   Sydney,   Nova   Scotia. 

A  Gould's  triplex  pump,  installed  to  lift 
water  110  ft.  into  a  6,000  gal.  tank  to  supply 
residences  in  Sydney,  Nova  Scotia,  at  an  ele- 
vation above  that  served  by  the  city  pressure 
was,  through  the  carelessness  of  an  attend- 
ant, exposed  to  frost  and  the  pump  and  dis- 
charge main  froze  up.  The  pump  casing 
split    across    the    front    of    the    well    on    the 
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discharge  side  and  the  crack  extended  across 
the  base  of  the  pump  and  also  across  the 
suction  side.  Quick  repairs  were  necessary 
since  the  pump  furnished  the  only  supply  of 
water  available  to  the  residences  previously 
mentioned.  Temporary  repairs  were  made  by 
means  of   cast   lead   as   follows: 

The  metal  of  the  pump  casing  was  scraped 
clean  for  about  ¥2  in.  on  each  side  of  the 
crack  for  its  full  length.  A  band  of  tin 
was  then  soldered  along  the  crack.  Clamps 
were  put  on  to  prevent  the  lengthening  of 
the  crack  and  the  pump  was  replaced  in  posi- 
tion, but  the  anchor  bolts  were  not  drawn 
tight. 

-■K    mold    was    then    made    and    so    set    up 


around  the  pump  base  that  molten  lead  could 
be  poured  inside  it.  The  poured  lead  tilled 
the  %-in.  space  between  the  bottom  of  the 
pump  and  the  pump  bed,  and  extended  around 
the  ends  and  side  of  the  pump  the  full  height 
of  the  well.  Before  pouring  the  lead  the 
drip  cocks  were  replaced  by  nipples  long 
enough  to  extend  through  the  lead  which 
was  poured  around  that  portion  of  the  pump 
to  a  thickness  of  2  ins. 

After  the  cast  lead  cooled  the  mold  was 
removed  and  a  caulking  iron  was  run  around 
the  edges  of  the  lead  and  the  pump  was 
tightened  on  its  base  by  means  of  the  anchor 
bolts.  As  an  additonal  precaution  plates 
were  placed  on  both   ends  of  the  pump  and 


were  drawn  together  by  bolts,  thereby  hold- 
ing the  lead  in  place.  Finally  hot  pitch  was 
applied  around  the  edges  of  the  lead. 

When  the  pump  was  started  up,  following 
the  making  of  the  repairs  here  described, 
the  leakage  was  very  small.  The  repairs  were 
intended  for  temporary  use  during  the  two 
weeks  necessary  in  which  to  get  a  new  part 
from  the  factory  to  replace  the  one  cracked. 
The  new  part,  however,  has  not  been  needed 
and  it  does  not  appear  likely  that  it  will  be 
needed. 

The  cost  of  making  the  repairs  was  $11.95, 
being  made  up  of  $9.25  for  labor  and  $2.70 
for  material. 


Design  Features  of  the  Williams  Rein- 
forced   Concrete    Highway    Bridge 
Over  the  Scioto  River,  Colum- 
bus, Ohio. 
(.Staff  .-Vrticle.) 
The  \\'illiams   Bridge,  which   is  under  con- 
struction across  the  Scioto  River  in  Columbus, 
Ohio,  is  a  reinforced  concrete  highway  struc- 
ture having  a  total  length  of  1,263  ft.  3  ins., 
out  to  out,  and  an  over  all  width  of  30  ft.  4 
ins.     It  has  a  24-ft.  clear  roadway  and  two  2- 
ft.   clear  sidewalks,   and   is   provided   with   an 
rnamental   concrete   railing   which   extends  3 
•    7  ins.  above  the  sidewalk  surface.     Starting 
at  the  east  end  of  the  bridge,  at  the  center  of 
the  retaining  wall  pilaster,  the  composition  of 
the  structure  is  as   follows:   177   ft.  3   ins.   of 
iicrete   retaining   wall   construction ;    212    ft. 
'  ins.  of  reinforced  concrete  trestle,  comprising 
six   bents   and   consisting   of   a  beam-and-slab 

Cast 
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I.O.\DS    AND    .\LLO\VABLE   STRESSES. 

In  determining  the  dead  load  for  computing 
stresses  the  weight  of  the  4-in.  brick  surface 
was  taken  at  40  lbs.  per  square  foot ;  the  3-in. 
sand  cushion,  at  30  lbs.  per  square  foot ;  and 
the  concrete,  at  144  lbs.  per  cubic  foot. 

The  concentrated  live  load  used  was  a  24- 
ton  truck,  with  40  per  cent  impact,  the  assumed 
wheel  base  being  5x10  ft.  A  uniform  live  load 
of  100  lbs.  per  square  foot  over  the  remainder 
of  the  rdadway  and  over  the  sidewalk  was 
taken. 

The  allowable  tension  in  the  reinforcing  steel 
was  10,000  lbs.  per  square  inch,  and  the  al- 
locable compression  in  the  concrete  due  to 
bending  was  700  lbs.  per  square  inch. 

All  footings  are  founded  on  rock,  a  max- 
imum allowable  pressure  of  7  tons  per  square 
foot  under  unsymmetrical  loads  being  used. 

MATERIALS  AND  SPECIFICATIONS. 

The   following  extracts   from   the   specitica- 
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Crete,  and  it  is  used  in  arch  ribs  and  arch 
struts,  or  horizontal  braces. 

Cast  stone  shall  be  used  for  ornamental 
work,  railings,  posts,  lamp  posts  and  stand- 
ards. In  the  construction  of  the  railing,  the 
base,  the  cap  and  all  posts,  the  concrete  shall 
be  cast  in  place  and  given  a  rubbed  finish,  ex- 
cept when  bush-hammered  surfaces  are  spec- 
ified. The  webs  shall  be  cast  in  units  and  re- 
moved from  the  molds  while  green,  then 
scrubbed  with  brushes  to  remove  the  skin  from 
same  and  expose  the  aggregate.  All  cast  stone 
shall  be  made  of  the  proportions  of  1  part 
Portland  cement,  1  to  Hi  parts  Canadian  sand, 
1  part  limestone  (V*  to  %  ins.  in  size),  and  1 
to  1%  parts  of  silica  gravel  (^  to  %  in.  in 
size).  The  engineer  is  to  determine  the  exact 
proportions  from  sample  blocks  to  be  made 
by  the  contractor  at  his  expense. 

.•Ml  concrete  proportions  are  based  on  the 
assumption  that  1  bbl.  of  Portland  cement  is 
equivalent   to   3.8    cu.    ft.     The   quantities   of 
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Fig.     1.      Outline     Drawing     of    Williams    Bridge.    Columbus,    Ohio,    Showing    Type    of   Structure    and    General    Dimensions. 


roadway  surface  supported  on  reinforced  con- 
crete columns ;  a  series  of  six  reinforced  con- 
crete arch  spans  having  lengths,  center  to  cen- 
ter of  abutments,  of  70  ft.  8  ins.;  80  ft.  7  ins., 
91  ft.  6  ins.,  102  ft.  5  ins.,  115  ft.  4  ins.,  and 
209  ft.  0  ins.;  176  ft.  0  ins.  of  reinforced  con- 
crete trestle,  consisting  of  five  bents ;  and  24 
ft.  3  ins.  of  conortic  retaining  wall  construction 
at  the  west  end  of  the  bridge.  The  bridge  is 
on  a  tangent  from  the  cast  end  at  station 
2  4-  00  to  station  13  +  32,  at  which  point  it 
deflects  to  the  north  at  an  angle  of  9">  2'.  The 
structure  is  on  a  0.08  per  cent  upgrade  from  the 
cast  end  of  the  bridge  to  the  west  end.  The 
arch  spans  arc  of  the  ribbed  type,  with  spandrel 
columns,  cross  girders,  longitudinal  beams  and 
a  reinforced  concrete  deck.  The  roadway  sur- 
face is  paved  with  brick.  Figure  1  shows  an 
outline  drawing  of  the  bridge,  with  elevations 
and  general  dimensions. 


tions  indicate  the  character  of  various  parts  of 
the  work : 

Concrete  Work. — Four  classes  of  concrete 
will  be  used  in  the  bridge.  Class  A  consists 
of  1  :2V4  ;5  concrete  with  embedded  stones,  the 
stones  to  be  placed  not  nearer  than  6  ins.  to 
each  other,  nor  nearer  than  9  ins.  to  any  ex- 
posed face.  This  concrete  is  to  be  used  in 
the  footings  of  abutments  and  piers,  except  in 
the  footings  for  piers  Nos.  9  and  12.  Class 
B  consists  of  1:2:4  concrete,  and  it  is  to  be 
used  in  the  retaining  walls  above  the  footings, 
in  the  solid  portions  of  arches  and  piers,  in  the 
retaining  wall  at  pier  No.  12  and  in  retaining 
wall  at  pier  No.  11.  Class  C  consists  of  1:2:4 
concrete,  and  it  is  to  be  used  for  spandrel 
posts,  trestle  posts,  hollow  portions  o'  arch 
pier';,  sidewalks,  deck  or  roadway  construction 
and  pier  struts.    Class  D  consists  of  1 :2:4  con- 


materials  required  for  1  cu.  yd.  of  concrete 
of  various  proportions  are  given  in  the  ac- 
companying tabic: 


Proportion. 

1:1V4:3 

1:2     A 

1;2V4:5 


Cement, 

bl>l8. 

2.00 

1.57 

1..10 


Sand. 

cu.  yds. 

0.42 

0.44 

0.46 


Stone 

or  gravel. 

cu.  yds. 

0.S4 

0.83 

0.92 


Reinforcing  Steel. — Vertical  stirrups  shall 
always  pass  imder  the  main  tension  bars  and 
be  securely  wired  thereto.  -Ml  reinforcing  bars 
shall  be  medium,  open  hearth  steel,  and  shall 
be  wired  together  at  every  intersection.  Splices 
shall  be  at  least  40  diameters  in  length  and 
shall  be  securely  wired  in  at  least  two  places, 
or  as  the  engineer  may  direct. 

Form.f  aMflt  Centers. — Forms  shall  in  general 
lie  composed  of  2-in.  matched  sheeting,  and 
shall  be  surfaced  on  the  side  next  to  the  con- 
crete for  all  surface  which  will  be  exposed 
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in  the  finished  work.  In  general  forms  shall 
not  be  removed  from  concrete  in  less  than  14 
days  in  summer  and  28  days  in  winter,  except 
for  vertical  surfaces,  etc.,  of  numbers  which 
carry  no  loads,  the  forms  of  which  may  be  re- 
moved in  from  3  to  6  days.  Centers  shall  not 
Ik?  struck  from  arches  in  less  than  28  days,  and 
in  no  case  without  first  notifying  the  engineer 
in  charge. 

In  proportioning  forms  and  centering,  the 
concrete  shall  be  treated  as  a  liquid  of  its  full 
weight  for  vertical  loads  and  one-half  its 
weight  for  horizontal  pressures.  In  construct- 
ing timber  centers  for  arches  an  allowance  for 
settlement  shall  be  made  equal  to  %  in.  for 
each  .'50  ft.  of  vertical  height. 

Surface  Finish   of   Concrete. — The    exposed 


and    then    applying    two     alternate     layers     of 
fabric  and  pitch. 

DESIGN   FE.\TURES. 

Retaining;,  Wall  Approaches. — The  east  re- 
taining wall  approach  has  a  length  of  177  ft. 
9  ins.  from  center  of  end  pilaster  to  center  of 
the  abutment  which  marks  the  beginning  of  the 
reinforced  concrete  trestle  (see  Fig.  1).  On 
account  of  the  slope  of  the  ground  the  footings 
arc  stepped.  The  side  panels  of  the  retaining 
walls  arc  bush-hammered,  and  tlie  walls  are 
surmounte<l  with  ornamental  concrete  railings. 

The  west  approach  of  the  bridge  consists 
of  an  earth  fdl  and  a  24-ft,  M-in.  panel  of  re- 
taining wall  construction  adjoining  the  rein- 
forced concrete  trestle  spans. 

Reinforced    Concrete    Trestle. — The    portion 


the  principal  features  of  the  trestle  spans.  Fig- 
ure 2  (a)  gives  a  cross-section  of  a  typical 
trestle  span,  and  shows  the  type  of  construc- 
tion, the  principal  dimensions  and  the  rein- 
forcement; Fig.  2  (b)  shows  a  part  plan  of  a 
span  adjacent  to  an  expansion  joint,  and  gives 
the  principal  dimensions  and  the  arrangement 
and  size  of  the  reinforcement  in  the  floor 
slab;  Fig,  2  (c)  shows  a  side  elevation  of  the 
columns,  footing  and  a  part  of  the  superstruc- 
ture ;  and  Figs,  2  ( d )  and  ( e )  show  details 
of  the  expansion  joints.  .\  feature  of  this 
joint  is  the  use  of  phosphor-bronze  expansion 
plate. 

The  portion  of  the  bridge  between  the  west 
retaining  wall  approach  and  tlie  arch  spans  has 
a  length  of  176  ft.  U%  in.,  and  consists  of  five 
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Cb)  Plan  at  Expansion  Joint 
Fig.    2.     Plan,    Elevations    and    Sections    of   Trestle   Spans   of   Williams   Bridge 


Cd)  Detail  of  Exp  Joint    Ce)  Plan  of  Exp. 

joint 


surfaces  of  arches,  piers,  spandrel  walls,  rail- 
ings, beams,  retaining  walls,  abutments,  col- 
umns, bases,  etc.,  shall  be  finished  by  rubbing 
in  a  thin  mortar  with  carborundum  brick,  suf- 
ficient to  fill  all  pores  and  cavities  and  to  re- 
move all  board  marks.  Where  indicated  on 
the  drawings  the  panels  shall  be  bush-ham- 
mered. 

li'alerprnofiiti;. — The  top  of  the  concrete 
roadway  slab  and  the  inside  surfaces  of  re- 
taining walls  shall  be  waterproofed  with  a 
heavy,  imiK'rvious  coating  of  hot  waterproof- 
ing pitch,  with  two-ply  elastic  fabric,  2  ft,  in 
width,  over  all  expansion  joints.  The  elastic 
fabric  shall  be  "Tartar"  or  its  equal,  applied 
by  first  swabbing  the  concrete  w-ith  hot  pitch 


of  the  bridge  between  the  east  retaining  wall 
approach  and  the  arch  spans  has  a  length  of 
212  ft.  P  ins.,  and  consists  of  six  reinforced 
concrete  beam-and-slab  spans  on  reinforced 
concrete  columns.  The  lengths  of  these  spans, 
center  to  center  of  columns,  starling  with  the 
ea?t  span,  arc;  one  span  at  :!l  ft,  11%  ins,;  fou' 
spans  at  .'(4  ft,  1  in,;  and  one  span  at  41  ft,  (i 
ins.  These  spans  are  between  piers  Nos.  '• 
and  (>  (sec  Fig.  1).  The  roadway  surface  i-; 
brick,  laid  on  a  3-in,  cushion  of  sand.  The 
floor  construction  consists  of  a  reinforced  con- 
crete slab,  longitudinal  beams,  and  cross  gir- 
ders. The  latter  frame  into,  and  are  carried 
by,  reinforced  concrete  columns  on  spread 
footings.     Figure  2   shows  detail   drawings  of 


reinforced  concrete  spans  of  similar  construc- 
tion to  those  just  described.  The  length  of! 
these  spans,  center  to  center  of  columns,  be-T 
ginning  witli  the  west  span  are:  W  ft.  6  ins.; 
M  ft.  0  in.;  M  ft.  0  in.;  :?4  ft.  :!%  ins.,  and 
M.5  ft.  2%  ins.  These  spans  are  between  pier^ 
Nos.  17  and  12  (sec  Fig,  1), 

Arch  .S7>(i)i.t.— Between  i)iers  Nos.  H  and  12 
(see  Fig,  1)  the  bridge  consists  of  six  rein- 
forced concrete  arch  spans  of  varying  lengtlis. 
The  lengths  of  these  spans,  center  to  center 
of  niers,  are:  Span  ".\,"  70  ft.  8  ins.;  "B,"  80 
ft.  7  ins.:  "C."  91  ft,  0  in,s. :  "D."  102  ft.  ")  ins.: 
"F,"  ll.^  ft.  4  ins  ;  and  "F."  209  ft.  0  in  The 
rises  of  the  spans  are:  Span  "A."  12  ft.  0  in,: 
"R,"   n   ft.  9   ins,;   "C,"   15    ft.   9%   ins.;   "D." 
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K-<  ft.  2  3/lC  ins.;  "E,"  20  ft.  10%  ins.;  and 
•F."  30  ft.  4  3/16  ins.  These  dimensions  do 
not  consider  the  rounded  portion  near  the 
spring  lines  of  the  arches.  The  piers  rest  on 
-olid  rock. 

FipTure  3  shows  elevations  and  sections  of 
-pan  !•'.  the  longest  span.  The  arch  consists 
■  f  two  rectangular  ribs,  spaced  21  ft.  apart 
iiu  centers  and  connected  by  five  intermediate 
reinforced  concrete  struts.  The  cross-section 
of  each  rib  at  the  crown  is  48.xC3  ins.  and  at 
the  spring  line.  48.\i)C  ins.  The  spandrel  col- 
umns support  reinforced  concrete  cross  girders, 
into  which  frame  the  longitudinal  concrete 
l>ram-  which  carry  the  7-in.  reinforced  concrete 
:!  "ir  slab.  The  divided  piers  are  braced  at 
;"'ints  near  the  spring  lines  of  the  arch  ribs. 
1  igure  3  (a)  shows  an  elevation  of  this  arch 
and  its  piers;  Fig.  3  (b)  shows  a  horizontal 
-III ion  through  pier  No.   11  and  the  spandrel 


Columns;  Fig.  3  (c)  shows  a  section  through 
the  arch  ribs  and  gives  details  of  the  strut 
which  connects  the  arch  ribs;  Fig.  3  (d)  shows 
another  section  of  the  arch  rib;  Fig.  3  (e) 
shows  a  section  through  pier  No.  11  and  also 
shows  the  footing  plan;  Fig.  3  (f)  shows  a 
section  through  pier  No.  12  and  also  shows  a 
plan  of  the  small  wing  wall;  and  Fig.  3  (g) 
shows  a  section  of  the  wing  wall. 

Figure  4  (p.  040)  gives  some  floor  details  of 
the  arch  spans.  Figure  4  (a)  shows  a  half 
cross-section  of  the  roadway  near  the  spring 
line  of  the  arches;  Fig.  4  (b)  shows  a  half 
cross-section  of  the  roadway  at  the  crown  of 
the  arch;  Fig.  4  (c  shows  a  plan  of  a  part  of 
the  roadway  slab;  Fig.  4  (d)  show?  a  cross- 
section  of  the  roadway  slab;  and  Fig.  4  (e) 
shows  a  longitudinal  section  through  a  part  of 
the  floor  of  arch  F.  the  construction  of  the 
floors  for  the  other  arches  being  similar.    The 


Comment  on  Mr.  J.  E.  Greiner's  Paper, 

"Rolling  Loads  on  Bridges." 

To  THE  FiiiTORs : — .\  modern  trend  in  the 
matter  of  railroad  bridge  designing  is  shown 
in  a  recent  bulletin  of  the  American  Railway 
Engineering  Association,  namely,  Vol.  15,  No. 
liil.  In  a  discussion  on  "Rolling  Loads  on 
Bridges,"  Mr.  J.  R.  Greiner  makes  some  rec- 
ommendations which,  if  taken  seriously,  would 
totally  demoralize  railroad  bridge  design. 
Based  on  opinion  solely,  for  no  data  nor  tests 
whatever  are  quoted,  Mr.  Greiner  makes  the 
statement  that  railroad  bridges  can,  with  per- 
fect safetly,  be  overloaded  all  the  way  from  50 
to  100  per  cent.  And  other  engineers  agree 
with  him,  on  the  same  basis.  It  is  a  good 
thing  that  there  are  rules  and  laws  which  re- 
quire that  stability  be  grounded  on  something 
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(e)  SecTion  C-C  and  Footing  Plan 


Cf)  Section  D-D, 


Fig.  3.    Elevation  and  Sections  of  the  Arch    Rib  and    Piers  of  the  Longest   Arch  Span  of  Williams   Bridge. 
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rnit  Total 

Item   and   Quantity.                                 lild.  bid. 
Dry  excavation  and  backfill,  2.300  cu. 

yds »l.r.O  $3,450 

Wet  excavation  and  backllll.  700  cu. 

ydn --BO  1,750 

Rock  excavation  and  buektill.  "00  cu. 

vdK 2.75  1.925 

•  'iViHS  A  concrete.    100  cu.  ydM B.OO  2.40U 

rhuH.H  H  concrete,  l.BOO  cu.  yds S.50  13.000 

<  ladM  ( ■  concrete.  :;.000  cu.   ydH 10.50  21.<K)0 

t:iaHH  1  >  conireli-.  750  c\i.  yiln --.00  17,250 

foncrete   rallliiK.   2,5:iO  lln.   ft 1.00  10,120 

RelnforclOK   Mieel.    100.000  Urn 0  i)2'.4   0.000 

Curb  anil   llnlnh  anKleM,   22.000  lbs..      O.Ofi  1.320 

Kniliaiikni.  nt.    ;;.son    cu.    yds O.OO  1.680 

Hrick   pavliii,-.   2.ii'iO  m|.   ydH 1.35  3.51.1 

].Anip  pi'StH.  cnniplete.   15 20.00  300 

8cupperH  iifiil   '!-ln.    tile  dralnH,  20.    .25.00  «.>0 

HuHh-hammcr.d    nnl»h,    5.000  mi.    ft.   0.10  MO 

ItuWied   nnlMh,   2S.O00  Hq,    ft 0.0UV4   1.S20 

WaterproollnK.    3.300    h(i.    yd» 0.50  1.650 

Sidewalk   IliilHb.    5.10()  n(|.    ft 0.05  Ztm 

Grout-nilo.l   drilled   hole.t,   300  lln.    ft.  0,60  IBO 
Cant  Hteel  surfaced  expauHlon  platCB, 

l.non  lbs 0,16  2BC 

Rolled     Hteel       surfaced       expanHlon 

plalesi,   5,31111    lli.M O.OB  265 

S.-ln.   pho.Mpbor-bron7.c    platen,    1.750 

Iba 0.<0  700 

Cofferd.Tmg.   aheetlntc  and   pumplntr. 

complete    2.<"0 

Conduits.    wIrlnK.    fuse     boxea,     ter- 
minal boxey,  etc  complete l.*21 

<;iiinrl     total,    .ill    Items $96,972 


cross-sectional  areas  at  the  cmwii  ol  the  arch 
ribs  for,  the  various  spans  are  shown  in  l-'ig.  4 
(b).  The  cross-sectional  areas  at  llie  spring 
line  are:  "A."  30x10  ins.;  "H,"  3iix4.t  ins.;  "C," 
.10x40  ins.;  "D,"  30x50  ins,;  "F.,"  30x54  ins.; 
.ind  "F,"  4«x!lfi  ins. 

h'igiirc  5  (p.  fill!)  gives  elevations  and  sec- 
lions  of  the  upper  part  of  pier  No.  12.  and 
illustrates  the  type  of  cun^truction  used,  l-'ig- 
tire  5  (a)  show-  an  end  elevation;  l'"ig.  5  (h» 
shows  a  cross-section  of  the  roadwa\  near 
pier  Nil.  12  and  an  enil  elevation  of  the  pier: 
and  l'"ig.  5  (c)  .shows 'a  horizontal  scclion  ol 
the  pier. 

nt'ANTlTIKS  OF   M ATlCRt AI..S  ANP  fNIT  I'RICES. 


The  estimated  (iiiantities 
unit    prices   bill    lor    this   bridge   arc   given    in 


(iiiai 

lor 

contract 


f  materials  and  the 
arc 
f   the   structure 


Table    I,    the   coiMract    price 
being  $<Wi,!i72. 

PEKSO.VNEI.. 

Those  connected  with  the  work  deicribc*! 
are:  Richard  Sinclair.  Lewis  Davis  ami  Thos. 
K  Humphreys,  county  commissioner-:  John 
Pcakc,  county  surveyor;  Walter  Hraun,  county 
bridge  engineer;  and  Wilbur  J  Watson, 
ricveland.  consulting  engineer.  The  contractor 
for  the  work  is  D  W.  McGrath  of  Columbus, 
Ohio, 


better  than  the  opuiioiis  ol  men  :  there  ought 
to  be  more  of  them,  especially  the  laws. 

In  Vol.  !'  of  the  .Nmcrican  Railway  Fngi- 
r.ecring  aiul  .Maintenance  of  Way  .Association, 
pp.  2I'.t  and  '2!*'.>,  .Mr.  Greiner  gives  a  report  of 
iiis  committee  on  "Iron  and  Steel  .'-tructures." 
so  that  these  deliverances  may  be  taken  as  the 
opinion  of  the  .Association.  .Mr.  Greiner  says, 
"Unit  strains  in  tension  to  the  extent  of  20,00t» 
lbs.  in  structural  open  hearth  steel  and  22,000 
lbs.  in  wrought  iron  will  not,  in  themselves, 
he  suflicient  justiticalioii  for  suspending  traflic 
or  condemning  the  structures."  .Again  he  says, 
"That  means  if  you  cut  down  speeds  you  can 
run  heavier  overloads.  It  would  mean  prac- 
tically taking  a  00- ft.  girder  span  at  full  speed 
on  an  overlnad  of  about  "I  per  cent,  while  at 
slow  speed  the  overload  would  be  something 
like   122  per  cent." 

In  the  bulletin  above  referred  to  Mr.  Greiner 
states  that  "we  know"  from  numerous  tests 
and  long  experience  that  properly  designed 
bridges  in  good  condition  will  safely  withstand 
an  overload  of  50  per  cent  without  any  traffic 
or  speed  regulation,  and  if  speed  is  regulated 
an  occasional  overload  of  W)  per  cent.  -No 
test-  arc  cited:  the  experience  is  not  described. 
This  is  staled  a-  more  conservative  than  has 
been  the  successful  practice  of  a  number  of 
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railway  engineers.  Mr.  Greiner  further  states 
"An  E-50  American  Railway  Engineering 
Association  Specification  bridge  is  a  good  and 
economical  type  with  sufficient  strength  to 
safely  carry,  in  regular  unrestricted  service, 
the  heaviest  locomotives  that  can  be  safely 
operated  without  a  possible  complete  revision 
of  present  standard  clearances." 


when  the  tests  are  carried  to  a  conclusion.  A 
contractor  tests  his  equipment  again  and  again, 
and  after  lifting  a  given  load  hundreds  of 
times  a  chain  will  break  under  the  same  or 
less  load.  Calculation  .will  show  him  that  the 
chain  was  overloaded  every  time  it  lifted  that 
load,  but  it  only  failed  at  the  last  time.  This 
is  in  perfect  agreement  with  laboratory  tests. 


jOars  9'ctrs.t>ent90'at- 
.  j5'_2" curb.. 

e-0'  ■ 


unbalanced  loads  go  hammering  over  uneven 
tracks,  to  .spare  the  railroads  the  expense  of 
replacing  old  and  weak  bridges,  why  not  use 
even  higher  units  in  buildings  and  in  bridges 
where  automobiles  with  their  gum  shoes  go 
quietly  by? 

The    elastic    limit   is   the   practical    ultimate 
strength  of  bridge  members,  both  in   tension 
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Ce)  Floor  Details  ArchT' 


Fig.    4.  Plan    and    Sections    of    Floor   Construction    for    Arch     Spans    of    Williams    Bridge. 


Experience  is  good  ;  there  is  nothing  to  equal 
it.  Opinion  is  good,  when  nothing  else  is 
available.  Suppose  that  e.xperience  consisted 
of  watching  a  roof  truss  for  40  years,  a  truss 
that  calculations  showed  to  be  weak.  Such 
experiences  would  doubtless  say  that  the  truss 
was  perfectly  safe.  The  truss  the  writer  has 
in  mind  stood  for  42  years  and  then  col- 
lapsed. Suppose  it  consisted  in  watching  a 
railroad  girder  span  for  30  years,  part  of 
which  time  it  had  been  loaded  somewhat  be- 
yond its  calculated  capacity.  The  experience 
would  say  that  the  span  was  perfectly  safe. 
The  span  the  writer  has  in  mind  was  in  Pitts- 
burgh; it  failed  after  more  than  30  years  of 
service  under  usual  conditions,  slow  speed  of 
a  locomotive  not  very  heavy.  The  occurrence 
took  place  May  7,  1900,  and  the  writer  was  on 
the  ground  before  the  police  shoved  the  in- 
quisitive back.  By  his  calculation  the  unit 
stress  was  something  less  than  14,000  lbs.  per 
square  inch  in  tension  on  wrought  iron,  a 
little  more  than  half  of  what  Mr.  Greiner  con- 
siders perfectly  safe — perhaps  40  per  cent  of 
overload  above  the  designer's  assumption. 

A  short  time  ago  another  fatal  wreck  oc- 
curred on  a  viaduct  that  had  stood  for  more 
than  20  years.  A  box  girder,  woefully  bad  in 
detail,  for  it  was  hollow  where  there  ought  to 
have  been  stifTcncrs  over  the  column,  crushed 
down  over  the  column.  If  a  detail  so  abom- 
inable as  this  could  stand  20  years  of  heavy 
loads  and  constant  traffic,  would  not  expe- 
rience pronounce  it  good? 

None  of  these  cases  were  of  wearing  out 
from  wasting  of  the  metal.  The  weakness 
was  original  and  was  ascertainable.  Calcula- 
tion and  logical  designing  were  infinitely  bet- 
ter than  decades  of  experience  and  observa- 
tion in  determining  the  sufficiency  of  these 
structures. 

"Numerous  tests''  are  also  good,  especially 


A  large  number  of  repetitions  of  loads  near 
the  elastic  limit  of  steel  will  eventually  break 
a  specimen.  The  steel  is  rendered  brittle  by 
excessive  loads  and  finally  breaks.  Chain 
users  understand  this  and  heat  or  anneal  their 
chains  occasionally  to  toughen  them.  Bridge 
users  never  anneal  their  old  ill-used  bridges. 


and  in  compression.  This  statement  admits  of 
no  controversy.  It  is  established  beyond  ques- 
tion that  stresses  at  or  near  (below)  the  elas- 
tic limit  will,  under  repeated  application,  cause 
failure. 

The  yield   point  of   wrought  iron   specimen 
tests   is   usually  about   26,000   lbs.    per   square 
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Fig.  5.  Elevations  and  Sections  of  Pier  No.  12  of  Arch   Span   of   Williams   Bridge. 


If  the  numerous  tests  referred  to  by  Mr. 
Greiner  have  been  published  it  would  be  well 
to  call  attention  to  them  and  show  how  they 
furnish  a  basis  for  shattering  all  standards  for 
bridge  design,  for  if  26,000  lbs.  per  square 
inch  is  perfectly  safe,  why  waste  money  by 
using  16,000  lbs.?  If  such  units  constitute 
sound  engtocering  in   railroad  bridges,   where 


inch.  This  is  the  point  where  "drop  of  beam" 
is  observed.  The  true  elastic  limit  is  very 
much  less,  probably  in  the  neighborhood  of 
20,000  lbs.  The  writer  has  taken  steel  with  a 
nominal  yield  point  of  40,000  lbs.  per  square 
inch,  and  by  testing  it  under  a  very  slow  speed 
has  found  it  to  have  an  elastic  limit  of  about 
32,000  lbs.  per  square  inch. 


June  3,   l'J14. 
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What  degree  of  safety  would  there  be  in  a 
structure  whose  tension  members  are  stressed 
22,0U0  lbs.  in  wrought  iron  having  an  elastic 
limit  of  20,0U0  lbs.?  The  structure  might  stand 
it  for  years. 

What  degree  of  safety  would  there  be  in 
a  structure  whose  tension  members  are  stressed 
24,000  to  32,000  lbs.  per  square  inth  (50  to  lOO 
per  cent  overload)  in  steel  whose  elastic  limit 
is  32,000  lbs.,  or  perhaps  less? 

Compression  members,  by  the  American 
Railway  Engineering  Association  Specifica- 
tions, have  the  same  units  as  tension  members 
(reduced  for  column  length).  These  would 
be  subject  to  the  same  excess  loading  in  a 
bridge.  What  do  tests  show  in  regard  to  com- 
pression members?  The  best  set  of  tests  ex- 
tant, because  they  are  made  on  actual-size 
bridge  members  of  good  average  shop  work, 
are  those  made  by  the  late  Mr.  C.  P.  Buchanan 
and  published  in  "Engineering  News,"  Dec.  26, 
1907.  Mr.  Buchanan  in  this  article  gives  the 
elastic  limit  or  yield  point  of  these  several 
tests,  19  in  all.  The  maximum  loads  are  some- 
what higher  than  the  yield  point  or  point  of 
permanent  set,  in  some  cases  the  difference  is 
but  a  few  thousand  pounds,  in  others  the  ul- 
timate strength  is  about  double  the  load  at 
permanent  set.  It  is  the  yield  point  that 
counts.  It  is  under  this  load  or  less  that  the 
member  would  fail  under  a  large  number  of 
repetitions. 

Nine  of  the  tests  of  wrought  iron  compres- 
sion members  showed  a  permanent  set  or 
yield  point  between  13,200  and  20,500  lbs.  per 
square  inch  (average  10,200  lbs.  per  square 
inch).  These  members,  howxver,  failed  in 
the  end  details.  Two  steel  members  also 
failed  in  the  details,  showing  permanent  set  at 
23,600  and  24,700  lbs.  per  square  inch  re- 
spectively. 

Three  wrought  iron  members  failed  in  the 
body,  showing  permanent  sets  at  17,000,  17,200, 
and  20,150  lbs.  per  square  inch,  respectively. 
Five  steel  members  failed  in  the  body  .show- 
ing permanent  set  at  loads  of  from  12,600  to 
25,5(i0  lbs.  per  square  inch  (average  19,700  lbs. 
per  square  inch).  The  average  maximum  load 
was  31,200  lbs.  per  square  inch.  Four  columns 
had  a  ratio  of  slenderness  of  46  and  less,  the 
fifth  had  a  ratio  of  97  (ultimate  strength  27, 
790  lbs.  per  square  inch). 

All  of  these  were  members  having  a  ratio 
of  slenderness  between  30  and  100,  except  one 
wrought  iron  member  whose  ratio  was  120  and 
whose  permanent  set  was  20.500  lbs.  per  square 
inch,  the  highest  value  of  all  the  wrought  iron 
members. 

These  steel  members  would  probably  all  fill 
every  requirement  of  the  American  Railway 
Engineering  Association  Specifications.  They 
were  ordinary  standard  bridge  members,  the 
kind  Mr.  Greiner  and  other  engineers  would 
subject  with  equanimity  to  50  to  100  per  cent 
overload. 

Wh.it  degree  of  safety  would  there  be  in  a 
structure  whose  compression  members  arc 
stressed  24,000  to  32,000  lbs.  per  square  inch 
(reduced  for  column  length)  when  those  mem- 
bers have  a  yield  point  of  19.700  lbs.  and  an 
ultimate  strength  of  31,200  lbs.  per  square 
inch  as  shown  by  tests? 

Six  tests  on  well-made  bridge  members  de- 
scribed by  J.  A.  L.  Waddell  (in  Trans.  Am. 
See.   C.  E..  Vol.  LXIII.  p.  250)   show  great 


regularity.     In  three  of  these  bridge  members 

—  was  27,  and  the  elastic  limit  was  28,800  lbs. 
r 

per  square  inch — just  about  100  per  cent  more 
than  the  safe  load  by  the  A.  R.  E.  A.  Specifica- 

1 
tions.     In  the  other  three  members  —  was  81, 

r 
and  the  elastic  limit  was  16,800  lbs.  per  square 
inch — 60  per  cent  greater  than  the  safe  load. 
What  would  happen  to  these  members  under 
repeated  applications  of  loads  50  to  122  per 
cent  greater  than  that  allowed  by  the  above 
specifications?  The  average  ultimate  load  of 
the  first  three  members  was  39,200  lbs.  and 
of  the  other  three  30,500  lbs.  per  square  inch — 
less  than  three  times  the  A.  R.  E.  A.  safe  load. 
The  old  notion  about  a  railroad  bridge  being 
designed  with  a  factor  of  safety  of  four  or 
U\e  is  a  mistaken  one.  If  any  engineers  still 
fancy  that  it  has  any  meaning  it  would  be  well 
for  them  to  revise  their  fancies. 

Now  where  is  there  any  room  for  opinion 
when  bald  facts  bellow  out  the  truth  in  such 
unmistakable  terms? 

Very  truly  yours, 

Edward  Godfrey. 
Monongahela    Bank    BIdg.,    Pittsburgh,    Pa., 

May  2,  1914. 

(A  copy  of  the  above  letter  was  submitted 
to  the  author  of  the  article  criticised,  who  re- 
plied   as    follows: — Editors.) 

To  THE  Editors  : — In  reply  to  the  comments 
of  Mr.  Godfrey  I  shall  -merely  call  atten- 
tion to  the  fact  that  the  very  first  paragraph 
of  his  communication  indicates  either  that  he 
has  not  read  my  paper  carefully  or  that  he  is 
not  familiar  with  the  subject  which  he  en- 
deavors to  discuss. 

In  the  first  place  the  paper  in  question  con- 
tains no  recommendations  "which  if  taken 
seriously  would  totally  demoralize  railroad 
bridge  design."  In  fact  all  statements  made 
are  consistent  with  gopd,  substantial,  safe  and 
standard  railroad  practice  in  the  design  and 
maintenance  of  bridges. 

Mr.  Godfrey  says,  "based  on  opinion  solely, 
for  no  data  nor  tests  whatever  are  quoted. 
Mr.  Greiner  makes  the  statement  that  railroad 
bridges  can  with  perfect  safety  be  overloaded 
all  the  way  from  50  to  100  per  cent."  Now 
what  I  did  say  was  as  follows,  and  I  have 
emphasized  some  essential  provisional  state- 
ments which  Mr.  Godfrey  has  ignored: 

"All  bridgemen  know  that  firoficrly  designed 
bridges  as  well  as  steel  hopper  cjirs,  may  be 
loaded  considerably  beyond  their  nominal 
capacity,  and  that  they  will  carry  a  definite 
amount  of  overload  regularly  and  continu- 
ously without  requiring  any  closer  attention 
than  is  usually  bestowed  under  ordinary  good 
maintenance  conditions.  This  capacity  for 
overload  provides  to  a  large  extent  for  future 
increases   and   developments." 

"Wc  know  from  numerous  tests  and  long 
experience  that  bridges  properly  designed  and 
constructed  of  proper  material  and  with  mem- 
bers proportioned  in  accordance  with  specifi- 
cations .equally  as  good  as  the  standard 
adopted  by  the  American  Railway  Engineering 
.'tssoridlion,  so  lonp  as  maintained  in  good 
condition,  will  safely  withsland  an  overload 
of   50  per   cent   without   any   traffic   or   speed 


restrictions ;  that  such  a  bridge  may  be  sub- 
jected to  an  occasional  overload  considerably 
in  excess  of  50  per  cent,  and  this  without 
restrictions;  and  if  the  speed  is  regulated, 
the  bridge  will  stand  an  occasional  overload 
of  100  per  cent." 

"This  statement  is  consistent  with  the  writ- 
er's personal  experience  with  the  maintenance 
of  structures  in  the  past  25  years,  and  is  some- 
what more  conser\'ative  than  has  been  the 
successful  practice  of  a  number  of  railway 
engineers.  Therefore,  it  should  be  clearly  un- 
derstood by  the  operating  officials  of  railways 
that  a  bridge  of  the  nominal  E-so  capacity, 
that  is,  one  designed  for  Cooper's  E-so  load- 
ing in  accordance  with  the  American  Railway 
Engineering  Association's  Standard  Specifi- 
cations, ~uiU  not  reach  its  full  regular  traffic 
capacity  until  the  different  classes  of  engines 
now  in  service  shall  have  about  the  weights 
given  in  Table  5,  and  an  E-60  bridge  not 
until  these  engines  have  increased  to  the  ex- 
tent shown  in  Table  6." 

There  is  nothing  new  to  experienced  bridge 
engineers  in  the  above  statement.  This  was 
thoroughly  discussed  before  the  Americai* 
Railway  Engineering  Association  six  years 
ago,  and  the  recommended  standard  practice 
as  to  carrying  capacity  of  bridges  adopted  by 
this  Association  in  1908  is  based  thereon,  and 
still  prevails  throughout  the  country.  Instead 
of  demoralizing  railroad  bridge  design,  as 
Mr.  Godfrey  says  it  would  do  if  taken  seri- 
ously, it  has  had  a  decided  influence  upon 
standardizing  railroad  bridge  design,  and  tj 
taken  very  seriously  by  railroad  bridge  en- 
gineers. 

Mr.  Godfrey  says,  "It  is  a  good  thing  that 
there  are  rules  and  laws  w-hich  require  that 
stability  be  founded  on  something  better  than 
the  opinions  of  men  :  there  ought  to  be  more 
of  them,  especially  the  laws."  I  heartily  agree 
with  him.  but  if  there  are  to  be  more  laws 
they  ought  to  be  framed  by  someone  familiar 
with  the  subject  to  which  they  relate. 

As  the  paper  on  "Rolling  Loads  on  Bridges" 
is  simply  a  report  covering  the  heaviest  lo- 
comotives of  each  type  now  in  service  or 
under  consideration  by  the  various  railroads, 
their  relative  effects  on  E-50  and  E-60  bridges, 
the  capacity  of  these  classes  of  bridges  for 
future  increase  in  weight  of  locomotives  and 
proper  specification  requirements,  it  is  es- 
■sentially  a  presentation  of  facts ;  but  there 
appears  to  be  "plenty  of  room  for  opinion" 
as  to  whether  present  bridges  have  sufficient 
strength  even  "when  such  bald  facts  bellow 
out  the  truth   in  such  unmistakable  terms." 

.As    Mr.    Godfrey's    remarks     arc     founded 
upon   an   erroneous   interpretation     of     state- 
ments   made    by    the    writer    and    an    evident 
misunderstanding    of    the    essential    substance 
of    the    bridge    committees'    report,    made    to 
the    .'Xmtrican    Railway    Engineering   .Associa- 
tion in   1908,  the  writer  has  no  further  com- 
ments to  make,  except  possibly  a  recommcn 
dation  that  anyone  who  desires  to  quote  froi; 
or  make  use  of   the   recommendations  of  the 
1908  report  and  the  paper  on  "Rolling  Loads 
on  Bridges"  should  first  read  them  with  sufli 
cicnt  care  to  enable  him  to  understand  clear 
1y  just   what   is   said  and   meant. 
Very   truly   yours, 

J.  E.  Greiner. 

R.-iltimorc,  Md.,  May  19,  1914. 


Procedure     in     Designin^^     New     and 
Relief  Storm  Water  Sewers 
in  Cincinnati. 
The   portion   of   the    recently    issued    report 
on   a  plan   of   sewerage   for   Cincinnati   which 
relates  to  the  design  of  new  and  relief  sewers, 
was  prepared  by  Mr,  F.  J.  Van  Hook.     Com- 
ment   upon    the    complete    report    is    made   in 
the  editorial  section  of  this  issue.     The  pres- 
ent  article   relates  wholly   to   the   methods  of 
analysis   employed   in   designing   the  new   and 
relief   sewers. 


•\    critical    study    of   the   existing    sewerage 
system  of   Cincinnati   was  made  with   .i   view 
to  recommending  such  improvements  as  •■■■ 
provide  relief  in   districts   subject   to  fl  ■ 
m   limes   of   storm,   and   such   new    ^cwi:--   .i^ 
tnav    be    required    for    districts    not    |irnvidcd 
with    sewerage    facilities.      In    tin-    ■'■       "    ' '■'■ 
the    new    sewers   recnmnicnded    t!i' 
sy.stcm  of  sewerage  was  cmployi'l 
quantity    of    house    ■sewage    is    relatively    very 
small,    as    compared    with    the    storm    water- 
flow,  it  IS  evident  that  the  problem  presented 
is  one   of   storm   sewer   design. 


RAINFALI,     AND     RUN-OFF. 

Reforp    falfinc    up    the    detailed    studies   fi' 
'  '^cs   were  madc 
ling   the   dcter- 
Mrn.ii:..n    'ii    iiic   anmiint   'H    surface   drainage 
for   which    provision   should   be   made   in    the 
!• -'•■!i    of    storm    sewers.      The    factors   con- 
'    arc   as   follows:     1.  Intensity  of  rate 
nfall.     2.  Relation  between   rainfall  and 
runoff,    or   the   proportion    of    rainfall    which 
immediately    reaches    the    sewers.     3.  Extent 
and  shape  of  the  area  to  be  drained.    4.  Sur- 
face slopes. 
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Many  attempts  have  been  made  to  estab- 
lish relations  between  these  factors  and  to 
express  them  in  formuke.  As  there  appeared 
to  be  no  method  which  had  been  regularly 
and  continuously  used  in  Cincinnati  for  the 
determination  of  the  amoimt  of  storm  dram- 
age  for  which  sewers  and  drains  should  pro- 
vide, a  review  was  made  of  the  more  com- 
monly accepted  methods  and  formuke  to 
ascertain  if  any  one  of  these  was  applicable 
to   local  conditions. 

TABLE  I.  —  H.VTES  OF  PRECIPITATION 
WHICH  FIX  LOWEK  LI.MIT  OP  EXCESSIVE 
PHECIPITATION  IN  STOKMS  SINCE  ISOl. 


TYI  ICAE      TENEMENT      lUSTUICT 


TABLE    III.— RPN-OFF    FROM    IMPROVED    AREAS      IN 

(CLARK   STREET). 

Area — 60.0   acres. 

Den.sity — 135  persons  per  acre. 

Character  of   District— Mostly   two-story   dwellings   and    stores,    with    paved    interior    walks   and 
yards.     Essentially   a   tenement   di.strict. 

Soil — Clayey  sand  overlying  beds  of  sand  and   gravel. 


Period 

Rate 

Period 

Rate 

(minutes). 

(inches). 

(minutes). 

(inches) 

5 

0.25 

40 

O.CO 

10 

0.30 

45 

0.65 

15 

0.35 

50 

0.70 

20 

0.40 

60 

0.75 

•      2.") 

0.45 

80 

0.80 

30 

0.50 

100 

0.90 

3.T 

O.oo 

120 

1.00 

Character  of  improvement. 
P.oofs    

Resicienees — Public  and   commercial. 

Barns  and   sheds    

Interior    walks 

Brick     

Cement    

Stieet    wallas..  

Brick     

Cement 

Street    p:ive)rients 

Asphalt,    lirick.    wood   block 

Gianile    block 

Macadam    and    cobble 

I'ninipioved     - 

Pnpaved    .\':\rds    and    lawns 

Total     

Rnperviocs   coefflcient    for   distiict. 


Ai-ua  in 
•sq.  ft. 

b'x't'.iof) 

163.500 

220,060 
100,400 

"3b'„566 

222,600 

b'aV.ooi'i 

2»,000 
46.800 


Per  cent 

of  total 

ai-ea. 


"37.6 

6.3 

8.4 
3.8 

"  l'.5 
8.3 

15.1 
1.1 
1.8 

Estimated 
de.i^ree 

of  imptr\  - 
ioLiyness. 

.96 
.70 

Wh 

.75 
!i6 


Biiuivalent 

imper. 

area 

sq.  ft. 


.85 
.75 
.40 


15.9 
100.0 


SS3,0SO 
114.450 

"88',6()6 
75,300 

"15,866 
166,950 

334,815 

21.750 

-     1S.720 

103,982 

1,822,847 


Per  cent 

total 
area  im- 
pervious. 


6.3 

■y.o 

14.4 


4  0 
69.9 


Most  of  the  run-off  formula'  arc  based  on 
conditions  existing  in  the  particular  city  or 
locality  for  which  they  were  derived  and  it 
is,  therefore,  evident  that  these  should  not  he 


time    permits    of    a    varying    rate    of    rainfall 
inmiediately    dependent    upon    the    area,    shape 
and  slo])e  of  the  territory  to  be  drained. 
.\lso,  on  account  of  the  unusual  topographic 


of  time  should  he  accurately  determined. 

In  view  of  these  facts,  it  was  concluded  to 
adopt  the  "rational"  method  in  determining 
the  amount  of  storiu  drainage  for  wdiich  pro- 


TABLE  or  INTENSITIES.   FOR    l-M- 


a  Storm    of  May   ^O.  1902 

Q  .          -     July     17.  1912 

i  .           .       .        ZZ.  1906 

,  .           ,.        .          5  .  1837 

o  .                 Aug.    3 .  1900 

•  .          ,.     May  27.  1899 

—  Adopted  Curve  for  Cio'ti  O  (I '  ^) 


T,me  in 
m,nu+es 

Int^nsit^ 

Time  in 
minutes 

Intensity 

b 

7  17 

80 

1  79 

10 

507 

85 

1  74 

15 

4  14 

90 

169 

20 

3  58 

95 

1  64 

25 

320 

100 

160, 

30 

2  92 

105 

1  56 

35 

271 

no 

1  52 

40 

2  53 

115 

149 

45 

2  39 

120 

146 

50 

2  26 

l?5 

1  43 

55 

2  16 

130 

1  40 

60 

2  07 

135 

1  38 

65 

1  99 

140 

1  35 

70 

1  91 

1+5 

1  33 

75 

1  95 

150 

1  31 

^60        65        TO        75        So        55        90        5^' 

DURATION  OF  DOWISPOUR  IN  MINUTES 


Fig.    1.     Diacrrm    Showing    the    Relation    C^twcen    ln'e.-E:ty    ard    Curation    of    Rainfall    at    Cincinnati    from     1871     to    1912. 


used  excepting  under  similar  conditions. 
.Mso,  some  formulre  are  made  dependent  upon 
an  adopted  maximum  rate  of  rainfall  whicli 
is  kept  constant.  On  the  other  hand,  the  use 
of  the  so-called  "rational"  method  of  analysis 
through    the    introduction    of    the    element    of 


features  prevailing  in  Cincinnati,  producing 
numerous  small  drainage  areas  with  com- 
paratively steep  surface  slopes  in  the  outlying 
districts  and  IJat  slopes  in  the  older  portions 
of  the  city,  it  is  important  that  the  proper 
rainfall  intensity  and  run-off  for  short  period? 


TABLE   U.— UL'N-DFF  FROM   IMPP  (VED   AREAS    IN    TYPICAL    COMMERCIAL    DISTRICT.— 

;     (WALNUT  STREET). 
Area— 30.4  acres. 

'   * "  '       Area    co\'ered    b.v   ort1< 


Character  of   District— Commerc^l 
nc»»  houses.     No  undeveloped  area. 
Soil- Sand  and  gravel. 

Character  of  Improvement. 


Roofs     

Public   and    commercial. ... 
Interior   walks    

Brick     

Cement    

Street   walks    

Brick     

Cement    

street   pavements 

.\sphalt,   brli-k,   wood   block. 

c.ranlte    block 

Macadam   and   cobble 


Iiiillding 


stores   and    other    biisi- 


ICstimated 

I'jouivalent 
fmper. 

Pel 

fcnt 

Per  cent 

degree 

total 

Area  In 

of  total 

of  Imperv- 

area 

art 

a  Im- 

.S<|.  ft. 

a  lea. 

loiisness. 

.S<|.  ft. 

pervious 

.59.8 

881.200 

66.5 

.90 

793,080 

'6.8 

-.500 

0.6 

.40 

3,000 

10,000 

0.7 

.75 

7,500 

's.'i 

fi,10i) 

0.5 

.40 

2.4  40 

139,300 

10.5 

.(.-> 

104.475 

i6.'4 

145.500 

11.0 

.85 

123.675 

111.400 

8.4 

.  1.1 

83,550 

23,224 

1.8 

.40 

9.290 

100.0 


1,127,010 


85.1 


Total     1.324,224 

Impervious  coefflclent    fur  district,   85.1%. 
•These    values   are   adapted    from    those   suffeested  by  Mr.  Emil  KuichllnR  In  thp  KuirhllnR  and 
Bijant  "Report  on   Back   Bay  (Boston)   Sewers." 


vision    sliould    lie    mailc.      This    formula    may 
be  expressed  as  follows  : 

Q=..\  C  I 
in    which. 

(J=thc  discharge   in   cubic    feet   per   second. 

.\=thc  area   drained   in   acres. 

C=thc  ratio  of   run-off  to   rainfall. 

l=thc  intensity  or  rate  of  rainfall  during 
the   period   of   concentration. 

The  procedure  in  this  mctli"<l  of  analysis 
is   as   follows: 

1.  The  time  is  first  approximated  by  ob- 
serving the  surface  or  sewer  slopes,  estimat- 
ing the  sizes  of  pipe  necessary  and,  assum- 
ing that  they  run  full,  determining  the  veloc- 
ities. The  time  necessary  for  flow  from  the 
remote  portions  of  the  drainage  area  under 
consideration   can   then   be  calculated 

2.  With  the  time  factor  approximated,  the 
intensity  or  rate  of  rainfall  is  determined 
from   the   rainfall   intensity  curve  or  equation 

M.  The  run-off  co-cfiicicnt  C.  or  reduction 
factor,  is  then  determined  by  estimating  the 
probable  future  increase  in  the  percentage  of 
impervious   area. 

4.  Having  determined  the  rate  of  rainfall 
and  the  run-off  co-efficient,  the  discharge  may 
be    calculated    and    the    sizes    and    grades    of 
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sewers  determined  in  the  usual  manner.  .\ 
closer  estimate  can  then  be  made  of  the  time 
factor  and,  if  found  necessary,  a  second  cal- 
cuhition  made  of  the  sizes  and  grades. 

Iiitensily  or  Rale  of  Rain/all. — The  use  of 
the  "rational"  method  of  analysis  requires  a 
lliori>ugh  study  of  the  local  rainfall  records 
for  the  purpose  of  determining  a  rainfall 
intensity  curve  which  shall  define  the  limit  of 
excessive  storms  for  which  provision  should 
l)e  made  in  the  design  of  storm  sewers.  By 
means  of  this  curve  the  rate  of  ram  fall  can 
he   determined    for  any   period   of  time. 

RainfoU  Records. — Rainfall  records  for  Cin- 
cinnati have  been  kept  by  the  L'.  S.  Weather 
Bureau  from  1871  .to  date.  Through  the 
courtesy  of  the  local  forecaster  of  the  weather 
bureau,  these  records  have  been  examined  and 
data  relating  to  significant  storms  taken  from 
them  and  made  available  for  use  as  the  basis 
of  the   rainfall   studies. 

The  L'.  S.  Weather  Bureau  pulilished  in 
1!M2  the  total  monthly  rainfall  for  each  year 
from  1871  to  WVl  inclusive,  together  with  tin- 
total  annual  precipitation  and  the  mean  preci- 
pitation for  each  month,  and  for  each  year. 
These  data  were  availal)le  but  were  not  of 
particidar  use  in  the  rainfall  studies  made  in 
cor.nectiim   with   the   sewerage   problem.  ■ 

Viifiiblished  Data  Furnished  l>\  U.  S. 
ir rather  Bureau. — 1.  The  records  of  heavy 
rainfalls  having  a  total  precipitation  of  l.o 
ins.  or  more,  in  24  hours,  or  having  a  rate  of 
1  in.  per  hour  for  shorter  periods,  with  ex- 
tracts from  the  daily  journal,  from  1871  to 
1897,   were   tabulated. 

2.  The  hourly  amounts  of  precipitation 
fluring  the  storm  of  March  12  and  13.  1!!07. 
during  which  7.19  ins.  of  rain  fell  during  48 
consecutive  hours  were  tabulated.  While  this 
was  an  exceptionally  heavy  rainfall  extend- 
ing over  a  long  period  of  time,  it  did  not  give 
the  very  high  intensities  which  make  it  of 
great  significance  in  the  prolilcm  of  sewer 
design. 

.'i.  The  accumulated  amounts  of  excessive 
precipitation  from  July  1,  1897,  to  July  'M, 
1912,  for  short  periods  of  time  from  5  min- 
utes to  120  minutes  were  tabulated.  l'"rom 
1897  to  1904  the  amounts  were  tabulated  for 
each  5  minutes  for  storms  in  which  the  rate 
of  precipitation  ecpialed  or  exceeded  0.2.j  in. 
in  any  -">  minutes  or  i>.7."i  in.  in  1  hour,  .\fter 
1904  the  amoimts  are  tabulated  for  all  storms 
during  which  the  rates  of  precipitation  equaled 
or  exceeded  in  anv  period  those  given  in 
Table   1. 

The  data  mentioned  in  the  preceding  para- 
graph were  compil<jd  from  the  charts  taken 
from  the  automatic  recording  rain  gage  at 
Cincinnati.  These  are  the  storms  which  form 
the  most  reliable  basis  for  studies  of  intens- 
ity of  precipitation  and,  while  the  older  rec- 
ords furnish  si>me  valuable  data  the  chief 
reliance  must  be  placed  on  the  recor<ls  of  the 
last    I'l  years. 

Rearrangement  of  Data  lurnished  In 
Weather  Bureau.— The  table  mentioned  un- 
der paragraph  :!,  above,  gives  the  aiiioiinl  of 
accimudated  rainfall  by  periods  ranging  from 
5  to  120  minutes,  from  the  beginning  to  the 
end  of  excessive  precipitation  but  docs  not 
give  the  maxinuun  rainfall  for  each  length  of 
period    indicated.      A    tabic    was    prq)arcd    to 


give  the  maximum  precipitation  for  perioi'.s 
of  from  .")  to  120  minutes  duration.  In  this 
table  the  precipitation  given  for  any  specified 
period  was  the  maximum  amount  falling  dur- 
ing a  period  of  such  duration.  For  example, 
during  the  storm  of  Sept.   13,  191ii,  the  maxi- 


11.21  ins.,  and  the   former  figure  does  not  nec- 
essarily  include  the  latter. 

The  intensity  of  precipitation  was  calculated 
for  short  periods  of  from  -'i  to  12u  minutes  for 
each  of  the  significant  storms,  the  result  of 
said   calculations   being  tabulated.     These  cal- 
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COMPUTtD    InTCNOITV   of   RAINFAI-C 
DURIN4 

Six  Maximum  STo«Mft-  to»7  I9ii. 


Fig.    2.       Rainfall     Diagrams    tor    Cincinnati.   Ohio,  for   Years   1897-1912. 


mum  quantity  of  precipitation  during  any  I" 
minutes  was  0.41  in.,  wherea^  the  amount 
which  had  fallen  at  the  end  of  the  first  I" 
minutes    of    excessive    precipitation    was    but 


T.VBLK    IV.  — RUN-OFF    FROM    IMI'ROVEIl    AUI:.\S     IN     TYIIi:AI^     COMHIXHD     TKNK.MKNT 
■   AND     INIilSTItlAI.,     OISTIIICT     (BAIMCR     STIilCET). 
Area— 35.r.  acres. 
OenHllv — ri.'i  pi-rHonH  per  acre. 

flianu-lcr    of    DiHtrlet— Tencniciil    anil    In<lii'<trlal. 
Soil — Cl:iv  !>'i<l   sand    to  Kriivi-I. 


C'hiiii'ilfi-  of  Improvement. 

Itoofji      

R.'Hlrleno.-s    

l'iil>ll(    and    leimmerelal 

I  la  MIS    tinrl    hIiucIh 

Interior    w»II<m 

Brick     ... 

Cement 
Street    walk.s.  . 

Brick     

Cement     

Street    pavements 

Mneadnm  and   mbblv.. 
Unimproved    

I'npaved  varda  and  lawn.s. 


Total    1.660.736 

Impervious    coefnclent    for    diBtrlrf,    44. ^r?. 


ICMtlnnited 

KilMiviiltnl 

l>T  rent 

I'er  cent 

rlellli'e 

linper. 

total 

\leli  III 

of  total 

of  llnperv  - 

area 

area  Im  - 

H<|.   ft. 

a  Tea. 

llMIHIie.KM. 

Hl|.  ft. 

pervious 
24.r. 

:;8!i.20n 

IS.t; 

.110 

jr.O.ZSn 

i',i;,Hiio 

4. a 

.90 

00.120 

T'.i.afio 

.'..1 

.76 

69.1011 

.... 

:i.'..ii(iii 

:;.:i 

.40 

14. '.Mil 

"■ 

j;i.80<i 

1  .". 

.                 .  !•> 

IC.nriii 

6. 6 

IS.L'OO 

3.1 

.40 

lll.'vn 

7S,I(I0 

.'».  II 

.'.s  .'.; '. 

'  6.2 

jns.r.on 

1 ."..  1 

.40 

96.4)0 

'6.7 

Gnj.43« 

44.7 

.1.-, 

l03,XC,'i 

.660.736 

100.0 

688,160 

44.4 

cnlalions  are  based  upon  the  maximum  qiian- 
tity   of   precipitation   during   the   period    spc 
fieil,  as  indicated  by  the  data  in  llie  laliulati 
mentioned     in     paragraph     3.       The     inlensii.\ 
tubulation  ificlndes  data  relating  to  93  storms 
occurring      om  July  "i.   189".  to  July   17.   191  ' 
These    dai.      form    the    basis    of    the    slmii' 
which   ha\e''l>een   made  to  determine  the  r.r 
<<f    rainfall     for    which    provision    shoidd 
made  in  designing  sewers  and  upon  which  tl 
rainfall   curve   hereinafter  described    has   bc' 
based, 

.•\n   examination   of   all    records    from    M.< 
.11.   1871.  to  July   I".   I'*'-,  iudicttcs  that  the 
have  been  li'l  storms  during  which   I  be  inte 
sily   lor   some  period  of  time  was  equal  to 
in   excess   of    I    in.   per   hour,  and   which   pr^ 
diiced  a  total   rainfall  of  at   least  n '■  in.  dr 
ing   the   stated   period      The  data   relating  i 
these  storms  arc  compilcil   in  a  table,  entitled 
"Intensity   of    Precipitation    During   Excessivi 
.Storms   at    Cincinnati."   and    are   arranged 
order    of    <lesccnding    intensities. 

In  annther  table  entitled  "Excessive  Rainfall 
at   Cincinnati."   there   ba\e  been   compiled  tlu 
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data  relating  to  all  storms  of  excessive  total 
rainfall  or  excessive  intensity,  arranged  by 
months.  This  table  indicates  that  there  have 
been  92  storms  since  1871  when  the  total  rain- 
fall amoimted  to  or  exceeded  2  ins.,  or,  where 
the  intensity  amounted  to  or  exceeded  1  in. 
per  hour  for  a  period  in  which  the  precipita- 
tion was  0.5  in.  or  more.  There  are  given 
in  this  table  the  total  precipitation  for  the 
whole  storm,  as  well  as  the  amount  of  preci- 
pitation, duration  and  intensity  of  precipita- 
tion during  the  period  of  excessive  rate  of 
rainfall. 

Diagram  of  Intensity  and  Duration  of  Preci- 
pitation.— On  Fig.  1  the  rate  of  precipitation 
of  each  of  the  excessive  storms  for  periods  of 
from  5  to  150  minutes  has  been  plotted  as 
has  also  a  curve  which  marks  approximately 
the  upper  limit  of  all  storms,  except  that  of 
May  20,  1902,  which  was  of  extreme  intensity. 
It  is  unfortunate  that  records  showinnr  the 
rates  of  precipitation  are  not  available  for  a 
period  of  more  than  15  years,  but  the  fact 
that  there  have  been  during  this  time  four 
storms  in  which  the  intensity  was  practically 
that  shown  by  the  curve,  indicates  that  such 
storms  may  occur  at  intervals  of  from  3  to 
5  years.  It  has  been  deemed  wise  to  use  in 
the  design  of  tlie  storm  sewers,  a  curve,  rep- 

16 
resented   bv   i= to   include   these   storms, 

'r'O.s 


TABLE     v.— RUN-OFF     FROM     IMPROVED     AREAS    IN    TYPICAIj    RESIDENTIAL    DISTRICT 

(WALNUT  HILLS— DISTRICT    "A"). 
Area — 291.1    acres. 
Density — 20   persons   per   acre. 

Character    of    District — Residential.     Well    developed.        Detached    dwellings    of    two    or    more 
stories  and  m   good  condition;   2.3  acres  open   and    undeveloped. 

Soil— Yellow   and   blue   clay,   overlying   beds  of  shale  and  limestone. 

Estimated 


Character  of  improvement 
Roofs    

Residences     

Public  and   commercial 

Barns    and    sheds 

Interior    walks 

Bricli     

Cement    

Street  walUs   

Brick     

Cement    

Street    pavements    

Asphalt,  brick,   wood  block.... 

Granite    block    

Macadam   and   cobble 

Gravel  and   poor  macadam.... 
Unimproved     

Unpaved  yards  and  lawns.... 

Tributary   to   paved   gutters 

Not  tributary  to   paved 


Area  in 
sq.  ft. 


Per  cent 

of  total 

area. 


l.oG5,S0C 
214.000 
171,900 


73.200 
334,400 

i'2'7',666 
430,000 

630,266 

133,100 

612,300 

46,500 


■.246.800 
utters 1.000.955 

55 


Total     12.GS6 

Impervious  coefficient  for  district,  35.9%. 


13.1 
1.7 
1.4 

0.6 
2.6 

"  I'.n 

3.4 

"5.6 

1.0 
4.S 
0.4 


57.1 
7.9 


100.0 


degree 

of  imperv- 

iousness. 

'.»6 
.90 


.40 
.75 


Equivalent 

imper. 

area 

sq.  ft. 


1,499,220 
192.600 
128.925 


.40 


.85 
.76 
.40 
.20 


.15 
.10 


29.280 
250.800 

"50.806 
322,950 

535,676 

99,825 

244,920 

9,300 


1,037,020 
100.095 

4.551,405 


Per  cent 

total 
area  im- 
pervious. 
14.4 


2.9 


9.4 


This  curve  is  higher  than  the  curves  which 
have  been  adopted  in  several  other  places, 
but  appears  to  be  fully  warranted  by  the  rain- 
fall data  accumulated  in  Cincinnati  since  1871 
and  particularly  in  view  of  the  rainfall  data 
secured  by  means  of  the  automatic  recording 


Fig.   3.    Plat  of   Storm   Water   Run-off  Curves   for    Cincinnati. 


in  which  i=intensity  of  precipitation  and  T= 
duration  of  period  under  consideration.  It 
has  not,  however,  been  deemed  wise  to  in- 
clude the  extreme  storm  of  May  20,  1902, 
which,  based  on  present  records  is  not  likely 
to  occur  oftener  than  once  in  15  years  and 
probably  will  recur  at  even  greater  intervals. 


rain  gage  of  the  U.  S.  Weather  Bureau  during 
the  last  15  years. 

The  topography  of  Cincinnati  is  such  that 
the  time  of  concentration  in  most  of  the 
sewers  is  very  short,  this  making  that  part 
of  the  curve  dealing  with  intensities  for 
periods  of  from  5  to  30  minutes  rather  more 


important  than  that  part  dealing  with  intensi- 
ties  of   periods   greater  than  30   minutes. 

The  intensities  indicated  by  the  curve  have 
not  been  exceeded  materially  except  bv  one 
storm,  that  of  May  20,  1902.  The  storm  of 
July  17,  1912,  slightly  exceeded  the  intensity 
indicated  by  the  curve  but  the  excess  lies  well 
within   the   limits   of   unavoidable   errors. 

In  Fig.  2  the  rainfall  records  for  si.x  maxi- 
mum storms  from  1897-1912  have  been  platted 
on  two  diagrams,  the  upper  diagram  show- 
ing the  accumulated  amounts  and  the  lower 
diagram  the  actual  intensity  of  precipitation 
for  the  successive  periods  of  time.  For  pur- 
poses of  comparison  the  curve  adopted  for 
use  in  designing  sewers  has  been  shown  on 
these  diagrams. 

Ratio  of  Run-off  to  Rainfall. — Having  de- 
termined upon  the  intensity  or  rate  of  rain- 
fall for  which  provision  should  be  made  the 
next  factor  of  importance  is  the  determina- 
tion of  the  proportion  of  the  rainfall  which 
immediately  reaches  the  sewers  in  any  sec- 
tion of  the  city.  This  proportion  of  the  ratio 
of  run-off  to  rainfall  is  relatively  difficult  of 
determination,  not  only  for  present  conditions 
but  also  for  future  development.  Some  of  the 
factors  which  influence  its  determination  are, 
the  extent  of  improvement  and  development 
within  the  area,  the  surface  slopes,  character 
of  the  soil,  frequency  of  storm  inlets  as  well 
as  the  capacity  of  the  tributary  or  lateral 
sewers   to  carry  off  the  sjorm  water. 

Although  the  conditions  affecting  this  ratio 
vary  between  wide  limits  in  the  many  different 
localities  it  was  deemed  sufficient  to  classify 
each  section  of  the  city  as  mercantile,  tene- 
ment, industrial,  residential,  or  suburban  and 
then  determine  the  run-off  values  for  dis- 
tricts typical  of  each. 

EFFECT    OF    IMPROVEMENTS    ON    RUN-OFK. 

The  factor  of  greatest  importance  is  the  ex- 
tent to  which  each  of  these  districts  is  im- 
proved and  developed  by  buildings  and  pave- 
ments. To  furnish  the  data  bearing  on  this 
point  surveys  were  made  in  the  following 
districts  which  were  selected  as  representing 
typical   conditions: 

1.  Mercantile  district.  (Walnut  Street 
Sewer.) 

2.  Tenement  district.  (Densely  populated, 
Clark  Street  Sewer.) 

3.  Combined    industrial   and   densely 
laled  district.     (Bader  Street  Sewer.) 

■t.     Residential     districts.       (Walnut 
Bloody  Riui  Sewer.) 

In  each  of  these  districts  the  area  covered 
by  roofs,  pavements,  walks,  yards,  lawns,  and 
the  undeveloped  territory  were  ascertained 
and  to  these  different  classes  of  surfaces  run- 
off values*  were  applied  and  a  final  value  de- 
termined upon  for  that  district.  The  nature 
of  the  results  obtained  by  these  surveys  and 
computations  are  shown  in  Tables  IT  to  V. 

Si'-vcr  Gaging.':. — In  addition  to  analyses  of 
tlic  surfaces  of  these  selected  typical  districts, 
and  the  determination  of  the  proportions  of 
previous  and  impervious  areas,  gaging  sta- 
tions were  established  in  the  sewers  draining 
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these  districts,  for  the  purpose  of  furnishing 
data  which  will  serve  both  as  a  check  on  the 
method  of  analysis  used  and  the  relation  be- 
tween the  rate  of  rainfall  and  the  storm  f^ow 
in  the  sewer. 

To  gage  the  storm  flows  in  the  mercantile 
district  an  automatic  clock-recording  sewer 
gage  was  placed  in  a  side  chamber  of  a  sewer 
in  that  district.  This  gage  registers  on  a 
chart  the  depth  of  water  flowing  in  the  sewer 
during  the  progress  of  a  storm.  At  the  same 
time  records  of  the  rainfall  are  obtained  by 
the  Government  rain  gage  located  on  the 
postoflice  building,  which  lies  within  the  area 
drained  by  this  sewer.  For  the  residential 
district  a  similar  sewer  gage  was  placed  in  a 
side  chamber  of  a  sewer  in  that  district.  In 
order  to  obtain  the  rainfall  records  within 
this  drainage  area,  an  automatic  tipping 
bucket  rain  gage  of  the  Frieze  type  was  in- 
stalled by  the  city. 

The  storm  flow  in  the  Clark  Street  Sewer, 
in  the  tenement  district,  is  measured  by 
means  of  a  gage  of  the  maximum  or  flood- 
flow  type,  consisting  of  a  staff  with  small 
bottles  attached  on  either  side  which  are  filled 
as  the  water  rises  in  the  sewer,  the  highest 
bottle  filled  registering  the  ma.ximum  depth 
of  flow.  Other  .gages  of  the  same  type  were 
set  at  manholes  in  six  other  sewers. 

These  gages  have  been  maintained  since 
June  1,  1913,  but  the  records  obtained  thus 
far  have  been  too  meager  to  warrant  any 
deductions,  especially  since  the  storms  of  the 
last  five  months  have  been  of  very  moderate 
intensity  and  of  short  duration.  To  obtain 
conclusive  results  from  storm  flow  gagings  it 
is  necessary  that  they  be  extended  over  a  long 
period  of  time  in  order  that  a  sufficient  num- 
ber of  records  of  storms  of  great  intensities 
and  sufficiently  long  duration  may  be  secured. 
Such  records  will  be  of  the  greatest  impor- 
tance in  the  design  of  storm  sewers  for  Cin- 
cinnati, and  it  is  therefore  to  be  hoped  that 
these  gagings  may  be  continued  for  several 
years. 

Run-Off  Diagram. — Before  the  analyses  of 
the  improvements  in  typical  districts  were 
completed  designs  were  in  progress  for  new 
and  relief  sewers  in  the  various  parts  of  the 
oity.      In    these    designs    the    rational    method 


was  used  and  the  following  co-efficients  were 
adopted  for  the  determination  of  the  amount 
of  run-off  to  be  provided  for. 

C=^.30  for  suburban  districts  where  little 
future  development  may  be  expected. 

C^.40  for  residential  districts. 

C^.70  for  densely  populated  and  complete- 
ly developed  tenement  and  small  block  dis- 
tricts. 

The  amounts  of  run-off  which  were  deter- 
mined in  the  course  of  the  numerous  designs 
have  been  plotted  and  curves  projected  by  the 
use  of  which  run-off  quantities  can  be  deter- 
mined directly  for  any  area  in  question  with- 
out otherwise  laborious  computation  work. 
These  curves  shown  on  Fig.  3  have  been  used 
for  the  later  preliminary  studies.  For  com- 
pletely developed  commercial  districts  higher 
co-efficients  should  be  used. 

METHOD  OF  STUDY. 

With  the  completion  of  these  preliminary 
studies,  and  decision  as  to  method  of  design, 
the  preparation  of  plans  for  new  and  relief 
sewers  was  at  once  started,  the  problems  gen- 
erally recognized  as  most  urgent  being  at- 
tacked first. 

Data  Available. — The  complaints  received 
were  used  as  an  inde.x  to  the  localities  or  dis- 
tricts in  most  urgent  need  of  relief  sewerage. 
For  the  study  of  these  districts  it  was  nec- 
essary to  have  at  hand  the  records  of  exist- 
ing sewers,  as  well  as  the  proper  portions  of 
the  topographic  map.  In  so  far  as  possible 
the  two  branches  of  the  Division  of  Sewerage 
Investigations  which  were  carrving  on  these 
surveys,  directed  their  efforts  in  such  a  way 
as  to  secure  the  necessary  data  as  soon  as 
possible.  But  the  fact  that  such  data  were 
not  at  once  available  in  the  various  parts  of 
the  city  requiring  sewerage  plans  has  been 
a  handicap  to  the  progress  made  in  these  re- 
lief investigations. 

Procedure.- — To  determine  the  cause  of  cel- 
lar floodings  or  other  defective  drainage  and 
to  recommend  the  most  suitable  relief  meas- 
ures, necessitated  an  exhaustive  study  not  only 
of  the  sewers  in  the  immediate  vicinity  of  the 
flooding  but  in  the  adjacent  territory  as  well, 
inasmuch  as  it  was  often  necessary  to  divert 
portions  of  the  drainage  into  adjacent  sewer 


systems.  For  this  purpose  all  existing  sewers 
and  inlets  were  plotted  on  the  portion  of  the 
topographic  map  covering  the  district  under 
investigation.  The  district  was  then  subdi- 
vided to  such  an  extent  that  the  drainage  to 
each  inlet  could  be  determined.  The  data 
ivere  then  tabulated  in  a  manner  which  indi  • 
cates  at  a  glance  at  what  points  the  existing 
sewer  is  of  insufficient  capacity,  as  weii  as  the 
sizes  and  grades  necessary  for  the  proposed  re- 
lief sewer.  To  supplement  these  studies  a  house 
to  house  canvass  was  then  made  to  determine 
the  extent  of  the  territory  affected  by  defec- 
tive sewerage  as  well  as  to  serve  as  a  guide 
in  the  recommendation  for  the  proposed 
relief. 

The  flooding  of  cellars  by  backwater  from 
sewers,  and  other  causes  of  defective  sewer- 
age have  been  traced  to  one  or  more  of  the 
following  causes : 

1.  The  improper  use  of  sanitary  systems  of 
sewers  by  the  connection  of  roof  leaders  and 
street  inlets. 

2.  Inadequate  provision  for  storm  drainage 
in   sewers  intended  to  receive  it. 

3.  Defective  construction  of  combined  sew- 
ers. 

The  problem  of  providing  relief  for  such 
conditions  was.  therefore,  somewhat  diff^erent 
from  the  design  of  new  sewerage,  inasmuch 
as  it  is  obvious  that  the  existing  sewers 
should  be  used  to  their  fullest  extent.  In 
some  cases  sufficient  relief  could  be  obtained 
by  replacing  the  local  sewer  with  one  of 
larger  capacity,  in  others  it  was  necessary  to 
cut  off  and  divert  portions  of  the  drainage 
into  adjacent  systems,  while  in  some  extreme 
cases  it  was  found  necessary  either  to  recon- 
struct the  sewer  throughout  its  entire  length 
to  the  outlet,  or  to  provide  an  additional 
storm  sewer.  The  latter  alternative,  however, 
was  rarely  possible,  as  it  is  generally  nec- 
essary to  place  the  proposed  sewer  at  the 
same  depth  as  the  existing  sewer  in  order  to 
intercept  the  tributary  or  lateral  sewers. 
Studies  for  relief  sewers  were  carried  to  a 
point  where  it  was  possible  to  recommend  the 
best  and  most  economical  methods  of  relief,, 
as  well  as  to  prepare  preliminary  plans,  esti- 
mates and   reports. 


Method  of  Making  Sieve  Analyses  of 
Gravels. 

In  proportioning  concrete  it  is  quite  import- 
ant that  the  ratio  of  sand  to  large 
aggregate  be  accurately  determined.  Also  in 
the  examination  of  gravels  for  use  as  surfac- 
ing material  on  roads  an  accurate  knowledge 
of  the  composition  is  of  value. 

The  method  of  analysis  in  use  in  Illinois  and 
Iowa  is  described  in  Bulletin  Ko.  34  of  the 
engineering  experiment  station  of  the  Iowa 
State  College  by  T.  R.  Agg  and  C.  S.  Nichols 
and  is  given  here. 

The  iirst  step  in  the  investigation  of  a  gravel 
is  to  determine  the  relative  amount  of  sand 
and  stone  and  the  grading  of  each.  This  is 
done  by  means  of  the  sieve  analysis.  For  im- 
portant work  upon  which  a  large  amount  of 
material  is  to  be  used  it  would  be  desirable  to 
use  ten  sizes  of  sieves  for  the  sand  and  the 
same  number  for  the  stone.  But  for  work 
upon  which  only  a  few  hundred  cubic  yards 
of  material  \'.  to  be  used  it  is  unnecessary  to 
make  such  r.  complete  analysis  of  the  gravel. 
.•\  small  portable  testing  outfit  will  usually 
enable  the  user  to  make  all  of  the  examination 
required. 

(irnTel  Testing  Outfit.— In  Fig.  1  is  shown  a 
gravel  testing  outfit  which  was  developed  by 
the  Illinois  Highway  Commission,  A.  N. 
.lohnson,  highway  engineer,  and  is  used  by  the 
inspectors  of  the  Commission.  Similar  outfits 
can  be  made  by  any  tinsmith  for  about  $3.50. 

The  outfit  is  made  of  galvanized  sheet  iron 
and  galvanized  screen  wire  and  consists  of  the 
following   parts :      (b)    a    V6-in.    sand   screen, 


(c)  a  '/4-in.  sand  screen,  (d)  a  '/i-in.  screen 
for  stone,  (e)  a  measuring  vessel  4  ins.  in 
diameter  and  10  ins.  deep.  It  has  a  cover 
which  is  shown  lying  beside  the  vessel,  (f)  A 
tube  for  protecting  the  glass  graduate  used  for 
clay  tests.  The  capacity  of  the  tube  (f)  should 
be  50  per  cent  that  of  the  measuring  vessel 
(e),  i.  e.,  in  the  ratio  of  sand  to  stone  com- 
monly specified,  (g)  A  glass  graduate  12  ins. 
high  and  about  2  ins.  in  diameter  which  is  used 
for  the  clay  test. 

The  tube  which  protects  the  glass  graduate 
fits  inside  the  %-in.  screen  and  the  three 
screens  nest  together  and  fit  inside  the  meas- 
uring vessel.  The  outfit,  packed  for  carrying, 
is  shown  at   (a). 

Samplituj  OVaz/t'/.— Obviously,  the  whole 
value  of  a  test  depends  upon  securing  a  repre- 
sentative sample  for  analysis.  The  sample 
should,  therefore,  be  taken  with  great  care. 
If  taken  from  a  stock  pile  of  material,  a 
quantity  of  gravel  should  be  taken  from  a 
number  of  different  places  in  the  pile  and 
the  amount  thus  secured  carefully  mixed  and 
spread  into  a  circular  pile  and  then  reduced 
to  the  proper  size  for  testing  by  repeatedly 
quartering.  Several  samples  thus  tested  will 
indicate  the  accuracy  of  the  results  being  ob- 
tained. If  the  sample  to  be  tested  is  taken 
directly  from  a  pit,  the  appearance  of  the 
pit  must  be  carefully  studied  and  the  sample 
secured  by  taking  portions  from  different 
places  in  the  pit  in  such  a  manner  as  to  ob- 
tain a  representative  sample,  and  one  which 
will  be  similar  to  the  material  which  will 
eventually  be  hauled  from  the  pit.  These 
preliminary  samples  will  be  sufficient  to  indi- 


cate the  general  character  of  the  materials. 
It  will  be  found  necessary  to  make  frequent 
tests  upon  the  gravel  as  the  work  progresses 
if  its  quality  varies  to  any  appreciable  extent. 

Sieve  Analysis. — Having  collected  a  sample 
of  the  gravel  which  is  thought  to  be  repre- 
sentative, the  large  sheet-iron  measure,  e,  in 
Fig.  1,  which  is  10  ins.  high,  should  be 
filled  with  the  gravel  to  be  tested  and  shaken 
down  until  no  more  can  be  added.  If  the 
test  is  for  the  determination  of  the  propor- 
tion of  \i-\n.  sand  in  the  aggregate,  then  the 
material  contained  in  the  measure  is  screened 
through  a  %-in.  screen  and  the  two  fractions 
thus  obtained  placed  successively  in  the  meas- 
ure, thoroughly  shaken  down  and  the  amount 
recorded.  Since  the  container  is  of  uniform 
diameter,  the  volume  will  be  proportional  to 
the  height  of  the  material  in  it.  For  ex- 
ample, if  it  is  found  that  there  are  (5  ins.  of 
sand  in  the  container,  the  percentage  of  sand 
would  be  CO  and  if  there  were  3  ins.  of  the 
stone  the  pcicenlagc  of  stone  would  be  50. 
These  oerccniages.  when  added  together,  give 
110  per  cent  as  will  be  noted. 

In  making  the  sieve  analysis  by  volumes  it 
will  always  be  found  that  since  the  fine  ag- 
gregates fill  in  the  voids  between  the  coarse 
aggrcg.itcs  when  the  two  are  mixed  together, 
the  sum  of  the  volumes  of  the  two  when 
separated  wil!  be  somewhat  greater  than  the 
volume  of  the  two  mixed.  Therefore,  it  will 
be  founil  that  the  percentage  of  the  two 
fractions  added  together  will  range  from  110 
to  125,  depending  upon  the  character  and 
relative  percentages  of  voids  of  the  two  parts 
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into    which    the    pit      run      gra\el      has      been 
separated. 

]f  it  is  decided  in  addition  to  determining 
the  proportion  of  sand  in  the  bank  gravel,  to 
determine  the  grading  of  the  sand,  then  the 
sand  itself  may  l)e  screened  through  the  %-in. 
screen  and  the  proportion  of  material  which  is 
retained  on,  and  passes  through  %-in.  screen 
measured,  which  gives  an  indication  of  the 
grading  of  the   sand  itself.     Likewise,  it  may 


made  soon  after  the  test  is  completed,  that  is, 
after  it  has  stood  for  only  a  few  minutes,  a 
larger  proportion  of  clay  will  show  than  if 
the  measurement  is  made  after  the  clay  has 
stood  for  some  time. 

It  has  been  found  by  experiment  that 
if  the  clay  has  been  allowed  to  stand 
for  three  hours,  the  percentage  will  then 
be  appro.ximately  four  times  the  f|uantit>- 
that   woidd  be  obtained  if  the  clay   should  be 


(a)  (b)  (o1  ■.  tl)  (el  (f)  (g) 

Fie,'.   1.   Illinois  Gravel   Screening   Outfit  for     Field    Use. 
intainfi.   ilii    'v-iri.  scit-iMi,   m-i    ',4-in.  screen,    (d)    Vs-i".  .screen,    )e»    measuring   \e.ssel,    (f)    pi- 
tectijr    for   gla.ss   graduate,    (g)   glass  graduate. 


he  desirable  to  determine  the  grading  of  the 
coarse  aggregates  by  screening  it  through  the 
V4-in.  screen.  If  the  percentage  of  %-in.  sand 
is  desired  it  can  be  determined  by  using  the 
%-in.  sand  screen  instead  of  the  */4-in.  By 
referring  to  the  curves  in  h'igs.  2  and  3  the 
grading  of  the  sand  can  be  checked. 

Clay  Trsts. — .An  approximate  determination 
of  the  amount  of  clay  or  loam  in  an  aggre- 
gate may  be  made  as  follows:  h'ill  the  glass 
graduate.  ((/)  in  Fig  1,  about  half  full  of  the 
aggregate  which  is  to  be  tested  and  then  add 


removed  and  evaporated  to  dryness.  There- 
fore, It  may  be  assumed  for  ordinary  practice 
that  the  percentage  of  clay  at  the  end  of  :-! 
hours  is  4  times  the  dry  percentage,  and  if 
the  limit  of  clay  by  dry  measure  is  3  per 
cent,  then  there  may  be  permitted  by  the 
method  outlined  above,  12  per  cent  of  clay  in 
an  aggregate.  This  method  is  not  exact,  on 
account  of  the  fact  that  water  containing  clay 
has  settled  into  the  voids  of  the  aggregate  in 
the  lower  portion  of  the  graduate,  but  will 
serve  inless  the  test  thus  made   shows  a  per- 


International  Engineering  Congress  of 
the   Panama-Pacific   .Exposition. 

The  International  luigineering  Congress, 
which  is  to  convene  at  the  Panama-Pacific 
International  Exiposition  in  San  Francisco 
will  hold  its  sessions  from  September  20  to  25, 
191-">,    inclusive. 

This  is  the  third  similar  international 
congress  that  has  assembled  in  this  country, 
the  two  previous  ones  having  been  held  at  the 
Chicago  and  St.  Louis  Expositions.  It  is  to  be 
held  under  the  auspices  of  the  following  five 
national  engineering  societies :  American  So- 
ciety of  Civil  Engineers,  American  Institute  of 
Mining  Engineers.  American  Society  of  Me- 
chanical Engineers,  American  Institute  of 
Electrical  Engineers,  and  Society  of  Naval 
.\rchitects  and  Marine  Engineers. 

Colonel  George  W.  Goethals,  chairman  and 
chief  engineer  of  the  Isthmian  Canal  Commis- 
sion, will  be  honorary  president  of  the  Con- 
gress, and  is  expected  to  be  present  and  preside 
at  the  lirst  general  meeting.  Engineers  of 
prominence  throughout  the  world,  whose 
names  will  be  announced  later,  will  serve  as 
vice  presidents.  Both  the  general  sessions  and 
those  of  the  various  sections  will  be  lield  in 
the  great  auditorium  erected  at  the  Civic  Cen- 
ter in  San  Francisco. 

Papers  by  eminent  engineers  will  be  read 
and  discussed,  and  it  is  expected  that  attention 
will  be  confined  exclusively  to  the  progress  of 
the  science  during  the  past  decade  and  to  its 
present  status  in  all  countries.  The  papers  and 
proceedings  will  be  published  in  volumes — 
probably  ten  in  number,  exclusive  of  a  smaller 
volume  containing  the  indexes,  digests  and 
general  proceedings — of  about  500  pages  each. 
The  volumes   will   contain  papers   as   follows : 

Volume  1.  Panama  Canal:  2.  Waterways  and 
Irrisation;  :S,  Municipal  IiTngineering.  Including 
Water  Supply.  Sanitary  Engineering.  Roads 
and  Pavements;  4,  Railways  and  Railway  Engi- 
neering; 3,  Materials  of  Engineering  Construc- 
tion; 6.  Jlechanical  En.gineering;  7,  Phases  of 
Contact  Between  Electrical  Engineering  and 
Various  Other  Branches  of  Engineering  WorK", 
p)esnmali!>'  interlapping  with  Volume  6;  S, 
.Mining    EnKineering    and    Metallurgy;    n.    Naval 


aas 


aio  as  020 

Diomehr  of  Particles  in  Inches. 


Fie.  2.   Curve  Showing  the  Variation  In  Size 

of    Particles    and     Proportion    of    Different 

Sizes    of    Well-Graded    '4    In.    Sand. 


azs 


CO 

— r 

1 

~^ 

n 

' — 1 

•    j 

1 — ' 

1 — 1 

, 

_t 

1 

__j 

1 

M 

■-- 

rr: 

- 

|l  1 

90 

V. 

i 

_ 

H 

^ 

'^l 

<^ 

^ 

-J 

J)    60 

5 

^ 

P 

■*l 

H 

.^ 

< 

y 

1 

^     TO 

A 

« 

- 

"■ 

/ 

7~ 

%    £0 

t 

/ 

- 

&. 

- 
- 

-1 
1 
1 

5S 

^^    30 

"S5 

- 

^ 

"^  ~ 

is 

*<! 

^3 

W 

1 

*i 

■§ 

•S 

< 

^ 

> 

^T 

•:,^ 

i-' 

■^ 

^ 

- 

13 

^ 

^ 

5^" 

P- 

•li 

4 

1 

01      .02      03     M      .05     .06     07     .OB      Of      JO       II       12 

Diameter  of  Partir.hs  in  Incticj 

Fig.  3.   Curve  Showing  the  Variation   in  Size 

of     Particles    and     Proportion     of     Different 

Sizes  of   Well-Graded   'g   In-  Sand. 


water  until  the  graduate  is  about  three-fourths 
full,  thus  leaving  a  space  at  the  top  of  the 
graduate  unhiled.  The  graduate  is  then 
shaken  for  at  least  5  mins.  so  as  to  give  time 
for  the  water  to  wash  off  all  clay  or  loam 
from  the  i)ariicles  of  the  aggregate,  .'\ftcr 
the  graduate  has  been  shaken  it  is  siiddcnlv 
turned  right  side  up  and  set  aside  to  allow  the 
clay  to  settle.  The  clay  or  loam  will  settle 
on  the  top  of  the  aggregate  and  may  be  meas- 
ured after  the  water  clears.  The  layer  of 
clay  thus  deposited  will  vary  in  thickness  de- 
pending upon  the  length  of  time  it  is  allowed 
to  settle  as  it  tends  to  become  more  compact 
the  longer  it   stands.     If   the   measurement   is 


centagc   of    clay    near   the   allowable    limit,    in 
which  case  the  exact  test  should  be  made. 

If  it  is  desired  to  get  exact  results,  all  the 
clay  must  be  washed  out  of  the  gravel,  the 
washings  collected  together  and  evaporated  to 
dryness.  The  clay  content  can  thus  be  ac- 
curately  determined. 


Water  Meter  Statistics. — Three  cities  have 
rejjorted  o!i  the  number  of  meters  in  use  on 
'anuary  I  of  this  year  as  follows:  New 
Haven.  Conn..  n.nOII;  Tampa,  hla..  1,(!21.  an 
increase  of  141  over  Jamiar>,  l!)l:i;  Blooming- 
ton,  111..  1,880,  an  increase  of  liMl  over  lan- 
uary.   Ifll3. 


.Srcliitecline  ami  .M.irine  Kn'^ineering;  In.  Mili- 
taiy  Kngineerlng  and  Miscellaneous  Topics,  in- 
cluding engineenn!'  education,  aeronautics  and 
other  special   features. 

The  completeness  and  uiciIumI  with  which 
each  one  of  these  volumes  will  deal  with  its 
own  particular  topic  probably  can  be  best 
indicated  by  a  concrete  example.  Take,  as 
ilhistration.  Volume  6,  dealing  with  mechanical 
engineering.  Its  sub-topics  will  be  divided  into 
twenty-six  sections,  as  follow: 

(I)  Recent  progress  and  present  stains  of 
loundry  practice  and  <;asting  metals;  (L')  Re- 
cent progress  and  present  status  of  the  art  of 
loiging;  (,'!)  Eiiuipment.  processes  ami  methods 
for  the  hollershop;  (4)  Machine-shop  eiiuipment. 
methods    and    processes:     (."1)     Autom.atlcs:     (HI 


June  3,   l')14. 


Engineering   and    Contracting 


653 


Special  processes  for  shaping  and  forming  met- 
als: (7)  High  temperatuie  flames  in  metal 
working;  (S)  Industrial  management;  (9)  Safe- 
t>-  engineering;  (In)  Industrial  Museums  as  an 
educational  f.ictor;  (11)  The  steam  engine  'it 
the  .vear  1915;  (12)  The  steam  turbine  of  the 
year  1915;  (13)  The  internal-combustion  engine 
of  the  year  1915;  (14)  Motors  of  the  Diesel 
type;  (15)  The  Humphreys  .gas  pump;  (IS)  The 
steam  boiler  of  the  year  1915;  (17)  Refriger- 
ation; (l.S)  Pneumatics;  (19)  Lubrication  and 
lubricants;  (201  Water  wheels  of  pressure  type; 
(21)  Water  wheels  of  impulse  type;  (22)  Hy- 
draulic power  deyelopments  and  use;  (23)  Pow- 
er-plant design;  (24)  Motor  vehicles,  passenger 
type;  (2.")  Motor  vehicles,  utility  type;  (26)  Mo- 
tor tractois. 

It  has  been  so  arranged  that  other  congresses 
cir  allied  interests  shall  ininicdiately  precede  or 
follow  it.  thus  dovetailing  with  its  work,  so  to 
speak.  For  example,  two  weeks  preceding  the 
International  EnRinerins;:  Congress  is  the  meet- 
ing of  the  International  Technical  Commission, 
which    has    established    international    unit'^    in 
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electrical  matters;  immediately  preceding  the 
sessions  of  the  engineers  is  the  International 
Electrical  Congress,  imder  authorization  of  the 
International  Electroteclmical  Commission  and 
under  the  direct  anspices  of  the  .\merican  In- 
-titnte  of  Electrical  Engineers;  while  the  week 
icillowing  the  engineers'  Congress  will  be  de- 
Noted  to  the  International  Gas  Congress. 

The  various  topics  will  be  treated,  in  general 
or  sectional  sessions,  by  eminent  engineers 
from  all  over  the  world,  the  nnmber  of  repre- 
sentatives from  each  country  being  in  some 
degree  decided  by  the  condition  of  the  matter 
discussed  in  the  various  countries.  In  naval 
architecture,  for  instance,  there  will  be  ten 
treatises  by  .\niericans,  ten  by  Englishmen, 
seven  by  (iermans,  three  by  I'rencKmen.  etc. 

Of  deepest  interest  to  non-leclinical  mankind, 
undoubtedly,  will  be  the  extensive  considera- 
I  .n  given  to  the  Panama  Canal,  and  the  vol- 
luie  which  will  deal  with  that  subject.  It  is 
(  xpecte'l  that  there  will  be  one  or  more  papers 
dealing  with  the  economical  aspects  of  the 
canal  and  its  influence  on  trade  routes;  and, 
indeed,  the  subject  will  be  very  fully  discussed. 

In  the   volume  of   the    Panama  Canal   to  be 

^ued  the  introductory  chapter  and  the  article 
I'll  Dry  h^xcavalion  for  the  Panama  Canal  will 
be  written  by  Colonel  (ioetlials,  and  each  one 
of  the  twenty  other  articles  will  be  written  by 
a    man    prominent    in    the    work,    as    follows: 

Dredging  In  the  Panama  Canal — W.  '!.  Coni- 
bei-;  Terminal  Works,  Dry  Doi'ks  and  Wharves 
of  the  Piinam,'!  Canal,  H.  H.  Itiuisseau;  Couling 
Plant.M  ami  Kloating  Cranes  of  the  Panama  i 'a - 
tinl — F.  II.  ('ooke;  Meteorology  and  llydi-ologN' 
of  the  I'lnnma  (^anal — !•".  1).  Wlllson;  Design 
of  Locks,  Dams  and  UcL'ulatliu;  Worli^-  of  the 
Panama  Canal— Col.  H.  F.  Hodges;  .Method  of 
Con."tru(  tlon  of  the  Locks,  Dams  .ind  liegiilat- 
ing  Works  In  the  Pacillc  Division  of  the  Pan- 
ona  Canal— .S.  II.  Williamson;  Design  of  the 
Lock  Walls  an<l  Valves  for  the  Panama  Canal— 
L.  D.  Cornish;  Design  of  the  Spillways  on  the 
Panama  Canal— IC.  C.  Sherman:  C.ates  "f  lb.- 
Panama  Canal  Locks — Henry  (ioldmark;  Klec- 
'rical  and  Mechanical  Installallons  of  the  Pan- 
uia  Canal — Edward  Schlldliauer;  Kmergency 
I  ams    Above    Locks    of    Panama    Canal — T.     B. 


Monniche;  Municipal  Engineering  and  Domestli' 
Water  Supply  in  the  Canal  Zone — George  M 
Wells;  Reconstruction  of  the  Panama  Railroad-- 
Lieut.  Frederick  .Mears;  .\ids  to  Navigation  of 
the  Panama  Canal— W.  F.  Beyer;  Geology  of  the 
I'anama  Canal — D.  F.  MacDonald:  The  Working 
Force  of  the  Panama  Canal— Capt.  U.  E.  Wood: 
Purchase  of  Supplies  for  the  Panama  Canal — 
F.  C.   Boggs. 

The  widespread  interest  that  is  being  taken 
in  this  congress  is  indicated  by  the  fact  that 
memliership  subscriptions  already  have  been 
received  from  forty-si.x  foreign  countries,  total- 
ing about  thirty  per  cent  of  the  entire  number, 
and  they  come  from  the  most  une.\i)ected 
places.  For  instance,  nine  subscriptions  have 
been  received  from  the  Dutch  I^ast  Indies. 

.■\  membership  subscription  costs  five  dollars. 
It  entitles  its  holder  to  all  tlie  privileges  of  the 
International  Engineering  Congress,  the  inde.x 
\olume  and  any  otlier  one  volume  that  may  be 
selected  by  the  subscriber.  It  may  be  obtained 
by  sending  the  five  dollars  to  International  En- 
gineering Congress,  1915,  Foxcroft  Building, 
•San  Francisco,  California,  U.  S.  A. 


Some    Records    of    Rock    Drill    Repair 

Costs. 

'1  he  following  records  of  repair  costs  of 
rock  drills  are  taken  from  a  paper  by  C.  K. 
Hitchcock.    Jr.,    .Manager,    Lake    Copper    Co., 


following  geometrical  progression,  having 
l.GO  as  a  ratio:  1.74,  2.89,  4.80,  T.SIG,  13.22, 
21.!t5.  This  progression  is  plotted  as  a  dotted 
line  on  Fig.  1,  the  solid  line  representing  the 
actual  repair  cost.  Obviouslv,  if  the  repair^ 
should  follow  the  dotted  line  to.  say,  200 
days  or  further,  the  expense  of  keeping  up 
these  drills  would  be  so  great  as  to  indicate 
that  they  had  practically  gone  all  to  pieces, 
which,  of  course,  is  contrar\  to  general  ex- 
perience. 1  believe,  therefore,  that  beyond 
]•")"  or  175  days  the  repair  cost  graph,  if  it 
could  have  l)een  continued,  would  have  be- 
come in  time  approximately  a  straight  line, 
having  such  inclination  as  to  represent  a  cost 
of  $10  or  over  for  each  25  days,  provided  all 
the  machines  were  kept  in  commission.  This 
approximation  is  based  partly  on  the  fact  that 
the  actual  repairs  between  luo  and  150  days 
were  about  $7  for  every  25  days,  and  partly 
upon  the  performance  of  another  size  and 
type  of  drill,   which    I    shall   now   discuss. 

The  drills  of  the  second  group  were  larger, 
having  a  3%-in.  piston.  Eight  new  ones  were 
put  to  work  in  lilll,  and  the  records  were 
kept  in  the  same  way  as  for  the  2%-in.  ma- 
chines. But  after  two  of  the  drills  had 
worked  about  Kio  days,  their  cylinders  cracked 
and  they  were  put  out  of  commission.  The 
repair  costs  and  service  of  the  remaining  six 
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Lake  Mine,  Mich.,  and  published  in  the  School 
or  Mines  Quarterly,  Columbia  I'niversitv.  for 
January,   1!)M  : 

The  keeping  of  the  costs  to  be  discussed  in 
this  article  was  started  with  a  group  of  20 
new  drills.  Of  this  number,  five  did  not  see 
enough  service  to  make  their  record  of  value, 
therefore  the  data  here  given  relates  to  15  ma- 
chines. They  were  of  a  well-known  make, 
having  2%-in.  pistons,  and  were  put  to  work 
during  the  spring  and  summer  of  l!M2.  The 
lecords  were  kept  by  the  month,  and  the 
total  repair  cost  of  each  drill,  including  both 
labor  and  material  but  not  including  mount- 
ings or  connections,  was  plotted  at  the  end  of 
each  month  on  a  chart  against  the  total  num- 
ber of  days,  of  two  shifts  each,  during  which 
the  drill  had  worked  from  the  time  it  was 
put  into  commission.  hVom  this  chart  then 
was  scaled  the  cost  for  each  drill  for  each 
period  of  25  days,  as  recorded  in  Table  I. 
The  average  of  these  amounts  is  shown  at 
(he  bottom  of  Table  1,  and  is  plotted  in  I'lg.  I 
by  a  solid  line.  The  service  varied  a  good 
deal,  as  will  be  seen,  ranging  from  15(1  days 
to  ;i25  days  each.  This  variation  does  not 
indicate  poor  service,  but  is  i-xplained  by  the 
fact  that  the  drills  were  md  all  put  to  work 
al  the  same  lime,  and  also  (hat  the  nmnber  of 
drills  on  hand  was  somewhat  in  excess  of  the. 
actual  number  in  use,  so  that  some  were 
always  idle,  whether  in  the  repair  shop  or  not.' 
(iooil  average  results,  therefore,  were  obtained 
for  only  150  days,  beyoinl  which  lime  the 
averages  are  incomplete  and  inconsislciU,  and 
lose  all  significance.  It  should  lie  added  thai 
must  of  the  smaller  repair  parts  for  the  drill- 
were  maile  in  the  mine  shops,  hut  thai  the 
larger  parts  were  bought  from 'the  makers  of 
the  drills.  .\lso,  when  a  machine  was  sent  to 
surface,  it  was  replaced  at  once  by  another, 
no  serious  attempt  being  made  lo  keep  the 
same  machine  in  the  same  working  place. 

It  is  a  curious  fact,  though  probably  only  i 
coincidence,  that  the  average  repair  cost  for 
the    lirsl    l.">0    days    approximates    closely    the 


drills  for  two  years  is  given  in  Table  II,  and 
is  plotted  in  Fi,g.  2.  The  graph  thus  produced 
is  more  irregular  than  that  for  the  smaller 
drills,  but  a  straight  line  joining  the  two 
ends  averages  the  irregularities  fairly  well 
and  represents  a  cost  of  practically  $5  per  25 
days.  Of  course,  this  is  hardly  a  fair  com- 
parison, and  for  the  purposes  of  this  discus- 
sion, it  would  have  been  desirable  to  have  had 
the    drills    repaired    an<l    kept    in    commissi' ii 


so     100     ifo    eoo    tso    joo    3'>o 
I  engfh  of  Service  m  Day:> 


Fig.    2. 

The  immediate  cost  would  have  been  between 
$f)0  and  $!*'>.  with  a  resulting  average  increase 
of  $8  or  $10  at  the  175-day  period.  How 
much  of  this  increase  would  have  shown  as 
an  increase  throughout  the  remainder  of  the 
graph,    is   of   course    uncertain,    but    probably 


654 


Engineering   and    Contracting 


Vol.  XLI.     No.  22. 


enough   to  have  brought   the   average  beyond 
175  days  up  to  $10  for  every  25  days. 

.'Vgain,  from  other  data  too  incomplete  to 
give  here,  obtained  from  such  of  another 
group  of  drills  of  the  same  size  and  type  as 
had  been  in  commission  for  from  three  to 
five  years,  the  repairs  amounted  to  $7.50  every 
25  days.  This  rate,  of  course,  is  based  on 
the  best  machines  of  the  lot,  the  poor  ones 
having  been  discarded.     If  all  had  been  kept 


Drill.  25 

P    $  2.00 


TABLE  II.— REPAIR  COSTS  OF  3V^-IN.  DRILLS 

-Days   in   use 
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$  77.30 
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114.00 

73.70 


$508.00 
Average   $  84.67 


at  work,  there  is  evidence  that  the  cost  would 
have   been   nearly   double. 

The  practical  application  of  such  data  as 
are  given  should  be  obvious.  For  instance, 
having  obtained  or  assumed  the  average  re- 
pairs for  a  certain  lot  of  machines  at  work  on 
a  given  job,  and  having  plotted  it  on  a  chart, 
it  would  then  be  an  easy  matter,  even  for  the 
repair  man,  to  see  how  things  were  going, 
simply  by  plotting  the  record  of  each  indi- 
vidual machine,  month  by  month,  alongside 
the  average.  .Some  machines,  at  times,  will 
show  up  badly  beside  the  average,  for  some 
good  cause,  while  others  will  compare  poorly 
from  some  inherent  defect,  and  will  be  a 
constant  source  of  expense.  By  a  study  of 
the  chart,  in  connection  with  the  care  of  the 
drills,  economy  and  efficiency  could  both  be 
served,  either  by  culling  out  the  worst  offend- 
ers, or  by  giving  them  such  a  thorough  reju- 
venation as  would  tend  to  cut  down  their 
maintenance   expense. 

A     Device     for     Bending     Rails     and 
Heavy  Bars  for  Concrete  Rein- 
forcement, Panama  Canal. 

Rail  and  bar  bending  devices,  which  can  be 
easily  provided  on  any  work  having  heavy 
bars  to  bend  for  concrete  reinforcement,  arc 
being  used  at  Balboa,  Canal  Zone,  for  bending 
reinforcement  for  pier  and  dock  construction. 
Figure  1,  redrawn  from  the  "Canal  Record," 
illustrates  one  of  the  machines.  It  consists 
of  a,  base  or  table  of  trapezoidal  shape,  with 
a  depth  of  5  ft.  and  with  its  greatest  base  0 
ft.  4  ins.  long,  on  which  is  mounted  the  mech- 
anism for  bending  or  breaking  the  rail.  The 
base  is  of  %-in.  steel  plate,  set  on  8-in.  I-beams 
and  braced  beneath  by  plates  of  steel,  ?i-in. 
thick  by  5  ins.  wide.  Heavy  studs,  or  rail 
stops,  are  set  at  each  end  of  the  base  to  hold 
the  rail  in  place,  while  the  pressure  is  applied. 

The  pressure  is  supplied  by  a  10-in.  air  cyl- 
inder, with  a  10-in.  stroke,  mounted  on  one 
corner  of  the  table.  The  piston  of  the  cyl- 
inder is  jointed  to  a  heavy  iron  bar,  2  ft.  4 
ins.  long,  the  other  end  of  which  is  set  in  a 
stationary  pivot  alongside  the  rail.  Near  this 
fulcrum  is  attached  to  the  bar  a  wedge-shaped 
block  of  steel  which  fits  between  flanges  of 
the  rail.  The  forward  stroke  of  the  cylinder 
thrusts  the  wedge-shaped  block  against  the 
web  of  the  rail,  midway  between  the  rail 
stops  on  the  sides  of  the  table.  It  thus  attains 
the  maximum  leverage  for  bending. 

The  strain  thus  set  up  is  sufficient  to  bend 
the  rail  to  a  considerable  curvature.     In  addi- 


tion,   when    the    rail    is    under    the    strain    of  deal  more  rapidly  than  by  using  the  familiar 

pressure,  it  may  be  broken  by  a  sharp  blow  "cold  cut"  method,  of  striking  repeated  sledge- 

from    a    sledgehammer,    applied    opposite    the  hammer  blows  on  a  chisel  or  pointed  hammer 

point  of  the  wedge-shaped  block.  held  against  the  side  of  the  rail. 

The    cylinder    is    supplied    with    compressed  A  substitute  for  the  forge  and  anvil  for  the 

air,    at    the    regular    working     pressure.      Its  bending  of  steel  rods  to  be  used  as  reinforce- 

operations  are  controlled  by  a  Vz-in.  three-way  ment  for  concrete,  also  has  been  placed  in  use 

valve.     In  order   to  afford  relief  of  pressure  at  Balboa,  in  connection  with  t!ie  construction 

and  avoid  blowing  the  cylinder  head  off  if  the  of  the  quay  wall  and  pier  of  the  permanent 

operator   should    neglect    the    proper   manipu-  terminals. 

It  is  similar  in  principle  and  general  form  to 

the  apparatus  for  bending  rails.    The  rods  are 

^  bent  by  the  thrust  of  the  piston  rod  of  an  en- 

.^^•^  gine  cylinder,  while  they  are  held  in  place  on 

4l!30  3  table  in  front  of  the  cylinder.     The  table  is 

2S.'jO  a  steel   plate,  bored  with  number  of  holes  in 

il'an  which    movable   steel   pegs,   or   studs,   are   set 

is'2i)  according  to  the  point  and  degree  of  bending 

• desired. 

|^^n'-!l  Two  such  equipments  are  in  use.     One  uses 

40o'  a   single  cylinder,   10   ins.  in  diameter,   which 

$102.00  was  recovered  from  an  old  French  locomotive. 

If-n^  This  outfit  places  a  single  crimp  in  the  %-in. 

57'io  rods  which  are  used  in  the  lengthwise  beams 

112.00  of  the  construction,  and  the  cylinder  has  suffi- 

^63.70  cient  power  to  bend  three  or  four  of  the  rods 

$474.60  at  the  same  time.    The  second  equipment  em- 

$  79.10  ploys    two    14-in.    cylinders,    taken    from     the 

^"^  dumping   mechanism   of   a   2-cu.   yd.   concrete 

'/,[][,[  mixer,   which   are  mounted  on  opposite   sides 

of  the  table.     These  make,  at  one  placing  on 

$  78.30  the   table,   opposite   bends   in   the   larger   rods 

.......  which   are   used   in   the   main   girders.     They 

bend,  without   difficulty,   rods  as  large  as   IVi 

■ ins.  in  diameter.  All  the  cylinders  are  operated 

by  compressed  air,  under  pressure  of  about  80 

,    ,  ,,.  ,  r  o/i<^  lbs.  to  the  square  inch, 

lation  of  the  controllmg  valve,  a  row  of  3/15-  g^  j^e  use  of  these  equipments,  five  men  are 

m.  holes  has  been  drilled  in  the  cylinder  at  a  ^^le  to  bend  in  an  hour  as  many  rods  as  thev 

point  about  two-thirds  of  the  distance  of  the  ^^^^^  bg^j   [„   g^  8-hour   day  by   the   former 
forward  stroke. 

The  outfit  weighs  about  650  lbs.,  and  is  port- 
able. It  may  be  used  in  railroad  construction, 
for  the  bending  of  rails,  by  connecting  the  cyl- 
inder to  the  air  brake  system  of  a  locomotive 
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Fig.   1.    Bending  Tool  for   Reinforcing   Bars. 


or  train.  The- cut  made  when  a  rail  is  broken, 
however,  is  not  clean  enough  lo  allow  pieces 
to  be  joined  up  properly,  in  laying  track,  with- 
out finishing  them  off  with  a  cold  chisel. 

The  system  has  been  very  satisfactory  in 
operation  at  Balboa.  A  gang  using  it  can 
bend  rails  much  faster  than  by  any  other  sim- 
ple field  process,  and  can  break  rails  a  great 


process  of  heating  them  in  forges  and  bending 
over  anvils.  As  the  quay  wall  and  pier  re- 
quire a  total  of  approximately  4,000,000  lbs.  of 
bent  rods  in  their  reinforcement,  the  saving  in 
time  and  money  by  the  use  of  these  equipments 
is  considerable.  The  cold-bending  process,  in- 
stead of  lessening  the  strength  of  the  steel,  is 
believed  to  conserve  it. 
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Preparing  Calls  for  Bids  to  Encourage 
Bidders  and  Close  Bidding. 

What  may  be  the  duty  of  the  engineer 
calling  for  bids  to  assist  the  bidder  to  all 
information  that  will  aid  him  to  set  close 
prices  is  conceived  differently  by  different 
engineers.  One  knows  of  some  engineers 
who  deny  the  contractor  any  aid  outside  the 
formal  specifications  and  plans.  Between 
this  point  of  minimum  help  and  the  extreme 
of  opening  to  the  bidder  all  knowledge  had 
by  the  engineer  there  are  a  multitude  of  de- 
grees of  co-operation.  Practice  offers  noth- 
ing definite  and  opinion  is  its  twin  and  both 
have  some  justification,  but  we  give  here  an 
illustration  of  complete  co-operation  between 
the  engineer  asking  for  bids  and  the  con- 
tractor who  bids  and  we  propose  to  approve 
the  e-xample. 

The  illustration  selected  is  the  call  for  bids 
for  building  the  Bogue  Phalia  Mississippi 
drainage  works.  In  the  forma!  plans,  spe- 
cifications, bidding  forms,  contract  •  forms, 
and  forms  for  various  bonds,  this  call  for 
bids  does  not  vary  from  similar  documents 
generally.  Its  exceptional  feature  is  the  in- 
formation it  offers  the  bidder  in  addition  to 
these  formal  items.  The  following  is  an 
abbreviated  summary  of  the  information  prof- 
fered: Complete  copies  of  the  engineers'  re- 
port are  available  to  the  bidder.  .\n  en- 
gineer is  provided  to  visit  with  fhe  bidder 
the  proposed  work  and  explain  its  natureand 
answer  inquiries.  The  railway  connections 
are  described  and  information  is  furnished 
of  available  fuel  and  water  supplies.  Esti- 
mates are  given  showing  for  each  ditch 
dimensions,  yardages,  areas,  amount  of  clear- 
ing and  cost.  Attention  is  directed  to  work 
calling  for  special  plant,  and  suggestions  are 
made  of  available  methods.  The  character  of 
this  special  information  is  indicated  by  the 
quotation   which    follows : 

At  the  time  of  making  the  plans  for  the 
Bogue  Phalia  Drainage  District  it  appeared  that 
difficulty  would  perhaps  be  encountered  in  let- 
ting Contr.ict  No.  7  at  reasonable  rates,  on  ac- 
count of  the  unusual  size  of  the  ditch.  In  or- 
der to  Indicate  to  contractors  the  possibilities 
for  constructing  this?  work  the  landowners  with- 
in the  district,  at  the  suggestion  of  their  en- 
gineers, made  a  contract  with  the  manufacturer 
of  a  tower  excavator  to  the  effect  that  he  was 
to  Install  one  of  these  machines  on  this  ditch 
and  to  operate  it  for  about  a  month.  The  land- 
owners were  to  pay  10  cts.  per  yard  for  the 
earth  excavated,  and  to  purcha.se  the  machine 
for  ?3,500  In  case  it  should  mnintiiin  the  re- 
quired rate  of  excavation.  The  machine  ful- 
filled the  requirements  satisfactorily,  and  was 
purchased  by  the  landowners.  It  is  now  on  the 
location  of  the  ditch,  and  will  be  sold  at  Us 
purchase  price  erf  |3,500  to  any  contractor  tak- 
ing this  work. 

The  machine  was  operated  for  21fi  hours  be- 
tween June  1!'  and  Aug.  t,  1913,  by  one  shift 
of  men,  during  which  time  there  were  exca- 
vated 2S.819  cu.  yds.,  or  at  an  average  rate  of 
117  cu.  yds.  per  hour.  The  total  cost  of  opera- 
tion Is  as  follows:  _.       .  ..    ,. 

Total  L'nlt 

cost.  cost. 

Labor   and    board J    722.25      $0,028 

L.lvery  and   horse  hire Sa.OO        •••;•• 

foal  (S.-.  tons  at  $3.45) 2:).[.2..         O.OIU 

Ga.sdline    and    oil M.06         •■•■i; 

Repairs     311.12         0.0132 

Miscellaneous    I ''0         

SI. ISO, IS         

Total  p.iy  yardage  moved 2.'>  M9  cu.  yds. 

l'nlt    cost    per   vard $0.0573 

Total  time  machine  was  In  ac- 
tual 3p  oration  21;)  hrs.  o5  mins. 


Under  item  noted  as  "Repairs"  about  one- 
half  was  the  cost  of  a  new  cable.  Before  un- 
dertaking this  work  the  builder  of  the  machine 
gave  the  officials  of  the  district  the  right  to 
construct  other  similar  machines  for  the  work 
upon  charge  of  a  nominal  royalty.  The  ditch 
constructed  is  80  ft.  wide  on  the  bottom,  about 
17  ft.  deep,  with  2  to  1  slopes  and  berms  of 
30  ft.  As  noted  above,  the  unit  cost  per  yard 
for  this  work  was  about  5.75  cts. 

The  greater  significance  of  this  quotation 
and  of  the  summary  preceding  it  does  not 
lie  in  the  specific  information  given.  It  ex- 
ists in  the  spirit  of  co-operation  which  it  in- 
dicates. The  engineer  by  making  available 
to  the  bidder  all  his  knowledge  of  construc- 
tion conditions  accepts  the  bidder  as  a  co- 
worker entitled  to  joint  knowledge  with  the 
engineer  of  all  facts  that  may  bear  on  the 
cost  of  performing  the  work.  We  believe 
that  this  is  a  relationship  which  the  engineer 
should  always  seek. 

A  call  for  bids  has  two  main  objects.  One 
is  to  secure  a  structure  of  specified  design 
and  structural  integrity.  The  other  is  to 
secure  this  structure  at  lowest  cost.  To  at- 
tain these  objects  bidders  mttst  be  induced 
and  close  bidding  made  possible.  Eliminating 
construction  uncertainties  is  the  most  effective 
way  of  attaining  both  bidders  and  close 
bidding.  To  illustrate  the  point :  In  the 
Bogue  Phalia  work  the  engineers  felt  in  the 
instance  of  contract  seven  that  uncertainty  of 
how  to  handle  the  work  might  deter  bidders 
and  cause  excessive  prices  to  be  named.  By 
installing  a  special  plant  and  operating  it  on 
a  section  of  ditch,  demonstration  was  af- 
forded of  the  kind  of  plant  that  would  do 
the  work  and  of  the  cost  of  operating  this 
plant.  Uncertainty  of  possible  methods  and 
costs  was  eliminated  in  a  large  measure  arid 
bids  could  be  made  upon  somewhat  certain 
knowledge. 


Sand  Cement  Grout. 

Sand  cement  has  been  given  much  notice 
during  the  last  year  or  two  because  of  its 
adoption  for  important  isolated  structures  of 
the  U.  S.  Reclamation  Service.  The  material 
is,  how'ever,  new  only  in  the  sense  that  it  has 
in  the  works  mentioned  been  newly  employed 
in  great  quantities.  Twenty  years  or  more 
ago  the  manufacture  of  sand  cement  was  be- 
gun in  the  east  with  great  expectations  of  its 
I  commercial  development.  Commercial  suc- 
cess did  not  come  but  nevertheless  there  were 
a  number  of  structures  of  no  mean  magni- 
tude in  which  the  combined  material  w\ns  used. 
One  of  them  is  mentioned  in  another  colunin 
of  this  issue— the  lock  and  dam  between  Min- 
neapolis and  St.  Paul  for  the  improvement  of 
'  the  Upper  Mississippi  River. 

These  works  were  begun  sometime  prior  to 
180"j  and  Portland  cement  and  sand  in  eqiial 
quantities  were  ground  together  on  the  site 
to  make  sand  cement  which  was  used  in  con- 
siderable portions  of  the  structures.  It  seems 
strange  to  read  that  the  reason  for  usitig  the 
combined  cement  on  these  upper  Mississippi 
dams  was  the  same  essentially  as  that  urged 
by  the  Reclamation  Service  for  its  use  on  the 
Arrowrock  Dam— the  high  cost  of  straight 
cement  due  to  freight  charges.  However,  it 
is  to  be  remembered  that  lA  years  ago  St. 
Paul  was  about  as  far  by  rail  from  big  Port- 
land cement  mills  as  is  the  .Vrrowmck  dam 
site  today.  Incidentally  the  behavior  of  the 
sand  cement  work  at  this  Mississippi  lock  and 
dam  furnishes  interesting  evidence  of  the 
durability  of  sand  cement.  It  is  slated  that 
concrete  of  sand  ccinent  here,  remains  as  solid 
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and    sound   as   similar    concrete    of     straight 
Portland  cement. 

The  comparison  of  combined  cement  and 
Portland  cement  is  not,  however,  the  subject 
that  we  set  out  to  mention.  Indeed  no  just 
comparison  can  be  made  based  on  such  meagre 
data  as  arc  presented  by  the  structures  bemg 
considered.  The  feature  that  it  is  desired  to 
emphasize  is  the  particular  merit  that  is 
claimed  for  grout  of  sand  cement.  This  merit 
is  that  there  is  no  segregation  of  the  active 
cement  and  the  inert  sand  as  is  the  case  due 
to  difference  in  granular  magnitude  of  ordi- 
nary sand  particles  and  of  cement  particles 
where  cement  sand  grout  is  injected.  In  sand 
cement  mixture  the  sand  particles  and  the 
cement  particles  are  substantially  the  same 
size  and  being  nearly  of  the  same  specific 
gravity  there  is  small  tendency  toward  segre- 
gation when  water  is  added  to  make  grout. 
There  is  another  possible  merit  in  sand  cement 
grout.  Where  a  fine,  free  flowing  grout  is 
wanted  to  penetrate  fissured  and  porous 
rock,  sand  cement  provides  such  a  mixture  at 
lower  cost  than  will  neat  Portland  cement. 


The     Systematized     Maintenance     of 
Country  Roads. 

There  is  a  steadily  growing  conviction  among 
students  of  highway  problems  that  road  of- 
ficials have  been  somewhat  hasty  in  adopting 
new  methods  and  types  of  roads,  and  abandon- 
ing, without  regard  to  the  good  points,  the 
old  system  of  statute  labor.  We  do  not  be- 
lieve in  the  statute  labor  system  of  road  main- 
tenance, but  we  do  believe  a  system  which  has 
endured  for  several  hundred  years  may  be 
studied  with  profit. 

The    feature    of    the    statute    labor    system 
which    appeals   to   us    is    its   extensiveness   of 
scope  and  its  inclusiveness.     It  covered  every 
county,  every  tov.nship  or  borough,  and  every 
mile  of  road  therein.     It  was  fundamentally 
maintenance  system.     How  well  the  mainten 
ance  was  accomplished   is  another  matter.    It 
was  a  system  by  which  necessary  work  could 
be  done  immediately  by  the  man  on  the  jol 
the  abutting  resident. 

The  dragging  system  instituted  in  the  state 
of  Iowa  about  a  year  ago  is  a  development  of 
this  idea  and  the  results  obtained  under  it 
are  worthy  of  continued  study.  In  effect  it  is 
a  contract  patrol  system  covering  every  mil-- 
of  graded  road  in  the  state.  It  is  admirabl' 
in  this  respect.  While  it  is  desirable  to  ha\  ■ 
surfaced  roads  and  well  constructed  maii 
arteries  of  traffic  it  is  folly  to  neglect  to  main 
tain  connecting  roads. 

The    points    mentioned    herein     have     ben 
recognized  by  the  officials  of  the  U.  S.  Office 
of    Public   Roa<ls    for   several   years,   and    the 
work    of    the    division    of    economics    of    that 
office  has  been  a  study  of  these  conditions.   An 
interesting   comparative    study,    which    shoub' 
lead  to  valu:il>lc  results,  has  been  recently  in 
dertakcn   by   this  division   to  determine  acci 
rateiy  in  v:irious  counties  the  methods  and  co 
of  building  and  maintaining  all  types  of  roai' 
with    different    kinds   of    labor,   together    wii 
methods  of  financing  and  accounting. 

There  is  no  question  as  to  the  need  of  s> 
tcniatizcd   maintenance  on   all   country   road 
Many    experiments    of    this    kind    are    beinv; 
tried    at    the    present   time   and   a   number   of 
them  have  proven  expensive — New  York  state 
furnishes  an  example.     It  is  to  be  hoped  that 
engineers  will  devote  the  detailed   study  they 
should   to  this  question,  which   study  will   aid 
materially  in  relieving  road  construction  prac- 
tice of  many  of  the  panaceas  and  cure-alls  i 
which  it  is  subjected  at  the  present  time. 
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The   Lowest   Bidder   and   the   Lowest 
Responsible  Bidder. 

An  editorial  published  in  the  current  news 
section  of  this  journal  of  Feb.  18,  1914,  called 
attention  to  the  fact  that  tlie  lowest  bidder 
and  tlie  lowest  responsible  bidder  on  a  piece 
of  work  are  often  different  contractors.  An 
illustration  was  given  in  which  the  mayor  of 
a  small  town  insisted  that  a  certain  contract 
be  aw-arded  to  the  lowest  bidder,  although  the 
engineer  in  charge  suggested  that  the  bid  be 
rejected  because  it  was  obviously  and  very 
much  too  low.  The  mayor  carried  his  point. 
the  low  bidder  was  awarded  the  contract  and, 
owing  to  the  lack  of  the  requisite  experience 
and  working  capital,  soon  abandoned  his  con- 
tract. The  bondsmen,  relatives  of  the  con- 
tractor, refused  to  take  up  the  work  and  suit 
had  to  be  brought  to  compel  them  to  do  so. 
This,  of  course,  meant  a  long  delay  in  com- 
pleting the  work  and  heavy  court  costs.  .After 
the  contractor  abandoned  his  contract  it  was 
learned  that  he  was  an  undertaker  who,  dur- 
ing a  dull  season  in  his  business,  decided  to 
take  up  contracting  as  a  side  line.  The  editorial 
mentioned  concluded  that:  "If  some  municipal 
officials  would  give  less  thought  to  the  pos- 
sible saving  of  a  few  dollars  in  the  contract 
price  and  would  devote  more  consideration  to 
ascertaining  if  the  bidder  had  sufficient  cap- 
ital, experience,  ability  and  plant  to  carry  out 
the  work,  there  would  be  fewer  'undertakers' 
taking  up  contracting  as  a  side  line." 

The  foregoing  rather  extreme  case  serves 
well  to  illustrate  one  of  the  greatest  faults  in 
the  application  of  the  contract  system  of  doing 
public  work,  namely,  the  awarding  of  con- 
tracts to  lowest  bidders  who  are  not  properly 
qualified  to  carry  their  contracts  to  successful 
completion.  This  evil  is  becoming  better  rec- 
ognized and  there  is  a  .growing  tendency  to 
award  contracts  to  the  lowest  responsible  bid- 
der rather  than  to  the  lowest  bidder.  Theo- 
retically this  has  always  been  the  case,  but 
actually  the  vast  majority  of  contracts  for  the 
building  of  public  works  have  been  awarded 
to  the  bidders  submitting  the  lowest  bids  re- 
gardless of  their  other  qualifications.  This 
practice  has  been  by  no  means  limited  to  small 
towns  or  even  to  municipal  works;  in  fact  the 
practice  has  been  all  too  general. 

The  two  quotations  which  follow  indicate 
the  growing  disapproval  among  engineers  of 
the  practice  here  condemned.  In  discussing  a 
paper  on  the  state  supervision  of  dams  and 
reservoirs,  presented  before  the  New  England 
Water  Works  Association,  Mr.  M.  O.  Leigh - 
ton,  chief  hydrographer  of  the  United  States 
Geological   Survey,  in  part  said : 

Consider  the  contractor.  It  is  undoubtedly 
true  that  many  dam  failures  have  l)een  caused 
by  poor  work  on  his  part.  You  Itnow  the  pre- 
dicament of  a  contractor  who  is  losing  money 
on  his  Job,  and  how  easy  It  is  to  consider  the 
fact  that  he  is  losing  money  and  therefore  to 
allow  a  little  indulgence  here  and  there.  To  se- 
cure a  Rood  piece  of  work  under  such  condi- 
tions, eternal  vigilance  is  u.s»ially  necessary,  and 
few  of  us  measure  up  to  eternal  vigilance.  One 
of  the  best  ways  to  obviate  such  a  difficulty  is 
to  abolish  that  absurd  and  antiquated  regulation 
which  prevails,  especially  in  public  work,  th.at 
the  contract  shall  be  awarded  to  the  lowest  bid- 
der regardless  of  the  cost  and  the  ditncultles 
and  regardless  of  the  real  responslhlMly  of  the 
man.  In  00  per  cent  of  the  cases,  and  proliably 
more,  the  expense,  trouble  and  delay  caused  by 
a  defaulting  contractor  who  is  awarded  a  Job 
at  a  too  low  price,  more  tlian  exceeds  the 
difference  between  the  successful  bid  and  the 
rational  one. 

Plans  and  specifications  insure  good  con- 
struction, as  a  rule,  only  under  rigid  inspec- 
tion. Mr.  Leighton's  comments  bring  out 
a  point  which  should  be  more  generally  appre- 
ciated by  those  who  award  contracts,  that  is, 
the  human  clement  must  be  considered  in  its 
relation  to  the  rigidity  of  inspection  when  a 
contractor  is  losing  considerable  sums  of 
money.  The  responsible  contractor  is  one  who 
will  do  good  work  even  though  at  considerable 
financial  loss  to  himself,  but  this  type  of  con- 
tractor seldom  bids  too  low  in  these  days  of 


basing    bids    upon     carefully     prepared     con- 
tractor's cost  estimates. 

In  his  latest  annual  report,  Mr.  Charles  A. 
Finley,  superintendent  of  the  Pittsburgh 
bureau  of  water,  comments  as  follows  upon 
the  folly  of  awarding  contracts  to  the  lowest 
bidder,  regardless  of  other  considerations.  To 
quote  : 

The  unfortunate  and  unwarranted  delay  In 
some  of  our  new  work  calls  attention  to  the 
necessitj'  of  more  rigid  determination  of  the  abil- 
ity of  bidders  to  execute  the  terms  of  contracts. 
These  delays  have  arisen  from  lack  of  man- 
agement. The  provision  in  our  specifications, 
that  the  bidder  shall  have  the  necessary  organ- 
ization, capital,  experience,  etc.,  to  execute  the 
terms  of  the  contract,  should  be  made  to  mean 
just  what  it  says.  The  fact  that  a  bidder  is  the 
lowest  bidder  should  not  secure  for  him  any  con- 
sideration unless  he  had  demonstrated  the  abil- 
ity to  execute  sucii  a  contract. 

A  competent  contracting  organization  is  Just 
as  essential  to  satisfactory  results  as  is  the 
engineering  organization  which  designs  and  su- 
pervises the  work. 

Mr.  Finley  specifically  names  three  of  the 
most  noticeable  and  annoying  examples  of 
delay  in  the  completion  of  contracts  in  the 
recent  experience  of  the  Pittsburgh  bureau  of 
water.  He  states  that  in  each  of  these  cases 
bids  were  received  from  contracting  organiza- 
tions which  had  demonstrated  their  ability  to 
comply  with  the  progress  required  in  the  con- 
tract. They  were  not  the  low  l)idders,  but  in 
each  case  the  city  has  lost  money  by  award- 
ing to  the  low  bidders. 

The  popular  adherence  to  the  low  bid  regula- 
tion undoubtedly  comes,  in  part,,  from  the  be- 
lief that  a  higher  degree  of  honesty  is  present 
when  contracts  are  awarded  to  low  bidders 
rather  thati  to  relatively  higher  bidders.  There 
arc  evidences  that  this  simple  faith  is  passing. 
Enough  stories  exploiting  the  smart  tricks  of 
those  who  graft  on  public  works  have  been 
published  in  the  popular  press  during  the  past 
few  years  to  impress  upon  the  tiiore  intelligent 
of  the  general  public  that  if  a  disposition  to 
graft  is  present  the  low  bid  regulation  is 
easily  surmounted.  The  public  should  now 
realize  that  the  awarding  of  a  contract  to  a 
high  bidder  for  the  purpose  of  "getting  in" 
on  the  difference  between  his  bid  and  the  low 
bid  is  regarded  as  case  A-sub-one  atiiong  the 
simple  forms  of  double-dealing  under  the 
contract  system,  and  as  much  too  crude  a 
method  to  be  employed  with  safety.  So  well 
is  this  ancient  fortn  of  grafting  understood 
that  awarding  a  contract  to  anyone  but  the 
lowest  bidder  should  be  inferential  evidence 
of  the  honesty  of  the  award  rather  than  the 
opposite. 

"The  engineer  in  charge  is  best  qualified  to 
judge  of  the  sufficiency  of  a  bid  and  of  a  con- 
tractor's (inalifications.  If  he  sees  reasons  why 
the  low  bid  should  be  rejected  he  should  not 
hesitate  to  recommend  that  it  be  rejected. 


The  Quantity   System   of  Estimating. 

That  our  present  methods  of  competitive 
estimating  of  building  contracts  are  unsatis- 
factory is  evidenced  by  the  periodic  move- 
ments which  are  started  to  change  existing 
methods.  The  present  attempt  to  establish 
the  systetn  cotumonly  referred  to  as  "The 
Quantity  System  of  Estimating,"  or  "Quantity 
Surveying,"  is  attracting  considerable  atten- 
tion and  (leserves  c.-ireful  consideration.  Like 
most  attempts  at  bcttcrtnents  the  greatest  diffi- 
culty at  the  start  lies  in  the  multiplicity  of 
suggestions  otTered  by  those  interested  and  in 
a  misunderstanding  of  the  purposes  of  the 
new  system.  Some  extravagant  claims  have 
been  made  for  the  new  movement,  which,  if 
taken  seriously,  will  endanger  its  ultimate 
success.  The  system  above  referred  to,  which 
is  advocated  by  the  American  Institute  of 
Quantity  Surveyors,  possesses  several  ad- 
vantages over  the  methods  in  present  use,  and 
its  adoption  slwuld  lessen  the  risks  now  taken 
by  contractors. 

Briefly  stated,  the  main  purposes  of  the  new 
system,   which   is   quite   fully   discussed   in    an 


article  by  Leslie  H.  Allen,  published  in  this 
issue,  is  to  furnish  free  of  charge  to  each  con- 
tractor who  desires  to  submit  a  bid  a  "Bill  of 
Quantities,"  together  with  the  plans  and 
specifications  for  the  work.  Such  a  bill  is  an 
accurate  schedule  of  the  quantities  of  labor 
and  materials,  together  with  a  description  of 
the  work,  required  in  the  erection  of  a  build- 
ing. This  bill  is  to  be  prepared  at  the  owner's 
expense  by  an  independent  party,  the  "Quan- 
tity Surveyor,"  who  is  to  be  appointed  by  the 
owner,  the  architect,  or  the  engineer.  The 
adoption  of  this  system  should  result  in  the 
following  direct  benefits:  (a)  It  should  en- 
able large  contracting  firms  to  reduce  their 
estimating  staffs  to  a  large  extent  and  should 
pertnit  the  members  of  small  firms  to  give  a 
greater  part  of  their  time  to  actual  construc- 
tion work,  thus  reducing  the  overhead  ex- 
pense; (b)  it  should  tend  to  place  all  con- 
tractors on  the  same  basis  in  bidding,  which 
should  result  in  closer  bids;  and  (c)  it  should 
not  be  necessary  for  contractors  to  add  to 
their  bids  for  "contingencies." 

As  has  been  pointed  out  by  Mr.  ,-\llen  in  his 
discussion  of  the  quantity  system  one  of  ttie 
greatest  difficulties  which  confronts  those  who 
attempt  to  put  it  into  operation  is  the  lack  of 
standards  of  measurement.  L'nfortunatel>, 
it  is  true  that  in  no  trade  is  there  any  definite 
agreement  among  contractors  as  to  how  the 
various  items  shall  be  measured.  Before  the 
new  system  can  come  into  common  use  it 
will  be  necessary  to  adopt  definite  standards 
of  measurement,  and  when  this  is  done  a  long 
step  will  have  been  taken  toward  a  solution 
of  the  problem.  The  author's  discussion  of 
the  different  procedures  which  may  be  fol- 
lowed in  adopting  the  systetn  deserves  care- 
ful study.  We  agree  with  him  that,  due  to 
the  fact  that  the  contractor  is  most  vitally 
affected,  it  will  be  necessary  for  him  to  take 
the  initiative  in  placing  the  quantity  system  in 
operation  and  to  convince  the  owner  that  the 
latter  will  also  be  benefited  by  its  adoption. 
Most  owners  appreciate  the  fact  that  the  con- 
tractor is  entitled  to  a  fair  coinpcnsation  for 
efficient  work,  and  we  believe  the  owners'  co- 
operation will  be  secured  if  they  are  con- 
vinced of  the  injustice  of  present  methods  and 
of  the  fairness  of  the  system  advocated.  In 
principle,  the  new  system  sectns  fair  to  all 
parties  concerned,  and  therefore  its  adoption 
should  tend  to  create  better  conditions  in  the 
contracting  business.  As  conditions  vary 
greatly  throughout  the  country  it  is  evident 
that  no  set  rules  can  be  formulated  for  its 
adoption  which  will  prove  universally  accept- 
able. The  success  of  the  movement  in  each 
city  will  depend  to  a  large  extent  upon  the 
common-sense  methods  devised  by  those  in 
charge. 


Official  Opening  of  30,000  HP.  Plant 
near  Columbia,  S.  C. — The  Parr  Slmals 
Power  Co.'s  new  .'!(l,000  HP.  hydro-electric  dc- 
veloptnent  near  Columbia,  S.  C,  recently  com- 
pleted by  The  J.  G.  White  Engineering  Cor- 
poration of  New  York,  was  officially  opened 
on  Decoration  Day.  Mr.  E.  W.  Robertson, 
president  of  the  Power  Company,  was  the 
host.  The  completion  of  this  development 
marks  an  epoch  in  the  industrial  development 
of  Columbia,  where  natural  facilities  and  fine 
location  waited  only  for  the  introduction  of 
cheap  power  for  a  booiu  in  the  progression  of 
the  city's  enterprises.  The  Parr  Shoals  Co. 
is  a  subsidiary  of  the  Columbia  Railway,  Gas 
&  Electric  Co.,  of  Columbia,  S.  C,  and  the 
new  plant  supplements  the  steam  and  hydro- 
electric stations  of  the  parent  cotnpany,  which 
are  rated  at  14,o(J0  HP.  The  new  station  com- 
prises a  concrete  daiu  2,2i)0  ft.  long  across  the 
Broad  River  about  ;iO  miles  above  Columbia. 
A  modern  fireproof  power  house  has  been 
provided  for  the  power  generating  units. 
Provision  has  been  tnadc  for  the  eventual  de- 
velopment of  about  30,000  HP.  The  present 
installation    comprises    five    generating    units, 

operating  at  lij  foot  head,  which  will  generate , 

18,000    HP.      Current    at    (iO.OUO    volts    will    be     "' 
transmitted  to  Columbia  over  a  double  circuit, 
steel   tower   transmission  line. 


Itu.e,  10,  1914. 
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Methods  and  Costs  of  Wrecking  a  218- 

Ft.    Reinforced   Concrete    Stack 

at  Akron,  Ohio. 

(Staff   Article.  1 

In  cimncctiin  with  the  extensive  improve- 
ments now  being  carried  on  by  the  Quaker 
Oats  Co.  at  its  Akron,  Ohio,  plant  it  was 
found  advisable  to  replace  a  reinforced  con- 
crete stack  l'18  ft.  high  and  7  ft.  in  inside 
diameter  at  the  top  with  a  new  one  of  simi- 
lar construction  -"id  ft.  high  and  11  ft.  in 
inside  diameter  at  the  top.  Space  limitations 
(see  Fig.  1  )  adjoining  the  enlarged  power 
house  made  it  necessary  to  erect  the  new 
stack  on  the  site  of  the  old  one,  and  also 
made  it  inadvisable  to  follow  the  usual  prac- 
tice of  letting  the  stack  fall  at  one  operation. 
The  old  stack  was  built  about  four  years  ago, 
the  lower  11  ft.  of  the  octagonal  base  being 
built  by  the  Leonard  Construction  Co.,  in 
connection  with  the  1909-10  improvement  at 
this  plant,  and  the  tapering  circular  stack  by 
the  .-Mphons  Custodis  Chimney  Co.,  of  New 
York,  which  also  has  the  contract  for  building 
the  new  stack.  Concrete  stacks  are  so  recent 
a  development  in  the  building  t'leld,  and  so 
few  of  them  have  been  wrecked  that  the  fol- 
lowing data  should  prove  of  value  to  en- 
gineers and  contractors. 

OLD    CO.N'STRUCTION. 

The  old  stack  was  12  ft.  9  ins.  in  inside 
diameter  at  the  base,  tapering  to  7  ft.  0  in. 
at  the  top.  The  thickness  of  the  reinforced 
concrete  wall  varied  from  12  ins.  at  the  base 
to  5  ins.  at  the  top.  Up  to  a  height  of  75  ft. 
a  lining  of  radial  tile  blocks  was  provided, 
which  varied  in  thickness  from  8  ins.  to  4  ins. 
The  air  space  between  the  lining  and'  the 
outer  shell  varied  from  8  ins.  to  2  ins.  The 
upper  14;^  ft.  of  the  stack  were  not  lined. 
The  only  cracks  found  in  the  entire  struc- 
ture were  confined  to  the  8-ft.  bell  at  the  top. 
Here  there  were  si.\  vertical  cracks,  the  larg- 
est showing  an  opening  of  about  V*  in.  and 
disappearing  entirely  within  the  depth  of  the 
bell.  The  stack  was  reinforced  vertically 
with  %-in.  square  twisted  rods  lapped  3  ft. 
fi  ins.  at  all  splices,  the  spacing  varying  from 
3  ins.  at  the  base  to  over  3  ft.  at  the  top. 
These  rods  were  wrapped  from  top  to  bottom 
of  the  stack  with  a  single  layer  of  American 
Steel  &  Wire  Co.'s  No.  23  wire  mesh. 

EQLIP.MENT    AND    METHODS    USED. 

A  temporary  steel  stack  was  first  built  (see 
Fig.  1),  which  enabled  the  power  house  to 
operate  using  natural  gas  as  fuel,  the  soot 
being  removed  at  the  base  of  the  t<jwer. 

During  the  wrecking  of  the  stack  the  work- 
men were  constantly  engaged  at  its  base  in 
excavating  for  the  foundations  of  the  new 
addition  to  the  power  house,  so  that  unusual 
precautions  were  taken  to  prevent  accidents. 
A  wooden  tower  was  first  built  inside  of  the 
old  stack.  This  tower  was  222  ft.  high,  and 
was  cfinslructed  of  material  taken  from  a  dis- 
mantled concrete  hoisting  tower.  I'"igure  2  (a) 
(p.  II">1S)  shows  an  elevation  of  a  li^-ft.  section 
of  this  tower,  and  hig.  2  (b)  shows  a  plan. 
These  drawings  give  the  general  dimensions 
and  the  sizes  of  the  various  members.  It 
will  be  noted  that  a  ladder  was  built  inside 
of  the  tower,  as  this  location  gave  a  greater 
feeling  of  security  to  the  workmen.  Resting 
platforms  were  placed  at  48-ft.  intervals. 
Those  in  charge  of  the  work  considered  the 
installation  of  a  hoist,  to  save  the  time  and 
energy  of  the  workmen,  but  this  scheme  was 
discarded.  It  was  founil  that  it  took  the 
workmen  about  ten  minutes  In  ascend  the 
entire  height  of  the  tower  and  practically  the 
same  time  to  descend.  Fach  side  of  the 
tower,  for  its  entire  height,  was  sheeted  with 
four  1  X  (i-in.  planks.  Outriggers  were  fas- 
tened to  the  top  of  the  tower,  to  which  were 
attached  regular  bricklayers'  hangers,  which 
in  turn  supported  the  working  scaffold.  Fig- 
ure (a)  (p.  I'm!)  I  shows  a  plan  of  the  outriggers 


and  of  the  scalYold  in  its  highest  position,  while 
F'g.  3  (b)  shows  the  platform  in  its  lowest 
position.  These  drawings  indicate  clearly 
the  construction  features  of  the  scaffold  and 
outriggers.  The  scaffold  was  enclosed  at  all 
times  with  a  tarpaulin  to  prevent  injury  to 
the  workmen  below.  The  only  accident  on 
the  job  was  occasioned  by  the  falling  of  one 
of  the  long,  vertical  rods  across  the  stack, 
w'hich  inflicted  a  slight  scalp  wound  on  a  man 
working  on  the  scaffold  directly  opposite.  Fig- 
ure 1  shows  a  view  taken  during  the  wrecking 
of  the  stack,  and  indicates  the  e<|uipment  used. 
One  man  was  kept  busy  with  the  work  of 
lowering  the  scaffold  as  the  wrecking 
pnigressed.      The    concrete     was     broken     up 


was  built  in  sections  about  8  ft.  high,  and  it 
was  noticed  in  wrecking  that  all  of  the  joints 
between  sections  presented  a  horizonta!  plane 
of  clearage  across  which  the  concrete  sepa- 
rated with  a  clean  sharp  break. 

Every  48  ft.  the  outriggers  were  lowered 
and  the  upper  portion  of  the  tower  then  torn 
down.  This  operation  required  about  one 
day.  During  this  time  the  cutting  was 
stopped  for  a  part  of  the  day  on  the  upper 
half  of  the  stack,  while  on  the  lower  half 
the  number  of  men  was  reduced  but  the 
cutting  was  not  stopped.  The  broken  con- 
crete and  other  debris  were  wheeled  in  bar- 
rows to  a  fill  for  a  switch  track  which  was 
about    lnO    ft.    distant,    being    handled    during 


Fig.    1.      View    of    Site    Showing    Reinfcrret     concrete      Stack.      Adjacent      Buildings      and 
Temporary     Steel     Stack     of    Plant    at    Akron.    Ohio. 


with  sledges,  and  was  iiermitted  to  fall  in  the 
space  between  the  inside  of  the  stack  and 
the  tower,  the  sides  of  the  lower  being  pro- 
vided with  the  I  X  (i-in.  guard  strips  shown  in 
Fig.  2.  One  man  gave  his  entire  time  to 
cutting  the  wire  mesh  with  a  bolt  cutler  and 
In  lying  the  ends  of  the  verlicid  reinforcing 
rods  (to  (irevent  their  falling  when  Innsened). 
Figure  I  ( i).  ii"i!M  shews  the  .irrangeiiunl  of 
the  vertical  mds  and  the  wire  mesh  after  the 
concrete  was  removed.  The  reinforcing  rod, 
which  is  shown  l>ent,  was  distorted  to  permit 
the  workmen  to  gain  access  to  the  scaffold. 
The  vertical  rods  were  each  2(5  ft.  long.  They 
were  lowered  to  the  ground  outside  of  the 
stack,  and  were  again  used  on  other  work. 
The  rods  were  found  to  be  bright  and  clean 
and  were  entirely  free   from  rust.     The  stack 


ihc  nights  and  Sundays  by  two  laborers.  Fx 
ccpt  for  a  small  amount  of  breakage  the  radial 
tiles  were  saved  and  will  be  used  for  tlii 
lining  of  the  new  stack.  During  the  demoli 
lion  of  the  lower  (15  ft.  of  the  stack  it  wa- 
necessary  to  use  bull  points,  in  addition  r 
the   sledges,   in   breaking   up   the   concrete. 

COST    DATA. 

Laliorers    were   paid   30   els.    per   hour   and 
carpenters   40  els.   |)cr   hour.     The   total   co>t 
of    wrecking    207    ft.   of    slack    and    7.5    ft.   ii 
lining,    exclusive    of    the    lialiilitv    insuranci 
was  distributed  as  follows 

Item.  <"oHt 

Cli'nnInK  soot  from   below   Imiuc  liInK- . .   $      -l--' 
1,1'inlnT  for  towtr  and   HcafTold,  8.700  It. 

n.    .M 130.1' 

Krcctlnn   222-ft.    Iow»t    Inside   of    stack, 

and    building   ladderH.   Ruard   stiretlng, 
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platforms,  outrigging  and  scaffold 
complfite     211.27 

Rental  on  bricklayer's  scaffold  hangers.      lliO.OO 

Cutting  concrete  and  wire  netting,  the 
reinforcing  rods  and  radial  tiles  Ijeing 
safed     G-19.45 

Removing  debris,  100-ft.  haul,  and 
stacking  tiles  and  rods 68.25 

Lowering   outrigging   and    tearing   down 

tower     202.26 

Total    cost,    exclusive    of    liability    in- 
surance      $1,382.53 

The  liabilitv  insurance,  covering  employees 
and  public,  was  $6.48  per  $100. 

Omitting  the  cost  of  clearing  out  the  soot, 
and  crediting  the  salvage,  the  total  cost  of 
wrecking  the  stack  amounts  to  $.5.20  per  foot 
of  height.  Per  cubic  foot  of  concrete  and 
tile  removed  the  cost  was  17  cts.,  or  $4.50 
per  cubic  yard.  The  salvage  consisted  of  8 
tons  of  reinforcing  steel  valued  at  $220,  3,000 
ft.  B,  M.  of  lumber  valued  at  $30,  and  1.200 
cu.  ft.  of  radial  tile  blocks  valued  at  $60, 
a  total  of  $310. 

The  tower  was  started  on  April  6  and 
was  completed  on  April  18,  1914,  with  three 
days  out  for  Sundays  and  rainy  weather.  The 
cutting  and  clearing  away  was  entirely  com- 
pleted on  May  15,  1914,  after  a  further  loss 
of  five  days  for  Sundays  and  rainy  weather. 

PERSONNEL. 

The  wrecking  of  the  tower  was  accom- 
plished by  the  Leonard  Construction  Co.,  of 
Chicago,  in  connection  with  the  extensive  im- 
provements now  being  carried  on  by  this 
company  for  the  Quaker  Oats  Co.  We  are 
indebted  to  the  former  for  the  data  contained 
in  this  article. 
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A  Discussion  of  the  Quantity  System 
of  Estimating. 

There  is  little  doubt  that  our  present  meth- 
ods of  competitive  estimating  of  building  con- 
tracts need  revision.  .\  complete  revision  of 
methods,  however,  will  prove  a  difficult  task, 
but  this  should  not  deter  those  interested  from 
making  a  start.  The  "Quantity  System  of  Es- 
timating" is  now  receiving  considerable  atten- 
tion from  architects,  engineers  and  builders. 
As  much  has  been  claimed  for  such  a  system, 
and  as  a  clear  understanding  of  what  it  means 
is  necessary,  we  are  giving  below  the  essence 
of  an  address  presented  before  the  joint  meet- 
ing of  the  Michigan  chapter  of  the  American 
Institute  of  .'Architects,  the  Detroit  Engineer- 
ing Society,  and  the  Builders'  and  Traders' 
Exchange  of  Detroit,  by  Leslie  H.  Allen,  of 
Boston.  Mr.  .Mien  is  conversant  with  the 
system  used  in  England,  and  has  also  had  con- 
siderable estimating  experienc  in  this  coun- 
try, being  now  connected  with  the  Aberthaw 
Construction  Co.,  of  Boston.  It  will  require 
much  careful  study  before  a  satisfactory  sys- 
tem is  evolved,  and  the  principles  discussed  in 
this  paper  merit  the  attention  of  architects, 
engineers  and  contractors. 

The  custom  of  asking  an  number  of  bid- 
ders each  to  find  out  the  quantities  of  labor 
and  material  required  in  the  erection  of  a 
building  (in  an  impossibly  short  time)  and 
then  to  estimate  the  cost  of  these  items  and 
make  a  lump-sum  bid  for  the  whole  work  is 
absurd.  The  manufacturer  schedules  his 
requirements  and  takes  bids  upon  that  schedule 
and  usually  lets  the  contract  for  his  supplies 
on  unit  prices.  But  when  it  comes  to  build- 
ing a  factory,  a  house,  a  theater  or  a  church, 
the  contractor  is  invited  not  only  to  guess  or 
calculate  how  much  it  will  cost  before  it  is 
built,  but  also  to  guess  or  calculate  how  much 
material  goes  into  it;  and  this  work  is  done 
not  by  one  builder,  but  by  eight  or  a  dozen, 
and  the  labor  of  all  except  one  is  absolutely 
wasted.  It  is  hard  to  impress  cither  the  archi- 
tect or  the  building  owner  that  this  waste  is 
unnecessary  or  that  it  can  be  eliminated.  The 
building  owner,  if  he  is  engaged  in  manufac- 
turing, would  say  it  is  only  selling  expense, 
anyway,  and  selling  expense  has  to  be  in- 
cured.  But  the  selling  expense  of  a  builder's 
office  is  a  very  different  thing  from  a  manu- 
facturer's selling  expense.  The  manufacturer's 
salesman  has  to  draw  the  attention  of  the 
prospective  purchaser  to  the  merits  of  the 
goods  he  is  offering  and  bring  himself  before 
the  purchaser's  notice.     But  in  the  case  of  the 
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(b)  Plan 
Fig.  2.   Elevation  and   Plan   of  Tower   Used 
for  Wrecking  Concrete  Stack. 


contractor,  when  all  this  work  has  been  done, 
a  very  heavy  expense  is  incurred  by  the  build- 
er in  figuring  out  how  much  to  offer  to  sell 
his  work  to  the  building  owner  for.  In  the 
case  of  the  salesman  all  this  is  done  for  him 
before  he  starts  out  upon  the  road,  and  if 
every  salesman  had  to  figure  out  the  cost  on 
the  spot  of  the  articles  he  was  furnishing,  and 
also  the  quantities  of  articles  he  would  be  re- 
quired to  furnish,  his  duties  would  be  very 
much  more  arduous.  The  cost  of  an  automo- 
bile or  a  piano  is  known  before  it  is  offered 
for  sale,  but  the  contractor  does  not  know 
the  cost  of  his  building  until  it  is  built.  It 
is  difficult  to  impress  upon  the  architects  and 
owners  the  amount  of  time  that  is  required 
to  make  an  accurate  schedule  of  quantities.  If 
a  builder  wants  to  take  off  a  $100,000  job  prop- 
erly, it  requires  at  least  a  week  of  hard  work 
day  and  night.  So  much  of  the  builder's  work 
is  unproductive  that  he  does  not  put  in  as 
much  time  as  he  should,  or  would  like  to,  on 
the  estimate  for  any  one  building.  Owing  to 
the  short  time  that  he  is  allowed  he  tnust 
take  the  quantities  off  very  roughly.  During 
the  day  material  men  and  sub-contractors  are 
busy  with  his  plans  and  he  has  only  the  night. 
Many  contractors  have  to  be  satisfied  if  their 
estimates  of  quantities  are  within  5  or  even  8 
per  cent  of  the  accurate  ones,  as  they  only 
take  them  off  roughly  with  very  little  detail. 
Those  contractors  who  wish  to  estimate  ac- 
curately and  closely  have  to  spend  much  time 
on  their  estimates.  It  is  disheartening  to  figure 
week  after  week  and  get  very  little  of  the 
work  on  which  so  much  time  and  thought  has 
been  given. 

This  matter  was  not  so  serious  when  com- 
petition was  not  so  keen  and  when  estimates 
were  not  made  so  closely.  The  estimates  of 
many  of  the  best  contractors  then  were  the 
roughest  of  guesses.  They  carried  a  consid- 
erable margin  for  contingencies.  The  old 
books  on  estimating  tell  the  estimator  to  add 
from  5  to  10  per  cent  to  the  estimate  to  cover 
contingencies.  As  a  consequence  estimating 
was  not  a  very  serious  affair  and  contractors 
were  very  prosperous  people.  At  the  present 
time  estimates  have  to  be  figured  very  closely; 
to  figure  them  closely  they  have  to  be  figured 
accurately,  and  the  time  and  expense  of  do- 
ing this  is  very  great.  Many  old-time  build- 
ers who  are  still  with  us,  and  who  estimate  b\- 
rough  appropriations,  are  losing  their  hold  on 
the  business  situation.  In  my  own  city  the 
large  builders  whose  names  were  names  to 
conjure  with  15  or  20  years  ago  are  today 
bemoaning  their  lack  of  work.  It  is  all  be- 
ing gained  by  the  younger  men  who  are  figur- 
ing much  more  closely  than  they  ever  dreamed 
of  figuring  or  knew  how  to  figure. 

DIFFICULTIES    OF    THE    CONTRACTOR'S     ESTIM.^TOR. 

It  is  assumed  by  the  architect  and  the  build- 
ing owner  that  when  his  plans  and  specifica- 
tions are  complete  the  quantities  of  labor  and 
material  required  for  the  erection  of  a  build- 
ing can  be  accurately  and  correctly  figured  by 
the  contractor's  estimator,  so  a  lump-sum  bid 
is  asked  for  and  the  plans  are  given  to  the  con- 
tractors to  figure.  The  fallacy  of  this  as- 
sumption lies  in  the  fact  that  it  is  not  possi- 
ble for  a  contractor's  estimator,  however  ex- 
pert he  may  be,  to  understand  and  read  the 
plans  of  the  architect  or  engineer  in  the  short 
time  allowed.  It  stands  to  reason  that  a  con- 
tractor's estimator  cannot  in  one  week  be- 
come as  familiar  with  the  plans  as  the  archi- 
tect or  engineer  who  has  spent  several  months 
in  creating  them. 

When  the  plans  and  specifications  are  com- 
pleted it  is  obvious  that  certain  quantities 
(unknown)  of  labor  and  material  will  be  re- 
quired to  complete  the  building.  No  amount 
of  careful  figuring  by  any  contractor  can  de- 
crease or  increase  these  quantities  in  any  par- 
ticular. They  are  fixed  by  the  plan.s  and 
specifications.  When  ten  contractors  figure, 
each  one  competes  with  the  iithers  in  seeing 
how  much  or  how  little  brickwork,  concrete, 
plastering,  etc.,  he  can  ligure  in  his  estimate 
and  still  feel  that  the  job  is  safe.  None  of 
them  will  get  exactly  the  same  quantities  in 
their  estimates.  The  contractor  first  must 
compete  in  accurately  figuring  quantities  be- 
fore he  starts  to  put  a  price  upon  his  quan- 
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titles  and  thus  starts  the  price  competition. 
No  figuring  will  make  one  brick  take  the 
place  of  two,  or  will  make  li)0  bbls.  of  cement 
mix  1,000  cu.  yds.  of  concrete.  These  quan- 
tities are  fixed  and  it  seems  absurd  that  there 
should  be  this  unnecessary  competition  in 
quantities  before  prices  are  put  on  estimates. 


which  should  have  been  given  to  the  super- 
vision of  work  in  progress.  It  is  unfortunate 
that  the  building  industry,  handling  as  it  does 
such  a  large  proportion  of  the  trade  of  the 
country  (the  whole  of  the  output  of  the  ce- 
ment, burn-clay  and  cut-stone  trades,  and  a 
large  part   of   the  output  of   the   steel,  glass, 


A  "Quantity  Surveyor'  is  an  independent 
party  appointed  by  the  owner,  architect,  or 
engineer,  whose  duty  it  is  to  prepare  the  bill 
of  quantities  at  the  owner's  expense. 

Under  the  "Quantity  System"  (as  advocat- 
ed by  the  "American  Institute  of  Quantity 
Surveyors")    bills   of   quantities    will   be    fur- 
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Co)  Scaffold  in  Highest  Position 


(b)  Scaffold  in  Lowest  Positron 


Fig.    3.      Plans    of    Scaffold    and    Outrigyers    Showing      Tarre   in    Highest   and    Lowest   Positions  for   Wrecking     Stack. 


In  1908,  the  Illinois  chapter  of  the  Amer- 
ican Institute  of  Architects  prepared  a  report 
which  deals  with  this  subject.  Their  report 
states  that  they  investigated  the  office  work 
of  five  representative  contractors.  They  found 
that  the  average  number  of  contracts  esti- 
mated by  each  builder  in  one  year  was  72, 
and  that  the  average  number  of  jobs  which  he 
obtained  from  these  estimates  was  10.  The 
average  value  of  the  time  spent  by  the  office 
force  of  each  firm  on  each  estimate  was  $12.5. 
The  everage  expense  on  each  estimate,  in- 
cluding additions  by  sub-contractors  and  ma- 
terial men,  was  $378,  making  a  total  of  $503 
spent  by  each  builder  on  each  estimate.  In 
addition  to  these  expenses  the  head  of  each 
contracting  concern  spent  21  per  cent  of  his 
total  time  in  estimating  or  in  overseeing  the 
work  of  estimating.  The  report  also  points 
out  that  the  expense  of  six  bids  on  a  build- 
ing costing  between  $100,000  and  $150,000  was 
over  $3,000,  which  was  between  2  and  3  per 
cent  of  the  entire  cost  of  the  work.  It  is 
further  estimated  that  in  Chicago  the  con- 
tractors spend  in  one  year  $1,250,1)00  in  the 
preparation  of  estimates,  of  which  only  $210,- 
000  was  productive  expense  resulting  in  get- 
ting estimates. 

It  seems  obvious  that  in  the  long  run  this 
unproductive  sum  must  be  paid  by  the  ulti- 
mate consumer,  who  sooner  or  later  must 
pay  the  bill,  probably  without  knowing  it. 
Directly  or  indirectly,  it  is  shifted  by  the 
building  trade  or  building  material  trade  to 
the  building  owner,  together  with  the  bad 
det)ts  caused  by  contractors'  failures,  more 
than  half  of  which  are  due  to  estimating  on 
incorrect  quantities. 

The  skeptical  will  think  that  the  writer  is 
presenting  an  overdrawn  picture  of  the  inac- 
curacies of  builders'  estimate  and  the  result- 
ant losses.  Ask  any  credit  man  what  the 
worst  risks  are  for  credit;  builders  and  con- 
tractors will  be  among  the  number.  The  per- 
centage of  failures  is  very  high,  and  a  very 
large  pmportion  of  these  failures  is  due,  not 
to  mismanagement,  but  to  bad  estimating,  and 
of  those  due  to  niisnianagemcnt  much  of  the 
loss   is  due  to  the   time   spent   on   estimating. 


paint,  lumber  and  slate  trades)  should  be  thus 
handicapped. 

SCOPE  OF  THE  QU.\NTITY  SYSTEM   OF  ESTIMATlffG. 

Is  there  any  way  in  which  the  existing  state 
of  affairs  can  be  improved?  The  writer  be- 
lieves there  is,  and  to  answer  this  question 
he  offers  the  following  discussion  of  the 
"Quantity  System  of  Estimating" :  This  sys- 
tem has  been  much  discussed,  but  its  impor- 
tance merits  full  consideration.    In  order  that 


nished  free  of  expense  with  the  drawings  and 
specifications  to  all  bidders  desirous  of  bid- 
ding in  competition.  Lump-sum  bids  will  be 
based  upon  the  quantities  of  work  scheduled 
in  the  bill  of  quantities,  the  character  of  same 
being  ascertained  from  the  plans  and  specifi- 
cations. In  the  event  of  any  errors,  thd  cost 
is  adjusted  between  the  owner  and  the  build- 
er by  the  surveyor,  so  that  the  builder  takes 
no  liability  for  the  accuracy  of  the  quantities 


Fig.   4. 


Vertical    Rods  and    Wire    Mesh    After  Concrete    Was    Removed— Rod    Shown    Ber 
Provided    Exit    from    Tower    to    Scaffold. 


there  will  be  no  misconception  it  will  be  well 
to  define  what  he  understands  by  the  "Quan- 
tity System  of  listimating."  In  brief,  a  "Bill 
of  Quantities"  is  an  accurate  schedule  of  the 
quantities  and  description  of  the  work  (labor 
and  material)  required  in  the  erection  of  a 
building,  in  accordance  with  drawings  and 
specifications  supplied  by  the  architect  or  en- 
gineer. 


This  is  a  matter   for  the  owner  and  the  si 
veyor  to   settle  between   themselves,   and  this 
v.ill  be  discussed  later. 

THE  QUANTITY  SURVEYOR  AND   HIS  DUTIES. 

The  quantity  surveyor  should  be  a  man  wl^, 
makes  it  his  sole  business  to  take  off  quanti- 
ties. He  should  receive  the  plans  from  the 
architect  and  compute  from  them  the  quantities 
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of  material  and  labor  for  the  building,  in  the 
way  that  the  contractor's  estimator  does  now, 
but  as  he  gives  his  whole  time  to  the  work  he 
is  able  to  work  more  carefully  and  has  more 
time  to  make  a  careful  and  detailed  estimate. 
Moreover,  if  he  is  paid  a  proper  fee  for  his 
work,  he  will  be  able  to  have  all  his  figures 
carefully  checked. 

The  quantity  surveyor  should  take  off  the 
whole  job,  anil  should  not  confine  himself  to 
those  trades  which  will  be  executed  by  the 
general  contractor's  own  force.  A  bill  of 
quantities  should  contain  separ;ite  schedules 
for  mason  work,  structural  steel,  earthwork, 
concrete,  structural  carpenter  work,  finished 
carpentry,  hardware,  plastering,  plumbing, 
painting,  ornamental  ironw'ork,  etc. ;  and  the 
quantity  surveyor  should  be  a  man  of  suffi- 
cient technical  education  and  training  to  know 
enough  aliout  all  these  trades  to  be  able  to 
take  off  quantities  for  them  in  the  manner 
in  which  various  contractors  and  sub-con- 
tractors measure  them.  It  should  be  the  aim 
of  the  quantity  surveyor  to  take  off  and  de- 
scribe the  items  in  the  most  serviceable  man- 
ner to  the  contractor,  and  to  give  such  infor- 
mation as  will  make  the  schedule  entirely 
clear.  This  is  a  very  important  matter  and 
upon  it  largely  depends  the  success  of  the 
quantity  surveying  movement.  We  all  know 
that  similar  work  executed  under  different 
conditions  on  the  same  job  will  vary  in  cost. 
Brickwork  in  manholes  will  cost  less  to  build 
than  walls  of  office  buildings,  likewise  8-in. 
brick  walls  cost  more  per  thousand  than  12- 
in.  walls.  Concrete  form  work  is  an  item  of 
expense  which  bears  no  relation  to  the  yard- 
age, and  must  be  measured  separately.  Every 
surveyor  should  work  on  the  same  method,, 
measuring  all  work  net,  deducting  openings  in 
brickwork,  carpenter  work  and  plastering,  etc., 
measuring  forms  separately  from  concrete 
work,  and  in  general  giving  items  in  detail. 

If  the  quantity  surveyor  gives  his  whole 
time  to  this  work  it  will  be  much  easier  for 
him,  by  consultation  with  the  architect,  to 
straighten  out  difficulties  and  points  which  are 
not  clear  than  it  is  for  the  estimator,  and  he 
should  be  able  to  discover  and  point  out  such 
inaccuracies  in  the  plans  as  do  occur  even  in 
the  plans  of  the  most  careful  architects. 
Moreover,  he  should  be  able  to  suggest  amend- 
ments to  the  specifications  where  they  are 
deficient  in  description  or  are  ambiguous  in 
meaning.  He  is  often  able  to  start  work  be- 
fore the  plans  and  specifications  are  completed 
and  can  thus  save  time.  When  he  has  fin- 
ished his  "taking  off"  the  items  of  his  esti- 
mate are  collected  and  sorted  and  brought 
into  schedule  form.  A  separate  schedule  or 
bill  is  made  out  for  each  trade;  these  are 
bound  together,  and  a  copy  is  made  and  sent 
out  to  the  general  contractors  who  are  invit- 
ed to  tender.  The  schedules  contain  sufficient 
description  as  to  enable  the  contractor  to  un- 
derstand fully  the  items  which  he  is  asked  to 
price;  therefore  it  is  not  necessary  for  him 
to  spend  any  considerable  time  in  going  over 
the  plans  and  specifications.  When  a  con- 
tractor receives  the  schedule  of  quantities  he 
prices  all  of  the  items  in  the  trades  which  he 
proposes  to  execute,  or  wdiich  he  is  competent 
to  price.  He  then  passes  to  the  sub-contractors 
the  schedule  of  items  which  he  intends  to  sub- 
let. .After  the  pricing  is  completed  and  ex- 
tended the  totals  of  the  various  schedules  are 
collected,  and  such  items  as  profit  and  inci- 
dentals, insurance,  etc.,  are  added. 

ADVANTAGES   AND    I  ISADVANTACES   OF  THE  QUAN- 
TITY   SYSTEM. 

There  are,  of  course,  disadvantages  as  well 
as  advantages  in  the  quantity  system.  One 
great  a<lvantagc  is  that  all  contractors  are 
biddinci  on  the  same  basis.  It  frequently  hap- 
pens that  with  the  greatest  of  care  there  are 
items  on  the  plan  which  are  not  easily  under- 
stood, and  statements  in  the  specifications 
which  arc  indefinite  or  ambiguous.  In  such 
cases  it  is  the  man  who  has  figured  on  the 
cheapest  manner  of  doing  the  work  who  gets 
the  job.  Later  on  when  he  finds  that  his 
guess  is  wrong  trouble  at  once  arises.  As 
the  quantity  surveyor  has  been  in  much  closer 
touch  with  the  architects  than  it  is  possible 
for   the   contractors'   estimators   to   be,   he   is 


able  to  Iiavc  corrected  these  indefinite  points 
Ijefore  his  quantities  are  finished.  Moreover, 
since  the  contractors  are  competing  on  prices 
only  and  not  on  quantities,  the  owner  is  bet- 
ter assured  that  he  is  giving  his  contract  to 
the  man  who  is  able  to  do  his  work  properly 
at  the  lowest  possible  remunerative  price.  Un- 
der our  present  system  the  odds  are  in  favor 
of  the  contractor  who  has  the  cleverest  esti- 
mator, regardless  of  whether  his  building 
work  is  good  or  poor.  There  is  also  less 
chance  of  error  due  to  the  omission  of  some 
important  item  in  the  estimate. 

It  is  often  urged  that  quantity  surveying 
will  add  to  the  number  of  worthless  competi- 
tors, W'hile  others  have  claimed  that  it  will 
eliminate  such  competitors.  It  is  not  certain 
that  it  will  do  either;  but  it  will  reduce  the 
risk  of  work  being  let  for  less  than  cost  to 
a  man  who  has  omitted  items. 

It  has  been  objected  that  the  adoption  of 
the  quantity  system  would  not  permit  a  con- 
tractor to  exercise  the  right  of  judgment  in 
making  up  his  prices.  This  objection  arises 
from  a  misunderstanding  of  the  meaning  of  a 
bill  of  quantities.  Such  a  bill  would  sched- 
ule, for  example,  the  required  numl)er  of  fire 
doors  with  their  description,  giving  the  num- 
ber of  swing  doors  and  of  sliding  doors  and 
the  size  of  each.  But  this  schedule  would  not 
prevent  the  fire-door  contractors  from  exam- 
ing  the  plans  and  determining  the  number  in 
the  first  story  and  in  the  pent-houses,  etc.,  and 
noting  difficult  or  unusual  conditions.  In  a 
similar  manner  the  schedule  of  quantities  for 
plastering  work  would  describe  the  different 
kinds  of  plastering.  All  ceiling  plastering,  in 
two  coats,  requiring  ordinary  staging,  would 
be  classed  together,  but  plastering  for  a  high 
studded  room  requiring  a  specially  built  stage 
would  be  put  down  as  a  separate  item.  Plas- 
tering on  flat  wall  surfaces,  if  all  three-coat 
work,  would  be  made  in  one  item.  Plastering 
on  metal  lath  would  be  separated,  and  plas- 
tering in  narrow  widths  or  on  circular  walls 
would  also  be  measured  as  separate  items.  The 
bill  of  quantities  should  contain  an  intelligent 
description  of  each  class  of  work  and  every 
variety  of  item  of  work  in  that  class. 

It  has  lieen  claimed  that  quantity  surveying 
will  reduce  the  cost  of  building  work.  This 
is  doubtful,  although  logically  it  should  in 
many  cases.  It  should,  however,  reduce  costs 
in  three  ways:  First,  it  is  certain  that  the 
very  large  overhead  unproductive  expense 
which  has  been  mentioned  will  be  saved ;  sec- 
ond, the  men  who  formerly  spent  much  of 
their  time  in  figuring  quantities  will  be  free 
to  devote  themselves  to  effecting  economies 
in  the  conduct  of  building  operations,  especial- 
ly the  contractor,  who  will  have  more  time 
to  supervise  his  work;  and  third,  it  will  not 
be  necessary  to  add  any  contingent  items  to 
the  bids  to  cover  possible  errors  in  estimating. 
On  the  other  hand,  the  very  low  bid  put  in  by 
the  inexperienced  or  careless  contractor  is 
likely  to  he  eliminated.  It  is  fairly  certain, 
however,  that  bids  will  be  closer  than  at  pres- 
ent, and  the  writer  believes  that  the  bids  of 
the  conservative  contractor  will  be  somewhat 
lower. 

Mr.  G.  A.  Wright  has  well  said  that  an  ar- 
chitect or  engineer  who  knowingly  advises  an 
owner  to  accept  a  bid  which  is  lower  than  a 
job  can  be  done  for  is  "evading  a  moral  is- 
sue.'' In  addition  to  this  he  is  a  fool  if  he 
thinks  he  can  get  something  for  nothing.  No 
amount  of  inspection  will  make  a  cheap  build- 
ing good  or  compel  a  builder  who  is  endeav- 
oring to  save  money  at  the  expense  of  the  job 
to  put  in  all  that  is  called  for.  The  owner 
gets  what  he  pays  for.  Unfortunately,  he 
often  docs  not  realize  until  too  late  that  cheap 
construction   means  costly   maintenance. 

Even  if  the  adoption  of  the  quantity  survey- 
ing system  difl  not  result  in  lower  bids  the 
writer  believes  it  would  lower  the  bids  of  the 
more  careful  contractors,  even  though  it  did 
not  raise  those  of  the  careless  contractors.  The 
owner  would  have  the  satisfaction  of  know- 
ing that  he  was  paying  a  fair  price  for  his 
building,  and  that  he  was  more  likely  to  get  a 
fair  building   for  his  price. 

The  subject  seems  to  have  been  obscured 
by  the  suggestion  that  a  reorganization  of  or 


a  radical  improvement  in  the  methods  of  pre- 
paring plans  and  specifications  in  architects' 
offices  is  a  necessarv  preliminary  step  to  the 
establishment  of  the  quantity  surveying  sys- 
tem. This  is  not  the  case.  The  quantity  sur- 
veyor's duty  is  to  take  plans  and  specifications 
as  he  finds  them,  and  from  them  compute  the 
quantities  of  labor  and  material  in  the  build- 
ing. It  is  of  course  desirable  that  the  plans 
and  specifications  should  be  complete — as  the 
better  the  plans  the  better  his  survey — but 
even  with  a  poor  set  of  plans  he  is  likely  (be- 
cause of  his  greater  experience  and  the  bet- 
ter facilities  at  his  disposal)  to  make  a  bet- 
ter survey  than  half  a  dozen  competing  bid- 
ders. But  there  are  no  grounds  for  the  state- 
ment that  quantity  surveying  would  of  itself 
improve  any  architect's  plans  or  require  bet- 
ter plans  than  the  contractor  now  gets.  No 
quantity  surveyor  would  guarantee  absolute 
accuracy  from  inaccurate  plans.  In  the  lat- 
ter case  the  contract  should  be  let  on  the 
basis  of  quantities  as  a  unit  price   job. 

It  has  been  objected  that  those  who  have 
special  ability  in  scaling  quantities  will  lose 
their  advantage  compared  with  those  who 
have  not  this  ability.  Yes,  and  those  who 
learn  arithmetic  at  school  also  have  an  ad- 
vantage over  those  who  have  no  education. 
How  many  men  have  such  skill  in  scaling 
quantities  that  they  can  view  with  complacency 
the  continuance  of  present  conditions  and  are 
willing  to  waste  time  on  fruitless  estimating? 
There  are  very  few  who  feel  that  they  have 
a  decided  advantage  in  this — an  advantage 
such  that  they  are  unwilling  to  forego  it. 
Frankly,  just  how  muclo  of  an  advantage  is 
it?  Does  it  get  them  a  large  proportion  of 
jobs,  or  is  it  not  a  fact  that,  owing  to  their 
skill  in  scaling  and  to  their  care,  their  esti- 
mates are  higher  than  those  of  their  less  for- 
tunate rivals  who  discover  too  late  that  they 
have  "left  out  something"?  True  competition 
lies  in  judgment  as  to  pricing,  and  the  real 
contest — even  today — among  the  better  class 
of  estimators  is  and  should  be  the  ability  to 
foretell  what  a  difficult  piece  of  work  will 
cost  and  how  it  should  be  performed. 

The  architect  and  owner  may  think  that 
"Brown"  and  "Jones"  know  exactly  what  each 
item  in  the  building  will  cost,  and  if  Brown 
bids  lower  than  Jones  it  is  because  he  can 
work  cheaper.  This  is  often  far  from  being 
true;  in  fact,  the  reverse  is  often  the  case,  the 
lower  bid  simply  meaning  that  the  contractor 
who  submitted  it  did  not  know  eitlier  his 
quantities  or  his  costs.  The  writer  is  often 
asked  how  many  of  the  unit  prices  used  by 
him  in  his  estimates  prove  to  be  accurate,  and 
some  are  incredulous  when  informed  that 
none  are  accurate.  The  investigator  can  only 
hope  to  get  somewhere  near  the  truth;  the 
most  successful  estimator  being  the  one  who 
most   closely   approximates   the    facts. 

Again,  it  is  claimed  that  all  contractors  will 
be  placed  on  the  same  basis  and  that  incom- 
petent ones  will  be  able  to  secure  the  bills  of 
quantities  which  they  could  not  draw  off. 
There  are  two  types  of  incompetents;  a  man 
may  be  a  good  calculator  but  a  poor  Iniilder ; 
or  he  may  be  a  good  builder  but  not  expert 
at  liguring  quantities.  The  first  type  of  con- 
tractor is  already  figuring  against  you,  and 
the  architect  is  the  only  man  who  can  elimi- 
nate him ;  only  good  can  result  from  more 
of  the  second  type  entering  the  field  to  the 
exclusion  of  the  former. 

It  is  too  much  to  expect  that  all  troubles 
and  disputes  will  be  eliminated  by  the  adop- 
tion of  quantity  surveying.  One  class  of  dis- 
putes, however,  will  be  almost  abolished — 
those  due  to  amliiguous  clauses  in  the  specifi- 
cations and  inddinite  work  on  the  plans.  The 
(|uantity  surveyor  will  make  a  careful  scrutiny 
of  the  plans,  and  he  will  be  able  to  clear  up 
many  points  of  doubtful  construction,  due  to 
his  close  association  with  the  architect.  In 
any  case  his  interpretation  of  the  i)lans  is  ac- 
cepted by  the  builder  and  is  gu.iranteed  by  the 
owner,  and  if  it  is  found  that  there  is  any  er- 
ror the  builder  does  not  suffer. 

CONCERNING   THE    ADOPTION   OF   THE    SYSTEM. 

The  quantity  surveyor  is  a  very  important 
factor  in  this  system  and  it  will  be  of  interest 
to  determine  how  we  are  to  secure  competent 
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men  for  this  work.  Shall  the  system  be  adopt- 
ed at  once  or  shall  it  be  a  slow  development? 

The  logical  men  for  our  first  quantity  sur- 
veyors are  the  chief  estimators  of  our  well- 
known  building  contractors.  These  men 
could  find  capable  assistants  from  the  ranks 
of  engineering  and  architectural  draftsmen, 
especially  the  former,  part  of  whose  early 
training  comprises  the  acquisition  of  a  sound 
knowledge  of  the  principles  of  construction. 

The  manner  of  making  a  start  will  vary 
so  considerably  in  different  cities  that  the 
writer  wishes  to  present  three  methods  of 
procedure  which  may  be  used  under  various 
conditions. 

(a)  If  the  owner  of  a  prospective  building  is 
convmced  of  the  advantages  of  the  quantity 
system  the  simplest  procedure  would  be  for 
the  architect  to  appoint  a  man  whom  he 
knows  is  qualified  to  act,  or  to  ask  the  sec- 
retary of  the  local  builders'  exchange  to  ap- 
point a  suitable  man  for  him. 

(b)  If  the  owner  or  architect  is  still  op- 
posed to  the  quantity  system,  there  is  no  rea- 
son why  it  should  not  be  put  in  operation 
without  his  assistance,  if  the  builders  of  an 
exchange  have  proper  confidence  in  each 
other.  They  could  meet  and  agree  that  one 
of  their  number  should  prepare  a  schedule  of 
quantities  for  the  work.  If  this  man  was  not 
one  of  those  who  were  bidding  on  the  job,  it 
would  be  an  added  advantage.  He  could  fur- 
nish the  copies  of  his  schedule  to  the  compet- 
ing bidders,  and  they  could  price  them  out 
and  bid  upon  them.  In  this  case  payment 
would  have  to  be  made  to  the  man  who  had 
prepared  the  quantity  schedule.  This  could  be 
accomplished,  either  by  having  each  bidder 
pay  his  proportion  of  the  cost,  or  by  having 
each  bidder  add  the  entire  cost  of  the  sched- 
ule to  his  estimates,  which  would  throw  the 
entire  cost  on  the  successful  bidder.  The  own- 
er would  gain  little  advantage  from  such  a 
proceeding  except  a  possible  saving  due  to 
closer  bids.  The  writer  does  not  consider 
that  there  is  anything  improper  in  this  pro- 
cedure. The  cost  of  estimating  in  this  man- 
ner would  not  be  as  great  as  the  present  cost 
of  estimating,  and  there  is  no  more  impro- 
priety in  such  a  proceeding  than  there  is  an 
a  number  of  builders  taking  bids  from  the 
same  material  man  or  sub-contractor.  The 
fact  that  they  have  paid  a  fee  for  the  estimate 
does  not  render  the  transaction  improper.  The 
writer  sometimes  pays  fees  to  sub-contractors 
for  the  purpose  of  getting  careful  estimates 
from  them  on  work,  so  that  he  may  feel  free 
to  sub-let  it  as  he  desires  if  his  firm  secures 
the  job.  The  costs  of  such  fees  are  always 
added  to  the  writer's  estimate,  although  of 
course  they  arc  paid  by  his  company  in  case 
the  contract  is  not  secured. 

(c)  .A  third  method  which  has  come  to  the 
writer's  notice  commends  itself  very  highly 
to  him.  In  Milwaukee,  Wis.,  they  are  or- 
ganizing a  "Bureau  of  Quantity  Surveying." 
This  is  subscribed  to  by  the  chief  contracting 
firms  in  the  local  builders'  exchange.  The  or- 
ganization will  be  made  up  of  the  chief  esti- 
mators in  the  city,  who  will  receive  fixed 
salaries  for  their  work.  Each  member  of  the 
exchange  will  subscribe  a  sustaining  amount 
to  the  bureau,  and  in  addition  will  pay  a 
small  fee  for  the  use  of  each  bill  of  quanti- 
ties. Me  will  also  add  to  the  amount  of  each 
bid  which  he  makes  on  quantities  furnished 
by  the  bureau  a  percentage,  varying  from  one 
to  two,  and  if  he  is  successful  in  getting  the 
job  he  will  pay  this  fee  to  the  bureau,  unless 
the  owner  pays  it  direct.  At  the  end  of  the 
year  any  surplus  will  be  divided  among  the  . 
contributing   builders. 

In  the  second  and  third  cases,  it  is  con- 
templated that  the  builders  themselves  will 
stanri  responsible  fur  the  i)ayment  of  the  quan- 
tity surveyor.  The  writer  is  not  at  all  sure 
that  it  will  be  possible  so  to  convince  archi- 
tects and  owners  of  the  value  of  quantity 
system  that  they  will  be  willing  at  first  to 
pay  for  making  out  the  schedules.  It  is  there- 
fore advisable  for  the  builders  to  install  the 
system,  as  was  done  in  England  maiiv  years 
ago.  In  that  country  it  was  a  long  lime  be- 
fore architects  and  owners  realized  that  there 
was  any  advantage  to  them  in  the  use  of  the 


quantity  system.  When  they  finally  did  realize 
its  value  they  took  charge  of  the  appointment 
of  quantity  surveyors,  and  the  common  law 
established  their  liability  for  fees.  If  build- 
ers want  quantities  furnished  it  is  the  writer's 
belief  that  they  will  have  to  show  the  way 
by  first  furnishing  the  quantities  themselves; 
the  owner's  co-operation  will  come  later. 

If  it  is  necessary  at  first  for  the  builders 
to  bear  the  direct  expense  of  a  quantity  sys- 
tem, it  has  been  suggested  that  the  public 
will  think  there  is  collusion  among  the  bid- 
ders. It  is  certain  that  in  some  places  there 
will  be  suspicion  as  to  the  propriety  of  this 
procedure.  But  it  does  not  follow  that,  be- 
cause there  is  co-operation,  there  is  also  col- 
lusion between  builders.  Co-operation  is  doing 
so  much  in  other  lines  of  business  in  spite  of 
the  suspicions  of  the  public  that  it  ought  to 
be  allowed  here. 

FEES. 

What  fee  ought  to  be  charged  for  the  serv- 
ices of  a  quantiy  surveyor?  It  is  not  easy 
to  set  a  fee  which  will  apply  in  every  case. 
In  England,  the  mi.xnium  fee  is  usually  a  per- 
centage of  the  lowest  bid.  and  ranges  from 
:i%  per  cent  on  dwellings,  churches,  and  other 
structures  which  contain  a  very  large  amount 
of  detail  to  as  low  as  1  per  cent  on  large, 
plain,  factor}'  and  warehouse  work.  Although 
at  first  thought  a  fee  of  1  per  cent  on  a  $100.- 
OiiO  factory  will  seem  large,  the  cost  of  an  es- 
timate on  such  a  factory  at  the  present  time 
is  more  than  this  (as  has  been  pointed  out), 
although  the  cost  is  spread  among  the  bid- 
ders instead  of  being  concentrated  in  one  pay- 
ment to  one  party.  Tho  only  estimating  ex- 
pense incurred  by  the  builder  under  the  quan- 
tity system  will  be  for  the  time  spent  on 
pricing  the  estimate,  visiting  the  site,  and 
making  inquiries  from  material  men.  This 
will  take  much  less  time  than  any  attempt  to 
scale  the  quantities,  so  that  the  contractor's 
expense  of  estimating  will  be  practically  negli- 
gible. It  is  very  important  that  proper  fees 
should  be  charged  from  the  start.  If  fees  are 
established  at  the  start  which  arc  too  low  to 
pay  for  painstaking,  accurate  work,  the  work 
will  not  be  done  carefully.  It  will  be  ex- 
tremely difficult  to  raise  the  standards,  and 
the  whole  movement  will  suffer. 

RESPONSIBILITY    FOB    MISTAKES. 

Those  who  introduce  the  quantity  system 
will  undoubtedly  encounter  many  difficulties. 
The  first  point  that  is  sure  to  be  raised  is 
"What  will  happen  if  a  mistake  is  found  in 
the  quantities?"  It  is  practically  impossible 
to  make  a  perfect  estimate  of  quantities,  al- 
though the  writer  has  found  that  most  of  the 
estimates  made  by  quantity  surveyors  were 
surprisingly  accurate.  Yet  errors  of  consider- 
able amounts  have  been  found  in  bills  of 
quantities,  and  the  question  naturally  arises 
"How  are  they  to  be  adjusted?"  It  is  ob- 
vious that,  if  the  owner  has  paid  for  the  bill 
of  quantities,  and  has  guaranteed  to  the 
contractor  that  the  bill  is  correct,  any  error 
in  quantity  or  description  should  not  fall 
upon  the  contractor,  who  has  used  the  quan- 
tities in  good  faith.  It  then  rests  between 
the  owner  and  the  quantity  surveyor  as  to  who 
shall  pay  for  errors.  Some  will  argue  that 
the  owner  should  pay;  others  that  the  sur- 
veyor should  pay  for  his  errors. 

Under  the  present  system  the  owner  docs 
not  call  upon  the  architect  to  pay  for  mis- 
takes made  in  the  design  of  a  building  or  for 
the  omission  of  items  from  his  specilications, 
the  architect  being  engaged  by  him  in  a  pro- 
fessional capacity  to  render  service,  and  so 
long  as  he  renders  that  service  to  the  best  of 
his  ability  he  is  not  held  liable  for  errors. 
Neither  does  the  owner  require  a  guarantee 
that  the  building  will  n^il  fall  down  through 
faulty  design.  ( Inly  in  the  case  of  gross,  cul- 
pable or  criminal  negligence  will  the  courts 
hold  him  liable  fi)r  errors;  and  if  an  archi- 
tect has  forgotten  to  specify  the  painting,  or 
through  some  error  figures  the  over-all  di- 
mension of  his  building  incorrectly,  the  cost 
of  rectifying  such  errors  falls  upon  the  own- 
er. By  analogy,  it  may  be  argued  that  the 
surveyor's  contract  of  service  should  be  of 
the  same  character. 

On  the  other  hand,  if  the  quantity  surveyor 


IS  to  justify  the  existence  at  all,  the  owner  will 
expect  him  to  furnish  some  guarantee  as  to 
the  accuracy  of  his  work.  1  he  writer  does 
not  see  any  real  objection  to  his  doing  this, 
although  the  men  who  are  called  upon  to  take 
off  quantities  may  at  first  look  upon  such  a 
requirement  with  some  fear.  However,  they 
will  find  that,  under  the  different  conditions 
under  which  they  will  be  expected  to  work, 
with  sufficient  time  in  which  to  do  the  work 
and  with  proper  opportunities  for  studying 
the  plans  with  the  architects,  their  work  will 
be  more  carefully  done  and  will  be  more  ac- 
curate. Then,  if  a  proper  fee  is  paid  for  the 
quantities,  they  minimize  the  liability  of  er- 
ror. In  English  offices,  every  operation  is 
checked  before  the  next  one  is  made,  and 
mistakes  are  surprisingly  few.  In  a  general 
way,  English  quantities  are  supposed  to  be 
correct  within  0.5  per  cent,  and  the  writer  be- 
lieves that  they  are.  It  often  happens,  how- 
ever, that  one  item  is  slightly  in  excesse  and 
another  is  too  small  (such  as  different  kinds 
of  flooring  in  the  same  building),  but  it  is 
not  often  that  the  totals  are  incorrect.  The 
Quantity  Surveyors'  Association  of  England 
makes  it  a  requirement  or  rule  of  membership 
that  every  member  shall  guarantee  that  his 
quantities  are  accurate  and  shall  refund  to 
the  owner  any  expense  to  which  he  is  put 
by  reason  of  inaccurate  quantities,  provided, 
of  course,  that  correct  and  properly  drawn 
plans  were  furnished  him  before  he  started 
to  take  off  the  quantities.  In  an  article  by  a 
past  president  of  the  "Quantity  Surveyors' 
.\ssociaticn,"  in  the  American  Architect  for 
March,  1914,  it  is  stated  that  so  far  it  has 
not  been  necessary  to  call  upon  a  single  mem- 
ber to  make  good  under  this  guarantee,  which 
is  sufficient  evidence  of  the  possibility  of  mak- 
ing accurate  estimates  of  quantities  from 
proper  plans.  The  writer  would  have  no  fear 
in  guaranteeing  that  his  work  would  be  cor- 
rect, and  he  believes  that  others  would  soon 
feel  sure  enough  of  themselves  to  do  so.  It 
may  be  objected  by  the  owner  that  the  guaran- 
tor is  not  a  man  of  sufficient  financial  stand- 
ing to  make  his  guarantee  of  sufficient  value. 
To  meet  this  difficulty  the  writer  is  not  able 
to  suggest  a  solution,  except  in  the  case  of 
the  bureau  already  mentioned.  The  question 
of  accuracy  and  guarantee,  however,  does  n^ 
seem  to  the  writer  to  be  a  very  important  oi' 
owing  to  the  very  few  cases  in  which  it  is  a 
tually  needed  in  settlement.  It  is  one  th. 
will  take  care  of  itself.  If  a  quantity  surveyor 
has  to  depend  for  his  professional  reputation 
and  standing  upon  the  accuracy  of  his  work 
there  is  no  greater  probability  of  his  doing 
careless  and  inaccurate  work  that  there  is  o'' 
the  architect  or  engineer  whose  standing  di 
pends  on  the  quality  or  permanence  of  tl 
work  he  designs,  or  of  the  contractor  who- 
reputation  depends  on  the  quality  of  the  worl 
manship  he  furnishes. 

A      nlSClSSIOX      OF      PIFFICfLTIES      WHICH       M  .\ 
ARISE. 

ll  has  been  asked,  "What  will  happen  if  tl 
accuracy  of  a  bill  of  quantities  is  questione 
and  the  surveyor  who  drew  off  the  quantitii 
is   required  to  check  them   after  the  buildir 
is  completed?"     Such  cases   sometimes   occr 
and   the  writer  has  been  challenged  on  quai 
titles  which  he  has  prepared.     He  has  alwa; 
offered  to  measure  up  the  work  in  dispute  •  • 
this   condition:    that    if   the   party    who   ma': 
the  request  was  found  to  be  in  error  he  shou' 
pay  the  whole  cost  and  a  proper  fee  for  tli 
tune    spent    in    measuring.      Furthermore,   tb 
writer  would   not   be  content  to  measure  oi' 
small   item,  but   would  measure  all   the   wor^ 
relating  to  the  same.     For  example,  if  it  w.i 
claimed   that  the  maple  flooring   was  short  i 
a  btiibling  lloorcd  partly  wilh  maple  and  parti 
with  marble,  he  would  insist  on  measuring  th 
whole   of   the   llooring   and    would   very   likcl 
discover  that   the  quantity  of  marble  lloorin 
was  less  than  the  estimate  and  that  of  niapl 
flooring    more.     Cases    have    occurred    wher 
the  building   was   so  changed   that  the  who 
structure  had  to  be  measured  up  again  at  th- 
close  on  account  of  changes  in  plans  and  ri 
quiremcnts   of   the   owner.     In   this   case,   th' 
cost  of  measuring  should  promptly   fall  upo' 
the  owner.     If,  however,  a  measurement  of 
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building  showed  serious  errors  in  a  survey- 
or's work,  the  cost  of  making  such  measure- 
ments should  certainly  fall  upon  the  surveyor, 
and  the  cost  of  adjusting  the  errors  should 
fall  either  on  the  surveyor  or  upon  the  owner 
according  to  whether  the  surveyor  had  made 
a  guarantee  to  the  owner  or  not. 

It  may  be  asked  how  the  surveyor  would 
deal  with  items  which  arc  uncertain  in  char- 
acter at  the  time  the  quantities  were  taken  off, 
such  as  foundations,  where  it  is  expected  that 
soil  conditions  will  be  bad.  In  such  a  case 
it  is  usual  for  the  surveyor  to  take  off  quan- 
tities for  whatever  work  he  considers  would 
likely  be  needed,  marking  these  quantities  as 
provisional,  and  insert  n  note  in  the  sched- 
ule of  quantities  that  such  work  is  to  be 
measured  and  valued  when  e.xecuted.  After 
the  work  has  been  completed  he  would  inspect 
the  construction,  measure  the  actual  work 
done,  and  deduct  or  add  the  cost  of  it  to  the 
items  already  taken  in  the  estimate.  For  this 
work  he  would  be  paid  a  fee  in  proportion  to 
that  paid  on  the  original  quantities. 

One  feature  of  the  quantity  system  as  used 
in  England  would  be  looked  upon  with  mixed 
feeling  by  contractors  here,  although  it  would 
be  welcomed  by  architects,  namely,  the  set- 
tlement for  extras.  It  does  not  necessarily 
follow  that  because  a  bill  of  quantities  has 
been  mads  the  basis  for  the  estimate  it  must 
be  used  as  a  basis  for  the  settlement  of  ex- 
tras, unless  it  is  so  provided  in  tlic  eontract. 
.\  contractor  may  base  his  bid  upon  the  quan- 
tities furnished,  and  may  refuse  to  sign  a  con- 
tract that  called  for  them  to  be  used  as  a 
basis  for  extras.  However,  if  he  should  agree 
to  use  the  quantities  as  a  basis  for  extras,  one 
great  bone  of  contention  between  architects 
and  builders  would  be  removed  and  better  re- 
lations would  at  once  be  established.  The 
quantity  system  provides  a  method  for  the 
measurement  and  valuation  of  most  items  of 
extra  or  omitted  work,  for,  if  the  contractor 
puts  the  unit  price  of  each  item  in  his  bill  of 
quantities  and  deposits  the  same  with  the  ar- 
chitect, a  definite  basis  is  laid  down  for  placing 
yaUies  on  extras,  although  builders  may  ob- 
ject to  such  a  proceeding  on  the  grounds  that 
such  figures  might  be  used  against  them.  .\s 
far  as  the  writer's  experience  goes  (in  this 
country  and  in  England)  he  has  never  found 
that  a  builder  suffered  any  real  damage  by 
letting  his  prices  be  known.  Prices  are  no 
longer  a  trade  secret.  The  writer  has  no 
hesitation  in  letting  anybody  know  what 
prices  he  uses  in  making  an  estimate. 

Of  course  the  bill  of  quantities  would  not 
provide  a  basis  of  settlement  for  extras  which 
could  not  be  measured,  such  as  the  cutting 
into  and  alteration  of  work  already  built,  and 
for  items  which  could  only  be  charged  as  day 
work.  In  the  English  system,  such  items  are 
valued  by  an  examination  of  the  contractor's 
time  sheets  and  material  records. 

Some  difficulty  might  arise  if  nine  builders 
agreed  to  use  the  quantities  and  the  tenth  re- 
fused. In  such  a  case  either  the  architect 
could  refuse  to  consider  the  bid  of  the  tenth 
or  the  contractors  using  the  system  would 
have  to  bid  under  a  certain  theoretical  disad- 
vantage, namely,  the  disadvantage  of  carrying 
the  quantity  surveyor's  fees  in  their  bids.  It 
is,  however,  probable  that  the  greater  accuracy 
of  the  quantities  and  the  fact  that  it  would 
not  be  necessary  to  add  any  profit  for  contin- 
gencies would  offset  this  disadvantage. 

The  relative  positions  of  sub-contractors  and 
material  men  would  not  be  materially  altered. 
Each  contractor  would  supply  to  his  sub- 
contractors copies  of  those  portions  of  the 
quantities  which  related  to  their  work,  which 
would  be  used  as  a  basis  for  their  estimates. 
The  writer  believes,  however,  that  with  a  lit- 
tle experience  and  care  any  general  contractor 
should  be  able  to  price  sub-contr;ict  work 
himself.  In  this  case  he  need  not  call  in  his 
sub-contractors  until  he  gets  the  job^and  this 
will  eliminate  all  the  evils  of  trading  sub-bids, 
which  are  today  such  perplexing  problems  in 
our  cities. 

STAXnARDIZ.NTION    OF    MEASUREMENTS. 

One  of  the  greatest  difficulties  ahead  of  the 
establisliment    of    quantity     .    rveying    is    the 


subject  of  standardization  of  measurements. 
It  is  an  unfortunate  fact  that  in  no  trade  is 
there  any  agreement  between  contractors  as 
to  how  any  items  should  be  measured.  Take, 
for  example,  doors  and  windows.  There  is  no 
niethod  in  universal  use  for  measuring  a  door, 
or  a  door  frame,  or  the  trim.  Most  car- 
penters will  look  at  the  plan  of  an  opening  and 
guess  the  cost  of  the  work.  When  we  come 
to  brickwork,  some  masons  measure  the  net 
cubic  content  of  the  brick,  others  will  measure 
all  corners  double;  some  will  not  deduct 
openings,  while  others  will  deduct  half  open- 
ings ;  some  will  not  deduct  stone  work,  where 
stone  work  is  embedded  in  brick,  while  others 
will.  Having  found  the  number  of  cubic  feet 
some  will  take  19  bricks  to  the  cubic  foot, 
others  will  use  22,  23  and  up  to  26  bricks.  In 
considering  the  methods  used  in  measuring 
concrete,  some  contractors  measure  their 
forms,  and  others  do  not,  simply  adding  so 
much  to  the  price  of  the  cement  and  aggregate 
for  the  forms.  Of  those  who  do  measure  the 
forms,  some  measure  the  number  of  square 
feet,  while  others  measure  the  number  of 
board  feet  used.  The  same  disagreement  is 
found  in  the  other  trades.  It  will  be  necessary 
to  determine  some  definite  standards  of  meas- 
urement before  quantity  surveyors  can  proceed 
very  far  with  their  work.  It  will  be  neces- 
sary for  the  contractors  in  each  city  who  in- 
tend to  use  the  quantity  system  to  establish 
some  definite  standards  of  measurement  which 
all  will  be  willing  to  adopt.  As  far  as  con- 
crete is  concerned,  this  has  already  been  done 
by  the  American  Concrete  Institute,  the  writer 
having  been  a  member  of  the  Committee  on 
Standards.  These  standards  are  already  in 
use  in  many  parts  of  the  country,  and  should 
eventually  be  adopted  in  all  parts  of  the  coun- 
try. It  is  to  be  hoped  that  national  standards 
of  measurement  in  other  trades  will  also  be 
established. 

In  drawing  up  a  standard  of  measurement, 
two  guiding  principles  should  govern,  although 
in  many  cases  these  may  conflict  with  e.xist- 
ing  practice.  The  first  rule  is,  all  work  should 
be  measured  net  as  fixed  in  the  building,  no 
allowance  being  made  in  the  measurements 
for  waste.  Then  each  contractor  must  add 
to  his  bid  the  sum  which  he  considers  neces- 
sary to  cover  the  waste — an  item  which  will 
vary  with  each  contractor. 

The  second  rule  is.  material  should  in  no 
case  be  measured  to  pay  for  extra  labor.  For 
example,  if  a  plumber  is  measuring  100  ft.  of 
1-in.  pipe  in  which  there  are  10  elbows  and  3 
tees,  it  is  wrong  in  principle  for  him  to  count 
each  elbow  as  2  ft.  of  pipe.  If  he  considers 
it  necessary  the  elbows,  bends  and  tees  can 
be  counted.  However,  the  net  nuinber  of  feet 
should  be  measured,  and  the  price  should  be 
increased  to  cover  the  cost  of  the  bends  and 
the  tees.  Likewise,  the  net  quantity  of  brick- 
work should  appear.  In  this  connection,  the 
writer  wishes  to  say  that  he  considers  it  very 
bad  practice  to  price  brickwork  by  the  thou- 
sand brick.  The  correct  unit  for  measuring 
and  valuing  brickwork  is  the  cubic  foot,  and 
a  quantity  surveyor  should  use  this  as  a  basis 
for  measuring  brickwork.  Each  builder  can 
then  allow  the  numl)er  of  bricks  to  the  cubic 
foot  which  he  considers  necessary. 

In  conclusion,  the  writer  does  not  think  that 
the  adoption  of  the  quantity  system  will  prove 
a  panacea  for  all  ills  or  will  remove  all  sources 
of  trouble  or  dispute,  but  it  will  be  a  real  ad- 
vance and  will  remove  some  of  the  abuses 
which  arc  current  in  the  building  trades.  It 
will  be  a  difficult  matter  to  establish  a  satis- 
factory system  in  this  country.  In  doing  so, 
we  should  not  be  bound  by  the  customs  of 
other  countries,  although  we  should  be  guid- 
ed by  those  correct  principles  which  they  have 
adopted.  The  subject  of  standardization  of 
measurements  will  be  a  very  important  step 
towards' the  establishment  of  a  proper  system, 
and  there  is  urgent  need  for  such  standards, 
even  under  our  present  methods.  This  field 
should  command  the  activities  of  some  of  our 
national  associations  of  engineers,  contractors 
and  sub-contractors. 


Some    Design    and    Construction    Fea- 
tures of  the  Baltimore  and  Ohio 
Terminal  Warehouse  in 
New  York. 

(Staff   Article.) 

The  Baltimore  and  Ohio  Railroad  Co. 
placed  in  operation,  in  New  York,  at  the 
beginning  of  the  year,  a  reinforced  concrete 
terminal  warehouse,  which  now  gives  it  one 
of  the  most  modern  freight  terminals  in  the 
country.  This  structure  occupies  the  block 
bounded  by  25th  and  26th  Sts.,  and  by  11th 
and  13th  Aves.  It  is  68  ft.  wide  by  353  ft. 
long,  and  has  eight  stories  for  business  pur- 
poses, with  a  mezzanine  floor  for  offices  and 
a  basement  story.  Included  in  the  plant  are 
team  tracks  and  paved  driveways  to  facili- 
tate the  handling  of  business  through  the 
terminal,  while  the  building  is  equipped  with 
all    modern   devices    for   moving   shipments. 

The  warehouse  is  of  fireproof  construction 
throughout,  and  its  contents  are  further  pro- 
tected by  a  sprinkler  system  which  has  as  its 
immediate  supply  a  50,000-gal.  gravity  tank 
located  above  the  roof,  and  a  25,000-gal. 
supply  in  pressure  tanks  located  in  a  concrete 
penthouse.  In  addition  to  these  supplies  there 
are  five  "Siamese"  connections  at  the  street 
level  to  which  the  city  apparatus  can  be  at- 
tached to  replenish  the  sprinkler  system.  To 
supplement  the  sprinkler  system  there  are 
two  hose  risers  with  75  ft.  of  hose  at  each 
floor  level. 

Two  tracks  with  a  capacity  of  18  cars 
enter  the  building.  The  tracks  are  so  con- 
structed that  the  floors  of  the  cars  are  ap- 
pro-ximately  at  the  same  level  as  the  first  floor 
of  the  building,  this  floor  constituting  the  un- 
loading and  trucking  platform.  The  portion 
of  the  lot  not  covered  by  the  warehouse  is 
occupied  by  the  team  tracks  and  driveways, 
the  capacity  of  this  yard  being  75  cars.  Every 
car  can  be  reached  by  the  teams,  each  drive- 
way being  paved  with  granite  blocks.  Span- 
ning one  driveway  and  a  track  there  is  a 
five-ton  traveling  gantry  crane  for  the  load- 
ing and  unloading  of  heavy  freight.  The 
construction  of  the  warehouse  necessitated 
changing  the  entire  track  layout,  as  the 
switching,  which  is  now  done  at  the  west  end, 
was  formerly  accomplished  at  the  east  end. 

Each  floor,  including  the  basement,  is  served 
by  six  electric  elevators  having  a  capacity  of 
10,000  lbs.  each.  These  elevators  are  located 
on  the  street  side,  so  that  all  merchandise 
stored  in  the  warehouse  can  be  taken  out 
without  interfering  with  the  handling  of 
freight  on  the  first  floor.  Large  pieces,  es- 
pecially automobiles,  are  handled  in  cars 
having  end  doors.  To  permit  such  cars  to 
be  unloaded  directly  into  the  warehouse  an 
additional  track  has  been  provided  with  its 
terminus  just  outside  of  the  end  wall,  where 
there  is  a  door  as  large  as  the  end  dimen- 
sions of  a  car.  Adjacent  to  this  door  there 
is  a  large  elevator,  10  ft.  wide  by  17  ft.  long, 
which  is   used   for  handling  the  large  pieces. 

DESIGN    FEATURES. 

As  the  materials  to  De  stored  vary  consid- 
erably in  weight  the  flooi-s  were  designed  ac- 
cordingly, the  floor  load  varying  from  500 
lbs.  per  square  foot  on  the  first  floor  to  150 
lbs.  per  square  foot  on  the  top  floor.  Above 
the  first  floor  the  building  is  divided  by  fire 
walls  into  three  sections,  each  of  which  is 
served  by  two  elevators  and  an  enclosed 
stairway  which  also  serves  as  a  fire  escape. 
The  columns  rest  on  concrete  piers  resting 
on  wood  pile  foundations. 

The  building  is  of  the  flat-slab  type,  and 
is  the  first  building  of  this  type  to  be  approved 
by  the  building  department  of  Manhattan. 
Bids  were  taken  on  three  types  of  concrete 
construction:  (a)  beam-and-girder  type  with 
exterior  curtain  walls  of  concrete;  (b)  beam- 
and-girder  type  with  exterior  curtain  walls 
of  brick;  and  (c)  flat-slab  type  with  exterior 
curtain  walls  of  concrete.  The  lowest  bid 
was  for  the  flat-slab  type,  and  the  next  low- 
est was  for  the  bcain-and-girder  type  with 
concrete  curtain  walls,  the  increased  cost  of 
the  latter  being  approximately  10  per  cent. 
The    increased    cost    of    the    beam-and-girder 
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Fig- 


1.    View  Showing  Reinforcing  Steel  in  Place  for    Second   Floor  of  Baltimore  and   Ohio 
Terminal  Warehouse  in   New  York. 


building  about  90  ft.  For  the  foundation 
3.")!)0  wood  piles  were  driven,  ranging  in 
IcMigth  from  45  to  85  ft.  These  piles  were 
driven  with  great  difficulty  at  certain  points, 
as  the  pile  foundations  of  old  piers  and  an 
lid  timber  crib  bulkhead  were  encountered. 
The  latter  was  approximately  35  ft.  deep  by 
IS  ft.  wide,  and  was  filled  with  one-man 
stone.  To  remove  this  obstruction  it  was 
necessary  to  drive  sheet  piling  and  to  remove 
the  stones  one  at  a  time.  A  number  of  old 
boats,  which  had  been  filled  with  stone  to 
sink  them,  were  also  encountered  and  were 
removed  after  first  being  enclosed  with  sheet 
Ijiling.  It  took  almost  a  year  to  get  the  foun- 
dations in  shape  for  the  general  contractor 
of  the  superstructure  to  start  work,  whereas 
the  building  itself  was  delivered  complete  six 
months  after  the  foundations  were  completed. 
Figure  2  is  a  view  of  the  site,  and  shows  the 
type  of  piers  used  for  the  columns.  It  will 
be  noted  that  the  concrete  for  these  piers 
was  spouted  into  place. 

The  concrete  for  the  floors  was  hoisted  in 
a  tower  and  wheeled  to  its  position  in  the 
floor.  The  curtain  walls  were  carried  up  as 
monoliths  with  the  floors  and  columns,  in- 
stead of  being  filled  in  after  the  latter  were 
in  place.  Figure  3  shows  a  portion  of  the 
lormwork   for  the  exterior  walls   in   place. 

Figure  4   (p.  6ij4)   is  a  view  of  the  building 


type  with  brick  curtain  walls  over  the  flat- 
siab  type  with  concrete  curtain  walls  was  ap- 
proximately 12  "er  cent. 

As  the  greatest  amount  of  trucking  will 
be  done  on  the  first  floor  it  is  finished  with 
a  rock  mastic  wearing  surface.  The  oflices 
on  the  mezzanine  floor  have  a  wood  wearing 
surface,  while  all  storage  floors  have  a  grano- 
lithic finish. 

The  building  is  equipped  with  electric 
lights  and  telephone  service,  the  conduits  for 
which  are  concealed  in  the  floor  and  column 
construction.  Articles  which  require  heat  arc 
taken  care  of  in  two  rooms  located  on  the 
mezzanine  floor.  There  are  three  toilet  rooms 
located   centrally   in   the  building.  ' 

The  arrangement  of  the  reinforcement  for 
the  second  floor  is  shown  in  Fig.  1.  In  the 
foreground  are  shown  the  forms  for  the  heavy 
girders  which  span  the  cross-overs  of  the 
railroad  tracks. 

In  accordance  with  the  requirements  of  the 
building  law  of  Manhattan  the  curtain  walls 
were  designed  with  double  reinforcement,  al- 
though the  walls  carry  no  part  of  the  floor 
load. 

COKSTRUCTIO.N-    FE.VTURES. 

Before  the  construction  work  was  started 
test  holes  were  sunk,  which  showed  that 
bedrock  shelved  very  rapidly  toward  the 
river,  the  depth  to  rock  at  11th  .Ave.  being 
about  55   ft.   and  at   the   opposite  end  of   the 


Fig.  3. 


Fig.  2.    General  View  of  Site  of  Baltimore  and  Ohio  Warehouse  Showing  Concrete  Piers 

and   Spouting   Tower. 

taken  after  it  was  practically  finished.  It  will  be 
noted  that  the  architectural  treatment  is  sim- 
ple, yet  eflfective. 

The  construction  of  this  building  required 
about  15,000  cu.  yds.  of  concrete  and  075  tons 
of  reinforcing  steel.  Tlic  present  building 
covers  only  about  one-sixth  of  the  lot  area, 
but  it  is  so  arranged  and  constructed  that 
additions  can  be  built  as  the  business  of  the 
company  expands. 

PERSONNEL. 

The  new  terminal  and  warehouse  were  fic- 
signed  by  M.  A.  Long,  assistant  to  the  chief 
engineer,  under  the  direction  of  Francis  Lee 
Stuart,  chief  engineer  of  the  Baltimore  & 
dhio  R.  R.  The  field  work  was  in  charge 
of  W.  R.  Redgrave,  engineer  maintenance  of 
way.  and  M.  P.  Northani,  assistant  division 
I  nginccr. 

The  Phoenix  Construction  Co.  had  the  con- 
tract for  the  construction  nf  the  substructun  , 
;md  the  Turner  Construction  Co.  built  the 
.•superstructure.  We  are  indebted  to  the  latter 
and  to  the  railroad  company  for  the  data 
contained   in   this   article. 


Forms  for  Concrete    W.ills    in    Place   for    Baltimore  and   Ohio  Warehouse— Walls 
and  Columns  Built  Monolithic. 
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Rules  for  Grading  Yellow  Pine  Timber 
for  Mill  Construction. 

A  new  classilication  has  been  adopted  by 
the  Vellow  Pine  Manufacturers'  Association 
for  yellow  pine  timber.  This  classilication 
will  come  before  the  convention  of  the  asso- 
ciation, which  meets  in  July,  and  will  prob- 
ably be  adopted  as  it  has  been  approved  by 
the  board  of  directors.  A  different  basis  is 
used  for  the  new  classification,  as  it  is  based 
on  the  strength  of  the  timber,  and  not  entirely 
on  defects.  The  committee  on  classilication 
of  structural  materials,  which  had  charge  of 
the  new  classification,  is  composed  of  M.  B. 
Nelson,  chairman;  C.  K.  Slagle,  I.  H.  Petty, 
W.  J.  Haynen,  J.  W.  Martin  and  J.  H.  Eddy. 
The  committee  was  assisted  by  O.  T.  Swan,  in 
charge  of  the  CJlVice  of  Industrial  Investigation, 
U.  S.  Forest  Service,  Washington,  D.  C,  John 
A.  Xewlin,  engineer  of  tests,  U.  S.  Forest 
Products  Laboratory  at  Madison,  Wis.,  and 
A.  T.  North,  consulting  engineer  for  the  as- 
sociation. 

The  new  classification  is  as  follows: 

The  classification  of  structural  material  is 
a  question  of  strength  and  durability. 

In  untreated  material  this  can  best  be  de- 
termined by  its  density,  as  represented  by  the 
proportion  of  summerwood  to  springwood  in 
the  annual  growth  rings. 

Growth  rings  arc  composed  of  bands  of 
hard,  dark,  resinous  summerwood,  and  lighter, 
softer,  less  resinous  springwood  in  each 
growth  ring,  and  the  greater  the  proportion  of 
summerwood  the  greater  the  strength  and 
durability  of  the  timber. 

Dense  wood  shows  on  cross-section  an  aver- 
age of  not  less  than  eight  growth  rings  per 
inch,  measured  over  the  third,  fourth  and 
fifth  inches,  on  a  radial  line  from  pith  to  cir- 
cumference, containing  in  the  greater  num- 
ber of  the  rings  one-quarter  or  more  of  summer- 
wood,  or  may  have  an  average  of  six  or  seven 
rings  as  above,  provided  in  the  greater  num- 
ber of  rings  one-third  or  more  of  the  ring  is 
summerwood,  or  wider  ringed  material  if  in 
the  greater  number  of  rings  one-half  or  more 
of  the  ring  is  summerwood  as  above,  and 
must  show  a  sharp  contrast  in  color  between 
springwood  and  summerwood. 

Defects. — The  weakening  effect  of  knots  is 
in  proportion  to  the  distortion  from  a  straight 
line  of  the  grain  of  the  wood  and  to  the  de- 
cree in  which  they  are  ingrown  with  the  ad- 
joining and  connecting  growth  grains ;  there- 
fore, sound  knots  only  V4  in.  in  diameter  or 
less  may  be  disregarded  in  considering  either 
strength  or  durability. 

The  location  of  defects  in  all  stringer  forms 
of  beams  is  of  vital  importance;  therefore, 
beams    whose    depths    exceed    their    thickness 


by  3  ins.  or  more  should  be  divided  for  classi- 
fication purposes  by  imaginary  lines  into  three 
volumes,  namely:  Volume  1  consists  of  the 
lower  one-fourth  of  the  depth  in  the  middle 
one-half  of  the  length;  volume  2  consists  of 
the  upper  one-fourth  of  the  depth  in  the  mid- 
dle one-half  of  the  length;  volume  3  consists 
of  the  remainder  of  the  beam  or  stick. 

Sapwood  is  as  strong  as  heartwood,  but  not 
so  durable,   and,   therefore,   the  percentage   or 


Fig.  4.  View  of  Baltimore  and  Ohio  Ware- 
house Practically  Completed — Note  Sim- 
plicity  of   Architectural    Treatment. 

proportion  of  heartwood  desired  should  be 
expressed  in  any  contract. 

In  a  classification  it  would  be  cumbersome 
to  attempt  to  enumerate  all  defects;  therefore, 
defects  allowed,  whether  specificed  or  not, 
are  understood  to  be  equivalent  in  damaging 
efl^ect  to  those  mentioned  applying  to  the  ma- 
terial under  consideration. 

Grades. — Structural  material  shall  be  classi- 
fied as  select  structural  and  as  No.  1  structural 
— sizes  Cx8  ins.  and  up  for  timbers  and  3x12 
ins.  and  up  for  joists. 

Standard  Sices  for  Rough  Timbers. — Rough 
timber  sawn  to  standard  size  shall  mean  that 
they  shall  not  be  more  than  %  in.  scant  of 
count   size;    for    example,   a    12xl2-in.    timber 


rough  shall  measure  not  less  than  llJ^xUj^ 
ins. 

Standard  Dressing  on  Rough  Timbers. — 
Standard  dressing  shall  mean  that  V*  in.  shall 
be  allowed  for  dressing  each  surface;  for  ex- 
ample, a  12xI2-in.  timber  after  dressing  on 
four   sides   shall   measure   ll'Vixll'/^   ins. 

Select  Structural. — All  timber  shall  be  sound 
and  sawed  to  standard  sizes,  dense,  free  from 
such  defects  as  ringshake  showing  on  the  faces, 
injurious  cross-grain,  unsound  knots,  and 
decay. 

Stringer  forms  must  not  have  incased  or 
large  sound  knots  in  volume  1,  must  not  have 
large  incased  knots  in  volume  2  or  unsound 
knots  in  volume  3;  beam,  post,  sill  and  other 
forms  may  have  sound  knots  or  hard,  firm 
incased  knots  the  aggregate  diameter  of  which 
does  not  exceed  the  width  of  the  face  they 
are  in,  but  no  one  knot  shall  exceed  4  ins.  in 
diameter;  stringer  forms  shall  show  three- 
quarters  heart  at  any  point  on  the  narrow 
faces,  and  post,  beam,  sill  and  other  forms 
more  nearly  square  shall  shuw  three-quarter? 
heart  on  all   faces  at  any  point. 

The  measure  of  knots  shall  be  at  right 
angles  with  the  grain  of  the  knot. 

.\'o.  I  Structural. — No.  1  structural  shall  in- 
clude timber  answering  in  all  respects  to  se- 
lect structural,  except  that  a  greater  propor- 
ti'ni  of  sap  or  no  restriction  as  to  sap  will  be 
allowed,  making  timbers  suitable  for  treatment 
and  distinguishing  them  from  No.  1  common 
timlicr. 


Irrigation    and    Drainage    Difficulties    in 

Egypt. — Successful  growing  of  cotton  andf 
oiIkt  crops  in  countries  like  Egypt  where  the 
rainfall  is  excessive  at  some  periods  of  the 
year  and  wholly  lacking  at  other  periods,  in- 
volves besides  irrigation,  extensive  drainage 
works. 

In  the  Nile  Delta,  much  of  which  is  nearly 
at  sea  level,  the  nroblem  of  drainage  is  often 
as  difficult  and  expensive  as  irrigation,  the 
latter  being  furnished  by  gravity  from  the 
dams,  while  drainage  water  must  be  pumped 
from  the  canals.  During  flood  seasons  there 
is  always  too  much  water  on  the  fields  and 
under  the  surface.  Tust  before  and  after  the 
floods  irrigation  is  frequently  excessive,  and 
the  whole  result  is  that  the  permanent  water 
level  in  the  earth  is  much  too  near  the  sur- 
face. This  damages  the  cotton  crop  as  much 
as  a  drought,  and  it  is  therefore  necessary  to 
provide  drainage  canals  and  to  keep  the  water 
in  them  pumped  down  to  the  proper  level. 
While  the  head  to  be  pumped  against  is  not 
very  great — usually  5  to  10  ft, — the  volume 
of  water  is  so  great  that  large  pumping  plants 
are  required  in  several  places. 
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Construction     Methods     Employed    in 
Building  the  Klondike  Pipe  Line. 

The  present  article  describes  the  conditions 
under  which  the  Klondike  pipe  line  was  con- 
structed and  the  construction  methods  which 
were  employed.  Kates  of  wages  arc  given 
and,  in  some  cases,  the  progress  figures  arc 
recorded.  The  detailed  description  of  the 
construction  methods  given  may  serve  as  a 
guide,  or  furnish  comparative  data,  to  other 
engineers  engaged  in  laying  heavy  steel  pipe. 
More  specifically  the  articl.  describes: 

(I)  Conditions  of  climate  and  geography 
peculiar  to  the  far  North  and  affecting  engi- 
neering work  there.  In  particular,  the  per- 
petually frozen  ground  is  mentioned.  (2) 
Details  of  construction.  (3)  The  difficulty  of 
getting  satisfactory  foundations.  (4)  Points 
disclosed  in  the  test  and  operation  of  the  pipe 
line.  The  article  is  a  reprint  of  a  paper  by 
W.  W.  Edwards,  Assoc.  M.  Am.  Soc.  C.  E., 
tc-  be  prescnterl  before  the  society  on  Sept. 
2  ini4.  and  publisheil  in  Vol.  XL  of  the  Pro- 
ceedings of  the  Society,  p.  1271-1283.  under 
the  title:  "'The  Construction  of  the  Klondike 
Pipe  Line." 


The  KlDudikf  pipe  line  was  built  during 
1!M»7  and  \Wi<  by  the  Yukon  (iold  Co.,  at  Daw- 
son, Yukon  Territory.  It  is  an  inverted  si- 
phon crossing  the  Klondike  River  Valley,  and 
was  designed  for  a  capacity  of  12.">  sec.-ft., 
which  figure,  however,  has  been  slightly  ex- 
ceeded in  operation.  The  maximum  head  on 
the  pipe  line  is  about  1,10(1  ft.  The  total 
length  of  I.5,7(Hl  ft.  is  made  up  of:  2,390  ft. 
of  wood  stave  pipe,  49  ins.  inside  diameter; 
•").8oO  ft.  of  riveted  steel  pipe,  49  ins.  inside 
diameter;  and  7,520  ft.  of  lap- welded  steel 
pipe,  43  ins.  inside  diameter.  The  steel  pipe 
ranged  in  thickness  from  3/ir>  to  ll/Ui  in., 
and  came  in  lengths  of  from  15  to  30  ft.  It 
i«  the  largest  of  several  inverted  siphons 
along  the  line  of  the  Main  Ditch  System  of 
the  Yukon  Gold  Co.,  70  miles  in  length,  which 
supplies  wafer  for  hydraulic  mining  opera- 
tions on   Bonanza  Creek,  near  Dawson. 

The  location  of  the  pipe  line  was  deter- 
mined chiefly  by  two  conditions:  It  was 
necessary  to  cross  the  valley  below  the  junc- 
tion of  Rear  Creek,  and  also  to  keep  above 
the  dredging  ground  of  the  Canadian  Klon- 
dike Minine  Co.  These  two  fleterminiiig  fea- 
tures   left   little    room    for   adjusting   tl'.c    line 


to  lit  the  ground  conditions,  but  it  is  probable 
that  the  location  adopted  was  as  good  ast 
could  be  obtained  in  any  case. 

The  intake  end  of  the  pipe  is  on  a  com- 
paratively steep  side  hill.  This  hill  is  of  de- 
composed schist  covered  by  a  foot  or  two  of 
soil  which  supports  a  growth  of  bushes,  pop- 
lars and  a  few  s|)ruce  trees.  The  flat  valley 
of  the  Klondike  is  here  about  5,000  ft.  wide. 
It  is  covered  with  a  blanket  of  .'\rtic  mos.s 
from  1  to  2  ft.  in  depth.  Hclow  this  there  is. 
a  layer  of  frozen  "muck,"  or  vegetable  mould, 
v.hich  is  generally  about  5  ft.  thick,  and  be- 
low this  is  generally  found  gravel.  This  for- 
mation is  peculiar  to  the  North,  and  will  war- 
rant a  little  explanation.  The  frozen  "muck," 
or  "frost,"  as  it  is  sometimes  called,  is  made 
up  of  decomposed  roots,  moss,  tree  branches, 
etc..  mixed  with  some  little  rock  and  sand, 
and  the  whole  mass  is  frozen  solid.  The 
moss  blanket  on  the  surface  protects  it  from 
the  summer  heat,  and  whenever  this  blanket 
is  undisturbed  the  ground  beneath  the  moss 
remains  frozen  the  year  round.  If  the  nios<; 
covering  is  removed,  however,  allowing  air 
and  water  to  act  on  the  frozen  muck,  it  soon 
melts.     This   condition   may   be   found   in   al- 
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n-.ost  every  river  valley  in  the  far  north,  as 
well  as  on  the  sheltered  hill  slopes.  In  places 
the  "frost"  has  been  built  up  by  the  seasonal 
thaw  not  penetrating  fully  tl. rough  the  win- 
ter's freezing,  and  extends  to  a  known  depth 
of  200  ft.  and  unknown  further  depths.  This 
condition  makes  the  question  of  foundations 
quite  serious.  The  "frost"  is  a  good  founda- 
tion if  it  is  not  disturbed,  but,  if  disturbed, 
the  structure  placed  in  it  must  be  frozen  in 
and  the  surface  mossed  over  again  to  keep 
out  the  air  and  water  absolutely.  If  this 
cannot  be  done,  the  structure  must  be  carried 
through  the  frozen  muck  to  good  gravel  or 
bed-rock  foundation.  Frozen  muck  was  en- 
countered all  the  way  across  the  Klondike 
Valley  and  in  spots  along  the  pipe  up  the  side- 
hill  as  far  as  the  discharge  box. 

Only  two  horizontal  angles  were  inade  in 
the  pipe  line,  with  the  exception  of  those 
used  in  making  a  short  offset  around  the 
base  of  a  hill.  Manholes,  drains,  and  air- 
cocks  were  provided  wherever  necessary.  Cast 
steel  expansion  joints  were  put  in  every  oOO 
ft.  to  allow  for  the  expansion  and  contrac- 
tion due  to  the  extreme  variation  in  tem- 
perature, from  80°   F.  in  summer  to  — T0°  F. 


down  to  '.'.•Xio  volts.  From  there  it  was  dis- 
tributed at  this  voltage  to  the  transformer 
banks  at  the  several  compressors  and  at  the 
machine  shop,  where  it  was  stepped  down  to 
L'20  volts. 

Construction  was  begun  in  1907.  The  right 
of  way  was  cleared  and  a  small  quantity  of 
pipe  trench  was  dug.  The  three-span  steel 
bridge  over  the  Klondike  was  erected.  Foun- 
dation cribs  were  put  in  the  river  bed,  the 
work  being  done  mostly  while  the  river  was 
frozen  over  and  the  water  low.  Piles  were 
driven  in  the  river  bottom  and  sawed  off  at 
the  gravel  surface,  and  on  them  the  cribs 
were  built.  These  cril)s  were  then  extended 
to  a  height  of  about  o  ft.  above  high-water 
level  and  lilled  with  rock.  They  were 
sheathed  with  sheet  iron  on  the  up-stream 
end  to  protect  them  from  ice.  Derricks  were 
used  in  assembling  the  steel  spans.  During 
this  season,  also,  a  pile  approach  to  the  hridge. 
400  ft.  long,  was  built,  and  several  other 
smaller  pile  trestles  and  framed  trestle?,.  Con- 
struction was  hailed  in  the  midst  of  the 
working  season  in   I.'IOT. 

In  the  spring  of  1008  construction  was  be- 
gun  again.     It   was   desired   to   have   the  job 


puted  from  the  slope  measurements  and  ele- 
vation differences.  This  system  resulted  in 
giving  a  first-class  base  line,  which  could  be 
absolutely  relied  on  in  setting  grades  or  start- 
ing points.  Grades  were  "shot  in"  by  tran- 
sit. Points  were  set  along  the  edge  of  the 
pipe  trench,  and  were  transferred  to  the  bot- 
tom, when  needed,  by  using  a  large  wooden 
square  and  a  carpenter's  level.  Bench-marks 
were  set  every  50  ft.  in  elevation.  Levels 
were  determined  by  running  ahead  for  half  a 
day  and  then  tying  back  to  the  starting  point. 

In  construction,  it  was  frequently  found 
advantageous  to  depart  from  the  profile  in 
order  to  avoid  excessive  excavation,  and  in 
these  cases  grade  changes  were  made  by  shift- 
ing angle  points. 

Pipe  was  distributed  along  the  line  by  a 
tramway.  The  cars  were  pulled  by  horses 
across  the  flat  and  by  hoists  on  the  hills.  Of 
these  hoists,  two  were  run  by  steam,  and  one 
by  electricity.  Signals  were  given  by  use  of 
a  wire  attached  to  a  spring  pole.  .\  telephone 
system  also  helped  in  signaling  and  general 
communication.  Turn-tables  were  installed  on 
which  to  change  the  sections  of  pipe  end  for 
end    when   necessarv.     Steel-frame   cars   were 
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in  winter.  One  three-span  steel  bridge.  I'Xi 
ft.  long,  was  necessary  in  crossing  the  Klon- 
dike River,  and  a  total  of  several  hundred 
feet  of  pile  trestle  or  framed  trestle  were  put 
in  at  various  places  along  the  line.  The  aim 
was  to  have  the  pipe  supported  at  least  once 
in  every  16  ft.  Whenever  the  con- 
ditions warranted  it,  as  for  instance, 
when  good  foundation  was  deep,  trestle 
bents  were  built  every  32  ft.  and  king- 
post trusses  were  put  in  to  give  the  inter- 
mediate bearing.  In  good  material,  sills  were 
merely  laid  in  the  bottom  of  the  pipe  trench 
and  on  these  the  pipe  was  supported.  When- 
ever the  foundation  was  within  3  or  -1  ft.  of 
ihc  pipe,  crib  siippf)rts  were  used:  if  greater 
than    I   ft.,   framed  bents  were  used. 

One  anchor  was  put  in  at  least  cver^'  ■">0() 
ft.,  abf)Ut  midway  between  expansion  joints, 
and.  where  necessary,  they  were  used  more 
frequently.  !\ach  anchor  consisteil  of  a  cable 
wrapped  around  the  pipe  in  the  form  of  a 
love  hitch,  the  ends  being  made  fast  to  two 
■  deadmen"  on  opposite  sides  of  the  pipe, 
l-.ach  "deadman"  was  set  in  the  ground  about 
ti  ft.  I'clciw  the  surface. 

On  the  side-hills  drains  were  dug  at  fre- 
quent intervals  to  lead  off  seepage  and  leak- 
age, .At  every  drain  a  bulkhead  was  put  in 
wliich  fitted  closelv  to  the  pipe  and  effectually 
intercepte<l   the  water. 

In  many  ways  conditions  were  unique  for 
heavy  construction.  Commnn  labor  was  paiil 
$1  per  dav  ami  board,  which  meant  a  total 
of  abfiut  $."«..'>0  per  day.  The  working  sea.son 
was  short,  being  limitol  to  live  months — May 
I  to  Oct.  I.  Some  kinils  of  equipment  were 
(ilentifiil  in  the  country,  notalily  steam  en- 
gines and  boilers,  but  in  other  lines  it  was 
sa<lly  lacking.  ,\  well  selected  stock  of  cquip- 
Mient  was  <.rdered  for  the  job,  but  breakases 
;md  unforeseen  dilVicultics  sometimes  caused 
awkward  situations,  in  view  of  the  distance 
from  a  base  of  supplies. 

Power  was  furnished  from  the  Yukon  Gold 
Co.'s  bvdro-clectric  plant  on  I.ittle  Twelve 
Mile  River,  about  'lO  miles  from  the  pipe 
line.  It  was  flelivcred  at  the  main  trnns- 
former-housc  at  .1.1,000  volts,  and  there  stepped 


Fig.    1.   Map   of   the    Klondike    Pipe    Line.   Yukon    Territory.   Alaska 


completed  by  the  following  Oct.  1,  the  end  of 
the  working  season.  .Ml  the  pipe  was  not 
then  on  the  ground,  and  what  was  on  hand 
was  not  continuous.  That  is,  sections  of  pipe 
were  missing  here  and  there.  .\s  there  were 
so  many  ditterent  kinds  of  pipe  in  the  line, 
and  as  extra  pieces  were  few,  it  was  generally 
impossible  to  use  sections  of  pipe  interchange- 
ably, therefore  work  could  be  started  only  at 
certain  places.  In  the  course  of  the  work,  it 
was  necessary  to  start  laying  pipe  at  four 
different  stations.  .An  error  in  surveying 
would  lead  to  awkward  conse(|uences  where 
any  of  these  headings  joined,  as  well  as  at 
angle  points  in  Ihc  pipe  line.  .\s  there  was 
no  heavy  machinery  or  plate  for  making  pipe 
of  this  size  in  the  country,  and  there  would 
not  be  time  to  send  "outside"  for  extras,  it 
was  necessary  to  be  very  careful  in  survey- 
ing. 

.All  the  pipe  on  hand  was  first  measured  up 
carefully  and  a  relation  established  between 
actual  measurements  and  those  given  on 
the  blue  prints.  .An  offset  line  was 
then  run  paralleling  the  boated  line  at 
a  distance  of  20  ft.  .As  the  season.il  thaw  had 
loosened  the  (original  hubs  so  much  that  they 
could  not  be  rcliefl  on,  measureiurnls  were  be- 
gun from  a  point  on  one  of  the  bridge  piers. 
Hubs  were  driven  about  !>f>  ft.  apart,  and 
measurements  were  taken  from  plimib-lwb 
.firings  held  from  tripods.  This  was  done 
on  the  sidc-hills  as  well  as  the  flats.  .\ 
standard  pull  of  l.i  lbs.  was  used,  the  same 
as  had  been  used  in  measuring  up  the  pipe 
on  hanil.  Corrections  were  made  for  tem- 
perature variations.  Levels  were  run  over 
the  hubs,  and  horizontal  distances  were  com- 


used.  In  hoisting,  a  bridle  was  attached  to 
the  end  of  the  pipe,  and  the  cable  was 
shackled  to  thi.s  bridle.  When  the  pipe  was 
at  the  spot  desired,  the  cars  were  chained  to 
the  rail,  and  the  pipe,  with  the  hoisting  cable 
still  attached,  was  rolled  into  the  ditch.  This 
held  the  pipe  from  getting  away  on  the  side- 
hill,  and  the  calile  always  had  so  much  spring 
that  no  harm  was  done  to  the  engine. 

The  fitting-up  gang  used  ratchet  jacks  in 
fitting  up  the  pipe.  The  section  was  first  slid 
down  to  the  last  section  alreadv  connected 
up  and  then  turned  until  it  was  right  side  up. 
The  "front."  or  free  end.  was  then  raised  until 
the  top  hides  at  the  back  end  could  be  caught 
by  drift-pins  to  the  last  section,  (iuide-straps 
were  then  bolteil  on  at  the  joint,  and  the  front 
end  was  lowered  grailually.  ,As  the  front  end 
came  down,  the  joint  was  sledged  and  the 
guide-straps  were  tightened  as  necessary. 
When  the  joint  was  entered  all  around,  a  rat- 
chet tiirnliiickle  was  attached  and  useil  to  pull 
it  together.  Fitting-up  bolts  were  put  in  every 
third  or  fourth  rivet  hole.  Four  or  (wc  sec- 
tions of  pipe  per  lO-hotir  shift  was  an  cver- 
age  for  llic  fitting-up  gang. 

Riveting,  caulking,  and  drilling  were  done 
with  pneumatic  tools.  .Air  was  furnished  by 
Sx.'^-in.  Clayton  air  compressors  run  by  lo- 
ll P.  .'t-phasc  motors.  One  air  compressor 
woulil  furnish  air  enough  to  operate  a  rivet- 
ing hammer,  caulking  hammer,  drills,  and  air 
dolly,  with  not  much  to  spare.  The  compres- 
sor outfits  were  mounted  on  platforms  and 
moveij  from  place  to  place  as  desired.  The 
r-\ctiiig  of  the  holes  in  the  bottom  of  the 
|iipe  was  done  from  the  inside,  ami  of  the 
upper    holes    from    the    outside.      .Air    dollies 
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were  used  in  holding  on  inside  the  pipe  and 
spring  dollies  on  the  outside.  Each  riveting 
gang  consisted  of  a  riveter,  bucker-up,  heat- 
er, and  passer.  An  average  day's  work  was 
from  160  to  180  l-in.  rivets,  when  conditions 
were  good.  Fitting-up  bolts  were  used  liber- 
ally, and  the  joint  was  well  sledged  before 
driving  each  rivet.  All  castings  w-ere  hand- 
riveted  to  the  pipe,  the  riveting  being  done  on 
the  inside. 

The  expansion  joint  castings  were  fre- 
quently found  to  be  too  large  for  the  pipe. 
In  such  cases  the  pipe  was  heated  by  a  blast 
lamp  and  belled  out  with  hammers  to  fit  the 
casting.  Rivet  holes  in  all  castings  were 
drilled  in  the  field  after  assembling.  All 
caulking  was  done  with  roundcd-cdge  fullers, 
the  square  tool  being  dispensed  with.  The 
riveted  pipe  was  caulked  on  the  outside  only, 
the  lap-welded  pipe  was  caulked  both  inside 
and  outside.  Rivets  were  inspected  with  a 
1-Ib.   tapping  hammer. 

The  pipe  was  coated  on  the  outside  with  a 
red  mineral  linseed  oil  paint  and  inside  with 
a  quick-drying  black  paraffin  paint. 

The  wood  stave  pipe  was  of  California  red- 
wood staves  thoroughly  seasoned.  It  was  laid 
in  a  trench  2  ft.  deep,  and,  when  completed, 
was  back-filled  to  a  depth  of  half  the  diameter 
of  the  pipe,  so  as  to  give  a  good  bearing. 

The  intake  penstock  was  equipped  with 
overflow  and  turn-out,  as  was  also  the  dis- 
charge box.  The  discharge  box  was  located 
on  a  shaded  side-hill  on  frozen  clay.  This 
condition  made  necessary  considerable  crib- 
bing to  protect  it  from  the  sloughing  of  the 
clay  when  it  thawed  consequent  on  the  re- 
moval of  its  moss  covering. 

Timber  was  secured  from  adjoining  leases 
and  also  from  river  drives.  It  was  neces- 
sary to  do  considerable  work  to  protect  the 
river  banks  from  undercutting  in  the  vicinity 
of  the  bridge,  as  they  were  of  loose  gravel, 
loam  and  moss.  Piles  were  driven  and  shear 
cribs  put  in  along  the  river  bank  above  the 
bridge.  Protection  cribs  were  also  put  in 
above  the  pile  bents  on  the  bridge  to  take 
the  brunt  of  the  ice  pressure  and  to  break 
up  the  ice  stream. 

Frozen  muck,  reaching  to  a  depth  of  4.5 
ft.,  was  encountered  between  Stations  84  and 
90.  Shafts  were  dug  to  gravel  f  .undation 
and  trestle  bents  were  put  in  at  intervals  of 
32  ft.  Between  Stations  90  and  93,  a  heavy 
cut  through  dredge  tailings  and  solid  rock 
was  necessary.  This  was  just  at  the  base  of 
a  hill  which  was  covered  with  frozen  muck. 
The  digging  of  this  section  was  delayed  until 
as  late  as  possible  so  that  the  extreme  cold 
v.-ould  keep  the  overburden  on  the  slope  above 
from  thawing  on  exposure,  and  consequent 
sliding. 

.■\  small  spot  of  frozen  clay  was  encountered 
at  about  Station  107,  and  the  depth  of  good 
foundation  being  unknown,  a  corduroy  of 
spruce  trees  was  laid  on  the  frozen  clay  in 
the  bottom  of  the  pipe  trench  and  this  was 
covered  with  about  2  ft.  of  gravel.  A  bulk- 
head was  built  around  the  pipe  above  this 
place  to  shut  off  all  seepage  and  leakage,  and 
a  drain  was  run  off  to  the  side.  The  pipe 
was  back-filled  and  the  surface  covered  with 
rross  again.  Apparently,  the  foundation  re- 
mained  frozen,  as  no  settlement  was  noticed. 

.•Mthough  work  was  begun  at  the  camp 
about  April  ],  it  was  not  until  about  May  lo 
that  all  the  snow  w-as  off  the  ground  and  it 
was  possible  to  work  to  the  best  advantage,  A 
night  shift  was  put  on  about  May  15  and  con- 
tinued until  Oct.  1,  by  which  date  the  pipe 
was  all  laid.  The  long  days  of  the  extreme 
northern  latitude  made  lights  unnecessary  on 
the  work  until  Aug,  1.  After  that,  a  sys- 
tem of  arc  and  iscandiscent  lights  was  in- 
.stallcd,  which  worked  very  well.  The  miss- 
ing sections  of  pipe  began  to  arrive  about 
July  1,  and  from  that  time  onward  opera- 
tions were  rushed.  A  force  of  350  men  was 
used  to  push  the  work  to  completion.  The 
different  headings  of  pipe  were  connected  up 
at  the  expansion  joints.  This  was  effected  by 
sliding  the  outside  ring  of  the  expansion  joint 
back  on  the  pipe  and  then  pulling  it  up  to 
position  after  the  pipe  had  been  lined  up. 

A  tabulation  was  made   showing  the  space 


to  be  left  open  at  the  expansion  joints  at 
various  temperatures,  so  that  they  would  not 
close  during  the  hottest  or  open  in  the  cold- 
est weather.  This  was  followed  in  setting  the 
joints.  Gages  were  wired  on  at  each  expan- 
sion joint  so  that  unequal  expansion  or  con- 
traction could  be  noted  and  steps  taken  to 
prevent  it.  The  coupling  bolts  for  each  ex- 
pansion joint  were  set  so  that  the  lap  in  each 
joint  could  not  be  less  than  1  in.  Reference 
points  were  also  put  in  on  each  500-ft.  sec- 
lion  of  pipe,  so  that  movement  could  be  de- 
lected. Anchors  were  put  in  at  every  angle 
point.  These  were  generally  either  bulk- 
heads of  timber  against  the  pipe,  used  as 
thrust  anchors,  or  cables  around  the  pipe  at- 
tached to  "deadmen."  When  possible,  at  the 
angle  points,  a  timber  crib  was  put  completely 
over  the  pipe  and  filled  with  rock.  The  high 
cost  of  transportation  and  the  cliaracter  of 
the  foundation  made  concrete  anchors  out  of 
the  question.  The  only  timber  available  was 
white  spruce,  which  was  soft  and  brittle,  and 
had  to  be  used  with  a  high  factor  of  safety 
in  all  structures. 

Some  trouble  was  experienced  from  the  lap- 
welded  pipe.  Two  makes  were  used  on  the 
job.  One,  an  American  make,  was  perfectly 
satisfactory,  but  the  other,  a  German  make, 
was  not.  One  section  of  the  second  kind 
cracked  along  the  weld  for  a  distance  of  10 
it,  on  being  dropped  into  the  pipe  trench. 
This  was  patched  and  reinforced,  and  gave 
no  trouble  in  operation.  Another  section  of 
this  pipe  burst  in  testing  under  835  ft.  head. 
Examination  showed  a  flaw  in  the  metal. 
When  it  burst,  the  water  was  shot  out  to  the 
side  of  the  pipe  line  and  little  damage  was 
done.  This  was  the  extent  of  the  trouble  with 
the  line  in  testing. 

In  operation,  the  quantity  of  water  flowing 
through  the  pipe  fluctuated  considerably.  As 
the  difference  in  elevation  between  intake  and 
discharge  was  195  ft.,  this  variation  caused 
great  fluctuations  in  the  water  level  in  the 
pipe  at  the  intake  end,  there  being  no  regulat- 
ing gate  at  the  discharge  end.  When  little 
water  was  flowing,  it  ran  in  a  very  rapid 
stream  down  the  bottom  of  the  wood  stave 
pipe  at  the  intake  end.  This  had  the  result  of 
rapidly  wearing  out  the  bottom  staves,  so  that 
considerable  patching  had  to  be  done. 

Bulkheads  were  put  in  at  each  end  of  the 
pipe  and  all  other  openings  were  closed  as 
soon  as  the  pipe  was  thoroughly  drained. 
Thus  the  air  circulation  inside  the  pipe  was 
shut  off  and  the  subsequent  snow  formed  a 
blanket  which  protected  it  from  the  extremes 
of  the  winter  temperature.  It  was  found  that 
with  an  air  temperature  of  — 30°  or  — 10°  F. 
the  temperature  inside  the  pipe  was  only  about 
. — 5°  F.  In  operation,  the  pipe  is  drained  at 
the  close  of  the  working  season,  about  Oct. 
1,  and  opened  again  about  May  1. 

The  peculiar  and  therefore  the  most  inter- 
esting feature  of  this  work  was,  as  noted 
before,  the  study  of  foundations  and  the  best 
styles  of  substructures  to  be  used  in  the  frozen 
ground.  In  places  in  the  North,  piles  of  saw- 
dust have  been  placed  on  the  moss,  and  build- 
ings put  on  this  foundation.  When  water  is  kept 
away,  this  makes  a  very  good  foundation,  as 
the  saw'-dust  protects  the  moss  and  the  frozen 
ground  below  from  heat  and  consequent  thaw- 
ing, thus  insuring  stability.  On  this  same 
principle,  in  running  a  road  or  railroad  grade 
across  frozen  ground,  it  is  best  not  to  cut 
but  rather  to  make  fills  on  top  of  the  moss. 
Thus,  on  a  railroad  grade  near  Nome,  a  fill 
was  made  of  peat  cut  from  the  surfaca  of 
the  tundra.  When  dried  out  and  packed  this 
gave  no  more  trouble — until  it  burned  up — 
whereas  a  cut  in  frozen  ground  is  but  an  in- 
vitation to  perpetual  trouble  from  slides  and 
settlement.  In  flume  substructures,  on  the 
Yukon  Gold  Co.'s  line,  on  frozen  side-hills, 
cripple  bents  were  tried  and  discarded  in 
favor  of  level  mudsills  set  in  the  "frost," 
about  2  or  3  ft,  below  the  surface  at  the  down- 
hill end.  These  were  mossed  over  and  re- 
mained frozen  unless  excessive  leakage 
thawed  the  ground. 

Mr.  A.  C,  Strong,  of  the  Yukon  Gold  Co., 
developed  a  type  of  structure  which  suited  the 
foundation   very   well.     He   used   piles   driven 


into  holes  previously  thawed  out  by  steam 
points.  The  steam  point  is  a  strong  pipe,  at 
one  end  of  which  steam  is  introduced.  The 
opposite  end  is  rounded  and  a  small  hole  left 
through  which  the  steam  may  escape.  This 
point  is  started  into  the  frozen  ground  and  is 
pounded  down  with  a  hammer  as  fast  as  it 
thaws  through  the  "frost"  in  its  way.  These 
steam  points  were  developed  and  used  to  con- 
siderable advantage  in  mining  the  frozen 
gravel.  In  substructure  work,  the  steam  point 
is  used  until  the  "frost'  is  thawed  to  the  de- 
sired depth.  It  is  then  removed  and  a  pile 
driven  into  the  thawed-out  hole.  As  the  sur- 
face moss  is  disturbed  hardly  at  all  in  this 
process,  the  pile  immediately  freezes  in  and 
remains  in  this  condition.  At  last  reports, 
pile  substructures,  such  as  these,  were  giving 
good  service.  This  appears  to  be  the  cheap- 
est form  of  substructure  as  yet  devised  for 
use  in  ground  frozen  to  any  considerable 
depth. 

The  foregoing  work  was  done  by  day  labor 
by  the  Yukon  Gold  Co.,  Mr.  O.  B.  Perry,  gen- 
eral manager:  C.  A.  Thomas,  M.  Am.  Soc. 
C,  E,,  resident  manager;  H.  H.  Hall,  Assoc. 
M.  Am.  Soc.  C.  E.,  superintendent  of  ditch 
construction,  and  in  general  charge  of  sur- 
veys; Mr.  C.  G.  Newton,  superintendent  of 
pipe  lines;  and  the  writer,  division  engineer 
and  general   foreman. 


Design  and  Construction  of  the  10-ft. 
Steel  Pipe  Conduit,  of  the  Balti- 
more Water  Works,  at  Loch 
Raven. 

The  new  Loch  Raven  dam  of  the  Baltimore 
water  works  is  being  built  about  a  half  mille 
above  the  old  dam.  At  the  west  end  of  the 
old  dam  is  the  old  gate-house  which  controls 
the  flow  of  water  from  Loch  Raven  to  Lake 
Montebello  through  the  Loch  Raven-Monte- 
bello  tunnel,  which  is  approximately  seven 
miles  long  and  is  12  ft.  in  diameter.  For  the 
greater  part  of  its  length  this  old  tunnel  is 
dug  out  of  solid  rock  at  a  depth  in  some 
places  as  great  as  400  ft,  below  the  surface  of 
the  ground.  In  some  places  where  the  rock 
is  soft  and  will  not  stand  this  tunnel  is  lined 
with  brick. 

With  the  exception  of  the  first  mile  of  this 
tunnel,  nearest  Loch  Raven,  the  covering  over 
the  tunnel  is  so  great  that  the  ground  sur- 
face is  much  higher  than  will  be  the  surface 
of  the  water  in  the  proposed  high  dam  with  a 
crest  elevation  of  237  ft.  A.  M.  T.  The  tun- 
nel is  in  e.Kcellent  condition,  and  there  are 
only  a  few  places  in  that  portion  which  is  un- 
lined  where  any  rock  has  fallen  from  the  roof. 
This  unlined  portion  of  the  tunnel  is  seven 
miles  of  its  length.  There  is  very  little  leak- 
age except  for  the  first  mile  where  the  tun- 
nel for  most  of  the  way  passes  through  a 
limestone  under  the  valley  of  Mine  Bank  Run. 

On  account  of  the  condition  of  this  first 
mile  of  the  old  tunnel  after  leaving  Loch 
Raven,  Messrs.  Freeman  and  Stearns  in  their 
"Report  oil  the  Enlargement  and  Improvement 
of  the  Baltimore  Water  Supply,"  recom- 
mended in  lOlO  that  the  water  from  the  new 
dam  be  conveyed  to  the  old  tunnel  by  a  cir- 
cular tunnel  0,340  ft,  long,  12  ft,  in  diameter, 
lined  with  concrete  and  connecting  with  the 
old  tunnel  at  a  point  about  a  mile  from  the 
present  gatehouse.  The  estimated  cost  of  this 
tunnel   was  $480,000, 

Mr,  Emory  Sudlcr,  Division  Engineer,  in 
charge  of  the  Gunpowder  Supply  Improve- 
ment Division  of  the  Water  Department,  made 
studies  of  alternate  methods  for  getting  the 
water  from  the  new  dam  into  the  old  tunnel 
and  it  was  estimated  that  for  $300,000  a  lO-ft. 
steel  pipe  conduit  could  be  built  from  the 
new  dam  to  connect  with  the  old  tunnel  just 
outside  of  the  present  gate-house  and  that 
the  old  tunnel  could  be  lined  with  reinforced 
concrete  for  the  first  mile  in  such  a  manner 
as  to  withstand  the  pressure  from  the  water 
in  the  higher  dam.  It  is  to  the  design  and 
construction  of  the  10-ft.  steel  pipe  conduit 
at  Loch  Raven  that  the  present  article  chiefly 
relates.  The  information  given  is  taken  from 
a    paper    by    Mr.    Ezra    B.    Whitman    in    the 
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Monthly  Journal  of  the  Engineers'  Club  of 
Baltimore  for  June,  1914.  Mr.  Whitman,  who 
is  now  a  member  of  the  firm  of  Greiner  and 
Whitman,  consulting  engineers.  Baltimore, 
^Id.,  was  Water  Engineer  and  President  of 
the  Water  Board  of  Baltimore  at  the  time 
this  conduit  was  designed  and  constructed. 

The  lining  of  this  old  tunnel  is  made  pos- 
sible by  the  fact  that  Lakes  Montebcllo  and 
Clifton  hold  about  seven  days'  supply  of  wa- 
ter for  the  city.  These  lakes  can  be  tilled, 
and  then  the  water  can  be  drained  from  the 
tunnel  and  the  work  of  lining  the  first  mile 
can  be  carried  on  while  the  city  is  drawing 
its  supply  from  the  two  above  mentioned  lakes. 
When  the  supply  from  these  lakes  is  ex- 
hausted work  will  be  stopped  and  they  will 
again  be  filled  from  Loch  Raven.  The 'lining 
of  this  old  tunnel,  however,  will  not  be  un- 
dertaken until  the  new  dam  is  completed  and 
the  storage  of  water  in  it  can  be  used  to 
hasten  the  filling  of  Montebello  and  Clifton 
between  working  periods  in  the  tunnel. 

There  have  been  great  improvements  in  the 
building  of  large  steel  conduits  in  the  last  few 
years  which  were  introduced  in  the  building 
of  the  aqueduct  leading  the  water  froin  the 
Catskill  Mountains  to  Xew  York  Citv.  and 
Mr.  Whitman  spent  a  day  with  Mr.  J.  'Waldo 
Smith,  Chief  Engineer  of  the  New  York 
Board  of  Water  Supply,  examining  the  new, 
large  steel  conduits  which  were  being  built 
along  the  Catskill  Aqueduct,  and  is  indebted 
to  him  for  a  great  deal  of  information  se- 
cured at  that  time. 

The  steel  used  is  a  soft,  ductile,  open  hearth 
steel  of  the  character  used  for  flanges  and 
rivets.  A  cheaper  steel  might  be  used,  but  it 
is  considered  desirable  to  have  a  high  de- 
gree of  softness  and  ductility  in  order  that 
the  plates  may  stretch  rather  than  crack  in 
case  of  unusual  strains  due  to  water-hammer 
cr  settlement  of  the  ground,  abuse  in  forcing 
rivets  or  to  any  accident  during  the  construc- 
tion of  the  pipe.  Old-fashioned  wrouglrt  iron 
would  be  even  better  than  soft  steel  in  resist- 
ing rust,  but  it  is  more  expensive  and  harder 
to  obtain,  and  steel  can  be  protected  against 
rust  by  various  means.  Not  only  is  steel  being 
used  in  the  great  pipe  siphons  of  the  New- 
York  aqueduct,  but  it  has  also  been  used  on 
the  Los  Angeles  aqueduct  and  the  smaller 
aqueducts  which  have  been  built  bv  Spring- 
field, Mass.;  Pittsburgh,  Pa.;  Portland,  Ore., 
and  for  pressure  pipes  on  all  of  the  recent 
great  power  developments  throughout  the 
world. 

In  steel  pipe  lines  protected  with  various 
paints,  asphalts  and  enamels,  trouble  has  been 
experienced  with  corrosion,  tuberculation  and 
pin-hole  leakage.  In  order  to  overcome  these 
difficulties  the  engineers  of  the  New  York 
Board  of  Water  Supply  after  a  number  of  ex- 
periments demonstrating  the  efficiency  of  ce- 
ment mortar  in  protecting  iron  from  corro- 
sion, developed  a  method  of  placing  a  mortar 
lining  inside  the  steel  conduit  and  surround- 
ing the  pipe  on  the  outside  with  concrete. 
The  mortar  lining  also  makes  it  possible  to 
obtain  a  smooth  interior  irrespective  of  pro- 
jecting rivet  heads  and  edges  of  plates.  So 
that  in  addition  to  promising  longer  life  for 
the  steel  conduit  the  cement  mortar  lining 
will  give  a  much  larger  water-carrying  capacity 
than  the  rivetted  lapped  joint  pipe  which  is 
certain  to  have  its  interior  surface  materially 
roughened  by  tuberculation  in  the  course  of  a 
few  years.  Engineers  experienced  in  the 
water-carrying  capacity  of  steel  and  concrete 
pipes  have  estimated  that  a  pipe  7  ft.  in  diam- 
eter, smoothly  lined  with  cement  will,  after 
.<!ome  years'  use  carry  as  much  water  as  an 
r  rdinnrv  steel  pipe  8  ft.  in  diameter  made  in 
the  ordinary  way. 

The  Baltimore  steel  pipe  is  constructed  of 
alternate  inside  and  outside  cylindrical  courses 
with  10  ft.  as  the  inside  diameter  of  the  in- 
side courses.  The  pipe  was  made  at  the  shops 
in  sections  1.5  ft.  long  with  one  longitudinal 
doijble  rivetted  lap  joint  and  the  circumfer- 
ential joints  were  single  rivetted  lap  joints. 
Changes  in  line  or  grade  were  obtained  by 
cutting  and  beveling  the  ends  of  a  sufficient 
number  of  courses  to  produce  the  desired  total 
deflection  or  curvature. 


.Mthough  the  pressure  on  the  pipe  line 
woiild  require  a  thickness  of  steel  of  less  than 
V*  in.,  yet  for  structural  reasons  the  thick- 
ness was  made  7/16  in.  In  places  where  thin 
pipe  has  been  used,  great  difficulty  was  expe- 
rienced in  making  it  keep  its  shape  during  con- 
struction. A  further  reason  for  an  increase 
over  the  theoretical  thickness  is  that  the 
thicker  pipe  will  last  much  longer  should  there 
be  a  break  at  any  point  in  the  protective  mor- 
tar lining.  The  plates  were  not  painted,  but 
after  being  inspected  at  the  shop  the  inside 
of  the  pipes  were  given  a  coat  of  white-wash 
before  shipping.  No  paint  was  put  on  the 
pipes  as  it  was  desired  to  get  the  best  possible 
contact  of  concrete  and  steel. 

After  the  pipe  had  been  rivetted  together  in 
the  trench  it  was  filled  with  water  delivered 
from  a  tank  built  on  the  hillside  at  such  an 
elevation  as  would  give  the  same  pressure  in 
the  pipe  line  as  would  be  obtained  by  the  wa- 
ters back  of  the  high  dam.  If  any  leaks  de- 
veloped under  this  pressure  they  were  calked 
until  tight.  Then  with  the  pipe  line  still  full 
of  water  under  this  pressure  the  concrete 
casing  was  placed  around  the  conduit,  the  pur- 
pose being  to  hold  the  pipe  in  the  shape  that 
it  will  finally  assume,  so  that  when  the  mortar 
lining  is  placed  no  change  in  shape  will  occur 
after  the  water  from  the  high  dam  is  ad- 
mitted. It  was  found  that  the  pipes  flattened 
a  good  deal  under  their  own  and  the  water 
load  when  the  pipes  were  full  but  with  no 
pressure  on  them.  When  the  pressure  was 
put  on  the  pipes  they  tended  to  return  to  a 
circular  shape  although  never  quite  reaching 
it. 

After  the  outer  casing  of  concrete  was 
placed  the  water  was  drawn  from  the  conduit 
and  the  inside  mortar  coating  was  placed  by 
means  of  a  "cement  gtm."  the  cement  and 
sand  being  mixed  dry  and  delivered  in  that 
condition,  by  compressed  air  through  a  hose 
or  pipe  to  a  specially  constructed  nozzle  where 
the  mixing  water  was  added  under  pressure 
and  the  mixture  blown  with  the  compressed 
air  against  the  surface  to  be  covered  until 
the  thickness  of  1%  ins.  was  secured.  This 
mortar  lining  is  reinforced  with  steel  wire 
netting  placed  to  prevent  shrinkage  and  set- 
tlement cracks. 

The  contractor  built  a  railroad  along  the 
entire  length  of  the  pipe  line  and  excavated 
into  buckets  which  were  handled  from  the 
trench  by  means  of  a  locomotive  crane.  This 
crane  was  used  for  taking  the  pipe  sections 
off  the  freight  cars,  which  were  switched  in 
on  the  contractors'  track,  and  for  lowering 
them  to  place  in  the  trench.  At  Towson  Creek 
and  .Shanghai  Creek  the  conduit  crossed  over 
these  streams  by  means  of  reinforced  con- 
crete bridges. 

Previous  to  laying  the  pipe  concrete  cradle 
blocks  were  built  at  intervals  so  as  to  come 
midway  between  rivetted  joints.  The  tops 
of  these  were  carefully  finished  to  a  surface 
of  a  little  larger  radius  than  the  pipe.  The 
pipe  was  laid  on  these  cradles  and  tested  with 
water  before  being  surrounded  with  concrete. 
A  few  hundred  feet  below  the  new  dam  in 
the  line  of  the  steel  pipe  conduit,  and  built  as 
part  of  it,  is  a  Vcnturi  meter  for  measuring 
the  flow  of  water  from  the  new  Loch  Raven 
dam  to  the  city.  A  second  Venluri  meter  will 
be  constructed  at  the  filtration  plant,  and  by 
means  of  these  two  meters  it  will  be  possible 
to  delect  any  serious  leakage  in  the  conduit 
or  tunnel. 

The  contract  work  was  very  capably  handled 
by  Niason,  Hilton  &  Co.,  of' New  York,  with 
Mr.  P.  A.  Beatty,  Assistant  Division  Engi- 
neer of  the  Water  Department,  directly  in 
charge  of  the  work. 


Concrete  Piers  for  Chicago  Lake  Front. 

—  Residents  along  the  north  shore  in  Chicago 
have  petitioned  the  War  Department  to  stop 
the  construction  of  wooden  piers  along  the 
lake  front. 

Piers  made  of  concrete  and  of  such  artistic 
design  that  they  will  harmonize  with  the  resi- 
dences along  Lake  Shore  drive  and  with  the 
architectural  character  of  Lincoln  Park  build- 
ings ar«  desired. 


Classification  and  Duties  of  Employes 
in  Bureau  of  Distribution,  Depart- 
ment of  Water,  San  Diego,  Cal. 

The  Department  of  Water  of  the  city  of 
San  Diego,  Calif.,  is  subdivided  into  three 
bureaus  and  three  divisions,  namely,  the  bu- 
reaus of  conservation,  accountability  and  dis- 
tribution, and  the  clerical  and  engineering  di- 
visions and  the  division  of  pueblo  lands  and 
forestry.  An  article  published  in  Engineer- 
ing and  Contracting  of  May  7,  1913,  described 
the  organization  of  the  department,  explained 
the  relations  of  the  several  subdivisions  of 
the  department,  and  stated  the  duties  of  the 
principal  employes  in  the  several  subdivi- 
sions. The  present  article  relates  wholly  to 
the  bureau  of  distribution  and  classifies  all 
employes  under  this  bureau,  states  the  qual- 
ifications requisite  for  and  enumerates  the 
duties  connected  with  the  various  positions. 
The  matter  which  follows  is  taken  from  the 
latest  annual  report  of  Mr.  H.  A.  Whitney, 
assistant  superintendent  and  hydraulic  engi- 
neer, to  Maj.  Herbert  R.  Fay,  superintendent 
of  the  department  of  water.  The  bureau  of 
distribution  is  in  the  immediate  charge  of  a 
general  foreman  and  is  subdivided  into  three 
sections  known  as  the  construction,  services 
and  operation  sections  respectively. 

GE^•ER.^L    FOREM.AN. 

Duties—The  duties  of  the  general  fore- 
man are  to  take  all  orders  issued  to  the  bureau 
of  distribution  and  segregate  and  apportion 
them  to  the  three  sections  into  which  his 
bureau  is  divided.  It  is  his  duty  to  keep  an 
accurate  report  sheet  showing  where  each  of 
the  several  gangs  are  working,  to  make  out, 
with  the  assistance  of  his  section  foreman, 
the  charts  showing  the  location  of  the  various 
gangs  for  each  subsequent  day,  to  make  out 
orders  on  the  superintendent's  office  for  all 
materials  needed  to  supply  the  depleted  stock, 
to  see  that  the  necessary  tools,  such  as  picks, 
shovels  and  work  boxes  are  delivered  on  time 
to  avoid  the  loss  of  work  in  the  various  de- 
partments, to  keep  account  of  all  orders  is- 
sued for  stock  and  see  that  the  same  is  de- 
livered in  ample  time,  and  to  advise  from  time 
to  time  his  various  section  foremen  as  to 
the  most  efficient  methods  of  pursuing  their 
work.  He  is  also  required  to  perform  such 
other  duties  as  may  be  directed  by  his  su- 
periors. 

SECTION   OF  CONSTRUCTION. 

foreman.— The  foreman  has  charge  of  lay- 
ing all  cast-iron  water  mains  and  work  ap- 
purtenant thereto  in  the  City  of  San  Diego. 
He  vists  the  various  gangs  working  under  his 
direction  and  advises  the  general  foreman 
from  time  to  time  regarding  the  progress  of 
the  work  being  done.  He  sees  to  it  person- 
ally that  all  pipes,  valves,  fittings  and  other 
materials  are  delivered  on  the  work  in  time 
to  avoid  any  delay  and  to  this  end  it  is  his 
duty  to  inform  the  general  foreman  of  what 
material  will  be  needed  for  each  subsequent 
day. 

lie  makes  a  daily  report  for  each  gang 
showing  the  length  of  ditch,  the  amount  of 
excavation,  the  size  of  pipes,  the  number  oi 
gates  and  hydrants  and  the  location  of  same, 
together  with  any  other  work  performed  v- 
dcr  his  supervision. 

He  is  also  required  to  perform  such  oth 
work  as  may  be  directed  by  his  superiors. 

Sub-Foreman. — The  sub-foreman  has  charKi 
of  a  pipe  laying  crew  and  supervises  the  lay- 
ing of  all  size  water  mains,  the  installing  of 
various  types  of  gate  valves,  fittings  and  ap- 
purtenances adopted  by  the  Department  of 
Water,  the  installation  of  branches  and  fire 
hydrants  or  any  other  work  that  niav  arise  in 
connection  therewith.  He  is  reiiuired  to  ren- 
der a  daily  report  setting  forth  accurately  all 
work  performed  and  material  expended  1  ■ 
his  crew. 

Calker. — The  calker  is  required  to  undt  ■ 
stand  the  laying  of  cast-iron  water  pipe,  hi 
all  connections  are  made,  especiallv  the  cir 
ting  and  fitting  of  pipe,  the  fitting  of  :. 
classes  of  gate  valves  and  specials,  how  h. 
drant  branches  are  laid  and  hydrants  set.  He 
is   required  to  know  how  all  size  lead  joints 
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are  run,  the  proper  temperature  lead  should 
be  heated,  how  pipe  jointers  are  used,  and 
the  manner  of  calking  joints.  He  is  also  re- 
quired to  know  the  names  and  uses  of  the 
different  kinds  of  pipe  tools — especially  the 
use  of  calking  tools  and  the  repair  of  same. 
He  is  also  required  to  understand  the  duties 
of  yarner. 

He  is  next  in  line  for  promotion  to  sub- 
foreman,  and  consequently  should  have  a 
knowledge  of  all  classes  of  large  pipe  laying 
and  possess  fitness  to  handle  a  pipe  laying 
crew. 

Yarner. — The  yarner  is  required  to  be  qual- 
ified to  determine  the  qualities  of  yarn  used 
in  pipe  joints,  the  quantities  used  in  all  size 
connections,  the  different  methods  used  to 
prepare  same  for  use,  how  it  is  placed  and 
set.  He  must  in  addition  have  a  fair  general 
knowledge  of  all  classes  of  pipe  laying — espe- 
cially the  duties  of  calker,  and  he  is  required 
to  perform  the  work  of  a  calker  when  so  di- 
rected. 

Lead  Runner. — The  lead  runner  is  required 
to  understand  the  care  and  use  of  lead  fur- 
naces, tlie  kind  of  lead  used  for  jointing,  the 
temperature  at  which  it  is  heated  to  be  run, 
the  condition  it  should  be  in  when  poured  and 
the  manner  in  which  it  should  be  poured.  He 
is  required  to  perform  such  other  work  with 
a  pipe  laying  crew  as  may  be  assigned  him. 

Pi/je  Layer. — The  pipe  layer  is  required  to 
know  the  different  classifications  of  pipe,  the 
appro.ximate  weight  of  all  size  lengths  of  pipe, 
gate  valves  and  fittings.  He  is  required  to 
know  the  different  methods  employed  for  low- 
ering pipe,  valves  and  fittings  into  a  ditch, 
how  the  same  are  aligned  or  set  for  connect- 
ing up.  He  must  have  a  general  knowledge 
of  the  use  of  rope  knots  and  hitches,  the 
assembling,  setting  up  and  operation  of  such 
apparatus  as  is  used  in  handling  pipe  by  the 
Department  of  Water.  He  must  have  a  knowl- 
edge of  pipe  cutting,  the  names  of  tools  used 
and  the  care  of  same. 

Pozi'derman. — The  powderman  must  have  a 
thorough  knowledge  of  the  use  of  all  classes 
or  varieties  of  blasting  powders,  the  proper 
quantities  and  kinds  of  powder  used  under  all 
conditions  in  springing  holes  or  for  dislodging 
certain  areas  of  rock,  earth  or  other  material. 
the  different  makes  and  use  of  caps,  fuse  and 
firing  batteries.  He  must  also  understand  the 
placing  and  drilling  of  holes  for  receiving  a 
charge,  the  different  kinds  of  hand  drills  and 
their  use  in  all  classes  of  material. 

Blacksmith. — The  blacksmith  is  qualified  to 
perform  ordinary  iron  work,  which  includes 
the  sharpening  and  proper  tempering  of  picks, 
calking  tools  and  pipe  cutters  of  various 
makes,  and  the  repair  of  such  equipment  as 
is  used  by  a  construction  crew  in  laying  cast- 
iron  pipe,  or  such  other  work  as  may  be  as- 
signed him. 

Lantern  Tenders — Water  Tenders — Labor- 
ers.— These  men  must  be  physically  fit  to  per- 
form common  labor  such  as  is  required  by 
the  Department  of  Water,  and  must  be  reg- 
istered voters  or  taxpayers  in  the  city. 

SECTION    OF    SERVICES. 

Foreman.— The  foreman  has  charge  of  the 
laying  of  all  water  pipes  .3  ins.  in  diameter 
and  smaller,  all  service  lines,  meters,  meter 
boxes,  meter  box  covers  and  any  class  of  pipe 
fitting  work  in  connection  with  the  service 
work.  He  also  has  charge  of  all  night  trou- 
bles of  any  character  whatsoever  under  di- 
rection of  his  superiors,  and  to  this  end  he  is 
required  to  call  out  the  proper  crew  to  repair 
a  break  or  leak  in  any  city  water  main,  serv- 
ice connection,  hydrant,  or  adjust  any  trouble 
to  the  water  system  requiring  his  services, 
He  is  required  to  make  a  daily  report  of  all 
work  performed  by  his  wagon  crews. 

Pipe  Fitter. — The  pipe  fitter  has  charge  of 
a  wagon  crew  and  all  work  assigned  to  be 
performed  by  the  crew.  He  is  qualified  to 
perform  all  classes  of  pipework  necessary  in 
installing  service  lines  including  the  »*e  of 
the  various  types  of  machines  used  by  the  de- 
partment for  tapping  and  connecting  up  to 
all  size  mains:  laying  service  lines  and  con- 
nections; installing  safety  valves,  meters, 
meter  boxes  and  meter  box  covers,  and  in 
addition  he  must  have  a  thorough  knowledge 


of  all  classes  of  small  pipe  work  dune  in  the 
department. 

Pit>e  Fitter's  Helper. — The  helper  is  re- 
quired to  assist  a  pipe  fitter  in  the  perform- 
ance of  Iiis  work,  and  must  be  qualified  to  per- 
form ordinary  pipe  work,  understand  the  use 
of  the  various  types  of  tapping  machines  used 
in  the  department,  the  classification  of  small 
pipes  and  various  fittings,  valves  and  connec- 
tions. He  must  be  qualified  to  assume  charge 
of  a  wagon  crew  in  the  absence  of  a  pipe 
fitter. 

IVagonman. — The  wagonman  must  know  the 
classification  of  pipe,  fittings  and  tools  used 
in  laying  service  lines  and  the  installation  of 
meters,  valves  and  fittings,  and  must  be  espe- 
cially fitted  by  experience  to  perform  any  class 
of  labor  in  connection  with  service  work. 

SECTION    OF   0PER.\TI0N. 

Foreman. — The  foreman  has  charge  of  the 
machine  shop,  blacksmith  shop,  carpenter 
shops,  department  stables  and  storage  yard, 
and  all  work  performed  therein  is  done  under 
his  direction.  He  is  charged  with  the  care 
and  preservation  of  all  means  of  transporta- 
tion, including  wagons,  automobiles,  auto 
trucks  and  motorcycles.  All  meter  repairing 
and  testing  is  done  under  his  direction.  He 
attends  to  the  delivery  of  all  material  and 
supplies  under  instructions  from  the  proper 
authority.  He  has  charge  of  all  reservoirs, 
stand  pipes,  pumping  plants  and  pressure  reg- 
ulators and  makes  recommendations  regard- 
ing the  repair  of  same.  The  repair  of  all 
faulty  gates  and  re-installation  of  all  hydrants 
is  done  under  his  supervision.  He  does  such 
other  work  as  may  be  assigned  him. 

Machinist. — The  machinist  must  have  a 
thorough  knowledge  of  all  classes  of  machine 
work  and  shop  management.  He  must  under- 
stand the  construction,  operation  and  repair 
of  gasoline  engines  and  in  addition  to  direct- 
ing all  work  performed  in  the  department 
machine  shop,  must  perform  any  other  ma- 
chine work  that  may  be  assigned  him. 

Mechanic. — The  mechanic  must  possess  spe- 
cial fitness  to  do  all  classes  of  carpenter  or 
wheelwright  work  in  connection  with  making 
the  repairs  to  the  department  transportation 
equipment.  In  general  he  is  qualified  to  per- 
form any  class  of  repair  work  he  may  be 
called  upon  to  do  in  the  department. 

Truck  Driver. — The  truck  driver  must  be 
qualified  to  operate  the  auto  trucks  owned  by 
.the  department,  and  understand  thoroughly 
their  construction  and  care  under  all  condi- 
tions, and  be  qualified  to  make  minor  repairs 
under  emergencies.  He  must  also  have  a 
thorough  knowledge  of  the  state  and  munici- 
pal laws  governing  the  operation  of  motor 
driven  vehicles. 

Blacksmith. — The  blacksmith  must  be  qual- 
ified to  perform  all  classes  of  blacksmith  work, 
especially  the  sharpening  and  proper  temper- 
ing of  picks,  calking  tools  and  pipe  cutters  of 
various  makes,  or  any  other  class  of  iron 
work  that  may  be  required  in  repairing  the 
equipment  of  the  department. 

Blacksmith's  Helper. — The  helper  must  be 
qualified  to  assist  the  blacksmith  in  the  per- 
formance of  his  work  and  must  possess  spe- 
cial aptitude  and  fitness  to  prepare  himself 
for  the  position  of  blacksmith. 

Hnrscshoer. — The  horseshoer  must  by  ex- 
perience and  fitness  be  qualified  to  perform  all 
kinds  of  horseshoeing,  understanding  thor- 
oughly the  care  of  the  hoof  and  the  proper 
setting  of  all  styles  of  shoes,  and  in  addition 
he  must  have  a  knowledge  of  general  black- 
smithing. 

Pump  Operator. — The  pump  operator  is  re- 
quired to  possess  a  general  knowledge  of  the 
care  and  use  of  gasoline  engines  and  pumps 
and  especially  those  in  use  in  the  Department 
of  Water.  He  must  possess  eno\igh  mechan- 
ical aliility  to  make  minor  repairs  to  the 
pumping  apparatus  under  his  charge. 

Meter  Repairer. — The  meter  repairer  must 
understand  the  eonstruction  and  operation  of 
all  styles  of  water  meters  in  use  liy  the  De- 
partment and  must  possess  enough  mechanical 
ability  to  make  all  repairs  necessary  to  same. 
He  nnist  also  imderstand  the  different  meth- 
ods employed  to  test  water  meter*  anrl  ini-ans 
of  determining  their  accuracy. 


Apprentice. — The  apprentice  must  possess 
aptitude  and  fitness  to  assist  the  meter  re- 
pairer in  the  performance  of  his  duties  with 
a  view  to  preparing  himself  for  the  position 
of  meter  repairer. 

Teamster. — The  teamster  is  required  to  un- 
derstand the  care  and  handling  of  horses  in 
the  city  of  San  Diego  and  understand  the 
loading  and  unloading  of  heavy  weights.  He 
must  also  understand  the  traffic  ordinances  of 
the  city. 

Pipe  Man. — The  pipe  man  must  have  a 
knowledge  of  all  size  water  pipes,  valves  and 
fittings  and  the  care  and  preservation  of  same. 

Cement  Man. — The  cement  man  must  be 
qualified  to  perform  all  classes  of  concrete 
and  cement  work,  and  to  this  end  he  must 
understand  the  construction,  setting  and  re- 
moving of  forms,  the  proportion  and  kinds  of 
materials  to  use  in  all  mixtures  of  concrete 
and  cement  work.  He  must  understand  the 
quality  of  materials  used  in  cement  work  so 
as  to  be  able  to  select  materials  for  their 
efficiency. 

Shopman. — The  shopman  must  understand 
the  classification  and  preservation  and  care 
of  the  diiTerent  materials  and  supplies  used 
by  the  department  and  must  possess  clerical 
ability  to  keep  stock   records. 

Fmcrgcncy  Man. — The  emergency  man  must 
possess  from  experience  in  the  Department  of 
Water  ability  and  fitness  to  make  repairs  on 
account  of  a  break  or  leak  in  the  system  or 
perform  any  class  of  pipe  work  required  to 
he  done  in  making  emergency  repairs.  He 
shall  have  a  good  knowledge  of  the  distribut- 
ing system  so  as  to  know  the  proper  action 
to  take  in  case  of  an  accident  of  any  sort  re- 
quiring  discretionary  and  prompt  action. 

Stableman — )'aydman — ll'atchman.  —  These 
men  from  experience  gained  by  their  em- 
ployment in  the  Department  of  Water  must 
possess  special  fitness  to  perform  such  work 
as  may  be  assigned  them  on  the  care  and 
preservation  of  department  property  under 
their  charge. 


The  Cleaning  of  Water  Service  Pipes 
by    Means    of    Paper   Wad       Pro- 
pelled by  a  Force  Pump, 
Boston,  Mass. 

Those  who  are  responsible  for  the  opera- 
tion and  maintenance  of  water  distribution 
systems  are  frequently  advised  by  water  tak- 
ers that  service  pipes  are  partially  or  com- 
pletely stopped  up.  This,  naturally,  is  espe- 
cially likely  to  be  the  case  in  old  systems 
as  is  well  indicated  by  the  following  quo- 
tation from  the  latest  annual  report  of  Mr. 
Frank  E.  Merrill,  Water  Commissioner  of 
Somcrville,  Mass, ; 

The  nvimber  of  cases  of  poor  pressure  on  old 
water  services  continues  to  increase,  and  clean- 
ing out  the  pipes  and  fittings  and  providing  a 
good  flow  of  water  has  grown  into  an  important 
liranch  of  the  department  work.  In  fact,  the 
demands  for  improved  service  conditions  have 
now  become  so  frequent  as  to  require  practi- 
cally the  sole  attention  of  one  gang  of  men, 
and  there  appears  to  be  no  likelihood  of  any 
relief,  as  the  service  pipes  are  continually  grow- 
ing older  and  In  need   of  attention. 

A  very  interesting  topical  discussion,  before 
the  New  England  Water  Works  .\ssociation, 
on  the  use  of  the  force  pump  in  cleaning  serv- 
ice pipes  is  reported  in  the  Journal  of  the 
.Nssociation  for  March.  IHU,  Mr.  George  H. 
Finneran,  assistant  superintendent  of  water 
.service  in  I?oston.  led  the  discussion  and  the 
major  portion  of  the  information  here  given 
is  based  upon  his  remarks. 

Where  lead  pipes  are  used  as  services  the 
stoppage,  partial  or  complete,  usually  occurs 
at  the  corporation  cock  or  tap  where  rust 
or  corrosion  accumulates.  This  matter  comes 
in  from  the  main  and  lodges  in  the  cock. 
The  usual  method  of  relieving  a  situation  of 
this  kind  is  to  dig  down  to  the  cock  and 
clean  it  out.  and  as  a  rule  the  results  are 
satisfactory.  This  method  is  expensive,  how- 
ever, in  cities  having  expensive  pavements, 
and  the  excavating  operations  in  the  street 
also   interfere   with    the     public     convenience. 


fune.  10,  1914. 


Engineering   and    Contracting 


669 


The  Boston  water  department  officials  have 
devised  the  method  here  described  to  supplant 
the  disadvantageous  procedure  above  men- 
tioned. 

The  high  pressure  pump  used  in  cleaning 
services  is  a  lever-handle  hand  pump.  It  is 
a  light,  compact  pump  and  can  easily  be 
carried  around  by  a  plumber  and  his  helper. 
A  connection  with  the  service  pipe  is  made 
just  inside  the  cellar  wall,  usually  at  the  stop 
ccck.  The  stop-cock  is  used  to  control  the 
water  from  the  street.     Before  connecting  the 


At  first,  while  experimenting,  ordinary 
newspaper  was  used  for  the  wad  or  the  pellet. 
As  a  general  thing  it  was  not  very  sanitary, 
so  now  good  quality  tissue  paper  is  used.  It 
is  compressed  very  hard,  but  the  moment  it 
gets  out  into  the  main  it  unfolds  and  dissolves 
and  is  carried  away  somewhere— through  a 
hydrant,  perhaps.  It  is  a  simple  operation,  the 
prime  factor  of  which  is  the  little  pellet  which 
for  the  time  being  creates  a  complete  stop- 
page, where  prior  to  the  operation  there  was 
only  a  partial  stoppage. 


Fig.   1.   Plan  ot   Framing  for  Screen  of    Remodeled  Underdraln  System  of  Charleston, 

S.  C,   Mechanical   Water   Filter. 


pump  to  the  supply  pipe  a  wad  of  paper  is 
inserted  in  the  supply  pipe.  That  is  the  es- 
sence iif  the  o|)eration,  the  secret  of  its  suc- 
cess. This  wad  of  paper  completely  fills  the 
interior  of  the  pipe.  After  inserting  the 
paper  wad  the  pump  is  connected  to  the  sup- 
ply pipe.  Water  is  supplied  to  the  force 
pump  by  means  of  an  ordinary  force  pump 
which  draws  its  supply  from  a  pail.  Of 
course  the  supply  pipe  stands  full  of  water  at 
city  [iressure  when  the  force  pump  is  brought 
into  operation.  Therefore  any  water  pumped 
in  by  the  force  pump  raises  the  pressure  in 
the  house  end  of  the  supply  pipe  and  pmpels 
the  paper  wad  towards  the  street  main  until 
it  encounters  the  obstruction.  There  may  be 
a  very  small  water  way  through  the  obstruc- 
tion, perhaps  the  size  of  a  pinhole  or  per- 
haps larger,  but  the  wad  of  paper  is  forced 
against  the  rust  or  corrosion,  and  completely 
dams  up  fhe  little  waterway,  thus  making  a 
complete  sto|i|)age.  .A  few  more  strokes  of 
the  pump  and  sufficient  pressure  is  accumu- 
lated to  break  down  the  entire  obstruction  and 
carry  the  rust  or  corrosion  and  the  wad  of 
paper  intn  the  main  and  thoroughly  clear  the 
cock. 

The  removal  of  stoppages  in  this  way  has 
jiroved  very  satisfactory.  In  one  case  it 
required  17  mini.tes  to  lill  a  pail  or  a  vessel 
ihat  contained  1  cu.  ft.  of  water  before  clean- 
ing the  pipe,  and  after  the  clearance  the  same 
amount  of  water  was  drawn  in  '2'!  seconds. 
Tie   improvement   was   well   worth   the  effort. 

The  method  is  also  efficient  in  i  learing  out 
iron  pipes  inside  of  buildings.  It  is  desirable 
to  have  an  open  end  to  the  iron  pipe.  The 
wad  of  paper  is  inserted  in  the  ()ipe  and  the 
pump  is  ap|)lied.  .As  the  wad  proceeds  it 
scours  the  walls  of  the  pipe  and  carries  the 
rust  with  it.  In  one  case  recentlv  3'/4  lbs. 
of  iron  rust  were  removed  in  this  maimer 
from   10   ft.  of   I-in.  pipe. 


The  method  here  described  will  remove  the 
very  hardest  mass  of  corrosion.  By  this 
method  corporation  cocks  have  been  cleared 
in  which  the  corrosion  was  so  firmly  in  place 
that  its  removal  by  driving  out  with  a  tool 
would  have  been  necessary  if  the  excavation 
method  had  been  employed.  Naturally  the 
water  helps  to  dissolve  and  soften  the  cor- 
rosion. As  a  rule  pressures  exceeding  b"iO 
to  200  lbs.  per  square  inch  are  not  neces- 
sary. .'\  gage  should  be  attached  to  the  pump 
so  that  the  operator  will   not  apply  a  higher 


The  force  pump  used  in  Boston  was  made 
by  the  Blake  Pump  Co.  It  was  built  sev- 
eral years  ago  for  use  in  the  machine  shop 
in  testing  large  gate  valves.  This  pump  cost 
about  $50.  This  pump  was  used  because  it 
was  available  but  the  discussion  developed 
the  opinion  that  an  ordinarv  boiler  testing 
pump  which  throws  a  very  small  amount  of 
water  but  under,  perhaps,  2ii0  lbs.  pressure 
would  answer  the  purpose.  Such  a  pump 
costs  about  $15. 


Method  of  Remodeling  the  Underdrain 

System  of  the  Mechanical  Filter 

Plant  at  Charleston,  S.  C. 

In  .April  of  1912  the  system  of  underdrains 
of  the  mechanical  filter  plant  at  Charleston, 
■'>.  C.  began  to  work  poorly.  The  strainers  and 
laterals  became  incrusted  with  a  lime  deposit. 
Cleaning  the  strainers  failed  to  relieve  per- 
manently the  condition,  as  in  a  few  weeks  they 
-ere  incrusted  as  badly  as  before  cleaning 
The  method  employed  in  overcoming  this  diffi- 
culty is  here  described  and  illustrated,  our 
information  being  taken  from  a  paper  bv  Jesse 
M.  Worthen,  M.  D..  sunerintcndent  of  the 
Charleston  Licht  and  Water  Co.,  before  the 
Illinois  Water  Supniy  Association,  published  in 
the  annual  proceedings  of  the  Association  for 
1914. 

There  were  three  styles  of  strainers  in  use, 
♦^r.st  the  mushroom  striiner  of  the  New  York 
Continental  Jewell  Filtration  Co.,  second  a 
srnall  cast  bronze  strainer  with  small  holes 
drilled  in  it.  and  third  a  small  eauze  strainer. 
Thp  last  two  were  made  by  the  Simplex  Valve 
&  Meteij  Company  of  Philadelphia. 

The  incrustation  seemed  to  be  a  cnlcium 
carbonate  formation,  although  no  analysis  was 
f"ade  of  it.  The  openings  in  the  strainers  were 
filled  comnletely.  .A  heavy  denosit  was  found 
on  the  inside  as  well  as  on  the  outside  of  the 
strainers,  and  also  on  the  inside  of  the  laterals. 

The  rnw  water  is  taken  from  an  impoundine 
reservoir  of  2.500  acres.  The  land  flooded  by 
the  water  of  the  imoounding  reservoir  was  not 
cleaned  or  strinped.  It  was  composed  partly 
of  salt  marsh  land.  The  canacitv  of  the  im- 
pounding reservoir  is  :1,000.000,000  gals. 

.Average  analy.ses  of_  the  raw  .ind  filtered 
water  in  parts  per  million  are  as  follows : 

Raw.     Flllprf.i 

Chlorine    17.0  17j 

Color     150.0  1.'.  < 

Turtildltv    3.0               0.1' 

.Xlkallnlf.v   (to   erytliioslne) 10.0  12." 

.Mkallnlly    (to    phennlphthalein)  0.0               O.n 

Hardness    (sonp    test! 22.1  3S. 4 

CO.    ..    7.3               1.1 

The  treatment  of  the  raw  water  consists  of 
the  addition  of  two  grains  of  sulphate  of 
alumina  as  the  wafer  leaves  the  low  lift 
mimps  on  the  way  to  the  sedimentation  basins. 
There  are  two  basins  with  a  capacity  of  ."i,0(W,- 
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Fig,  2.  Cross  Section  of  Framing  for  Screen,    Charleston    Mechanical    Filter. 


pressure  than  the  service  pi|'e  can  stand.  .\ 
length  of  about  5(1  ft.  is  the  greatest  so  far 
cleaned  by  this  method  in   Boston. 

In  case  the  service  pipe  changes  in  diameter 
at  the  curb  line,  with  the  house  end  larger 
than  the  street  end,  the  wad  of  pa|)er  in 
moving  out  toward  the  main  would  soften 
and  accommfulate  itself  lo  the  smaller  area. 
The  wad  becomes  plastic  after  immersion. 
.At  first  the  wad  is  hard,  but  the  longer  it 
remains  in  water  the  softer  it  becomes,  and  it 
accommodates  itself  to  the  shape  of  the  pipe 
and  the  condition  that  it  meets. 


IKIO  gals.  e;ich.    The  water  is  pimiped  to  ba~ 
No.    1,   from   which   it   flows  through  a  2l-i 
pipe    into   basin    No.   2.    .As   the   water   Iea\ 
Iiasin  No.   1.  n.25  grains  per  gallon  of  sulnh.r 
of  alumina  are  added  as  a  recoagulant.    Troip 
basin   No.  2  it  tlows  by  iiravity  to  the  fillers. 
The  periofl  of  sedimentation  is  about  20  hour- 
in  each  basin,  or  a  total  period  of  sediment 
tion  of  10  hours. 

The  filter  plant  consists  of  twelve  woodi 
units,  with  a  capacity  of  500,000  gals,  each  i 
21  hours.  To  bring  up  the  alkalinitv  in  ll 
filtered  water,  0.75  grains  per  gallon  of  hydra- 
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ed  lime  are  added.  The  lime  solution  is  added 
to  the  tillered  water  in  the  flume  which  carries 
the  filtered  water  to  the  clear  water  basin  ot 
2,000,000  gals,  capacity. 

On  finding  the  strainers  incrusted  two  meth- 
ods of  cleaning  were  tried.  One  \yas  to  take 
the  strainers  out  and  clean  by  hand,  the  other 
was  to  immerse  the  strainers  in  a  nitric  acid 
solution.  In  30  days  the  strainers  were  again 
incrusted.  It  came  to  a  point  of  finding  a  sub- 
stitute for  the  strainers  or  a  new  system  ot 
underdrains. 

After  much  study,  and  consultation  wiUi  the 
American  Pipe  and  Construction  Co.  of  -l^nna- 
delphia,  the  following  scheme  was  tried.  It 
has  proven  a  success. 

\U  the  lateral  svstem  was  removed  from  the 
filters  New  lateral  pipes  were  capped  and 
drilled  with  y*  in.  holes  spaced  6  ins.  center 
to  center  These  were  placed  in  the  filters  with 
the  holes  turned  downward.  Then  a  system  ot 
stringers  of  wood  was  put  in  place  and  held 
bv  copper  nails.  In  the  bottom  and  around  the 
literals  6  ins.  of  %  to  1  in.  gravel  was  placed. 
On  this  4  ins.  of  large  pea  grave  ,  then  i  ms. 
of  small  pea  gravel  were  placed.  Over  this 
was  placed  copper  screening,  100  meshes  to  the 
square  inch,  nailed  with  copper  nails  passing 
through  copper  washers.  The  filters  were  filled 
to  the  required  depth  with  sand,  bee  i'lgs.  i 
and  "  for  full  details  of  the  new  underdrain 
system  The  new  underdrain  system  here  de- 
scribed has  given  entire   satisfaction. 

A  Discussion  of  Engineers'  Estimates 

as  They  Affect  the  Contractor. 

Some  of  the  deficiencies  of  the  general  run 
of  engineers'  estimates,  from  the  viewpoint  ot 
the  contractor  on  public  works,  were  pomtea 
out  bv  Mr.  P.  R.  Fletcher  of  Blue  Island  111., 
in  his  presidential  address  before  the  Illinois 
Association  of  Municipal  Contractors,  at  the 
1914  annual  convention  held  at  Chicago  on 
February  19.  The  following  matter,  ot  inter- 
est both  to  engineers  and  contractors,  is  taken 
from  Mr.  Fletcher's  paper. 

The  United  States  Government,  the  legisla- 
tures of  all  the  states,  the  officers  of  every 
city  village  and  town,  annually  levy  an  appro- 
priation to  pav  the  expenses  of  running  their 
respective  governments  for  the  succeeding 
year.  Every  railroad  company  and  industrial 
corporation 'in  like  manner  makes  an  estimate 
and  appropriation  for  their  corporate  ex- 
penses. This  must  be  done  in  order  to  keep 
the  cost  of  operation  and  maintenance  in 
reason  and  to  limit  the  entire  cost  to  a  fixed 
sum  of  monev  which  they  anticipate  receiving. 
In  like  manner  the  engineer  in  preparing  his 
estimate  of  the  cost  of  any  improvement 
should  with  care  and  deliberation  go  into  all 
details  and  arrive  finally  at  a  sum  which  will 
be  sufficient  to  pav  the  total  cost  of  this  im- 
provement and  all  expenses  connected  there- 
with This  estimate  should  be  ample  and  lib- 
eral to  allow  for  all  the  requirements  of  con- 
struction and  the  contingencies  which  might 
arise. 

There  is  occasionally  an  estimate  for  public 
work  in  the  territorv  in  vyhich  I  have  operated 
that  I  would  call  reasonable;  there  are  some 
that  are  fair,  more  that  are  low— and  some, 
very  low.  Engineers'  estimates  are  invariably 
low.  I  have,  therefore,  taken  for  my  text  the 
following  clause,  found  in  every  special  as- 
sessment proceeding  in  the  state  of  Illinois: 
"I  hcrebv  certifv  that,  in  my  opinion,  the 
above  estimate  does  not  exceed  the  probable 
cost  of  said  improvement  and  the  lawful  ex- 
penses attending  the  same  and  connected 
therewith."  ,  , 

In  that  one  word  "my"  lies  the  authority  for 
the  estimate,  the  value  of  the  estimate,  and 
whether  or  not  it  is  adequate  for  the  construc- 
tion of  an  improvement.  By  that  one  word 
the  state  of  Illinois  has  given  its  authority  to 
an  individual  to  carry  out  its  constructions 
and  to  prepare  an  estimate  for  vast  sums  of 
monev.  It  has  not  hampered  him  except  as  to 
the  word  "exceed"  and,  as  everything  is  left 
to  his  personal  opinion,  the  value  of  that  word 
is  negative.  . 

At    the    first"  sight    of    this    certificate,    one 


would  think  that  this  estimate  must  be  exactly 
what  the  proposed  work  would  cost,  and  could 
not  exceed  that  sum.  That  is  what  it  is  in- 
tended to  be,  but,  with  the  fluctuations  of  labor 
and  material,  and  other  causes,  estimates  vary 
a  great  deal,  and  if  not  made  with  due  care 
by  an  engineer  who  has  had  a  great  deal  of 
actual  experience  and  who  has  kept  cost  ac- 
counts on  construction  work,  will  often  prove 
insufficient. 

The  city  engineer  who  does  all  his  work  in 
one  city  becomes  familiar  with  all  the  condi- 
tions entering  into  the  cost  of  work  in  that 
city,  and  usually  makes  conservative  and  rea- 
sonable estimates.  On  the  other  hand,  if  he 
uses  the  same  schedule  of  prices  of  labor  and 
material  upon  going  to  some  other  city  or  vil- 
lage, the  estimate  may  vary  either  way,  and  if 
too    low    may    cause    the    non-letting    of    the 


contract. 


.■\gain, 


^uut.a...  -.5"-.  there  are  many  i"stances 
where  the  engineer  has  made  fair  and  liberal 
estimates,  according  to  his  judgment,  but  has 
been  compelled  to  lower  them  on  account  of 
the  opinions  of  some  members  of  boards  of 
local  improvement,  who  consider  the  estimate 
too  high  for  that  particular  locality.  Low 
estimates  often  result  in  the  failure  to  let  the 
contract  and  the  abandonment  of  the  proceed- 
ings, the  letting  of  the  contract  above  the 
estimate  necessitating  a  supplemental  assess- 
ment, or  the  letting  of  the  contract  to  unde- 
sirable contractors. 

Less  than  a  decade  ago  estimates  of  cost, 
both  by  engineer  and  contractor,  were  gener- 
ally mere  guesses.  Both,  however,  are  begin- 
ning to  realize  the  value  of  keeping  construc- 
tion costs.  Both  in  estimating  and  in  carry- 
ing on  construction,  methods  and  costs  are 
taken  into  consideration,  so  that  a  better  un- 
derstanding now  exists  as  to  the  difficulties  to 
be  overcome  in  construction  work. 

Though  every  engineer  and  contractor  has 
a  dift'erent  method  of  making  estimates  of 
costs,  in  the  main  and  important  details  they 
are  similar.  For  example,  any  one  estimating 
the  cost  of  concrete  per  cubic  yard  can  obtain 
prices  from  the  dealers  on  the  aggregate, 
sand,  cement,  steel  and  lumber.  The  exact 
amount  of  each  material  needed  for  a  cubic 
yard  can  be  calculated  and  set  down  without 
any  guessing.  There  are  only  two  items— 
the  cost  of  mixing  and  placing  and  the  cost 
of  erecting  and  removing  forms,  both  items 
of  labor— that  remain  to  be  estimated.  By 
consulting  some  practical  concrete  man  who 
does  this  kind  of  work,  or  taking  it  from  cost 
records,  the  estimator  can  ascertain  the  cost 
of  these  items.  Adding  to  it  allowances  for 
plant  and  general  expenses,  the  contractor  s 
legitimate  profit  and  discount  of  paper,  he  has 
a  fairly  accurate  estimate.  This  method  re- 
duces guesses  to  a  minimum,  and  instead  of  a 
guess  in  a  lump  sum,  what  little  must  be  done 
is  confined  to  a  few  items,  generally  a  small 
per  cent  of  the  whole.  Those  who  follow  this 
method  and  do  much  estimating  will  soon 
learn  the  various  man  and  machine  units  of 
work  per  hour  or  per  day,  so  that  the  only 
rncertain  element  of  labor  cost  will  be  the 
fluctuation  of  wages. 

There  are  many  conditions  which  affect  the 
fluctuations  of  wages.  Men  may  be  plentiful 
when  a  job  starts,  but  wages  may  increase, 
due  to  the  beginning  of  other  work  in  the 
same  locality  or  generally  good  business  con- 
ditions, and  labor  become  dilTicult  to  obtain. 
In  many  cities,  labor  unions  are  in  control  of 
the  situation  and  a  union  scale  of  prices  is  in 
effect  and  must  be  met.  In  many  smaller  vil- 
lages and  cities,  no  satisfactory  floating  supply 
of  labor  is  to  be  obtained.  The  contractor 
must  import  laborers  and  provide  a  place  to 
sleep  and  feed  them,  an  added  cost  on  small 
contracts.  Wages  paid  to  local  labor  are  al- 
ways higher  for  an  outside  contractor  than 
the  prevailing  local  scale,  usually  about  a  2o 
per  cent  increase. 

Local  laws  may  also  affect  the  labor  costs. 
City  ordinances  imposing  regulations  on  rnaxi- 
mum  loads,  etc.,  may  increase  the  cost  of  the 
work.  The  engineer  must  look  fully  into  the 
wages  paid  in  anv  locality  where  work  is  to 
be  done  and  also  into  the  many  conditions 
which  might  arise. 


IMPORTANCE  OF  ALLOWING  FOR  CONTINGENT 
COSTS. 

In  the  case  of  materials  to  be  used,  there 
should  never  be  any  guess  work  as  to  their 
cost.  Before  the  estimate  is  compiled,  prices 
of  all  materials,  based  on  the  approximate 
amount  needed,  should  be  obtained  in  writing 
from  the  manufacturers  or  dealers.  In  the 
request  for  such  prices,  it  should  be  stated 
what  the  materials  are  for,  and  about  when 
and  where  they  will  be  required. 

Every  contractor  is  familiar  with  the  items 
of  contingent  cost  encountered  in  nearly  every 
specification.  He  reads  them  over  and  says  to 
himself,  "Oh,  that  isn't  much;  that  doesn't 
amount  to  anything."  It  does  not,  if  there 
were  only  one ;  but,  taken  in  the  aggregate  and 
put  into  dollars  and  cents,  it  represents  a  large 
item  of  cost.  If  he  does  not  figure  it,  his 
profit  is  reduced;  and  the  probable  reason  he 
has  never  figured  it  out  is  that  he  could  not 
get  his  bid  under  the  engineer's  estimate  if 
he  had— for  the  very  reason  that  the  engineer 
had  omitted  it  also.  Here  is  the  big  question: 
"Do  engineers  ever  figure  the  contingent  cost 
and  add  it  to  their  estimated  cost?"  I  believe 
that  here  is  the  true  reason  why  many  esti- 
mates are  too  low. 

The  following  items  of  contingent  cost  enter 
into  nearly  every  contract:  1,  Expense  of 
looking  over  the  proposed  work,  attending  the 
letting  and  closing  the  contract,  if  successful; 
2,  Attorney's  opinion  as  to  legality  of  the 
special  assessment  proceedings  and  bond  is- 
sue; 3,  Cost  of  the  surety  bond;  4,  Cost  of 
maintenance  bond;  5,  Cost  of  the  liability  in- 
surance policy;  0,  Moving  outfit  to  and  from 
the  work;  7,  Plant  maintenance;  8,  Tools  lost, 
broken  and  stolen;  9,  Wasted  material;  10, 
Demurrage;  11,  Losses  due  to  weather  condi- 
tions and  damages  of  the  elements;  12,  Pay 
roll  and  expense  of  outfit  in  rainy  weather; 
13,  Pay  roll  of  superintendent  and  foreman 
for  three  months  of  the  year,  when  not  at 
work;  14,  Local  charges  for  use  of  water; 
15,  Broken  drain  or  water  pipes;  IC,  Unfore- 
seen damages  to  walks  and  private  property; 
17,  Cost  of  inspection  of  materials;  18,  Stakes 
and  help  for  the  engineer;  19,  Barriers  and 
red  lights;  20,  Lost,  torn  or  damaged  cement 
bags;  21,  Being  a  good  fellow. 

I  could  explain  each  of  these  items  more 
fully,  but  the  mere  mention  of  them  will  sug- 
gest manv  instances  to  every  contractor.  Every 
one  of  these  items  enters  into  the  cost  of  an 
improvement.  Each  is  as  much  an  item  of 
cost  as  labor  and  material.  Taken  separate  y. 
they  amount  to  but  a  small  sum,  but  in  the 
aggregate  they  total  from  10  to  15  per  cent  of 
the  cost  of  an  improvement.  How  many  en- 
gineers take  cognizance  of  these  items  and  in- 
clude them  in  their  estimate?  Yet  their  speci- 
fications and  contracts  call  for  them. 

No  business  can  succeed  without  profits,  and 
no  contracting  company  can  succeed,  and  stay 
in  business,  without  them.  This  leads  to  the 
question,  "What  constitutes  a  fair  net  return 
on  municipal  work?' 

The  contractor's  profit  depends  on  the  price 
he  bids  for  the  contract,  and  often  varies  for 
the  same  class  of  work.  In  early  spring  he 
may  bid  very  low,  to  get  his  organization 
readv  for  the  season,  especially  if  he  carried 
no  work  over  from  the  preceding  year.  Later 
on  he,  perhaps,  obtains  contracts  at  legitimate 
prices,  thus  averaging  up  on  the  year's  busi- 
ncss. 

On  force  account  work,  with  every  facility 
at  hand  to  do  work,  the  usual  allowance  for 
use  of  tools  and  profit  is  15  per  cent.  Gil- 
lette figures  profit  on  the  basis  of  10  per  cent 
on  the  cost  of  material  and  33%  per  cent  on 
the  cost  of  labor.  This  would  probably  aver- 
age about  20  per  cent  on  the  whole  contract. 
Contractors  for  municipal  work  are  paid  in 
cash  or  bonds.  The  occasions  when  they  are 
paid  in  actual  currency  are  so  rare  that  thev 
need  not  be  discussed.  These  bonds  are  of 
two  kinds:  the  municipal  bond,  guaranteed  by 
the  citv  or  village  as  a  whole ;  and  the  special 
assessment  bond,  issued  liy  the  city  or  village 
in  anticipation  of  the  collection  of  the  tax 
upon  each  lot  or  parcel  of  land  benefited  by 
the  proposed  improvement.  Here  are  two 
classes  of  bonds  issued   by   the  same  city  or 
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village  for  the  payment  of  the  same  class  of 
work,  each  drawing  5  per  cent  interest,  each 
taken  by  the  contractor  at  par,  yet  of  very 
different  market  value. 

The  special  assessment  law  of  the  state  of 
Illinois  is  considered  very  much  superior  to 
the  similar  laws  in  Iowa,  Wisconsin  and  In- 
diana, irrespective  of  the  fact  that  where  only 
5  per  cent  interest  is  paid  in  Illinois,  G  per 
cent  is  paid  in  these  other  states.  The  special 
assessment  bonds  of  these  states  readily  sell 
for  par,  owing  to  the  increased  rate  of  return 
on  the  investment,  and  the  public  buys  them 
for  the  reason  of  that  particular  attraction. 
The  Illinois  bonds  assessed  on  relatively  the 
same  kinds  of  property  are  sold  at  a  discount 
of  from  -5  to  10  cts.  on  the  dollar,  in  order  to 
net  an  average  of  6  per  cent  or  more  for  the 
time  that  they  have  to  run. 

Here,  then,  we  see  the  property-holders  pay- 
ing nominally  -5  per  cent  on  an  inflated  cost  of 
an  improvement  according  to  the  state  law, 
but  paying  6  per  cent  or  more  on  the  actual 
cost.  This  difference  of  cost  of  the  work,  or- 
dinarily termed  discount,  must  be  added  to  the 
engineer's  estimate  as  a  part  of  the  cost  of  an 
improvement.  This  discount  is  not  always  5 
per  cent,  but  varies  as  the  money  market 
changes.  When  money  is  plentiful,  bonds 
can  be  marketed  at  95,  but  during  the  last 
year  many  have  sold  for  less,  if  they  could 
be  sold  at  all. 

Special  assessments  are  levied  against  every 
lot  or  parcel  of  land  benefited  by  the  improve- 
ment, according  to  such  benefits,  and  the  as- 
sessment must  be  equitable.  The' amounts  so 
assessed  are  spread  irrespective  of  the  value 
of  the  lot  or  the  owner  thereof.  If  the  prop- 
erty assessed  is  improved,  the  value  is  greater 
and  the  security  behind  the  bond  is  increased. 
If  the  property  is  vacant  and  poor  in  value,  it 
has  a  tendency  to  decrease  the  security  of  the 
bond,  unless  it  is  so  located  that  its  improve- 
ment or  the  growth  of  adjoining  property  en- 
hances  its   value. 

Again,  many  assessments  are  spread  against 
property  which  has  been  sold  for  taxes  and 
been  forfeited  to  the  state.  In  this  case  the 
state  pays  no  special  assessments.  Hence,  in 
looking  over  proposed  improvements  before 
the  letting,  the  contractor  usually  examines  the 
assessment  and  if  he  finds  property  forfeited 
to  the  state  it  reduces  the  amount  available  for 
the  construction  of  the  improvement  by  the 
total  amount  of  the  forfeitures.  If  the  esti- 
mate, after  taking  off  the  forfeitures,  is  too 
low  to  do  the  work,  the  contractor  either  must 
not  bid  at  all  or  else  must  bid  above  the  esti- 
mate. From  these  facts  it  follows  that  it 
should  be  the  duty  of  the  engineer  to  look 
over  property  before  making  his  estimate,  to 
ascertain  its  condition,  and  make  his  esti- 
mates accordingly. 

THE    VALUE    OF    BO.VDS. 

The  first  duty  of  the  contractor,  when  he 
receives  bonds  for  work,  is  to  see  that  they 
are  good.  He  must  depend  upon  the  expert 
attorney  to  advise  him.  But  such  advice, 
however  favorable,  will  not  force  a  property 


holder  to  pay  his  tax  for  an  improvement,  nor 
will  it  force  the  state  to  pay  a  tax  upon  a  lot 
which  has  been  forfeited  to  the  state  for  non- 
payment of  taxes.  No  special  assessment 
bond  becomes  forfeited  if  every  lot  or  parcel 
of  land  pays  its  tax.  If  property  that  is  as- 
sessed for  special  assessment  improvements 
is  clear  as  to  title  and  is  worth  as  much  or 
more  than  the  assessment,  there  is  not  much 
doubt  of  the  assessment  being  paid.  It  is  this 
doubt  or  possible  chance  of  a  forfeiture  that 
bankers  and  bond-buyers  shy  away  from. 
They  use  it  as  a  club  to  force  the  contractor  to 
sell  his  bonds  at  their  price.  After  having  the 
opinion  of  the  expert  and  of  their  own  legal 
talent  as  well,  they  send  representatives  to 
look  over  the  property  assessed,  and  if  there 
is  no  possible  chance  of  a  loss,  the  contractor 
may  be  offered  9.5  per  cent,  if  30  per  cent  of 
the  property  is  vacant,  92  per  cent.  If  there 
is  a  forfeited  lot,  he  will  get  no  offer  at  all. 

I  am  going  to  suggest  two  remedies  that  I 
am  positive,  if  made  law,  would  have  a  good 
effect  on  the  market  value  of  these  bonds. 
.\s  they  depend  upon  the  engineer's  estimate 
they  may  properly  be  included  here. 

First,  the  engineer's  estimate  should  be  am- 
ple ;  enough  so  that  after  paying  the  contract 
and  the  6  per  cent  allowed  by  law  for  the  ex- 
penses of  making  the  assessment,  court  costs, 
etc.,  there  would  be  left  a  residue.  Our  pres- 
ent law  requires  that  after  the  cost  of  an  im- 
provement is  determined,  the  residue  shall  be 
rebated  to  the  property  holders  before  they 
pay  their  assessments.  They  pay  only  what 
is  actually  required.  My  suggestion  is  that 
no  rebate  shall  be  made  until  the  final  bond  is 
paid.  I  contend  that  if  the  property  owner 
elects  to  take  five  or  ten  years  to  pay  his 
debt,  he  should  pay  all  expenses  connected 
with  it.  I  contend  that  the  contractor  should 
not  assume  the  collection  nor  stand  the  re- 
sponsibility of  the  non-collection  of  special  as- 
sessments. If  there  w'ere  a  residue  or  reserve 
left  in  the  special  assessment  fund,  over  and 
above  the  obligation  or  requirements  of  that 
assessment,  it  would  undoubtedly  go  far  as  a 
guarantee  tow-ard  insuring  the  full  payment  of 
every  bond  and  the  interest  thereon,  in  case  of 
a  possible  default  in  the  payment  of  some  in- 
stallment. 

Secondly,  6  per  cent  is  allowed  by  law  to 
reimburse  general  fund  accounts  for  cash  ad- 
vanced on  account  of  the  expenses  of  levying 
all  assessments,  and  this  G  per  cent  is  always 
drawn  from  the  first  installment.  Thereafter 
there  is  no  fund  to  pay  any  e.xpenses  which 
may  develop  on  account  of  the  special  assess- 
ment. If  some  of  the  property  holders  pay 
their  assessment  in  full,  the  interest  stops  on 
their  portion  but  the  bonds  continue  to  run 
until  called.  Here  is  a  loss  of  interest  and  no 
fund  to  pay  it.  There  might  be  a  default  on 
some  payment  of  an  assessment  and  no  fund 
to  pay  it.  The  bonds  are  obligations  of  all 
the  property  holders,  and  inasmuch  as  the 
state  has  seen  fit  to  assess  them  G  per  cent 
tor  the  making  of  an  assessment,  I  can  see  no 
valid  reason  why  another  assessment  of,  say. 


5  per  cent,  should  not  be  levied  and  held  as  a 
sinking  fund  or  reserve  to  pay  the  loss  of  in- 
terest and  forfeiture,  if  any,  and  at  the  final 
payment  of  the  last  bond  to  be  rebated  to  the 
property  holders. 

The  assessing  and  creation  of  this  reserve 
will,  in  my  opinion,  bring  the  value  of  special 
assessment  bonds  to  a  higher  plane  as  mar- 
ketable and  investment  securities.  Contrac- 
tors who,  in  bidding  heretofore  have  figured 
a  return  of  90  to  95  cts.  on  the  dollar,  would, 
it  these  provisions  were  a  law,  be  able  to  fig- 
ure on  the  basis  of  nearly  par.  If  the  crea- 
tion of  this  reserve  acts  as  I  think  it  will,  I 
cannot  see  that  the  property  holder  eventually 
pays  any  more  than  he  does  at  the  present 
time.  What  he  i.ow  pays  for  as  discount  will 
be  offset  by  the  increased  value  of  the  bond. 

The  present  state  law  requires  that  interest 
shall  be  paid  upon  all  of  an  assessment  except 
improvements  put  in  upon  the  one-year  plan. 
There  are  a  great  many  such  improvements, 
so  small  in  total  amount  as  to  dollars  and 
cents  that  it  is  impossible  to  make  them  in  5 
or  10  installments,  where  each  installment 
must  be  a  multiple  of  $100.  Very  often  these 
improvements  are  put  in  in  the  early  part  of 
the  season  or  late  in  the  fall,  and  in  either 
case  the  contractor  must  wait  a  year  or  year 
and  a  half  for  his  money  without  interest.  1 
believe  the  laws  should  be  amended  so  that 
this  kind  of  paper  would  bear  interest,  put- 
ting it  in  the  marketable  class  of  securities. 

There  seems  to  be  a  dark  cloud  in  our  spe- 
cial assessment  law  in  regard  to  interest  on 
the  first  installment  where  there  are  deferred 
installments.  The  ordinance  usually  sets  forth 
that  all  installments  except  the  first  shall  draw- 
interest  at  the  rate  of  5  per  cent,  yet  all  muni- 
cipalities collect  the  interest  on  the  first  as 
well  as   on   successive  installments. 

Some  municipalities  issue  vouchers  on  the 
first  installment  which  bear  no  interest,  but 
more  of  them  issue  those  bearing  interest. 
The  former  apparently  have  the  law  with 
them ;  the  latter  do  it  because  they  think  it 
fair  and  honest,  believing  that  as  long  as  they 
collect  the  interest  on  the  installment  they 
should  in  turn  pay  it  out  on  the  voucher  or 
bond.  The  special  assessment  law  should  be 
so  amended  that  all  installments  shall  bear 
interest  and  that  all  vouchers  issued  against 
the  first  or  succeeding  installments  shall  draw- 
interest. 

Summing  up,  an  engineer's  estimate,  to  be 
fair,  conservative  and  reasonable,  must  be 
based  on  the  following: 

1.  The  actual  cost  of  material  and  labor. 

2.  Contingent  costs,  amounting  to  from  10 
to  15  per  cent  of  the  above. 

3.  Contractor's  profit,  amounting  to  from  10 
to  30  per  cent  of  the  first  two  items.  This 
will  vary  according  to  whether  the  contract  is 
hazardous  and  difficult,  rcouiring  a  large 
amount  of  special  equipment,  or  whether  it  is 
comparatively  easy,  requiring  but  little  equip- 
ment. 

4.  Allowance  for  converting  the  bonds  into 
cash,  amounting  to  at  least  10  per  cent  of  the 
total  amount  of  the  contract. 
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Synopsis  of  Hearings  on  the  Present 

Status  of  Reclamation  Projects. 

The  subcommittee  of  the  committee  on  ap- 
propriations in  charge  of  permanent  appro- 
priations has  presented  a  majority  and  a 
minority  report  on  its  findings  from  the  evi- 
dence developed  by  hearings.  The  subjects 
discussed  in  this  report  are  of  direct  interest 
to  irrigation  engineers,  and  we  reprint  the  re- 
port in  full  as  follows: 

MAJORITY    REPORT. 

The  hearings  thus  far  have  shown  the  need 
for  closer  supervision  by  Congress  over  the 
expenditures  of  the  Reclamation  Service.  The 
reclamation  act  has  been  in  existence  12  years. 
Irrigation  projects  have  reached  a  state  which 


is  described  in  current  engineering  journals 
;is  "stagnation." 

Thirty-one  projects,  including  three  Indian 
project!!,  have  been  begun.  Only  two  or  three 
arc  nominally  completed.  The  rest  are  in 
various  stages  of  construction  ;  some  arc  less 
than  10  per  cent  completed. 

The  gross  area  included  in  the  projects  is 
3,000,000  acres,  but  by  the  elimination  of  non- 
irrigable  land  the  net  area  is  2,II7,06G  acres. 
Of  this  area  about  700,000  acres  .ire  now  tin- 
der cultivation  and  the  Reclamation  Service 
is  prepared  to  furnish  water  to  about  500,000 
acres  more  for  which  at  present  there  is  no 
demand  by  settlers. 

The  original  reclamation  act,  passed  in  1902, 
set  aside  the  receipts  from  the  sales  of  pub- 


lic lands  in  the  States  of  .Arizona,  California, 
Colorado,  Idaho,  Kansas,  Montana,  Nebraskn, 
New  Mexico,  North  Dakota,  Oklahoma,  Ore- 
con,  South  Dakota,  Utah,  Washington,  and 
Wyoming  as  a  reclamation  fund.  In  the  de- 
bates in  Congress  at  the  time  it  was  estimated 
that  this  fund  would  amount  in  the  10  years 
following  the  passage  of  the  law.  to  about 
$.30.(HiO.O0O.  It  was  the  plan  of  the  statute  that 
the  cost  of  each  project  should  be  repaid  to 
the  fund  by  the  settlers  in  10  annual  install- 
ments, and  the  fund  thus  renewed  should  be 
used  in  the  construction  of  other  projects.  The 
whole  liability,  actual  and  contingent,  on  the 
Federal  treasury  was  limited  by  plain  intent 
to  this  fund.  While  the  Reclamation  Service, 
with  the  assent  of  the  Secretary  of  the  Inte- 
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rior,  was  clothed  with  power  to  engage  in  the 
construction  of  irrigation  projects  without 
limit  on  the  number  or  cost,  the  plain  duty 
was  imposed  not  to  start  so  many  projects 
or  increase  their  cost  to  such  an  extent  that 
they  could  not  be  completed  with  the  funds  set 
apart  by  Congress.  The  intent  of  the  law  has 
been  violated  in  every  important  respect.  The 
estimates  have  not  been  kept  within  the  funds 
set  apart,  and  the  revolving  feature  of  the  fund 
has  Ijeen  abandoned. 

The  original  estimate  of  receipts  from  the 
sale  of  public  lands  for  the  years  1901  to  1910, 
inclusive,  was  $30,000,000.  The  actual  receipts 
were  more  than  double  that  sum,  $65,370,802.- 
75.  From  1901  to  1913,  inclusive,  the  receipts 
from  public  lands  turned  into  the  reclamation 
fund  were  $80,901,759.94.  This  was  greater 
than  could  have  been  expected,  but  was  not 
great  enough  to  keep  pace  with  the  increased 
cost  of  the  irrigation  projects.  The  capital 
investment  in  reclamation  projects  to  the  pres- 
ent fiscal  vear  is  $110,000,000.  It  will  cost,  at 
the  lowest  estimate,  $40,000,000  additional  to 
complete  the  incomplete  projects.  Thus  the 
lowest  estimate  of  the  cost  of  completing  the 
present  incompleted  projects  is  five  times  as 
great  as  the  fund  originallv  contemplated.  But 
the  estimate  of  $150,000,000  to  complete  the 
present  projects  is  too  low.  It  will  approach 
more  nearly  $200,000,000. 

The  act  of  June  25,  1910,  provided  that  a 
board  of  army  engineers  should  examine  the 
projects  and  report  which  of  them  were 
worthy  of  comnletion  and  the  estimated  cost 
to  complete.  The  report  of  the  army  engi- 
neers was  sent  to  Congress  January  6.  1911, 
and  is  House  Document  No.  1262,  Sixty-first 
Congress,  third  session.  At  the  date  of  that 
report  the  capital  investment  in  the  projects 
was  only  $53,781,302.88.  The  total  cost  of 
completing  the  projects  according  to  the  army 
engineers  was  placed  at  $150,277,090.  It  is  ap- 
parent that  the  projects  can  not  now  be  com- 
pleted for  that  sum.  In  the  four  projects 
which  have  been  examined  in  detail  the  final 
estimate  now  made  by  the  reclamation  engi- 
neers exceeds  in  every  case  the  estimate  of 
the  army  engineers.  The  following  table  gives 
the  original  authorized  expenditure,  the  esti- 
mated costs  set  by  the  army  engineers  in  1910, 
and  the  estimate  now  fixed  by  the  reclamation 
engineers  in  1914  : 

Authorized      .^rmy  Final 

cost.       enffineei'S.      estimate. 

1.  Salt   River..   $3,806,000     $9, 66.';, 000  $11,862,972.46 

2.  Yuma   3,000.000       7,700,462       9,899.495.96 

3.  Orland     650.000  607,335  936,000.00 

4.  Gnd.    Valley     3.600.000       3.621.663       4,595,020.00 


$11,056,000  $21,594,460  $27,293,488.42 

It  will  thus  be  seen  that  the  final  estimate 
now  given  bv  the  reclamation  engineers  is  two 
and  one-half  times  the  authorized  cost  and  is 
nearly  $6.000, f^OO  greater  than  the  estimate  of 
the  army  engineers  in  1910.  It  is  safe  to  say, 
therefore,  that  the  projects  will  cost  more 
nearly  $200,000,000  than  the  $150,000,000  esti- 
mated by  the  army  engineers.  The  reasons 
for  this  increase  are  various.  One  element  is 
the  increased  cost  of  construction,  labor,  ma- 
terials, etc.  This  is  not  the  principal  element, 
however.  The  largest  factor  is  that  the  gov- 
ernment has  undertaken  the  construction  of 
distributing  ditches,  laterals,  power  develop- 
ment, pumping  and  other  sui>plemental  fea- 
tures which  were,  according  to  the  original 
plans,  to  be  assumed  and  constructed  by  the 
landowners  themselves.  Experience  has  de- 
veloped .nn  additional  problem  that  must  he 
handled  by  the  Federal  government.  Most 
of  the  projects  have  developed  seepage  by 
which  the  land  becomes  water-locged  and 
swampy.  Larcc  bodies  of  land  are  thus  made 
unfit  for  cultivation,  and,  of  course,  unable 
to  contribute  to  the  cost  of  the  project  until 
restored  by  a  system  of  drainage.  This  draiii- 
aee  may  be  done  in  some  cases  by  main 
ditches,  but  in  some  cases  must  go  to  the  ex- 
tent of  tiling  each  farm  unit  affected.  In  all 
it  represents  a  substantial  increase  of  the  cost 
of  the  project. 

The  evidence  indicates  that  the  greater  per- 
centace  of  the  land  under  the  irrigation  proj- 
ects is  still  in  the'  hands  of  speculators,  only 


the  smaller  fraction  being  in  the  possession  of 
actual  settlers. 

By  the  act  of  June  25,  1910,  Congress  au- 
thorized the  advance  of  $20,000,000  out  of  the 
treasury  to  the  reclamation  fund,  to  be  paid 
by  certificates  of  indebtedness.  The  advance 
has  been  made  to  the  full  amount,  but  no 
certificates  of  indebtedness  or  bonds  have  been 
issued.  The  last  of  this  money  will  be  spent 
the  current  fiscal  year.  The  receipts  from 
public  lands  are  steadily  going  down.  They 
reached  their  highest  point  in  1908,  when  about 
$10,000,000  was  turned  into  the  reclamation 
fund  from  that  source.  In  1914  the  amount 
had  fallen  to  about  $4,000,000  and  will  de- 
crease still  further.  The  receipts  from  the 
sale  of  public  lands,  together  with  repay- 
ments by  settlers  into  the  reclamation  fund, 
will  not  exceed  $7,000,000  a  year  in  the  imme- 
diate future.  This  will  not  be  sufficient  to 
complete  all  the  projects  now  undertaken  at 
the  present  rate  of  progress.  At  the  same 
time  constant  local  pressure  is  being  exerted 
to  induce  the  government  to  begin  new  proj- 
ects or  to  take  over  bankrupt  private  projects 
or  Carey  Act  projects. 

Even  so  recently  as  September  23,  1912.  Sec- 
retary Fisher  authorized  the  construction  of 
a  new  project — Grand  Valley  in  Colorado — 
which  will  cost  $4,500,000  and  which  is  now 
proceeding  as  rapidly  as  the  others.  The  Sec- 
retary should  have  known  that  two  vears  be- 
fore— in  1910 — the  Board  of  .Armv  Engineers 
had  reported  that  the  service  was  $40,000,000 
short  of  the  amount  of  funds  necessary  to 
complete  the  projects  then  undertaken. 

In  view  of  these  facts  the  committee  be- 
lieves that  no  new  legislation  should  be  en- 
acted relating  to'  the  Reclamation  Service  with- 
out providing : 

First.  That  annual  estimates  be  submitted 
to  Congress  of  the  expenditures  of  the  Rec- 
lamation  Service;   and 

Second.  That  no  new  projects  be  begun 
without  express  authority  of  Congress, 

Committee:  Wm.  P.  Borland,  George 
White,  Wooda  N.  Carr,  B.  F.  Mahan. 

MINORITY   REPORT, 

The  undersigned  members  of  the  subcom- 
mittee of  the  Committee  on  .Vppropriations 
which  has  been  conducting  hearings  with  a 
view  of  securing  information  relative  to  proj- 
ects constructed  under  the  reclamation  act 
can  not  agree  with  manvof  the  statements  con- 
tained in  the  so-called  "Synopsis  of  Hearings" 
si.ened  by  the  chairman  and  majority  of  the 
subcommittee  or  approve  the  conclusions 
drawn  from  such  statement.  If  the  major- 
ity were  accurate  in  their  statement  of  facts 
their  recommendations  would  aflFord  an  alto- 
gether inadequate  remedy. 

The  hearings  on  which  the  so-called  "syn- 
opsis" was  based  were  neither  detailed  nor 
exhaustive.  They  did  not  cover  any  one  proj- 
ect of  the  31  on  which  work  has  been  done 
thoroughly  or  compktely.  A  majority  of  the 
projects  with  regard  to  which  inquiries  were 
made  were  treated  only  in  a  general  way  and 
very  briefly,  and  a  number  of  projects  were 
not  even  referred  to.  It  is  perhaps  not  strange 
that  such  limited  investigation,  unaided  by 
fanuliarity  with  the  subject,  should  have  led 
the  majority  into  errors  of  fact  and  opinion. 

The  synopsis  contains  a  nimiber  of  state- 
ments of  allccred  facts  which  would  present  a 
serious  situation  if  justified  by  the  hearings, 
the  more  important  of  which,  taking  them  up 
in  lopic-il  order,  are  as  follows: 

1.  That  the  intent  of  the  reclamation  law- 
has  I)«en  violated  in  every  important  respect 
and  especially  in  undertaking  too  many  proj- 
ects. 

2.  That  "the  estimates  have  not  been  kept 
within  the   funds  set  apart." 

3.  That  "the  revolving  feature  of  the  fund 
has  been  abandoned." 

4.  That  "the  greater  percentage  of  the  land 
under  the  irrigation  projects  is  still  in  the 
hands  of  the  speculators,  only  the  smaller  frac- 
tion being  in  the  possession  of  actual  settlers." 

5.  That  "irrication  proiects  have  reached  a 
state  which  is  described  in  current  engineer- 
ing journals  as  stagnation." 

6.  That  the  Reclamation  Service  is  pre- 
pared  to   furnish   water  to  about   half  a   mil- 


lion  acres   "for   which   at   present   there   is   no 
demand  by  settlers." 

The  conclusion  of  the  majority  is  as  fol- 
lows: 

In  view  of  these  facts  the  committee  be- 
lieves that  no  new  legislation  should  be  en- 
acted relating  to  the  Reclamation  Service  with- 
out providing,  first,  that  annual  estimates  be 
submitted  to  Congress  of  the  expenditures 
of  the  Reclamation  Service,  and,  second,  that 
no  new  projects  be  begim  without  express  au- 
thority of  Congress. 

Taking  up  these  matters  in  the  order  Stated, 
the  first  allegation  is  that  the  law  was  violated 
by  taking  up  too  many  projects.  The  reclam- 
ation law  did  not  limit  the  discretion  of  the 
Secretary  of  the  Interior  in  the  numbc-  ol 
projects  to  be  undertaken,  but  unquestionably 
did  intend  to  limit  the  liability  of  the  govern- 
ment to  the  receipts  from  the  sale  of  public 
lands,  whatever  that  might  be.  Public  lands 
receipts  increased  rapidly  after  the  passage  of 
the  reclamation  law  and  from  time  to  lime 
new  proiects  were  undertaken.  The  receipts 
from  this  source  turned  into  the  reclamation 
fund  have  amounted,  as  the  majority  state, 
to  nearly  $81,000,000. 

When  these  projects  were  undertaken  the 
majority  of  them  were  planned  on  a  miuch 
smaller  scale  than  they  were  afterwards  car- 
ried out  or  are  proposed  to  be  extended.  Noth- 
ing could  be  more  in  harmony  with  the  let- 
ter or  the  spirit  of  the  law  than  the  plannine, 
and,  as  funds  were  available,  the  extension  of 
projects  to  their  vyidest  possible  extent.  The 
distribution  of  the  projects  throughout  the 
arid  region  in  the  states  named  in  the  act  was 
clearly  the  intent  of  the  law.  By  a  later  en- 
actment Congress  brought  Texas  within  the 
law,  and  thus  laid  an  additional  burden  of 
about  $10,000,000  on  the  reclamation  fund,  with 
no  increase  of  revenue. 

Because  settlers  had  gone  upon  lands  with- 
drawn under  the  reclamation  act  in  anticipa- 
tion of  their  early  reclamation  Congress  made 
a  loan  of  $20.000',000  to  the  reclamation  fund. 
This  was  needed  not  because  there  were  too 
many  projects,  but  because  under  the  plan 
which  the  law  ori,ginally  provided  settlers 
were  justified  in  expecting  speedy  reclamation 
of  their  lands. 

With  the  fund  available  and  the  returns  pro- 
yided  by  law,  it  was  well  within  the  discretion 
of  the  Secretary  of  the  Interior  to  start  a 
number  of  projects,  thus  proyidin.g  opportu- 
nity for  each  to  gradually  develop  in  accord- 
ance with  the  surrounding  conditions.  Ex- 
perience has  shown  that  it  would  have  been 
unwise  had  the  Secretary  built  and  completed, 
say.  only  one-third  of  the  projects  \yhich  have 
now  been  successfully  initiated.  Neither  the 
law  nor  the  spirit  of  the  law  has  been  violated, 
as  in  each  case  funds  have  been  available  for 
completion  of  the  first  and  important  units  of 
the  work. 

The  statement  that  it  will  cost  at  the  lowest 
estimate  $-10,000,000  additional  to  complete  the 
uncompleted  projects  is  based  on  the  assump- 
tion that  all  of  the  new  units  proposed  or  sug- 
gested will  he  idtimately  built.  The  evidence 
has  shown  that,  while  most  of  the  proposed 
units  arc  clesirable,  thev  may  not  be  built  by 
the  Secretary  of  the  Interior  unless  certain 
fayoraI)le   conditions   continue   or  develop. 

The  units  of  each  project  already  built  are 
in  many  cases  more  or  less  independent  of 
proposed  extensions  included  in  this  $40,000,- 
000  or  any  other  sum.  The  conditions  are 
similar  to  that  of  a  railroad  system,  where  the 
covernnient  has  built  a  main  line  and  some  of 
the  feeders.  While  idtimately  other  feeders 
are  desirable  and  should  be  built,  the  fact 
that  they  are  not  immediately  constructed 
does  not  prevent  the  main  line  and  otber  por- 
tions already  in  use  from  being  of  great  bene- 
fit. 

It  is  suggestel  that  the  estimate  of  $150,000  - 
000  to  complete  present  proiects  is  too  little, 
and  that  it  \yill  approach  nearer  S200.000.000. 
There  is  nothinc  brought  out  in  the  hearinsi 
to  indicate  this  likely  to  be  the  fact.  Each  of 
these  proiects  is  a  growing,  devclopin.c  enter- 
prise, which  is  being  added  to  from  time  to 
time  bv  the  Secretary  of  the  Interior  as  need- 
ed,  and   which   it   is   to   be   assumed  is   bein.g 
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limited  by  the  Secretary  of  the  Interior  in  ac- 
cordance with  careful  studies  of  prevailing 
conditions. 

The  estimate  of  $7,000,000  per  year  from 
the  sale  of  public  lands  in  the  immediate  fu- 
ture, while  not  sufficient  to  complete  all  of  the 
units  which  have  been  proposed  at  any  early 
date,  yet  will  enable  progress  to  continue  and 
to  a  considerable  extent  will  keep  up  the 
growth  of  communities. 

It  is  true  that  constant  local  pressure  is  be- 
ing e.xerted  to  induce  the  government  to  begin 
new  projects  or  to  take  over  bankrupt  pri- 
vate projects  or  Carey  Act  projects.  This 
pressure  will  doubtless  continue  It  is  the 
strongest  possible  tribute  to  the  fact  that  the 
work  undertaken  under  the  terms  of  the  rec- 
laynation  act  is  appreciated,  that  it  has  been 
successfully  conducted,  that  it  is  steadily  build- 
ing up  communities,  and  that  the  use  of  the 
reclamation  fund  is  adding  to  the  number  of 
homes  available  for  citizens  of  limited  means. 
The  second  charge  is  that  "the  estimates 
have  not  been  kept  within  the  funds  set  apart." 
We  are  not  entirely  clear  as  to  what  the  ma- 
jority mean  b\  this  statement,  but  assume 
their  contention  to  be  that  some  of  the  works 
have  cost  more  than  they  were  estimated  to 
cost.  This  is  true,  particularh'  with  regard 
to  some  of  the  earlier  projects,  owing  to  a 
gcner.Tl  increase  in  construction  cost  through- 
out the  western  country  soon  after  the  rec- 
lamation law  passed,  and  also  to  the  fact 
that  the  works  put  in  were  of  more  substan- 
tial and  permanent  character  and  better  fin- 
ished than  private  works  on  which  the  esti- 
in.ntes  were  in  some  cases  partly  based. 

The  principal  increase  in  the  cost  of  proj- 
ects above  the  original  estimate,  however,  is 
due  not  to  the  increase  of  unit  cost,  but  to  the 
increase  of  units,  enlargements,  and  extensions 
above  the  original  plan,  so  as  to  utilize  all 
available  water  supply  and  irrigate  the  great- 
est possible  acreage.  This  is  certainly  in  ac- 
cordance with  the  spirit  of  the  reclamation 
law. 

In  the  table  giving  the  original  authorized 
expenditures  it  should  be  remembered  that  in 
many  cases  the  amount  originally  set  aside 
was  for  a  smaller  and  less  extensive  work 
than  that  subsequently  authorized  by  the  Sec- 
retary of  the  Interior  after  full  consideration 
of  reports  made  by  his  engineers  and  confer- 
ence with  citizens  and  entrymcn.  Taking  the 
Salt  River  project  for  example,  the  prelimi- 
nary estimate  was  for  a  relatively  small  reser- 
voir; the  estimate  prepared  by  the  army  en- 
gineers was  for  a  larger  reservoir  and  dis- 
tribution system.  In  years  which  have  elapsed 
since  the  army  board  report  was  prepared  the 
Secretary  of  the  Interior  has  concluded  to 
build  a  more  complete  distribution  system  and 
take  up  other  work  which  seems  wise.  It 
should  be  noted  that  of  the  increase  of  about 
$n,000,000  between  the  estimate  of  the  army 
engineers  and  that  now  in  hand,  $1,000,000  has 
been  paid  by  the  people  on  the  project  for 
power  plant. 

The  third  indictment  is  that  "the  revolving 
feature  of  the  fund  has  been  abandoned."  On 
what  statements  made  at  the  hearing  or  in- 
formation from  any  source  the  majority  bast 
this  extraordinary  statement  we  arc  at  a  loss 
to  know  or  even  guess.  On  every  one  of  the 
projects  where  water  is  being  furnished  pay- 
ments are  being  made,  and  up  to  Afarch  1  last 
?n.IS.'!.0."i8..'.n  had  been  paid  into  the  reclama- 
tion fund  by  settlers  on  account  of  construc- 
tion and  maintenance  charges.  No  one  is 
proposing,  no  one  is  suggesting,  so  far  as  we 
know,  the  suspension  of  payments  or  the  modi- 
fication or  abandonment  of  the  revolving  fea- 
ture of  the  act.  While  the  testimony  before 
our  subcommittee  was  to  the  effect  that  the 
settlers  were  making  pood  progress  and  the 
projects  were  coming  tinder  cultivation  rapid- 
ly, the  officers  of  the  Reclamation  Service 
called  attention  to  the  difficulties  to  be  met 
and  overcome,  the  great  expense  to  the  settler 
of  making  improvements  and  of  getting  his 
lands  in  condition  to  grow  crops,  and  there- 
fore the  need  of  an  extension  of  the  neriod 
of  pavments  as  nroposed  in  a  bill  now  before 
the    House   of   Representatives.     Such   legisla- 


tion would,  in  our  opinion,  be  favorable  to  the 
revolving  feature  of  the  fund  by  granting  the 
settler  needed  time  in  which  to  meet  his  ob- 
ligations. 

The  fourth  charge,  with  regard  to  condi- 
tion of  reclamation  projects,  is  that  "the  great- 
er percentage  of  the  land  under  the  irrigation 
projects  is  still  in  the  hands  of  speculators, 
only  the  smaller  fraction  being  in  the  posses- 
sion of  actual  .settlers."  We  find  it  difficult 
to  understand  where  the  majority  could  have 
obtained  the  misinformation  on  which  to  base 
such  an  allegation.  There  was  certainly  noth- 
ing brought  out  in  the  hearings  to  even  sug- 
gest such  a  statement  unless  the  majority 
designate  as  a  speculator  every  man  who, 
holding  an  irrigated  farm,  might  be  willing  to 
sell  if  he  received  a  good  price. 

On  several  of  the  great  projects,  such  as  the 
Shoshone  in  Wyoming,  the  Minidoka  project 
in  Idaho,  and  others,  all  or  most  of  the  lands 
were  public  lands  taken  up  by  homesteaders 
under  the  reclamation  law.  .^re  these  the 
men  the  majority  refer  to  as  speculators?  It's 
true  that  on  some  of  the  projects,  such  as  the 
Salt  River  project,  there  were  considerable 
areas  which,  when  the  project  was  undertaken, 
were  in  private  ownership  in  large  bodies. 
These  have  been  divided  up  and  sold  in  hold- 
ings of  from  40  to  80  acres.  As  no  one  own- 
er can  receive  water  for  more  than  160  acres, 
these  larger  holdings  must  necessarily  be 
broken  up.  The  bill  for  the  extension  of  pay- 
ments, which  has  been  heretofore  referred, 
contains  several  provisions  which  would  make 
subdivision  of  lands  into  small  units  even  more 
speedy  than  at  present.  While  the  hearings 
before  our  subcommittee  did  not  go  into  this 
matter  in  great  detail,  our  information  is  that 
probably  less  than  5  per  cent  of  the  land  un- 
der the  irrigation  projects  is  in  the  hands  of 
men  who  are  trying  to  speculate  in  this  land.' 
Over  9h  per  cent  of  the  area  is  unquestionably 
in  the  hands  of  men  who  are  complying,  or 
have  complied  with  the  conditions  requiring 
settlement  or  residence  in  the  vicinity. 

For  example,  as  above  stated,  practically 
all  of  the  holdings  which  may  be  called  specu- 
lative in  the  Salt  River  \'alley  have  been  elim- 
inated. Those  at  Yuma  and  Orland  are  being 
disposed  of.  In  Colorado  under  the  Uncom- 
pahgre  and  Grand  Valley  projects  the  land  is 
almost  wholly  in  the  hands  of  small  owners. 
The  same  is  true  in  Idaho,  where  the  only  not- 
able large  holdings  arc  those  of  the  state 
which  under  the  extension  bill  would  be  divid- 
ed up.  In  Montana  also  the  farm  units  are 
usually  from  10  to  80  acres  with  an  occasional 
IfiO-acrc  tract.  In  Wyoming  all  of  the  lands 
arc  in  the  hands  of  homestead  settlers  in  tracts 
of  from  -10  to  80  acres.  In  Nebraska  the  imits 
do  not  average  over  80  acres.  In  Nevada  less 
than  this.  In  New  Mexico  and  Texas  there 
are  a  few  large  holdings,  which,  of  course, 
can  not  obtain  water  imtil  subdivided.  In 
South  Dakota  the  irrigable  lands  are  in  40  or 
80  acre  tracts,  and  in  Washington  the  average 
size  is  still  smaller.  The  average  size  of  farms 
in  all  government  projects  is  about  TiO  acres, 
of  which  about  ."^O  acres  have  been  irrigated. 

\  further  statement  is  that  irrigation  proj- 
ects have  reached  a  state  "described  in  cur- 
rent engineering  journals  as  stagnation."  It's 
true  that  on  some  projects  work  of  extension 
is  not  progressing  as  rapidly  as  the  people  in 
the  vicinity  would  like  to  have  it  progress. 
In  the  matter  of  improvement  and  advance  by 
settlers  we  have  heard  nothing  to  indicate 
that  st'ignation  exists,  although  many  settlers 
are  finding  it  difficult  to  meet  their  payments. 
The  records  show  that  the  cultivated  area  on 
each  project  is  increasing  yearly  at  a  goodly 
rate:  that  settlers  arc  steadily  and  progressive- 
ly improving  their  farms:  and  that  important 
communities  arc  being  built  up  on  reclamation 
projects.  To  say  thai  stagnation  exists  on 
these  projects  is  to  confess  lamentable  ignor- 
ance in  regard  to  them. 

Another  statement  of  the  majority  is  "that 
the  Reclamation  Service  is  ready  to  furnish 
water  to  about  .SOO.OOO  acres,  for  which  there 
is  no  present  demand  by  settlers."  This  state- 
ment that  settlers  are  declining  to  take  lands 
for   which   water  has  been    furnished   is  curi- 


ously at  variance  with  the  other  statement  of 
the  majority  that  most  of  the  land  is  in  the 
hands  of  speculators.  The  majority  of  the 
subcommittee  has  evidently,  through  lack  af 
information  on  the  subject,  fallen  into  the 
error  of  confusing  cultivated  land  with  entered 
or  appropriated  land.  It  is  true  that  of  ap- 
proximately l.-2uo,iJU(l  acres  furnished  with 
water  but  700,000  acres  are  under  cultivation. 
The  major  portion  of  the  remainder  is,  how- 
ever, also  in  farms,  and  represents  the  portion 
of  the  farm  not  yet  brought  under  tillage.  Out 
of  more  than  20,000  farm  units  which  were 
available  for  homestead  entry  and  are  fur- 
nished with  water,  less  than  420  remain  un- 
taken,  and  the  probability  is  that  most  of  these 
will  be  entered  and  settled  upon  before  the 
close  of  the  present  season,  as  nearly  half  of 
this  small  remainder  have  been  subject  to  entry 
less  than  a  year.  It  is  true  that  not  all  of  the 
land  entered  is  under  cultivation,  for  it  takes 
the  settler  a  number  of  years,  after  he  is  fur- 
nished with  water,  to  clear,  level,  and  plow  up 
his  land  and  get  it  under  cultivation. 

As  we  can  not  agree  with  the  accuracy  of 
the  statements  on  which  the  majority  base  their 
recommendations,  we  can  not  approve  their 
recommendations.  Under  the  reclamation  act 
a  detailed  statement  of  annual  expenditures  is 
now  furnished  in  the  annual  reports,  and  ma- 
be  considered  by  Congress  at  any  moment,  as 
they  have  been  in  the  past,  bv  the  Irrigation 
Committees  of  the  House  and  the  Senate. 
There  can  be,  at  least  there  should  be,  no  ob- 
jection on  the  part  of  anyone  to  have  the 
Reclamation  Service  make  more  complete  and 
detailed  reports  to  Congress  than  it  n.nv  does, 
if  that  should  be  deemed  necessary.  We  doubt, 
however,  if  anything  would  he  gained  bv  sub- 
mitting estimates  for  the  work  to  be  under- 
taken and  await  appropriations  by  Congress. 
As  to  the  second  recommendation,  that  no  new 
project  should  be  undertaken  without  express 
authority  of  Congress,  that  would  seem  to  be 
unnecessary.  No  new  project  should  be  or 
likely  to  be  undertaken  until  present  projects 
are  well  toward  completion.  No  new  project 
has  been  taken  up  since  the  report  of  the 
Army  board.  The  Grand  River  project  in 
Colorado,  sometimes  referred  to  as  a  new 
project,  was  in  fact  treated  by  the  .Army  board 
in  1910  as  a  project  under  way. 

The  history  of  river  and  harbor  appropria- 
tions does  not  furnish  arguments  in  favor  of  a 
like  system  in  regard  to  reclamation  projects. 
If  the  selection  of  projects  were  to  be  made 
by  Congress  more  rather  than  fewer  projects 
would  be  authorized.  We  would  recommend, 
first,  the  passage  of  the  bill  providing  for  the 
extension  of  the  period  of  pa,-incnts  on  recla- 
mation projects  and  for  other  needed  changes 
in  the  reclamation  law  and  believe  it  would  U 
wise  to  have  some  committee  of  the  House 
authorized,  if  that  should  be  deemed  necessarv. 
to  conduct  annual  hearings  relative  to  the  opoi 
ation  of  the  Reclamation  Service.  Such  hear 
ings  would  tend  to  familiarize  Congress  will 
the  operations  of  the  service,  with  the  condi- 
tions of  the  projects,  and  would,  we  belie 
be  helpful  and  useful.  Committee:  F.  W.  M 
dell,  C.  R.  Davis,  W.  S.  'Varc. 


Large  Pumping  Plant  for  Egypt.— The 
Fgyplian  (iovernnient  has  just  awarded  a 
contract  to  Sulzer  Bros.,  of  Wintcrlhur. 
Switzerland,  for  a  new  drainage  pumping 
plant  to  be  creeled  at  Hallim,  near  Cairo.  The 
cost  of  machinery,  not  including  buildings, 
masonry  and  canals,  is  to  be  about  JitOO.OOi). 
Hesidcs  a  lot  of  electric  lighting  and  auxiliary 
machinery,  there  arc  to  be  eight  40()-HP.  Die- 
sel cru<le  oil  engines;  six  47.5-11  P.  steam  en- 
gines ilirect  connected  to  centrifugal  pumps, 
and  four  water-tube  steam  boilers,  having  a 
total  heating  surface  of  ,'),700  sq.   fl. 

The  requirements  are  to  pump  7,100,000  cu. 
nis.  in  24  hours  against  a  static  head  varying 
Ironi  2.1  to  S.9  meters.  This  is  equal  to  about 
2.00(1,01X1.000  gals,  against  a  head  of  fi.O  to  12.8 
ft.,  and  theoretically  figures  4,200  static  HP. 
The  combined  rating  of  the  engines  is  6,0.50 
IIP.,  with  considerable  overload  capacity.  'The 
(iovernnient  supervising  engineer  is  Sir  .Ar- 
thur Webb. 


674 


Engineering    and    Contracting 


Vol.  XLI.    No.  2o. 


Method     of     Handling     Subterranean 

Water  in  Constructing  a  Core 

Wall  for  an  Earth  Dam. 

The  Hinckston  'Run  dam,  built  iS  years  ago 
near  Johnstown,  Pa.,  was  one  of  the  first  of 
American  dams  at  which  grout  injection  was 
employed  to  close  underlying  rock  strata 
against  seepage  under  the  dam.  Until  recent- 
ly no  account  of  this  early  use  of  grout  in- 
jection has  been  given  out,  but  the  methods 
and  results  are  of  such  interest  that,  despite 
the  age  of  the  work,  they  are  summarized 
here  from  a  letter  by  Mr.  Harrison  Souder  in 
Proceedings  American  Society  of  Civil  Engi- 
neers, Vol.  XL,  p.  loCt). 

The  orginal  Hinckston  Run  project  called 
for  an  earth  dam,  00  ft.  high,  to  retain  some 
400,000,000   gals,    of    water,    with   a    depth   of 

T.i  1401. n 
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considerably,  in  order  to  get  below  any  rock 
strata  that  might  come  to  the  surface  within 
the  liooded  area,  and  to  substitute  a  concrete 
core-wall  for  the  clay  one  originally  proposed. 

An  air  compressor  plant  was  installed.  This 
was  a  14xl8-in.  Ingersoll-Sergeant  machine 
capable  of  driving  two  rock  drills  and  si.x 
pneumatic  rammers.  These  rammers  were 
used  in  tamping  concrete  and  also  in  puddling 
clay  in  such  places  as  could  not  be  covered 
by  a  10-ton  steam  roller  which  was  also  sup- 
plied at  this  time  in  place  of  the  3-ton  horse 
roller  in  use. 

The  finished  ditch  averaged  in  depth  25  ft. 
below  the  grubbed  surface  in  the  valley,  but 
reached  50  ft.  at  the  ends.  The  shale  was 
excavated  with  picks,  but  the  harder  rock 
was  loosened  with  light  charges  of  dynamite, 
care  being  taken  not  to  shatter  the  foundation 
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Fiq.   1.      Maximum   Cross   Section   of    Hinckston    Run   Dam. 

46  ft.  at  the  breast.  The  intention  was  to  or  open  up  the  seams.  The  advisability  of 
build  a  dam  with  a  clay  core,  but,  as  an  un-  cutting  off  the  underflow  to  as  great  a  depth 
limited  quantity  of  cinder  from  the  steel  plant  as  possible  was  realized  and  it  was  deter- 
was  available, 'it  was  decided,  after  the  work  mined  to  remove  the  shale  down  to  the  sand- 
was  started,  to  use  this  as  backing  for  the  stone  and  try  to  cut  off  the  flow  below  by 
dam,  in  place  of  earth,  and  eventually  to  fill  forcing  in  cement  grout  under  air  pressure. 


the  whole  valley  below  with  this  material 
thus  rendering  the  structure  practically  un- 
breakable. In  view  of  this  and  the  additional 
expense  incurred  in  making  the  cut-off  tight, 
the  proposed  height  of  the  dam  was  increased 
to  80  ft.,  and  later  to  85  ft.,  above  the  original 
creek    level.      This    gave    a    total    maximum 


GROUT    INJECTION. 

Drill  holes,  2  ins.  in  diameter  and  from  10 
to  10  ft.  deep,  were  drilled  through  the  rock, 
averaging  about  one  hole  per  linear  foot 
across  the  valley.  Iron  pipes,  2  ins.  in  diam- 
eter, 18  ins.  long,  and  threaded  on  one  end. 
were    cemented    into    these    holes.      Portland 


height    above    the    bottom    of    the    core-wall      cement  grout  was  poured  into  them  and  then 


ditch  of  112.8  ft.,  a  depth  of  water  at  the 
breast  of  73^2  ft.,  and  a  capacity  of  1,100,000,- 
000  gals.  The  lake  thus  formed  is  1%  miles 
long.  The  water-shed  above  the  dam  is  10.75 
sq.  miles. 

The  cross-section  of  the  dam  as  built  is 
shown  by  Fig.  1.  The  lower  inner  slope  is  1 
on  2V4,  with  4  ft.  of  puddle  and  24  ins.  of 
cinder  riprap.  The  slope  above  the  berm  is  1 
on    1^   with   puddle   lining   diminishing   to   2 


air  at  a  pressure  of  from  30  to  60  lbs.  was 
applied.  The  first  holes  were  approximately 
6  ft.  apart.  They  were  drilled  generally  10 
ft.  below  bed-rock. 

Figure  2  is  a  sketch  of  the  first  contrivance 
or  receiver  devised  for  applying  the  grout. 
It  was  a  cylinder,  8  ins.  in  diameter  and  6  ft. 
long.    A  screw  flange  was  provided  at  top  and 
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Fig.  2.  Grouting  Device  Tried  and  Abandoned 

ft.  thick  at  the  top.  The  facing  is  hand-laid 
stone  paving.  The  puddle  wall  is  16  ft.  thick 
at  the  top  of  the  concrete  core-wall,  and  di- 
minishes to  4  ft.  at  the  top  of  the  dam. 

When  the  core-wall  ditch  had  been  carried 
down  to  hard  rock  at  what  wai  thought  to  be 
the  proper  depth,  some  test  holes  were  bored 
through  the  Ijottom  to  determine  the  char- 
acter of  the  rock  below.  This  disclosed  a 
layer  of  hard  sandstone  a  few  feet  down, 
with  considerable  water  flowing  below  and 
above  it.     It  was  decided  to  deepen  the  ditch 


^  Drill  Hole 

Fig.    3.    Grouting    Device    Employed. 

bottom,  and  a  steel  head-plate  was  bolted  to 
each  end,  with  rubber  gasket  packing.  The 
top  bolt  holes  were  open  to  allow  quick  re- 
moval of  the  lid.  A  2-in.  pipe  with  plug 
cocks  was  provided  at  the  top  and  bottom. 
With  a  short  hose,  the  cylinder  was  coupled 
to  the  pipes  in  the  holes.  The  cylinder  was 
filled  with  grout ;  the  valve  was  opened ;  the 
grout  ran  into  the  drill  holes,  and  air  pres- 
sure was  then  applied  at  the  top.  The  con- 
trivance was  mounted  on  a  truck  running  on 
a   track   in   the   bottom   of   the   ditch.     After 


trial  it  proved  to  be  too  slow  and  cumber- 
some, and  another  method  was  devised  and 
operated  satisfactorily.  Figure  3  is  a  sketch 
of  this  final  arrangement.  The  method  of 
grouting  was  as  follows:  A  1-in.  pipe,  long 
enough  to  reach  to  the  bottom  of  the  hole, 
was  inserted  and  air  was  applied  to  blow  out 
water  and  dirt.  Then  a  tee  and  the  pipe,  C, 
were  attached  to  the  tube  in  the  drill  hole 
with  a  sleeve  union,  as  shown.  The  cock.  A, 
was  closed,  the  cock,  B,  was  opened,  and  air 
was  applied,  thus  forcing  the  water  out  of 
the  hole  and  into  the  crevices  and  near-by 
drill  holes;  meanwhile,  the  pipe,-C,  was  filled 


Fig.  4.  First   Method  of  Handling  Water  in 
Cove  Wall  Ditch. 


with  grout,  and  the  air  hose  was  connected  at 
the  top.  Then  B  was  closed,  A  was  opened, 
and  air  was  gradually  applied  at  the  top  of 
C.  forcing  the  grout  down  into  the  crevices. 
The  pipe  was  refilled  about  every  10  minutes 
until  the  hole  would  take  no  more.  The  ap- 
paratus was  then  removed  and  a  cap  was 
screwed  on  the  tube  in  the  grouted  hole. 
After  a  given  length  of  ditch  was  grouted 
in  this  way,  and  sufficient  time  had  elapsed  to 
allow  the  grout  to  set,  test  holes  were  bored 
within  the  grouted  area  and  the  process  was 
continued  until  there  was  no  indication  of 
v/ater  flow  below  the  bottom.  The  greater 
part  of  the  bottom  was  grouted  successfully 
in  this  way,  but,  as  explained  later,  the  grout- 
ing scheme  was  abandoned  where  the  core- 
wall  ditch  entered  the  side-hills. 

HANDLING    FLOW    FROM    SEAMS. 

At  the  east  end  three  large  vertical  open 
crevices  were  uncovered.  The  flow  from 
these  was  so  considerable  that  it  was  neces- 
sary to  put  in  a  force  pump  with  a  4-in.  suc- 
tion and  a  3-in.  discharge,  in  order  to  keep 
the  ditch  clear.  As  the  grouting  method,  after 
continued  trials,  did  not  give  satisfaction  at 
this  end,   it   was  decided  to  take  up  the  bot- 


Fig.  5.  Secoryd  Method  of  Handling  Water  in 
Cove    Wall    Ditch. 


torn  until  the  principal  water  strata  were 
reached.  This  was  done,  and  concrete  was 
placed  in  the  ditch,  all  the  walls  being  plas- 
tered first  with  a  rich  cement  mortar  worked 
in  with  trowels.  Two  coats  of  plaster  were 
applied  on  the  north  or  reservoir  side  and 
one  on  the  south  side.  The  suction  pipe  of 
the  pump  was  built  in  concrete,  and  carried 
up  with  the  wall.  The  strong  flow  of  water 
in  this  section  of  the  ditch  made  it  difiicult 
to  place  the  concrete  for  the  core-wall  with- 


Tune,  10,  1914. 


Engineering    and    Contracting 


675 


out  having   the   cement   washed  out  before   it 
set. 

At  first,  the  method  indicated  in  the  sketch, 
Fig.  4,  was  tried,  namely,  a  line  of  1-in.  sheet- 
ing was  placed  as  shown,  and  clay  was 
rammed  between  the  sheeting  and  the  rock 
to  stop  the  water  flow.  Concrete  was  placed 
between  the  sheeting  which  was  raised  grad- 
ually as  the  concrete  was  carried  up.  This 
•did  not  prove  wholly  satisfactorv,  and  the 
method  of  piping  the  water  directly  to  the 
sump  was  adopted,  as  shown  in  Fig.  -5.  This 
proved  successful.  Where  there  was  too 
great  a  flow  of  water,  plastering  could  not  be 
done,  but  considerable  neat  cement  was 
dumped  in  along  the  walls  with  the  concrete 
and  well  worked  in.  After  the  concrete  was 
well  set,  the  pipes  were  plugged  and  the  flow 
of  water  was  shut  off.  As  the  concrete  was 
carried  up,  the  water  came  out  of  the  ditch 
walls  higher  up,  showing  that  the  underflow- 
had  been  intercepted.  The  core-wall  ditch 
v/as  extended  well  into  the  hills  on  each  side 
of  the  valley,  and  test  holes  were  bored  for 
water,  none  being  found,  because,  after  a  cer- 
tain distance,  the  rock  became  hard  and  mas- 
sive and  free  from  seams.  At  the  west  end 
of  the  ditch,  there  w-as  as  much  trouble  with 
water.  It  would  seem  that  the  underflow  of 
the  whole  valley  was  concentrated  at  this 
point,  the  rest  of  the  ditch  having  been  grout- 
ed and  the  flow  cut  off. 

The  drill-hole  grouting  method  failed  in  the 
west  side  of  the  valley,  as  in  the  east,  and 
here  the  bottom  was  also  taken  out,  down  to 
the  water  strata,  and  the  water  fought  inch 
by  inch  by  piping  it  from  the  streams  to  the 
sump,  as  before  described,  and  the  ditch  was 
completely  filled  with  concrete. 

The  proportion  for  the  concrete  in  the  core- 
wall  was  1:2  :.5,  generally;  but,  at  the  bottom, 
it  was  much  richer  in  cement,  which  was  not 
spared  in  efforts  to  make  a  tight  job.  Near 
the  crevices  a  proportion  of  1:1:2!^  was  used. 
These  proportions  had  to  be  varied,  also,  to 
suit  the  sizes  of  the  stone  supplied,  which 
varied  from  %  in.  at  times  to  3  in.  The  top 
section  of  the  wall  was  made  of  1:3:6  and 
1:3:7  cinder  concrete.  The  concrete  was 
mixed  in  a  machine  of  the  continuous-mixer 
tvpe,  consistine  of  a  long  square  revolving 
box  with  a  helix  at  the  back.  The  machine 
was  not  wholly  satisfactory,  but  was  the  best 
to  be  had.  The  concrete  was  received  in 
'/<-cu.  yd.  dump  buckets,  carried  on  small 
trucks  running  on  light  track  to  the  derricks; 
it  was  then  lowered  to  the  bottom  of  the  ditch 
and  dumped,  as  it  was  not  thought  advisable 
to  drop  it  from  any  height.  At  first  a  mid- 
dling dry  concrete  was  required,  but,  later, 
;i  wet  concrete  was  found  to  give  the  best  re- 
sults and  was  finally  adopted  for  the  remain- 
der of  the  work. 

After  the  core-wall  reached  above  the  sur- 
face the  faces  received  two  coats  of  plaster, 
one  inside  against  the  wood  forms  and  an- 
other after  the  forms  were  removed.  For 
the  upper  part  of  the  wall,  the  plaster  coat 
nn  the  down-stream  side  was  omitted;  and. 
(  n  the  up-stream  side,  a  cement  wash  applied 
with  a  brush  was  substituted  for  the  second 
coat  of  plaster.  Where  sections  of  the  wall 
joined,  bonding  grooves  were  provided. 

The  concrete  core-wall  contained  10,840  cu. 
yds.  and  required  1.3,l(iC  bbls.  of  cement,  or 
an  average  of  1.21  bbls.  per  cubic  _yard.  The 
grouting  and  plastering  took  2,078  bbls.  of 
cement,  in  addition.  The  ex:.ct  quantity  of 
cement  used  in  grout  alone  is  not  known. 

Method  of  Constructing  a  Thin  Cut- 
off Wall  by  Grout  Injection. 
.\  niclhod  of  constructing  a  cut-olT  wall  in  a 
permeable  formation  which,  though  used  many 
vears  ago.  is  not  generallv  familiar,  is  described 
by  Col.  F.  V.  Abbot,  V  S.  Fngincer  Corps,  in 
Proceedings  .'\merican  Socictv  of  Civil  Engi- 
neers, Vol.  XL,  p.  loOl.  The  wall  was  Innlt 
in  connection  with  the  construction  of  Lock 
ard  Dam  No.  2.  Mississippi  River  Improve- 
ment. M  this  locality  the  material  forming 
the  bed  of  the  river  is  a  very  hard  combina- 
tion   of   clav,    sand    and    limestone    fragments 


mixed  with  a  few  granite  boulders  and  over- 
lying a  friable  sand  rock.  The  cut-oflf  wall 
construction  is  described  as  follows : 

The  .seams  were  all  originally  water-bearing, 
ind   only   became    dry   after   long   pumping   had 
drained    out    all    the    water   tributary    to   them. 
At  a  lower  level  these  seams  run  out  into  the 
bed  of  the  river,  and  in  this  way  passages  for 
water   opened    between    the    river   bed    and   the 
interior  of  the  cofferdam,  many  feet  below  the 
original  bottom  of  the  river  at  the  point  where 
the    cofferdam    stands.      It    had    been    realized 
from    the    start    that    such    seams    were    to    be 
encountered,  and  to  avoid  opening  up  too  great 
a  flow  at  any  one  time  a  novel  form  of  cut-off 
wall    was    adopted    after    prolonged    study.      A 
.^lot  in  the  sand  rock  was  made,  2  in.  wide  and 
12  ft.   long,  parallel  to  the  river  wall  and  lying 
between    two    longitudinal    foundation    timbers, 
by  jetting  a  series  of  interesting  vertical  holes 
10    ft.    deep    and    breaking    off    any    projecting 
edges   between   the   holes.     Most   of   the   eroded 
material  was  brought  up  out  of  the  slot  by  the 
jet,   and   the  rest   was  easily   pumped   out   with 
the    ordinary    Edson    diaphragm    pump   and    two 
men.      In    the   usual    case    this   left    a    perfectly 
cle.an    slot    with    a    considerable    flow    of    water 
pouring   out  of   it,   the   water   ooming   from   the 
underground    seams    which    connect    with    the 
river.      Into    this    slot    a    diaphragm    made    of 
tongued  and  grooved  three-quarter-inch  boards, 
in   two   levels   breaking  joints,    was   lowered   by 
h.ind.      Three    vertical    IV^-in.    iron    pipes,    ex- 
tending down   into   the   slot  only   a   few   inches, 
were  inserted,  one  at  each  end  and  one  at  the 
middle   of   the   .slotted   section.     A   steam   pump 
connected    to    one     of    these     pipes    was     then 
started    Just    fast    enough    to    take    care   of    the 
flow   from  the   slot  without  letting  it  run  over, 
or    draining   it    below   the   level    of   the    surface 
more    than    a    few    inches,    and    concrete    was 
rammed  into  the  space  above  the   slot  and  be- 
tween   the    foundation    timbers    above    referred 
to.   which   had  been  firmly  drift-bolted  down  to 
the  .sand  rock  before  the  slot  was  cut.     As  soon 
as    the    concrete   had    set — that    is,    in   about    24 
Hours— the    pump    was    stopped,    and    water    at 
once    flowed   out   of   all   three   pipes.      Additional 
Ungths   of  pipe  were   screwed  on   the   three   till 
the   flow  was   stopped— that   is.   till   the   tops   o( 
the  pipes  were  at  a  higher  level  than  the  head 
due  to  the  pressure  in  the  seams.     Thick  grout 
was    now    poured    into    smaller    pipes    passing 
through  the  first  pipes  and  reaching  to  the  bot- 
tom of  the  slot.      As  the  latter  filled  with  grout 
ihe  water  was  forced  back  into  the  seams.    The 
.small    pipes    choked    after    the    grout    rose    a 
couple    of    feet    above    their    lower    ends,    and 
tJiey    were    then    raised    till    they   again    flowed 
freely.      AVhen   the   slot  was  full  they  were  re- 
moved and  the  larger  pipes  were  kept  fliled  to 
the    top    with    the   grout    as   long   as   any   more 
could   be   poured   in.      After   about   21   hours   all 
the    grout    had    hardened,    the    pipes    were    re- 
moved,   cleaned    out.    and    used    over    again    In 
mother   section   of   cut-off.      The   perfect   grout 
lining   of   the   most   minute   cracks   In   the   sand 
rock  was   surprising.     An   absolutely   tight   cut- 
off  wall   from   the   bank  above   the   lock   to   the 
outer  toe  of  the  river  wall,  and   under  this  toe 
for   Its   full   length  and   back  to  the  bank  below 
th.i  lock,   extending  to  a  depth   of  2.1   ft.   below 
dead   low  water  In   the  river,  or  deeper  In   that 
part  under  the  river  wall,  was  thus  secured. 

In  some  cases  no  subterranean  seams  were 
encountered,  and  then  the  wooden  d4aphragin 
was  Inserted  and  the  grout  at  once  poured  In 
around  it  through  pipes  leading  to  the  bottom. 
Kxperlence  showed  that  In  such  ca.ses  time  was 
a  vital  element.  A  slot  which  did  not  develop 
the  least  flow  at  flrst.  In  several  cases  de- 
veloped very  groat  and  troublesome  flow  In  21 
hours  If  not  grouted.  Most  tro\ibIe  wan  en- 
countered at  the  upper  end  whore  a  very  large 
seam  directly  connecting  with  the  river  had 
to  be  cut  off.  This  seam  extended  nearly  hor- 
Ixnntnlly  under  a  space  fully  30  ft.  wide  by 
sn  ft.  long,  and  every  section  of  cut-oflf  wall 
Intcrsertcd  It.  Grout  poured  Into  one  section 
would  pour  out  of  another  .10  ft.  distant.  As 
these  tinderground  connections  were  not  sus- 
pected, the  fiuantlty  of  water  which  poured  out 
of  three  openings  Into  this  seam  soon  .jxcecded 
the  capacity  of  the  pumps.  All  arrangements 
for    grouting    two    of    the    three    sections    were 


completed  except  the  stopping  of  the  flow  from 
the  pipes,  which  in  this  case  were  6-in.  in 
diameter  and  were  running  full.  It  was  be- 
lieved to  be  unsafe  to  try  to  .stop  suddenly  such 
a  flow  for  fear  of  blowing  up  the  lock  floor. 
The  cofferdam  was  allowed  to  nil.  thus  grad- 
ually stopping  the  flow  from  the  seam.  6-in. 
risers  were  screwed  into  the  now  submerged 
overflow  pipes  and  both  sections  were  grouted 
at  the  same  time  from  staging  erected  above 
the  water  level.  Twenty-one  barrels  of  dry 
sand  cement  were  required  for  the  grout  to  flII 
the  slots  and  seam.  In  three  days  the  coffer- 
dam was  again  pumped  out  and  the  two  springs 
were  found  stopped  entirely.  The  third  was 
really  outside  of  the  lock  walls,  being  in  a  sec- 
tion of  slot  that  had  been  put  in  to  make 
connection  with  the  cut-oft  wall  under  the 
dam.  It  was  successfully  separated  from  the 
cut-oft  slot  under  the  lock  wall,  which  was 
afterward  easily  grouted. 

The  use  of  sand  cement  grout  was  an  un- 
usual feature  of  this  work  and  tests  were 
made  to  determine  its  hardening  qualities. 
Gen.  Abbot  describes  and  comments  on  these. 
tests  as  follows : 

A  vertical  glass  tube.  4  or  5  ft.  long  and  about^ 
1  in.  in  diameter,  was  plugged  at  the  bottom 
and  fliled  with  a  1  to  1  sand-cement  grout  and' 
allowed  to  harden.  The  tube  was  broken  iii> 
three  days,  and  it  was  found  that  the  lower 
part  of  the  grouting  in  this  pipe  was  as  hardi 
and  sound  .as  that  at  the  top.  When  ordiiiaiBj7 
.sand  was  mixed  in  the  same  proportion  witf/ 
undiluted  Saylor's  cement,  kept  thoroughly 
stirred  up.  and  poured  into  a  similar  tube,  the 
sand  settled  to  the  bottom  very  rapidly,  leav- 
ing a  creamy  grout  with  hardly  any  sand 
grains  in  the  upper  part  of  the  tube.  Under 
these  conditions  the  bottom  2  ft.  never  set, 
though  the  upper  2  or  3  ft.  set  about  as  hard 
as  the  sand-cement  grout  did  in  the  other  tube. 
Since  making  this  experiment  the  writer  has 
always  had  considerable  doubt  as  to  results  of 
grouting  with  Portland  cement  stirred  up  with 
ordinary  sand,  but  he  has  no  doubt  of  the 
effectiveness  of  grouting  with  sand-cement 
ground  1  part  of  cement  to  1  part  of  silicious 
sand,  provided  the  grinding  is  carried  far 
enough  to  make  the  sand  as  fine  as  ordinary 
Portland  cement. 


Tests  of  Uplift  Pressure  on  Masonry 
Dams. 

To  the  Editors: — In  an  editorial  tin  "Neg- 
lected Factors  in  the  Designing  of  Mascmry 
Dams."  E.vciNKERi.VG  .^NU  CoNTR.\CTixc.  May 
27.  1!I14.  the  following  statement,  with  refer- 
ence to  uplift  pressure  in  masonry  dams,  is 
made :  "There  is  not  a  test  record  showing 
what  the  intensity  and  distribution  of  stich 
pressures  may  be  or  indeed  showing  berond 
question  that  any  uplift  pressures  exist  in 
cases  of  rock  founded  dams."  I'orrsit  ire 
to  call  your  attention  to  some  experiments 
performed  in  Germany,  the  results  of  whicli 
iiave  been  reported  bv  R.  Schacfcr  in  Zcit- 
schrift  fiir  Bauwcsen,'  Vol.  ()3,  191,3,  p.  1«?. 
These  experiments,  as  far  as  I  know,  are  tkt 
only  ones  that  have  been  made  and  sh»w 
conclusively  that,  with  a  certain  ch.iractcr  of 
rock  foundation,  uplift  pressure  of  consider- 
able magnitude  may  occur,  and  that  the  dis- 
tribution is  not  always  from  full  static 
pressure  at  the  heel  to  zero  at  the  toe,  as  is 
commonly  assumed. 

I  heartily  endorse  your  plea  for  further 
field  investigation  along  this  line,  especially 
since  the  cost  of  making  such  experiments 
need  not  be  very  great. 

Ver)'  truly  vours, 

C.  R.  Weidner, 

Instructor  in  Hydraulic  Engineering  i  u< 
University   of   Wisconsin. 

Madison.  Wis.,  May  28,  1914. 


An  electric  Diesel  engine  railroad  motor  car 
was  recently  tested  in  Sweden.  Tt  weighs  33 
tons  and  was  run  at  a  speed  of  34  miles  an 
hour  on  a  grade  of  1  in  100.  Altogether, 
2,200  miles  were  covered.  The  consumption; 
of  crude  oil  averaged  9.3  lbs.  per  mile. 
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Methods  and  Cost  of  Laying  a  Vitri- 
fied  Block   Pavement   in  Fort 
Worth,  Texas. 

Contributed   by   !■:.    W.    liubiiisun,   Civil    Engineer 

with     A.     J.     McKenzie    Construction    Co., 

Fort    Worth.    Texas. 

The  following  data  relate  to  the  methods 
used  and  unit  costs  of  constructing  a  vitri- 
fied block  pavement  with  cement  grout  filler 
on  the  roadway  of  the  Paddock  Viaduct  in 
Fort  Worth,  Texas.  The  work  was  done  in 
April  and  May,  1914,  and  during  one  of  the 
wettest  springs  ever  known  in  that  part  of 
the  country.  The  section  paved  was  1,741.7 
ft.  long  comprising  a  reinforced  concrete 
arch  and  girder  bridge  for  about  two-thirds 
of  its  length,  and  an  earth  fill  between  con- 
crete retaining  walls  for  the  remainder.  As 
shown  by  the  accompanying  sketch,  Fig.  1, 
the  total  width  between  curbs  is  54  ft.,  but  as 
the  paving  between  the  rails  of  the  double 
car  track  was  not  included  in  this  con- 
tract the  paved  area  consisted  of  a  space 
19  ft.  7  ins.  wide  next  to  the  curb  on  each 
side  of  the  roadway.     For  about  half  of  the 

K- - -i9'-9i"- — — 
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depth  of  the  head  was  filled  with  asphalt  so 
that  any  vibration  of  the  rail  under  traffic 
w  ould  not  shatter  the  bond  with  the  rail  and 
allow  water  to  reach  the  base. 

Sand  Cushion. — The  sand  cushion  was  sup- 
posed to  be  1  in.  thick,  but  averaged  1%  ins. 
after  rolling,  the  unevenness  of  the  surface  of 
the  concrete  slab  causing  it  to  vary  from  % 
in.  to  3  ins.  in  thickness.  The  sand  used  from 
local  pits  is  known  locally  as  dead  sand,  be- 
cause of  its  unfitness  for  use  with  cement  in 
mortar  or  concrete.  It  has  comparatively 
little  clay  or  loam  in  it,  but  is  almost  a 
powder  in  fineness  and  the  grains  are  round 
and  even  in  size.  It  packs  well  and  is  ex- 
cellent  for  use  as  a  cushion   for  block  pave- 


were  used  when  a  full  gang  was  working,  and 
imdoubtedly  where  the  work  was  extensive 
and  the  weather  permitted  fast  brick  laying,  a 
third  box  could  have  been  used  to  advantage. 
To  keep  the  men  around  the  boxes  from' 
standing  idle  waiting  for  a  batch  to  be  mixed, 
the  cement  and  sand  was  mixed  dry  on  the 
concrete  base  or  on  the  finished  pavement  and 
wheeled  to  the  boxes  as  fast  as  needed.  This 
shortened  the  length  of  time  of  mixing  in  the 
box  and  made  it  about  equal  to  the  time  it 
took  for  the  other  box  to  be  emptied,  thus 
keeping  the  whole  gang  employed.  To  keep 
the  cement  and  sand  from  separating  the  grout 
was  agitated  continuously  until  the  last  bit 
had  been   dipped   out.     The   first   pouring  was 
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Fig.    1.     Cross   Section   of   Vitrified    Block    Pavement     :t    Ft.    Worth,    Texss,    Showing    Details   of    Striking    Template. 


length  of  the  viaduct  there  is  a  sidewalk  on 
each  side;  on  the  remainder  there  is  nothing 
but  a  curb,  or  wheel  guard  and  railing,  on 
the  outer  edge  of  each  paved  area.  The 
whole  structure  is  on  a  straight  4  per  cent 
grade,  which  in  case  of  a  heavy  rain  made 
drainage  difficult  on  unfinished  work.  On 
the  other  hand,  the  steep  grade  allowed  water 
to  drain  from  the  sand  cushion  under  the 
blocks  which  had  not  been  rolled  or  grouted, 
much  quicker  than  would  have  been  the  case 
had  the  grade  been  flatter. 

MATERI.\LS    AND    METHODS. 

Specifications  called  for  thoroughly  vitri- 
fied repressed  blocks  with  rounded  edges,  to 
stand  a  standard  rattler  test  of  not  over 
20  per  cent  loss  and  not  to  absorb  more  than 
2  per  cent  of  their  weight  on  being  immersed 
in  water  for  48  hrs.  The  brick  company 
guaranteed  them  to  lay  40  to  the  square  yard. 
No  wheeling  or  dumping  was  allowed.  On 
the  section  of  the  viaduct  where  there  were 
sidewalks,  the  blocks  for  paving  one  side  were 
l>laced  in  equal  piles,  half  on  the  walk  and 
half  between  the  rails  of  the  nearest  track. 
On  the  rest  of  the  viaduct  as  many  as  could 
be  placed  on  the  curb  were  piled  there  and 
the  rest  were  placed  between  the  rails  of  the 
nearest  track.  From  these  piles  the  blocks 
were  carried  to  the  hackers  by  men  with 
clamps  holding  six  or  seven  each.  This  method 
proved  to  be  economical  for  this  width  of 
pavement.  Where  clamps  are  used  the  writer 
has  found  it  pays  to  see  that  the  blocks  are 
piled  carefully  in  the  first  place  to  prevent 
lost  time  in  getting  to  them.  Where  the 
blocks  are  piled  carelessly,  before  a  man  can 
fill  his  clamp  it  is  necessary  for  him  to  stop 
and  straighten  up  six  brick  before  the  clamp 
will  catch  hold  of  them.  The  carriers  should 
be  able  to  reach  out  and  grab  six  blocks,  much 
in  the  same  manner  that  a  man  gral)S  a  piece 
cf  ice  with  ice  tongs,  without  hesitating  at  the 
pile. 

The  specifications  provided  that  the  surface 
of  the  pavement  next  to  the  rail  should  be 
from  %  to  14  in.  below  the  top  of  the  rail  to 
avoid  danger  of  the  car  wheels  riding  on  the 
brick.  The  web  of  the  rail  was  plastered  with 
mortar  before  the  blocks  were  laid  in  such 
manner  that  the  blocks  would  lack  V*  in.  in 
meeting   the   rail   head.     This   joint      for     the 


ments.  It  was  hauled  onto  the  concrete  base 
and  dumped  half  a  load  in  a  place,  spread 
with  shovels,  evened  up  with  garden  rakes, 
and  rolled  with  a  2.50-lb.  hand  roller.  The 
template  shown  in  Fig.  1  was  used  to  drag 
the  sand  to  proper  grade  and  contour  after 
which  any  uneven  places  were  touched  up 
with  a  lute  by  a  man  experienced  in  that  work. 
It  reads  well  in  specifications  to  state  that  the 
sand  cushion  must  be  shaped  by  means  of  a 
steel- faced  template,  but  the  writer  has  seen 
several  men  who  could  do  the  work  just  as 
well  and  considerably  cheaper  by  means  of  the 
lute  alone.     Uneveness  in  the   curbs,  or  high 


Fig.    2.      Persoective    of    Grout    Mixing    Box. 


points  in  the  concrete  base,  etc.,  usually  keep 
one  man  busy  most  of  the  time  following  up 
with  a  lute  when  a  template  is  used.  On  this 
work  where  the  loads  were  dumped  at  proper 
intervals  three  men  did  all  the  work  on  the 
sand  cushion  for  a  brick  laying  gang  laying 
3.5,000  blocks  in  eitht  hours.  In  most  in- 
stances two  men  could  have  done  it  as  well 
had  it  not  been  for  the  fact  that  it  was  neces- 
sary to  have  three  to  pull  the  template. 

Grniititig. — The  grout  for  the  filler  was 
composed  of  equal  parts  of  cement  and  sand 
and  enough  water  to  make  it  flow  ]iroperly.  An 
average  of  0.0021  libls.  of  cement  per  square 
yard    was    used.      Two    grout    boxes.    Fig.    2, 


m?de  thin  enough  to  flow  into  all  cracks 
and  was  kept  swept  ahead  by  means  of  steel 
street  brooms.  After  the  first  pouring  had 
progressed  2.5  to  40  ft.,  depending  upon  the 
weather  and  whether  or  not  the  brick  were 
thoroughly  dry,  one  box  was  turned  back  to 
apply  the  second  and  final  coating.  This  sec- 
ond pouring  was  mi.xed  thicker  than  the  first 
and  rubber  squeegees  were  used  to  fill  the 
joints  flush  and  keep  the  blocks  free  from  sur- 
plus grout.  To  obtain  the  Vi-in.  joint  at  the 
rail  it  was  necessary  to  fill  it  flush  with  the 
top  as  with  the  rest  of  the  pavement  and  then, 
before  it  had  set  hard  to  clean  the  grout  out 
with  pointed  stick  or  trowel.  Soon  after  the 
second  coat  of  grout  was  placed  the  w'hole  sur- 
face was  covered  with  about  %  in.  of  damp 
sand.  On  dry,  hot  days  the  brick  were  well 
sprinkled  before  pouring  the  grout,  consider- 
able water  being  used  for  this  purpose. 

Expansion  Joints. — Expansion  joints  1  in. 
wide,  were  required  along  each  curb  and  across 
the  pavement  at  e\ery  e.xpansion  joint  in  the 
floor  slab  of  the  bridge.  It  was  first  intended 
to  make  these  joints  in  the  usual  manner  by 
leaving  a  1-in.  x  4-in.  strip  in  place  until  the 
grout  had  been  poured  and  set,  and  then  with- 
drawing the  board  and  filling  with  asphalt. 
Owing  to  the  difliculty  usually  experienced  in 
removing  the  strip  when  cement  grout  is  used, 
it  was  decided  to  use  an  expansion  joint  manu- 
factured by  the  Philip  Carey  Co.  of  Cincin- 
nati, O.,  made  in  5-ft.  lengths  and  of  the  proper 
thickness  and  width.  This  joint  has  not  been 
in  place  long  enough  to  tell  how  efficiently  it 
will  care  for  expansion  and  contraction  imder 
any  great  range  of  temperature,  but  it  is  un- 
doubtedly convenient  to  handle  and  place.  In 
this  case  there  was  little  difference  in  the  total 
cost  of  the  two  methods,  as  the  saving  in  labor 
was  offset  by  the  increased  cost  of  material. 
The  labor  cost  of  putting  the  joint  in  place  is 
small.  Piefore  starting  to  lay  brick  one  man 
can  string  out  enough  for  a  day's  work  in  % 
hr.,  and  dropping  it  in  place  as  the  joints  are 
reached  does  not  delay  the  gang.  For  the 
whole  jol)  there  was  used  4.501)  lin.  ft.  of  1-in. 
X  4-in.  joint,  weighing  1.05  ll)s.  per  lineal  foot, 
or  an  average  of  about  0.(i  lin.  ft.  per  square 
yard  of  pavement. 

Il'atct. — Water  for  all  purposes  was  brought 
onto  the  bridge  by  means  of  a  %-in.  hose  from 
two  taps,  under  the  bridge,  about  200  ft.  apart. 
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located  about  midway  of  the  structure.  Suffi- 
cient hose  was  used  to  cover  about  500  hn. 
ft.  of  pavement  adjacent  to  the  taps.  For  the 
rest  of  the  work  the  water  was  liauled  from 
the  hose  in  an  8-bbl.  tank  wagon.  Part  of  the 
time  a  team  was  used  to  haul  the  tank  back 


tractor  unloaded  a  few  cars  at  $0.7.5  per  thou- 
sand, the  second  man  about  a  third  of  them  at 
$0.85,  hut  both  got  tired  of  their  bargains.  The 
average  haul  was  a  little  over  one-fourth  mile 
and  part  of  the  road  was  not  very  good  ex- 
cept  in   very   dry  weather.     The  men  had  to 


Fig.  3.    Method  of  Striking  Sand  and   Piling  and    Laying   Brick. 


and  forth,  but  as  the  team  often  stood  idle  this 
did  not  prove  economical.  Four  men  could 
pull  the  empty  tank  up-hill,  and  three  could 
bring  it  down  loaded.  It  required  six  men  to 
pull  the  loaded  tank  tipliill  after  starting  it  to 
rolling.  While  this  interrupted  the  gang  it 
proved  more  economical  than  a  team  and  much 
cheaper  than  a  pipe  line.  It  is  important  to 
have  plenty  of  water  convenient  for  a  grout 
tilled  pavement,  and  getting  it  to  the  work 
may  easily  be  more  costly  than  the  water  it- 
self. The  water  used  for  all  purposes  amount- 
ed to  3  gals,  per  square  yard. 

COSTS. 

Daily  cost  reports  were  turned  in  by  the 
timekeeper,  and  these  had  to  check  the  pay- 
roll each  week  to  the  nearest  dollar.  Costs 
were  charged  to  the  following  items :  General, 
including  all  general  labor,  such  as  foreman, 
timekeeper,  night  and  day  watchmen,  etc.  Sand 
Cushion,  all  labor,  spreading,  rolling  and  shap- 
ing after  it  has  been  dumped  in  piles  on  slab. 
Layiiifj  Blocks,  laying  complete,  including  car- 
rying, hacking,  setting,  batting  in  and  straight- 
ening courses,  etc.  Culling  and  Cleaning,  get- 
ting ready  for  roller.  Rollins^,  labor  and  re- 
pairs, fuel,  etc.  Groutinti :  E.rf'ansion  Joint, 
that  along  the  rail  only.  Cleaning  Up;  Miscel- 
laneous, including  all  other  items  not  charge- 
able to  other  items. 

A  J-ton  tandem  roller  was  used,  which  was 
found  to  be  just  the  proper  size  for  this  work. 
However,  this  particular  roller  was  in  poor  re- 
lair,  although  the  use  of  it  was  rent  free.  The 
engineman  was  paid  $0.50  per  hour  for  the 
time   he   was   on    the   job,   whether   rolling   or 


hustle  all  day  to  unload  them  at  an  actual  cost 
of  $0.75,  and  neither  of  the  first  two  men  did 
it  at  that  figure.  The  third  man  took  the  con- 
tract to  unload  the  remainder  at  SO.l'o  per 
thousand,  which  he  did  at  a  good  profit,  as  he 
stayed  on  the  job  continuously  and  saw  that 


The  general  item  was  higher  than  it  should 
be  on  a  job  of  this  sort,  owing  to  the  many 
days  when  no  work  could  be  done,  as  it  re- 
mained the  same  with  slight  exceptions 
whether  work  was  done  or  not.  Of  the  total 
week  days  available  from  the  beginning  to  the 
end  of  the  work,  20  were  spent  unloading  and 
v.aiting  on  material  and  other  unavoidable  de- 
lays of  that  nature,  17  were  lost  on  account  of 
rain,  and  18  were  actually  worked  with  at  least 
part  of  a  gang. 

Eight-hour  days  were  worked,  as  required 
by  law  on  all  public  work,  and  the  following 
typical  gang  gives  an  idea  of  wages  paid  for 
labor : 

Item.  Total. 

Sand  cushion — 

S  hrs.   at  $0.25 $2.00 

li;    his.    at    $0.20 3.20 

Brick  laying — 

Setter,   S   hrs.   at  0.375 3.00 

Starter,  S  hrs.  at  $0.25 2.00 

Carrying,    32    hrs.    at    $0.20 6.40 

I  lacking,    24   hrs.   at   $0.20 4.80 

Batting  In,   8  hrs.   at   $0  25 2.00 

Sweeping  and  culling,   16  hrs.  at  $0.20...  3.20 

Foreman.    S  hrs.  at  $0.50 4.C0 

Timekeeper,  S  hrs l.iio 

Night   watch    1.70 

Total $33.80 

The  same  men  at  the  same  prices  were  used 
in  grouting  and  all  other  work,  except  that 
the  brick  setter  was  only  paid  $0."25  per  hour 
v.hen  he  was  not  setting  blocks. 

The  record  day's  run  with  this  size  gang 
was  •■'<7,o00  blocks,  or  815  sq.  yds.,  and  it  showed 
that  under  ordinarily  favorable  circumstances 


Fig.  5.    Paddock  Viaduct,  Ft.  Worth,  Texas,    Paved    With    Vitrified    Block. 


every  man  worked.  The  prevailing  price  for 
work  of  that  kind  at  this  time  was  $0.25  per 
hour  for  men  and  $<\50  per  hour  for  teams. 
From  700  to  800  blocks  were  hauled  to  a  load, 
which  meant  a  net  load  of  over  (!,000  lbs. 

Table    I    gives  the  actual  pay-roll  with  la- 
bor costs  of  the  finished  work,   with  the  ex- 


Fig.  4.    Typical  Brick   Laying  Gang. 
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roll.  The  total  cost  of  rolling  was 
ich  $17  was  for  repairs,  $8  for  fuel 
maindcr  for  labor, 
as  unloaded  by  contract  except  a 
and  therefore  none  of  that  is  in- 
hc  cost  given  below,    The  first  con- 


ception of  rolling  as  noted  above.  These  costs 
flo  not  include  any  overhead  expense,  such  as 
superintendence,  office,  insurance,  etc.  The 
general  item  amounted  to  32.2  per  cent  of  the 
total,  and  was  apportioned  to  all  the  other 
items  to  get  the  total. 


it  could  average  35,000  blocks  or  7l)l  sq.  yds. 
in  8  hours.  This  would  mean  an  apparent 
cost  of  $0.0-l-l-l  per  square  yard  for  placing  the 
.sand  cushion  and  laying  blocks  ready  for  the 
roller,  against  an  actual  cost  given  above  of 
$<l.072  per  square  yard.  The  difference  can  be 
accounted  for  in  many  ways.  In  the  first  place 
there  were  very  few  days  when  conditions 
were  favorable  for  good  wnrk  and  the  gang 
could    not   begin   to   make   the   run   of   35,000 


T.\BL.IC  1.— UNIT  L.ABOU  COSTS  OF  LAYING 
T.t;60  Sg.  YDS.  OF  VITItlFKID  BLOCK  AT 
FOHT  WoHTH.  TKXAS. 

Cost  pef 
Item.  sq.  yd. 

Sand    cushion,   3   men $0,013 

l.jiylnL;  bloi'k.x,    10  men,  average 0.04u 

CuilliiK  and   clcunlntc,   1   to  4   men o.ui.; 

ICollini;     O.OIJ 

'IruiiluiK,    12   to    15   men 0.017 

Expansion  Joint,  2  men,  odd  times O.OUJ 

<'leitnln;r    up     O.Ui'5 

.MIscelljini'iius     O.O'K 

Total  labor  coat  of  laying  brick..  -     '  ]■. 


blocks.  On  very  windy  days  the  fine  cushion 
sand  would  almost  blind  the  men  at  times,  as 
it  would  blow  about  like  cement.  Rain  inter- 
rupted the  work  so  often  that  nearly  every 
slarl  made  was  with  several  green  men  in  the 
gang  who  had  to  become  accustomed  to  the 
work.  Starling  and  slopoing  the  work 
amounts  to  considerable  when  only  an  hour 
or  so  of  actual  work  is  done  each  time.  In 
general   a    large   part    of    the   difference    was 
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caused  by  unfavorable  conditions  under  which 
the  work  was  prosecuted,  but  even  had  con- 
ditions been  favorable  there  would  have  been 
considerable  difference. 

Experience  teaches  the  difference  in  appar- 
ent cost  of  doing  work  when  you  are  paying 
for  it  yourself  and  when  you  are  keeping  the 
cost  data  on  some  one  else's  work.  The  in- 
spector or  engineer  is  able  to  get  valuable  cost 
data,  but  from  the  fact  that  he  is  quite  apt 
to  be  absent  when  no  work  is  going  on  he  will 
miss  many  of  the  numerous  small  expenses 
the  contractor  is  subject  to  continuously  and 
which  in  the  long  run  amount  to  no  mean  per- 
centage of  the  total.  Figuring  cost  of  work  by 
typical  organization  and  unit  performances 
under  favorable  conditions  is  an  excellent 
check  against  other  methods  of  securing  data, 
but  should  be  used  advisedly. 

Brenneke  &  Fay,  Consulting  Engineers,  St. 
Louis.  Mo.,  were  the  engineers  for  the  county 
and  the  work  was  done  by  the  A.  J.  McKenzie 
Construction  Co.  under  the  immediate  super- 
vision of  the  writer. 


Asphalt    and     Bituminous     Concrete 
Pavements  in  Washington,  D.  C. 

The  city  of  Washington  is  noted  for  the 
excellence  of  its  bituminous  pavements.  The 
information  given  here  was  presented  in  part 
iby  Captain  Mark  Brooke  in  the  Proceedings 
of  the  American  Society  of  Civil  Engineers 
and  in  part  compiled  from  data  furnished  by 
Captain  Brooke  to  the  editors. 

In  Washington,  as  a  result  of  experience 
and  ot  consideration  of  the  various  factors 
such  as  first  cost,  character  and  volume  of 
traffic,  suitability  of  local  material,  esthetic 
considerations,  etc.,  the  problem  of  securing 
the  best  type  of  pavement  has  been  reduced 
to  a  selection  of  one  of  three  types  of  asphalt 
pavement  for  city  streets;  and  bituminous  con- 
crete, cement  concrete,  or  water-bound  macad- 
am with  a  surface  treatment  of  light  tar  or 
oil,  for  suburban  streets  and  county  roads. 

In  the  city  practically  nothing  is  used  but  a 
standard  sheet-asphalt,  a  very  limited  quantity 
of  2-in.  asphalt  block,  and  an  increasing  quan- 
tity of  bituminous  concrete  in  accordance  with 
the  specification  of  the  department.  This  bi- 
tuminous concrete,  which  is  very  similar  to 
the  various  pavements  of  that  type  laid  be- 
tween 1870  and  1880,  appears  to  have  all  the 
advantages  and  but  few  of  the  defects  of 
sheet-asphalt,   and   is  cheaper. 

A  gravel  cement  concrete  base  is  now  being 
used  under  all  pavements,  except  in  a  few 
instances  where  old  macadam  roads  have 
been  surfaced  with  bituminous  concrete.  Ma- 
cadam, especially  an  old  macadam  road,  will 
make  an  excellent  base  which  will  outlast  any 
bituminous  wearing  surface  yet  devised,  but 
it  cannot  lie  kept  free  from  local  settlements, 
nor  can  it  be  easily  or  economically  resurfaced. 
The  man  who  lays  bituminous  concrete  on  a 
macadam  base  should  realize  that  he  is  stor- 
ing up  trouble  for  himself  or  his  successor 
15  years  hence. 

VVhctber  or  not  it  is  advisable  to  invest  in 
the  more  expensive  base  to  reduce  the  cost  of 
future  resurfacing  is,  of  course,  a  question 
every  one  must  decide  for  himself.  The  engi- 
neers in  Washington  for  some  time  past  have 
been  of  the  opinion  that  it  is  better,  as  a 
general  practice,  to  lay  a  base  which  wilf  not 
have  to  be  destroyed  every  time  a  new  surface 
is  put  on  it,  and  hope  to  relieve  their  succes- 
sors of  the  extra  expense  and  difficiilties  en- 
countered during  the  last  ten  years  in  resur- 
facing pavements  laid  on  macadam  and  bitu- 
minous macadam  bases — types  of  construction 
which  conformed  to  the  best  engineering  prac- 
tice of  the  time,  when  the  use  of  Portland 
cement  was  still  in  its  infancy. 

For  30  years  a  concrete  base  has  been  laid 
without  either  longitudinal  or  transverse 
joints,  with  no  significant  bad  results,  and 
the  writer  doubts  very  much  the  necessity  of 
the  elaborate  and  costly  provisions  for  such 
construction  which  are  so  often  seen  in  cement 
road  work.  On  some  of  the  cement  pavements 
in  Washington,  no  joints  whatever  have  been 
provideds,  on  others  there  is  a  thin  transverse 
joint  every  50  ft.,  made  by  bringing  the  con- 


crete up  to  a  vertical  face,  laying  a  strip  of 
folded  tar  paper  against  this  face,  and  then 
depositing  the  next  batches  against  the  paper. 
Thus  far  no  difference  in  the  action  of  the 
two  classes  of  construction  has  been  observed. 
If  any  joint  is  used  it  should  be  as  thin  as 
possible.  A  wide  joint  is  a  weak  joint,  and 
its  partial  contraction  will  invariably  force 
the  filler  into  a  pronounced  ridge,  as  objec- 
tionable to  motor  traffic  as  any  thank-you- 
ma'ani. 

When  this  pavement  is  laid  with  a  curb  it 
is  kept  about  1  in.  below  grade,  so  that,  should 
the  thin  bituminous  carpet  with  which  it  is 
covered  prove  an  uneconomical  form  of  wear- 
ing surface,  the  pavement  can  be  used  as  the 
base  for  a  thicker  surface  of  bituminous  con- 
crete and  still  have  sufficient  face  of  curb 
showing. 

For  many  years  trap  rock  has  been  the 
standard  material  for  water-bound  macadam. 
Recent  experiences  in  the  oil  and  tar  surface 
treatment  of  trap  and  limestone  roads  indi- 
cate that,  for  moderate  traffic  at  least,  the 
surface  treatment  does  as  well  with  the  lime- 
stone as  with  the  trap,  and  the  saving  effected 
by  using  limestone  about  offsets  the  first  cost 
of  the  surface  treatment. 

The  practice  of  paving  the  center  8  ft.  of 
certain  roads  with  concrete  and  providing 
wide  macadam  shoulders  for  the  light  traffic 
the  writer  believes  is  a  mistake  unless  the 
paved  strip  is  made  wide  enough  to  carry  two 
lines  of  traffic.  If  this  is  done,  it  is  unneces- 
sary for  passing  vehicles  to  cross  the  joint 
between  the  concrete  and  the  shoulders — the 
weakest  part  of  the  road — a  condition  which 
would  be  particularly  objectionable  at  seasons 
when  the  earth  shoulders  were  unsuitable  for 
traffic,  and  all  vehicles  would  seek  the  paved 
portion  of  the  road.  The  engineers  in  Wash- 
ington have  had  this  experience  in  the  case 
of  a  trunk-line  road  paved  with  granite  block, 
the  center  8  ft.  of  which  was  laid  with  asphalt 
for  the  benefit  of  light  traffic.  As  a  matter 
of  fact,  all  traffic,  both  slow  and  fast,  tries  to 
get  on  and  stay  on  this  8-ft.  strip,  thus  in- 
creasing both  the  congestion  of  traffic  and 
the  wear  on  the  asphalt. 

The  specifications  for  asphalt  wearing  sur- 
face and  bituminous  concrete  are  given  below  : 
ASPHALT    WEARING    SURFACE. 

The  wearing  surface  of  the  pavement  shall 
be  composed  of  asphalt,  petroleum  oil,  asphalt 
cement,  clean,  shari:)-grained  sand,  fine  absorb- 
ent mineral   dust. 

Asphalt. — The  asphalt  shall  be  refined  until 
homogeneous  and  free  from  water  and  shall 
not  at  any  time  be  heated  to  a  temperature 
high  enough  to  injure  it.  The  refined  product 
shall  contain  at  least  90  per  cent  of  bitumen 
soluble  in  carbon  bisulphide  and  ino  parts  shall 
not  require  more  than  «0  parts  of  the  flux  to 
produce  the  asphalt  cement  described  under 
asph.alt    cement. 

Petroleum  Oil. — The  oil  in  use  in  the  manu- 
facture of  asphalt  cement  shall  be  a.  petroleum 
from  which  the  lighter  oils  have  been  removed 
bv  distillation  without  cr.acking,  until  the  oil 
has  the  following  characteristics:  Free  from 
water  and  foreign  matter:  flash  point,  not  less 
than  300°  Fahrenheit;  distillate  at  400°  for  IS 
hours,  less  than  10  per  cent;  the  flash  point 
shall  be  taUen  in  a  New  York  State  closed  oil 
tester.  The  distillate  shall  be  made  with  about 
50  grams  ot  oil  in  a  small  glass  retort,  pro- 
vided with  a  thermometer  and  placed  in  a 
copper  holder.  The  residue  in  the  retort,  after 
distilling,  must  be  tluld  at  75°  F.,  and  not 
coarsely  crystalline  on   cooling. 

Any  other  softening  agents  approved  by  the 
Engineer  Commissioner  may  be  used  in  place 
of  petroleum  oil. 

Asphalt  Cement. — The  asphalt  cement  must 
be  of  refined  .asphalt,  fluxed  when  necessary 
with  petroleum  residuum,  asph.altic  oil,  refined 
maltha,  or  other  approved  flux.  The  cement 
must  be  practically  free  from  water  and  must 
be  within  the  range  of  40  and  TO  penetration 
when  tested  at  77°  F.  on  Dow  penetration  ma- 
chine with  No.  2  needle,  100  grams.  5  seconds. 
The  degree  of  penetration  to  be  fixed  by  the 
Engineer  Commissioner. 

Preference  will  ho  given  to  an  asphalt  cement 
that  Is  not  readily  affected  by  the  action  of 
water,  provided  it  Is  satisfactory  in  other  re- 
spects. If  an  asphalt  cement  is  accepted  that 
is  affected  bv  water  some  provision  satisfactory 
io  the  Englrieer  Commissioner  must  be  made 
to  guard  against  the  results  of  such  action,  and 
such  work  must  be  Inchided  In  the  price  bid. 
The  use  of  an  asphalt  under  these  specifications 
shall  be  sub.1cct  to  Ihf:  approval  of  the  Engi- 
neer Commissioner,  and  If  an  asphalt  hn-s 
been  proposed  for  use  by  the  contractor  and 
approved  by  the  Engineer  Commissioner  no 
change  In  the  asphalt  to  be  used  shall  be  made 
unless  with  the  approval  of  the  Engineer  Com- 
missioner.    If   an   asphalt   or    flux   Is   submitted 


for  use  which  has  not  been  successfully  used 
for  a  period  of  at  least  two  years  for  pavi.ng 
under  conditions  similar  to  those  existing  in 
the  District  of  Columbia,  its  use  may  be  limited 
to  such  extent  as  may  be  deemed  advisable, 
or  it  may  be  rejected  for  use  entirely  in  the 
discretion   of    the   Engineer   Commissioner. 

The  bitumen  of  the  asphalt  cement  must 
comply  with   the  following  tests: 

1.  It  must  be  of  such  consistency  that  when 
tested  at  32°  F.  it  will  not  show  a  hardness 
below  10  penetration,  and  when  tested  at  115° 
F.  it  will  not  be  softer  than  350  penetration. 
2.  When  a  briquette  of  the  bitumen  having 
a  minimum  cross  section  of  one  square  centi- 
meter, having  a  penetration  of  50° -53°  at  77° 
F.  is  tested  for  ductility  at  77°  F.,  the  bitumen 
must  stretch  at  the  rate  of  5  centimeters  per 
minute  to  a  distance  of  20  centimeters  before 
breaking.  2.  When  the  bitumen  is  heated  in 
an  open  tin  box  %  ins.  deep  by  2%,  ins.  in  diam- 
eter at  a  temperature  of  300°  F.  for  eighteen 
liours  in  a  hot-air  oven  it  must  not  show  a  loss 
by  volatilization  of  over  5  per  cent  and  it  must 
not  have  been  hardened  over  50  per  cent  by  tliis 
heating. 

The  asphalt  cement  must  never  be  heated  to 
a,    temperature   that   will   injure   it. 

When  the  asphalt  cement  contains  over  5 
per  cent  of  material  that  will  separate  by  sub- 
sidence while  in  a  molten  condition  it  must  be 
thoroughly  agitated  before  drawing  from  stor- 
age and  while  in  use  in  the  supply  kettles  so 
as  to  insure  a  uniform  cement. 

These  properties  shall  be  determined  by  tests 
made  by  uniform  methods,  descriptions  of 
which  are  on  file  in  the  office  of  the  Engineer 
Commissioner. 

Sand. — The  sand  in  use  shall  be  free  from  mud, 
hard-grained  and  moderately  sharp.  On  sift- 
ing it  should  have  at  least  15  per  cent  of  mate- 
rial that  would  be  caught  on  a  40-mesh  per  inch 
screen,  25  per  cent  of  material  that  will  pass 
an  80-mesh  to  the  inch  screen,  and  10  per  cent 
at  least  must  pass  a  100-mesh  to  the  inch 
screen.  If  the  sand  to  be  used  does  not  contain 
the  desired  fine  material,  mineral  dust  can  be 
added  to  make  up  the  deficiency,  and  in  any 
case  at  least  5  per  cent  of  such  mineral  dust 
shall  be  used.  The  amount  ot  fine  material 
may  be  increased  at  the  discretion  of  the  En- 
gineer Commissioner. 

Mineral  Dust. — This  shall  be  any  fine  Port- 
land cement  or  limestone  dust,  the  whole  of 
which  shall  pass  a  30-mesh  screen,  and  at  least 
S5   per  cent  pass  a  100-mesh  screen. 

Asphalt  Paving  Mixture. — The  materials  com- 
plying with  the  above  specifications  shall  be 
mixed  in  proportion  by  weight,  depending  upon 
their  character  and  the  traffic  on  the  street, 
and  upon  the  character  of  the  asphalt,  and 
will  be  determined  by  the  Engineer  Commission- 
er, but  the  percentage  of  bitumen  in  anj'  mix- 
ture soluble  in  carbon  bisulphide  shall  not  ex- 
ceed the  limits,  9  to  13  per  cent.  If  the  pro- 
portions ot  the  mixture  are  varied  in  any  man- 
ner from  those  specified  the  mixture  will  be 
condemned;  its  use  will  not  be  permitted:  and, 
it  already  placed  on  the  streets,  it  must  be  re- 
moved and  replaced  by  proper  materials  at  the 
expense   of  the   contractor. 

The  sand  or  the  mixture  of  sand  and  stone 
dust,  and  the  asphalt  cement,  will  be  heated 
separately  to  about  300  degrees  Fahrenheit.  The 
dust,  it  limestone,  will  be  mixed  while  cold  with 
the  hot  sand  in  the  required  proportions  and 
then  mixed  with  the  asphalt  cement  at  the  re- 
quired temperature,  and  in  the  proper  propor- 
tion in  a  suitable  apparatus,  so  as  to  effect  a 
thoroughly  homogeneous  mixture.  Sand  boxes 
and  asphalt  gauges  will  be  weighed  in  the  pres- 
ence ot  inspectors  as  often  as  may  be  desired. 

Samples  of  all  material  entering  into  the 
composition  of  the  pavement  shall  be  supplied 
to  tile  Inspector  of  Asphalt  and  Cements  when 
required,  in  suitable  tin  boxes  and  cans;  he  shall 
have  access  to  all  branches  of  the  works  at 
any  time,  and  shall  have  the  right  to  obtain 
samples  of  all  materials  from  the  source  of 
supply. 

Laying  Asphalt  Surface. — The  pavement  pre- 
pared in  a  manner  thus  indicated  will  be  brought 
to  the  ground  in  carts  or  wagons  at  a  tempera- 
ture of  not  less  than  250°  or  more  than  350° 
Fahrenheit;  the  contractor  must  provide  canvas 
covers  for  use  in  transit.  It  will  then  be  shov- 
eled into  place  and  thoroughly  spread  to  a  thick- 
ness ot  at  least  2y«  ins.  by  means  of  hot  iron 
rakes,  in  such  manner  as  to  cive  uniform  and 
regular  grade,  so  that,  after  having  received 
its  ultlm.ate  compression,  it  will  have  .a  net 
thickness  of  at  least  Hi  ins.  This  depth  will 
be  constantly  tested  by  means  of  gauges  fur- 
nished by  the  Engineer  Commissioner.  The 
surface  will  then  be  compressed  by  steam  roll- 
ers, after  which  .a  small  amount  of  hydraulic 
rement  will  be  swept  over  it.  and  it  will  then 
be  thoroughly  compressed  by  a  steam  roller 
weighing  not  less  than  175  pounds  to  the  inch 
run,  the  rolling  being  continued  for  not  less 
than  five  hours  for  every  1,000  yards  of  sur- 
face. The  street  to  be  barricaded.  Binder  or 
topping  shall  not  be  laid  when  weather  condi- 
tions are.  in  the  judgment  of  the  engineer, 
unsuitable  for  the  work  of  laying  the  pavement. 
Barricades  to  remain  for  such  length  of  time 
as  deemed  necessary  by  the  Engineer  Commis- 
sioner. 

.\sphaltlc  Base. — Asphaltic  base  will  be  com- 
posed of  clean  broken  stone,  free  from  spalls, 
that  will  pass  through  .a  two-Inch  ring,  we'l 
rammed,  and  rolled  with  a  steam  roller  weigh- 
ing not  less  than  five  tons.  The  rolling  will  be 
continued  until  the  stone  ceases  to  creep  before 
the  roller,  and  It  la  evident  that  the  final  com- 
pression   has    been    reached.    It    will    then    ba 
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thoroughly    coated    with    asphaltlc    paving    ce- 
ment of  approved   quality,   as  directed. 

ASPHALTIC  CONCRETE  ON  CONCRETE 
BASE. 

Paving  materials.— The  paving  materials  shall 
be  composed  of  crushed  trap  rock  screening.s 
concrete  sand  and  mineral  dust  in  the  follow- 
ing proportions;  Trap  rock  screenings,  "  parts- 
concrete  sand,  1  part;  and  mineral  dust  at 
least  o  per  cent  of  the  above  aggregate;  mixed 
with  asphalt  cement. 

Trap  Rock.— The  trap  rock  shall  be  of  a 
quality  to  be  approved  by  the  engineer,  and 
shall  be  eo.ual  to  that  used  by  the  District  of 
Columbia  for  macadam  roadways.  The  crushed 
stone  will  vary  in  size  from  1  inch  to  screenings 
and  shall  be  devoid  of  dust. 

Sand.— The  sand  shall  be  hard-grained  and 
moderately  sharp.  On  shifting  it  should  have 
at  least  25  per  cent  of  material  that  would  be 
caught  on  a  20-mesh  per  inch  screen,  aniJ  a 
per  cent  of  material  that  will  pass  an  80-mesh 
to  the  inch  screen.  If  the  sand  to  be  used 
does  not  contain  the  desired  fine  material,  min- 
eral dust  can  be  added  to  make  up  the  de- 
hciency,  and  in  any  case  at  least  5  per  cent 
of  such   mineral  dust  shall  be  used. 

Asphaltic  Concrete  Paving  Mixture— The  ma- 
terials complying  with   the  above   specifications 
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Fig.    1.    Combined   Curb   and  Gutter   Used   in 
Washington,    D.    C. 


shall  be  mixed  in  proportions  by  volume  de- 
pending upon  their  character  and  the  traffic 
on  the  street,  and  upon  the  character  of  the 
asphalt,  and  %vill  be  determined  bv  the  Engi- 
neer Commissioner,  but  the  percentage  of  bitu- 
men in  any  mixture  soluble  in  carbon  bisulphide 
shall  not  exceed  the  limits,  7  to  9  per  cent 
If  the  proportions  of  the  mixture  are  Varied 
in  any  manner  from  those  specified  the  mix- 
ture will  be  condemned;  its  use  will  not  be 
permitted:  and,  if  already  placed  on  the  streets, 
it  must  be  removed  and  replaced  by  proper 
materials  at  the  expense  of  the  contractor. 

Laying  Asphaltic  Concrete  Surface. — The 
stone  and  paving  cement  shall  be  heated  sepa- 
rately to  a  temperature  of  about  300°,  and  shall 
be  thoroughly  mixed  while  hot  by  machinery. 
The  proportion  of  paving  cement  shall  be  suffi- 
cient to  thoroughly  coat  each  particle  of  the 
aggregate,  and  the  entire  mixture  shall  be  sub- 
ject to  the  approval  of  the  engineer.  The  mix- 
ture will  be  hauled  while  hot  to  the  site  of  the 
work  and  shall  be  covered  until  deposited  on 
the  street.  The  temperature  at  the  time  of 
dumping  shall  not  be  less  than  220°.  The  hot 
mixture  shall  be  evenly  spread  with  hot  tools 
upon  the  base  to  such  a  thickness  as  will  make 
a  layer  2  Ins.  In  thickness  after  rolling.  It 
shall  then  be  rolled  with  a  steam  roller  weigh  - 
ing  not  less  than  one  ton  per  foot  of  tread 
of  roller,  until  no  further  compression  occurs. 
After  the  rolling  of  the  asphaltic  concrete  wear- 
ing surface  has  been  completed  there  shall  be 
spread  over  such  surface  a  thin  coating  of 
asphaltic  cement  as  used  in  surface  not  to 
exceed  on  an  average  a  quarter  of  a  gallon  to 
the  square  yard,  of  such  consistency  as  shall 
he  approved,  which  shall  be  thoroughly  brushed 
Into  the  wearing  surface  so  as  to  fill  all  voids 
and  smooth  out  any  minor  unevenness  of  the 
said  surface.  There  shall  then  be  spread  over 
and  rolled  Into  this  nusli  coat  a  thin  layer  of 
trap  screenings,  so  far  as  practicable,  devoid  of 
dust.  In  size  from  %  In.  down,  whose  use  shall 
he  to  the  end  of  securing  a  grlttv,  no-slippery 
surface.  The  finished  surface  shall  be  free 
from  lumps  or  depressions  and  shall  be  true  to 
the  required  cross-set  tion.  The  street  to  be 
barricaded.  Rarricades  to  remain  for  such 
length  of  time  as  deemed  necessary  by  the  En- 
gineer  Commi.ssloncr. 

Asphaltic  Concrete  on  Rroken  Stone  Base. — 
A  surface  coat  of  asphaltic  concrete  complying 
in  all  respects  to  the  specifications  for  asphaltic 
concrete  on  concrete  base  Is  to  be  laid  on  a 
base  of  broken  stone  or  gravel.  The  bn.se  will 
be  furnished  by  the  District  nf  Columbia,  In 
place  and  rolled,  ready  for  surfacing.  Th" 
price  hid  will  Include  supplying,  mixing,  placing 
and   rolling  the  asphaltic  concrelf   surface. 

Resurfacing  Over  Asphalt  and  f'n.il-Tar  Pave- 
ments.— The  foregoing  speclflcations  shall  alsi> 
apply,  as  far  as  iirartlcable,  to  all  work  of  re- 
surfacing. Where  the  binder  r<>n.\  cannot  hn 
made  of  uniform  thickness.  It  will  be  paid  for 
by    the    cubic    foot. 


Curb     and     Gutter     Construction     in 
Washington,  D.  C. 

(.Staff  Article.; 

The  curb  and  gutter  construction  used  in 
Washington,  D.  C,  is  of  an  unusually  sub- 
stantial type.  It  is  a  rare  thing  to  see  curb  out 
of  line  or  a  broken  gutter  in  that  city.  In  Fig. 
1  is  shown  the  standard  type  of  combined  curb 
and  gutter  in  general  use.  It  will  be  noted 
that  the  curb  is  unusually  thick  and  the  base 
therefor  is  quite  broad.  The  method  employed 
in  laying  is  as  follows: 

Concrete  Curb  and  Gutter. — A  trench  is  ex- 
cavated and  trimmed  to  a  depth  of  at  least 
14  ins.  and  a  bed  of  bank  gravel,  free  from 
excess  clay  or  loam,  spread  to  a  depth  of  6  ins. 
and  rammed.  In  making  the  curb,  forms  are 
placed  and  the  mortar  face  formed  by  plas- 
tering on  the  inside  before  the  curb  concrete 
is  laid.  Curb  and  gutter  is  divided  in  10  ft. 
lengths,  a  clean  cut  joint  being  made  either  by 
use  of  a  thin  metal  plate  or  witli  heavy  paper. 
The  face  forms  on  the  curb  are  removed  with- 
in 24  hours  and  the  surface  troweled  to  a 
neat  finish. 

The  specifications  call  for  a  high  quality  of 
sand  and  no  stone  over  2  ins.  in  diameter. 
The  mortar  surface  on  gutters  is  placed  im- 
mediately after  laying  concrete  and  thoroughlv 
manipulated  by  troweling  and  beating  with 
wooden  battens  so  as  to  break  any  air  cells 
and  make  the  surfacing  solid.  Joints  are  filled 
with  sand.  A  coating  of  dry  cement  and  fine 
sand,  1 :1  mix,  containing  thoroughly  incor- 
porated coloring  matter  is  floated  on  the  sur- 
face. A  jointing  tool  is  used  cutting  to  a 
depth  of  %  in.  and  the  exposed  surface  cov- 
ered with  sand  for  jirotcction. 

Granite  Curb  and  Brick  Gutters. — The  gran- 
ite curb  and  vitrified  block  gutter  is  shown  in 
Fig.  2.  Granite  curb  is  set  in  the  following 
manner : 

A  trench  is  excavated  18  ins.  wide  and  15 
ins.  below  the  top  of  the  curb  when  set.  One 
edge  of  this  trench  is  4  ins.  beyond  the  finished 
curb  line  toward  the  center  of  the  street.  Five 
inches  of  1  :4  :10  pebble  concrete  is  placed  in 
this  trench  and  the  curb  set  immediately,  heavy 
mauls  being  used  to  bed  it  firmly.  As  soon  as 
the  curb  is  laid  the  trench  on  the  sidewalk  side 
is  filled  to  within  5  ins.  of  the  top  of  the  curb 
with  concrete  tamped  in  place.  Excess  con- 
crete in  front  of  the  curb  which  will  interfere 
with  laying  vitrified  block  gutters  is  removed 
and  earth  filled  in  behind  the  curb  to  prevent 
too  rapid  drying  out  of  the  concrete.  No 
provision  is  made  for  longitudinal  joints  be- 
tween the  curb  and  the  street  surface  base. 

In  laying  the  gutter  as  soon  as  practicable 
after  the  concrete  base  has  been  laid,  a  dry 
mixture  of  sand  and  cement  is  spread  to  a 
thickness  of  not  less  than  V4  in.  as  a  bed  for 
the  paving  blocks.  The  blocks  are  laid  on  edge 
joints  being  broken  so  that  each  block  has  at 
least  a  4-in.  lap  in  every  course.  A  plank  is 
laid  over  several  courses  and  a  rammer  used 
until  the  blocks  reach  a  firm  bed  and  present 
a  uniform  surface.  After  ramming  the  gutter 
is  grouted  with  a  thin,  easy  flowing  grout  of 
neat  cement. 

The    following   are   the  contract   prices    for 
concrete  curb  and  gutter  in  1914  ; 
Hem.  Cost  per  lln.  ft. 

Curb  alone $0.02 

18-ln.  gutter  0..11 

24-ln.  gutter 0,42 

We  are  indebted  to  Capt.  Mark  Brooke, 
Engineer  Corps,  U.  S.  A.,  and  assistant  to  the 
engineer  commissioner  of  the  District  of  Co- 
lumbia for  the  information  contained  herein. 


The  dedication  of  the  new  filtration  plant 
at  Cleveland,  Ohio,  will  take  place  in  the  fall 
of  101-'),  simultaneously  with  the  celebration  of 
the  100th  anniversary  of  the  incorporation  of 
the  village  of  Cleveland. 


The  Use  of  Hydrated  Lime  in  Concrete 

Road  Surfaces. 

The  problem  of  reducing  the  amount  of 
water  which  leaches  from  a  newly  laid  con- 
crete road  surface  is  a  serious  one.  Several 
pallativcs  have  been  proposed,  among  them 
the  addition  of  hydrated  lime  to  the  concrete. 
Whether  the  strength  and  hardness  arc 
affected  to  the  extent  of  overbalancing  the 
.idvanlngcs  derived  from  the  increased  water- 
tightness  of  the  concrete  has  not  been  deter- 
mined.     The    advantages    accruing    from    the 


use  of  this  material  are  pointed  out  in  a 
paper  by  Robt.  S.  Edwards,  before  the  Na- 
tional Lime  Manufacturers  Association,  which 
is  given  here  in  part. 

The  general  conditions  under  which  con- 
crete pavements  are  placed  are  severe,  as  the 
majority  of  work  is  usually  done  in  the  dry 
spring  and  summer  months  when  tempera- 
tures are  high,  causing  excessive  evaporation. 
The  concrete  is  generally  poured  on  an  earth 
or  clay  sub-base  in  a  thin  slab  varying  be- 
tween 4  ins.  and  7  ins.  in  thickness.  This 
condition  alone  makes  its  almost  impossible 
to  secure  uniformity  throughout  the  concrete 
mass,  so  that  after  hardening  the  concrete 
road  slab  is  subject  to  far  greater  variation, 
due  to  the  segregation  of  the  coarse  aggre- 
gate from  the  mortar,  than  is  found  in  other 
forms  of  concrete  work.  This,  of  necessity, 
causes  unevenness  throughout  the  concrete, 
and  the  excessive  cracking  and  unraveling  so 
often  seen  in  poorly  laid  concrete  roads  is 
directly  due  to  this  fact. 

It  is  the  writer's  opinion  that  the  primary 
cause  of  cracking  in  concrete  pavements  is 
due  to  the  loss  or  leakage  of  varying  por- 
tions of  the  mixing  water  from  the  concrete 
by  seepage  through  the  sub-base,  as  well  as 
by  evaporation  from  the  surface  of  the  con- 
crete, which  leaves  the  concrete  road  slab  in 
such  a  condition  that  at  later  times  it  will 
alternately  absorb  and  give  up  water,  depend- 
ing on  the  season  of  the  year,  and  that  ex- 
pansion and  contraction  of  concrete  and  any 
movement  in  its  volume  are  due  infinitely 
more  to  this  alternate  wet  and  dry  condition 
than  to  any  temperature  change  from  hot  to 
cold  without  presence  of  moisture. 

That  the  cracking  which  is  directly  attrib- 
uted to  the  change  in  the  condition  of  the 
sub-base,  either  in  settlement  spots  or  in  dry- 
ing out  in  shrinking,  is  primarily  due  to  this 
cause,  which  is  greatly  helped  by  unevenness 
and  variability  of  the  concrete  mixture. 

That  there  are  extremely  few,  if  any,  con- 
crete pavements,  individual  slabs  of '  which 
can   be   considered   entirely   uniform. 

The  Use  of  Hydrated  Li'm^.— Hydrated 
lime  is  a  product  formed  by  the  addition  of 
accurate  quantities  of  water  to  known  weights 
of  freshly  burned  quicklime,  the  finished  ma- 
terial being  a  flour-like  powder  of  great  fine- 
ness and  covering  capacity,  having  more  than 
twice  the  volume  of  the  same  weight  of 
cement  in  its   drj'   state. 

The  use  of  hydrated  lime  as  a  void  filler  in 
concrete  mixtures,  and  for  rendering  con- 
crete mixtures  more  water-tight,  dates  back 
several  years.  Numerous  tests  show  that  a 
replacement    of    from    10   to    15   per    cent    of 
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Fig.     2.      Granite    Curb    and    Vitrified    Block 
Gutter    Used    in    Washington,    D.    C 

cement  by  hydrated  lime  in  rich  concrete  mix- 
tures does  not  decrease  the  compressive 
strength  of  the  concrete  after  three  to  four 
months'  time,  and  ultimately  increases  the 
strength  and  permanence  of  the  concrete.  It 
apparently  makes  but  little  difference  as  to 
its  action  as  a  void  filler,  whether  the  hydrate 
is  manufactured  from  a  dolomitic  or  high 
magnesia  lime  or  a  high  calcium  lime — if 
being  necessary  only  to  have  a  product  which 
contains  no  free  lime  or  unslacked  particles. 
The  proper  hydration  or  dry  slacking  of  lime 
reduces  it  to  a  finer  degree  of  subdivision 
than  can  be  accomplished  by  any  mechanical 
means. 

The  amount  of  water  required  to  convert 
the  dry  hydrated  lime  into  a  plastic  paste 
varies  from  50  to  70  per  cent  of  the  weight 
of    the    lime;    while,    to    obtain    a   mortar   of 
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similar  consistency  with  Portland  cement,  an 
addition  of  25  to  30  per  cent  of  water  is 
required. 

Unlike  Portland  cement,  however,  the  addi- 
tion of  water  to  hydrated  lime  does  not 
create  any  chemical  reactions.  'I'liere  is 
simply  a  lime  paste  formed  which  holds  its 
excess  water  for  a  long  time.  Upon  the  addi- 
tion of  small  quantities  of  hydrated  linie, 
amounting  to  10  or  15  per  cent,  to  the  weight 
of  cement  used  in  concrete  mi.xtures  and  the 
ordinarv  mi.xing  of  such  mixtures,  the  hy- 
drate, which  has  absorbed  a  large  amount  of 
water,  corresponding  to  its  weight,  is  thor- 
oughly disseminated  throughout  the  concrete 
mass,  and,  due  to  its  line  plastic  conditions, 
it  is  forced  immediately  into  places  in  the 
concrete  which  the  cement  cannot   reach. 

Concrete,  so  mixed,  on  leaving  the  mixer, 
flows  more  readily  into  place  and  the  coarse 
aggregate  has  much  less  tendency  towards 
segregation  in  the  concrete  mass.  In  other 
words,  the  extremely  finely  divided  condition 
of  the  moistened  hydrated  lime  paste  has  in- 
creased, to  a  marked  degree,  the  covering 
or  spreading  quality  of  the  cement,  and  re- 
duced, to  a  similarly  marked  degree,  the  fric- 
tion between  particles  of  fine  and  coarse 
aggregate. 

This  answers  the  question  '"Why  does 
hydrated  lime  benefit  concrete?"  The  action 
is  purely  a  mechanical  one,  and  can  be  com- 
pared to  the  oiling  or  greasing  of  a  shaft  or 
bearing.  The  property  which  hydrated  lime 
has  of  absorbing  and  retaining  large  percent- 
ages of  water  offers  a  ready  solution  to  the 
problem  of  finding  a  means  for  keeping  and 
holding  moisture  in  freshly  poured  concrete 
pavements  until  the  slower-acting  cement- 
hardening  process   can   utilize  it. 

It  is  obvious  that  small  percentages  of 
hydrated  lime,  when  added  to  concrete  mix- 
tures, in  road  work,  will  accomplish  the  fol- 
lowing  things : 

1.  Renders  the  concrete  highly  plastic  and 
homogeneous,  thus  producing  density  and 
uniformitv  in  the  finished  concrete.  This  con- 
dition adds  much  to  the  life  and  efficiency  of 
the  road  because  of  the  uniform  resistance  to 
wear  and  other  stresses. 

2.  Keeps  a  certain  amount  of  excess 
moisture  in  the  concrete  while  setting. 

3.  Renders  the  concrete  mass  more  nearly 
water-tight,  thereby  preventing  the  alternate 
wetting  and  drying  out  of  the  finished  con- 
crete. 

4.  In  large  pieces  of  work,  these  proper- 
ties given  to  concrete  by  hydrated  lime  would 
materially  reduce  the  labor  in  spreading  and 
bringing  the  concrete  to  a  uniform  surface. 
which  is  of  great  importance  in  paving  work. 

Road  Dragging  System  in  Allamakee 
County,  Iowa. 

(Staff  Article.) 

The  system  of  earth  road  maintenance  insti- 
tuted in  Iowa  in  1913  requires  that  all  graded 
earth  roads  '  be  dragged  or  otiierwise  main- 
tained. The  roads  comprising  the  county  sys- 
tem (alxrnt  15  per  cent  of  the  total  mileage) 
are  under  the  direct  charge  of  the  county  engi- 
neer and  the  remainder  under  superintendents 
appointed  by  the  trustees  of  the  various  town- 
ships. A  definite  fund  for  this  work  is  pro- 
vided by  a  non-divertable  one  mill  tax. 

The  method  of  maintenance  adopted  by 
Allamakee  County  and  the  various  townships 
therein  is  based  upon  individual  contracts 
made  with  residents  adjacent  to  the  road  to 
be  maintained.  These  contracts  provide  for 
the  operation  of  a  road  drag  at  a  definite  rate 
per  mile  traveled,  the  drag  to  be  used  when 
instructed  by  the  engineer  or  superintendent, 
as  the  case  may  be.  This  method  is  in  gen- 
eral use  throughout  the  state. 

In  this  county  the  roads  are  divided  into 
sections  six  miles  long  and  a  contract  entered 
into  with  a  bonded  contractor  on  each  sec- 
tion. As  a  rule  one  man  does  not  care  for 
more  than  three  miles  of  road.  Upon  the 
completion  of  a  dragging  the  contractor  is 
required  to  make  a  report  on  a  postcard,  the 
form  of  which  is  shown  in  Fig.  1.    The  aver- 


age contract  price  for  'this  work  is  $0.43  per 
mile.  The  form  of  contract  in  use  is  given 
below. 

This  dragging  work  is,  for  the  rnost  part, 
purely  maintenance.  Repair  and  rninor  con- 
struction work  are  generally  carried  on  by 
force  account  gangs,  under  the  direction  of 
the  township  superintendent  and  are  paid  for 
out  of  the  township  road  funds  which  are 
separate   from  the  dragging  fund. 

The  forms  and  data  given  herein  were  fur- 
nished by  W.  H.  Miner,  county  engineer  of 
Allamakee  County,  Iowa,  who  has  general 
charge   of    the    work   in   that   county. 

ALLAMAKEE   COUNTY    CONTRACT   TO 
KING-DRAG. 

This   agreement    made   and    entered    into    this 

day  of   A.   D.   19 

by    and    between    Allamaliee    County,    State    of 

Iowa,  by    member  of  its  Board 

of    Supervisors,    party    of    the    first    pavt,    and 

,   party  of  the  second   part,   wit- 

nesseth: 

That  for  and  in  consideration  of  the  labor, 
acts  and  covenants  hereinafter  mentioned,  to 
be  performed  by  the  second  party,  the  first 
party  hereby  agrees  to  pay  to  the  second  party, 
at  the  times  hereinafter  mentioned,  the  sum 
of  cents  per  mile  for  each  mile  act- 
ually traveled  in  King-dragging  that  portion  of 
the  county  highway  as  set  out  below,  and  re- 
moving the  loose  rocks  and  stones   therefrom; 

That  for  and  in  consideration  of  the  sum  Jf 
money  above  specified,  the  second  party  hereby 

agrees  to  King-drag  the  following  section  

of    the    county    highway    in    said    county 

and    remove    therefiom     all     loose     rocks     and 


Equipment    Used    in    Constructing    12 

Miles  of  Concrete  Roads  in 

8  Months. 

(Staff   Article.) 

This  equipment  is  an  inventory  list  of  the 
field  and  office  appliances  used  in  constructing 
12  miles  of  concrete  road  by  force  account  in 
one  working  season.  The  list  was  furnished 
us  through  the  courtesy  of  Mr.  H.  J.  Knelling, 
liigliway  commissioner  of  ?ililwaukee  county. 
Wisconsin.  Some  duplications,  of  course,  ex- 
ist, since  there  are  times  when  the  purchase 
of  extra  equipment  is  necessary  to  avoid  ex- 
pensive delay  and  it  is  hardly  fair  to  charge 
them  to  cost  of  equipment,  although  this  is 
the  universal  practice. 

From  ten  to  fifteen  separate  gangs  were  op- 
erated, including  surfacing,  hauling,  culvert 
and  bridge,  gravel  pit,  tarring  and  grading. 
In  addition  the  surveying  equipment  and  the 
testing  outfit  for  testing  cement,  bituminous 
and  concrete  aggregate  are  given. 


CONTRACTOR'S  REPORT  FOR  ROAD 
DRAGGING. 

County   Road   System,  Allamakee  County, 
I  own. 


I    received   notice   from   D.    D.    RONAN   to 

drag  Section  No of  the   

Road  on  the  day  of ..... •  ■  • . 

191     ,  at  o'clock  m..  and  did  on  the 

day   of    191.... 

comply  with  the  same. 

Miles   dragged ;   price   per   mile. 

$ :    amount   charged,   S it 

not  dragged,  why  not? 

.,   Contractor. 

To  be   mailed   to  the   Supervisor  within   24 
hours  after  each  dragging  is  completed. 


Fig.  1.    Form  of  Dragging   Report  Card 
Used    in   Allamakee   County,    Iowa. 


stones,  especially  such  rocks  and  stones  as  may 
be  loosened  by  the  King-drag,  the  said  section 
described  as  follows,   to-wit:    

It  is  specifically  agreed  and  understood  that 
the  said  second  party  shall  King-drag  said 
highway  and  remove  the  loose  rocks  and  stones 
therefrom  within  twenty-four  (24)  hours  after 
receivln.g  notice  to  King-drag  from  Supervisor 
of  said  district; 

The  .said  Supervisor  shall  notify  secbnd  party 
of  the  time  to  King-drag  and  said  second  party 
shall  King-drag  and  remove  rocks  .and  stones 
as  above  finished,  giving  the  date  and  number 
of  miles  set  out,  and  shall  also  fill  out  one  of 
the  cards,  that  will  be  furnished  him  by  the 
first  party  for  that  purpose,  immediately  after 
said    King-dragging   Is   dragged,    and    mail   said 

card    to    said    Supervisor. 

Payment  by  first  party  to  second  party  shall 
be  made  on  the  lOth  day  of  each  and  every 
month  for  all  King-dragging  done  by  second 
party  during  the  month  preceding  as  shown  by 

cards   received   by   said    

Super\'isor;  the  intention  being  to  allow  the 
first  party  10  days  to  make  computation  and 
mall  warrant  for  amount  due  second  party  after 
close  of  preceding  calendar  month. 

In    witness    whereof   the    parties    hereto   have 

hereunto  set  their  hands  and  seals  this   

day   of   A.  D.   19.... 

ALLAMAKEE  COUNTY. 

By 

First  Party. 

By 

Second  Party. 


Article. 


CONCRETE  MACHINERY. 

Cost. 

635  ft.  IMi-in.  water  hose S  -\~l\ 

645  ft.     ?i-in.   water  hose =•'•"» 

15  ft.     %-in.   syphon  hose io-»" 

20  ft.  2     -in.  suphon  hose ^■'•"JJ 

20  ft.  2y2-in.  syphon  hose -i-"" 

24  ft.      %-in.   steam  hose J"" 

54  ft.  li/i-in.  steam  hose,  new -»"^ 

S  ft.  m-in.  steam   hose 4.»u 

Clutch   for  Milwaukee   mixer --L" 

1  '.-in.    Penberthy    injector *-J^ 

1  i-in.    throttle  valve j-gr 

i  hand    lubricator '-■-^ 

1  1-in.  stop  cock •'* 

1   %  -in.  barrel  faucet -J? 

1  steam  gauge %-r^ 

15  ft.  2>4-in.  suction  hose =•"- 

56  ft.  2     -in.  suction  hose 

50  ft.  2%-in.  suction  hose 

14  ft.  1     -in.  steam  hose 

1  Milwaukee  mixer  No.  14 ... 

25  ft.    %-in.    water    hose '•"" 

1  chain    belt    mixer 

1  rotary  water  pump 

2  ft.  4-in.  belt 

1  Chicago  mixer  No.  10 

1   Koehring  mixer  No.   14 lornn 

36  wheelbarrows ? 'en 

20  ft.  1     -in.  water  pipe i-»" 

20  ft.  1     -in.  steam    hose ^J;™ 

20  ft.  2     -in.  steam    hose i-"" 

40  ft.  IH-in.  water  hose i-'*'* 

20  ft.     %-in.  water  hose 

6  canvas  covers 

22  canvas  covers 

1  diaphragm    pump ,',"" 

1  Milwaukee  mixer  (culvert  work) 

1  Koehring  bar   bender n,-R 

1  Koehring  bar  cutter ^i»» 

270  iron  stakes ^J" 

10  pair  rubber  boots i  c^ 

2  suction  hose  sieves }-°!' 

those    reel \-Ti 

1  wheelbarrow   wheel i-"" 

1  IVa-in.  globe  valve •" 

2  lubricators • •••. "■"" 

1  new     countershaft     gear    for    Chicago  ^ 

mixer,   with  dia.    clutch. ,. '•»" 

1  new   clutch   ring,    Milwaukee   mixer...  2.0U 

1  V2-in.   Penberthy  injector ^»J" 

6  pair  boots "^  kn 

2  trowels -JX 

1  M-\n.   Jenkins  valve ,,:»" 

2  spark   plugs -■"" 

4  wheelbarrows ^^-"'l 

10  water  gauge   glasses •"'" 

65  lbs.   No.    12    wire 

1  Detroit  lubricator,   1-pt 

1  brass  hand   oiler 

1  steam  whistle  and  valve 


22.10 

26.72 

7.49 


6.75 
.65 


2.67 

144.00 

362.56 

39.00 


1.95 
4.28 
1.25 
2.25 


Total  for  concrete  machinery $6,780.02 

HAULING   MACHINERY'. 
Article-.  , 

2  kegs   railroad   spikes 

1  keg  railroad   bolts 

1   1  1-3-in.   steam   throttle   valve 

3  traction   spindles,    new 

1  steel  wagon  axle ;■;.•■, 

12  ft.    %-in.   chain,    hook  and  link 

5  ft.    %-ln.  chain,    hook  and  link 

1  Reeves     tractor 

5  ^-In.   comp.  grease  cups 

1  flue    cleaner 

G  calks  for  drive  wheels 

1  Case   tractor 

2  draw    bars 

6  mud    calks    

2  exhaust    nozzles ■  .•  •  • 

12  ft.   %-in.   chain,  hook  and  link 

1  flue    cleaner 

1  Avery  engine    • 

2  Case  tanks  with  wagons  and  pump.. 
1  Reeves  tank  with  wagon  and  pump. 
1  Russell  tank  with  wagon  and  pump.. 

3  Austin  2-yd.   dump  wagons 

5  Trov    2-yd.    dump    wagons 

12  ft  "%-in.   chain,   hook  and   links 

5  ft     %-ln.   chain,    hook   and   links 

12  ft.    V"-!".   chain,  hook  and  links 

12  3H    troy   wagons 

1  Aver>'  push   pole 

1  ash    hoe 


Cost. 

10.60 

■     9.7.'. 

1.75 

15.00 

12.00 

5.50 

2.00 

1.25 
.72 


13.00 


1.50 
2.90 


222.35 

100.00 

114.15 

34.-.. 00 

527.76 

5.75 

1.45 

3.25 

2.00 
.75 
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6  pokers ,  n,, 

1  rake ■*!;5! 

1  draw  bar o'kn 

2  wagon   couplings '/in 

4  steering    pins oK 

4  coupling  pins 'S^ 

1  clutch  clamp,   new 'Sa 

1  soft  plug  for  tractor So 

2  steam  gauges o'?,, 

12  mud     calks T^X 

2  new   spindle   washers ?n 

1  Avery    grate 200 

L^M'^T   driving  pinion,   new '...'..:  3'4o 

30  ft.    ',^-in.    Cham oiJ! 

1  Lindsay    tank  outfit 116  2^ 

2  wagon  spindle  patterns ^"oo 

1  grease  cup \n 

1  pattern  for  car  bearings ...::::;:::::;  5.00 
40  ft.   %  -m.  rope j] Jq 

Total   for  hauling  machinery riliT/oti.Ol 

GRADING   MACHINERY. 

Article.  Q     , 

23  Western  wheeled  scrapers.    .  S    9401'' 

8  eveners.    made    by    county 9  en 

17  singletrees ,X-5X 

IS  eveners    with   singletrees.  ....'..■.'.■."■ '  e4Sa 

2  steel    eveners   with   singletrees '  t'^'o 

2  neckyokes i'4n 

4  Case  wheel  scrapers.  No.  2V,'. lis  in 

8  Good   Roads  wheel  scrapers ."."      son'oo 

1  Road   King  grader '      40500 

3  No.    2    Dorsch   plows !        6S00 

2  Western    pick   plows "  coOO 

21  slip    scrapers '  n^on 

1  Dorsch  plow  No.  2  (bent  beami:::::::  ^400 

1   farm    plow •;  jJ-gX 

-  eveners   with   singletrees    (4) ioQ 

1   pick   plow   point '  9^0 

1  chain   with  snatch "bo 

3  singletree    hooks 7^ 

12  clevises /Li 

2  doubletree  rings tn 

3  plow    shoes 4-?X 

I   plow  point Son 

1   slip   scraper ; ^0^ 

1   Giant  grader '..'.'..'.'.  250.00 

Total    for   grading   machinery $2,462.97 

PUMPING  MACHINERY. 
■'"'"''*'•  Cost 

1  Fairbanks  pump,  engine,  etc $    iSo'oo 

1  box  batteries  for  gas  engine I'SO 

1  Columbia  Ex.   battery I'nn 

1  socket     wrench.     ...;...                  ''•40 

2  valve  springs  for  F.  M.  engine. ...!'.! !  Iso 

4  2-in.    galvanized    couplings SO 

I   carburetor  for  Lauson  engine f,'oo 

1   4-h.p    Lauson  engine  and  Myers  pump 

complete _  *^  -99(3  qq 

1   4-h.p    Lauson  engine  and  Myers  puinn 

complete 29600 

:   switch     and     coil 55O 

1  Induction    motor,   5-h.p '    '  l''3'25 

1  sprocket   wheel  for  pump '.'.'..'.'.'  "300 

3  14x4    pulleys    for    pump lo'go 

2  ft.    drive    chain "93 

10   ft.    4-in.    leather  belting '.'.'.'.'.'.'.'."  30^ 

7    2-in.    lirass    valves 14 ''1 

25  lbs.  broken  bra.ss  valves 

1  I4-ln.  chain  sprocket  for  Myers  pump.         3.00 
35  2-ln.    plugs.- I  i~ 

2  new  crossheads  for  Myers  pump...'.'.'.'  700 

30  ft.    (i-in.    1-pIy   rubber   belting 549 

1  steam  flue  door S'SO 

I  2-in.    brass   union g9 

50  2-in.    pipe    couplings .'.  'OO 

15  ft.    chain    drive,    new 10  31 

Ir^^l  ^'yers  pump  and   house '.'.'.  65.00 

}ft   t,-   \""?-   S"^"o"   hose 13.50 

10   ft.    %-\n.    water   hose 134 

25  lbs.    brass    scrap 

IK'i^?''"-    hydrant   reducer.    ]]'.'.'.'.'.'.['.'.  175 

3.1   7    lengths    of   2-in.    pipe 5,676.06 

64  2-in.    unions 51  74 

J?  ?•;"■    Jp'?'^'«s ■'■•■         3S'.34 

II  ;-"•    J> 18.85 

?^-:'"-    Ls.    .    5.33 

1  2-in.   foot  valve 47 

2  2-ln.    check  valves 6|2,5 

Total    for   pumping   machinery $6,820.03 

OILS.  GREASE.S  AND  PACKING. 

Article.  Cost 

M   barrel  steam   cylinder  oil J17'6S 

1   empty  oil  barrel I  00 

J4  barrel   lubricating  oil ','.'.     750 

';4  barrel  asphaltum  oil 300 

'A  barrel  gas   engine   oil 5'03 

J4  barrel  steam  cylinder  oil .' .'     675 

1  empty   half  barrel 1  00 

100  lbs.   grease 1  •>  00 

3  2-gal,   oil  cans ,.'.     J|o5 

4  l-gal.  oil  cans jo 

5  l-gal.   oil  can.M ' '       '90 

3  5-gal.   oil   cans 1^50 

2  3-Kal.   oil  cans .'         go 

12  s<|.  ft.  of  packing 7^20 

2  lbs.  Rainbow  packing liso 

8  lbs.  2-ln.  piston  packing 7.04 

15  oil  cans 4.50 

5  grease  cans ]     1  'oo 

15  gals,    cylinder  oil G.7.i 

1  5-lb.  can  cup  grease BO 

l'/4   ft.    Rainbow   packing' 73 

1  5. gal.    oil    can 50 

2  lbs.    cup    grease 20 

1  5-gal.    can 60 

3  lbs.  piston  packing 2.64 

2  gals,  boiler  paint 2.30 

Total    for  engine    supplies $94.07 

GRAVEL  PIT  MACHINERY. 
Article.  Cost. 

0  lO-ln.    wood    pulley   blocks $        9.00 

1  gravel  bin  and  screen 461.03 


1  72-ft.    mast 104  51 

1  Sauerman   drag   line,   complete.! 

1  tank  pump  and   hose '  o  en 

2  l-gal.    oil    cans '^o^ 

1  5-gal.   oil  can '^7, 

3  tons  coal ,,?^ 

2  lubricators 'si" 

1   ?4-in.  Glove  valve,  new...       99 

1  Injector i,nn 

12  I-in.    nipples ...: '-gS 

1   box    12xi.2-in.    bolts 75 

1  locomotive    window 

1  4-ft.    bar rr 

1  rake \\ 2? 

3  lbs.   packing .'.' .q? 

1  Borsch    plow 2400 

3  slip   scrapers ]900 

1  Penberthy  injector Ink 

1  Austin  crusher  complete ' .' 

2  perforated    screens '    '  2'  00 

16  ft.    1-in.    chain '.'.'_[  ^ji 

Total  for  gravel  pit  machinery $4,050.01 

_       .  TAR  OUTFIT. 

7  wire  street  brooms $  5  ''5 

4  street    broom    handles 'eo 

4  tar-spreadng  cans boo 

Total    for   tar  outfit .'!.'.'.'.'.' .'$11.85 

,    ,.   ,  SMALL  TOOLS. 

Article.  qq-, 

1  4-in.  open-end  wrench $     0  40 

3  6-in.  open-end  wrenches i'$5 

2  S-in.  open-end  wrenches "  i'4o 

1  10-in.  open-end  wrench I'go 

1  12-in.  open-end  wrench 100 

2  14-in.  open-end  wrenches .'  t'ys 

1   16-in.  open-end  wrench I'ZO 

1   IS-in.  open-end  wrench '''  i'25 

Slarge  open-end  wrenches P'OO 

2o  medium  open-end  wrenches ig'75 

1  14-in.  pipe  wrench j'oo 

1   16-in.  pipe  wrench ..'.  L19 

5  IS-in.  pipe  wrenches 6  65 

1  20-in.  pipe  wrench '."  '  i^q 

2  22-in.  pipe  wrenches ,,,  360 

6  24-in.  pipe  wrenches 1080 

1    30-in.  pipe  wrench 3'2o 

1  36-in.  pipe  wrench 3  60 

1  %  -in.  socket  wrench '>i) 

4  assorted    socket   wrenches I'eo 

16  assorted  socket  wrenches 3'20 

3  24-in.    spanner   wrenches .'.  1I35 

1  12-in.   Keystone  wrench 120 

Ja^-;'"-  'combination   pipe   and   monkey!!!  l!65 

10  10-in.    monkeywrenches 1100 

2  14-in.    monkeywrenches !  950 

2  IS-in.    monkeywrenches 320 

1     S-in.    monkeywrench "    '  '45 

7  water  pails ■'o'gg 

1   tin  dipper ! ! !    !  ""  05 

1  graniie  dipper 30 

1   washbasin 25 

61   lanterns !!!!!!!!!!!!  36!05 

3  globes 75 

)  8  claw   hammers ! !      !  10  80 

1   12-lb.    sledge !!!  I'oS 

1     4-lb.   sledge 'go 

1     5-lb.   sledge [  'gs 

1     6-lb.    sledge •■■••  .^^ 

1    s-ib.  sledge !.!.!!!!!!!!  i!oo 

1    lU-lb.   sledge 4*40 

5  stone   hammers !!.!!!!!!!  5*76 

6  machine   hammers !!!!!!  3  30 

I  machine  hammer  handle !  !l5 

650   ft.    %-in.    wire   cable '7  10 

113   ft.    %-in.   wire   cable 6  94 

100   ft.    t4-ln.    wire   cable 4  g3 

12  PC.  %-in.  wire  cable,  2  clamps 2  40 

5  trowels 695 

1  edger !!!!!!!!  !60 

6  small  siiuirt  cans 2.46 

6  barrel    faucets 420 

I   hall  binder  twine !!!!.!  '50 

3  50-ft.    tapelines I'^n 

6  chalkllnes g,) 

1  blower  and  forge  (blacksmith)!!!!!!!!!!  1200 

1  «n^" 8.63 

1  y!?''-    •    ; 5.60 

2  bit  stocks J  50 

2  pair  tongs ! ! !      "  60 

25  lbs.   ',sx2-ln.   bolts !!!  195 

1  grindstone " ' '  4'5o 

1  set  stocks  and  dies !!!!!!  u'oo 

I  brace 'tr 

II  bit !!!.!"  4'o5 

1  post  drill,  etc ! . . ! !  10 '17 

2  hand  augers 150 

3  post  augers ! ! . .  2  25 

I  post   hole  drill I'lK 

1   1-ln.   drill   18   Ins.   long '50 

1  l-ln.   drill   10  Ins.   lone 30 

128  No.  2  shovels  (1  broken) 89.60 

6  No.   2  shovels 4.50 

17  siooi)  shovels  (2  broken) 9!92 

9   long-liandled    shovels 7. 20 

9  round-point    No.    2   shovels 6  57 

1   hatchet 95 

1  hand   axe I'oo 

5  axes 5;85 

12  grub   axes 9.00 

48    picks 32.85 

7  pick    handles 1.05 

2  nxle  handles 40 

2  scythe    handles 3!20 

1  grub  axe  handle .30 

12  hand  saws IB. 60 

3  crosscut 5.25 

4  hacksaw    blades !40 

2  saw    sets .85 

1   saw  vice 1.30 

I   try  sriunre BO 

10  squares R.50 

5  levels 6.00 

6  ash    hoes 5. 00 

3  grub  hoe.s 2.40 

6  clinker  hooks 4.50 

19  ci>M   chisels 5.13 


6  cold  chisels  (blacksmith) 9  00 

6  crowbars 4  43 

3  wrecking  bars ! . . ! !  I'gs 

1  4-ft.    bar 1.50 

2  planes 9.70 

1  14-in.   wooden  plane !!!!!!!!!!!!!!!  175 

1  20-in.   wooden  plane 1.95 

3  drawknives 3  90 

1  plumb    bob !!!!!!  15 

1  screwdriver !    "'  '20 

1  pair  scissors ! .    ! ! 25 

1  pair  tin    snipes ! !!!!!!  125 

2  putty    knives 50 

1   branding  iron 9o'oo 

9  pair    pliers 5  go 

12  12-in.   flat  files 1  go 

1  gauge  glass  cutter i'20 

1  jackscrew 3  28 

1  S-ton  ratchet  jack !!!!!!.!!!  12  00 

2  emery   bricks 1  00 

I'/t   kegs  nails '.  450 

12  large   tool   boxes !  96  00 

1    small   tool   box 2.OO 

1  master  mechanics"  outfit 4184 

1  paint    brush I20 

1  flue  roller ■ 4_'oo 

Total   for  small  tools $742.00 

,      ,  ,  DRAFTING  ROOM. 

Article.  Cost 

1  wood   straight  edge $075 

1  steel  straight  edge 6  40 

'/2  roll  profile  paper 3'i3 

%  roll    cross   section   paper ! ! !     7!50 

'/4  roll  drawing  paper 3' 25 

1   roll  tracing    paper ■'40 

1  roll  tracing  cloth ! !         900 

1  small  ruling  pen 1  35 

1   large   ruling  pen j.go 

1  double  ruling  pen 3'go 

1  bow  pen   (ink),   1   bow  pen   (pencil),  and 

bow    pen   dividers 398 

1   paiier  cutter '40 

1   planimeter '/   33  00 

1  dotting  machine 4  50 

1  stadia  slide  rule !!..!!     8.00 

Total    for    drafting    room $89.26 

'  SURVEYING  APPARATUS. 

Article.  cost 

1  transit   and    tripod $225  00 

1  level  and  tripod 1>5  00 

1    level    rod ]•' 00 

1  S-ft.   range   pole !!!  295 

2  5-ft.    range   poles 400 

1  50-ft.   tape  and  case   (metallic) 2.60 

1  100-ft.    tape    (metallic) 4  ""o 

1  set  of  pins  (11) 1  25 

2  100-ft.   steel  chains '       g'oo 

2  small  levels,   tripod  and   box 27!o0 

1  tnpod 2.00 

2  hand   levels 6  00 

1  axe ;75 

1  reading  glass 45 

Total  for  surveying  apparatus $420.50 

LABORATORY. 

Article.  Cost 

1  analytical  balance $11000 

1  set  weights 15.00 

1  balance 515 

1  stop  watch !,.!!!!!!!!     e  oo 

1  New   York  laboratory  pentrometer ! !  6o!oo 

1  Ei|.    oil   tester $.50 

1  New   York   float   test  apparatus s!00 

1  gas  reg 4.00 

1  steam   bath 3.00 

1  8x10   drying  oven 5!oo 

2  iron   stands.    20-ln !45 

2  iron  stands 1.00 

1  set   4   rings 45 

3  condenser  clamps 90 

3  Burrette   clamps !60 

6  small    clamps 80 

2  clamps ! !         !7o 

6  pieces  wire  gauze !!..!!  3.; 

1   pair   tongs 65 

1  (liter   pump i.oo 

1  niter   pump   conn !30 

3  thernuimelers.   110  degrees  C 2!oo 

3  thirmometeis,  250  degrees  C 2.70 

2  thermometers,  400  degrees  C 3.30 

4  hydrometers 1.23 

1   hydro  Jar !is 

1   Hubbard    plcnometer SO 

I   crystal  dish )ii 

1  crystal  dish (is 

12  retorts,      ."lOO  C.  C 2  7" 

2  retorts,  1,000  C,  C 70 

6     retorts.      250  C.  C no 

2  wash    buttles,    16-oz 4.20 

2  wash    bottles,    16-oz 150 

1  wash  bottle,  32-oz.,  flexible  tube fin 

3  cylinders,  100  cu.  c 

3  cylinders.     25  cu.  c 

1  di'sslcator.   6-ln.,   with   porcelain  plate..       l!;. 

3  niter    tubes 54 

12  ft.   5-16-ln.   rubber  tube 1.95 

2  ft.    1><-In.    rubber   tube 4g 

5  lbs.    heavy   asbesltis    p.'iper .75 

1  asphalt  tlowt  plate  and  mold 5.00 

1  pint.    Irlangle    5    cm,    sides 19.61 

1  Gooch    pint,    crucible,    25   gm 39.41 

2  pn.   niter  papers.  '.1  cm 1.60 

4  pa.   Alter  iiapers,  9  cm 80 

3  clamps 1.14 

1  clamp 14 

1  small    clnmp .13 

2  laborntiiry    aprons l!60 

2  alcohol  lamps 4g 

2  pipettes.  100  C.  C 54 

1   pair    pliers.    5-ln 40 

1    wood   support 1.25 

12  watch   glasses,    2^4-ln 38 

6  walch    glasses,    4',4-ln 45 

6  por.   crucibles.   No.   0 96 

4  Royal  Berlin  crucibles.  No.  2 1.15 
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24  16-oz. 
24  32-oz. 
12     8-oz. 


4  Gootch  crucibles.  35  mm 

2  iron  sand  baths.  6-in 

12  clay  triangles,   assorted 

1  Soxhlet  extractor,  210  C.  C 

1  condenser,   12-ln 

1  hydrometer,  naphtha,  90  degrees 

3  separatory  funnels,  125  cc 

1  Westphal    balance 

1  foot  blower 

12  rubber  policeman 

1  set     weights 

1  doz.  test  tube  brushes 

2  pair  bal.  watch  glasses,  3-in 

6  Burette  brushes 

2  lbs.  asbestos  washed   in   HNO3 

Difference   between   express  and   freight. 

1  plat,  crucible,  25  gm.,  with  cover 

1  pair    rubber   gloves 

1  iron  mortar 

1  wedgewood   mortar 

1  horn  scoop 

1  aluminum  scoop 

1  test    tube    rack 

%  gross  G-in.   test  tubes 

12  lest    tubes.    7-in 

6  gross  2-6  corks 

5  gross  6-10  corks 

%   lb.   mercury  chloride 

%  gal.  cottonseed  oil 

6  12-oz.    tall  beakers 

5  32-OZ.    tall   beakers '....;,. 

I  sign    plate 

24  rubber  stopples 

1  lb.  glass  tubing,  assorted 

1  lb.  gla-ss  rods 

2  10-in.   blowpipes 

1  doz.    214    glass   funnels 

6  4H-in.  evap.  dishes 

12     8-oz.  round  glass  bottles 

12  16-oz.    round  glass  bottles 

salt    mouth    bottles 

salt    mouth    bottles 

salt   mouth   bottles 

1  copper   water  bath 

1  tripod,   2-ring 

2  tripods,   1-ring 

€  Bunsen  burners 

1  3-ring   tripod 

3  spattles.     4-6-S ^ 

1  2-in.    bristle    brush,    black 

1  set  cork  bores 

6  nests  beakers.   1-6 

2  No,    4    tall   beakers 

9  Earl  &  Myer  flasks,   100  cc 

2  Earl  &  Myer  flasks,  250  cc 

2  Elarl  &  Myer  flasks.  500  cc 

10  lbs.  carbon  disulphide 

5  lbs.     carbon  tetrachloride 

5  lbs.  Squibs   ether 

5  lbs.  Squibs   alcohol 

5  lbs.  carbonate  ammonia 

5  lbs.  metallic  mercury 

5  lbs.  calcium   chloride 

9  lbs.   C.   P.   sulphuric  acid 

6  500-cc.   heavy  flasks,  side  necks 

6  retorts   with    tub.   and   stopper 

5  gals.   86-deg.    B.   naphtha 

3  each    rubber   stopples   00-8    inc 

1  gross  2  oz.   tin  boxes 

36  3-oz.  tin  boxes 

Freight  prepaid 

1  cement  testing  machine 

1  scale 

1  set  Gllmore  needles 

1  scale  and  weights 

1  set  cement  sieves  with  lid  and  bottom.  . 

1  set  sand  sieves  with  lid  and   bottom.... 

2  trowels 

1  sampler 

1  sand    glass 

1  I>a    Chateller  spec.   grav.   apparatus 

100  lbs.  a.  s.  s.  e.  sand 

24  cans    with    covers 

1  VIcat    needle 

4  4-EanK    moulds 

FYeight 

1  4-gal.     jar 

3  blasting   spoons 

2  pans 

4  pans 

6  tincups 

1  2-qt.  measure 

2  brushes 

1  glass    cutter 

1  %-ln.  cold  chisel 

1  6-in.  level 

1  N.  Y.  testing  lab.  drying  oven 

1  hydrometer  1.0  to  1.2 

Express 

1   Kngler  viscosometer 

Kxprcss 

Water  and    bottle 

1  pair  tin  snips 

1   fish  broiler  with  brass  strainer 

%    lb.    copper 

1   '4  -  In.  mesh  screen 

1   *i-ln.  mesh  screen 

1   Vi-ln.  mesh  screen 

4  pieces  galvanized  Iron 

1  corkscrew 

1   camera 

Camera   supplies 


2  Ilour  scoops 

1  flour   sifter 

f>  granite   washbasins. 

1  rollng  pin 

1  soup   ladle    

1   IG-in.    knife  steel. .. 

1  meat   cleaver 

2  sail   irons 

3  lamp   chimneys.    . . . 
1  meat  saw 


3  drop  cake  pans 75 

5  small  oil  lamps  and   holders 1.00 

1  box  wood  screws 35 

4  granite  meat  platters 2.60 

6  sugarbowls 3.00 

12  salt  and  pepper  shakers 2.70 

34  cups 4.25 

47  saucers 5.48 

3  roasting  pans 11.25 

1  large   flour   sifter 35 

1  chopping  bowl 75 

3  large  dishpans _^ 3.75 

1  small  dish  pan. .24 

1  wash   boiler 1.50 

4  basting  spoons .60 

6  soup    ladles .75 

4  soup   skimmers .74 

1  meat  chopper 3.85 

1  vegetable  chopper 2.00 

1  carving  knife , 60 

1  small  creamer .50 

2  potato  knives 20 

1   ?^-gal.  jug 08 

1     1-gal.  jug 10 

1  egg  beater 65 

1  funnel .45 

1  potato  masher .65 

6  tin  kettle  covers 50 

10  pie  plates 1.50 

1  5-gal.    coffee    kettle 4.00 

1  scrubbing  brush .20 

1  pickle  jar 20 

1  3-gal.  jug 18 

1   2-gal.  jug 12 

1  galvanized   water  pail 50 

1  teakettle '. 1.25 

2  granite  water  pails 1.50 

1  granite  water  pail 75 

1  granite  coffee  pot 50 

2  water  dippers 50 

2  stewing   pans 6.50 

1  pickle  jar 20 

1  soup   strainer 1.25 

2  wire  dish  strainers 1.20 

30  tablespoons 2.25 

57  teaspoons 5.09 

70  knives  and  forks 3.50 

4  fr>lng  pans 2.40 

6  cooking   kettles 4.15 

6  small   pans 60 

7  bread   pans .70 

3  pieces  oilcloth 2.20 

1  large  soup  kettle 1.35 

1  nutmeg   grater .03 

1  2-q,t.  jar  spices 1.00 

4  lbs.  ground  ginger .75 

13  sheets 6.37 

1  alarm  clock 1.00 

11  Pillow   slips 1.37 

21  double   roller  towels 4.3.8 

12  double  roller  towels 2.50 

1   washboard 55 

6  coffeepots 6.00 

9  granite  cups 1,15 

14  granite  plates 3.50 

7  granite   1-qt.   creamers 1.40 

1  galvanized  pail 50 

3  pieces   10-in.   stovepipe .60 

1  dustpan 10 

2  large  vinegar  barrels 3.25 

9  granite  soup  dishes 1.35 

2  cake   pans .20 

1   crockery   bowl .65 

4  tin  pans 1.00 

8  stewing   kettles 4.00 

1  potato  kettle 50 

4  tin  covers .20 

40  granite  soup  bowls 6.0O 

12  granite  soup  bowls l.» 

52  granite    plates 13.0<< 

2  crockery   .saucedishes .70 

5  syrup    pitchers 1.05 

1  bread   board 2.50 

1  sink 13.50 

1  washtub 1.00 

1  mop   handle .45 

Total  for  camp $322.C- 


Detailed  Study  of  Methods  and  Costs  of 
Road  Construction  Undertaken  by  U.  S. 
Office  of  Public  Roads. —  Id  dotermine 
so  far  as  possible  the  points  of  excellence  or 
defects  in  existing  local  metliods  of  building 
and  maintaining  roads  which  will  aid  the 
state  authorities  in  placing  local  road  man- 
agement on  a  systematized  basis,  the  division 
of  road  economics  of  the  United  States  office 
of  public  roads  has  begun  a  study  of  such 
work  in  100  counties  in  the  various  states  of 
the  Union.  It  is  understood  tliat  the  highway 
department  heads  are  co-operating  cordially  in 
this  work,  and  it  is  expected  that  satisfactory 
results  can  be  accompIislie<l  in  this  manner. 
These  studies  include :  Metliods  of  financing 
bond  issues  and  road  taxes:  statute  labor; 
prison  labor;  accounting  and  cost  keeping; 
and  the  adaptability  of  various  materials  to 
local  conditions.  L.  W.  Page  is  director  of 
this  office  and  the  study  outlined  is  in  charge 
of  his  assistant,  J.  E.  Pennybacker,  chief  of 
the  division  of  road  economics. 


Treatment  of  Wood  Blocks  in  Berlin, 
Germany. 

The  size  of  blocks,  method  of  treatment  by 
zinc  chloride  and  creosote  oil  and  the  rate 
of  wear  of  wood  blocks  used  in  Berlin  pave- 
ments are  treated  in  a  recent  U.  S.  Consular 
Report. 

The  wood  blocks'  mostly  used  are  Swedish 
pine  and,  to  a  more  limited  extent,  the  Austrian 
hardwood  varieties — tallow  wood  and  black- 
butt.  The  native  pine  and  beech  blocks  are, 
however,  also  used  in  Germany,  as  are  the 
American  cypress  and  yellow  and  pitch  pine. 
The  wood  used  must  be  carefully  selected, 
must  be  free  from  knots  and  cracks,  and  it  is 
considered  unwise  to  use  in  the  same  section 
of  pavement  woods  from  different  countries, 
wood  gathered  at  different  altitudes,  or  wood 
of  different  species. 

The  dimensions  of  the  paving  blocks  vary, 
the  width  ranging  from  2.75  to  3.94  ins.,  the 
length  from  7.09  to  11.81  ins.,  and  the  height 
from  4.72  to  7.09  ins.  The  so-called  Paris 
standard  dimensions  are  2.95  by  8.86  by  5.9  ins. 

To  prevent  decay  the  wood  blocks  are  im- 
pregnated with  a  zinc  chloride  solution  or  with 
creosote  oil.  The  zinc  chloride  solution  con- 
tains 2  parts  by  weight  of  chloride  of  ziuc,  3° 
Baume,  and  30  parts  by  weight  of  water.  The 
creosote  oil  should  not  contain  less  than  5 
per  cent  of  creosote  and  not  more  than  15  per 
cent  of  naphthalene  and.  is  distilled  between 
180°  and  270°  C.  (3.36°  and  518°  R).  The 
specific  gravity  of  the  oil  is  1.07. 

The  creosote  oil  impregnation  is  considered 
preferably,  because  it  also  serves  to  forestall 
the  subsequent  swelling  of  the  blocks  by  damp- 
ness after  they  have  been  set  and  the  resulting 
bulging  of  the  pavement.  To  impregnate  with 
creosote  oil,  the  blocks  are  dried  out  for  three 
to  four  hours  in  a  tank  or  boiler  at  a  tempera- 
ture of  100°  to  140°  C.  (212°  to  284°  F.),  when 
they  are  transferred  to  another  tank  and  al- 
lowed to  remain  for  an  hour  in  a  vacuum  of 
one-tenth  to  one-fifth  of' an  atmosphere  after 
which  creosote  oil  that  has  previously  been 
heated  to  approximately  50°  C.  (122°  F.)  is 
pumped  in  and  forced  into  the  wood  under 
a  pressure  of  six  to  eight  atmospheres. 

If  the  pavement  is  kept  clean  and  if  good 
materials  have  been  used  in  construction,  un- 
der ordinary  conditions  of  traffic  and  of 
weather,  the  surface  wears  at  tlie  rate  of 
about  0.2  in.  annually.  Wood  block  pavements 
on  an  average  last  10  to  15  years,  but  in  dark, 
damp  places,  not  exposed  to  sunshine,  the 
blocks  will  decay  in  half  the  time.  The  ap- 
proximate cost  of  block  pavement  in  Berlin 
is  14  marks  per  square  meter  ($2.79  a  square 
yard). 


The  city  of  Atlanta,  Ga.,  recently  purchased 
a  portable  asphalt  mixing  plant  for  $13,500, 
and,  it  is  claimed,  will  save  $20,000  to  $25,000 
annually  by  its  use. 


Proportioning  Gravel  Concrete. 

To  the  Editors: — In  the  article  on  "Pro- 
portioning Gravel  Concrete :  Quality  and  Cost 
Curves."  There  is  a  statement  which  should 
not  be  allowed  to  stand  without  some  quali- 
fication. In  the  middle  column  of  page  623 
just  below  Fig.  5  is  the  following:  "The 
amount  of  stone  needed  is  0.84  cu.  yds.  and 
1  cu.  yd.  of  pit  run  gravel  contains  0.56  cu. 
yds.  of  stone,  therefore,  the  amount  to 
0.84 

screen  is  ^  1.5  cu.  vds." 

0.56 

This  involves  screening  out  the  sand  re- 
quired in  the  concrete  and  remixing.  The 
proper  way  is  to  determine  the  amount  of 
hank  gravel  which  contains  0.42  cu.  yds.  of 
sand,  in  this  case  0.7  cu.  yds.,  and  screen 
the  rest  of  the  1.5  cu.  yds.  or  0.8  cu.  yds. 
This  change  reduces  the  cost  of  screening 
from  45  cts.  to  24  cts.  and  reduces  the  cost 
of  material  for  1  cu.  yd.  of  concrete  the 
same  amount.  It  thus  requires  the  cost 
turves  in  figures  3,  4  and  5  to  be  remodeled 
as  well  as  the  curve  of  yards  to  screen  in 
Fig.  2. 

There  are  so  many  people  who  take  the 
gospel  of  cost  from  your  valuable  paper  that 
these    statements   should    be   corrected. 

L.  B.  Merriam. 

452  Dominion  St.,  Winnipeg.  Canada. 
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Engineering  Critics. 

In  literature  and  in  art  we  have  critics  who 
are  recognized  for  their  ability  to  pick  out 
inaccuracies  and  defects.  These  critics  cer- 
tainly are  not  the  most  beloved  of  persons, 
yet  they  are  needed  and  do  much  to  insure 
better  literature  and  better  art.  Their  ad- 
verse criticism  is  feared,  while  their  favor- 
able criticism  is  much  desired,  and  as  a  result 
writers  and  artists  feel  the  necessity  of  put- 
ting forth  their  best  efforts. 

We  now  have  a  few  public  spirited  engi- 
neers who  are  giving  considerable  attention 
to  criticisms  of  some  present  tendencies  in 
engineering  practice.  They  realize,  as  do 
most  of  m,  that  adverse  criticism,  even  though 
rnerited,  is  apt  to  be  little  appreciated  by  prac- 
ticing engineers  and  that  such  criticism  does 
not  tend  to  increase  their  personal  popularity. 
That  these  men  have  the  courage  to  voice 
their  convictions  is  to  be  commended.  This 
kind  of  work  requires  true  courage  and  un- 
selfishness, and  the  only  men  who  can  accom- 
plish much  in  it  are  those  who  are  recognized 
as  having  a  sound  knowledge  of  engineering 
principles  supplemented  by  long  and  practical 
experience.  There  is  a  tendency  on  the  part 
of  some  engineers  to  feel  that  any  adverse 
criticism  of  their  work  is  a  personal  insult, 
as  they  do  not  seem  to  realize  that  their  suc- 
cess or  failure  must  be  borne  largely  by  the 
engineering  profession. 

In  the  past  many  engineers  w-ere  loath  to 
permit  the  publication  of  any  part  of  their 
plans  or  any  descriptions  of  methods  used  by 
thern.  This  was  due  to  their  desire  to  avoid 
publicity,  to  the  feeling  that  their  work  was 
their  personal  property,  or  to  the  fear  of  ad- 
verse criticism  of  their  designs.  Engineers 
and  contracting  firms  are  just  beginning  to 
appreciate  fully  that  such  narrow  views  con- 
stitute a  mistaken  policy  and  often  serve  to 
retard  their  progress.  We  know  of  many 
successful  firms  who  are  entirely  willing  to 
make  public  intimate  details  of  methods  and 
systems  used  by  them,  and  thus  be  judged  by 
their  work.  On  the  other  hand,  the  struc- 
tural engineer  for  a  building  which  recently 
failed  during  construction  informed  us  that  he 
had  copyriglited  the  plans  of  this  building  and 
would  prosecute  anyone  wdio  published  any 
part  of  them.  Most  engineers,  however,  will 
grant  that  they  have  little  right  to  success  un- 
less they  arc  willing  to  stand  on  the  merits 
of  their  designs. 

By  the  term  "critic"  we  mean  one  who  is 
skilled  in  judging  of  the  merits  of  engineer- 
ing work;  and  we  believe  there  arc  too  few 
of  such  men  who  are  willing  to  give  the  en- 
gineering profession  the  benefit  of  their  opin- 
ions. New  engineering  data  arc  constantly 
being  published  and  new  formulas  suggested, 
and  it  is  to  he  regretted  that  such  informa- 
tion does  not  bring  forth  more  discussion 
from  experienced  engineers.  The  tendency 
is  to  accept  experimental  d.ita  and  to  make 
them  the  liasis  of  engineering  practice  with- 
out careful  analysis.  A  number  of  our  pres- 
ent rules  and  so-called  working  formulas  pos- 
sess little  merit.  They  may,  perhaps,  save  a 
little  time,  but  such  a  saving  is  usually  made 
at  the  expense  of  efficient  designing.  We  do 
not  advise  every  engineer  to  voice  his  criti- 
cism of  engineering  practice  and  its  prob- 
lems, but  competent,  public  spirited  engineer- 
ing critics  are  needed. 


Concrete. 

The  word  concrete  is  derived  from  the 
Latin  word  concrcsirn',  meaning  to  grow  to- 
gether. Hence  any  material  formed  by  coali- 
tion   of   separate   particles   into   one   mass   is 


concrete.  This  incursion  into  the  etymology 
of  a  word  very  familiar  to  engineers  is 
prompted  by  the  letter  Quoted  below  from  a 
valued  correspondent : 

I  read  a  great  deal  about  Bituminous  concrete 
and  Asphallic  concrete.  The  phrase  Portland 
cement  concrete  is  also  used.  What  is  con- 
crete? When  we  speak  of  concrete  sidewalks, 
reinforced  concrete  or  concrete  construction,  it 
is  generally  understood  what  is  meant.  Is  the 
tendency  to  speak  of  Asphaltic  concrete,  Bitum- 
inous concrete,  etc.,  to  be  encouraged?  What 
is  your  view?  The  situation  is  rather  a  confus- 
ing one  it  seems  to  me  and  one  with  which  some 
committee  on  nomenclature  ought  to  deal. 

The  confusion  of  our  correspondent  seems 
to  result  from  his  conscious  or  unconscious 
assumption  that  concrete  used  as  a  name  for  a 
material  of  construction  has  by  custom  or 
usage  become  restricted  to  a  cornposite  mate- 
rial of  which  hydraulic  cement  alone  is  the 
binding  element.  This  is  a  doubtful  assump- 
tion. But  even  if  it  were  wholly  justified  we 
should  not  ascape  from  the  necessity  of  modi- 
fying phrases  in  speaking  of  concrete.  In  the 
United  States  concrete  is  made  using  slag 
cement,  sand  cement,  tufa  cement  and  natural 
rock  cement  as  well  as  Portland  cement.  In 
Europe  the  list  of  hydraulic  cements  em- 
ployed regularly  in  making  concrete  includes 
also  trass  cement,  hydraulic  lime,  puzzolan 
cements  and  various  other  combinations  w-hich 
set  hard  when  mixed  with  water.  On  this 
showing  solely  it  is  absolutely  impossible  by 
the  word  concrete  alone  to  afford  precise  un- 
derstanding; there  must  be  used  to  modify 
the  word  concrete  the  class  name  of  the  ce- 
ment of  which  the  concrete  is  made.  To  say 
that  the  Arrowrock  dam  will  be  a  concrete 
dam  is  not  precise.  It  is  even  misleading. 
Sirice  Portland  cement  is  in  America  almost 
universallv  used  as  compared  with  other  ce- 
ments one  assumes  when  it  is  said  that  a 
dam  is  concrete  that  it  is  a  Portland  cement 
concrete  dam.  But  the  .'\rrowrock  dam  is  not 
being  built  of  Portland  cement  concrete-:-a 
sand  cement  concrete  is  being  used.  So  also 
large  portions  of  the  Los  Angeles  aqueduct 
were  constructed  of  tufa  cement  concrete,  a 
material,  it  is  said,  with  which  the  Association 
of  American  Portland  Cement  Manufacturers 
are  not  anxious  to  have  Portland  cement  con- 
crete confused. 

There  is  nothing  in  the  root  meaning  of  the 
word  concrete  which  precludes  its  application 
to  a  composite  material  of  which  bitumen  is 
the  binding  element.  In  fact  the  makers  "f 
dictionaries  universally  define  concrete  as  a 
mixture  of  gravel  or  pebbles  or  broken  stone 
with  cement  or  with  lar.  Such  mixtures  have 
long  been  used  by  engineers  and  the  material 
bituminous  concrete  is  new  only  in  the  sense 
that  its  use  in  large  volumes  for  road  con- 
struction is  somewhat  recent.  So  long  as  care 
is  taken  to  modify  by  the  word  bituminous 
the  word  concrete,  no  confusion  of  meaning 
is  likely  to  occur,  and  there  is  little  chance 
that  any  road  builder  except  through  pure 
oversleht  will  desigrvatc  a  bituminous  con- 
crete road  as  a  concrete  road.  There  is  far 
greater  likelihood  of  confusion  in  speaking 
of  hydraulic  cement  concrete  structures  be- 
cause the  speaker  fails  to  specify  the  class  of 
hydraulic   cement   employed. 

Acceptance  Clauses  in  Road  Specifica- 
tions. 

It  has  often  been  said  that  contractors  as 
a  class  base  their  bidding  prices  for  r.iad  work 
more  on  a  knowledge  of  the  personality  of 
the  engineer  in  charge  of  it  than  on  the  spcci- 
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fications.  If  this  is  true— and  it  undoubtedly 
is  true  in  a  measure —  there  is  a  clause  which 
occasionally  crops  out  in  road  specifications 
which  changes  the  ordinary  risk  involved  in 
bidding  to  a  wild  gamble. 

We  quote  from  the  specifications  of  a  coun- 
ty engaged  in  extensive  highway  improvements  : 

The  said  progress  estimates  (Editor's  Note: 
Estimates  for  monthly  payments)  shall  not  be 
conclusive  upon  the  county  that  the  work  cov- 
ered thereby  has  been  done  according  to  the 
contract,  but  the  final  acceptance  of  said  work 
shall  be  by  the  Board  of  Super\isors. 

At  the  expiration  of  thirty-five  (35)  days  after 
the  final  acceptance  of  said  work,  the  contractor 
shall  be  paid  the  balance  due  under  the  contract 
after  deducting  theietrom  any  demurrage 
charges  or  other  amounts  which  the  county  may 
be  lawfully  entitled  to  retain  which  have  not 
been  previously  deducted. 

The  words  'Highway  Commission"  and 
"Board  of  Super\'isors"  shall  mean  respectively 
the  Highway  Commission  and  Board  of  Super- 
visors of  said  county. 

The  word  "Engineer"  shall  mean  the  chief 
engineer  of  said  Highway  Commission  acting 
either  directly  or  through  properly  authorized 
agents,  such  agents  acting  within  the  scope  of 
the  particular  duties  entrusted  to  them. 

After  completing  the  work  "to  the  satisfac- 
tion of  the  engineer"  the  contractor  must  sub- 
mit to  this.  Suppose  the  specifications  for  a 
railroad  contract  should  contain  the  same 
clause  with  reference  to  the  board  of  directors, 
with  the  board  of  directors  separately  defined 
in  the  specifications.  Or  suppose  a  city  pav- 
ing specification  substituted  board  of  alder- 
men therefor.  In  effect  this  clause  not  only 
multiplies  the  number  of  men  upon  whom  final 
acceptance  depends,  several  of  whom  may  be 
totally  unfamiliar  with  the  details  of  the  work 
and  who  may  not  have  seen  it  until  completed, 
but  it  deprives  the  engineer  of  all  right  to  de- 
fend the  work  which  he  has  supervised. 

We  do  not  care  to  comment  further — it  is 
unnecessary.  Such  clauses  may  be  interpreted 
fairly,  or  they  may  not.  To  say  the  least, 
they  are  loosely  drawn  and  vicious  and  their 
use  cannot  be  too  strongly  condemned.  We 
believe  this  clause  has  been  interpreted  fairly 
in  this  county,  but  we  must  confess  that  ac- 
cording to  its  terms  the  contractor's  head  ap- 
pears to  be  in  a  noose. 

.As  a  contrast  to  this  type  of  acceptance 
clause  we  quote  from  recent  specifications  '" 
the  Stale  Highway  Commission  of  Maine; 

The  engineer  shall,  ns  soon  ns  practlciljl. . 
."xftor  the  completion  of  this  oonlract.  make  n 
final  estimate  of  the  amount  of  work  done 
thereunder  and  the  value  of  such  work,  and 
the  Coinmls.Mlon  shall  at  the  expiration  of  thirty 
day.s  from  and  after  such  final  estimate  Is  •^n 
made  and  Is  approved  by  the  Commission,  p:iv 
the  entire  sum  so  found  to  be  due  hcreundi 
after  deductlnit  therefrom  nil  previous  p.i 
mcnis  and  all  ammnts  to  be  kept  and  Mir 
.iniounts  to  bo  retained  under  the  provisions 
of  this  contract.  All  prior,  partial  estimates 
and  paymoniM  shall  be  subject  to  correction  In 
the  fin.il  estimate  and  payment. 

The  Maine  acceptance  clause  states  speci- 
fically that  the  engineer  shall  act  as  the  agent 
of  the  commission  throughout  the  work,  not 
merily  on  part  of  it.  .Any  action  of  the  com- 
mission must  be  through  the  proper  chann' ' 
namely,  the  engineer  it  has  employed. 

We  believe  the  engineer  should  have  author- 
ity in  matters  of  dispute  and  reputable  con- 
tractors do  not  object  to  this,  but  the  elimina- 
tion of  the  engineer  in  the  final  acceptance  of 
work  and  the  substitution  of  a  board  is  unfair 
both  to  the  contractor  and  the  engineer. 
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Design  Features  of  the  Piers  for  the 

North    Side    Point    Bridge, 

Pittsburgh,  Pa. 

(Staff   Article.) 
II. 
In  our  issue  of  March  2"),  1914,  we  described 


of  the  center  line  and  were  dressed,  by  fine 
pointing,  for  at  least  1  ft.  back  of  this.  The 
part  of  the  nose  above  the  belt  course  was 
pean-hammer  dressed  on  all  exposed  surfaces, 
while  belt  courses  and  the  coping  were  also 
given  the  same  finish  for  their  entire  depths 
and  projections.  The  sub-copings  were  fin- 
ished with  a  2-in.  chisel   draft  along  the  top 


and    illustrated   some    design    features   of   the     and  bottom  edges  and  along  the  arrises,  while 


DESIGN    FE.'VTURES. 

South  Shore  Pier. — The  south  pier,  No.  3, 
rests  on  solid  rock,  which  lies  about  60  ft. 
below  the  ground  surface.  This  pier  carries 
one  end  of  a  concrete  arch  span  and  an  end 
of  531-ft.  steel  truss  span,  the  bearings  of  the 
latter  resting  on  an  I-beam  grillage  embedded 
on  the  top  of  the  pier.  The  bottom  of  the 
pier   is   83    ft.   wide   by   27    ft.   thick,   the   top 


534-6 »"< 534-6  ■ 

-1069-0" 
Fig.  1.   Position  of  Piers  for  North  Side  Point    Br'dge  and   Profile  on  Center  Line. 


three  main  531-ft.  truss  spans  of  the  North 
Side  Point  Bridge,  Pittsburgh,  and  gave  a  gen- 
eral description  of  the  structure.  In  this  is- 
sue we  shall  consider  the  design  of  the  three 
main  piers  of  this   structure. 

The  three  piers  which  carry  the  two  main 
531-ft.  truss  spans  of  the  North  Side  Point 
Bridge  rest  on  solid  rock  and  are  constructed 
of  concrete,  faced  with  stone  masonry.  .\n 
elevation  of  the  piers  showing  the  profiles 
at  the  site  is  given  in  Fig.  1.  Pier  No.  3,  the 
south  shore  pier,  carries  a  concrete  arch  span 
on  the  land  side  and  one  end  of  a  531-ft. 
steel  truss  span.  Pier  No.  4  is  the  river  pier, 
and  it  carries  the  adjacent  ends  of  the  two 
main  truss  spans.  Pier  No.  5,  the  north  shore 
pier,  carries  one  end  of  a  531-ft.  steel  truss 
span  and  a  concrete  arch  span,  on  the  land 
side.  From  the  base  of  the  piers  up  to  about 
the  pool  level  the  construction  is  concrete, 
encased  in  steel  sheet  piling.  From  the  top 
of  this  concrete  the  material  is  stone  facing 
and  concrete  filling,  with  steel  grillage  sup- 
ports for  the  bearings  of  the  steel  spans.  The 
three  piers  contain  about  16,000  cu.  yds.  of 
concrete  and  stone  masonry  and  about  365 
tons  of  steel  in  the  grillages.  The  contract 
price  of  these  piers  was  $182,780. 

CONCRETE    AND     STONE    MASONRY. 

The  concrete  in  the  bottom  of  the  pier 
bases,  up  to  elevation — 6.5,  was  laid  under 
water  and  consists  of  a  1  ;2  :4  mi.x,  while  that 
above  this  elevation  was  laid  in  the  dry  and 
consists  of  1 :2Vi  :5  mix.  It  was  specified  that 
the  stone  for  the  masonry  should  be  of  the 
best  quality  of  Beaver,  Baden  or  Somerset 
sandstone,  or  a  stone  of  equal  quality,  the 
color-tone  to  be  bhie-gray.  The  concrete  from 
the  rock  surface  up  to  elevation — 6.5  was  de- 
posited by  means  of  tremies.  It  was  specified 
that  the  tremies  must  be  kept  submerged  in 
the  flowing  concrete  to  prevent  water  from 
entering  them.  After  the  concrete  had  been 
laid  up  to  elevation — 6.5,  and  had  hardened, 
the  water  in  the  cnfferdam  was  pumped  down 
to  the  level  of  the  concrete,  and  the  remain- 
ing concrete  was  laid  in  the  dry. 

For  the  stone  inasonry  it  was  specified  that 
the  facing  should  have  not  less  than  one  head- 
er to  every  two  stretchers,  the  stretchers  to 
have  a  width  not  less  than  1%  times  their 
depth  and  a  length  not  less  than  twice  their 
depth  nor  more  than  three  times  their  depth, 
and  the  headers  to  have  a  length  nf  at  least  2% 
times  their  depth  and  a  width  of  at  least  1% 
times  their  depth.  It  was  required  that  the 
beds  be  dressed  to  vary  not  more  than  Vt  in. 
from  a  true  plane,  while  the  vertical  joints 
were  to  be  dressed  to  vary  not  more  than  Vi 
in.  from  a  vertical  plane,  for  a  distance  of 
at  least  8  ins.  back  from  the  face.  The  noses 
of  the  river  pier,  below  the  belt  course,  were 
finished  with  a  2-in.  chisel  draft  on  each  side 


all  arrises,  frotn  sub-copings  down  to  belt  is  77  ft,  wide  by  10  ft.  thick,  and  its  height 
courses  and  from  belt  courses  to  the  con-  is  about  102  ft.  Figure  2  (a)  shows  a  half 
Crete  liases,  were  given  a  2-in.  chisel  draft.  elevation  of  the  south  side  of  this  pier  and  gives 


6ranolifhic  Covering 
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^Edge  of  Granolithic 
Covering 


lt>)  End  View 


la)  Holf  Elevo+ion 


(c)  Section  on  £ 


FIfl.  2.    Half  Elevation,  End  View  and  Sections   of  North  Shore  Pier  (No.  3)   of    North  Side 

Point    Bridge,    Pittsburgh,   Pa. 

The  mortar  used  in  laying  the  stone  masonry  its  principal  dimensions;  Fig.  2  (b)   shows  an 

consisted    of    1    part    Portland    cement    and   2  end  view;  Fig.  2(c)   shows  a  cross-section  on 

parts  sand,  while  that  used   for  pointing  con-  the  center  line  of  the  pier;  and  Figs.  2  (d)  and 

sisted  of  equal  parts  of  cement  and  sand.  (e)    show  details  at  the  top  of  the  pier.     By 
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referring  to  Fig.  2  (c)  it  will  be  seen  that 
this  pier  consists  of  concrete  from  the  base  up 
to  a  plane  3  ft.  8  ins.  below  the  water  level. 
Above  this  level  the  pier  is  faced  with  sand- 
stone, except  where  the  arch  span  joins  it. 
Figure  "2  (e)  shows  the  granolithic  covering 
which  was  applied  after  the  superstructure  was 
erected.  This  work  was  not  done  by  the  con- 
tractor for  the  substructure. 

North  Shore  PiVr.— The  north  shore  pier. 
No.  5,  is  similar  in  construction  to  the  one 
just  described.  This  pier  is  also  founded  on 
solid  rock,  its  height  being  about  108  ft.  The 
principal  dimensions  are  the  same  as  those 
shown  in  Fig.  i.  The  bottom  of  this  pier 
lies  about  50  ft.  below  the  ground  surface. 

River  fiVr.— The  river  pier,  No.  4,  is  also 
faced  with  sandstone  and  has  a  concrete  fill- 
ing. The  base  of  this  pier  is  83  ft.  wide  by 
22  ft.  thick,  the  top  of  the  shaft  is  J3  ft.  wide 
by  H  ft.  thick,  and  its  total  height  is  about 
]0T  ft.  The  pier  is  founded  on  solid  rock, 
which  lies  about  26  ft.  below  the  river  bed. 
Figure  3  (a)  shows  a  half  elevation  of  the 
river  pier  and  gives  the  general  dimensions; 
Fi'4.  3(b)  shows  an  end  view;  Fig.  3(c)  is 
a  section  near  the  top  of  the  pier  shaft;  and 
Fig.  3(d)   is  a  top  view  of  the  pier. 

On  account  of  the  heavy  load  carried  by 
this  pier,  six  deep  built-up  girders  are  em- 
bedded in  its  top,  upon  which  rest  the  I-beam 
grillages,  which  in  turn  carry  the  bearings  of 
the  .531-spans.  Figure  4  (a)  (p.  686)  is  a  sec- 
tion along  the  center  line  of  the  river  pier. 
Fig  4  Cb)  is  a  half  cross-section  of  the  top  por- 
tion of  the  pier;  and  Fig.  4  (c)  is  a  half  end 
view  of  the  top  of  the  pier.  The  latter  draw- 
ing shows  clearly  the  method  used  to  dis- 
tribute the  loads  over  the  iiier. 

PERSONNEL. 

The  North  Side  Point  Bridge  was  designed 
under  the  direction  of  the  Department  of  Pub- 
lic Works  of  Pittsburgh,  Mr.  John  G.  Arm- 
strong director;  Mr.  N.  S.  Sprague,  superin- 
tendent; and  Mr.  Emil  Swensson,  consulting 
engineer. 

A    Comparison    of    Carbon    Steel    and 
High-Alloy  Steels  for  Bridges. 
In   designing  bridges    having    exceptionally 
long  spans  it  becomes  necessary  to  use  alloy 
steels     of     high     elastic     limit     and     ultimate 
strength     to     lessen     materially     the     weight 
of    the    structure.     Manufacturers    of  bridge 
metals    have    not    progressed     very      far    iti 
their    attempts    to    discover    alloys    of     steel 
which      possess      high      strength      and      also 
can     be     readily     fabricated     into     the     re- 
quired   sections.     Nothing    more    satisfactory 
than  nickel   steel  has  yet  been  produced,  and 
even  this  material  is  difficult  to  work.  A  num- 
ber  of   important  bridges  have  been  built   ot 
nickel  steel,  although  metal  mamifacturcrs  are 
not  yet  willing  to  guarantee  an  clastic  hmit  of 
60  000  lbs.  per  square  indi.    The  increased  cost 
of  nickel  steel,  and  the   fact  that  there  is  no 
market  for  rejected  material,  have  made  manu- 
facturers   unwilling    to    guarantee    an    elastic 
limit  greater  than  50,000  lbs.  per  square  inch. 
The  following  data  on  "High-Alloy  Steels  for 
Bridges"  were  abstracted  and  rearranged  from 
a  paper  by  J.  A.  L.  Waddell,  in  Proceedings. 
American  Societv  of  Civil  Engineers.  Vol.  XL, 
|.    (16!).  and  froni  the  discussion  of  this  paper 
11  p.  1013  of  the  Proceeding-s. 
A  condition  which  at  present  militates  ser- 
iouslv  against  the  use  of  nickel  steel  in  hridgc 
building  is  that  the  manufacturers  ask   for  it 
an  additional  price  of  about  2  cts.  per  pound, 
as   compared    with   ordinary   carbon   steel,   al- 
though but  little  more  than  one-half  that  woulrt 
be  a  sufficient  excess  price.    As  the  future  de- 
velopment of  America  will  necessitate  the  con- 
struction   of    manv    long-span     bridges     it     is 
almost  a  nccessitv  that  there  be  found  an  alloy 
of  steel  of  great   strength,  high  clastic   limit, 
workable  under  all  necessary  manipulations  in 
the  shops,  and  of  moderate  cost.    It  is  realized 
that  the  discovery  of  such  an  alloy  will  require 
much   studv  and   exhaustive  experiments,  but 
the   saving'  in    cost   of    a   single   large   bridge 
might  easily  exceed  the  entire  expenditure  lor 
such  experiments. 

The  basis  of  the   following  investigation   is 
a  'mass  of  diagrammed  and  tabulated  data  on 


TABLE  I.— WEIGHTS  OF  METAL  IN   FLOOR 
SYSTEMS    OF    SIMPLE    SPANS. 

Weight  of  metal  per  lin.   It. 
of  span,   lbs. 


Metal  mainly  For  350- 

used   In  span.         ft.  span. 

Carbon    steel 1.400 

E  =     nO.OflO   lbs 1,150 

E  =    60.000   lbs 1.000 

E=    70,00(1   lbs 900 

E  =     80.000   lbs 850 

E  =     00,000    lbs 800 


For  600-   For  1,000- 
ft.  span,     ft^  span. 


E  =  lOO.OOO  lbs. 


750 


1,550 
1.300 
1,150 
1.050 
1.000 
950 
900 


2,000 
1,750 
1,600 
1.500 
1,400 
1,300 
1.200 


the  weights  of  metal  in  simple  spans  and  can- 
tilever bridges  of  carbon  steel,  up  to  a  limit  of 


bridges  and  of  mixed  nickel-steel  and  carbon- 
steel  bridges  computed  by  the  writer  in  the 
preparation  of  a  previous  paper  on  "Nickel- 
Steel  for  Bridges."  As  the  weights  of  metal 
per  linear  foot  in  simple  truss  bridges  were 
limited  to  lengths  of  600  ft.  in  the  former 
paper  thev  have  here  been  extended  to  1,000 
ft.  by  maJcing  actual  calculations  of  stresses, 
sections,  and  weights  of  metal  for  several  long 
spans,  using  the  various  kinds  of  steel  assumed. 
The  weights  for  bridges  of  carbon  steel  are 
based  on  the  standard  specifications  given  in 
the   writer's   "De   Pontibus."     They   are  quite 
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Fig    3     Half  Elevation,  End  View  and   Details    of    River    Picr    (No.   4)    of    North    Side    Point 

Bridge,  Plttsburah,  Pa. 


600-ft.  spans  for  the  former  and  1,800-ft.  main 
openings   for  the  latter,   accumulated   by  the 

TABLE    II.-WEIOHTS    OF^\F.T\l.\^\^J^'r- 
ERAL   SYSTEMS   OF   SIMPLK  t-l'ANS. 

WelKht   of   meliU   per   lln.    ft. 
of  Npnn,   lbs. 


Metal  mainly 

used  In  spun. 
Carbon  stcr-l.... 
E  =  60,000  lbs.. 
E  =  60,n0O  lbs. . 
E=:  70,onn  lbs.. 
E  =  SO.O'iO  lbs. . 
E  =  90,000  lbs. 
E  =  100,000   lbs.. 


For  3.'.n- 
ft.  span. 
450 
450 
450 
450 
450 
4,iO 
450 


'  I'-orGUO-    For  1,000- 
ft.  span.     ft.  »_pnn- 


600 
GOO 
600 
600 
600 
60U 
600 


1.200 

i.ir.o 

1.100 
1,050 
1.000 

9r,o 

900 


writer  and  his  firm  during  the  last  25  years, 
together    with    the     weights     of     nickel-slcel 


accurate  up  to  the  limits  of  1,000  ft.  for  sim- 
ple spans  and  1,800  f"r  the  mam  openings  of 
cantilever  bridgss.  Figures "1  and  2  give  the 
equivalent  uniform  live  lo.id  per  linear  foot 
of  Mnglc  tr.ick  assumed  in  computing  the 
weights  of  trusses.  The  impact  percentag>  -■ 
were  obtained  from  the  writer's  formula. 

,  where   /   is  the  percentage 

,.  I  500 
impact,  and  L  is  the  loaded  length,  m  feet,  re- 
quired to  give  the  maximum  stress.  Figures  6 
and  I  give  a  combination  of  the  equivalent 
uniform  live  loads  and  the  impact  loads.  The 
loads  obtained  from  these  curves  added  to  i   • 
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TABLE  III.— WEIGHTS   OF   MET.\L  ON  PIERS 
FOR  SIMPLE  SPANS. 

Weight  of  metal  per 

lin.  ft.  of  span.  lbs. 

Metal   mainly                             For  350-  For  1,000- 

usea  in  span.                          ft.  span.  ft.  span. 

Carbon    steel 250  400 

E=    50,000  Ib£ 200  300 

E=    CO. 000  lbs 190  2S0 

E=    70,090   lbs ISO  260 

E=    80,000   lbs 170  240 

E=    90,000   lbs 160  220 

E  =  100,000   lbs 150  200 


TABLE   IV.— WEIGHTS   OF  METAL  IN   FLOOR    SYSTEMS    OF    CAN-i'ILEVER 

, Weight  of  inetal  per  lin.   ft.   of 

Metal  mainly  used  in  span.  600-ft.        1,200-ft.  l,S00-ft.     2,400-ft.      3 

span.  span.  span.  span. 

Carbon  steel    i,fi00  1,800  2,000  

E=    50,000    lbs 1,200  1,450  1,650  2,400 

E=    60,000    lbs 1,000  1,200  1,400  2,100 

E=    70,000    lbs 950  1,150  1,300  1,850 

E=:    80.000    lbs 900  1,050  1,200  1,700 

E=    90,000    lbs 85C  950  1,100  1,600 

E  =  100,000    lbs SOO  900  1,000  1,500 


BRIDGES. 

span.  lbs. ^ 

,000-ft.       3, 600-ft. 

span.  span. 


2,200 
2,000 
1,900 


2,400 


£0-I-&  65; 


y.. .. 


■■Z0I@65 

„^--(5""t3rlo;/f^;c   Covering 


40-0 


~l   SLS6'5-S^ 


C  toC    Trusses 


Web  PI   7e'«^ 


Fl  £L5  6f6'i 


-53-0  Under  Coping - 


'sM^Mkm^M  • 


la)   Section    on    <£.   of  Pn 


-it-O  Under  Coping 
IU)  Section  A-A 


(C)  Half  End  View 


Fig.  4.    Sections   Showing    Details  of  Top   of    River   Pier  and   G-'iliage   of   North   Side   Point 

Bridge,   Pittsburgh,  Pa. 


dead  loads  give  the  total  loads  per  linear  foot 
used  for  the  bridges. 

Tables  I  to  VI,  inclusive,  give  the  approxi- 
mate weights  of  metal,  in  pounds  per  linear 
foot  of  span,  for  (lie  floor  system,  lateral  sys- 
tem and  on  piers  for  simple  and  cantilever 
bridges,  for  various  spans  and  elastic  limits, 
E.  From  these  tables  and  the  diagrams  shown 
in  Figs.  5  and  6  (which  will  be  e.xplained  later) 
there  can  be  determined  the  weights  for  the 
trusses. 

(The  author  develops  reduction  formulas 
for  determining  the  weights  of  floor  systems, 
lateral  systems  and  on  piers  of  alloy-steel 
bridges  from  the  known  weights  of  carbon- 
steel  bridges,  but  we  have  omitted  these  in  our 
abstract.) 

The  weight  in  pounds  per  linear  foot  of  the 
trusses  of  simple  carbon  steel  spans  may  be 
expressed  by  the  formula. 


where  K  is  the  part  of  the  total  truss  weight 


per   linear   foot   which   is   independent   of  the 
quality  of  the  metal  and  of  the  stresses ;  T\  is 
the  weight  of  the  main  portions  of  the  tension  = 
members  and  of  their  details  which  are  direct- 
ly affected  by  the  stresses ;  Cc  is  the  weight  of 
the  main  portions  of  the  compression  chords 
and  inclined  end  posts  and  their  details  which 
are  directly  affected  by  the  stresses ;  and  Cw 
is  that  of  the  rnain  portions  of  the  compres- 
sion web  member,-;  which  are  directly  affected . 
by  the  stresses.    From  experience  in  designing- 
large   bridges   it  may  be   stated    that,    as    an 
average,  A' =  0,2  T;'  7,  =  0.3  T ;  Cc  =  0.3  T; 
and  Cw  =  0.2  T. 

It  is  well  known  that  in  trusses  with  parallel  ' 
chords  and  of  economic  depths  the  weight  of 
the  chords  is  equal  to  the  weight  of  the  web; 
but  in  trusses  with  polygonal  chords,  having 
center  depths  less  than  the  theoretically  eco- 
nomic ones,  as  do  those  of  all  long-span 
bridges,  the  weight  of  the  chords  is  much 
greater  than  that  of  the  web.  As  a  general 
average  for  long  spans  the  ratio  of  weight  of 
chords  to  that  of  webs  is  about  6  to  4. 

Figure  5  gives  the  total  weight  of  metal  per 
linear  foot  of  span  in  simple-truss  bridges  for 
"Class  R"  live  load,  for  carbon  steel  and  for 
alloy  steels  having  various  elastic  limits.  An 
inspection  of  these  curves  shows  the  great  sav- 
ing in  weight  of  metal  which  may  be  obtained 
by  using  alloy  steels  instead  of  carbon  steel. 
This  difference  is  most  apparent  between  the 
weights  for  alloy  steel  having  an  elastic  limit 
of  50,000  lbs.  (the  nickel  steel  which  the  manu- 
facturers are  willing  to  furnish)  and  that  hav- 
ing an  elastic  limit  of  60,000  lbs.  The  gradual 
reduction  in  the  saving  of  metal  with  the  in- 
crease of  elastic  limit  is  strikingly  noticeable; 
and  the  conclusion  may  be  drawn  that,  un- 
less the  extremely  high-alloy  steels  can  be  ob- 
tained with  only  a  moderate  increase  in  cost, 
there  will  be  no  economy  in  using  them  for 
simple-span  bridges. 

Figure  6  gives  the  average  total  weights  of 
metal  per  linear  foot  of  span  for  cantilever 
structures  having  main  openings  of  various 
lengths.  The  live  loads  used  are  "Class  R" 
and  "Class  S"  for  the  floor  systems  and 
"Class  U"  for  the  trusses.  The  proportional 
dimensions  of  typical,  through,  cantilever 
bridges  are  as  follows :  a  main  span,  /,  having 
a  suspended  span  of  %  1,  two  cantilever  arms 
each  of  5/16  1,  and  two  anchor  arms  of  the 
same  length  as  the  cantilever  arms.  Any  rea- 
sonable variation  from  these  proportions  would 
not  change  materially  the  average  weight  of 
metal  per  linear  foot  of  span  given  by  the 
curves  of  Fig.  6.  The  superiority  of  alloy 
steels  over  carbon  steel  is  just  as  clearly  shown 
as  it  was  in  the  curves  for  the  simple  spans, 
Inil  the  advantage  of  using  very  high  steels  is 
greater. 

If  it  is  assumed  that  a  limit  of  30,000  lbs. 
of  metal  per  linear  foot  of  span  is  as  high  as 


TABLE    v.— WEIGHTS    OF   METAL  IN   LATERAL  SYSTEMS   OF   CANTILEVER    BRIDGES. 


Metal    mainly   used    in   span. 

Carbon   steel 

E  =    50,000   lbs 

E  =    60,000  lbs 

E  —    70,000   lbs 

E  =    80,000   lbs 

E  =    90,000   lbs 

E  —  100,000   lbs 

TABLE  VI.— WEIGHTS  OF  MET.VL  ON 

Metal    mainly   used   in   span. 

Carbon   steel 

E  =    50,000   lbs 

E  =    60,000  lbs 

E  =    70,000'  lbs 

B  =    80,000   lbs 

E  =    90,000  lbs 

B  -  100,000   lbs 


-Weight  of 

inetal  per 

lin.   ft. 

of  span,   lbs 

SOO-ft. 

1,200-ft. 

1, SOO-ft. 

2,400-ft 

3,000-ft. 

3,600-ft 

span. 

span. 

span. 

span. 

span. 

span. 

SOO 

1,100 

1,400 

SOO 

1,050 

1,300 

1,800 

800 

1,000 

1,200 

1,600 

800 

1,000 

1,200 

1,000 

2,000 

SOO 

1,000 

1,200 

1,600 

2,000 

SOO 

1,000 

1,200 

1,600 

2,000 

2,400 

800 

1,000 

1,200 

1,600 

2,000 

2,400 

PIERS 

FOR  C.VNTILEVER 

BRIDGES. 

-Weiglit  of 

metal  per 

lin.   ft. 

of  span,  lbs 

600-ft. 

1,200-ft. 

l,S00-ft. 

2,400-ft. 

3,000-ft. 

3,600-ft. 

span. 

span. 

span. 

span. 

span. 

span. 

700 

l.lflO 

2,100 

600 

900 

1,700 

580 

860 

1,G00 

2,200 

560 

820 

1,500 

2,100 

3,500 

540 

780 

1.400 

2,000 

3,200 

=i20 

740 

1,300 

1,900 

2,900 

3,909 

500 

700 

1,200 

1,800 

2,600 

3,600 
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it  is  either  economical  or  practicable  to  go  in 
the  construction  of  double-track  cantilever 
bridges  (and  the  curves  show  this  to  be  a 
logical  limit),  the  following  limiting  lengths  of 
main  openings  will  be  approximately  as  fol- 
lows : 

Maximum 

length. 

Kind   of  steel.  in  ft. 

Carbon    steel     2.030 

Steel  with  50,000  lbs.   elastic  limit 2,340 

Steel  with   60,000  lbs.   elastic  limit 2,590 

Steel  with  70,000  lbs.  elastic  limit 2,780 

Steel  with  80,000  lbs.   elastic  limit 2,910 

Steel  with  50,000  lbs.   elastic  limit 3.030 

Steel  with  100,000  lbs.   elastic  limit 3,140 

The  assumption  of  36,000  lbs.  of  metal  per 
linear  foot  of  span  as  a  maximum  means  that, 
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Fig.     I.     Uniform    Live    Loads    Equivalent   to 
Class    R    Bridges. 
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o  Span  Lengths  in  Hundred  Feet 

Fig.   3.     Uniform    Live    Loads    Equivalent   to 
Class  R   Bridges   Plus   Impact. 

for  carbon  steel,  there  would  be  required  at 
this  limit  4.35  lbs.  of  metal  to  support  each 
pound  of  live  load  (exclusive  of  impact  allow- 
ance) ;  and  that  for  the  alloy  steels  of  various 
elastic  limits  the  corresponding  values  are  4.37, 
4.39,  4.40,  4.41,  and  4.42,  respectively,  the  aver- 
age of  which  is  4.4  lbs.  From  the  appearance 
of  the  curves  at  their  upper  ends  one  may 
draw  the  conclusion  that,  in  the  case  of  very 
high-alloy  steels,  the  limit  of  weight  of  metal 
per  linear  foot  of  span  can  legitimately  be 
raised  beyond  the  36,000-lb.  limit.  The  more 
nearly  these  curves  approach  the  vertical  the 
more  uneconomical  it  would  be  to  extend  the 
limit  beyond  3G,000  lbs.  per  linear  foot.  It  is 
plainly  evident  that  there  is  no  advantage  in 
carrying  the  carbon-stcel  bridges  beyond  the 
limit  of  2,000  ft.  for  the  main  opening,  but  it 
is  otherwise  for  the  100,000-lb.  elastic  limit 
steel.  Continuing  the  curve  for  the  latter  it 
is  found  that  the  weight  would  reach  46,00t) 
lbs.  per  linear  foot  for  a  span  of  3,400  ft.; 
and  that  the  inclination  from  the  vertical  at 
that  point  is  greater  than  that  for  the  carbon- 
steel  curve  at  its  limit  of  30,000  lbs.  with  a 
main  opening  of  2,030  ft.  Perhaps  therefore 
it  would  be  more  correct  to  assume  the  ex- 
treme economic  limit  of  main  opening  to  be 
3,400  ft.  or  even  3,500  ft.  For  this  last  length 
the  average  weight  of  metal  per  linear  foot  of 
bridge  shown  by  the  100,000-lb.  elastic  limit 
curve  would  be  52,000  lbs.,  which  means  that 
it  would  require  6.38  lbs.  of  metal  to  support 
each  pound  of  live  load,  exclusive  of  the  effect 
of  impact.  .Mthough  this  is  an  excessive  quan- 
tity, it  is  nevertheless  conceivable  that  condi- 
tions might  exist  which  would  render  it  ad- 
visable to  adopt  this  extreme  limit  of  main 
opening,  although  at  such  a  length  a  suspen- 
sion bridge  would  undoubtedly  l>e  cheaper.  If 
it  is  admitted  (as  is  maintained  by  some  bridge 
engineers)  that  the  impact  of  the  live  load 
on  the  main  members  of  long-span  truss- 
es is  immaterial,  the  practical  limit  of 
length  of  the  main  opening  will  be 
somewhat  increased.  Moreover,  such  a  con- 
tention is  not  far  from  correct,  as  the 
latest     experiments     on     impact     from     live 


loads  in  bridges  show  that  its  effect  on  mod- 
erately long  spans  is  much  less  than  engineers 
in  general  have  been  assuming.  It  is  unlikely 
that  the  impact  ever  reduces  to  zero,  but  for 
openings  of  1,200  ft.  or  greater  it  is  true  that 
its  amount  is  so  small  as  to  be  negligible,  in 
view  of  the  fact  that  the  live  load  stresses  in 
the  main  truss  members  will  never  be  quite  as 
large  as  they  are  computed.  The  latter  state- 
ment is  true,  because  (a)  the  trains  on  two 
tracks  never  advance  together  so  as  to  pro- 
duce maximum  web  stresses ;  (b)  such  trains 
are  not  likely  ever  to  cover  entirely  the  bridge 


With  a  few  exceptions  this  difference  is  com- 
paratively uniform  for  all  the  curves,  over 
their  entire  lengths. 

Under  the  assumption  that  the  limit  of 
weight  of  metal  is  36,000  lbs.  per  linear  foot 
the  greatest  practicable  span  lengths  have  been 
increased  on  the  average  only  about  20  ft.  by 
neglecting  impact  on  trusses.  By  comparing 
the  extensions  of  the  curves  for  steel  having 
an  elastic  limit  of  100.000  lbs.  it  is  found  that, 
for  an  assumed  limit  of  52,000  lbs.  of  metal 
per  linear  foot  of  span,  the  extreme  practicable 
length    of    main    opening   has    been    increased 
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or  even  any  individual  part  of  it,  except,  per- 
haps, the  central  span ;  and  (c)  it  is  improb- 
able that  any  load  of  cars — unless  they  are 
ore  or  coal  cars — will  ever  be  uniformly  full 
or  loaded  to  the  assumed  limit. 

Figure  7  shows  the  curves  of  weights  for 
cantilever  bridges  of  the  same  type  and  load- 
ing as  those  used  in  preparing  the  curves  in 
Fig.  6,  except  that  the  impact  on  main  mem- 


only  25  ft.  These  comparisons  indicate  that 
there  is  little  gain,  either  in  economy  or  in- 
crease of  practicable  limit  of  opening,  in  neg- 
lecting the  effect  of  impact. 

Figures  8  and  9  (p.  689)  show  the  percentages 
of  carbon  steel  in  structures  of  mixed  nickel 
and  carbon  steels.  The  cur\-es  are  accurate  for 
simple  spans  up  to  600  ft.  and  for  cantilever 
bridges  with  openings  up  to  1,800  ft.,  and  be- 
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Span  Lengths  in  Hundred  Ft 

Fig.  5.    Total    Weights  of   Metal    Per  Linear  Foot  of   Span   for   Double-Track,  Simple-Sp.i 
Bridges  of  Carbon  Steel  and   Alloy  Steels  of  Various  Elastic  Limits. 


bcrs  of  trusses  is  assumed  to  be  ?ero.  These 
curves  begin  at  main  openings  of  1,200  ft.  and 
extend  to  the  greatest  practicable  limiting 
lengths  of  such  openings.  A  comparison  of 
the  curves  of  Figs.  6  and  7  shows  that  by  neg- 
lecting impact  on  trusses  there  is  an  average 
saving  of  about  700  lbs.  of  metal  per  linear  foot 
of  span,  for  all  spans  and  all  kinds  of  steels. 


yond  these  limits  they  have  been  continued  by 
deflections.  These  curves  were  prepared  from 
diagrams  of  weights  of  metal  in  bridges  of 
mixed  nickel  and  carbon  steels,  and  the  dia- 
grams arc  the  result  of  careful,  detailed  com- 
putations of  actual  designs.  The  percentages 
are,  of  course,  subject  to  great  variation,  be- 
cause no  two  designers  would  agree  exactly  a 
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to  what  minor  parts  of  an  alloy-steel  bridge 
should  be  made  of  carbon  steel. 

(Considerable  data  on  the  relative  cost  of 
carbon-steel  and  alloy-steel  bridges  were 
given  in  the  original  paper,  which  we  have 
omitted  in  our  abstract,  as  the  question  of  cost 
is  an  uncertain  one.    The  writer  states  that  he 
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Nickel  steel,  per  pound 5.6    cts. 

Carbon  steel,   per  pound 3.95  cts. 

The  difference  in  cost  of  the  two  materials 
was  1.65  cts.  per  pound  or  42  per  cent  of  the 
price  of  the  carbon  steel;  but  the  elastic  limit 
required  for  the  nickel  steel  was  50  per  cent 
higher  than   for  the  carbon  steel,  so   that  the 
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feels  truly  confident  in  regard  to  the  correct- 
ness of  the  information  contained  in  this 
paper.) 

Discussions. 
The    following    abstracts    from    the    discus- 
sions of  the  foregoing  paper  contain  pertinent 
data  : 

DISCUSSION    HY    HKNRY    W.    HODGE. 

The  length  of  bridge  spans  in  general  use 
has  been  increasing  steadily,  and  we  have 
reached  limits  where  the  dead  weight  of  the 
structure  has  become  the  largest  portion  of  its 
carrying  capacity,  so  that  some  method  of 
keeping  down  the  weight  is  a  necessity  for 
the  construction  of  the  great  spans  now  con- 
templated. The  only  way  to  reduce  the  dead 
load  materially  is  by  the  use  of  metal  of  higher 
carrying  capacity  than  our  present  materials, 
and  an  important  step  has  been  made  in  this 
direction  by  the  use  of  nickel  steel,  which  has 
50  per  cent  greater  carrying  capacity  than  the 
carbon  steel  in   general   use. 

The  trusses  of  the  three  ()fi8-ft.  spans  of  the 
St.  Louis  Municipal  Bridge  were  designed  for 
nickel  steel  throughout,  except  certain  minor 
sub-members.  Nickel-steel  eye-bars  and  car- 
bon-steel compression  members  were  also 
used,  the  floor  system  and  bracing  being  of  car- 
bon steel  in  each  case. 

The  weights  of  each  span  were: 
With  complete  nickel-steel  trusses,  lbs..   9,200,0u0 
With  nickel-steel  bars,  and  the  rest  of 

carbon   steel,    lbs 10,900,000 

As  the  dead  load  of  railways,  tracks,  etc., 
was  5,500  lbs.  per  linear  foot,  the  total  aver- 
age dead  load  was : 

With  nlcUel-steel  trusses,  lbs.  per  linear 
toot     19,300 

With  nickel-steel  bars,  and  the  rest  of 
carbon  steel,  lbs.  per  linear,  foot 21,800 

Thus,  the  nickel-steel  compression  members 
in  the  trusses  made  a  difference  in  weight  of 
2,500  lbs.  per  linear  foot,  or  13  per  cent. 

The  average  live  load  on  the  two  decks  was 
Ifi.GOO  lbs.  per  linear  foot,  thus  the  use  of 
nickel-steel  compression  members  made  a  sav- 
ing of  7  per  cent  in  the  total  load  on  the 
structure. 

The  average  unit  prices  for  the  two  classes 
of  material  in  this  structure,  erected  in  place, 
were : 


nickel   steel   was   the  cheaper,   considering   the 
strength. 

The  nickel  steel  had  3%  per  cent  of  nickel, 
but  manufacturers  are  now  commercially  pro- 
ducing, at  a  very  much  reduced  price,  an  alloy 
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50  per  cent  stronger  than  the  carbon  steel  in 
general  use,  at  a  comparatively  small  increase 
in  cost. 

The  increase  of  elastic  limit  to  50,000  or 
60,000  lbs.  per  square  inch  will  help  greatly 
in  the  construction  of  spans  of  considerable 
length ;  but,  for  the  very  long  spans  now  being 
planned,  a  still  stronger  material  is  needed, 
and  it  can  economically  be  used  at  a  very  con- 
siderable increase  in  price.  In  the  design  for 
the  2,880- ft.  suspension  span  for  the  North 
River  Bridge  at  New  York,  there  is  great 
economy  in  placing  the  stiffening  trusses  along 
the  cables,  so  that  articulated  joints  are  re- 
quired, thus  necessitating  eye-bars  in  place  of 
wire,  which  has  heretofore  been  used  in  long 
suspension  bridges. 

The  total  live  load  on  the  eight  tracks,  two 
roadways,  and  two  sidewalks  is  20,000  lbs.  per 
linear  foot,  when  all  are  completely  loaded; 
and,  if  the  structure  was  made  of  carbon  steel, 
the  dead  load  would  be  about  110,000  lbs.  per 
linear  foot,  which  would  make  the  sections 
almost  prohibitive.  The  designs,  therefore, 
have  been  based  on  the  use  of  eye-bar  cables 
of  alloy,  heat-treated  steel,  having  an  elastic 
limit  of  not  less  than  120,000  lbs.  Such  a 
steel  has  already  been  manufactured  for  lim- 
ited sizes,  and  as  it  is  only  here  required  for 
eye-bars,  from  which  any  number  of  full-sized 
specimens  can  be  tested  to  destruction,  there 
will  be  no  doubt  as  to  whether  the  strength 
and  other  qualifications  are  fulfilled.  With  such 
material,  the  total  average  dead  load  of  the 
structure  is  64,000  lbs.  per  linear  foot,  so  that 
this  material  makes  a  saving  of  46,000  lbs.  per 
linear  foot,  or  practically  50  per  cent  of  the 
total  load  on  the  structure. 

Such  a  material  will  naturally  cost  a  con- 
siderable price,  but  it  will  be  about  four  times 
as  strong  as  the  usual  carbon  steel ;  and  even 
at  much  more  than  four  times  the  cost  it 
would  make  a  saving,  on  account  of  the  large 
decrease  in  dead  load. 

About  40,000  tons  of  such  bars  will  be  re- 
quired, practically  all  duplicates,  so  that  there 
is  little   doubt   that   thev   will   be    furnished   at 
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Fig.   7.    Total    Weights   of    Metal    Per   Linear   Foot    of    Span    for    Double-Track,    Cantilever 
Bridges   of   Carbon   Steel    and    Alloy   Steels  of    Various    Elastic    Limits    When    Impacts 

Are  Assumed  as  Zero. 


steel  with  not  more  than  1%  per  cent  of 
nickel,  together  with  small  percentages  of 
chromium  and  vanadium,  which  has  all  the 
properties  of  this  steel,  so  that  there  is  at 
present  a  readily  obtainable  material,  which  is 


a  price  which  will  make  a  great  economy  in 
the   structure. 

The  writer  therefore  fully  agrees  with  Mr. 
Waddell  that  such  high-value  alloy  steels  are 
a  necessity  for  coming  bridge  structures,  and 
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he  has  the   fullest  confidence  that  our  metal- 
lurgists will  meet  the  demands  as  they  arise. 

DISCUSSION    BY    CHARLES    E\AN    FOWLER. 

For  many  years  the  writer  has  known  of 
the  higher  grades  of  steel  produced  by 
European  manufacturers,  but,  owing  to  the 
great  demand  on  the  mills  of  the  United 
States,  it  has  been  a  case  of  taking  what  is 
offered  by  the  manufacturers  or  paying  the 
extras  asked  for  nickel  steel  or  anything  ex- 
cept the  ordinary  grades.  The  tariff  condi- 
tions will  now  allow  the  importation  of 
European  high-grade  steels  for  Pacific  Coast 
fabrication,  but,  until  shops  of  sufficient  size 
are  established  there,  little  advantage  can  be 
taken  of  such  foreign  products.  This  possible 
source  of  supply  may  eventually  result  in 
American  mills  being  willing  to  meet  the 
•demand  for  nickel  or  other  high  steel  alloys  at 
a  reasonable  price. 

Long  spans  are  seldom  contemplated  or 
built    from   motives  of   economy,   but   are   the 
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result  of  the  necessities  of  commerce,  of  find- 
ing good  foundations,  or  as  necessary  con- 
necting links  in  lines  of  traffic  and  com- 
munication, regardless  of  whether  the  struc- 
ture in  itself  will  be  a  paying  investment. 
\\  hen  long  spans  are  found  to  be  necessary 
the  engineer  must  determine  the  class  of 
structure   that   will   be   possible: 

(1)  To  carry  the  class  and  quantity  of 
traffic  to  be  imposed  or  cared  for. 

(2)  That  will  be  possible,  due  to  the  foun- 
dations  that  can  be  obtained. 

{'^)  That  will  be  possible,  due  to  the  mate- 
rial that  can  be  obtained  from  which  to  fabri- 
cate it. 

(4)  That  will  be  possible,  owing  to  the 
limitations  that  may  be  imposed  by  the  meth- 
ods and  means  of  construction. 

(•"))  That  will  be  a  paying  investment  from 
a  dividend-paying  standpoint,  if  that  is  neces- 
sary. 

(C)  That  will  at  least  be  possible  from  re- 
lated financial  conditions. 

These  factors  are  correlated  to  such  an  ex- 
tent that  a  very  wide  investigation  would  be 
necessary,  in  order  to  set  the  limits  of  span 
and  expenditure. 

Recent    researches   seem    to    indicate: 

(a)  That  simple  spans  can  be  constructed 
by  using  nickel  steel  to  a  greater  or  less  de- 
gree, up  to  lengths  of  from  two  to  three  times 
those   which   have   been   built. 

(b)  That  suspension  spans  and  cantilevers 
will  reach  about  the  same  cost  at  some  span 
length   between   l.GOO  and    1,800   ft. 

(c)  That,  by  the  use  of  nickel  steel  to  a 
large  extent,  suspension  spans  can  be  built 
economically,  where  the  traffic  is  sufficient,  up 
to   about    a   'i.iiOo-ft.   span. 

(d)  That,  by  the  use  of  nickel  steel  to  a 
lari;c  extent,  cantilevers  can  be  built  econom- 
ically, where  the  traffic  is  sufficient,  up  to 
about  a  2,500- ft.  span. 

However,  inasmuch  as  the  dead  weight  of 
such  structures  is  very  great  in  proportion  t" 
the  live  load,  we  can  largely  disregard  impact, 
and  use  correspondingly  hii;h  unit  stresses, 
thus  allowing  at  present  cost  the  use  of 
nickel  steel  for  all  the  sus()cnded  structural 
parts  of  a  suspension  span,  thereby  making 
such  a  structure,  with  its  high  steel  cables  and 
comparatively  low  erection  cost,  the  best  t') 
adopt  for  long  spans,  from  every  point  of 
view,  beyond  a  span  length  of  about  1.700  ft. 
Such  a  structure  will  carry  satisfactorily  all 
classes  of  traffic,  and  satisfy  most  fully  all 
the   six    requirements    previously   given. 

The  question  of  right  nf  way  and  terminals 


may  add  so  greatly  to  the  cost  of  the  project 
as  to  make  its  realization  impossible. 

The  empirical  erection  cost  formula,  devised 
by  the  writer  some  years  ago,  contains  six 
different  factors  which  enter  into  the  cost  of 
erection  of  a  bridge  superstructure.  This 
formula  is: 
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where  C  ^  cost  of  erection,  in  cents  per  100  lbs. ; 
(7  =:  a  constant  for  each  type  of  structure; 

=  15  cts.  for  railway  pin  trusses; 

=  25  cts.  for  railway  riveted  trusses; 

=  20  cts.  for  railway  girders ; 

=:20  cts.  for  highway  pin  trusses; 

=  30  cts.  for  highway  riveted  trusses; 

=  15  cts.  for  highway  girders; 
/^span  length,  in  feet; 
/j  =  height  of  falsework,  in  feet; 
rf  =  daytime  temperature,  average,  in   degrees 
Fahrenheit. 
Taking  the  case  of  a  riveted   railway  span 
225  ft.  long,  height  of  falsework  48  ft.,  aver- 
age   temperature   40°,   2   coats    of    paint,    and 
weighing  2,100  lbs.  per  linear  foot,  we  find  the 
probable  erection  cost  to  be  83  cts.  per  100  ibs., 
or  $16.00  per  ton. 

A  railway  pin  span  of  144  ft.,  height  of  false- 
work 30  ft.,  average  temperature  50°,  2  coats 
of  paint,  and  weighing  1,400  lbs.  per  linear 
foot,  would  have  an  erection  cost  of  62  cts. 
per  100  lbs.,  or  $12.40  per  ton. 

These  two  examples  show  what  an  influence 
a  change  in  any  one  of  the  factors  will  have 
on  the  unit  erection  cost.  The  formula  was 
deduced  to  fit  certain  conditions,  wdiich  to  a 
large  extent  were  due  to  the  personal  equa- 
tions of  the  designer  and  the  erector;  and, 
with  plans  prepared  by  some  designers,  the 
cost  of  erection  would  exceed  very  greatly  the 
values  found  from  the  formula,  it  being  only 
too  common  on  the  part  of  many  designers  to 
forget  that  structures  must  be  erected  at  a 
reasonable  cost,  and  still  others  seem  to  for- 
get the  process  of  erection  entirely.  Many 
erection  costs,  of  course,  will  exceed  greatly 
what   they   should,   due   to   unforeseen   causes. 

DISCUSSION    nV    M.   J.    BUTLER. 

It  is  an  error  to  assume  that  the  limit  has 
been  reached  with  ordinary  carbon  steel — un- 
doubtedly the  steel  maker  will  supply  a  much 
better  quality  of  steel  if  the  customer  is  will- 
ing to  pay  the  price,  by 

(a)  fluid  compression  of  the  ingots: 

(b)  careful  heat  treatment  and  lighter  and 


work  much  easier  and  more  satisfactory  and 
reliable  in  every  way. 

In  case  some  of  the  material  should  be  con- 
demned as  not  coming  up  to  the  requirements 
of  the  specifications,  the  condemned  material 
could  easily  be  turned  over  to  the  wire 
works,  which  would  be  only  too  glad  to  get  it, 
as  this  aluminum  steel  makes  the  finest  kind 
of  high-grade  wire,  suitable  in  ever}'  respect 
for  suspension  bridges,  as  it  is  exceedingly 
strong,  tough,  free  from  brittleness,  and  non- 
corrosive  to  a  high  degree.  Ordinary  sections 
of  this  alloy  will  have  an  elastic  limit  of  100,- 
000  lbs.  per  square  inch,  and  the  wire  possi- 
bly 200,000  lbs.  per  square  inch :  and  at  a  cost 
probably  not  exceeding  that  of  ordinary  car- 
bon steel  bv  more  than  2.5  cts.  per  pound. 

DISCUSSION    BV    N.    PETINOT. 

The  writer  agrees  with  Mr.  Waddell  that  the 
first  step  is  to  experiment  on  the  purification 
of  steel  so  that  the  metal  may  be  brought  to 
its  maximum  efficiency.  He  cannot  see  why  it 
should  not  be  possible  to  secure,  regularly, 
physical  properties  within  a  limit  of  5  per 
cent  in  a  steel  carrying  predetermined  quan- 
tities of  carbon  and   nickel,   for  instance. 

The  speaker  has  been  experimenting  ex- 
tensively, both  in  France  and  in  the  United 
States,  with  the  manufacture  of  allov  steels, 
and  particularly  with  nickel  steels  of  the  same 
supposed  analysis,  and  has  found  that  very 
often  two  melts  of  open-hearth  nickel  steel 
of  the  same  analysis,  when  physically  tested, 
have  shown  a  variation  of  15  per  cent  or  more. 
Carrj;ing  the  investigation  further  he  found, 
by  microscopic  examination,  a  large  difference 
between  the  two  steels.  The  poorer  very  often 
showed  very  large  colonies  of  manganese  sul- 
phides, iron  silicates,  and  slag.  These  are 
weakening  elements  in  steel  of  any  grade, 
even  if  it  is  an  alloy  of  plain  carbon  metal 

When  the  manufacturers  of  steel  find  the 
way  to  remove  such  elements,  it  will  be  pos- 
sible to  secure  the  maximum  physical  qualities 
from  each  component  of  every  grade  of  steel, 
and  there  should  be  no  great  difference  be- 
tween any  two  steels  of  the  same  chemical 
composition. 

Increasing  the  carbon  content  in  steel  of 
any  grade  is  a  cheap  way  to  increase  the  ulti- 
mate strength,  and,  according  to  the  writer's 
experience,  a  satisfactory  way,  provided  the 
steel  has  been  thoroughly  cleaned  and  the  seg- 
regation reduced  to  the  minimum. 

In  reference  to  the  possibility  of  producing 
a  nickel  steel  by  the  use  of  a  ferro-mckcl  con- 
taining 10  per  cent  of  nickel,  this  problem 
presents  no  difficulties  at  all,  as  such  steels 
have  already  been  produced  in  ."i-ton  melts.  .\ 
few   years   ago   a   pig   iron   was   produced   bv 
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slower  blooming,   putting   more   work   on   the 
bloom ; 

(c)  cropping  away  all  segregated,  pipes,  and 
inferior  metal;  and 

(d)  careful  re-licating  of  billets,  slower 
roiling,  and  better  work  generally  on  the  rolls 
and    sections, 

DISCUSSION    nV    L.   J,    LE  CONTE. 

The  writer  would  suggest  that  the  experi- 
menters try  a  small  batch  of  aluniinuni  steel. 
The  main  objection  to  its  use  has  been  its 
high  market  price.  Lately,  hnwcver,  the  price 
has  come  down  to  20  cts.  per  pound,  in  large 
lots.  It  is  the  writer's  firm  belief  that  if  ordi- 
nary steel  is  first  "thoroughly  punru-d"  and 
its  elastic  limit  thereby  raised  to  OO.OnO  \Us. 
per  square  inch,  and  then,  say,  'I  per  cent  of 
aluminum  be  added  to  the  molten  metal,  the 
result  will  be  a  highly  satisfactory  alloy,  .ind 
at  no  great  increase  in  cost  per  pound.  The 
aluminum  not  only  strengthens  the  steel  enor- 
mously, but  also  toughens  it  and  wipes  out  all 
brittleness,  and  thus  renders  all  general  shop 


smelting  pyrrhotitc — containing  nickel — in  an 
electric  furnace.  This  pig  iron  contained 
from  4  to  5  per  cent  of  nickel  and  was  low  in 
sulphur  and  phosphorus.  Hy  varying  the  pro- 
portions of  such  pig  iron,  in  the  mixture  used 
in  makiiig  nickel  steel  by  the  open-hearth 
process,  it  will  be  possible  to  obtain  any  nic! 
content  actually  desired. 

It    will    be   noticed   that,    in    the   making  ..i  I 
nickel   steel,  the  nickel  is  usually  added  with  | 
the  cold  charge,  and  does  not,  therefore,  oxi- 
dize during  the  periods  of  melting  and  finish- 
ing the  steel,  and  its  use  as  a  component 
pig  iron  would  he  the  same  under  similar  c 
ditions. 

The    writer    believes    that,    by    expcrimc! 
ing  thoroughly  with  ferro-nickel  in  the  man 
facturc  of  nickel  steel,   it  will  be  possible  tc 
get   a    product    which    will    be    identical    withl 
that   obtained   by   the   use   of   metallic   nickel,| 
and  at  a  much  lower  cost. 

.Mr.    Waddell    has    asked    what     effect    t 
use  of  titanium  might  be  expected  to  have 
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the  steel.  Titanium  lias  a  great  aliinity  for 
nitrogen  and  oxygen,  so  much  so  that,  prior 
to  this  time,  it  has  been  very  difficult  to  obtain 
a  steel  with  a  content  of  more  than  O.'2o  of 
that  metal,  and  such  steel  showed  no  particu- 
lar advantages  over  one  which  had  been  treat- 
ed with  0.10  of  titanium,  and  after  such  treat- 
ment carried  only  0.02  to  0.0.3  of  the  latter. 

Titanium  is  on  the  market  commercially  in 
the  form  of  ferro  carbon-titanium,  containing 
from  15  to  20  per  cent  of  titanium  and  from 
6  to  8  per  cent  of  carbon.  It  has  been  found 
that  a  ferro-titanium,  with  a  higher  titanium 
content,  has  too  high  a  melting  point  for  gen- 
eral use. 

Titanium,  because  of  its  affinity  for  nitro- 
gen and  oxygen,  the  latter  either  in  the  form 
of  a  gas  or  an  oxide,  is  to  be  considered  as  a 
powerful  deoxidizcr  and  scavenger.  It  is  the 
only  deoxidizcr  known  at  present  which  can 
be  used  without  danger  of  leaving  any  of  the 
products  of  its  oxidation  in  the  Ijath  of  steel. 

In  the  treatment  of  steel  with  titanium,  the 
ferro  carbon-titanium  is  always  used  as  the 
last  addition  to  the  steel  after  it  has  been 
tapped  into  the  ladle,  that  is,  after  manganese, 
silicon,  or  other  alloys,  if  any,  has  been 
added.  Titanium  will  react  first  on  nitrogen 
(always  present  in  a  greater  or  less  quantity), 
forming  titanium  nitrides,  which  rise  to  the 
top  of  the  ladle.  It  will  then  act  on  the  oxy- 
gen in  solution  in  the  steel,  and  on  oxides  of 
iron,  manganese,  etc. 

Particular  attention  is  called  to  the  pres- 
ence of  manganese  oxide  in  steel.  Ferro-man- 
eanese  is  added  to  the  steel,  not  only  as  a 
deoxidizcr,  but  also  to  furnish  sufficient  man- 
ganese to  combine  with  the  sulphur,  giving 
manganese  sulphides,  which  are  less  brittle 
than  iron  sulphides.  If  has  always  been  found 
that  the  rolling  properties  of  steel  are  en- 
hanced by  a  small  manganese  content,  and  it 
is  a  well-known  fact  that,  by  eliminating  the 
manganese  oxide  completely,  no  blisters  will 
be  found  when  such  steel  is  rolled  into  sheets 
and   galvanized. 

Another  function  of  titanium  is  to  reduce 
segregation  to  a  minimum.  The  writer's  ex- 
perience has  been  that  a  clean  product  with 
very  little  segregation  can  be  obtained  by  the 
use  of  titanium  at  an  additional  cost  of  from 
25  to  50  cts.  per  ton  of  steel  treated. 

DISCUSSION    BY    LEON    S.    MOISSEIFF. 

There  is  no  doubt  that  the  author  points 
the  right  wav  into  the  future:  there  is  a  need 
of  a  material  of  a  higher  strength  than  that 


of  the  steel  generally  used  in  bridge  building 
today.  Whether  it  be  nickel  steel,  as  recently 
used  in  some  of  our  long-span  bridges,  or  an- 
other kind  of  alloy  steel,  which  will  still  bet- 
ter meet  the  requirements  of  bridge  building, 
there  is  a  technical  need  of  a  higher  strength 
steel.  Not  only  would  heavy  railroad  bridges 
with  their  increasing  freight  loads  be  benefited 
by  the- higher  steel,  but  also  highway  bridges 
of  the  longer  spans. 

The  advent  of  heavy  automobile  trucks  has 
made  it  imperative  to  provide  heavy  floors  for 
bridge  roadways.  To  insure  the  good  be- 
havior of  a  pavement,  not  only  a  strong  but 
also  a  stiff  support  is  necessary.  Such  sup- 
port will  be  furnished  by  a  heavy  timber  floor 
with  floor  stringers  at  close  intervals,  or  by 
reinforced  concrete  slabs.  In  either  case  a 
floor  system  will  be  required  which  will  have 
considerable  weight.  To  take  care  of  this 
additional  weight  and  load  a  high-strength 
steel   is   wanted. 

Granting  the  desirability  of  the  higher 
strength  steel,  questions  of  design  may  well 
be  considered.  One  of  these  questions  may 
be  what  will  be  the  effect  of  the  higher  steel 
on  the  stiffness  and  stresses  of  bridges  built 
of  that  material? 

The  higher  elastic  Hmit  of  the  new  steel  will 
be  utilized,  of  course,  for  allowing  higher  unit 
stresses.  The  coefficient  of  elasticity  being 
practically  constant  for  kindred  steel,  the 
higher  unit  stresses  will  result  in  greater 
elongations  of  the  individual  members  and 
greater  deflections  of  the  entire  structure. 
The  increased  deformation  of  the  trusses 
means  a  greater  deviation  from  the  original 
truss-form,  and  will  result  in  much  increased 
secondary  stresses. 

Assuming  (as  the  author  apparently  has  in 
the  paper)  that  the  allowable  unit  stresses  will 
retain  the  same  proportion  to  their  correspond- 
ing elastic  limits  as  they  have  in  the  present 
practice  in  the  case  of  carbon  steel,  the  allow- 
able stresses  for  the  hoped  for  high-alloy 
steel  of  100,000  lbs.  elastic  limit  will  be  nearly 
three  times  those  of  carbon  steel  with  its  elas- 
tic limit  of  35,000  lbs.  Evidently  the  moving 
load  deflections  w-ill  become  considerable  and 
the  secondary  stresses  may  attain  the  rank  of 
primary  stresses.  How,  then,  to  take  care  of 
the  secondary  stresses  in  the  erection  of  the 
bridge,  and  provide  for  the  deformation  of 
the  trusses  under  moving  load,  will  raise  new 
and  serious  problems  in  bridge  design. 

Another   question   is   how    to    connect    effi- 


ciently the  high  steel  members,  apart  from 
using  pin  connections.  With  common  soft 
steel  rivets  the  splices  would  be  of  excessive 
length,  the  efficiency  of  which  is  subject  to 
much  doubt.  Consequently,  high-steel  rivets 
must  be  used.  Nickel  steel  members  have 
been  designed  by  the  speaker  for  corrspond- 
ing  nickel  steel  rivets,  but  these  rivets  have 
not  always  proved  very  satisfactory.  They 
are  not  easily  well  driven  and  are  difficult  to 
remove.  This  refers  especially  to  field  rivets 
which  have  to  be  driven  with  a  gun  or  a  ma- 
chine of  limited  pressure.  Now,  if  nickel  steel 
rivets  having  an  elastic  limit  of  50,000  lbs.  pre- 
sent some  difficulties,  what  will  rivets  of,  say 
80,000  lbs.  elastic  limit  offer?' 

DISCUSSION    BY    F.    W.    SKINNER. 

The  writer,  having  recently  had  an  oppor- 
tunity of  seeing  some  phenomenally  large  car- 
bon steel  rivets,  made  for  the  new  Quebec 
Bridge,  would  like  to  confirm  to  some  extent 
the  views  of  the  author  and  of  Mr.  Hodge. 
Some  of  these  rivets — those  for  the  cantilever 
arms — were  7  ins.  or  more  in  length,  with  a 
diameter  of  IV4  in. 

Some  experimental  work  was  done  in  which 
these  rivets  were  specially  designed  with  a 
slight  taper  at  the  points.  They  were  quenched 
at  the  points  in  cold  w-ater.  When  driven, 
they  were  held  in  place  by  a  pneumatic  bucker, 
and  the  driving  was  done  with  a  pneumatic 
hammer.  The  pneumatic  bucker  was  a  special 
tool,  having  a  hollow  cylinder  in  which  a 
hammer  was  arranged.  The  hammer  and  cyl- 
inder were  controlled  independently,  which 
enabled  the  bucker  to  be  held  in  position,  and 
then  when  the  ordinary  hammer  was  op- 
erated on  the  point  of  the  rivet,  the 
secondary  hammer  in  the  bucker  was  operated, 
and  the  rivet  was  thus  driven  simultaneously 
from  both  ends.  The  result  was  that  the  rivets 
were  exceedingly  well  driven.  A  row  of  riv- 
ets was  driven  partly  by  yoke  machines  and 
partly  by  the  hammer  and  bucker  process,  as 
in  the  tield.  When  they  were  cut  in  two,  it 
was  almost  impossible  to  distinguish  between 
them,  the  field-driven  rivets  being,  for  every 
practical  purpose,  as  good  as  those  driven  by 
machine  in  the  shop.  Therefore,,  it  seems 
quite  reasonable  to  expect  that  field-driven 
rivets  can  be  made  substantially  as  good  as 
shop  rivets,  and,  if  nickel  steel  rivets  can  be 
driven  satisfactorily,  it  may  go  a  long  way 
toward  producing  equally  good  results  in  the 
field. 


»; 


Hydroelectric    Power    Station    of    the 

Northern  Ohio  Traction  & 

Light  Co. 

Contributed  by  Jay  C.  Lathrop,  Mem.  Am.   Soc. 
C.  E.,  Baltimore,  Md. 

The  Northern  Ohio  Traction  &  Light  Co. 
have  recently  completed  a  hydroelectric  de- 
velopment on  the  Cuyahoga  river  near  Akron, 
0.,   which   has   many  interesting  features. 

It  is  of  historical  interest  that  80  years  ago, 
in  1833,  a  certain  Dr.  Crosby  promoted  a  hy- 
draulic raceway,  something  over  four  miles 
long,  to  utilize  the  flow  in  this  portion  of  the 
Cuyahoga.  He  succeeded  in  interesting  east- 
ern capital  to  such  an  extent  that  over  $500,- 
000  was  spent  in  this  work.  The  raceway  was 
built  along  the  side  of  the  river  gorge,  and 
for  a  great  portion  of  the  distance  the  water 
was  retained  by  means  of  an  enormous 
masonry  wall,  built  of  stones  of  such  size, 
that  it  is  difficult  to  understand  how  they 
were  handled  with  the  methods  in  use  at  that 
time.  This  raceway  was  nearly  completed, 
and  water  had  been  turned  in  and  then  off,  so 
that  leaks  which  had  developed  might  be  re- 
paired. Then  the  panic  of  1837  occurred  and 
stopped  all  work.  Before  the  company  re- 
covered from  the  effects  of  the  panic  the  use 
of  steam  for  power  had  become  so  common 
that    water    power    was    considered    obsolete. 


If  the  $500,000  had  been  invested  at  that  time 
at  4  per  cent,  it  would  now  amount  to  nearly 
$10,000,000— more  than  enough  to  buy  all  of 
the  stock  of  the  Northern  Oh-o  Traction  & 
Light  Co.  It  may  be  noted  that  a  small  por- 
tion of  this  work  was  utilized  to  advantage 
during  the  construction  of  the  present  plant. 

The  principal  reason  for  the  present  de- 
velopment at  this  time  was  the  fact  that  the 
company  was  building  a  40,000  kilowatt  steam 
power  station,  and  owing  to  the  scarcity  of 
water  in  this  river  at  the  low  water  stages, 
found  it  necessary  to  construct  a  dam  to 
form  a  condensing  water  pond  about  40  acres 
in  extent.  The  general  layout  of  the  steam 
plant,  pond,  highway,  electric-railway  bridge, 
dam,  pipe-line,  hydraulic  power  station,  and 
transmission  lines  is  shown  on  the  accom- 
panying plan.  Fig.  1 

At  the  point  where  the  highway  crossed  the 
river  it  was  necessary  to  raise  the  highway 
bridge  about  30  ft.  In  doing  this  it  was 
found  desirable  to  replace  the  old  steel  struc- 
ture. New  concrete  abutments  were  built 
upon  the  old  stone  abutments,  and  a  second- 
hand Pratt  truss  railway  bridge  was  bought 
and  erected.  Extending  the  supports  in  this 
manner  proved  to  be  a  costly  mistake,  for 
when  the  fills  forming  the  approach  to  the 
bridge  were  made,  the  weight  of  this  material 
crushed  the  old  stone  and  allowed  the  bridge 
to    settle.     This    made    it    necessary    to    build 


false  work  under  the  truss,  and  reinforce  the 
abutments.  In  addition  the  filling  was  re- 
moved from  behind  the  south  support,  and 
replaced  by  a  75-ft.  through-plate  girder 
span. 

Raising  the  level  of  the  water  in  this  man- 
ner also  made  it  necessary  to  protect  the 
steel  trestle  towers  which  carried  the  elec- 
tric railway  tracks.  This  was  done  by  en- 
casing them  in  solid  concrete  up  to  a  point 
3  or  4  ft.  above  the  usual  water  level.  A 
portion  of  this  trestle  was  of  wooden  con- 
struction. This  was  replaced  by  a  Jteel  trestle 
of  modern  design. 

Before    beginning    work    on    the   dam,    pipe 
line  and  hydraulic  power  station,  a  construe-    |l 
tion   track   about   a   mile   in   length    was   built    " 
along  the  old  race  mentioned  above.     All  ma- 
terial of  every  description  was  delivered  over 
this    track     (from    the    company's    siding    on     L 
the  Pennsylvania  R.  R.  just  above  the  site  of     |l 
the   steam    power   station)    by    the   company's 
electric  work  car. 

The  dam  shown  in  the  illustrations  Figs.  1 
and  2  is  about  450  ft.  wide  at  the  top  and  has 
a  height  of  about  52  ft.  from  the  bed  of  the 
stream  to  the  top  of  the  spillway.  Near  the 
bed  of  the  stream  under  the  spillway,  four  ,. 
48-in.  pipes  were  placed  provided  with  gate 
valves  which  may  be  opened  should  it  ever 
be  desirable  or  necessary  to  empty  the  reser- 
voir.    Since   its   construction  this     dam     has 
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passed    through    the    unprecedented    flood    of 
March,    li)13,   without   any   apparent   damage. 

Water  is  dehvered  from  this  pond  to  the 
turbines  through  a  90-in.  steel  conduit  2,760 
ft.  long.  This  conduit  was  built  on  concrete 
piers,  Fig.  4,  and  is  laid  on  grades  varying 
fiom  3.25  ft.  to  the  hundred  just  below  the 
dam,  to  zero  for  the  last  100  ft.  This  con- 
duit is  built  along  the  side  of  the  Cuyahoga 
River  gorge  as  shown  by  the  accompanying 
plan.  Near  the  upper  end  of  this  pipe,  just 
below   the  dam,  a  90-in.  motor  operated  gate 


ifo^ 
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Governors  of  the  oil  pressure  type  were 
furnished  by  the  Woodward  Governor  Co. 
These   governors   are   motor   operated. 

The  power  house  foundations  are  placed 
upon  solid  rock.  These  foundations,  as  well 
as  the  floor,  are  of  concrete.  The  exterior 
walls  are  of  No.  2  paving  brick  laid  in  Eng- 
lish bond.  The  roof  consists  of  a  concrete 
slab  upon  which  is  laid  red  Spanish  tile.  This 
roof  is  supported  by  six  Fink  roof  trusses 
which  in  turn  are  supported  by  steel  columns 
consisting  of  a  r2x%-in.  webb  plate,  and 
four  3x3x%-in.  angles.  Crane  runways  were 
connected  to  these  columns,  and  a  ten-ton 
Cleveland  floor-operated  hand  power  crane 
was  installed.  Steel  window  sash  were  used 
throughout.  A  large  double  door  was  pro- 
vided. In  one  corner  is  a  general  utility  room 
in  which  supplies  will  be  kept,  and  in  which 
the  boiler,  etc.,  for  the  heating  system  is 
installed. 

All    electrical    requirements    for    this    plant 
were  furnished  and  installed  by  the  Westing- 


valve  was  installed.  Midway  between  the 
dam  and  power  house  a  surge  tank  60  ft.  high 
and  10  ft.  in  diameter  was  provided.  In  the 
length  of  2,760  ft.  five  expansion  joints- were 
made.  The  pipe  line  terminates  in  a  receiver 
8  ft.  in  diameter  which  has  three  54-in.  con- 
nections for  the  turbines.  At  the  lower  end 
of  this  receiver  another  surge  tank  w-as 
built  1  ft.  in  diameter  and  12-5  ft.  high.  Two 
manholes  are  provided  in  the  receiver. 

The    thickness    of    metal    used   on    the    pipe 

hne   is   as   follows:     Starting  from  the  upper 

end— 750    ft     5/16    in.    thick;    690    ft.    %    in. 

'  thick ;  630  ft.  7/16  in.  thick,  and  690  ft.  ¥2  in. 

thick. 


a   River  Hydro-Electric  Development    for    the 
Ohio    Traction    &    Light    Co. 

house  Electric  &  Mfg.  Co.  There  are  three 
generators,  rated  at  650-K.  W.  each,  and  three 
tiansformers  rated  at  GOO-K.  V.  A.  Tliese 
tiansformers  are  of  the  water  cooled  type, 
water  for  this  purpose  being  taken  directly 
from  the  conduit.  One  40-K.  W.  exciter  is 
belted  to  one  of  the  main  generator  shafts, 
and  one  40-K.  W.  motor  generator  set  was 
installed.  One  10-K.  V.  A.  transformer  was 
installed  for  lighting  the  building,  and  one 
six-panel  switchboard,  with  suitable  lighting 
arresters,  were  also  furnished  by  this  com- 
pany. 

This  station  is  tied  electrically  into  the 
22,000-volt  high-tension  line,  which  runs  along 
the  Cuyahoga  gorge  to  Akron.  It  will  be  op- 
erated in  parallel  with  the  main  steam  station 
shown  on  the  accompanying  plan. 

Numerous  difficulties  were  encountered  in 
all  parts  of  the  work,  mainly  due  to  the  pre- 
cipitous   nature    of    the    sides    of    the    gorge. 


were  handled  by  means  of  a  cable  way, 
stretching  entirely  across  the  gorge.  The 
concrete  for  this  dam  was  distributed  from  a 
tower  through  chutes.  This  is  very  well 
shown  in  one  of  the  accompanying  photo- 
graphs. In  spite  of  a  severe  flood  in  October, 
which  did  considerable  damage  to  the  upper 
portion  of  the  deck,  the  dam  was  completed 
in   the   latter  part  of   November,   1912. 

The    contractor    who    built    the    concrete 
benches    for    the    pipe    line    used    a    concrete 


Fig.    4.      Concrete     Piers     for    90-in.    Steel 
PenstocJ<,    Cuyahoga    River    Hydro-Elec- 
tric   Development. 

mixer,  mounted  on  a  car,  and  ran  the  concrete 
from  this  car,  which  traveled  on  the  construc- 
tion track,  through   chutes  to  the  work. 

The  contractor  for  the  pipe  line  simply 
rolled  the  sections  of  the  steel  pipe  off  the 
car  and  let  them  roll  down  the  gorge.  Some 
of  these  sheets  were  buried  so  deep  by  slides 
during  the  floods  of  March,  1913,  that  it  re- 
quired considerable  excavation  to  reclaim 
them.  The  steel  pipe  was  then  erected  by  the 
standard  method  of  the  contractor. 

The  power  house  site  was  something  over 
100  ft.  below  the  level  of  the  construction 
track  and  various  methods  were  adopted  by 
the  contractors  to  lower  materials  to  the 
building  site.  The  concrete  was  mixed  at  the 
construction  track  elevation,  and  run  through 
a  chute  to  the  work.  The  bricks  were  rolled 
down  the  bank,  while  machinery  of  various 
kinds  was  placed  on  heavy  wooden  sleds,  and 
lowered  by  a  steel  cable  run  through  sheaves, 


Fig.    2.     Dam    Under    Construction,    Cuyahoga 
River     Hydro-Electric     Development. 


t-ig.    J.      D.-.ni     iNenny    Completed,    Cuyahoga 
River    HyrdoElectric    Development. 


The  receiver  is  also  made  of  '/2-in.  metal. 
Soft  basic  open-hearth  steel  was  used  for  all 
the  above  work.  All  circular  .scams  are 
single  riveted,  while  all  longitudinal  scams 
are  double  riveted,  the  sizes  of  the  rivets 
varying  from  %-in.  at  the  upper  end  to  1-in. 
at  the  lower  end. 

The  hydraulic  equipment  consists  of  three 
750-IlP. 'Trump  horizontal  turbines  which  are 
direct  connected  to  the  generators  by  means 
of  a  flexible  coupling.  These  turbines  arc 
carried  upon  two  15-in.  60-lb.  I-beams,  which 
also  support  the  generators.  These  beams 
are  buried  and  are  anchored  to  the  founda- 
tion by  means  of  heavy  anchor  bolts. 


Although  the  work  was  started  in  1911,  the 
fmal  details  in  the  power  station  and  pipe 
line  have  only  recently  been  completed.  The 
dam,  the  concrete  benches  supporting  the  pipe 
line,  the  piiu-  line,  the  power  house,  and  the 
various  mechanical  installations  were  all  exe- 
cuted by  dilTircnt  contractors  and  by  a  variety 
of  different  methods. 

As  stated  heretofore,  the  construction  track 
along  the  old  raceway,  was  used  in  handling 
all  materials  for  all  parts  of  the  work,  and 
this  led  to  considerable  confusion,  as  at  times 
there  were  half  a  dozen  different  jobs  going 
on  at  one  time. 

The  dam  was  started  in  1911,  and  materials 


and  attached  to  a  work  car  on  the  constru 
lion  track. 


What  will  probably  amount  to  the  largest 
>ardage  of  concrete  highways  ever  built  in  a 
.single  >!.ar  within  a  r.idius  of  40  miles  was 
M.irlcd  in  M.\v  when  Milwaukee,  Sheboygan, 
Racine,  and  Kenosha  Counties,  Wisconsin, 
commenced  work  on  52  miles  of  concrete 
roads. 


A  scheme  is  said  to  be  under  considcratr 
for  the  establishment  of  an  automatic  trans- 
port service  across  the  Andes  to  compete  with 
the  Trans-Andean   Railway. 
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Dam  Foundations. 

To  THE  Editors  : — Kindly  permit  me  to  make 
some  comments  on  the  letter  by  Prof.  H.  P. 
Boardnian  in  your  issue  of  May  "27  on  the  sub- 
ject of  dams. 

Prof.  Boardnian  quotes  my  statement  that 
"no  dam  ever  failed  that  was  heavy  enough 
and  wide  enough  at  the  base  to  be  stable  under 
the  pressure  of  water  on  the  wetted  side  and 
underneath  it,  regardless  of  what  it  was 
founded  on.''  lie  seems  to  interpret  my 
meaning  to  be  that  dams  ought  to  be  built  re- 
gardless of  what  they  are  founded  on.  But 
there  is  no  need  to  take  this  meaning.  My 
letter  was  written  to  contrast  the  importance 
of  design  as  compared  with  foundation — to 
emphasize  the  fact  that  failures  that  have 
been  commonly  and  uniformly  attributed  to 
foundation  are  in  reality  due  to  faulty  de- 
sign, and  there  is  no  reason  to  anticipate  sta- 
bility in  a  dam  when  the  very  design  does  not 
take  into  account  the  possible  pressure  on  it. 

A  reinforced  concrete  structure  might  bfe  so 
fragile  that  it  would  fail  by  reason  of  a  very 
slight  settlement  in  one  of  the  footings,  and 
investigators  miglit  l)lame  the  whole  failure 
on  the  foundation.  But  what  about  a  design 
that  lacks  reinforcement  to  give  the  structure 
toughness?  Why  blame  a  foundation  for 
doing  the  thing  that  all  foundations,  not  of 
solid  rock,  always  have  done  and  always  will 
do,  namely,  settle  a  little?  Why  blame  the 
soil  under  a  dam  for  doing  what  soil  always 
has  done  and  always  will  do,  namely,  wash 
away  when  a  stream  of  water  under  heavy 
pressure  flows  over  it?  When  the  pressure 
under  a  dam  exceeds  the  weight  of  the  dam, 
it  will  lift  the  dam  and  allow  a  stream  of  wa- 
ter under  heavy  pressure  to  flow  over  the  soil, 
if  the  dam  itself  is  not  carried  away.  This 
erodes  the  soil  and  undermines  the  dam.  If 
the  dam  had  been  heavy  enough  to  keep  its 
bed,  tlie  water  would  not  have  created  a  cavity 
and  started  a  Row.  In  hollow  dams  like  the 
Stony  River  and  the  Pittsfield,  because  of  the 
reinforcement,  the  superstructure  is  apt  to 
hold  together,  for  a  time  at  least,  until  the 
base  is  undermined.  In  mass  concrete  dams 
of  insufficient  width  of  base,  like  the  two 
Austin  dams,  the  wall  breaks  up  and  is  at 
once  pushed  down-stream  by  the  impounded 
water. 

"Facts"  have  been  called  for  on  this  sub- 
ject. The  quotation  from  my  letter,  in  the 
second  paragraph  of  the  present  letter,  is  a 
fact,  and  a  fact  of  some  significance.  There 
are  dams  as  wide  as  0.8-")  of  the  height,  but 
none  of  them  have  ever  failed.  The  solid  ma- 
sonry dams  that  have  failed  have  had  bases 
about  0.6.5  of  the  height,  for  this  is  the  the- 
oretical width  for  dams  designed  regardless 
of  under  pressure.  Is  it  throwing  away  money 
to  make  the  width  of  base  30  per  cent  more 
and  make  something  that  water  cannot  lift? 
This  does  not  mean  .30  per  cent  added  to  the 
cost  of  a  dam,  for  a  dam  of  proper  width 
does  not  of  necessity  require  the  cut-off  walls 
that  havS  "safeguarded''  the  life  of  so  many 
dams  (most  of  the  failures  have  one  or  two 
of  them).  Furthermore,  the  co.st  of  a  dam  is 
not  directly  proportional  to  the  amount  of 
masonry.  In  any  event,  would  it  not  be  good 
engineering  to  spend  even  30  per  cent  more 
lor  a  dam  if  this  means  the  difference  between 
failure  and  safety? 

Here  are  some  more  facts.  They  are  taken 
from  "Concrete  Age"  for  May.  A  concrete 
t.'Luk  at  the  foot  of  Walrous  Ave.,  Tampa, 
Fla.,  10  ft.  square  and  13  ft.  deep,  was  made 
in  the  ground,  and  the  earth  was  tamped 
around  it.  The  walls  were  13  ins.  thick  and 
the  bottom  was  l(i  ins.  thick.  Its  weight  was 
then  about  90,000  lbs.  This  heavy  tank  was 
completed  on  Saturday  and  was  lifted  over 
Sunday  by  water  that  seeped  beneath  it,  and 
raised  47  ins.  It  would  take  just  atout  13  ft. 
of  head  of  water  to  lift  this  tank  if  it  were 
entirely  free  of  friction  on  the  sides,  and  if 
the  water  had  unhindered  access  to  the  entire 
area  of  the  base.  .Xre  these  not  the  very  facts 
that  your  editorial  in  the  issue  of  April  1,  p. 
.176,  states  that  the  profession  needs?  On 
page  000  of  the  issue  of  May  27  the  same 
need  is  reiterated. 


Other  facts  along  the  same  line  are  these ; 
'When  water  rises  over  ground  on  which  there 
are  boards  lying,  even  though  these  be  em- 
bedded well  in  the  ground,  these  boards  will 
float  away.  Now  watersoaked  wood  weighs 
more  than  two-thirds  as  much  as  the  same 
volume  of  water,  hence  the  pressure  on  the 
under  side  of  these  boards  must  be  more  than 
two-thirds  of  the  full  head  on  the  under  side 
of  the  boards  before  they  can  begin  to  float. 
Besides  this  the  water  pressure  must  over- 
come adhesion  to  the  mud  as  well  as  friction 
on  the  sides  of  the  boards.  This  would  indi- 
cate clearly  that  water  acts  as  though  it  had 
free  access  to  the  under  surface  of  the  boards. 
Why,  then,  will  it  not  act  in  the  same  manner 
on  the  under  side  of  a  masonry  dam  in  con- 
tact with  the  soil?  This  would  be  still  more 
true  of  a  dam  founded  on  rock  for  the  joint 
between  rock  and  rock  is  more  readily  ac- 
cessible to  water  than  that  between  clay  and 
rock. 

Prof.  Boardman  states  that  "in  a  general 
way"  it  is  a  crime  to  design  a  dam  without 
considering  upward  pressure,  and  then  he 
takes  all  of  the  force  out  of  his  assertion  by 
saying  that  all  of  the  "considering"  that  is 
necessary  is  to  take  a  good  look  at  the  foun- 
dation and  squirt  in  some  grout,  then  make  a 
cut-off  wall  that  will  cut  off.  But  under- 
ground water  is  not  controlled  by  such  sim- 
ple means  as  this  would  seem  to  call  for. 
Very  often  concrete  tanks  that  are  built  with 
care  to  retain  water,  built  up  in  the  air  with  ev- 
ery advantage  of  easy  access,  hold  that  water 
like  a  sieve.  When  engineers  want  to  make  sure 
of  water  being  kept  out  of  the  basement  of  a 
building  they  usually  paper  the  entire  ground 
with  several  thicknesses  of  tarred  felt.  Did 
you  ever  hear  of  a  dam  builder  papering  the 
entire  bottom  of  a  lake  or  stream  ?  Cracks, 
both  vertical  and  horizontal,  in  a  concrete 
wall  are  very  common.  What  if  a  crack 
should  develop  just  above  a  carefully  exam- 
ined and  grouted  foundation?  What  if  the 
cut-off  wall  should  crack  away  from  the  main 
dam? 

Prof.  Boardman  mentions  the  Hauser  Lake 
dam  as  another  failure  due  to  foundation.  I 
have  four  letters  in  my  files  in  which  I 
warned  the  engineer  of  this  dam  during  its 
construction  of  the  danger  of  the  design.  It 
happened  that  I  was  consulted  concerning  fea- 
tures of  the  steel  deck.  I  looked  farther  than 
the  steel  deck  and  found  that  a  high  apron 
exerted  an  unresisted  uprooting  pull  on  a  row 
of  sheet  piles  at  the  foot  of  the  slope  of  the 
steel  deck.  In  order  not  to  be  connected  with 
the  failure,  which  I  anticipated,  I  did  what  I 
could  to  avert  it.  This  dam  failed  exactly  as 
I  predicted  it  would,  but  my  warning  was 
ignored. 

Here  are  some  more  facts  that  have  a  bear- 
ing on  under  pressure  in  dams.  In  "Engi- 
neering News,"  June  4,  1914,  there  is  a  de- 
scription of  an  earth  dam  that  failed  on  the 
upper  Sevier  River,  in  Utah.  It  is  stated  that 
"large  sections  of  the  lower  face  began  to 
slip  off."  Evidently  the  water  was  just  be- 
neath this  lower  face,  the  hardened  compact 
surface  of  the  down-stream  slope.  The  the- 
ory is  here  set  forth  that  most  failures  of 
earth  dams  are  one  piece  with  those  of 
masonry  dams.  The  under  pressure  in  the 
earth  dams  is  exerted  by  a  sort  of  semi- 
liquid  mud  that  is  formed  by  the  saturation 
of  the  interior  of  the  dam.  The  natural  and 
apparently  reasonable  thing  to  do  is  to  com- 
jiact  the  down-stream  slope,  sometimes  to 
pave  and  grout  it.  But  this  is  the  very  thing 
that  is  apt  to  cause  the  entire  dam  to  fail. 
Instead  of  the  water  near  this  surface  being 
allowed  to  escape,  thus  drying  out  the  in- 
terior of  the  dam,  it  is  held  in  until  the  sat- 
uration of  the  interior  is  complete.  This  semi- 
liquid  mu<l  then  exerts  a  hydraulic  pressure 
on  the  hardened  crust  and  flows  out,  result- 
ing in  failure  of  the  dam.  A  full  height  core 
wall,  and  little  or  no  compacting  on  the  sur- 
face would  seem  to  be  the  remedy.  Possibly 
the  planting  of  grass  would  lie  a  great  aid,  as 
this  helps  to  retain  the  porosity  of  soil.  Also 
roots  reach  down  and  take  up  moisture  from 
below  the  surface.    I  think  this  would  make  a 


good  subject   for   discussion  by   engineers  en- 
gaged in  building  earth  dams. 

Here  are  some  facts  that  substantiate  my 
theory.  In  "Engineering  Record,"  April  29,. 
1911,  there  is  a  description  of  the  failure  of 
the  earth  dam  of  the  Julesburg  reservoir.  It 
was  clearly  evident  that  this  dam  failed  by 
upward  pressure  of  the  water,  and  the  article 
so  states.  The  overlying  mass  of  rock  and 
earth  on  the  toe  of  the  slope  was  lifted  by 
the  pressure  of  the  water.  The  remedy  here 
applied  was  to  introduce  a  core  wall  in  the 
rebuilding. 

In  the  same  issue  of  the  "Record"  there  is- 
a  description  of  another  dam  that  failed. 
This  was  a  hollow  dam  of  mass  concrete  filled 
with  sand.  It  was  very  broad  in  section, 
nearly  like  an  earth  dam.  But  when  water 
was  let  in  the  dam  failed.  Evidently  the  fail- 
ure was  by  access  of  water  to  the  sand  in- 
terior and  pressure  that  lifted  the  down- 
stream layer  of   concrete. 

Prof.  Boardman  says,  "If  there  were  a 
stratum  of  sand  below  the  base  of  such  a 
heavy  dam  and  the  water  in  the  reservoir 
gained  access  to  it  and  also  gained  exit  below 
the  dam,  it  would  probably  not  take  any  longer 
to  undermine  the  structure  than  if  it  were  an 
earth  fill  or  a  hollow  concrete  dam.  The  re- 
sult would  be,  no  doubt,  a  worse  wreck  than 
occurred  at  the  Pittsfield  dam  'wash  under.'  "■ 
He  also  cites  failiues  in  levees  which  started 
by  "seeps"  or  "high  water  springs."  In  mak- 
ing the  above  statement  and  these  citations 
Prof.  Boardman  fails  to  consider  the  fact 
that  in  a  properly  built  earth  dam  there  is  a 
great  barrier  against  the  flow  of  water  ir» 
the  core  wall  which  does  or  should  prevent 
saturation  of  the  soil  under  the  down-stream 
slope:  this  is  not  found  in  the  levee.  In  the 
"heavy"  masonry  dam  the  barrier  is  the  broad 
base  of  the  dam  and  pressure  that  resists  the 
uplift  of  the  water:  the  hollow  dam  does  not 
have  this  pressure,  hence  the  water  lifts  it  and 
forms  its  own  cavity  where  the  exit  is  free. 
It  is  against  all  reason  that  under  the  broad 
bases  of  the  hollow  dams  that  have  failed 
the  water  could  inaugurate  a  course  of  free 
flow  that  would  carry  away  the  soil,  unless  it 
could  first  lift  the  overlying  slab.  Frozen 
weep  holes  would  be  exactly  the  condition 
that  would  enable  the  water  to  lift  this  light 
shell,  and  both  of  the  dams  already  referred 
to  failed  in  midwinter. 

Springs  in  soft  soil  have  e.xisted  for  gen- 
erations, but  they  carry  little  or  no  sediment. 
It  is  when  a  saturated  sub-soil  under  a  hard 
crust  breaks  through  that  crust  that  trouble 
may  be  expected. 

Yours  very  truly, 

Edward  Godfrey. 

Monongahela  Bank  Bldg.,  Pittsburgh,  Pa.. 
May  9,  1914. 


Cement  Products  Exhibition. — .Announce- 
ment has  been  sent  out  bv  the  Cement  Prod- 
ucts Exhibition  Co.,  208  South  La  Sallo  street, 
Chicago,  that  the  Eighth  Annual  Chicago  Ce- 
•menl»Sho\v  will  be  held  in  the  Coliseum,  Feb. 
10-17,  1915. 
.  Only  one  Cement  Show  will  be  held  in 
191.5.  The  time  has  been  shortened  and  ar- 
rangements have  been  made  to  give  the  ex- 
hibitor.s  more  time  both  in  installing  and  re- 
moving exhibits. 

.■\  new  floor  plan  has  been  developed  which, 
it  is  believed,  will  meet  with  universal  ap- 
proval. .'\  greater  number  of  spaces  will  be 
provided  and  it  will  be  possible  to  give  the 
main  avenues  an  attractive  appearance.  .\  uni- 
form installation  plan,  without  high  partitions, 
will  be  adopted.  The  management  will  again 
prepare  the  exhibit  spaces  so  that  no  attention 
on  the  part  of  the  exhibitors  will  be  necessary 
other  than  to  place  their  exhibits  in  position. 

It  is  expected  that  the  floor  plans,  applica- 
tion blanks  and  complete  information  will  be 
sent  out  from  the  offices  of  the  Cement  Prod- 
ucts Exliibition  Co.  to  the  list  of  respective 
exhibitors  not  later  than  August  1. 

City  Manager  Waite  of  Dayton,  Ohio,  has 
awarded  a  contract  for  approximately  1,170 
meters  to  the  Union  Water  Meter  Co.  of 
Worcester,  Mass. 
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The  Evolution  of  the  Water  Tower  of 
the  Maryville,  Mo.,  Water  Works. 

•Contributed    by   Clifford    K.    Phillips,    Consulting 

Hydraulic  and   Sanitary  Kngineer,   St. 

Louis,   Mo. 

The  first  water  works  standpipe  at  Mary- 
ville, Mo.,  was  built  in  1886.  This  standpipe 
•was  a  simple  circular  cylinder  of  sheet  steel 
built  in  accordance  with  the  general  practice 
at  that  time.  On  Feb.  28,  1893,  this  standpipe 
failed.  A  number  of  theories  were  advanced 
as  to  the  cause  of  its  collapse.  The  accepted 
one  is  that  the  standpipe  had  been  kept  full 
during  the  e.xtremely  cold  weather  that  pre- 
.  fded  the  failure,  so  that  it  froze  over  solid. 
About  Feb.  27  the  weather  moderated.  For 
some  reason  or  other,  probably  due  to  bursted 
service  pipes,  the  water  was  drawn  away  from 
the  standpipe  faster  than  it  was  pumped  in, 
until  it  was  only  about  half  full.  On  Feb.  28 
it  was  warm  enough  to  melt  the  ice  frozen 
over  the  top  sufficiently  to  allow  it  to  slide 
down.  This  immense  body  of  ice  struck  the 
surface  of  the  water  with  sufficient  force  to 
burst  the  pipe  wide  open. 

In  the  same  year,  1893,  the  water  company 
set  to  work  to  replace  this  standpipe  with  a 
tower  that  they  figured  would  be  practically 
everlasting.  .\  photograph  of  this  tower  is 
shown  in  Fig.  1.  This  tower  was  not  built 
very  long  when  it  began  to  show  vertical 
cracks  extending  from  the  first  window  from 
the  ground  to  the  second,  which  is  on  a  level 
with  the  steel  tank  inclosed.  This  tower  cost 
in  the  neighborhood  of  $2.5,000,  all  brick  and 
stone  work  being  laid  in  cement  mortar 

Referring  to  Fig.  2,  a  sketch  of  section  of 
tower  shown  in  Fig  1,  it  will  be  noticed  that 
the  edge  of  the  steel   tank   is  2   ft.   from   the 


point  of  greatest  bulge.  The  tank  was  kept 
half  full  of  water  so  as  to  lighten  the  load  as 
much  as  possible.  Observations  made  from 
time   to   time   showed   that   even   with   half   a 


Fig.  1.    Exterior  View  of  the  Brick  and  Steel 

Water    Tower    of     the      Maryville,    Mo., 

Water  Works  as  Built  In  1893. 

^cneer  wall  or  1  ft.  .3  ins.  fmm  the  IH-in.  sup- 
porting wall.  The  support  for  the  tank  was 
a  hemispherical  brick  arch.  Had  this  arch 
^een  mafle  a  reinforced  concrete  slab,  so  that 
the  resultant  forces  would  have  been  vertical, 
these  cracks  would  never  have  appeared.  Im- 
mediately after  the  cracks  were  noticed  steel 
liands    were   placed    around    the    tower   at    the 
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-ISS'- 12'~— 


steel  Tank 


9' Brick  Wall 


Fiq.  2.    Sectional   Elevation  of  the  Brick  and 

Steel    Water   Tower   Built   at    Maryville. 

Mo,    in    1893,    Showing    Hemispherical 

Erick  Arch  Support  of  Steel  Tank. 

Inad  the  cracks  were  continually  widening.  .M 
ihe  time  the  writer  inspected  the  tower  in 
January,  1913,  daylight  could  be  seen  through 
tlic  four  vertical  cracks  located  in  line  with 
the  windows. 

In  1912  the  city  of  Maryville  voted  $100,000 
to  build  a  new  water  plant  or  buy  the  old 
otic.  Various  appraisals  were  made  of  the  olil 
plant  and  the  water  company  finally  agreed 
to  take  $50,000  for  their  property.  The  prob- 
lem then  presented  itself  to  the  city,  as  to 
what  could  be  done  with  the  old  tower.  They 
wished  to  retain  the  old  tower  exterior,  if  pos- 
sible, and  put  the  enclosed  steel  tank  on  steel 
logs  supported  on  a  foundation  independent 
of  the  brick  tower.  From  an  architectural 
standpoint,  the  exterior  of  the  structure  was 
very  pleasing  to  the  eye,  so  that  it  w.-is  agreed 
to  design  a  new  supporting  lower  inside  of 
Ihe  old.    The  amount  of  work  and  the  hazard 


in  removing  the  brick  arch  and  supporting  the 
old  steel  tank  was  so  great  that  the  writer's 
estimate  was  over  $9,000.  Since  this  was 
more  than  the  city  wished  to  spend  for  this 
work  they  agreed  to  take  bids  on  the  design 
they  desired  and  also  alternate  propositions 
to  be  proposed  by  the  contractors.  The  bids 
on  the  design,  in  accordance  with  the  city's 
wishes,  were  very  close  to  the  estimate,  so  it 
was  decided  to  abandon  this  scheme  and  adopt 
some  design  that  proved  more  economical  and 
more  efficient,  if  not  so  beautiful,  .\fter  sev- 
eral weeks  of  considering  various  designs  of- 
fered, the  design  of  the  Chicago  Bridge  & 
Iron  Works  was  adopted.  .\  photograph  of 
the  finished  structure  is  shown  in  Fig.  3. 

The  work  consisted  essentially  of  removing 
the  old  steel  tank  and  tearing  down  the  brick 
work  level  with  the  first  window  above  the 
ground,  which  point  is  50  ft.  above  the  fin- 
ished grade  around  the  tower.  .\  concrete 
beam  was  then  placed  on  the  top  of  the  wall 
to  support  the  steel  tower  posts.  The  opening 
was  covered  over  with  a  reinforced  concrete 
slab.  On  this  foundation  a  steel  tower  and 
tank  61  ft.  from  the  lower  side  of  beam  to 
the  eaves  of  the  tower  roof  was  placed.  The 
depth  of  the  hemispherical  bottom  of  the  tank 
is  13  ft.  4  5/16  ins.  and  the  depth  of  the  cyl- 
inder 27  ft.  The  diameter  is  26  ft.  8  ins., 
making  a  tank  of  150,000  gals,  capacity.  This 
tower  was  completed  and  put  in  service  in 
Feb.,  1914. 

A.  complete  new  tower  and  tank  would  prob- 
ably not  have  cost  any  more  than  this  struc- 
ture, but  in  this  way  the  portion  of  the  old 
tower  that   was   dangerous   was   removed   and 


Fig.  3.    View  of  Water   Tower  of   Maryville, 
Mo.,  Water  Works  as  Remodeled  In  191  i 


the    new   one 
foundation. 


was     placed     on     an     excellent 


Convention  of  City  Managers.— City  Man- 
ager C.  E.  .Xshburner  of  Springfield.  Ohio,  is 
sending  out  invitations  to  city  managers 
throughout  the  country  to  meet  in  convention 
at   Springfield.   .August'  4.  5  and  6.  next. 
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Data  and   Discussion   on  the   Cost  of 
Constructing  and  Operating  Slow 
and  Rapid  Sand  Water  Fil- 
tration Plants. 

At  the  first  of  the  present  year  the  total 
population  in  the  United  States  supplied  with 
water  filtered  by  slow  sand  filters  was  5,398,- 
000.  The  corresponding  figure  for  rapid  sand 
filters  was  ll,8!«,0uO.  .Vbout  09  per  cent  of 
the  total  population  of  this  country  supplied 
with  filtered  water  is  served  by  rapid  sand 
filters.  Both  forms  of  filtration  are,  of  course, 
well  established  but  it  appears  to  the  spectator 
that  the  slow  sand  process  is  decidedly  on  the 
wane  in  this  country.  For  certain  waters  and 
under  certain  local  conditions  affecting  the 
cost  of  building  and  operating  works,  how- 
ever, many  of  our  leading  filtration  engineers 
would  not  hesitate  to  recommend  the  adop- 
tion of  the  slow  sand  process.  While  ques- 
tions of  cost  should  not  in  themselves  govern 
the  manner  of  handling  problems  affecting 
community  iiealth  and  comfort,  such  consider- 
ations will  usually  prevail  in  the  choice  of  a 
filtration  process.  The  present  article  sum- 
marizes the  most  notable  recent  discussion  on 
the  cost  of  constructing  and  operating  the  two 
types  of  filtration  works. 

In  a  very  extensive  paper  before  the  recent 
annual  convention  of  the  American  Water 
W'orks  Association  Mr.  George  A.  Johnson  of 
New  York  City  discussed  present  day  water 
filtration  practice  from  all  points  of  view.  We 
here  republish  the  portion  of  his  paper  bear- 
ing on  the  relative  cost  of  slow  and  rapid  sand 
filtration.  I^'oIIowing  the  excerpt  from  Mr. 
Johnson's  paper  we  publish  a  discussion  of 
the  same  subject  by  Mr.  John  H.  Gregory  of 
Xew  York  City,  which  was  delivered  before 
the  same  convention.  Mr.  Johnson's  statement 
as  to  cost  follows : 

RELATIVE    COST    OF    SLOW    SAND    AND    RAPID    SAND 
FILTRATION. 

Construction. — In  discussing  the  cost  of 
building  water  filtration  works  of  the  slow 
sand  and  rapid  sand  types,  respectively,  con- 
sideration will  be  given  only  to  those  items 
referring  to  the  filter  plant  proper.  Cost  of 
land,  pumping  machinery,  outside  connecting 
piping,  intakes,  etc.,  in  fact  everything  out- 
side the  filtration  plant  proper,  will  not  be 
considered. 

For  slow  sand  filter  costs  the  items  will 
include  the  necessary  filter  buildings  and  filters 
with  all  appurtenances,  all  inside  piping,  sand 
handling  apparatus,  preliminary  sedimentation 
basins,  preliminary  filters  and  appurtenances 
and  clear  water  reservoirs. 

For  rapid  sand  filter  costs  the  items  will  in- 
clude the  filter  buildings  and  filters  with  all 
appurtenances,  all  inside  piping,  filter  washing 
apparatus,  coagulating  and  clear  water  basins. 
Thus  a  fairly  good  idea  may  be  had  of  the 
relative  cost  of  building  purification  plants  of 
the  two  types. 

It  is  true  that,  on  account  of  the  much 
greater  area  required,  the  cost  for  land  is  far 
greater  in  the  case  of  slow  sand  filtration  sys- 
tems than  for  rapid  sand  systems.  Roughly, 
other  things  being  equal,  land  will  cost  20 
times  as  much  for  a  slow  sand  filter  installa- 
tion as  for  a  rapid  sand  plant.  Furthermore, 
in  large  projects,  it  is  often  difficult  conve- 
niently to  locate  a  site  for  slow  sand  filters, 
while  for  a  rapid  sand  filter  plant  it  is  a  rela- 
tively easy  matter  as  a  rule.  If  it  is  necessary 
to  go  a  long  distance  in  locating  an  extensive 
and  suitable  area  r,f  land  for  a  slow  sand  filter 
site  there  is  incurred  a  large  expense  for  a 
conduit  to  bring  the  filtered  water  to  the  city. 
This  is  very  rarely  necessary  in  the  case  of 
rapid  sand  filter  projects.  So  that,  in  study- 
ing the  comparative  figures  which  follow,  it  must 
distinctly  be  borne  in  mind  that  the  costs 
given  for  slow  sand  filter  installations  are 
really  low.  since  the  important  considerations 
just  mentioned  are  not  charged  against  them. 

The  figures  given  in  Table  I  show  that  the 
approximate  relative  cost  of  building  the  slow 
sand  and  ranid  sand  filter  plants  mentioned 
w-s  Sfl'J.fiOO  an''  Sli.inn,  respectively,  per  1.- 
OOn  ftdo   rals.    daily    capacitv.     At    o   per   cent 


the  fi.xed  charges  on  these  sums  would  amount 
to  $4.47  and  $1.66,  respectively,  per  1,000,000 
gals,  of  water  filtered. 

Operation  and  Maintenance. — The  cost  of 
operation  and  maintenance  of  filtration  plants 
m  a  large  measure  varies,  of  course,  with  the 
quality  of  the  raw  water.  In  a  general  way 
the  following  examples  will  serve  to  show  the 
charges  ordinarily  made  against  the  operation 
and  maintenance  of  representative  water  filter 
plants  in  this  country. 

To  summarize,  the  average  cost  of  building 
seven   of   the   largest   and  most  modern   slow 


tion  as  for  a  rapid  sand  plant."  There  is  but: 
little  question  that,  under  ordinary  conditions,, 
the  cost  of  land  for  slow  sand  filters  will  ex- 
ceed that  for  rapid  sand  filters,  owing  to  the- 
larger  area  required,  but  that  it  will  amount 
to  as  much  as  "20  times"  that  for  slow  sand 
filters  is  open  to  question.  Those  who  have 
had  experience  in  acquiring  land  for  water 
works  projects  know  that,  even  if  only  a 
small  piece  of  land  is  required  on  which  to 
locate  the  works  but  that  this  piece  of  land 
is  a  portion  of  a  much  larger  tract,  the  pur- 
chaser might  often  as  well  buy  the  whole  tract 


T.\BLE  I.— COST  OF  CONSTRUCTION  OF  SLOW  SAND  AND  RAPID  SAND  WATER  FILTRA- 
TION  PLANTS. 

Present  daily  Approximate  cost 

City.                    ■                                       Kind  of  filters.        filtering  capacity,  per    I.OOO.UOO    gals.. 

gals.  daily  capacity. 

Albany,    N.   Y Slow   sand                      20,000,000  $20. 000* 

I'ittsburgh,   Pa Slow   sand                      200,000,000  26,000* 

Philadelphia,   Pa.: 

Torresdale    Slow   sand                    250,000,000  37,700* 

Upper  Roxboiough    Slow   sand                        28,000,000  29.S00 

Lower  Roxborough    Slow  sand                        17,000,000  26,300* 

Belmont    Slow  sand                      60,000,000  45,200* 

Washington,    D.    C Slow   sand                      100,000.000  30,000f 

Cincinnati,   Ohio    Rapid    sand                   112.000,000  11,400J 

Columbus,    Ohio    Rapid    sand                     30,000,000  13,000§ 

Dallas.    Texas    Rapid    sand                   13,000,000  13,000 

Harrisburg,    Pa Rapid    sand                    16,000,000  10,300 

Little  Falls,  N.  J Rapid    sand                   32,000,000  15,000- 

Lorain,    Ohio    Rapid    sand                       6,000,000  14, 000' 

New  Milford,  N.  J Rapid    sand                   24,000,000  11,000- 

Watertown,  N.   Y Rapid    sand                     8,000,000  11,250 

„.   .    ,  ,    ^                                                                           fSlow   sand                      $32,600 

A\eighted  averages    LRapid    sand                  12,100 

♦Cost  of  preliminary  filters  included.     fCost  of  Dalecarlia  Reservoir  not  included.     Cost  of  Mc- 
Millan  Park  Reservoir  included,  and  also   cost  of  remodeling  Georgetown  Reservoir,  as  well  as  cost 

of   coagulating   basin.     tCost   of   large   plain   sedimentation  basin  not  included.  §Cost  of  softening 
works  not  included. 


sand  filter  plants  was  $32,600  per  1,000,000 
gals,  daily -capacity ;  and,  likewise,  the  average 
cost  of  building  six  of  the  largest,  and  two 
medium  size,  rapid  sand  filtration  plants  was 
$12,100  per  1,000,000  gals,  daily  capacity.  The 
average  cost  of  operation  and  maintenance 
varied  widely,  of  course,  but  averaged  $2.86 
and  $4.04  per  1,000,000  gals,  of  water  filtered 
by  the  slow  sand  and  rapid  sand  systems,  re- 
spectively. Adding  these  last  figures  to  the 
fixed  charge  on  the  first  cost  of  construction 
makes  up  the  following  totals : 

Per  1,000,000  gala. 

Slow  sand  filtration $7.33 

Rapid  sand  filtration 5.70 

DISCUSSION    B-y    JOHN    H.    GREGORY. 

Mr.  Gregory's  discussion  of  the  paper  pre- 
pared by  Mr.  Johnson  is  here  given  in  full: 

The  author  has  presented  a  paper  which 
contains  much  of  interest  to  water  works  en- 
gineers and  superintendents  interested  in  fil- 
tration, and  there  is  much  in  the  paper  with 
which  the  speaker  is  in  hearty  accord.     There 


of  land  as  to  buy  only  a  small  portion  of  it. 
Thus  it  may  readily  be  that,  in  acquiring  a 
site  for  rapid  sand  filters,  much  more  land 
would  be  actually  purchased  than  neeued  sim- 
ply for  the  plant.  It  may  be  that  the  area  re- 
quired for  the  construction  of  a  slow  sand, 
filter  plant  will  be  20  times  that  required  for 
a  rapid  sand  filter  plant  but  that  the  land  wiir 
cost  20  times  as  much  does  not  necessarily 
follow. 

In  discussing  further  the  question  of  site 
the  author  states :  "Furthermore,  in  large 
projects,  it  is  often  difficult  conveniently  to- 
locate  a  site  for  slow  sand  filters,  while  for  a 
rapid  sand  filter  plant  it  is  a  relatively  easy 
matter  as  a  rule.  If  it  is  necessary  to  go  a 
long  distance  in  locating  an  extensive  and 
suitable  area  of  land  for  a  slow  sand  filter 
site  there  is  incurred  a  large  expense  for  a 
conduit  to  bring  the  filtered  water  to  the  city." 
The  inference  might  be  drawn  from  this  that 
it  has  been  exceedingly  difiicult  lo  secure  sites 
for  large  slow  sand   filter  plants  but  the  his- 


TABLE   II.— COST  OF  OPERATION  AND  MAINTENANCE  OF  SLOW  SAND  AND  RAPID  SANI> 

FILTRATION    PLANTS. 

Average  volume      Cost  of  operation 

of   w.ater  and  maintenance 

Year.            City.                                                        Kind  of  filters.           filtered   daily.  per  1,000.000  gals. 

Gals.  of  water  filtered. 

Hill     Albany,   N.   Y f;low   sand                       20,000.000  $2.50 

1012     Pittsburgh,  Pa Slo%v   sand                    100,000,000  3.41 

toil     rhiladelphia.    Pa Slow    sand*                        9.000,000  5.62 

1911     Philadelphia,   Pa Slo%v  sandf                    13.0oj,000  3.59 

1911     I'hiladelphia.    Pa Slow    sandt                     38,000,000  3.88 

1911  Philadelphia.   Pa Slow   sand§                  202.000,000  1.91 

1912  Washington,  D.  C Slow   sand                      62,000,000  4.01 

1912     Cincinnati.    Ohio    Rapid    sand                     50,000.000  4.12 

1911  Harrisburg.    Pa Rapid   sand                       9,000,000  3.93 

1912  Little  Falls,   N.   J •      Rapid   sand                     30,000,000  3.20 

1912     Louisville.    Ky Rapid   sand                    25.000.000  3.48 

1012     New  Orleans,  La Rapid  sand                    16,000,000  6.32 

(  Slow  sand                    $2.86 

Weighted  average  [  Itapid  sand                 ■1.04 

•Lower  Roxborough;  fUpper  Roxborough;  tBblmont;  §Torresdale. 


are,  however,  srme  phases  of  the  subject  on 
which  the  speaker  holds  somewhat  different 
views  from  those  of  the  author,  among  which 
may  be  mentioned  the  questions  of  the  cost 
and  difficultv  of  securing  sites  for  slow  sand 
filters  and  those  of  the  cost  of  both  slow  and 
rapid    sand    filters. 

Selection  and  Cost  of  Site. — The  author 
states:  "It  is  true,  on  account  of  the  much 
greater  area  required,  the  cost  for  land  is  far 
preater  in  the  case  of  slow  sand  filtration  sv;- 
terns  than  for  raoid  sand  svstems.  Roughly, 
other  things  being  cnual,  land  will  cost  20 
limes  as  much  for  a  slow  sand  filter  installa- 


lory  of  many  of  the  plants  which  have  beeti 
built  will  hardly  bear  out  this  inference. 

In  commenting  on  some  of  the  plants  which 
the  author  mentions  in  Table  I  the  speaker 
might  say  that  he  has  been  personally  con- 
nected with  7  out  nf  the  15  plants  mentioned 
and  is  familiar  with  the  reasons  which  led  to 
the  selections  of  the  sites  on  which  these  works 
were  tnnlt.  It  is,  of  course,  necessary  to  have 
land  on  which  to  build  filters,  whether  of  the 
slow  or  rapid  sand  type,  but  in  the  selection 
of  a  site  local  conditions  are  often  a  very  im- 
portant  factor. 

At   .Mbany,   N.   Y.,   for  example,  practically- 
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the  first  ground  available  on  which  filters  of 
either  type  could  be  built  and  which  could  be 
purchased  at  a  reasonable  price,  was  that  on 
which  the  slow  sand  filters  were  actually  built, 
•t  north  of  the  city  line.  It  happened  that 
Lie  was  another  tract  of  land  a  little  nearer 
to  the  existing  water  works  pumping  station, 
to  which  the  filtered  water  was  to  be  deliv- 
ered, where  it  would  have  been  possible  to 
build  either  slow  or  rapid  sand  filters.  To 
have  acquired  land  there,  however,  for  either 
type  of  filters,  would  have  been  very  expen- 
sive. The  site  on  which  the  filters  were  built 
had  another  advantage  in  that  the  intake 
there  would  be  further  away  from  local 
sources  of  pollution.  .A.t  Albany  the  Hudson 
River  is  tidal.  The  sewage  from  the  city  was 
and  still  is  discharged  into  the  river  without 
treatment  and  on  flood  tides  there  is  often  an 
upstream  current  which  carries  some  sewage 
with  it.  It  will  be  seen  then  that  other  factors 
than  simply  area  of  land  alone  may  have  a 
bearing. 

At  Pittsburgh,  Pa.,  as  far  as  the  speaker  is 
aware,  no  difficulty  was  found  in  securing  a 
site  for  the  slow  sand  filters  there,  which 
plant  is  one  of  the  largest  in  the  w'orld.  The 
filter  plant  is  located  directly  across  the  Alle- 
gheny River  from  the  Brilliant  Pumping  Sta- 
tion, from  which  most  of  the  water  used  in 
the  city  is  pumped.  It  is  true  that  it  was  nec- 
essary to  build  conduits  under  the  river  to 
ing  the  filtered  water  to  the  pumping  sta- 
ll, but  the  case  would  have  been  the  same 
It  rapid  filters  had  been  built  instead,  for,  if 
the  speaker's  memory  is  correct,  the  best  site 
on  which  filters  of  either  type  could  have 
been  built  was  that  on  which  the  slow  sand 
filters  were  constructed. 

For  the  four  slow  sand  filter  plants  in  Phila- 
delphia mentioned  by  the  author,  namely, 
Torresdalc,  Upper  Roxborough,  Lower  Rox- 
borough  and  Relmont.  and  of  which  the 
speaker  had  charge  of  the  design,  no  trouble 
was  experienced  in  securing  suitable  sites, 
As  regards  the  Lower  and  Upper  Roxbor- 
.;h  filter  plants,  local  conditions  were  of 
uic  greatest  importance  in  that  it  was  neces- 
sary to  utilize  existing  reservoirs  as  settling 
basins,  as  well  as  existing  pumping  stations 
and  pipe  lines.  Somewhat  similar  conditions 
existed  with  reference  to  the  Belmont  plant, 
although  in  this  case  there  was  no  reservoir 
which  could  be  utilized  as  a  settling  basin. 

The  Torresdale  slow  sand  filter  plant  is  the 
largest  single  plant  in  the  world,  and  if  diffi- 
culty had  been  experienced  in  securing  suit- 
able sites  for  such  works  it  would  naturally 
be  expected  to  have  occurred  here.  Such  was 
not  the  case,  however,  and  the  plant  was  built 
inside  the  city  limits.  It  is  true  that  the  plant 
was  located  some  distance  upstream  from  the 
closely  built-up  part  of  the  city,  and  that  a 
conduit  about  2%  miles  in  length  was  con- 
structed through  which  filtered  water  is  deliv- 
ered to  the  Lardner's  Point  pumping  station, 
but  it  was  good  judgment  on  the  part  of  the 
citv  authorities  to  locate  the  works  where  they 
did. 

The  Delaware  River  at  Philadelphia  is  tidal 
and  IS  poll-.-.cd  by  the  discharge  of  sewage 
from  the  city,  and  it  was  to  avoid  pollution 
as  well  as  to  secure  a  site  that  the  plant  was 
built  as  far  upstream  as  it  was.  It  might  be 
added  further  that  the  city  has  already  con- 
structed a  small  sewage  disposal  works  just 
Imw  the  Torresdalc  filter  plant  (the  Pcn- 
liack  Creek  works),  where  sewage  is 
treated  and  the  cfHucnt  disinfcctcil  before  dis- 
chirge  into  the  river,  in  order  to  guard  against 
raw  sewage  from  the  nearest  point  from  reach- 
ing the  intake  of  the  Torresdale  filters.  Mad 
rapid  sand  instead  of  slow  sand  filters  been 
built  at  Torresdalc  there  is  no  question  in 
the  speaker's  mind  but  that  such  a  plant  would 
have  been  built  as  far  upstream  as  were  the 
slow  sand  filters. 

One  might  fancy,  possibly,  that  troiiblc 
would  be  experienced  by  the  city  of  N'ew 
■york  in  securing  sites  for  filters.  Such  is 
not  the  case.  Over  ten  years  ago  the  Com- 
mission on  Additional  Water  Supply,  in  its 
investigations  for  an  additional  water  supply 
for  New  York  City,  looked  into  the  question 
of  filter  sites  r-     "-ly  for  the  additional  sup- 


ply but  also  for  the  Croton  supply.  Sites 
wxre  found  where  slow  sand  filters  could  be 
built  in  close  proximity  to  the  existing  Croton 
Aqueduct,  and  sites  for  slow  sand  filters  were 
also  found  and  surveyed  where  the  additional 
supply  could  be  filtered  along  the  line  of  the 
proposed  new  aqueduct.  Some  years  later  the 
Department  of  Water  Supply  actually  pre- 
pared detailed  plans  for  a  slow  sand  filter 
plant  for  the  Croton  supply,  on  a  site  located 
in  New  York  City,  namely,  in  the  east  basin 
of  Jerome  Park  Reservoir,  the  construction 
of  which  was  suspended  pending  a  decision 
as  to  the  filtering  of  the  supply.  In  the  case 
of  New  York  City  it  is  not  a  question  of  go- 
ing a  long  distance  and  building  an  expensive 
conduit  to  get  a  filter  site,  but  rather  a  ques- 
tion of  going  a  long  distance  and  building  an 
expensive  conduit  to  get  water. 

.*Vt  Cincinnati,  Ohio,  the  rapid  sand  filter 
plant,  which  is  the  largest  of  its  kind  in  opera- 
tion in  the  world,  was  built  well  upstream 
above  the  city  where  plenty  of  land  was  avail- 
able for  either  rapid  or  slow  sand  filters.  The 
filtered  water  is  discharged  through  a  long 
conduit  to  the  main  pumping  station  from 
which  it  is  pumped  to  the  reservoirs  in  Eden 
Park.  This  plant  w-as  built  for  the  future  as 
well  as  for  the  present  and  it  was  good  judg- 
ment to  locate  the  plant  as  far  upstream  as 
it  was. 

At  Columbus,  Ohio,  the  rapid  sand  filters 
were  built  at  some  little  distance  upstream 
above  the  city.  It  was  a  case  here  of  going 
upstream  to  get  out  of  the  flood  zone,  although 
suflicient  land  for  either  rapid  or  slow  sand 
filters  was  available  nearer  the  city.  At  the 
point  where  the  plant  was  finally  built  there 
was  sufficient  land  for  either  rapid  or  slow 
sand  filters.  In  acquiring  the  land  for  this 
particular  plant  it  was  found  that  it  would 
be  about  as  cheap  to  acquire  the  whole  tract 
of  land  on  which  the  works  were  built  as  to 
acquire  only  so  much  of  the  same  as  would 
be  needed  for  the  plant  alone. 

Perhaps  enough  has  been  said  to  point  out 
that  factors  other  than  the  area  of  land  alone 
have  to  be  taken  into  account,  not  only  for 
slow  but  for  rapid  sand  filters  as  well,  in 
selecting  a  suitable  site. 

Cost  of  Conslruction.— The  author  also 
considers,  in  Table  I,  the  cost  of  construc- 
tion of  diflFerent  types  of  filters.  It  is  ex- 
ceedingly difficult  to  compare  satisfactorily 
the  costs  of  construction  of  different  plants, 
even  where  the  fullest  information  regarding 
the  same  is  available.  Those  who  are  not 
well  posted  as  to  the  history  of  some  of  the 
plants  cited  in  the  table  may  possibly  be  misled 
as  to  the  cost  of  building  both  slow  and  rapid 
sand  filters  if  they  accept  the  figures  of  the 
author  without  full  knowledge  of  local  condi- 
tions. 

One  of  the  features  which  very  materially 
affects  the  cost  of  such  works  is  the  total  res- 
ervoir capacity  provided,  that  is,  the  combined 
capacity  of  the  settling  basins  and  of  the  clear 
water  reservoirs.  To  illustrate :  The  rapid 
sand  filter  plant  at  Little  Falls,  N.  J.,  which, 
in  the  author's  table  is  the  most  expensive  one 
cited,  and  which  cost  $15,000  per  l,00i»,000  gals, 
daily  capacity,  has  a  coagulating  basin  capac- 
ity of  1.3  hours  and  a  filtered  water  reservoir 
capacity  of  2.6  hours,  or  3,9  hours  total  res- 
ervoir capacity.  At  Columbus,  Ohio,  the  rapid 
sand  liltcr  plant  there,  which  the  author  states 
cost  $13,000  per  1,000,000  gals,  daily  capacity, 
the  next  to  the  highest  in  cost  cited,  has  a 
settling  basin  capacity  of  12  hours  and  a  fil- 
tered water  reservoir  capacity  of  8  hours, 
making  a  total  reservoir  capacity  of  20  hours, 
or  five  limes  as  much  reservoir  capacity  as 
that  of  the  Little  Falls  plant.  If  the  reservoir 
capacity  of  the  Little  Falls  plant  had  been  ap- 
proximately that  of  the  Columbus  plant  the 
cost  of  construction  of  the  Little  Falls  plant 
would  have  been  materially  increased  over 
that  given  by  the  author.  Again,  the  New 
Orleans  rapid  sand  filter  plant  might  be  cited, 
which  has  3'i.2  hours  total  reservoir  capacity, 
or  practically  nine  times  as  much  reservoir 
capacity  as  that  of  the  Little  Falls  plant.  Oth- 
er factors  which  affect  the  cost  of  construc- 
tion are  the  character  of  the  raw  water,  the 


rate  of  filtration,  the  character  of  the  construc- 
tion of  the  works,  etc. 

In  his  reference  to  the  Albany  slow  sand 
filter  plant  the  author  gives  its  capacity  as 
20,000,000  gals,  daily.  The  Albany  plant  as 
originally  built  before  the  pre-filters  w-ere  add- 
ed had  a  capacity  of  15,000,000  gals,  daily. 
The  addition  of  the  pre-filters  increased  the 
capacity  of  the  plant  very  materially  so  that 
at  the  present  time  the  capacity  is  probably 
in  the  neighborhood  of  28,000,000  gals,  daily. 
If  the  capacity  is  taken  at  28,000,000  instead  of 
20,000,000  gals,  daily  the  cost  of  the  plant 
would  be  about  $14,300  instead  of  $20,000  per 
1,000,000  gals,  daily  capacity  as  given  by  the 
author. 

The  Philadelphia  slow  sand  filter  plants 
were  expensive  plants  to  build.  They  differ 
in  one  way  from  many  of  the  other  filters  of 
the  same  type  that  have  been  built  in  that  un- 
derneath the  filter  floors  and  carried  up  all 
around  the  sides  of  the  filter  is  a  layer  of 
puddle.  This  item  alone  materially  increased 
the  cost  of  construction.  The  Lower  Rox- 
borough and  Upper  Roxborough  plants  were 
built  on  high  ground  in  an  isolated  section 
several  miles  from  the  nearest  railroad,  and 
the  cost  of  delivering  materials  to  such  plants 
was  higher  than  would  ordinarily  be  the  case. 

In  the  cost  of  the  Lower  Roxborough  plant 
the  author  did  not  include  the  cost  of  the 
Lower  Roxborough  Reservoir  which  was  built 
many  years  before,  and  which  supplies  settled 
water  to  the  filter  plant.  Again,  a  similar  con- 
dition exists  at  the  Upper  Roxborough  filter 
plant  with  regard  to  the  settling  basin.  The 
New  Roxborough  Reservoir  w-as  built  some 
ten  years  earlier  than  the  filter  plant,  and  the 
author  has  not  included  its  cost  in  the  cost  of 
the  filter  plant.  Strictly  speaking,  the  costs 
of  the  reservoirs  should  be  included  in  the 
costs  of  these  two  plants  so  that  the  figures 
would  be  comparable  with  the  costs  of  the 
other  slow  sand   filters  cited. 

The  Philadelphia  plants  were  built  during 
a  period  of  very  high  prices,  and  to  use  the 
costs  of  construction  of  these  plants  to  indi- 
cate the  reasonable  cost  of  slow  sand  filters 
may  be  very  misleading  except  to  those  who 
are  familiar  with  the  early  liistory  of  these 
works  and  who  are  aware  that  the  costs  were 
high  and  that  the  plants  could  be  duplicated 
at  less  cost. 

The  largest  slow  sand  filter  plant  under  con- 
struction in  America  at  the  present  time  is  at 
Montreal,  and,  when  completed  next  year, 
will  have  a  capacity  of  60,000,000  U.  S.  gals, 
daily  capacity.  The  total  cost  of  the  plant, 
on  the  basis  of  the  lump  sum  contract  prices, 
including  the  low  lift  pumping  station,  will 
be  about  $22,600  per  1.000,000  gals,  daily  ca- 
pacity. Deducting  the  low  lift  pumping  sta- 
tion the  cost  will  probably  be  about  $21,000- 
per  LOOO.OOO  gals,  daily  capacity. 

It  would  have  been  interesting  if  the  author 
had  cited  the  cost  of  the  slow  sand  filter  plant 
which  was  completed  at  Toronto  about  two 
years  ago.  This  plant  has  a  capacity  of  48,- 
000,000  U.  S.  gals,  daily,  assuming  one-sixth 
of  the  filter  area  to  be  held  in  reserve,  and 
based  on  a  rate  of  filtration  of  fi.iXIO.OtlO  U.  S. 
gals,  per  acre  daily,  the  rate  for  w-hich  the 
plant  was  designed.  The  cost  of  the  plant, 
omitting  the  low  lift  pumping  station,  was 
only  about  $12,700  per  1,000,000  gals,  daily 
capacity. 

In  considering  the  weighted  average  cost  of 
slow  sand  filters  given  bv  the  author,  namely. 
$32,600  per  1.000,000  gals,  daily  capacity,  it 
mav  be  well  to  bear  in  mind  that  the  Montreal 
plant  will  cost  onlv  about  $21,000,  that  the 
.Mbanv  plant  cost  about  $14,300,  and  the  To- 
ronto '  plant  only  $12,700  per  1,000,000  gals, 
daily  capacity. 

In  referring  to  the  cost  of  ^a^id  sand  filter 
plants  the  author  cites  the  Columbus  plant  as 
costing  $13,000  per  1,000,000  gals,  daily  ca- 
pacity. This  plant  was  designed  and  built  un- 
der the  speaker's  direction  and  is  a  water- 
softening  as  well  as  a  rapid  .sand  filter  plant. 
The  cost  of  this  plant  was  given  in  great  de- 
tail in  Trans.  Am.  Soc.  C.  E.,  Vol,  LXVII. 
iniO.  (These  cost  data  were  published  in 
F.NCiNRERiNi;  &  Contracting  of  Feb.  9.  1910.) 
The  speaker  is  not  informed  as  to  what  items 
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the  author  included  in  arriving  at  the  cost  of 
the  Columbus  plant,  but  in  the  speaker's  judg- 
ment the  Columbus  plant,  considered  as  _  a 
rapid  sand  filter  plant  alone,  cost  nearer  $15,- 
000  than  $13,000  per  1,000,000  gals,  daily  ca- 
pacity, the  figure  given  by  the  author. 

Another  rapid  sand  filter  plant  which  the 
author  might  have  cited  is  that  at  Toledo, 
Ohio.  Part  of  the  plant  was  built  for  a  ca- 
pacity of  60,000,000  gals,  daily,  although  the 
present  capacity  of  the  works  is  considerably 
less.  Including  only  such  items  as  are  charge- 
able to  the  filter  plant  proper  the  works  cost 
about  $14,500  per  1,000,000  gals,  daily  capacity. 

Another  rapid  sand  filter  plant  which  might 
have  been  cited  is  that  at  Grand  Rapids,  Mich. 
The  plant  was  completed  inside  of  the  last 
two  years  and  has  a  capacity  of  20,000,000 
gals,  daily.  The  cost  of  the  plant,  as  given  to 
the  speaker  by  the  Grand  Rapids  officials  last 
vear,  including  such  items  as  are  chargeable  to 
the  filter  plant  proper,  was  $16,300  per  1,000.000 
gals,  daily  capacity. 

In  December,  1912,  the  city  of  New  York 
received  bids  for  a  rapid  sand  filter  plant  to 
be  located  at  Jerome  Park  Reservoir  and 
having  a  capacity  of  320,000,000  gals,  daily. 
The  speaker  is  more  or  less  familiar  with  the 
plans  for  the  proposed  Jerome  Park  filters 
as  he  served  as  one  of  a  Commission  of  Engi- 
neers appointed  by  the  Board  of  Estimate  of 
New  York  to  report  on  the  same.  Taking  the 
lowest  bid  received  and  adding  to  it  the  cost 
of  the  buildings  and  other  necessary  work,  the 
Jerome  Park  filter  plant,  which  would  have 
been  the  largest  rapid  sand  filter  plant  in  the 
world,  would  have  cost  about  $18,400  per  1,- 
000,000  gals,  daily  capacity.  When  the  plant 
is  built,  and  it  is  greatly  to  be  hoped  it  will 
be  built  soon,  the  actual  cost  will  probably  be 
in  the  neighborhood  of  $20,000  per  1,000,000 
gals,  daily  capacity,  as  much  of  the  excava- 
tion for  the  plant  has  already  been  completed. 

The  author  gives  the  cost  of  the  Cinciryiati 
rapid  sand  filter  plant,  which  has  a  daily  ca- 
pacity of  112,000,000  gals.,  as  $11,400  per  1,- 
OOO.O'OO  gals,  daily  capacity,  and  states  that  the 
cost  of  the  large,  plain  sedimentation  basins  is 
not  included.  At  Cincinnati  there  are  two 
large  settling  basins  to  which  the  raw  water 
from  the  Ohio  River  is  pumped.  The  water 
is  first  settled  in  these  two  basins,  and  is  then 
delivered  to  the  coagulating  basins  at  the  filter 
plant.  There  is  no  question  in  the  speaker's 
mind  but  that  the  settling  basins  are  part  of 
the  filter  plant  at  Cincinnati,  but  just  how 
much  of  the  cost  of  the  same  should  be 
chargeable  to  the  filter  plant  may  be  a  ques- 
tion. Mr.  J.  W.  Ellms,  the  superintendent  in 
charge  of  the  filters  at  Cincinnati,  in  a  paper 
printed  in  the  Journal  of  the  .Association  of 
Engineering  Societies  in  January,  1912,  states : 

The  settling  reservoirs,  which  have  a  capacity 
of  330,000,000  gals,  of  available  water,  are  in 
part  a  portion  of  the  water  purification  plant, 
although  they  also  serve  the  purpose  of  storage 
basins  and  were  designed  for  such  a  use  quite 
as  much  as  they  were  for  sedimentation  pur- 
poses. 

The  two  settling  basins  cost  $1,521,000,  or 
about  $13,600  per  1.000,000  gals,  daily  capacity 
of  filter  plant.  Adding  this  cost  to  that  of  the 
filter  plant  would  give  a  total  cost  of  $25,000 
per  1,000,000  gals,  daily  capacity.  As  the  set- 
tling basins  serve  as  storage  reservoirs  also 
it  may  be  reasonable  to  charge  the  filter  plant 
with  perhaps  only  half  their  cost.  On  this  as- 
sumption the  cost  of  the  settling  reservoirs 
chargeable  to  the  filter  plant  would  be  $6,800 
per  1,000.000  gals,  daily  capacity,  thus  making 
the  total  cost  of  the  filter  plant  $18,200  per 
1,000,000  gals,  daily  capacity. 

Still  another  plant  which  the  author  might 
have  cited,  and  among  the  best  in  the  country, 
is  that  at  New  Orleans,  which  has  a  capacity 
of  40,000,000  gals,  daily.  Including  only  such 
items  as  are  chargeable  to  the  filter  plant 
proper  the  cost  of  the  New  Orleans  plant  was 
about  $30,200  per  1,000,000  gals,  daily  capacity. 

The  weighted  average  cost  of  the  Columbus, 
Toledo,  Grand  Rapids,  Cincinnati  and  New 
Orleans  rapid  sand  filter  plants  is  $18,600  per 
1.000,000  gals,  daily  capacity,  while  the  author 
gives  a  weighted  average  cost  for  rapid  sand 
filters  as  $12,100.    In  other  w-ords,  the  weight- 


ed average  cost  of  the  five  plants  just  cited,  all 
of  whic'a  are  in  operation  and  which  are 
among  the  best  in  the  country,  is  over  50  per 
cent  higher  than  the  weighted  average  cost 
given  by  the  author. 

The  speaker  has  but  little  further  to  say  on 
the  subject  of  costs  except  that,  in  his  judg- 
ment, the  weighted  average  costs  as  given  by 
the  author  are  too  high  for  slow  sand  filters 
and  are  too  low  for  rapid  sand  filters.  Simi- 
larly the  fixed  charges  on  the  costs  of  con- 
struction would  respectively  be  too  high  for 
slow  sand  and  too  low  for  rapid  sand  filters. 

The  speaker  is  not  presenting  any  brief  for 
slow  sand  filters.  The  rapid  sand  filter  is 
more  flexible  than  the  slow  sand  filter  and  in 
the  majority  of  cases  in  the  United  States  is 
better  adapted  to  the  purification  of  water 
than  is  the  slow  sand  filter.  The  slow  sand 
filter  has  done  and  is  still  doing  good  work 
in  this  country,  and  the  present  status  of  wa- 
ter purification  is,  to  a  large  extent,  due  to 
the  introduction  of  the  slow  sand  filter. 


Law  and  Rules  Regarding  the  Inspec- 
tion of  Dams  and  Reservoirs  by 
the  Board  of  Civil  Engineers  of 
the  State  of  Connecticut. 

The  present  law  in  Connecticut  on  the  slate 
censorship  of  the  design  and  construction  of 
dams  was  enacted  on  June  7,  1913.  It  is  en- 
titled. An  Act  Concerning  the  Inspection  of 
Reservoirs  by  State  Engineers.  A  digest  of 
the  law   follows : 

The  commissioner  of  rivers,  harbors  and 
bridges,  who  is  a  civil  engineer,  and  one  civil 
engineer  living  in  each  congressional  district 
appointed  by  him,  constitutes  the  board  of  civil 
engineers.  This  board  has  supervision  of  all 
the  dams  and  reservoirs  of  the  state  which 
in  failing  could  endanger  life  or  property.  The 
members  hold  office  for  terms  of  two  years. 
They  are  an  organized  body  with  officers  and 
all  their  official  acts  are  recorded.  Each 
member  is  paid  an  annual  salary  of  $100  and, 
in  addition,  $10  per  day  when  actually  em- 
ployed. All  their  necessary  and  reasonable 
expenses   are   paid 

Upon  the  application  in  writing  of  two  or 
more  persons  or  corporations  who  would  suf- 
fer loss  or  damage  by  the  failure  of  any  dam 
or  reservoir,  a  member  of  the  board  of  civil 
engineers  promptly  inspects  the  structure  and 
if  in  his  opinion  it  is  not  sufficiently  strong  to 
withstand  the  action  of  water  under  any  cir- 
cumstances which  may  reasonably  be  expected 
to  occur,  he  at  once  serves  notice  on  the 
person  or  corporation  owning  or  having  the 
care  and  control  of  the  structure  to  place  it 
in  a  safe  condition  under  his  supervision. 
When  such  repairs  are  completed  and  ac- 
cepted by  the  engineer  he  issues  a  certificate 
of  acceptance  to  the  person  or  corporation, 
who  records  it  in  the  land  records  of  the 
town  in  which  the  dam  or  reservoir  is  located. 
If  the  engineer  finds  the  dam  or  reservoir  to 
be  safe  the  expense  of  inspection  is  paid  by 
llie  applicants. 

Before  any  person  or  corporation  constructs 
a  dam  or  reservoir  or  alters  an  existing  one 
in  a  locality  where  life  or  property  may  be 
endangered  through  insufficient  strength  of 
structure,  the  plans,  specifications  and  neces- 
sary data  for  such  dam  or  reservoir  are  sub- 
mitted to  a  member  of  the  board,  who  exam- 
ines the  ground  where  the  dam  or  reservoir 
is  to  be  built  and  the  plans  and  specifications 
therefor.  If  he  approves  these  he  issues  a 
certificate  authorizing  the  construction  of  a 
new  dam  or  reservoir.  If  the  state  engineer 
deems  it  necessary  he  may,  before  issuing  the 
certificate,  call  in  for  consultation  and  advice 
the  state  board  of  civil  engineers  or  any  mem- 
ber of  the  board. 

The  engineer  under  whose  authority  a  dam 
or  reservoir  is  being  constructed  or  a  dam  is 
being  altered  determines  whether  the  struc- 
ture will  be  safe,  and  when  the  work  has  been 
completed  to  his  satisfaction  he  issues  a  cer- 
tificate approving  it.  This  certificate  is  re- 
corded in  the  land  records  of  the  town  in 
which  the  dam  or  reservoir  is  located. 

Any  person  aggrieved  by  any  decision  of  a 


member  of  said  board  of  civil  engineers  is 
given  a  hearing  by  the  board.  Any  decision  of 
the  board  may  be  appealed  from  to  any  judge 
of  the  superior  court  within  20  days  of  the 
date  of  such  decision. 

Every  person  or  corporation  who  shall  build 
or  repair  any  dam  or  reservoir  except  in  com- 
pliance with  the  provisions  of  this  act,  or  shall 
use  any  dam  or  reservoir  when  constructed  or 
repaired  without  obtaining  the  certificate  pro- 
vided for  in  this  act,  shall  forfeit  $500  for 
the  use  of  the  state.  Any  person  or  corpora- 
tion constructing  or  repairing  a  dam  or  res- 
ervoir, or  using  any  such  dam  or  reservoir 
when  constructed  and  repaired  without  com- 
plying with  the  provisions  of  this  act,  may 
be  enjoined  from  constructing  or  using  such 
dam  or  reservoir. 

The  state's  attorney  of  the  county  in  which 
the  dam  or  reservoir  is  located,  upon  com- 
plaint of  any  member  of  the  board,  institutes 
an  action  to  recover  this  forfeiture  and  to  en- 
join the  construction  and  use  of  the  dam  or 
reservoir. 

The  board  of  civil  engineers  recently  issued 
a  small  pamphlet  containing  a  copy  of  the  act 
presented  above  in  substance  and  also  contain- 
ing the  set  of  rules  adopted  by  the  board. 
Following  the  statement  of  the  rules  the  pam- 
phlet gives  certain  information  for  the  guid- 
ance of  those  to  whom  the  act  applies.  The 
chief  provisions  of  the  rules  are  quoted  here- 
with and  the  information  mentioned  is  pre- 
sented   in    substance : 

RULES   ADOPTED  BY   BOARD   OF  CIVIL  ENGINEERS. 

1.  There  shall  be  submitted  for  the  prelim- 
inary approval  two  copies  each  of  drawings, 
specifications,  description  of  proposed  work,  etc. 
If  approved,  one  copy  of  each  shall  be  so  marked 
and  returned  to  the  owner,  the  other  copy  being 
retained  by  the  Board  member  for  use  during 
tlie    construction    period. 

2.  Before  obtaining  the  final  certificate  of 
approval,  the  owner  shall,  for  permanent  record, 
file  with  the  member  of  the  Board  issuing  the 
certificate,  plans  on  tracing  cloth  or  plans  on 
cloth  by  the  in-ko-graf  or  other  equally  perma- 
nent and  satisfactory  process  of  printing,  and 
specifications  or  written  description  which  show 
and  describe  the  work  as  actually  constructed. 
These  plans  and  written  data  shall  be  certified 
as  correct  by  a  person  who  was  in  responsible 
charge  during  construction  and  who  knows  to 
his  best  knowledge  and  belief  that  the  facts 
certified   to   are   correct. 

3.  The  permanent  plans  and  records  shall, 
from  time  to  time,  or  at  the  end  of  each  year, 
be  filed  with  the  Librarian  of  the  State  Library 
by  the  member  of  the  Board  who  issues  the 
final    certificate    of   approval. 

4.  Certificates  shall  be  issued  from  the  cer- 
tificate book  belonging  to  the  congressional  dis- 
trict In  which  all  or  the  principal  part  of  the 
dam  or  reservoir  is  located. 

5.  Members  of  the  Board,  while  acting  in 
their  ofllclal  capacity,  shall  not  render  profes- 
sional services  to  owners  in  connection  with  the 
dams  and  reservoirs  concerning  which  they  are 
officially   engaged. 

G.  A  member  ot  the  Board  who  may  be  em- 
plo.ved  as  designing  or  constructing  engineer  of 
a  dam  shall,  by  reason  of  such  employment,  be 
dlsqu.alified  to  act  In  an  official  capacity  as  in- 
spector of  such  dam,  or  to  issvie  certificates  of 
approval    therefor. 

INFORMATION. 

The  owner  should  furnish  to  the  member 
of  his  district  plans  and  specifications  in  suffi- 
cient detail  to  enable  him  to  understand  just 
what  kind  of  work  is  contemplated.  The  act 
mentions  that  necessary  data  are  to  be  supplied 
to  the  board  member.  This  is  inforniation 
such  as  the  area  of  watershed,  location  of 
dam,  the  character  of  the  soil  or  rock  that 
the  dam  will  rest  on,  whether  or  not  there 
are  any  other  dams  upstream  imposing  a  haz- 
ard on  the  clam  in  question,  or  other  data 
ncccs.sary  to  be  considered  by  the  member  in 
order  to  determine  if  the  proposed  construc- 
tion will  in  his  judgment  be  safe.  Owners  are 
urged  to  send  full  information  with  the  plans 
and  specifications  when  making  application  for 
preliminar>'  approval  in  order  to  avoid  delays 
otherwise  necessary  to  obtain  such  informa- 
tion. 
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Rule  2  of  the  board  requires  plans  on  tracing 
cloth  or  plans  on  cloth  by  the  in-ko-graf  or 
other  equally  permanent  and  satisfactory 
process  of  printing,  showing  the  work  as  ac- 
tually built,  to  be  filed  as  the  permanent  rec- 
ord. Specifications  or  written  descriptions  are 
also  to  be  filed.  Blueprints,  even  when  made 
on  cloth,  are  not  permanent,  therefore  sre 
not  accepted.  The  permanent  records  will  be 
kept   in   the   vault   at  state  library,   and    it   is 


thought  will  be  of  great  value  to  both  the 
owners  of  dams  and  the  board  of  civil  engi- 
neers if  in  the  future  it  is  desired  to  do  work 
on  a  dam  previously  inspected.  It  has  been 
the  history  of  nearly  all  the  dams  built  in  the 
state  that  sooner  or  later  the  owners  desire 
to  raise,  reconstruct  or  otherwise  change 
them,  and  very  frequently  find  they  do  not 
possess  plans  or  descriptions  of  the  old  work 
that  they  know  are  correct.     The  board  asks 


the   co-operation    of   the   owners   of    dams   in 
making  the  permanent  records  complete. 

There  are  six  members  of  the  board  of 
civil  engineers,  one  member  at  large  and  one 
from  each  of  the  live  congressional  districts 
of  the  state.  It  is  customary  to  make  appli- 
cation for  approval  to  the  member  represent- 
ing the  congressional  district  in  which  the  dam 
is  located,  but  the  law  permits  any  member 
of  the  board  to  act  in  any  location  in  the  state. 
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Designing  the  New  Intercepters  of  the 
Comprehensive   Sewerage   Sys- 
tem for  Cincinnati. 

In  our  issue  of  June  3,  1914,  we  called  at- 
tention to  the  exceptional  value  of  the  Cin- 
cinnati sewerage  report  as  a  series  of  carefully 
worked  out  and  adequately  reported  sewerage 
engineering  studies.  In  that  issue  we  pub- 
lished an  article  on  the  procedure  in  designing 
new  and  relief  storm  water  sewers.  The  pres- 
ent article  gives  similar  information  with  ref- 
erence to  the  design  of  the  new  intercepting 
-ewers.  The  portion  of  the  report  from  which 
the  information  here  given  is  taken  was  pre- 
pared by  Mr.  E.  J.  Miner,  who  acknowledges 
the  assistance  of  Messrs.  B.  F.  Perry,  F.  C. 
Dugan  and  H.  T.  French,  and  the  assistance 
of  Mr.  C.  W.  Sherman  of  the  firm  of  Metcalf 
&  Eddy  in  making  the  engineering  investiga- 
tions and  in  preparing  the  report  on  intercept- 
ing sewers,  respectively. 

GENERAL    PROBLEM. 

The  present  sewerage  system  consists  of  a 
large  number  of  disconnected  sewers,  each 
serving  a  limited  district.  In  some  cases  these 
■  listricts  are  very  small;  in  others,  very  large. 
Each  sewer  has  been  constructed  to  discharge 
into  the  nearest  water  course  thought  ade- 
quate to  take  away  the  sewage.  Xearly  all 
if  the  existing  sewers  are  built  on  the  com- 
i  ined  system.  .Accordingly,  during  dry  weather 
the  sewers  discharge  domestic  sewage  into  the 
■-treams  and  during  storms,  street  washings 
;md  roof  water,  combined  with  the  sewage. 

In  the  case  of  districts  adjoining  the  Ohio 
River  this  method  of  discharge  has  not  in  gen- 
iral  proved  objectionable.  As  a  rule,  the  trunk 
sewers  empty  into  the  river  below  the  water 
level,  so  that,  except  in  the  immediate  vicin- 
ity of  the  outlet,  the  fact  tliat  sewage  is  being 
discharged  into  the  river  is  hardly  noticeable. 
In  the  case  of  the  small  streams  flowing 
through  the  city,  however,  conditions  are  very 
different.  During  dry  weather  these  streams 
carry  very  little  water,  and  the  result  is  that 
the  sewage  flow  constitutes  a  suflicient  percent- 
age of  the  water  flowing  in  the  streams  to  be 
noticeable  and  offensive.  Stagnant  pools  of 
imtrifying  sewage  are  not  uncommon,  and 
!uring  the  dry  months  these  streams  arc  not 
only  a  nuisance,  but  arc  a  menace  to  the  health 
of  the  community.  At  times  of  storm  the  ac- 
cumulated sewage  is  flushed  out  and  carried 
to  the  Ohio  River. 

With  the  exception  of  the  sewers  discharging 
into  the  Ohio  River,  practically  all  of  the 
sewage  of  the  city  is  discharged  into  Mill 
(^reek  and  its  tributaries  and  Duck  Creek. 
These  two  streams  receive  at  least  fio  per  cent 
(if  the  sewage  of  the  city,  and  arc  accordingly 
\v.  very  had  condition. 

It  is  necessary  to  provide  intercepting  sewers 
l<>  receive  the  sewage  from  the  trunk  sewers 
imd  to  convey  it  to  a  suitable  point  of  dis- 
posal. These  intercepters  were  designed  not 
only  to  receive  sewage  from  the  existing  and 
future  sewers,  hut  to  convey  it  to  a  point  where 
it  may  be  discharged  without  nlTcnsc.  or  treated 
in  such  a  way  that  the  resulting  effluent  may 
he  discharged  into  the  streams. 

There  are  at  present  a  few  sewers  which 
are  called  intercepters  and  which  serve  to 
some  extent  as  intercepting  sewers ;  that  is  to 
say,  they  receive  the  dry  weather  discharge 
of  one  or  more  sewer  districts  and  convey  it 
to  a  point  where  the  stream  flow  is  assumed 


to  be  greater,  so  that  tlie  dilution  of  the  sew- 
age is  more  thorough.  These  sewers  will 
serve  as  branches  to  the  main  intercepters 
which  will  be  required  in  any  comprehensive 
scheme. 

Disposal  by  dilution  will  be  sufficient  for 
the  present.  It  may  be,  however,  that  ulti- 
mately the  discharge  of  untreated  sewage  into 
rivers  and  streams  will  be  prohibited  by  law, 
and  to  fulfill  sanitary  requirements  it  will  be 
necessary  to  treat  all  sewage  before  its  dis- 
charge into  streams.  Accordingly  the  inter- 
cepters have  been  designed  with  a  view  to  the 
ultimate  collection  of  the  sewage  at  suitable 
sites  for  such  treatment  as  it  may  require. 

COLLECTION    OF    SEW.VGE. 

Intercepting  sewers  following  in  a  general 
way  the  course  of  the  streams  into  which  the 
trunk  sewers  now  discharge  will  be  necessary 
to  collect  the  sewage  from  the  several  sewer 
districts.  It  is  obvious  that  three  main  inter- 
cepters or  systems  of  intercepters  will  be  re- 
quired :  one  in  Mill  Creek  Valley,  one  in  Duck 
Creek  Valley  and  one  following  the  bank  of 
the  Ohio  River. 

In  such  a  case  as  the  Mill  Creek  Valley  it  is 
sometimes  practicable  or  desirable  to  construct 
two  or  even  three  intercepters.  For  instance, 
conditions  might  make  it  desirable  to  build 
high  level  intercepters  at  the  edge  of  the  high 
land  on  both  sides  of  the  stream,  each  of  which 
would  intercept  the  greater  part  of  the  sew- 
age tributary  to  the  stream  from  its  side.  The 
third  intercepter,  which  might  not  be  needed 
if  the  valley  below  the  high  land  were  not 
developed,  would  closely  adjoin  the  stream  and 
would  receive  the  sewage  from  the  districts 
lying  below  the  high  level  intercepters.  Such 
a  project  is  particularly  desirable  where  pump- 
ing the  sewage  is  necessary,  in  order  to  collect 
as  much  of  the  sewage  as  possible  at  a  high 
level  and  thus  reduce  the  amount  to  be  lifted 
or  the  height  to  which  it  must  be  pumped. 
This  method  was  not  found  practicable  for 
Cincinnati,  and  it  is  planned  to  construct  a 
single  main  intercepter  closely  adjoining  Mill 
Creek,  a  similar  one  near  Duck  Creek  and  a 
third  along  the  baiik  of  the  Ohio  River. 

ECONO.MIC    PERIOD   OF    DESIGN. 

In  designing  intercepting  sewers  it  is  obvi- 
c.nisly  necessary  to  make  provision  for  a  rea- 
sonable amount  of  growth  in  order  that  they 
may  not  be  soon  outgrown.  It  is  also  neces- 
sary, first,  that  engineering  works  should  not 
lie  constructed  on  too  large  a  scale,  so  that 
they  cannot  operate  efliciently  under  present 
conditions,  and,  second,  that  expense  of  con- 
struction for  future  re(|uiremcnts  should  not  be 
so  great  that  the  burden  of  debt  imposed  at 
present  becomes  unreasonable.  It  may  readily 
be  seen  that  in  .some  cases  the  saving  of  ex- 
pense resulting  fmrn  providing  wurks  suffi- 
cient for  the  present  may  lie  sufluiiiu  amply 
to  provide  for  the  additional  construction  that 
may  he  made  necessary  when  larger  works  are 
needed. 

The  economic  period  for  which  provision 
should  be  made  in  the  design  of  intercepting 
sewers  depends  on  various  conditions,  among 
which  the  rate  of  growth  of  the  city  is  one 
iif  the  most  important,  and  is  a  condition  which 
cannot  he  absolutely  fixed.  In  general,  it  is 
desirable  to  provide  for  a  period  ranging  from 
;'.0  to  .'lO  years  frcm  the  date  of  design.  In 
the  present  study  it  has  been  concluded  that 
approximately  40  years  is  a  suitable  period 
for   which    to    make   provision    and.    rounding 


off  the  figures,  designs  have  been  made  on  the 
basis  of  the  requirements  of  the  year  19.50. 

AREA. 

From  1802  to  1848  the  area  of  Cincinnati 
was  three  square  miles.  Various  small  areas 
were  annexed  from  time  to  time  until,  in  1910, 
the  total  area  was  approximately  oO  square 
miles.  During  1911  an  area  of  over  It!  square 
miles  was  annexed  to  the  city  and  in  1912  the 
area  annexed  was  about  3.5  square  miles, 
bringing  the  total  area  of  the  city  up  to  about 
70   square   miles. 

On  Jan.  24,  1913,  a  meeting  was  held  at 
which  eleven  representatives  of  local  real 
estate  firms  were  present.  The  subject  of  the 
future  growth  of  the  city  in  area  and  in  popu- 
lation was  discussed  at  considerable  length  and 
the  views  of  all  present  were  freely  expressed. 
After  giving  due  consideration  to  the  opinions 
expressed  by  the  real  estate  experts,  and  also 
to  the  past  growth  of  the  city  both  in  area  and 
population,  and  to  local  conditions  in  general, 
it  has  been  decided  to  base  the  design  of  the 
comprehensive  system  of  sewers  upon  an  esti- 
mated future  area  of  about  140  square  miles. 

POPL'L.MION. 

There  are  doubtless  many  persons  in  Cincin- 
nati who  are  sufHciently  optimistic  to  believe 
that  the  city  will  have  a  population  of  1,000,000 
v.'ithin  the  next  4(i  or  .50  years.  The  history 
of  Cincinnati  during  the  past  60  years,  how- 
ever, has  little  in  it  to  warrant  such  an  esti- 
mate. On  the  other  hand,  it  hardly  seems  wise 
to  base  the  design  for  a  system  of  sewers 
which  should  be  adequate  for  the  city  for  a 
period  of  nearly  40  years  on  a  rate  of  increase 
in  population  which  is  not  greater  than  that 
which  has  been  enjoyed  by  the  city  in  the 
past. 

Cincinnati  has  had  an  exceptionally  slow 
rate  of  growth,  but  the  natural  advantages,  its 
location  and  the  enetrprise  of  its  citizens 
would  seem  to  warrant  the  opinion  that  a  more 
rapid  growth  will  cccur  in  the  future.  Careful 
consideration  of  the  data  which  has  been  ac- 
cumulated in  connection  with  this  study,  and 
of  the  local  conditions,  leads  to  the  conclusion 
that  a  comprehensive  .'ystem  of  sewers  de- 
signed at  the  present  time  for  a  period  of 
about  40  vcars  in  the  future  should  be  based 
upon  a  future  population  of  about  720,000 
persons  and  a  rate  of  growth  averaging  from 
20  per  cent  per  decade  in  the  immediate  future 
to  17  per  cent  per  decade  40  years  hence.  The 
popuhilion  of  the  citv  at  the  end  of  each  dec- 
ade, should  this  estimate  prove  correct,  will 
be:  1!»20,  440,000;  1930,  520,000;  194il.  (115.000 : 
1950.  720,0t10. 

By  basing  the  designs  for  a  sewerage  sys- 
tem upon  these  estimates  provision  is  made  for 
a  future  population  approximately  twice  as 
great  as  that  of  Cincinnati  at  the  present  time. 

IllSTRlnfTION   OF   POI'lLATION. 

The  area  and  population  of  the  city  of  Cin- 
cinnati and  the  number  of  persons  per  acre 
at  the  end  of  each  decade  from  18.50  to  1910, 
inclusive,  and  in  1912,  and  as  estimated  or 
assumed  at  the  end  of  each  decade  from  1920 
to  1950,  inclusive,  are  given  in  Table  I. 

.\s  a  basis  for  computing  the  quantity  of 
sewage  to  be  provided  for  by  the  intercepting 
sewers,  the  estimated  future  population  was 
distributed  among  the  several  sewer  districts. 

The  boundaries  of  each  voting  precinct  and 
of  the  several  sewer  districts  were  plotted 
upon  a   map,   scale  of   1,000   ft.  to   1    in.     By 
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combining  the  populations  in  the  several  pre- 
cincts and  parts  o{  precincts  within  a  given 
sewer  district  the  total  population  now  resid- 

T.A.BLE  I.— DENSITY  CI-'  POPULATION,  CITY 
OF  CINCINNATI,    1850-1950. 

Density 

Area.  persons 

Tear.                    Population.       sq.  miles,  per  acre. 

1S50 115,435                 G.16  29.3 

1860 161,044                 6.93  36.3 

1S70 .■ 216,239               19.05  17.7 

1880 255,139               23.53  16.9 

1890 296,908               23.73  19.6 

1900 325,902               35.27  14.5 

1910 .•   364,463               50.26  11.3 

1912 380,305               69.85  8.5 

1920 440,000               82.45  8.3 

1930 520,000               99.30  8.2 

1940 615,000             119.35  S.l 

1950 720,000             141.50  S.O 

ing  in  each  sewer  district  was  determined.  In 
determining  the  density  of  population  in  the 
various  districts  allowance  was  made  for  un- 


signed a  more  liberal  allowance  for  future 
growth  should  be  made,  because  no  such  com- 
pensating conditions  can  be  relied  upon  for  the 
relatively  small  sevv'er  districts. 

Main  Drainage  Districts. — The  city  may  be 
naturally  divided  into  three  main  drainage  dis- 
tricts, that  served  by  Mill  Creek,  that  drain- 
ing directly  into  the  Ohio  River,  and  that 
served  by  Duck  Creek ;  to  which  should  be 
added  two  small  areas  within  the  estimated 
future  city  limits,  one  of  which  is  naturally 
drained  by  Rapid  Run  and  Muddy  Creek,  and 
the  other  by  Sycamore  Creek.  It  appears  that 
provision  has  been  made  for  an  estimated  fu- 
ture population  of  over  300,000  persons  in  Mill 
Creek  Valley  and  approximately  an  equal  num- 


inbefore  stated,  it  has  been  assumed  that  the 
area  of  the  city  in  1950  will  be  appro.ximately 
140  square  miles.  With  the  aid  of  the  opin- 
ions expressed  by  representatives  of  local  real 
estate  lirms  an  estimate  has  been  made  of 
the  probable  limits  of  the  industrial  and  com- 
mercial areas.  The  distribution  of  the  area 
within  the  assumed  limits  of  Cincinnati  as  of 
1950  is  as  follows: 

Area.  Square  miles.     Percentage. 

Industrial    12.79  9.04 

Commercial    1.13  0.80 

Residential  123.30  87.11 

Cemetery  and  park 4.02  2.83 

Railroad  yards 0.31  0.22 

Total  141.55  100.00 
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populated  areas,  as  parks,  cemeteries  and  rail- 
road yards,  by  deducting  these  areas  from  the 
area  of  the  district. 

The  areas  of  the  sewer  districts  vary  great- 
ly, the  small  districts  for  the  most  part  being 
those  which  are  directly  tributary  to  the  Ohio 
River  and  in  the  older  portion  of  the  city. 
The  area  of  the  smallest  district  is  10.5  acres, 
while  that  of  the  largest  well-sewered  district 
is  4,068.7  acres.  The  present  density  of  popu- 
lation varies  from  0.2  person  per  acre  to  104 
persons  per  acre.  The  estimated  future  density 
of  population  varies  from  0.4  person  per  acre 
to  110  persons  per  acre.  This  is  considered  to 
be  a  liberal  basis  for  the  design  of  the  inter- 
cepting sewers,  as  the  deficiencies  of  some 
districts  will  offset  the  excesses  of  others;  but 
where  individual  sewer  systems  are  to  be  de- 


ber  in  the  Ohio  River  District,  and  that  the  esti- 
mated future  population  in  the  Duck  Creek 
Valley  is  nearly  100,000  persons. 

PROPORTION    OF    FUTURE    AREA    OF    CITY    ASSUMED 

TO    BE    DEVOTED   TO   RESIDENTIAL,    INDUSTRIAL, 

COMMERCIAL    AND    PARK    PURPOSES. 

The  quantity  of  sewage  contributed  from 
residential  areas  is  much  less  than  that  from 
industrial  and  commercial  areas.  To  arrive 
at  a  reasonable  basis  of  design,  a  study  was 
made  to  determine  the  portions  of  the  city 
which  in  the  future  will  be  devoted  to  resi- 
dential, industrial  and  commercial  purposes, 
and  to  parks  and  cemeteries.  From  the  last 
two  the  quantity  of  sewage  for  which  pro- 
vision should  be  made  is  very  small,  being 
made  up  chiefly  of  ground   water.     .\s  here- 


QUANTITY    OF    SEWAGE    TO    BE    HANDLED    BY    THE 
INTERCEPTING    SEWERS. 

Capacity  Required. — The  system  of  inter- 
cepting sewers  was  designed  to  receive  and 
convey  to  a  point  of  discharge  all  of  the  sew- 
age contributed  in  1950  by  the  several  district 
sewers  with  which  they  connect,  at  times 
when  storm  water  is  not  actually  running  into 
the  city  sewers.  It  is  therefore  important  that 
the  interccptcrs  be  large  enough  to  carry  the 
niaxiimiin  quantity  of  sewage  collected  by  the 
trunk  sewers.  This  quantitv  will  vary  from 
hour  to  hour,  from  day  to  day  and  from  sea- 
son to  season.  In  the  spring,  when  the  ground 
water  is  high  and  relatively  large  quantities 
of  it  seep  into  the  sewers,  the  quantity  col- 
lected will  be  large  and  the  intercepters  should 
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liave  sufficient  capacity  to  convey  it  to  the  point 
of  discharge.  It  is  not  intended,  however,  to 
provide  capacity  in  the  intcrcepters  for  any 
substantial  quantity  of  actual  storm  water,  the 
plan  being  to  provide  overflows  from  the  trunk 
sewers,  so  that  when  the  capacity  of  the  inter- 
ccpters  is  reached  the  excess  flow  may  dis- 
charge directly  into  the  neighboring  water- 
courses. This  phase  of  the  design  will  be 
covered  in  a  succeeding  article. 

When  first  constructed  the  intcrcepters  will 
have  a  surplus  capacity,  intended  to  provide 
for  the  expected  increase  in  area  and  popula- 
tion of  the  city,  which  may  be  utilized  to  carry 
small  quantities  of  storm  water  so  that  over- 
flow from  the  trunk  sewers  will  not  take  place 
quite  as  frequently  as  in  later  years,  when  the 
normal  flow  of  sew'age  has  reached  approxi- 
mately  that    for   which  the   intcrcepters   have 


from  such  plants  is  therefore  largely  confined 
to  those  hours.  In  some  industries,  however, 
the  processes  employed  are  such  that  the  wastes 
are  discharged  by  the  emptying  of  vats  or  oth- 
erwise, so  that  the  discharge  takes  place  in- 
termittently, with  corresponding  fluctuations 
in  the  rale  of  flow. 

The  quantity  of  ground  water  which  finds  its 
way  into  the  sewers  varies  in  a  general  way 
with  the  variations  in  rainfall.  Usually  a  hard 
and  long-continued  rain  is  followed  by  a  mate- 
rial increase  in  the  flow  of  sewage,  due  to 
infiltration  of  ground  water.  In  the  spring 
when  the  frost  is  coming  out  of  the  ground, 
leaving  it  more  porous  than  at  other  seasons 
of  the  year,  considerable  surface  water  finds 
its  way  into  the  earth,  so  that  the  rate  of  in- 
filtration into  the  sewer  system  is  then  usually 
much  higher  than  during  other  seasons.     The 
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of    discharge    of    all    the    contributing    trunk 
sewers. 

Ordinarily  the  maximum  discharge  from 
trunk  sewers  occurs  between  the  hours  of  10 
a.  ni.  and  2  p.  m.  If  the  intercepter  is  so 
long  that  several  hours  are  required  for  sew- 
age discharged  into  it  at  its  upper  end  to  reach 
the  point  of  discharge  of  the  last  trunk  sewer, 
near  its  lower  end,  the  maximum  discharge 
from  the  lower  sewer  will  have  left  the  inter- 
cepter before  the  maximum  discharge  from 
the  upper  sewer  has  reached  the  lower  point 
In  other  words,  there  is  a  tendency  for  the 
peak  flows  in  the  several  contributing  trunk 
sewers  to  compensate  each  other,  and  on  this 
account  the  rate  of  flow  in  an  intercepting 
sewer  is  always  more  uniform  than  the  rates 
of  flow  in  the  contributing  trunk  sewers.  For 
example,  the  maximum  rate  of  flow  in  the 
Vine  Street  Sewer  on  Tuesday,  Nov.  5,  1912, 
was  179  per  cent  of  the  average  for  the  24 
hours,  whereas  it  is  to  be  expected  that  the 
maximum  rate  of  flow  in  the  Ohio  River  In- 
tercepter,  into  which   the   Vine   Street   Sewer 
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Fig.  4.    Curves  Showing   the    Relation   Between  the  Rate  of  Sewage 
Flow  for    Each    Hour   and    Average  Daily  Rate  In  Typical  Sewer 
Districts  of   Cincinnati. 


licen  designed.  The  quantity  of  sewage  col- 
lected varies  greatly  from  hour  to  hour,  as 
shown  by  Figs.  1  to  4.  It  also  varies  mate- 
rially from  day  to  day  during  the  week,  the 
inallest  quantity  usually  being  produced  on 
Mindays  and  holidays  and  the  maximum  quan- 
tity as  a  rule  on  Mondays.  The  quantity  of 
sewage  from  commercial  districts  is  greatest 
during  business  hours,  as  indicated  by  Figs. 
-  and  4,  which  show  the  hourly  variations  in 
the  flow  in  several  sewers. 

The  quantity  of  industrial  waste  fluctuates, 
depending  upon  the  character  of  the  indus- 
try, the  condition  of  business  and  the  hours 
of  work.  Paper  mills  are  usually  operated 
throughout  the  24  hours,  so  that  the  rate  of 
discharge  of  their  wastes  is  generally  fairly  uni- 
form from  hour  to  hour.  Packing  houses,  tan- 
neries and  woolen  mills,  on  the  other  hand,  are 
usually  operated  from  7  aj  m.  to  0  p.  m.,  ex- 
cept for  one  hour  at  noon,  and  the  discharge 


least  quantity  of  ground  water  seeps  into 
the  sewers  during  seasons  of  extreme  drought, 
or  during  the  winter  when  the  ground  is  se- 
curely scaled  by  frost. 

In  order  that  the  intercepting  sewers  may 
perform  their  functions  it  is  necessary  that 
they  .shall  have  sufficient  capacity  to  carry  the 
sewage,  not  only  on  the  day  and  at  the  hour 
when  the  normal  flow  of  sewage  is  greatest, 
hut  also  at  times  when  the  discharge  of  wastes 
from  the  commercial  districts  is  highest,  when 
the  discharge  from  tlie  industrial  districts  is  a 
maximum,  and  also  in  the  spring  of  the  year 
when  the  infiltration  of  ground  water  is  great- 
est. These  maximum  quantities  may  all  oc- 
cur at  the  same  time,  so  that  they  must  all  be 
taken  into  consideration  in  determining  the 
size  of  the  sewers.  .Vt  the  same  time  it  is  im- 
portant not  to  lose  sight  of  the  fact  that  the 
maximum  rate  of  flow  in  the  intercepter  at 
any  point  is  notthe  sum  of  the  maximum  rates 


will  discharge,  will  not  ordinarily  exceed  135 
per  cent  of  the  average  flow  for  24  hours. 

Quantity  of  Sczvagc  from  Ri'sidcnlial  Areas. 
— The  quantity  of  sewage  collected  by  a 
■system  of  sewers  serving  a  strictly  residential 
district  depends  upon  the  quantity  of  water 
used  and  discharged  into  the  sewers  and  upon 
the  amount  of  ground  water  seeping  into  them. 
It  is  therefore  important  to  take  into  consid- 
eration the  consumption  of  water,  as  well  as 
to  measure  the  flow  of  sewage  in  trunk  sewers 
serving  large  residential  areas  in  which  there 
are  no  manufacturing  and  substantially  no 
commercial  districts. 

The  flow  in  two  such  trunk  sewers,  the 
Ross  Run  and  the  Mitchell  .Avenue  sewers, 
has  been  measured.  It  was  not  practicable  to 
place  weirs  in  either  of  them,  and  it  was  there- 
fore necessary  to  make  measurements  of  the 
depth  at  frequent  intervals  of  time  and  to 
compute    the    quantity    from    these    measure- 
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merits.     These  computations   have  been  made 
by  Kutter's  formula  with  n=0.015. 

All  of  the  measurements  were  tabulated  and 
for  each  sewer  the  several  observations  made 
at  the  same  hour  of  each  day  were  averaged 
and  smooth  curves,  Fig.  3,  were  drawn  to 
represent  these  averages.  It  is  believed  that 
these  conventional  curves  represent  with  rea- 
sonable accuracy  the  rates  of  flow  which  may 
be  expected  at  any  hour  of  the  day,  between 
Monday  noon  and  -Saturday  night,  of  any  week 
during  which  the  ground  water  is  low  and  no 
storm  water  is  reaching  the  sewers.  Similar 
diagrams  in  which  the  rates  of  flow  are  shown 
in  terms  of  per  cent  of  the  average  rate  for 
the   twenty-four    hours   were   made    from    the 


poses,  much  of  that  used  for  manufacturing 
and  mechanical  purposes,  that  used  by  street 
and  lawn  sprinklers  and  the  leakage  from 
mains  and  services,  as  well  as  that  used  by 
water  consumers  not  connected  to  the  sewers, 
fails  to  reach  the  sewers. 

An  estimate  of  the  quantity  of  water  used 
for  these  several  purposes  in  Milwaukee  was 


reach  the  sewers,  it  has  seemed  reasonable  to 
take  the  average  quantity  of  domestic  sewage, 
exclusive  of  ground  water,  at  90  gals,  per 
capita  per  day  and  the  ma.ximum  rate  at  which 
it  will  reach  the  intercepter  at  135  gals,  jjer 
capita  per  day.  These  estimates  seem  to  be 
justified  by  the  determinations  of  the  daily 
flow   of   sewage   in  the   Mitchell   Avenue  and 
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Fig.  5.    Typical  Circular  and   Semi-Elliptical  Sections    of    New    Intercepting    Sewers,    Cincinnati,  Ohio. 


conventional  curves,  and  are  included  in  Fig.  4. 

The  measurements  of  the  quantity  of  sewage 
produced  by  the  two  residential  areas  showed 
averages  of  92  and  80  gals,  per  capita  per  day, 
respectively,  while  the  maximum  rates  were 
l-j7  and  128  gals,  per  capita,  respectively. 

Water  Supply. — Very  complete  records  of 
the  quantity  of  w-ater  consumed  have  been  kept 
by  the  Wa'ter  Department.  A  table  was  pre- 
pared showing  the  total  quantity  of  water 
consumed,  the  quantity  of  water  per  capita,  the 
number  of  services,  the  number  of  meters  in 
use  and  the  per  cent  of  services  metered,  to- 
gether with  the  census,  or  estimated  popula- 
tion served  for  the  years  specified.  In  1912 
47.0  per  cent  of  the  water  services  were 
metered. 

From  the  data  so  compiled  it  appears  .that 
m  the  last  23  years  the  minimum  daily  rate 
of  water  consumption  was  114. •")  gals,  per  capita 
in  1890,  that  the  maximum  rate  was  154.01 
gals,  per  capita  in  1895 ;  and  the  average  daily 
rate  for  the  last  23  years  was  130.0  gals,  per 
capita. 

During  recent  years  an  effort  has  been  made 
to  increase  the  proportion  of  services  metered 
£0  as  to  check  the  waste  of  water,  the  experi- 
ence of  other  cities  proving  that  by  the  use  of 
meters  the  quantity  of  water  consumed  can 
be  held  down  to  reasonable  figures.  In  Cin- 
cinnati the  consumption  has  been  considerably 
higher  than  in  a  number  of  other  large  cities, 
but  while  the  tendency  of  the  times  is  toward 
a  greater  per  capita  consumption,  it  is  ex- 
pected that  if  a  large  proportion  of  the  services 
are  metered  the  daily  rate  of  consumption  will 
not  materially  exceed  that  of  the  present  time, 
which  may  be  fairly  taken  to  be  125  gals,  per 
capita.  It  is  possible  that  this  rate  might  be 
somewhat  reduced,  possibly  to  as  low  a  rate 
as  100  gals,  per  capita  daily.  Taking  into  con- 
sideration, however,  the  tendency  towards 
greater  consumption,  it  does  not  seem  wise  to 
plan  for  a  period  of  40  years  in  the  future 
without  allowing  for  some  increase.  In  these 
studies  it  has  therefore  been  assumed  that  the 
daily  consumption  will  ultimately,  and  within 
the  period  for  which  the  intercepting  sewers 
.->re  designed,  reach  150  gals,  per  capita. 

It  is  commonly  thought  that  practically  all 
of  the  water  sujjply  eventually  reaches  the 
sewers.  This,  however,  is  a  fallacy,  for  a 
very  considerable  part,  probably  not  less  than 
40  per  cent,  is  disposed  of  in  other  ways.  It 
is  evident  that  the  water  used  for  steam  pur- 


made  by  the  Milwaukee  Sewage  Disposal  Com- 
mission in  1911  as  follows: 

Gals,  per  Per  cent  of 
capita  total  con- 
Purposes,                                   per  day.  sumption. 

Steam  railroads 5  4.76 

Manufacturing    and    mechani- 
cal    : 5  4.76 

Street  sprinklers o  4.76 

Lawn    .sprinlilers 2V2  2. 38 

Consumers    not    connected    to 

sewers   7Vi  7.14 

Leakage  from  mains  and  ser- 
vices          15  14.28 

Totals   40  38.08 


Ross  Run  sewers,  which  were  80  and  92  gals., 
respectively,  with  maximum  rates  of  128  and 
157   gals.,   respectively,   per   capita. 

Quantity  of  Sewage  from  Commercial  Dis- 
tricts.— Tlie  commercial  district  in  Cincinnati 
is  unusually  well  defined,  and  it  is  served  by 
d  number  of  parallel  sewers,  each  draining  a 
relatively  small  district,  it  was  deemed  wise  to 
make  measurements  of  the  flow  so  that  an  in- 
telligent estimate  might  be  made  of  the  quan- 
tity of  sewage  which  will  have  to  be  taken  into 
the  intercepting  sewers. 

.Accordingly,    measurements    were    made    of 
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Fig.    6.     Diagram    of    Hydraulic    Elements    Involved    in    the    Calculations    of    Flow     in     the 
Semi-iEilliptlcal      Section      of     intercepting   Sewers,    Cincinnati,    Ohio. 


The  percentage  of  the  water  used  for  these 
purposes  in  Milwaukee  was  based  upon  a  total 
average  daily  consumption  of  105  gals,  per 
capita.  Applying  the  same  percentage  in  Cin- 
cinnati, it  would  appear  that  the  quantities  of 
water  given  in  Table  II  would  be  used  for  the 
several  purposes  indicated  in  the  years  1912 
and   1950,  respectively . 

With  an  assumed  daily  use  of  water  of  about 
150  gals,  per  capita,  56  gals,  of  which  do  not 


the  flow  in  the  sewers  in  Sycamore,  Main, 
Walnut,  Vine,  Race,  Elm  and  Plum  streets  and 
Central  Avenue.  Each  of  these  sewers  is 
between  3.000  and  3,500  ft.  in  length  and  serves 
an  area  of  approximately  35  acres.  It  should 
be  noted  that  the  Plum  Street  and  Central  Av- 
enue sections,  although  in  the  commercial  dis- 
trict, have  large  resident  populations.  The 
variations  in  the  rate  of  How  in  these  sewers 
are  shown  on  Figs.  2,  3  and  4. 
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The  measurements  of  the  rate  of  flow  of 
the  sewers  serving  commercial  districts  were 
made  during  the  extremely  dry  season,  and 
it  has  been  assumed  that  the  infiltration  of 
ground  water  at  the  time  the  measurements 
were  made  was  negligible. 

Of  the  total  area  of  227.2  acres  in  the  com- 
mercial sewer  districts  gaged,  the  Main,  Syca- 
more, Walnut,  Vine,  Race  and  Elm  Street  dis- 
tricts, with  a  combined  area  of  169.3  acres, 
may  be  considered  as  highly  developed.  In 
these  districts  will  be  found  hotels,  high-class 
office  buildings,  department  stores  and  public 
buildings,  with  relatively  few  apartment  houses. 
The  streets  are  paved  with  asphalt  and  granite 
blocks.  The  Plum  Street  and  Central  .-Xvenue 
districts,  comprising  an  area  of  57.0  acres,  may 
he  classed  as  moderately  developed.  In  these 
districts  will  be  found  smaller  hotels,  smaller 
stores,  wholesale  houses  and  second-class  busi- 
ness blocks,  with  a  considerable  proportion  of 
tenement  houses.  A  further  area  of  133  acres 
is  considered  as  a  semi-commercial  area  lying 
around  that  moderately  developed. 

The  estimation  of  ma.ximum  rate  of  sewage 
flow  from  commercial  areas  (in  addition  to 
sewage  contributed  by  the  resident  popula- 
tion, and  not  including  ground  water)  has  been 
made  as  follows : 

The  average  of  the  maximum  rate  of  flow 
for  the  six  "highly  developed"  districts  above 
mentioned  is  81,508  gals,  per  acre  daily  (maxi- 
mum points  taken  from  conventional  curves), 
which  may  be  taken  to  fairly  represent  the 
maximum  flow  of  sewage  per  acre  from  these 
districts  if  combined.  The  area  is  169.3  acres, 
so  that  the  maximum  rate  of  discharge  would 
be  13,800,000  gals,  per  day.     The  resident  pop- 


gals,  per  acre  per  day  for  ground  water,  as 
hereinafter  explained,  and  135  gals,  per  capita 
per  day  for  domestic  sewage. 

Quantity  of  Sewage  from  Industrial  Areas.- — 
As  certain  portions  of  the  city  are  and  will 
continue  to  be  devoted  to  industrial  enterprises 
from  which  large  quantities  of  liquid  wastes 
will  be  discharged  into  the  sewers,  an  effort 
has  been  made  to  secure  data  which  might  aid 
in  forming  an  estimate  of  the  quantity  for 
which  provision  should  be  made  m  the  inter- 
cepting sewers. 

It  should  be  noted  that  there  is  always  a 
tendency  for  certain  classes  of  industrial 
plants,  such  as  packing  houses,  dairies  and  the 
like,  to  discharge  into  the  sewers  large  quanti- 
ties of  solid  or  heavy  semi-fluid  wastes.  Pre- 
cautions must  be  taken  to  prevent  the  en- 
trance of  such  matter  into  the  intercepting 
sewers,  if  necessary,  by  requiring  all  such 
plants  to  maintain  settling  tanks  upon  their 
branch  sewers. 

It  is  extremely  difficult  to  determine  the 
quantity  of  wastes  which  will  be  discharged 
from  an  area  devoted  to  industrial  purposes, 
as  the  amounts  produced  by  manufacturing  es- 
tablishments vary  enormously  and  because 
such  an  area  is  also  developed  for  residential 
purposes  to  a  considerable  e.xtent.  .\ctual 
measurements  were  desired  and  were  made 
for  four  districts  which  were  selected  for 
that  purpose. 

The  Marshall  Avenue  District  is  probably 
more  nearly  a  typical  industrial  area  than  any 
of  the  others,  although  the  quantity  of  wastes 
per  acre  discharging  into  the  sewers  is  prob- 
ably greater  than  is  to  be  expected  from  the 
industrial  areas  of  the  city  as  a  whole.     The 


TABLE  II.— ESTIMATED  QUANTITIES  OF  WATER    USED,     BUT    WHICH    DC     NOT     REACH 

SEWERS,  CINCINNATI,  OHIO. 
Gals,  per  cap- 
ita per  day 
based  on  total 
Purposes.  consumption 

of  125  gals., 
1912. 

Steam  railroads   6 

Manufacturing  and   mechanical 6 

.Street   sprinklers    •  S 

Lawn  sprinklers  3 

Consumers  not  connected  to  sewers 9 

Leakage  from  mains  and  services IS 

Totals   48 


Gals,  per  cap- 

ita per  day 

based  on  total 

consumption 

Per  cent  of 

of  l.iO  gals.. 

total 

1930. 

consumption 

1 

4.7G 

4.76 

7 

4.76 

3% 

2.3S 

10V4 

7.14 

21 

14.2S 

56 


38.08 


ulation  is  4,744,  and  the  maximum  rate  of  flow 
of  domestic  sewage  corresponding  to  this  pop- 
ulation at  135  gals,  per  day  per  capita  would 
,    .;i'vMii()  gals,  per  day.     The  difference,   13,- 

yals.  per  day,  is  taken  to  represent  the 

maxuuum  rate  of  sewage  flow  due  solely  to 
the  commercial  development  of  the  district, 
equivalent  to  77,700  gals,  per  acre  daily. 

In  the  same  way  the  average  of  the  maxi- 
X  mum  rates  of  flow  for  the  two  moderately 
<levelopcd  districts  is  found  to  be  20,025  gals, 
per  acre  daily,  equivalent  to  a  maximum  rate 
of  flow  of  1,510,000  gals,  per  day  from  57.9 
acres.  Domestic  sewage  at  a  maximum  rate 
of  135  gals,  per  capita  per  day  for  a  popula- 
tion of  2,810  corresponds  to  a  maximum  rate 
of  380,000  gals,  per  day,  leaving  1,130,000  gals, 
per  day  as  the  maximum  rate  of  flow  from 
the  purely  commercial  district.  This  corre- 
sponds to  19,500  gals,  per  acre  daily. 

No  data  exist  to  indicate  the  commercial 
sewage  which  may  be  contributed  from  the 
133.3  acres  of  commercial  area  which  is  as 
yet  largely  undeveloped.  It  has  been  assumed 
that  the  maximum  rale  of  flow  of  commercial 
sewage  from  this  area  may  be  taken  as  12,000 
gals,  per  acre  per  day. 

.'\ssuming  that  the  relative  proportions  of 
highly  developed,  moderately  developed  and 
substantially  undeveloped  area  will  remain 
practicallv  unchanged,  the  average  maximum 
rate  of  sewage  discharge  from  commercial 
areas,  due  solely  to  their  use  for  commercial 
purposes,  has  been  estimated  as  equivalent  to 
44,000  gals,  per  acre  daily;  or,  in  round  figures, 
40,000  gals,  per  acre  daily,  in  addition  to  do- 
mestic sewage  from  the  resident  population 
and  ground  water. 

From  the  estimated  future  commercial  area 
of  721  acres  the  maximum  rate  of  flow  has 
been  computed  on  the  basis  of  40,000  gals, 
per  acre  per  day  for  commercial  sewage ;  750 


conventional  curve  and  other  data  for  the  dis- 
trict are  shown  in  Fig.   1. 

The  effect  of  the  industrial  wastes  in  in- 
creasing the  per  capita  rate  of  flow  in  this 
district  is  clearly  shown  by  comparing  the  av- 
erage rate  of  363  gals,  per  day  with  that  ob- 
tained in  the  Mitchell  Avenue  and  Ross  Run 
sewers  in  the  residential  district,  where  the 
average  quantity  of  sewage  was  found  to  be 
80  and  92  gals,  per  capita  per  day,  respectively. 

Quantities  of  Industrial  Wastes. — In  connec- 
tion with  the  studies  of  the  purification  of 
sewage,  a  careful  census  of  the  industrial  es- 
lablishments  of  the  city  and  of  those  lying 
north  of  the  city  in  Mill  Creek  Valley  has 
been  taken.  The  quantity  of  water  used  in  the 
several  industries  obtained  from  the  canal, 
wells  and  other  sources,  and  the  quantity  ob- 
tained fmm  the  municipal  water  supply,  to- 
gether with  the  estimated  quantities  of  liquid 
wastes,  were  tabulated. 

Nearly  all  the  industrial  plants  are  located 
in  Mill  Creek  Valley  and  the  McLean  .\venue 
Sewer  districts.  The  industrial  water  con- 
sinnption  in  this  region  amounts  to  about  17,- 
000.000  gals,  per  day.  Not  all  the  water  so 
used  is  discharged  in  the  form  of  wastes.  The 
total  amount  of  these  wastes  is  estimated  at 
16,000,000  gals,  per  day,  which  is.  equivalent 
to  5,500  gals,  per  acre  daily,  the  area  under 
discussion  being  approximately  2,000  acres. 

In  view  of  the  fact  that  nearly  all  of  the 
plants  run  but  10  hours  per  day,  the  maximum 
rate  of  discharge  of  industrial  wastes  has  been 
estimated  on  the  assumption  that  75  per  cent 
of  these  wastes  are  discharged  at  a  uniform 
rate  during  these  10  hours.  The  corresponding 
maximum  rate  of  flow  is  9,900  gals,  per  acre 
daily. 

Similar  estimates  of  the  quantities  of  in- 
dustrial wastes  from  smaller  manufacturing 
districts    tributary    to    the    Ohio    River    show 


quantities  equivalent  to  6,000,  1,100  and  2,350 
gals,  per  acre  per  day,  the  corresponding  max- 
imum rates  of  discharge  being  10,800,  2,000 
and  4,200  gals,  per  acre  per  day,  respectively. 

Giving  due  weight  to  the  extent  and  the 
character  of  the  development  of  the  several 
districts,  it  is  believed  that  a  fair  estimate  of 
the  maximum  rate  of  discharge  of  industrial 
wastes  into  the  intercepters  is  9,000  gals,  per 
acre  per  day.  This  quantity  is  assumed  to  be 
in  addition  to  the  domestic  sewage  from  the 
resident   population   and   the  ground   water. 

Ground  Water. — The  quantity  of  ground 
water  which  reaches  the  sewers  depends  on 
the  rainfall,  the  character  of  the  soil  and  upon 
whether  the  sewers  and  their  connecting  drains 
are  well  or  poorly  built.  Many  of  the  older 
sewers  were  laid  without  precaution  to  pre- 
vent the  infiltration  of  ground  water,  which 
even  under  the  best  conditions  cannot  be  en- 
tirely avoided.  The  quantity  of  ground  water 
thus  entering  the  sewers,  as  previously  ex- 
plained, varies  greatly  from  time  to  time  and 
is  usually  highest  after  rains  in  the  spring  of 
the  year. 

It  has  been  assumed,  as  previously  explained, 
that  a  great  increase  in  the  area  of  the  city 
will  take  place  during  the  next  40  years.  The 
estimated  density  of  population  over  this  large 
area  is  relatively  small,  being  but  eight  per- 
sons per  acre,  whereas  the  density  of  popu- 
lation in  a  number  of  other  large  cities  of  this 
country  is  found  to  be  from  15  to  25  persons 
per  acre.  The  small  number  of  persons  per 
acre  makes  it  evident  that  the  number  of  miles 
of  sewers  per  square  mile  of  area  is  likely  to 
be  relatively  small. 

The  report  of  the  United  States  Census  Bu- 
reau upon  Statistics  of  Cities  for  1907  con- 
tains data  from  which  the  number  of  miles  of 
sewers  per  thousand  inhabitants  in  cities  hav- 
ing populations  of  more  than  30,000  can  be  de- 
rived. From  this  information  it  appears  that 
a  well-sewered  city  of  720,000  persons  should 
have  about  900  miles  of  sewers,  and  it  has 
therefore  been  assumed,  in  estimating  the 
quantity  of  ground  water  to  be  provided  for 
that  there  will  ultimately  be  that  length  of 
sewers  contributing  to  the  intercepters.  Nu- 
merous measurements  and  estimates  of  the  in- 
filtration of  ground  water  into  sewerage  sy^- 
ters  indicate  tliat  75,000  gals,  per  mile  of  sewer 
is  a  reasonable  daily  maximum.  It  has  there- 
fore been  assumed  that  the  total  quantity  oi 
ground  water  which  will  eventually  reach  the 
intercepting  sewers  will  be  67,500,000  gals,  per 
day,  from  an  area  of  140  square  miles,  equiva- 
lent to  750  gals,  per  acre  per  day.  This  unit 
has  been  used  in  computing  the  quantity  ot 
sewage  likely  to  reach  the  intercepters  from 
each  of  the  several  sewer  districts. 

Storm  Water. — It  will  be  noted  that  in  the 
foregoing  discussion  of  quantity  of  sewage 
there  is  no  allowance  for  storm  water.  In 
other  words,  when  the  city  shall  have  attained 
the  degree  of  development  herein  estimated  as 
probable  in  1950,  if  the  quantities  of  domes 
tic,  commercial  and  industrial  sewage  anii 
ground  water  correspond  to  the  estimates,  the 
intercepting  sewers  designed  to  take  those 
volumes  of  sewage  will  flow  full  at  the  time 
of  maxinuim  sewage  flow,  and  there  will  be  n^ 
surplus  capacity  for  storm  water  at  that  time. 

Even  then  the  flow  of  sewage  would  not 
fill  the  intercepters  except  during  hours  of 
maximum  flow,  so  that  during  perhaps  halt 
of  the  day  there  would  be  a  small  .surplus  ca- 
pacity. The  first,  and  therefore  the  foulest, 
run-off  from  storms  occurring  at  such  time; 
could  therefore  be  taken  into  the  intercepters 

The  maxinnim  rate  of  sewage  flow  cstimatcl 
for  the  present  time  is  but  little  more  than 
half  that  to  be  expected  in  19.50,  and  after 
ad<ling  the  ground  water  there  would  still  be 
available  at  the  present  time  about  one-thiril 
the  capacity  of  the  interccpter  at  times  of 
maximum  average  flow.  That  is  to  say,  storm 
water  could  be  received  up  to  a  quantity  ap- 
proximately equivalent  to  one-half  the  maxi- 
mum rate  of  flow  of  sewage  and  groun<l  water. 
Thus  the  first  storm  water  flowing  off  from 
the  streets  and  roofs  would  be  conveyed  with 
the  sewage  to  the  point  of  ultimate  disposal. 

As  the  years  go  on  the  surplus  capacity 
available  for  storm  water  would  grow  less, 
until    ultimately    the    maximum    sewage    and 
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ground  water  flow  would  fill  the  intercepters, 
as  stated  above. 

At  the  points  where  the  combined  sewers 
discharge  into  the  intercepters  adequate  storm 
water  overflows  must  be  provided  to  convey 
to  the  nearest  watercourse  the  excess  storm 
water  beyond  the  quantities  which  the  inter- 
cepting sewers  may  be  able  to  receive.  The 
subject  of  storm  water  overflows  and  sewage 
flow  regulators  will  be  discussed  in  a  subse- 
quent article. 

SPECIFIC    DAT.\    ON    ADOPTED    DESIGNS. 

Sections. — Two  forms  of  cross  section 
will  be  employed  on  the  new  intercepters, 
namely,  circular  and  semi-elliptical.  The  cir- 
cular type  will  be  used  for  sections  5  ft.  in 
diameter  and  less.  On  all  larger  sections  the 
semi-elliptical  section  will  be  used.  In  the 
larger  sewers  this  latter  section  has  the  ad- 
vantage of  economy,  since  the  quantity  of  con- 
crete and  excavation  are  both  somewhat  less 
than  for  a  circular  section  of  the  same  capacity. 
This  type  of  section  is  more  satisfactory 
structurally,  also,  since  the  flatter  invert  is 
more  easily  built  than  a  large  circular  invert, 
and  the  reinforcing  steel  is  more  easily  placed. 
Typical  sections  of  both  types  are  shown  in 
Fig.  5  and  the  relations  of  the  several  hydraulic 
elements  involved  in  the  calculation  of  flow 
in  the  semi-elliptical  section  are  shown  in 
Fig.  6. 

Profiles. — The  elevations  of  the  several  trunk 
and  branch  sewers  which  must  discharge  into 
the  intercepter  govern  its  elevation  and  slope, 
at  least  within  somewhat  narrow  limits.  The 
design  for  the  Mill  Creek  Intercepter  has 
been  made  with  the  requirement  that  there 
shall  be  a  scouring  velocity  of  not  less  than 
3%  ft.  per  second  when  the  sewer  is  flowing 
full,  and  when  the  discharge  is  not  retarded 
by  high   water   at   the   outlet. 


Conditions  are  complicated  in  the  case  of 
Mill  Creek  Intercepter  by  the  frequent  high- 
water  stages  of  the  Ohio  River.  Whenever 
the  river  reaches  or  passes  the  20-ft.  stage  on 
the  Broadway  gage  the  effect  of  back  water 
will  begin  to  be  felt  in  the  intercepter,  and 
when  the  river  reaches  the  30-ft.  stage,  if  not 
before,  the  lower  portion  of  the  intercepter 
will  be  entirely  submerged,  and  much,  if 
not  all,  of  the  sewage  will  then  be  discharged 
through  the  storm  overflows  into  Mill  Creek. 

When  the  velocity  of  flow  is  checked  by  the 
rise  of  the  river  deposition  of  silt  will  occur 
in  the  intercepter.  It  is  desirable  that  when 
the  river  falls  again  as  high  velocities  as  are 
reasonably  possible  be  obtained  to  scour  out 
the  accumulated  deposits. 

The  average  number  of  days  per  year  when 
the  Ohio  River  has  been  at  or  above  any  given 
elevation  indicates  that  there  have  been  on  an 
average  122  days  per  year  when  the  flow  in 
the  Mill  Creek  Intercepter  would  be  checked, 
and  .53  days  per  year  when  it  would  be  almost 
entirely  suppressed  in  the  lower  section,  these 
periods  corresponding  to  the  20-  and  30-ft. 
stages  of  the  river,  respectively. 

The  Mill  Creek  Intercepter  is  4  ft.  in  diam- 
eter in  its  smallest  section.  For  this  section 
the  slope  is  0.0015,  and  this  slope  continues 
until  a  size  of  5  ft.  9  ins.  is  reached,  where  it 
changes  to  0.0010.  At  the  7  ft.  3  in.  section 
the  slope  again  changes  to  0.0006  and  continues 
at  that  rate  to  the  outlet  where  the  size  of  the 
section   is  8   ft. 

The  Duck  Creek  Intercepter  is  below  the  bed 
of  the  creek  throughout  its  course  and  is  there- 
fore low  enough  to  receive  the  tributary  trunk 
sewers  without  difficulty.  The  outlet  is  well 
above  the  level  of  extreme  high  water  in  the 
river  and  consequently  the  intercepter  will  not 


be  affected  by  fluctuations  of  river  stage.  This 
sewer  ranges  in  diameter  from  2  to  4  ft.  and 
in  slope  from  0.0052  to  0.0012. 

When  built  the  Ohio  River  Intercepter  will 
be  substantially  parallel  to  the  Ohio  River  to 
intercept  the  present  and  future  trunk  sewers 
which  would  otherwise  discharge  directly  into 
the  river.  No  direct  comparison  of  the  sev- 
eral projects  for  the  Ohio  River  Intercepter 
is  possible,  since  none  of  the  projects  is  com- 
plete without  the  inclusion  of  the  correspond- 
ing scheme  for  sewage  treatment  and  a  defi- 
nite plan  for  sewage  treatment  will  not  be 
adopted  for  several  years  to  come. 

Unit  Prices. — In   all   estimates   of   cost,   ex- 
cept those  made  in  connection  with  the  studies 
of  sewage  treatment  plants,  the  following  unit 
prices  have  been  used  : 
Excavation       (including      refll!.      sheeting, 

pumping)   for  trench  with  bottom  width 

of  S  ft.  and  less,  per  cu.  yd $  1.25 

Excavation      (including      refill,       sheeting, 

pumping)   for  trench  with   bottom  width 

more  than  8  ft.,  per  cu.   yd I.OO 

Plain  concrete  masonry,  per  cu.  yd 10. OO 

Reinforced    concrete    masonry    in    sections 

from  5  ft.  3  ins.  to  S  ft.  3  ins.  diameter, 

inclusive,   per  cu.   yd 15.00 

Reinforced    concrete    masonry    in    sections 

greater  than  S  ft.  3  ins.  diameter,  per  cu. 

yd 14.00 

Duck    Creek    outfall    sewer,    45-in.    section 

in  tunnel,   complete,   per  lin.   ft 27  00 

Mill    Creek    outfall   sewer,    S-ft.    section   in 

tunnel,  complete,  per  lin.  ft 55.00 

Manholes,    per   lin.    ft 6.00 

During  the  design  of  these  sewers  Mr.  Vic- 
tor T.  Price  was  Director  of  Public  Service 
and  Mr.  Henry  M.  Waite  was  Chief  Engineer. 
Mr.  H.  S.  Morse  was  Engineer  in  charge  of  all 
sewerage  studies  and  Mr.  Harrison  P.  Eddy 
was  Consulting  Engineer.  Messrs.  George  W. 
Fuller  and  Allen  Hazen  collaborated  with  Mr. 
Eddy  in  reviewing  and  approving  the  matters 
considered  in  this  article. 


Cost    of    Operating    Motor    Trucks  in 

Road  Maintenance  With  Methods 

of  Upkeep. 

There  is  no  equipment  better  adapted  for 
the  maintenance  of  bituminous  surfaces  and 
bituminous  pavements,  or  for  making  roads, 
than  motor  trucks;  and  probably  none  is  more 
generally  in  use  for  this  purpose.  A  discus- 
sion by  A.  F.  Masury  in  Vol.  XL,  pp.  1526-32, 
in  the  Proceedings  of  the  .A.merican  Society 
of  Civil  Engineers,  gives  facts,  based  on  the 
actual  operation  and  maintenance  of  trucks, 
which  will  enable  the  engineer  and  contractor 
to  operate  them  to  the  best  advantage  in  road 
work. 

Arrangement  of  Space  for  Most  Economical 
Storage. — In  storing  motor  trucks,  it  has  been 
v/orked  out  in  practice  that  they  can  be  han- 
dled best  in  a  building  of  usual  size  by  ar- 
ranging them  in  two  rows  with  an  open  aisle 
between;  that  it,  the  trucks  are  backed  into 
place,  with  their  fronts  facing  the  aisle.  This 
permits  them  to  be  taken  out  without  any  de- 
lay, and  also  allows  them  to  be  run  into  the 
aisle,  where  washing  and  drainage  facilities 
should  be  provided. 

In  most  buildings,  posts  are  necessary,  and 
should  be  toward  the  front  of  the  trucks,  but 
far  enough  back  to  allow  the  trucks  to  turn 
out  into  the  aisle.  The  depth  from  the  wall 
to  the  post  should  be  at  least  16  ft.  6  ins. ; 
thus,  the  front  wheels  of  trucks  of  most  sizc^ 
will  project  beyond  the  posts  and  allow  an 
easy  and  quick  turning  into  the  aisle.  The 
aisle  should  be  about  27  ft.  wide  in  order  to 
provide  a  practical  turning  radius  for  getting 
cut  or  backing  in.  The  posts  should  be  about 
22  ft.  apart,  so  as  to  allow  the  storage  of 
three  large  trucks  between  them.  Where  a 
large  number  are  stored  the  proportioning  of 
small  to  large  trucks  allows  this  arrangement 
to  be  worked  out  with  the  economical  use  of 
all  space. 

The  size  of  the  doors  should  be  looked  into 
very  carefully,  as  trucks,  especially  of  the 
van   type,   are   now   very  large.     In   order   to 


take  those  of  the  largest  type,  such  as  vans 
and  those  used  for  crackers  and  paper  boxes, 
the  doors  should  have  a  clearance  of  at  least 
12  ft.  3  ins.,  and  should  be  double,  opening 
outward.  The  clearance  between  the  butts  of 
the  doors  should  be  at  least  10  ft.  9  ins.  This 
allows  sufficient  'space  for  the  fastenings  of 
the  doors,  without  interfering  with  the  trucks 
as  they  move  in  and  out.  There  should  be 
lights  on  the  butts  of  the  doors  on  each  side, 
quite  high  up. 

The  elevators  must  also  be  considered  care- 


Service. — There  must  be  adequate  facilities 
for  filling  the  tanks  with  gasoline,  and  oil, 
and  for  the  storage  of  the  large  quantities  of 
lubricants  used  in  the  operation  of  such 
trucks. 

To  comply  with  fire  prevention  regulations, 
the  gasoline  must  be  stored  underground,  and 
must  be  piped  to  at  least  two  outlets  on  each 
garage  floor.  There  are  two  practical  ways 
of  raising  it  to  each  floor;  by  hydraulic  power 
and  by  pressure.  Either  of  these  systems  can 
also   be   used    for   cylinder   oil   and   kerosene. 


TA3I.,E   I.— MOST   IMPORTANT  AVERAGE  DIMENSIONS    OF  TRUCKS. 


Capac- 

Type.  Tons. 

T.vpe    1 J  3 

Type    2 <  \ 

(  ^ 

Type  3    {  7 

I  10 

Power-dump     truck,     Type  (  5 

1    \  TA 


fully.  They  must  be  at  least  24  ft.  long  and 
11  ft.  wide,  in  order  to  take  the  modern  motor 
truck,  and  should  have  a  carrying  capacity 
of  at  least  7  tons,  in  order  to  accommodate 
the  trucks  when  light.  .^  heavier  elevator, 
to  take  care  of  loaded  trucks,  is  impractical, 
from  a  commercial  standpoint;  loaded  trucks, 
are  not  usually  garaged  in  such  build- 
ings, but  might  be  accommodated  on  the 
ground  floor.  The  elevator  should  have  four 
guiding  rails,  and  a  speed  of  about  60  ft. 
per  min. 
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There  should  be  at  least  one  outlet  for  kero- 
sene and  one  for  oil  on  each  floor.  Meters 
should  be  attached  to  all  outlets,  and  provision 
should  be  made  for  locking  them.  At  least 
one  portable  tank  should  be  provided  for 
each  floor,  as  trucks  must  be  filled  during 
the  hours  when  the  garage  is  most  crowded, 
and  when,  at  best,  only  two  can  be  filled  from 
each   outlet. 

Oil  and  kerosene  may  be  carried  to  the 
trucks  from  the  outlets  in  measures,  a-s  com- 
paratively  small  quantities  are   used. 
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TABLE  II.— FACTCRS  IX  THE  COST  OF  OPERATION  OF  MOTOR  TRUCKS. 


Capacity. 
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$260.70  $1,62G  ?2,197.7S  100.000 
147.00  S33  3,106.78  85,000 
75.00        426     3,531.78     65,000 


331.00  2,140 

202.00  1.270 

83.00  533 

461.00  2,660 

283.00  1,818 

136.00  789 

572.00  3,575 

303.00  ],9S:) 

154.00  1,018 


2,199.73  100,000  9.6 
2,698.73  85,000  5.7 
3,723.73     65,000     2.4 


0.1 
b.6 


2,361.44  95,000 
3,067.44  85,000 
4,026.44     05,000 


2,233.39  90,000  10.0 
3,012.39  80,000  5  3 
4,329.39     65.000     2.7 


$7S0  40  5120  $300  $120  $3C0  S40S.7 

1-  'on     $1,963     19        830     20  60  240     450     190     540     231.75 

U-;                  900  90  360     675     270     810     117.76 

,,,    .                                                                                 780  35  135     276     102     341     533.97 

l^-'on     2,225     IS       830     21  50  270     395     150     488     317.06 

(12)                  900  90  405     710     270     878     133.50 

„       .                                                                                  780  35  150     283       75     393     663.33 

2-  ton     • 2,918     17        8f0     22  50  300     415     150     563     40S.52 

(8)                  900  SO  450     GOO     225     900     246.96 

,       .                                                                                  780  30  ISO     292       75     404     S93.75 

3-  ton    3,575     15       830     23  50  360     487     150     678     473.68 

(6)                  900  80  540     781     225  1.081     241.31 

.       ,„                                                       ,  „,,     ,          780  30  240     360       75     450  1.016.50     650.00     4,066     2,761.31     90.000  10.0 

•*-     'on    4  066     14       830     24  50  480     600     150     750     538.94     344.00     2,140     3  666  31     80,000     5  3 

(3)                 900  70  720     840     225  1.025     364.95     195.00     1,210     4,566.31     65,000     3.0 

,       ,                                                        .-„.,.„       SOO  30  240     406       90     540  1,125.00     720.00     4,500     2,920.50     90,000  10  0 

^-     'on      4.op0     12       900     25  50  4S0     678     180     900     596.25     311.00     2.3S0     4,072.50     80  000     5  3 

(10)              1,000  70  720     948     262  1,260     337.50     216.00     1,350     5,124.50     65.000     3.0 

'"'^■'on      .MOO       9       800     26  25  255     395       94     750  1,525.50     976.00     5.400     3.367.40     85.000  11.3 

(2)                  900  40  510     630     150  1.200     837.00     535.00     2.348     4,463  40     75,000     6.2 

IC-     ton     5,500       7       SOO     28  25  270     468       94  1,2001,553.75     994.00 

(1)                  900  40  540     750     150  1,920     852.50      545.00 
Column  let-  Column  let- 
ter in  ter  in 
Table  II.                    ■  Tahle  II. 

A        Capacity.        .      ,     ^       .      ^       ^           ,.  ,  .  ,                                        P        Cost,    per  vear. 
B         Averag^e   cost   of  chassi.s,   based   on   list   prices   of   the   number   of 

manufacturers  indicated  by  the  figures  in  parentheses. 
D         JTiles  per  hour. 
F        Driver's   salary,   per  ye.ir. 

G        Cost  of  garaging,  per  month.  q 
H         Miles  per  day. 
I          Maintenance     (small    repairs, 

etc.)   per  year. 

J         Gasoline,    per   year.  Formulas.  R 
K        Oil  and  grease,   per  year. 

L,        Tires,  par  year.  S 

B 

M        Interest,    per   life.                           M=R— X5  per  cent.  T 

2 
X         Insurance,   per  life.  X  =  Rx  (S0%of  B)  x  2  per  cent. 

B  V 

O         Depreciation,    per  life.  O  = 


8.3  $18,241.74  $7.33  $0.03 
4.7     14,601.86  10.36     0.03 

2.4  !s,476.27  11.77     0.03 


$0,025  12,000 
0.025  18.000 
0.025     27.000 


21.117.41     7.33 

15.922.51     9.00 

8.948.95  12.43 

21.489.10     7.87 

17.177.66  10.22 
10,877.39  13.42 

22,333.90     7.44 

19.145.67  12.04 
11,716.35  14.43 


0.0325  0.0262  10,500 

0.0325  0.0263  15,000 

9.0325  0.0262  27,000 

0.0375  0.0274  10,500 

0.0375  0.0276  15.000 

0.0375  0.0275  24,000 

0.045  0.0324  9,000 

0.045  0.0324  15,000 

0.045  0.0324  24,000 


27,613.10  9.20  0.05 
19.431.44  12.22  0.05 
13,698.93  15.22     0.05 


29,205.00     9.74 


21,184.25  13.58 
15,373.50  l7. 


0.06 

0.06 

08     0.06 


5,500     3,943.50 
3,410     5,371.50 


85.000  11.3 
75.000     6.2 


38.051.62  It. 22 
27.673.08  14.88 

44.561.55  13.13 
33,303.30  17.90 

Formulas. 


0.10 
0.10 


0.16 
0.16 


0.04  9,000 
0.04  15,000 
0.04       21,000 

0.045  9.000 
0.045  15.000 
0.045     21.000 

0.0526  7.500 
0.0525  12.000 


0.0624 
0.0625 


7.500 
12.000 


F  =  F 


12  G 


I  +  J 


Miles  of  life  at  each  mile- 
age per  day  truck  Is 
assumed     to    run. 

Years  of  life. 

Cost,   per  life. 

Cost,    por    day. 

Cost   of  tires,    per  mile. 


10%  of  R 


V        Cost  of  gasoline,    per  mile. 
W    Miles   per   year. 


•M       X 

4-K  +  L-l 1 

R       R 


Q 
R  =  — 

W 
P  =  P  X  R 

P 


W 

J 

\'  =  — 

w 

«■  r=  H  X  300. 


(-f.) 


I 


Transmission  oil,  cup  grease,  wood  alcohol 
(for  use  in  the  radiators  in  cold  weather), 
and  other  material  and  accessories  may  be 
stored  in  a  room  on  the  floor  with  the  trucks. 

There    should    be    an    efficient     system     for 


TABLE  in.— TURNING   CIRCLES 
TRUCKS. 

Wheel 
base. 

Type.                        Capacity.  Ft.  Ins. 

no  G 

Type    1 1-     ton..  ■!  11  6 

[12  6 

no  6 

Type    I l'/4-ton..  I  11  6 

■)  12  6 

[13  6 

flO  6 

Type    1 2-     ton..  I  11  6 

1  12  6 

[13  6 

f  12  6 

Type   1 3-     ton..  ■)  13  6 

[14  6 

f  12  6 

Type  1 4-     ton..  •{  13  6 

(.14  5 

f  12  6 

Type   1 3-     ton. .  <  13  6 

[H  6 

f  12  K 

Type    1 7V4-lon..  I  13  6 

i  14  6 

[15  6 

f  11  0 

Type  2 3-     ton..  •(  M  6 

112  0 

Type  2 5-     ton..     11  6 

Tractor    3-     ton..     10  4 

Tractor    5-     ton..     10  8 

The  trailer  will  usually  cut  under 


OF  MOTOR 

Diameter 
of  turning 
circle.  In  ft. 
47 
53 
55 
47 
53 
55 
60 
47 
.^3 
55 
60 
.-.5 
59 
61 


55 
r,9 
61 
.•.7 
62 
68 
57 
62 
68 
71 
47 
49 
51 
53 
40 
II 


keeping   account   of   the   exact   quantities   of 
supplies  consumed  by  each  machine. 

A  dirty  truck  (and  trucks  collect  dirt  with 
astonishing  rapidity)  is  much  harder  to  keep 
in  good  order  than  a  clean  one,  as  dirt  not 
only  gets  between  moving  parts  and  into  bear- 


ings and  causes  wear,  but  it  prevents  the  dis- 
covery of  minor  troubles  until  they  have  be- 
come major  ones,  and  makes  repairs  a  diffi- 
cult and  distasteful  job  if  they  are  discov- 
ered.    Therefore,  trucks  should  be  washed  at 


they  have  little  time  for  them  during  the 
day's  run.  For  this  reason,  if  six  or  more 
trucks  are  being  operated,  it  will  be  well  to 
have  a  night  repair  man  on  duty,  with  one 
or  two  helpers.    .As  the  trucks  come  in,  each 


(1) 


Truck   capacity. 


TABLE   IV— TIRE   EQUIPMENT   FOR  TRUCKS. 

(2)  (3)  (4)         (5) 


A.xle    load. 


(Front  . 

1-ton     {Rear 

(  Rear  . . 

l>^-ton    r  Front 

[Rear    6, 

2-ton     f  Front     3, 

I  Rear     7 

f Front  ....  4, 


3-ton.    Type    1 ■(  Rear 

( Rear 
(Front 

3-lon.    Type   2 <  Rear 

ir 


[  Rear     9, 

(Front  ....   4, 

<  Rear     12, 

[Rear    12, 

(Front     6 

Typo   1    <  Rear     ir; 

(Rear     r 

(Front     : 

\  Rear     !.'■ 

(Rear     15 

(Front  ....<■' 

14-ton     '  nonr     "0 

I  Rear    :" 


.600 
i,200 
.200 
:.S00 

300 
.060 
,200 
,300 
,800 

SOO 
,9r,0 

MO 
,600 

9:.o 

,950 
950 
,300 


-ton. 


5- ton.  Type  2. 


425 

17' 


S'^te  of    tires. 


36-4 

36-5 

36-2H 

.16-4 

7l"-3 

3G-4 

;;6-3H 

36-5 

r.f.-4 

42-4 

36-5 

36-4 

42-4 

36-6 

36-5 

42.5 

36-5 

2-5 
::r,-fi 
36-5 
4:-5 
3G-S 
-d-K 
I J -6 


single 
single 
dual 
single 
dnnl 
single 
dual 
sincle 
dual 
dual 
single 
dual 
dual 
Rlni^lc 
dual 
dual 
sinalo 
dual 
dun! 
HinKle 
(luril 
dual 

Kingle 

dUTil 

di'al 


22.9 
36.0 
30.8 
29.4 
422 
36.2 
34.4 
42.8 
36.7 
28.6 
49.3 
42.2 


11 
10 
10 
7H 


(6) 


0 

•  0 

s 

ol 

J     X 

0 

> 

a« 

T.  a 

IC 

IS 

' 

2S.8 

•16.5 

7,000 

28.8 

19.4      1 

7.000 

29.2     , 

15 

•:o.s 

7,000 

28.6     , 

14 

23.9     1 

37.5 

H2V4 

7,000 

42.1 

33.0      1 

r 

33.3 

12K 

1,000 

28.5 

r 


7.000  < 
7.000 
7,000 ^ 
7,000 


(7) 


C  a 
$  54  IS 

70.15 

51.30 

54.13 

68.80 

54.15 

83.67 

70  45 

10S.35 

126.17 

70.45 

108.35 

126.17 

S7.!'7 

138. SO 

172.40 

70.45 

138.90 

178.40 

87.97 

138.90 

172.4J 

87.47 

175.97 

205.85 


night.  For  this  purpose  a  regular  force 
should  he  employed,  its  size  depending  on  the 
number  of  cars  to  be  washed.  Four  washers 
.-.nd  two  polishers  can  take  care  of  fifty  cars. 
Drivers  arc  not  always  to  be  depended  on 
to   make   repairs;    their   hours   are   long,   and 


driver  should  report  any  trouble  with  his 
niachinc.  The  repair  man  can  also  examine 
the  trucks  to  discover  loose  bolts,  and  can 
grease  them  up. 

Truck  Sizes. — Trucks   may  be   divided   into 
three   classes,   according   to   the   arrangement 
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of  the  motor  and  the  driver's  seat: 

Type  1. — This  is  the  usual  touring  car  type; 
the  motor  is  over  the  front  axle,  the  driver 
and  control  are  behind   the  motor. 

Type  2. — In  this  type  the  motor  is  over  the 
axle;  the  driver  and  control  are  directly  above 
the  motor. 

Type  3. — The  motor  is  over  the  front  axle; 
the  driver  and  control  are  on  one  side  of  the 
motor,  and  the  helper  is  on  the  other  side. 

Types  2  and  3  conserve  the  length  of  the 
chassis,  as  less  space  is  taken  for  the  driver 
and  control,  thus  allowing  a  longer  loading 
platform  in  proportion  to  the  wheel  base  than 
Type  1. 

The  most  important  average  dimensions  for 
each  size  of  truck  are  given  in  Table  1;  and 
the  diameters  of  turning  circles  are  given  in 
Table  111. 

Fncluis  in  Cost  of  Operation  of  Motor 
Trucks. — Table  II  shows  the  cost  of  opera- 
tion of  trucks  of  standard  capacities  run- 
ning at  different  mileages  per  day,  and  the 
factors  in  detail  of  each  item  of  upkeep. 
These  figures  are  taken  from  actual  costs  of 
operating  trucks,  and  are  nominal  in  every 
way.  Interest  is  reckoned  at  5  per  cent  on 
half  the  cost  of  the  truck;  insurance  at  2  per 
cent  on  80  per  cent  of  the  cost;  and  amortiza- 
tion at  10  per  cent. 

In  Table  II  the  cost  of  the  body  is  left  out 
intentionally,  as  it  usually  represents  the 
amount  of  discount  given  by  the  manufac- 
turer, and  it  needs  but  few  repairs. 

Tire  Data. — The  data  on  tire  equipment  in 
Table  IV  show  the  average  of  the  require- 
ments and  guaranties  of  the  different  tire 
manufacturers,  and  also  the  average  cost  of 
tires  to  the  consumer.  Column  2,  the  axle 
load,  gives  the  average  weight  on  the  front 
and  rear  axle  of  trucks  of  each  size.  Column 
3,  the  size  of  tire,  shows  the  sizes  usually 
recoinmended  by  tire  manufacturers  for  the 
respective  loads  carried  on  each  axle.  Col- 
L 

uiiin  4,  ,  means  the  load  on  the  axle,  in 

IFXC 
pounds,  divided  by  the  width  of  the  tire  (the 
width  being  taken  at  the  place  where  the  tire 
meets  the  ground)  ;  C  is  the  circumference 
of  the  wheel.  The  figures  in  this  column  are 
pounds. 

This  factor  takes  into  account  the  size  of 
the  wheel,  and  therefore  reconciles  the  fact 
that  a  larger  wheel  can  have  a  tire  of  a 
smaller  size,  and  is  a  better  factor  to  use  in 
comparing  tire  sizes  than  the  weight,  in 
pounds  per  square  inch,  of  tire  in  contact  with 
road. 

Column  5  shows  the  normal  speed  of  trucks 
of  each  capacity.  Column  6  shows  the  guar- 
anteed mileage  by  the  tire  manufacturers. 
Column  7  shows  the  average  price  at  which 
tires  can  be  bought  by  the  consumer. 


Costs  of  Roads  Constructed  Under  the 
Supervision  of  the  Michigan  High- 
way Commission. 

Contributed  -by    K.     1.    Sawyer,    L>anslns,    Mich. 

(Note. — Further  i-eference.s  to  gravel  and  ma- 
cadam road  corstructlon  In  Michigan  will  be 
found  In  the  Issues  of  Engineering  and  Con- 
tracting for  Dec.  28.  liUO;  .Ian.  4,  Feb.  21,  March 
S,  15,  1911;  March  13,  May  8,  22,  29,  1912.) 

During  the  earlier  history  of  Michigan,  when 
railroad  facilities  were  poor,  quite  a  few  so- 
called  "state  roads"  were  built  as  a  stimulus 
to  development.  These  were  largely  financed 
by  land  grants.  The  coming  of  the  railroad 
with  its  cheaper  methods  of  intercommunity 
intercourse  did  away  with  the  road  as  an  inter- 
community necessity  and  the  road  became  a 
purely  community  utility.  .-Xs  the  country  de- 
veloped, better  routes  between  communities  be- 
came essential  and  21  years  ago  a  system  of 
road  procedure  was  provided  for  by  which  the 
intercommunity  needs  could  be  handled  by 
county  officials  with  the  county  as  a  unit,  and 
the  community  interests  were  vested  in  the 
township  authorities.  .Still  further  develop- 
ment made  better  roads  and  better  construc- 
tion methods  necessary,  and  in  100.')  the  Michi- 
gan legislature  enacted  a  statute  creating  a 
State     Highway.   Department     and     providing 


TABLE   I.— REWARDS    PAID   PER    MILE   FOR   DIFFERENT      CLASSES      AND      WIDTHS      OF 

ROAD    (WIDTH    APPLIES    TO    SURFACING). 

Required    depth    of 
9  ft.     10  ft.    11  ft.    12  ft.    13  ft.    14  ft.    15  ft.  16  ft.  metal. 

•Class    A 250        275        300        325        350        375        400        425     5  ins  to  8  ins. 

Oravel     500        650        600        650        700        750        800        850     S   ins. 

tClass    C 750        825        900        975     1,050     1,125     1,200     1,275     7    ins. 

tClass    U 750        825        900        975     1,050     1,125     1,200     1,275     7    ins. 

Macadam     1,000     1,100     1,200     1,300     1,400     1,500     1,600     1,700     6    ins. 

Concrete     1,000     1,100     1,200     1,300     1,400     1,500     1,600     1,700  1  Specifications  to  be  ap- 

Brick     1.000     1,100     1,200     1,300     1,400     1,500     1,600     1,700  |- proved    by    State    High- 

J  way  (Commissioner, 
•oeveral   types   (i.   e.,  sand,   clay,   etc.)   for  light  traffic. 
tGravel  top  course,  stone  or  slag  bottom  course. 
tSlag    or    stone    top    course,    slag   or    gravel    Iiottom  course. 

TABLE   II.— ROADS  LUILT    UNDER  STATE    SUPERVISION    190.J-1914. 
Width  for 

Kind.  which  rewarded.  Miles.  State  reward.  Total  cost. 

Class     A 'J  ft.  52.131  %      13,033.00  $      88,643.27 

Gravel     9  ft,  1,474.527  737,264.00  3,215,777.51 

Macadam    3  ft.  574.521  524,521.00  2,559,495.93 

Concrete     9-16  ft.  64.886  97,558.00  947,573.13 

All  oth»r    types 189.256  300,032.00  1,010,280.09 

Totals     2,355.321  $1,672,408.00  $7,821,769.93 


I 


mr-ans  for  rewarding  the  construction  of  good 
roads.  This  law  recognized  the  principles  men- 
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0       05       1.0       1.5       SO      S5      30      35      40      US     50 
A  veraqe  haul  of  surfacing  material  in  miles 

Fig.   1.  Curve  Show/ing  the   Effect  of  Length 
of   Haul   on   Cost   of  Surfacing   in    Michi- 
gan. 

tioned  and  considered  the  road,  as  it  then  was, 
a  community  utility. 


Method  of  Rcivarding. — It  provided  a  flat 
rate  reward,  or  contribution  toward  the  cost 
after  the  road  was  completed,  for  the  first 
five  listed  kinds  of  road  shown  in  Table  I, 
in  amount  equal  to  that  shown  for  the  9-ft. 
width.  These  rewards  were  payable  either 
to  townships  or  counties  for  each  mile  of  road 
constructed  in  accordance  with  the  require- 
ments of  a  minimum  specification.  The  func- 
tion of  the  Highway  Department  was  primarily 
the  educating  of  road  officials  in  construction 
methods,  the  supervising  of  the  rewarded  roads 
and  the  collection  and  transmittal  of  data  and 
information  relative  to  roads. 

Very  soon  after  this  development  the  con- 
stantly increasing  number  of  autorhobiles  and 
trucks  with  their  greater  radius  of  economic 
highway  transportation  placed  a  new  aspect  on 
the  road  as  a  transportation  factor. 

Trunk  Lines. — While  there  is  little  doubt  that 
in  practically  all  cases  the  chief  benefit  of  any 
road  is  to  the  community  through  which  it 
l)asses,  't  is  now  also  apparent  that  certain 
roads  are  of  considerable  general  benefit  as 
through  routes  for  traffic.  The  legislature  of 
the  state  took  cognizance  of  these  facts  and 
a  year  ago  named  certain  through  or  trunk 
roads  as  comprising  a  state  trunk  line  system, 
specifying  that  for  each  mile  of  trunk  road 
built  a  double  reward  should  be  paid. 

It  further  provided  that  the  plans  and  speci- 
fications for  roads  on  these  routes  be  made 
by  the  State  Highway  Department,  thereby  in- 
suring uniformity  of  construction.  It  also 
provided   that   the   state   build   the  bridges  on 


TABLE    III  - 

-DISTRIBUTION    OF   COST   OF   GRAVEL    ROADS 

ACCORDING    TO    LENGTH    OF 

HAUL    (WIDTH 

9    FEET). 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 
Yards 

Length. 

Cost. 

Cost. 

of  gravel 

Average 

Miles 

Ditches 

Cost. 

Cost. 

Bridges 

used  (loose 

Total 

haul. 

of  road. 

and  grade. 

Surfacing 

Gravel,    and  culverts. 

measure). 

cost. 

fi.L'50  miles. 

1.77 

%  1,613.21 

$     1,635.21 

$      296.00 

$    599.60 

2,370 

$     4,144.92 

n.5ii0  miles. 

3.36 

990.00 

3,302.35 

499.27 

267.00 

5,050 

5,058.62 

0.7.",0  miles. 

5.79 

2,044.02 

5,817.14 

1,033.25 

972.00 

9,758 

9,866.41 

1.000  miles. 

5.25 

3,485.00 

7.340.22 

4,648.33 

503.00 

8,865 

15,976.55 

1.250  miles. 

3.00 

1,161.36 

3,567.11 

498.00 

275.05 

5,020 

5,501.52 

1.500  nillfs. 

5.17 

1,896.00 

7,492.26 

807.45 

294.80 

8,125 

10.490.51 

1.750  miles. 

4.39 

2,177.08 

8,465.73 

680.60 

134.50 

7,5.39 

11,457.97 

2.000  mil-^s. 

5.59 

2,656.07 

9,070.53 

•)19.85 

764. S8 

9,269 

13,411.33 

2.500  miles. 

5.98 

3,246.32 

10,054.71 

1,033.85 

2Co.56 

10,580 

14,601.44 

3.000  miles. 

11.54 

4,093.22 

21,449.93 

2,606.30 

616.49 

17,895 

28,765.94 

3.500  miles. 

4.75 

2,199.18 

10,601.53 

973.50 

88  50 

8,231 

13,862.71 

4.000  miles. 

4.97 

1,861.25 

11.191.95 

1,481.00 

8,411 

14,534.20 

4.500  miles. 

2.08 

1,005.81- 

3,754.49 

651.38 

31.33 

3.418 

5.443.01 

5.000  miles. 

4.78 
68.42 

2,050.90 

10,644.19 

795.52 
$16,924.30 

111.50 

8,342 
112.873 

13,602.11 

$30,479.42 

$114,387.35 

$4,925.27 

$166,716.34 

Average   per 

mile. . . 

$455.46 

$247.34 

1.649 

$2,436.,58 

TABLE   IV.- 

-DISTRIBUTION   OF   CO.ST   OF  MACADAM      ROADS     ACCORDING     TO 

LENGTH 

OF 

HAUL   CmDTH 

9   FEET). 

(1) 

(2) 

(3) 

(41 

(5) 

(6) 

Length. 

Cost. 

Cost. 

Yards 

Average 

Miles 

Ditches 

Cost. 

Cost. 

Bridges  and          of 

Total 

haul. 

of  road. 

and  grade. 

Surfacing. 

Stone. 

culverts. 

stone  used. 

cost. 

0.2.-i0  miles. 

3.04 

$  1,439.71 

$  3,372.30 

$     6,072.49 

$    47.3.09 

4,955 

$  11,357.89 

0.500  miles. 

2.55 

968.62 

2,539.00 

4.063.25 

43.90 

3,524 

7,614.77 

0.750  miles. 

4.32 

1,735.40 

5,671.33 

6,719.74 

143.60 

7,023 

14,270.07 

1.000  miles. 

3.73 

1,237.00 

3,659.60 

7,318.21 

136.47 

5.647 

12,351.28 

1.250  miles. 

4.12 

2,263.01 

4,932.82 

9,462.71 

434.20 

7,283 

17,092.74 

1.500  miles. 

4.06 

1,665.03 

5,526.10 

10,115.93 

240.34 

8,127 

17,547.40 

1.750  miles. 

5,41 

3,158.55 

8,138.70 

13,196.16 

623.35 

9.212 

25,116.76 

2.000  miles. 

4.48 

2,075.60 

8,017.33 

12,924.72 

282,42 

7,790 

23,300.07 

2.500  miles. 

4.72 

2,115.39 

8.410.08 

12.310.87 

45.00 

7.955 

22,881.34 

3.000  miles. 

3.58 

1,84L52 

6,211.33 

7.194.03 

350  75 

5,670 

15.597.63 

3.500  miles. 

3.58 

805.86 

5.552.00 

6.018.64 

32.58 

4,180 

12,409.08 

4.000  miles. 

4  23 

1.842je2 

9,736.10 

12.39S.77 

138.43 

8,103 

24,115.93 

4.500  miles. 

2.50 

842.49. 

8,087.69 

5,908.00 

640.92 

3,985 

15,479.10 

5.000  miles. 

2.04 
52.33 

817.27 

5,020.03 
$84,808.07 

4,817.70 

172.34 

3.032 

10.827.34 

$22,808.07 

$118,521.22 

$3,757.39 

86,486 

$229,961.39 

Average    per 

mile... 

$435.85 

$2,264.88 

1,653 

$4,394,44 

June   17,   1914. 
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these   through   or   trunk   routes    and   provided 
for  the  organization  of  a  bridge  department. 

Froz'ision  for  Maintenance. — One  further 
provision  is  worthy  of  note  in  that  it  offsets 
one  of  the  chief  drawbacks  of  reward  meth- 
ods  of   road   construction,    that   is   the   provi- 

TABLE  V.  —  SU.MM.\RY  OV    COSTS  OF  ti- 
iULES  OF  GRAVEL  ROAD. 

Average 
Average  per  sq.  yd. 
per  mile.       surfaced. 

Yards  gravel    ti,619  t0.312 

Grade    shaping   and    drain- 
age     S    ■155.4(j  $0.0S6 

•Gravel     247.34  0.04« 

Culverts,  etc 71.93  0.013 

Surfacing    (avei'age    of    to- 
tals)         1.601.85  0.31G 


primarily  as  showing  the  popular  choice  of 
i.vpes  and  the  extent  of  construction.  Since 
Julv  1,  1913,  about  tiUO  miles  have  been  com- 
pleted. 

The  roads   used  in  compiling  Table   III   lie 
in    12   of   the   agricultural  counties  of   central 

TABLE  VII.— SUMMARY  OF  COSTS  OF  52 
MILES    OF    MACADAM    ROAD. 

Average 
Average  per  sq.  yd. 
per  mile.       surfaced. 

Stone    tl,b03  tO.iilS 

Grading    and    shaping    and 

drainmg    $    435.8.")  $0.0S2 

Crushed  stone   2,i'64.8S  0.523 

Culverts    71.80  0.013 

•Surfacing   (average  of  to- 
tals)        1,021.91  0.307 


Totals    $2,436.58  S0.46 

Total   length   (miles)    68.42 

Total   s(|.    yds.   surfaced 361,25s 

Total    cu.    yds.    sravel    used 112.873 

"tCu.  yds.     'Includes  loading  and  hauling. 

sion  of  an  annual  repair  reward  for  keeping 
rewarded  roads  in  repair,  with  the  option  by 
a  community  of  receiving  no  further  benefits 
from  the  state  if  the  rewarded  roads  are  not 
kept  in  repair. 

Upon  the  completion  of  each  piece  of  road 
the   department  has   required  a  cost  report  of 

Cronnrperfoot-i^y    - 
Siopeiitol,_^  *■  5-6' 


.$4,334.44 


$0,925 


Totals     

Total   length    (miles) 52 

Total  sq.   yds.   surfaced 276,302 

Total  cu.  yds.  stone  used 86,488 

tCu.  yds.     •Includes  loading  and  hauling. 

and  southern  Michig:in.  Tliey  are  representa- 
tive of  average  conditions  and  built  liy  meth- 
ods possible  in  any  agricultural  community : 
i.  e..  horse  hauling,  farm  labor,  etc.  Tlie  roads 
have  an  8-in.  depth  of  gravel  9  ft.  in  width, 
laid  in  a  trench,  and  a  traveled  way  of  20  ft. 
The  gravel   passes   the   minimum   specification 


Cross  Scenes:  r--w 
Light  Sandy  Soils 


Slope  la  tol 

w//////M////M;m. 


Slopelpfol-  y^^^ij 

CroiA/nrperfoot. 

zy.Q- ,-■■:; ^  ^ 

g-0*  i-^.-sie'— »i         \i?1'0l 


Cross  Section  for 
Cut 


Crown  l'perfoot-T^:\l\'^'^-"'^... 
Slope  li  tol-. 


■  20-0'- 
9'0-- 


.,_»...  5:6-...  ^-, 


•  Slope  I?  tol 


£&C 


Fig.   2.     Cross    Sections    Used    for   State    Reward    Roads   in    Michigan. 


the  job  before  paying  the  reward.  From  these 
reports  the  figures  herein  given  have  been  de- 
rived. 

There  is  a  great  diversity  in  construction 
methods  and  plant  used  in  their  work,  and 
with  a  wide  range  in  conditions  from  suburban 
streets  to  roads  through  uncut  forest  and  in 


of  containing  60  per  cent  by  weight  of  stone 
retained  on  a  %-in.  mesh  screen  and  passing 
a   1'4-in.   ring. 

The  cost  of  grading  includes  the  prepara- 
tion of  the  subgrade  and  providing  drainage. 
In  column  4  the  cost  of  the  gravel  used  citiier 
in  the  pit  or  on  cars,  including  freight.     In 


TABLE  VI.— COSTS  PER  SQ.  YD..  ARRANGED        TABLIC   VIIT.  —  COSTS    PICR    SQ.    YD.    AVER- 


BY  LENGTH  OP  HAUL  OF  GRAVEL. 


1 


Av.    haul. 
^k    mile... 

mile... 

miles. . 

miles. . 

miles. . 

miles. . 


Per  SCI.    yd. 
complete. 
(Surfacing 

Per  sq.   yd. 

surfacing. 

plus   $0,145.) 

\\ 

$0,186 

$0,331 

',<. 

0.261 

n.4nr, 

I 

0.305 

n.450 

2 

0.353 

0.49s 

:; 

0.428 

0..-173 

1 

0.422 

0.567 

ACEl'  BY  LENGTH  OF  HAUI.,  OF  STONE. 


.  haul, 
mile. . . 
mile. . . 
mileH. . 
miles. . 
miles., 
miles.  . 


per   8(1.    yd. 
romplelo. 
(Sm-fnclnft 

Pel-  sq.    yd. 

.surfnclnir. 

plus    $0,618.) 

$0,189 

JO.  807 

0.1S7 

0.805 

0.349 

0.967 

0.32S 

n.946 

"■ '"; 

1.n.-,3 

1  I'M 

the  Porcupine  Mountains,  it  is  readily  seen 
that  state  averages  would  mean  but  little  in  a 
cost  discussion.  For  this  reason,  59  jobs  ag- 
gregating 68.42  miles  of  9-ft.  gravel  roads, 
three  or  more  of  which  have  the  same  average 
haul,  are  added  together  under  each  classifi- 
cation of  average  haul  in  Table  111. 
The  totals  as  shown  in  Table  11  arc  of  value 


column  "i  the  cost  u\  drainage  structures.  In 
column  (I  the  number  of  cubic  yards  of  gravel 
used  and  in  column  3  the  cost  of  doing  all 
surfacing  work,  including  loading,  hauling, 
spreading,  rolling  and  superintending. 

,\  like  classification.  Table  IV.  is  shown  for 
macadam  road  having  fi-in.  stone.  9  ft.  in 
width  on  a  20-ft.  roadwav.     For  this  table  53 


jobs  were  used,  aggregating  o2.33  miles  of 
road  located  in  six  counties  in  the  same  dis- 
trict as  the  gravel  roads  in  Table  III. 

Haul. — All  costs  which  are  affected  by  the 
haul  are  included  in  column  3  of  each  table. 
To  better  comprehend  tlie  affect  of  haul  the 
graphical  analysis  shown  in  Fig.  1  was  made 
plotting  the  costs  per  mile  from  column  3  as 
ordinates  and  the  average  haul  in  miles  as 
abscissae.  It  is  readily  seen  that  the  derived 
curves  are  generally  parallel  and  that  there 
is  considerable  uniformity  in  the  location  of 
the  joints  for  gravel  and  considerable  varia- 
tion in  the  macadam,  which  leads  to  the  sup- 
positon  that  gravel  costs  can  be  predetermined 
with  greater  accuracy,  and  that  the  macadam 
costs  have  other  leading  considerations  be- 
sides the  length  of  haul,  which  is,  of  course, 
true. 

One  point  worthy  of  note  is  that  the  differ- 
ences do  not  equal  the  cost  of  rolling  and 
sprinkling  of  macadam,  which  costs  for  mac- 
adam averaged  $292  per  mile  on  the  jobs  con- 
sidered. This  discrepancy  probably  arises  from 
the  fact  that  the  gravel  for  most'  part  was  in 
the  pit  and  required  some  work  before  loading, 
whereas  the  cost  of  the  stone  includes  all  work 
up  to  the  time  of  loading. 

Sxirjacxng  Material  Used. — Column  6  offers 
an  interesting  figure  in  both  Tables  III  and  IV. 
It  shows  that  on  these  jobs  1,649  cubic  yards 
of  gravel  measured  in  the  wagon  were  used 
per  mile  on  a  road  built  under  specifications 
calling  for  1,174  cu.  yds.  of  packed  gravel  and 
that  1,653  cu.  yds.  of  stone  (2Vi-in.,  l'/4-in. 
and  binder),  measured  separately  in  wagons, 
were  used  for  each  mile  of  road  built,  the 
specifications  requiring  880  cu.  yds.  of  com- 
pacted stpne.  Both  of  these  amounts  are  10 
per  cent  in  excess  of  what  it  has  been  custom- 
ary to  consider  as  the  requisite  amount  of 
material. 

Tables  V  and  VI  give  some  of  the  unit  costs 
for  gravel  roads  and  Tables  Vfl  and  VIII 
give  unit  cosls  for  macadam  roads. 

Methods  and   Cost  of  Constructing  a 

Bituminous  Gravel  Concrete 

Surface. 

rile  use  of  gravel  aggregate  in  the  con- 
struction of  a  bituminous  concrete  surface  in 
Xew  York  state  is  discussed  by  S.  J.  Stewart 
in  the  Proceedings  of  the  American  Society  of 
Civil  Engineers.    Vol.  XL,  p.  1088. 

The  writer  designed  a  pavement  consisting 
of  a  mixture  of  asphalt  and  gravel  in  the 
proportion  of  1  cu.  yd.  of  loose  gravel  to  an 
average  of  20  gals,  of  asphalt,  the  gravel 
containing  not  less  than  10  per  cent  of  clay. 
The  gravel  was  l)ank  run,  the  largest  par- 
ticles of  which  were  2  ins.  in  the  longest 
diniension.  containing  sufficient  fines  to  fill  the 
voids  partly.  The  bitumen  was  a  fluxed  nat- 
ural asphalt  with  a  penetration  between  10 
and  13  mm.  when  tested  for  5  seconds  at  77' 
F.,  on  a  No.  2  needle  weighing   10  grammes. 

The  gravel  was  heated  in  a  mechanical  re- 
volving dryer  with  a  temperature  of  more 
than  225°  F..  alter  which  the  asphalt,  heated 
to  not  less  than  275°  F.,  was  added  :  then  the 
mixture  was  jdaced  in  a  revolving  mixer  until 
thoroughly  and  completely  coated  with  bitu- 
men. The  mixture,  at  not  less  than  225°  F., 
was  spread  on  the  prepared  bottom  course 
with  shovels  from  dumping  boards  and  raked 
to  a  tmiform  surface  with  hot  rakes,  after 
which  it  was  rolled  with  a  sclf-propcllcil  roller 
weiRlnng  at  least  10  tons,  until  it  was  thor- 
oughly cunsolidateil. 

On  Mime  si'ctinns  of  this  pavement  there 
was  placed  '^  in.  of  gravel  screenings  con- 
taining not  less  than  10  per  cent  of  clay  which 
was  saturated  with  water  and  rolled  thorough 
ly  and  continuously  until  a  cl.iy  mortar  had 
been  obtained.  This  process  filled  all  the  sur- 
face interstices  with  a  gritty  and  adhesive  sub- 
stance which  made  the  road  practically  "non- 
skiil."  In  a  short  time  the  traffic  drove  away 
all  surplus  screenings,  leaving  a  mosaic  sur- 
face. 

.\  different  method  of  treatment  was  ap- 
plied to  this  form  of  pavement  in  the  mort 
thickly  settled  communities.  .After  the  mix- 
ture had   been   rolled,  it  was  covered   with   a 
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coat  of  hot  oil  as  a  seal  coat,  this  seal  coat 
being  applied  in  November.  In  the  following 
spring,  under  the  action  of  the  sun,  the  road 
bled  to  some  extent,  and  became  so  sticky  in 
a  few  places  that  the  oil  adhered  to  wagon 
wheels,  which  pulled  up  some  of  the  top 
course.  This  condition  could  have  been  avoid- 
ed if  the  authorities  in  charge  had  covered  the 
pavement  with  sand  or  gravel  screenings  as 
soon  as  it  became  apparent  that  the  hot  oil 
had  a  tendency  to  bleed.  No  material  harni 
was  done,  however,  as  the  continuous  traffic 
carried  sufficient  sand  and  dirt  on  the  pave- 
ment so  that  in  a  short  time  the  stickiness  of 
the  oil   nad   disappeared. 

Such  treatment  obviates  the  general  com- 
plaint against  the  so-called  stone-mixing 
method  pavement  where  a  greater  quantity  of 
asphalt  is  used  and  where  the  seal  coat  is  of 
the  same  consistency  as  the  asphalt  binder 
in  the  top  course  proper.  These  objections 
arise  from  the  hardness  and  slipperiness  of 
the  surface,  which,  during  the  greater  por- 
tion of  the  year,  make  it  undesirable  for  horse 
traffic  because  of  the  former  characteristic  and 
to  motor  traffic  on  account  of  the  latter. 

It  is  suggested  that,  where  the  hot  oil  is 
omitted  at  the  time  of  the  original  construc- 
tion, the  mosaic  surface  be  covered  with  a 
hot  oil  treatment  of  Vz  gal.  per  square  yard 
during  the  following  year.  With  the  hot  oil 
as  a  squeegee  course,  in  place  of  the  seal  coat 
of  the  same  consistency  of  the  bitumen,  the 
pavement  proper  gives  a  less  hard  and  slip- 
pery surface,  which  is  desirable  on  country 
highways. 

The  writer's  e.xperience  has  convinced  him 
that  large  plant,  costing  from  $5,000  to  $8,000, 
is  not  necessary  in  order  to  construct  this 
pavement  successfully,  and  that  equally  good 
results  can  be  obtained  from  the  use  of  small 
mixers  costing  from  $1,500  to  $2,000. 

This  pavement  without  the  oil  treatment 
cost  about  $0.85  per  square  yard,  and  with  an 
oil  seal  coat  about  $0.90  per  square  yard  for 
a  pavement  2%  ins.  in  depth.  This  cost  com- 
pares favorably  with  similar  figures  for  mix- 
ing-method pavements  in  other  parts  of  New 
York  state. 

The  writer  quotes  from  a  statement  attrih- 
tited  to  a  superintendent  of  highways,  of 
New  York  state,  relative  to  costs  of  similar 
paveniems  of  graded  stone  material,  as  fol- 
lows: ^    ^ 

Cost  per 

Item.  "^^y^k 

\yz  m.,  Califcrnia  asphalt Sl.'-u 

2       in.,  TopeKa   1-^f' 

2       In.,  Warrenite  \-"\ 

2       In.,   bitullthic   I'jO 

The  gravel  used  in  this  pavement  cost  ap- 
proximately $2.35  per  cubic  yard  f.  o.  b.  des- 
tination, hilt  where  material  can  be  obtained 
near  the  site  of  the  works  the  cost  of  $0.86 
per  square  yard  can  be  materially  reduced. 

From  observations  of  mixing-method  pave- 
ments laid  in  New  York  Citv  and  vicinity, 
with  craded  stone  as  a  mineral  aggregate,  it 
is  ven^turcd  that  the  percentage  of  disintegra- 
tion is  as  great,  if  not  greater,  than  in  the 
bituminous  gravel  pavement  laid  during  the 
same  period  of  time.  In  fact,  after  1  year's 
wear,  out  of  a  total  of  112,000  sq.  yds.,  or  0.04 
of  1  per  cent  less  than  45  sq.  yds.  of  this 
gravel  mixing-method  pavement  had  disin- 
tegrated. 

The  road  which  received  the  treatment  of 
hot  oil  in  a  squeegee  course  was  dug  up  in 
many  places  during  the  year  following  its 
completion  for  investigating  purposes,  and, 
where  removed,  the  material  thrown  back  re- 
tained its  vitality  to  such  an  extent  that  the 
top  course  healed  itself  so  that  a  casual  ob- 
server could  not  discover  where  the  pavement 
had  been  disturbed. 


Cost  of  Road  Maintenance  in  Mary- 
land. 
Maryland  has  had  a  system  of  state  road 
maintenance  for  several  years,  the  work  being 
divided  into  two  classes :  General  maintenance 
by  the  patrol  system,  and  oiling  macadam 
roads.  The  cost  of  this  work  as  given  in 
the  last  report  of  H.  G.  Shirley,  chief  en- 
gineer of  the  Maryland  Highway  Commission. 


shows  that  the  upkeep  on  comparatively  new 
macadam  roads  is  a  considerable  item  of  ex- 
pense. It  is  possible,  however,  that  the  total 
cost  of  oiling  should  not  be  charged  to 
maintenance  since  the  quality  of  the  road  is 
materially  bettered  thereby.  A  portion  of  this 
expense  should  be  charged  to  the  cost  of  con- 
struction, or  properly  to  betterment  of  sur- 
face. 

Under  present  traffic  conditions  the  main- 
ten.mce  of  modern  roads  is  not  less  import- 
ant than  their  construction,  especially  or  the 
latter  can  be  deferred  and  the  former  cannot. 
This  fact  has  been  consistently  recognized 
by  the  commission,  which  has  been  alert  in 
keeping  the  roads  up  to  the  highest  standard, 
so  that  they  compare  today  very  favorably 
with  those  of  other  states.  With  the  com- 
pletion of  the  system  in  sight  (725  miles  of 
the  1,285-mile  system  have  been  completed), 
much  care  and  study  is  being  given  to  per- 
fecting an,  organization  capable  of  taking 
care  of  it  in  the  future,  properly  and  at  a 
minimum  cost.  Maintenance  may  be  roughly 
divided  into;  oiling,  and  patrol  service,  which 
subjects   will   be   considered   separately. 

Oiling  Roads. — A  macadam  road  cannot  be 
said  to  be  finished  until  it  is  oiled,  nor  can 
it  be  preserved  without  oiling.  It  really  should 
be  oiled  before  being  accepted  by  the  state, 
but  it  seldom  happens  that  the  contractor  is 
equipped  to  do  this  kind  of  work.  In  theory, 
macadam  roads  should  be  completed  in  the 
spring  or  early  summer,  so  as  to  be  oiled  as 
soon  as  the  weather  is  warm  enough  to  se- 
cure proper  penetration  of  the  oil.  In  prac- 
tice, they  are  generally  completed  in  the  late 
fall  or  winter,  when  it  is  too  cold  to  properly 
apply  the  oil,  which  does  not  penetrate,  but  in- 
jures the  road  by  picking  up  the  surface.  The 
public  then  insists  upon  the  road  being  opened 
to  traffic  without  this  protection  until  the  next 
summer,  by  which  time  it  has  frequently 
picked  up  and  commenced  to  go  to  pieces. 
It  then  has  to  be  rolled  down  and  put  in 
shape,  at  additional  expense,  before  it  can  be 
oiled.  This  objection  does  not  apply  to  con- 
crete roads,  and  it  will  be  obviated  when  con- 
struction is  over. 

In  1910,  38  miles  were  oiled,  140,000  gallons 
of  oil  used,  and  covered  almost  entirely  with 
local  sand  and  gravel  at  small  cost.  In  1911, 
100  miles  were  oiled,  400,000  gals,  of  oil  used, 
all  being  covered  with  local  sand  and  gravel, 
except  about  20  miles.  In  1912,  182  miles 
were  oiled,  625,000  gals,  of  oil  used,  and  cov- 
ered with  2.500  tons  of  purchased  trap  rock  or 
limestone  chips.  This  work  had  to  be 
started  late  in  the  season,  and  the  only  equip- 
ment available  consisted  of  several  horse- 
dra-vvn  distributing  wagons.  While  local  sand 
or  gravel  could  generally  be  had  for  covering 
at  slight  expense,  it  was  found  that  they  were 
generally  of  poor  quality,  and  that  much 
lietter  results  were  secured  by  importing  stone 
chips,  although  this  added  materially  to  the 
cost  of  the  oiling. 

In  1913,  325  miles  were  oiled,  950,000  gals, 
of  oil  used,  and  covered  with  12,000  tons  of 
purchased  stone  chips.  The  results  this  year 
were  much  more  satisfactory,  especially  on 
the  eastern  shore  and  in  central  Maryland. 
This  was  brought  about  by  letting  contracts 
for  the  oiling  in  16  counties  to  two  large  con- 
cerns in  the  business,  and  by  purchasing  an 
oiling  motor  truck  for  such  work  as  could 
not  be  given  out  by  contract.  This  made  seven 
large  pressure  motor  trucks  operating  in  the 
state  at  one  time.  The  purchased  truck  was 
made  convertible,  with  two  beds,  one  for  oil- 
ing and  the  other  for  hauling  stone,  chips, 
eravel,  etc.,  when  not  needed  for  oiling. 
Bought  chips  or  washed  gravel  were  used  al- 
most exclusively  for  covering,  except  in  a 
few  cases,  where  a  satisfactory  local  gravel 
could    be    found. 

In  connection  with  this  class  of  work  a  dis- 
cussion of  road  maintenance  by  W.  H.  Ful- 
weiler,  in  the  Proceedings  of  the  American 
Society  of  Civil  Engineers,  pp.  470-1,  is  of  in- 
terest. 

A  contract  involving  34  sections  of  road  on 
the  eastern  shore  of  Maryland  amounting  tc 
118  miles  (976,071  sq.  yds.)  of  road  was  made. 
Under    the   terms   of    this   contract    the    state 


furnished  and  applied  the  necessary  stone  cov- 
ering and  the  contractor  agreed  to  sweep  un- 
treated surfaces  and  surfaces  already  treated 
with  bituminous  materials  at  a  unit  price 
per  square  yard  and  to  accept  a  unit  price  per 
gallon  for  bituminous  material  applied.  Work 
was  to  be  completed  by  July  31  under  a  penalty 
clause  of  $25  per  day  tor  exceeding  this  time 
limit  and  a  further  penalty  of  the  same  amount 
for  each  day's  delay  in  operation  caused  by 
breakdown  or  failure  of  material  to  arrive. 
The  state,  in  turn,  was  to  pay  the  contractor 
$25  per  day's  delay  in  application  of  bitumen 
caused   by   the   state's   forces   not  covering  it. 

TABLE    I.— SUMMARY     OF     MOTOR    OILING 
OPERATION    FOR    1912    AND    1913. 

1912.  1913. 

Sundays    and    holidays 21  20 

Repairs   and   delays    22  6 

Rain     5  9 

Transit 34  18 

Applying    material    57  72 

Total    elapsed    days    13S  125 

Percentage   of   days   worl^ed        66%  72% 
Percentage  of  days  material 

applied    41.5%  57.5% 

Average   No.   of   gallons   ap- 

applied     per    day 2,860  4,760 

Average  No.  of  square  yards 

treated    per    day 8,230  13,530 

The   time   is  given   in   trucli-days. 

Stone  was  purchased  by  the  state  and  de- 
livered in  piles  along  the  side  of  the  road  in 
the  early  spring  when  the  price  of  teams  was 
low.  There  were  applied  342,785  gals,  of  ma- 
terial at  a  rate  of  V5  to  Yz  gal.  per  square  yard, 
averaging  0.366  gals,  per  square  yard.  This 
was  covered  with  stone  chips  averaging  12  lbs. 
per   square  yard. 

Two  motor  trucks  commenced  work  May 
28.  One  truck  finished  half  the  work  on  July 
18  and  the  other  the  remainder  on  July  30. 
The  state  maintained  a  gang  of  12  rnen  ap- 
plying stone  chips  under  an  inspector  with  each 
truck,  the  contractor  sweeping  the  roads  and 
furnishing  and   applying  the  binder. 

Practically  this  same  form  of  contract  was 
in  force  during  1912.  but  during  that  year  the 
work  was  not  laid  out  according  to  schedule, 
and  the  trucks  frequently  had  to  make  long 
jumps  between  the  dififerent  pieces  of  work. 
This  caused  considerable  loss  of  time,  which 
was  furthermore  augmented  by  difficulty  in 
securing  proper  labor.  As  the  result  of  the 
experience  of  1912,  the  work  was  laid  out 
more  systematically  in  1913,  and  men  com- 
posing the  covering  gang  in  one  case  were 
held  throughout  the  season.  The  effect  of 
having  experienced  men  for  covering  is  well 
brought  out  in  Table  1  which  summarizes  the 
operations  of  the  two  years. 

In  1913  the  decrease  in  time  lost  in  transit, 
repairs,  and  delays,  is  quite  striking,  as  is  the 
average  increase  in  the  quantity  applied  per 
day. 

in  1914.  if  satisfactory  specifications  can  be 
prepared,   the   innovation  will  be  made  of  di- 

T.\BLE    II.— COST     OF    OILING    MARYLAND 
ROADS    BY    YEARS. 
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1910 38.40  370               43             $374.S2 

1911 100.39  388  102  363.84 

1912       182.04  3-12  138  350.45 

1913 326.01  295  364  346.59 

•Note. — Local  sand  and  gravel  used  In  addi- 
tion to  stone  chips. 


viding  the  state  uo  into  sections  and  calling 
for  bids  by  advertisements  during  the  winter 
for  oiling  by  responsible  companies.  The 
oiling  truck  will  be  used  for  special  work  and 
for  piecing  out.  It  is  anticipated  that  by  this 
method  oiling  will  be  done  much  better, 
cheaper  and  more  expeditiously  than  in  pre- 
ceding years. 

Patrol  Service.— A  patrol  system  of  main- 
tenance has  been  adopted,  and  is  being  de- 
veloped, extended  and  improved,  but  rruch 
remains  to  be  done  on  this  organization  to 
perfect  it.     It   requires  experience,  instruction 
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and  special  knowledge  to  properly  patch,  re- 
pair and  maintain  a  macadam  road,  and  it 
will  take  several  years  to  secure  and  train 
competent  patrolmen  to  do  this. 

Each  patrolman  has  been  equipped  with  a 
distinctive  cap  to  be  worn  in  cool  weather,  a 
conspicuous  number  on  his  arm,  and  a  red 
flag,  which  he  is  required  to  set  up  alongside 
the  road  during  working  hours,  when  on  or 
off  his  job. 

Several  months  ago  a  competent  man  was 
started  out  on  a  motorcycle  to  make  an  in- 
spection and  a  detailed  report  of  cacli  patrol 
section  in  the  state,  showing  the  mileage  un- 
der each  patrolman,  the  character  and  con- 
dition of  the  road,  the  proficiency  of  the  pa- 
trolman, the  cost  per  mile,  the  tools  and  ma- 
terial needed,  with  instructions  as  to  the 
work,  recommendations  as  to  the  future,  etc. 
These  reports  will  be  valuable  in  determining 
the  comparative  cost  of  oiling  different  sec- 
tions, in  showing  up  the  good  and  bad  work, 
the  weak  points  in  the  system,  and  in  plac- 
ing the  resident  engineers  and  patrolmen  in 
competition,  etc. 

During  the  latter  part  of  1913  a  large 
amount  of  stone,  chips,  gravel  and  other  re- 
pair material  has  been  systematically  stored 
along  the  roads  in  the  state  at  convenient 
points,  so  that  it  is  on  hand  when  needed,  and 
can  be  used  more  economically  and  advan- 
tageously than  when  ordered  in  a  haphazard 
way. 

Next  year  the  floating  gang  system  may  be 


introduced  in  connection  with  the  patrol  sys- 
tem. A  gang  of  experienced  men,  consisting 
of  a  foreman,  with  a  traveling  outfit,  patch- 
ing material,  tools,  etc.,  will  go  over  a  sec- 
tion of  100  to  150  miles  of  road  in  a  season, 
doing  the  ordinary  repairing  and  maintenance, 
besides  unusual  work,  such  as  painting  bridges, 
repairing  culverts,  remedying  defective  drain- 
age, instructing  patrolmen,  etc.  It  is  believed 
that  the  work  can  be  done  better  and  cheaper 
this  way  and  that  the  patrol  sections  can  be 
made  much  longer. 

The  following  tabulation  gives  the  increase 
in  the  patrol  service: 

Avge.  number 
miles  main- 
Number  of        Miles.  tained  per 
Year.               Patrolmen,   maintained,  patrolman. 

1910 2 

1911 no  305  5.55 

lf.l2 75  371  4.9S 

1013 107  575  5.37 

There  were  also  employed  from  time  to 
time,  as  necessary  for  extraordinary  repairs, 
1.50  assistants  to  the  patrolmen  in  1912  and 
34-5  in  1913. 

It  may  be  explained  that  the  number  of  pa- 
trolmen needed  depends  upon  a  variety  of  con- 
siderations, such  as  the  type  of  road,  the  geo- 
logical character  of  the  country,  the  grades, 
the  amount  and  kind  of  trafiic,  the  width  of 
the  roads,  etc. 

When  the  whole  road  system  is  completed 
it  will  probably  be  wise  to  furnish  each  resi- 
dent engineer  with  a  steam  roller  at  the  center 
of  his  territory  of  two  or  three  counties,  to- 


gether with  an  oiling  equipment  and  other  tools 
for  prompt  repair  and  emergency  work. 

Maiiitetiaiicc  Costs  by  Years. — Table  II 
shows  the  cost  of  oiling  by  years.  Table  III 
shows  the  cost  of  maintenance  by  the  patrol 
system  which  has  no  immediate  connection 
with  the  road  oiling  forces.  The  total  cost 
was  as  follows : 

1912    $340 

1913 134 

In   1912  there  were   374  miles  maintained, 

TABLE   III.— COST    OF.  MAINTENANCE    PER 

MILE       (EXCLUSIVE       OF       OIUNG)       BY 

YEARS,    USING    PATROL   SYSTEM. 

Item.                                                      1912.  1913. 

Patrolmen,   helpers,  teams,  etc...$  93.40  $122.00 
39,.n€2  gals,  of  oil  for  repair  work, 

165  sals,  per  mile S.OO  

9S.5G1  gals,  of  oil  for  repair  work. 

172    gals,    per    mile 13.91 

3.91(i   tons  of  stone  and   chips   or 

grit   for   repair  work,   10.5   tons 

per  mile    13.30  

9,91S.25   tons   of   stone   and    chips 

or    grit    for    repair    work,    17.3 

tons    per    mile 23. JO 

Bridge    repairs    12.30  5.d0 

-Maintenance    on    turnpikes 8.00  8.90 

Traveling   repair    gangs    32.40  62.00 

Patrolmen,    tools,    etc 2.00  1.20 

Totals     $169.40    $237.44 

at  a  cost  of  $63,358.99,  making  an  average  of 
$in9.-10  per  mile. 

In  1913  there  were  575  miles  maintained,  at 
a  cost  of  $130,-530.81,  making  an  average  of 
$237.44  per  mile. 
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Construction   Plant — Machines,    De- 
vices and  Materials. 

A  fairly  comprehensive  knowledge  of  the 
machines,  devices  and  materials  employed  in 
constructing  and  equiping  engineering  works  is 
essential  to  engineers  and  contractors.  The 
contractor  who  bids  closest,  other  things  being 
equal,  is  the  one  who  knows  best  the  available 
machines  for  construction  work — their  cost, 
their  capacity,  their  adaptability  and  the  ex- 
pense of  operating  them.  The  engineer  who 
plans  construction  well  must  know  well  the 
appliances  and  materials  which  are  available 
for  special  services.  To  possess  this  requisite 
knowledge  both  the  contractor  and  the  engi- 
neer must  follow  the  news  of  improved  and 
new  machines  and  materials  and  appliances. 
This  task  is  persistent  because  efficiency  of 
equipment  for  doing  work  is  increasing  very 
rapidly.  The  number  of  machines  and  appli- 
ances devised  for  special  tasks  is  increasing. 
More  machines  than  ever  before  are  being 
modified  to  utilize  electric  and  oil  engine 
power.  Invention  of  devices  for  working  and 
applying  new  materials  of  construction  is  more 
active  than  ever  before. 

No  enumeration  and  description  of  machines, 
devices  and  materials  used  in  engineering  con- 
struction will  provide  the  contractor  or  engi- 
neer automatically  with  a  well  chosen  plant, 
but  it  will  place  in  his  possession  data  essential 
to  wise  choice.  The  publishers  of  Iinciineerinc 
.\Nri  CoNTR.\CTiNO  havc  therefore  arranged  to 
supply  this  service  first  by  the  preparation  by 
an  authoritative  writer  of  a  700-page  book  on 
Crmstructinn  Plant,  and,  second  bv  the  starting, 
with  this  issue,  of  a  permanent  section  in 
Knoineering  and  Contracti.ng,  which  will  be 
devoted  exclusively  to  Construction  Plant — 
Machines,  Devices  and  Materials.  The  book 
presents  as  closely  to  date  as  is  practicable  in 
lliat  form  of  publication,  illustrations,  descrip- 
tions, costs,  capacities,  operating  charges  and 
like  data  on  all  classes  of  construction  plant 
in  considcrai)lc  use  in  engineering  construction. 
This  section  of  F.ncineering  and  Contracting 
will  continue  the  book  bv  collecting  and  pub- 
lishing the  news  as  it  develops  of  improved 
and  new  machines,  devices  and  materials  em- 
ployed in  engineering  construction.  This  sec- 
tion is  an  innovation  only  in  the  respect  that  it 
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assembles  under  one  heading  all  construction 
plant  articles.  Previously  such  articles  have 
been  distributed  through  the  reading  pages, 
each  being  placed  in  the  section  covering  the 
work  for  which  the  device  or  machine  or  ma- 
terial described  was  intended. 

The  planning  of  a  plant  for  engineering  con- 
struction whether  it  be  by  an  engineer  or  by  a 
contractor  is  an  engineering  problem.  Like  the 
choosing  of  permanent  equipment  and  special 
materials  for  the  engineering  structure  being 
built  it  calls  in  every  instance  for  special  study. 
The  conditions,  the  requirements  and  the 
means  available  must  be  co-ordinated.  This 
part   of   construction   plant   planning   will   not 


the  reader  is  of  most  news  value  and  general 
utility.  No  other  basis  of  choice  is  practicable 
or  justifiable.  It  is  obvious  too  that  the  in- 
formation presented  must  in  considerable 
measure  be  that  furnished  by  the  manufactur- 
ers of  the  articles  described.  Except  in  niatlcrs 
of  capacity,  which  is  always  an  elusive  quan- 
tity, these  statements  are  rarely  unreliable. 


A  Flexible  Mechanical  Distributor  for 

Bituminous  Material. 

The  re<|uiriini'n;s  ni  a  mechanical  distributor 
for  bitumen  are  that  an  even  temperature  and 
a   uniform   pressure   shall   be   maintained,   and 
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be  discussed  in  this  section  but  will  be  pre- 
sented as  in  the  past  in  connection  with  the 
sewer  or  bridge  or  tunnel  or  other  structure 
being  considered.  Only  the  plant  units  will 
here  be  illustrated  and  described. 

As  in  the  choice  of  other  articles  for  publi- 
cation the  selection  of  plant  articles  will  be 
determined   by   the   editor's   opinion   what   for 
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the  control  of  the  distributing  device  shall  be 
llexibic  to  eliminate  bare  spots  and  overlaps 
and  to  control  the  quantity  of  material  applied. 
The  distributor  illustr.itcd  herewith  is  manu- 
factured by  the  Kinnev  Manufacturing  Co., 
102  Boylston  St.,  Boston,  Mass.,  in  both  motor 
driven  and  horse  drawn  types. 

The   motor   driven    machine    is    10%    ft.    m 
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length  of  standard  chassis  and  has  a  trt-ad  of 
08  ins.  and  72  ins.  for  the  front  and  rear 
wheels,  respectively.  The  bitumen  is  heated 
by  tubes  within  the  tank  through  which  the 
heat  derived  from  a  kerosene  oil  burner  passes. 
Pressure  is  maintained  by  means  of  a  rotary 
pump  which  also  agitates  the  bitumen  in  the 
tank.  In  addition  to  the  distributing  nozzles 
there  is  a  hose  connection  on  the  side  for 
patching  and  hand  spraying.  The  nozzle  dis- 
tribution may  be  varied  from  4  ft.  to  12  ft. 
A  means  is  provided  by  which  the  nozzle  may 
be  flushed  with  kerosene  oil  from  the  fuel 
tank  at  the  end  of  the  day's  work.  The  frame 
on  which  the  nozzles  are  mounted  have  a  lat- 
eral motion  controlled  from  the  rear  end.  A 
sheet  iron  hood  is  provided  to  catch  drippings. 
The  normal  road  speed  is  11%  miles  per  hour. 
The  horse  drawn  machine  is  operated  by  one 
man.  The  tank  capacity  ranges  from  4-JO  to 
I.'MIO  gals,  and  the  machine  is  made  with  nr 
without  the  heating  device.  The  distributor 
may  be  obtained  separately  to  attach  to  a 
sprinkler.  The  distributor  and  tank  may  also 
be  used  for  water  by  adding  a  suitable  attach- 
ment. 


A  New  Backfilling  Machine. 

The  new  machine  for  backfilling  trenches 
illustrated  herewith  consists  essentially  of  a 
10-HP.  engine  and  boiler  suitably  mounted 
and  equipped  to  serve  both  for  its  own  trac- 
tion and  as  a  single  drum,  reversing,  hoisting 
engine;  of  a  trackway  attached  to  the  end  of 
the   framework  carrying  the  power  equipment 


end  plate  of  the  bucket  is  bolted.  This  plate 
is  a  flat  rectangle  except  for  the  outer  6  ins. 
of  its  width,  which  is  bent  in  at  an  angle  of 
45°  toward  the  center  of  the  bucket.  A  flat 
iron,  %.\3y2  in.  in  section,  known  as  the  pull- 
ing rail,  extends  across  the  front  of  the 
bucket.  It  is  riveted  to  the  bent  portion  of  the 
end   of    the   bucket   and   bulled   to   the   second 


The    Hewitt     Hot     Penetration     Road 
Oiler. 

Machines  for  applying  bitumen  are  changed 
and  improved  in  details  every  year.  Many  of 
them  are  becoming  as  complete  and  flexible  in 
operation  as  a  locomotive.  While  the  initial 
cost  of  equipment  is,  undoubtedly,  increased 
the  efficiency  of  the  machine  is  often  more 
than  correspondingly  improved. 

The  motor  oiler  illustrated  is  manufactured 
by  the  International  Motor  Co.,  ,  West 
F.nd  Ave.  and  Goth  St..  New  York,  an  ! 
lias  interesting  features.  The  truck  on  which 
the  tank  is  mounted  has  a  capacity  of  oV-i  tons 
with  a  good  range  of  speed.  The  7tjO-g.il. 
tank  containing  the  binder  is  heated  by  steam 
coils  the  steam  being  generated  in  a  flash 
lioilcr  at  the  rear  of  the  tank.  Fuel  oil  is  car- 
ried in  a  cylindrical  tank  on  right  hand  side  of 
the  truck,  another  tank  just  below  carrying 
water  for  the  boiler.  The  air  compressor  is 
run  by  steam.  An  air  primer  is  provided  for 
starting  the  fire  under  the  boiler.  There  is  a 
straining  device  between  the  tank  and  the  dis- 
tributing nozzles  which  takes  out  matter  that 
might  tend  to  close  or  clog  the  nozzles.  .A 
hose  may  be  attached  to  the  nozzles  for  band 


View  of   Monahan  Backfilling   Machine   in  Operation. 


and  extending  at  right  angles  to  the  direction 
of  traction;  and  of  a  backfilling  bucket  or 
scraper  which  slides  back  and  forth  on  this 
track. 

The  trackway  consists  of  two  Z-bars  of 
Sx'-ix%  in.  section  18  ins.  apart  and  24  ft.  long. 
To  the  track  side  of  the  bucket,  which  is  a 
heavy  rectangular  steel  plate,  there  are  at- 
tached the  axles  for  four  8-in.  wheels  with 
2-in.  flanges,  which  roll  upon  the  web  of 
the  Z-bars  as  rails  as  the  bucket  moves 
back  and  forth.    The  bucket  is  roUered  against 
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Hewitt    Hot    Penetration    Road    Ciler. 


application.  The  range  of  distrilnition  is  from 
'4  gal.  to  2  gals,  per  square  yard  and  is  con- 
trolled from  the  operator's  platform  at  the 
rear  of  the  machine.  This  machine  was  de- 
veloped for  and  is  in  use  by  the  Standard  Oil 


the  Z-bars  to  take  both  the  horizontal  thrust 
ai  d  the  uplifting  thrust  exerted  when  the  ma- 
chine is  in  operation.  Two  3-in.  x  H-in.  .mgles 
arc  riveted  vertically  against  this  carriage  plate. 
To  one  of  these  angles,   depending  on   which 


H.\:1-iii.  angle  previously  mentioned,  which  in 
turn  is  riveted  to  the  carriage  plate  of  the 
bucket.  The  bottom  of  the  bucket,  called  the 
apron,  swings  on  the  hinge  which  connects  it 
with  the  end  plate.  The  apron  is  18  ins.  long 
by  24  ins.  wide  and,  in  operation,  is  tilted 
like  a  slip  scraper  is  in  filling.  A  chain  at- 
tached to  the  apron  hooks  over  the  pulling  rail 
previously  mentioned  and  thereby  gives  the 
apron  the  inclination  desired  and  holds  it  in 
that  position.  It  will  be  seen  that  the  tilt  of 
this  apron  governs  the  depth  of  spoil  left  on 
the  ground.  The  Inicket  moves  horizontally 
only  and  always  works,  therefore,  at  the  bot- 
tom of  the  spoil  bank.  Since  the  traction 
wheels  of  the  rig  move  on  the  spoil  left  outside 
the  trench  the  tilting  of  the  apron  can  cause 
this  spoil  bank  to  take  any  slope  desired,  thus 
a  manhole  can  readily  be  passed  bv  the  outfit. 
If  the  spoil  bank  shifts  to  the  other  side  of 
the  trench  and  the  direction  of  traction  is 
1(1  be  continued  as  before,  the  rear  plate  of 
the  bucket  and  the  pulling  rail  are  unbolted 
frnm  the  angles  on  the  carriage  plate,  the  rear 
plate  is  turned  end  for  end  and  rail  and  plate 
are  again  bolted   to  the  angles. 

The  bucket  is  actuated  by  a  %-in.  wire  rope 
which  passes  around  the  drum  of  the  hoisting 
engine.  This  rope  passes  over  four  12-in. 
sheaves,  two  of  which  are  attached  to  the 
framework  of  the  rig  and  properly  tilted  so 
that  the  rope  winds  on  one  side  of  the  dniiii 
anil  unwinds  from  the  other,  and  one  shea\e 
is  attached  to  each  end  of  the  trackway  as 
shiiwn.  The  ends  of  the  rope  are  fastened 
III  tlie  back  of  the  bucket  and  to  the  pulling 
rail. 

.\  %-in.  bar  runs  midway  between  the  Z-bars 
f(ir  their  full  length.    To  this  liar  are  attached 
permanent  trips  which  are  struck  by  the  bucket 
at  the  end  of  its  stroke.    One  end  of  each  trip 
is  jiivoted   to  the   framework  of  the  nuu-hine. 
Wlicn   the    bucket    strikes    the    trip    the    latter 
swings  on   its  pivot   and  moves  the  %-in.  bar 
mentioned  above.    The  end  of  a  bell  crank  tits 
between    two   lugs   at   the   center   of    this   bar 
and  as  the  bar  moves  end 
and   then    the   other,   the   c 
reverses    the    engine    throng! 
with  the  reverse  lever,  and 
changes   its   direction   of   motion,     .\djustable 
trips   can  be  placed   where   desired  to   shorten^^ 
the  length  of  the  stroke.  M 
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make  15  strokes  a  minute  on  the  average.  The 
machine  was  invented  and  patented  by  Frank 
J.  Monahan,  a  sewer  contractor  of  Joliet,  111., 
and  inventor  of  the  Monahan  trench  exca- 
vator, and  is  manufactured  and  marketed  by 
William   Heggie   of   the   same   city. 

An    Improved    Form   of   Indicator    for 
Slide  Rules. 

.■\  new  patented  indicator,  or  runner,  for 
slide  rules,  called  the  "Frameless,"  has  just 
been    perfected    by    the    KcufTel    &    Esser    Co. 


not  shown.  The  material  striking  the  higher 
shelves  falls  next  to  the  lower  ones  and  thence 
drops  into  the  water  below.  The  quantity  of 
water  raised  with  the  materials  by  the  lift- 
ing blades  can  be  increased  or  decreased  by 
varying  the  speed  of  rotation  of  the  cylinder. 
The  materials  progress  through  the  length 
of  the  cylinder  by  the  forward  movement 
caused  by  the  arrangement  of  the  shelves. 
Regulation  of  the  rate  of  forward  progress — 
and  therefore  the  time  required  for  passage 
through — is  effected  by  movement  of  the  low- 
er series  of  slielvcs.  These  arc  iiK.ivable  lenyth- 


and  linal  cleaning  is  assured  by  the  rinsing 
inflow  of  clean  water  at  the  delivery  end.  No 
greater  economy  of  water  could  be  possible. 

Size  separation  may  be  provided  for  in  very 
simple  manner  by  attachment  of  a  conical  screen 
extension  at  the  delivery  end  of  the  washing 
cylinder.  For  independent  screening — and  bet- 
ter separation  if  several  sizes  are  wanted — the 
discharge  from  the  washer  may  be  passed  to 
any  suitable  set  of  independent  screens. 

The  wide  range  of  application  for  these 
washers  calls  for  their  construction  in  several 
sizes.    They  are  now  built   re(.;ularly   in   diam- 


Every  figure  on  the  rule  is  clearly  visible  at  all 
times,  as  there  are  no  metal  side  pieces  on  the 
new  indicator,  .\bove  is  a  view  of  the 
duplex  form  of  the  Keuffel  and  Esser  rule, 
with  the  new  indicator  in  place.  The  front  of 
the  runner  is  entirely  of  glass,  which  permits 
the  figures  to  be  easily  read  and  thus  removes 
one  of  the  principal  objections  to  the  older 
forms.  Hereafter,  all  adjustable  slide  rules  of 
the  Mannheim  and  Duple.x  types  made  by 
this  company  will  be  regularly  equipped  with 
the  "Frameless"  indicator. 


Slide    Rule   with    All-Glass   Indicator. 

wise  of  the  cylinder,  by  means  of  the  adjust- 
ing screw  shown  in  the  drawing.  The  lower 
shelves  may  be  set  directly  beneath  the  upper 
ones,  and  for  this  position  the  progress  of 
the  materials  is  slowest.  When  set  as  far  for- 
ward as  will  permit  them  just  to  catch  the  fall 
from  the  upper  shelves,  the  rate  of  progress 
is    fastest.      With    this    easy    adjustment     for 


cters  from  30  to  (iO  ins.,  with  lengths  of  8  to 
20  ft.  Special  proportions  can  be  arranged  to 
meet  any  peculiar  conditions  to  which  a  regular 
size  may  not  be  suited.  The  cylinder  is  made 
of  heavy  steel,  encircled  by  steel  tires  which 
run  on  four  flanged  wheels  with  chilled  treads. 
Driving  gears  are  extra  heavy  and  are  so 
placed  as  to  avoid  contact  with  the  materials. 


A   Portable  Sand  and  Gravel  Washer 
for  Contractor's  Use. 

(Contributed.) 

Preparation  of  concrete  materials  "on  the 
job"  often  offers  such  opportunities  for  great- 
er convenience  and  economy  as  to  justify  the 
contractor  in  having  a  thoroughly  practical 
and  effective  washer  as  a  part  of  his  equip- 
ment. The  accompanying  drawing  illustrates 
a  portable  tubular  washer  for  contractors.  Its 
operative  principle  is  that  of  tumbling  the  ma- 
terials about  in  a  bath  of  water  as  they  pro- 
gress through  the  length  of  the  cylinder.  By 
repeated  lifting  and  dropping  onto  interme- 
<liate  shelves  and  into  the  water  the  lumps 
nf  material  are  broken  up,  all  sticking  foreign 
matter  is  scoured  off,  and  the  pebbles  and 
sand  delivered  clean  at  the  discharge  end. 

Lengthwise  of  the  inside  of  the  cylinder  are 
lifting  blades  set  in  angular  position,  as  shown 
by  the  sectional  view.  As  the  cylinder  rotates, 
these  blades  carry  up  materials  and  water,  dis- 


Ccvice  fcr   Tording   Rails  or  Bars  for    Reinforcing    concrete. 


the  rate  of  progress,  the  washer  may  be  made 
to  suit  exactly  the  peculiar  requirements  of 
any  materials,  or  any  variation  in  the  ma- 
terials. Difficult  materials  mav  be  washed 
very  slowly:  easier  materials  tnay  progress 
rapidly   through. 

The  direction  of  flow  of  the  water  is  op- 
l)ositc  to  that  of  the  materials,  the  water  enter- 
ing at  the  discharge  end  (on  the  right  in  the 
drawing)  and  flowing  out  at  the  feed  end. 
In  this  way  the  washed  materials  as  they  tail 
out  are  rinsed  clean  bv  the   fresh  water,  and 


The  drawing  shows  straight  drive;  angle  drive 
may  l-.c  furnfshed  at  no  extra  cost. 

This  washer  is  manufactured  by  the  Ray- 
mond W.  Dull  Co.,  1910  Conway  Building, 
Giicago,  III. 


Device    for    Bending    Steel     Bars    or 

Rods  for  Reinforcing  Concrete. 

(  Slalf  .Article.! 
The    above    sketch    shows    a    bar    bending 
tool    for  bending  bars  or   rods  of   any   shape 


m 


.^ 
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charging  them  onto  a  double  series  of  station- 
ary angle-shaped  shelves.  The  shelves  retain 
certain  quantities  of  the  materials,  to  assist 
the  scouring  action  on  the  falling  materials. 
The  prcscTicc  of  the  retained  materials  also 
acts  to  prevent  wear  of  the  shelves  them- 
selves. To  simplify  the  drawing  and  make 
clear  the  action,  the  fall  of  material  from  the 
lifting   plates   direct    to   the   lower   shelves    is 


Portable   Tubular  Sand   and   Gravel   Washer. 


llie  primary  work  nf  breaking  up  the  lumps  is 
done  by  the  dirty  water  at  the  feed  end 

By  the  very  nature  of  the  operative  principle 
in  this  washer  the  ([uantity  of  water  required 
is  a  positive  niinimiun.  Only  so  much  whaler  is 
ncccssarv  as  will  lliish  away  the  impurities  al 
the  discharge  end.  Continued  tumbling  of  the 
materials  loosens  and  scours  off  all  the_clinging 
dirt  regardless  of  how  dirty  the  water'may  be, 


ordinarily  used  for  reinforcing  concrete.  This 
tool  will  bend  bars  to  W-shape  or  to  any  angle 
up  to  180°  with  a  radius  at  the  point  i;f  bend- 
ing equal  to  the  radius  of  the  forming  pin. 
Different  sizes  of  forming  pins  can  be  used 
and  a  change  of  size  can  be  quickly  made. 
When  rectangular  bends  arc  wanted  a  rec- 
tangular die  is  substituted  for  the  pin.  With 
this    llie   bends   to    120°    can    be   made.    The 


710 


Engineering   and    Contracting 


Vol.  XLI.     No.  24. 


machine  has  capacity  to  bend  cold  %x3-in.  flat 
bars,  1-in.  round  bars,  %-in.  square  bars  and 
%-in.  square  twisted.  Bending  hot  it  has  ca- 
pacity to  bend,  respectively  %.\3-in.,  1%-in., 
1^/4-in.  and  1%-in.  bars.  This  bending  tool  is 
made  by  the  Wallace  Supply  Co.,  412  Orleans 
St.,  Chicago,  111. 


An     Oil     Engine     Driven     Air     Com- 
pressor. 

(Contributed.) 
The  increased  use  of  low  grade  oil  fuel  for 
power  purposes  has  led  to  the  design  by  the 
IngersoU-Rand  Co.,  of  the  oil  engine  driven 
air  compressor  illustrated.  This  is  of  the  di- 
rect-connected straight  line  type  and  some- 
what resembles  in  this  respect,  as  well  as  in 
the  design  of  the  air  end,  the  company's  stand- 


ted  with  a  torch  for  heating  the  ignition  bulb 
prelitninary  to  starting.  After  the  compressor 
is  under  way  this  torch  is  dispensed  with. 

The  fuel  is  automatically  injected  into  the 
combustion  chamber  by  means  of  a  small 
pump  on  the  side  of  the  frame,  operated  by 
the  main  shaft.  It  enters  in  the  form  of  a 
iinely  atomized  spray  and  is  immediately  ig- 
nited by  the  hot  bulb,  dispensing  entirely  with 
electric  sparking  devices,  batteries,  etc.  The 
stroke  of  the  fuel  pump  is  regulated  by  a  cen- 
trifugal governor  located  in  the  flywheel,  thus 
regulating  the  amount  of  fuel  injected  into  the 
cylinder  in  proportion  to  the  load.  This  is 
supplemented  by  a  regulating  device  on  the 
intake  to  the  air  cylinder  of  standard  design. 

The  operation  of  this  machine  is  accom- 
panied by  none  of  the  losses  common  to  the 
average   two-cycle   gasoline   engine,    in   which 


Cil    Engine    Driven    Air   Compressor. 


ard    line    of    small    compressors.      The    main 
frame  is  designed  for  a  splash  system  of  lubri- 
'cation;  it  is  of  the  wholly  enclosed  type  and 
provided  with  removable  covers. 

The  feature  of  greatest  interest  in  this  ma- 
chine is  the  design  of  the  driving  end.  This, 
as  can  be  seen  from  the  illustration,  consists 
of  a  single  oil  engine  cylinder  set  behind  the 
air  cylinder  and  directly  connected  by  means 
of  an  extended  piston  rod,  to  the  air  piston. 
Ii  follows  in  general  design  a  type  known  as 
the  hot  bulb  engine,  which  is  really  a  develop- 
ment of  the  Diesel  engine,  and  combines  a 
high  thermal  efficiency  with  great  simplicity  of 
construction  and  far  less  complication  of  de- 


part of  the  incoming  charge  follows  the  ex- 
haust gases  through  the  outlet  ports  and  is 
wasted.  This  is  due  to  the  fact  that  the  fuel 
is  not  vaporized  by  an  outside  agency  and  in- 
troduced with  the  air  used  for  scavenging,  but 
is    injected    directly    into    the    cylinder    at    the 


Dumped    Position    of    Tilting    Wagon    Loader 

tails  of  design;  there  being  an  entire  absence 
of  auxiliary  air  compressors,  etc.,  this,  com- 
bined with  a  lower  working  pressure,  makes 
an  ideal  type  for  compressed  air  service. 

The  power  cylinder  is  of  the  single  acting, 
two  cycle  type.  It  is  water-jacketed  and  pro- 
vided with  an  efficient  system  of  lubrication 
and  is  of  sturdy  design ;  it  is  supported  by  a 
heavy  distance  piece  reaching  to  the  founda- 
tion and  bolted  to  the  air  cvlinder.     It  is  lit- 


Device   for   Splicing    Piles. 

end  of  the  compression  stroke,  as  already  men- 
tioned. 

This  means  that  pure  air  is  used  during  the 
i-avcnging  period  of  the  stroke,  consequently 
ihe  inlet  and  outlet  ports  can  be  so  arranged 
tliat  more  scavenging  is  afforded  without  any 
loss  of  fuel.  The  absence  of  carburetor,  witli 
its  needle  valves,  springs  and  delicate  adjust- 
ments which  have  to  be  constantly  changed  to 
suit  atmospheric  conditions,  is  an  advantage 
which  cannot  1)C  over  estimated. 

A  feature  of  this  engine  is  the  introduction 
of  a  small  quantity  of  the  water  from  the 
cylinder  jacket  into  the  combustion  space.  This 
water  performs  the  function  of  regulating  the 
temperature  in  the  cylinder,  thereby  prevent- 
ing an  undue  rise  in  temperature  of  the  pis- 
ton,  etc.,   causing  disassociation   of   the   fuel. 


It  reduces  the  maximum  pressure  in  the 
cylinder,  at  the  same  time  slightly  increasing 
the  mean  effective  pressure,  making  a  smooth 
running  and  highly  economical  machine.  The 
amount  of  water  injected  is  regulated  ac- 
cording to  the  load  on  the  compressor. 

The  whole  machine  is  compact  and  self-con- 
tained. It  is  at  present  made  in  but  one  size 
with  an  actual  capacity  when  running  at  325 
R.  P.  M.  of  66  cu.  ft.  of  free  air  at  100  lbs. 
pressure  and  73  cu.  ft.  at  80  lbs.  pressure.  The 
fuel  consumption  at  this  speed,  and  under  av- 
erage operating  conditions,  is  about  2.2  gals, 
of  kerosene  per  hour.  It  is  adapted  to  run 
on  either  kerosene,  fuel  oil  or  distillate.  Its 
weight  complete  is  3,000  lbs.  and  floor  space 
8  ft.  10  ins.  X  2  ft.  5  ins. 


Device  for  Splicing  Timber  Piles. 

An  ingenious  device  has  been  patented  by 
Mr.  Heimbach,  of  Bregenz,  Austria,  for  com- 
bining two  wooden  piles  into  a  rigid  pile.  By 
means  of  this  connection  a  pile  of  any  desired 
length  can  be  obtained.  The  cut  shows  two 
wooden  piles,  H,  joined  together.  A  tube,  S, 
with  two  conical  ends  and  reinforced  with 
three  rings,  as  shown, .is  driven  over  the 
lower  pile  so  that  one-half  of  its  length 
projects  above  this  pile.  A  double  annu- 
lar steel  wedge.  K,  having  radial  ribs  is 
placed  over  the  top  of  the  lower  pile  and  the 
tipper  pile  is  then  placed  over  this  wedge. 
The  piles  are  then  driven  together,  which 
forces  the  wedge  into  the  ends  of  both  piles 
and  thus  completely  fills  the  double  conical 
tube  6".  A  modified  forin  of  this  device  per- 
mits a  wooden  and  a  concrete  pile  to  be 
.-ipliced. 


A  Tilting  Car-Side  Wagon  Loader. 

Thi  loader  illustrated  was  invented  and 
is  manufactured  by  A.  P.  Lee,  proprie- 
tor of  the  Arrow  Motor  Cartage  Co. 
of  Chicago,  and  consists  of  a  set  of  folding 
standards  of  any  length  desired  supporting  a 
tilting  bucket  of  1%,  2,  2%  or  3  cu.  yds.  ca- 
pacity. The  standards  are  on  wheels  and  when 
in  position  are  firmly  braced.  The  bucket 
is  supported  upon  angles  attached  to  the  stand- 
ards and  is  not  balanced  but  is  held  firmly  in 
the  illustrated  loading  position  by  a  wire  cable 
which  passes  over  a  winch  for  returning  the 
bucket  to  the  loading  position  and  which  is 
operated  from  the  ground.  Dumping  is  ac- 
complished b>  one  rnan  by  means  of  levers 
operated  from  the  cat. 


Loading    Position   of  Tilting   Waejon   Loader. 

An  important  feature  of  this  bucket  is  the 
small  clearance  required  for  the  dumping  op- 
eration. Thv;  outer  lip  of  the  bucket  in  the 
dumped  position  is  14  ins.  lower  than  the 
inner  lip  in  the  loading  position,  which  is  the 
clearance  required   for  operation. 

In  operation  these  loaders  are  usually  used 
three  to  a  car,  although  this  is  not  necessary. 
They  arc  alio  made,  without  standards,  to  be 
attached  to  the  car  side. 
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The  Efficiency  of  Irrigation  Works. 

The  carefully  prepared  article  on  irrigation 
water  losses  which  is  published  in  this  issue 
deserves  the  most  serious  attention.  Through- 
out the  arid  region  of  the  United  States  there 
is  as  a  rule  more  good  land  than  the  water 
available  will  adequately  irrigate.  The  profit 
of  irrigation  work  lies  in  the  increased  value 
of  the  land  ser\-ed  with  water.  Waste  of 
water  is  by  both  counts  an  economic  crime. 
The  waste  of  water  is  enormous  in  most  ir- 
rigation works.  Of  the  water  entering  irri- 
gation storage  reservoirs  careful  studv  indi- 
cates (E.  &  C,  Nov.  6,  1912)  that  frotfi  10  to 
60  per  cent  evaporates  and  seeps  out  and  never 
enters  the  outlet  canal.  Of  the  water  entering 
the  main  canals  from  17  to  4.")  per  cent  is  lost 
by  evaporation  and  seepage  and  never  enters 
the  distributing  laterals.  Of  the  water  enter- 
ing the  distribution  canals  from  .30  to  50  per 
cent  is  lost  by  seepage  and  evaporation  before 
the  water  gets  to  the  farmer.  Of  the  water 
taken  by  the  farmer  10  to  15  per  cent  is  wasted 
by  surface  run-off.  These  are  all  primary 
counts,  all  economic  niceties  of  irrigation 
water  utilization  being  unconsidered.  No  en- 
gineer needs  to  have  the  significance  of  such 
figures  explained.  If,  with  from  10  to  90  per 
cent  of  the  available  water  supply  wasted, 
we  can  irrigate  the  acreage  that  we  now  do, 
how  many  acres  could  we  irrigate  if  a  quarter 
or  a  half  or  three-quarters  of  the  water  now 
wasted  were  not  wasted?  This  is  not  an  idle 
query.  .'\s  great  saving  and  often  greater 
saving  are  entirely  possible.  Simply  lining 
the  canals  will  often  accomplish  these  sav- 
ings. We  ask  our  readers  to  study  the  article 
published  in  this  issue  and  then  to  read  the 
article  bv  Mr.  E.  G.  Hopson,  published  in  our 
i€sue  of"  Nov.  6,  1912. 


Bond  Between  Concrete  and  Steel. 

Designers  of  reinforced  concrete  structures 
in  general  appreciate  the  necessity  of  provid- 
ing sufficient  bond  area  to  develop  the  strength 
of  the  reinforcement,  although  some  engineers 
have  e.\aggcrated  ideas  of  the  value  of  various 
forms  of  reinforcing  bars.  A  considerable 
amount  of  valuable  data  on  the  bond  between 
concrete  and  steel  is  given  in  Bulletin  No.  71, 
University  of  Illinois  Engineering  Experiment 
Station,  the  conclusions  drawn  from  the  series 
of  tests  recorded  being  given  in  this  issue. 
Some  of  these  conclusions  are  of  special  in- 
terest and  deserve  careful  consideration  as 
they  are  the  result  both  of  pull-out  tests  and 
beam  tests. 

It  is  stated  that  the  bond  between  concrete 
and  steel  may  be  divided  into  two  principal 
elements,  adhesive  resistance  and  sliding  re- 
sistance, the  tests  indicating  that  the  former 
is  much  the  more  important  element  of  bond 
resistance.  It  was  found  that,  in  the  pull-out 
tests  of  deformed  bars,  the  adhesive  resistance 
must  be  destroyed,  the  usual  sliding  resistance 
largely  •overcome,  and- the  concrete  ahead  of 
the  projections  must  undergo  an  appreciable 
compressive  deformation  before  the  projec- 
tions I'U  a  deformed  bar  become  effective  in 
taking  bond  stress.  The  tests  indicate  that 
the  projections  do  not  materially  assist  in  re- 
sisting a  force  tending  to  withdraw  the  bar 
until  a  slip  has  occurred  approximately  equal 
to  that  which  corresponds  to  the  maximum 
sliding  resistance  of  plain  bars.  The  maximum 
bond  stresses  for  the  deformed  bars  corre- 
sponded to  an  end  slip  of  0.1  in.,  and  as  evi- 
dence of  splitting  of  blocks  not  reinforced  was 
found  at  end  slips  of  0.02  to  0.05  in.,  it  is  evi- 
dent that  members  must  be  reinforced  against 
splitting  if  increased  values  for  deformed  bars 


are  allowed.  The  bearing  stresses  between 
the  projections  and  the  concrete  were  com- 
puted to  be  from  5,800  to  14,000  lbs.  per 
square  inch  at  the  highest  bond  stresses  con- 
sidered in  the  tests. 

The  tests  indicate  that  the  projections  of 
deformed  bars  should  present  bearing  faces  as 
nearly  as  possible  at  right  angles  to  the  bar 
to  avoid  wedging  action,  and  that  to  develop 
a  high  bond  resistance  a  certain  amount  of 
metal  must  be  used  in  the  projections  which 
probably  will  not  be  available  for  taking  tensile 
stress.  The  tests  of  1-in.  twisted  square 
bars  gave  a  bond  resistance  per  unit  of 
surface  at  an  end  slip  of  0.001  in.  of  only 
88  per  cent  of  that  for  plain  round  bars.  Fol- 
lowing an  end  slip  of  about  0.01  in.  the  twisted 
square  bars  showed  a  decided  decrease  in 
bond  resistance,  and  some  of  the  bars  had  to 
be  withdrawn  2  or  3  ins.,  in  blocks  reinforced 
against  bursting,  before  the  highest  resistance 
was  reached.  It  is  obvious  that  increases  in 
bond  resistance  which  do  not  occur  until  there 
is  a  large  slit  have  little  practical  significance. 

Tests  of  plain  round  bars  anchored  by 
means  of  nuts  and  washers  showed  that  the 
anchorage  did  not  become  effective  until  the 
bar  had  slipped  an  amount  corresponding  to 
the  maximum  bond  resistance  of  plain  bars. 
With  a  further  movement,  the  bond  resistance 
was  high,  but  was  accompanied  by  excessive 
bearing  stresses  on  the  concrete.  Specimens 
made  out-doors  in  freezing  weather,  where 
they  probably  froze  and  thawed  several  times 
during  the  period  of  setting  and  hardening, 
were  almost  devoid  of  bond  strength. 

In  the  beam  tests,  slip  of  bar  was  first  ob- 
served in  the  middle  region  of  the  span  at 
loads  producing  a  tensile  stress  in  the  steel 
of  about  6,000  lbs.  per  square  inch,  the  slip 
of  bar  being  probably  partly  responsible  for 
the  opening  of  outer  cracks,  since  slipping 
was  observed  in  the  outer  thirds  of  the  beam 
before  the  cracks  became  visible.  It  was 
found  that,  in  beams  reinforced  with  plain 
bars,  the  end  slip  began  at  67  per  cent  of  the 
maximum  bond  resistance;  for  corrugated 
bars  this  percentage  was  51 ;  and  for  twisted 
sauare  bars  end  slip  began  at  66  per  cent  of 
the  maximum  bond  resistance.  The  bond  re- 
sistance in  beams  reinforced  with  plain  square 
bars,  computed  on  the  superficial  area  of  the 
bar,  was  only  about  75  per  cent  of  that  for 
similar  beams  reinforced  with  plain  round 
bars  of  similar  size.  .At  small  slips  the  twisted 
square  bars  gave  values  about  85  per  cent  of 
those  for  plain  rounds,  while  at  the  maximum 
load  this  percentage  was  90.  In  beams  rein- 
forced with  1%-in.  corrugated  rounds,  slip 
was  observed  at  about  the  same  bond  stress 
;is  in  plain  bars  of  comparable  size,  while  at 
the  maximum  load  the  corrugated  bars  gave 
values  about  30  per  cent  higher  than  the  plain 
rounds.  The  reinforced  concrete  beam  tests 
showed  that  very  small  amounts  of  slip  at  the 
ends  of  the  bar  represented  critical  conditions 
of  bond  stress.  For  beams  failing  in  bond 
the  load  at  an  end  slip  of  0.001  in.  was  89  to 
94  per  cent  of  the  maximum  load  found  in 
beams  reinforced  with  plain  bars,  and  79  per 
cent  of  the  maximum  load  for  similar  beams 
reinforced  with  corrugated  bars.  As  soon  as 
slip  of  bar  became  general  other  conditions 
were  introduced  which  soon  caused  the  fail- 
ure of  the  beam. 

It  was  concluded  from  the  tests  that  a  work- 
ing bond  stress  equal  to  4  per  cent  of  the 
compicssive  strength  of  concrete,  tested  in  the 
form  of  8xl6-in.  cylinders  at  the  age  of  28 
days,  is  as  high  as  should  he  used.  This  is 
equivalent  to  about  one-third  of  that  causing 
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first  slip  of  bar  and  about  one-fifth  of  tl 
maximum  bond  resistance  of  plain  round  ba 
as  determined  from  pull-out  tests.  The  u 
of  deformed  bars  of  proper  design  may  be  e; 
pected  to  guard  against  local  deficiencies 
bond  resistance  due  to  poor  workmanship,  ai 
their  presence  may  properly  be  considered  i 
an  additional  safeguard  against  ultimate  fai 
ure,  but  it  does  not  seem  wise  to  place  tl 
working  bond  stress  for  deformed  bars  highi 
than  that  used   for  plain  bars. 


The    Cost    of    Building    Roads    Wit 
Convict  Labor. 

There  is,  undoubtedly,  a  great  need  for  d 
tailed  and  accurate  costs  of  equipping,  ope 
ating  and  maintaining  convict  labor  ros 
crews  together  with  records  of  the  work  pe 
formed  by  them.  These  data  need  to  be  cc 
lected  over  an  extended  period  of  time,  s; 
four  or  five  years,  in  order  that  the  figuri 
derived  as  to  the  cost  of  maintenance  m: 
have  some  degree  of  accuracy.  The  presei 
dearth  of  accurate  data  on  this  subject  is 
be  regretted,  since  there  is  a  marked  te: 
dency  on  the  part  of  different  states  to  emplc 
inore  labor  of  this  sort  in  their  road  constru 
tion  work,  and  accurate  information  woi: 
be  of  great  value  in  securing  a  well  re^ 
lated    organization. 

The  majority,  by  far,  of  the  convicts  e; 
ployed  in  road  construction  are  used  by  coi 
ties  of  various  states  in  the  southern  port 
of  the  country.  For  the  most  part  these  c 
victs  are  negroes,  and  it  has  been  found  t 
this  type  of  labor  is  efficient  and  quite  tr.: 
table  when  properly  handled.  While  th 
are  maiiy  reasons  to  believe  that  the  w 
accomplished  has  been  both  satisfactory 
quality  and  economical  in  cost,  as  a  rule, 
few  of  these  counties  keep  any  cost  reco 
from  which  accurate  comparisons  may 
made. 

There  are  probably  several  reasons  for  tl 
An    important   one   in    small   counties   is    tl 
the  number  of  men  employed    (usually    fr| 
15  to  .30)  is  not  large  enough  to  warrant 
ploying  a  superintendent  with  the  all  aroi| 
ability  and   training  necessary  to  lay  out 
supervise  the  work  and  control  an3  care 
the    men.     The    type    of    work    accomplisll 
(gradirrg  and  maintenance  of  earth  roads  I 
the  most  part)  is  such  that  much  engineerl 
supervision    is    unnecessary.      In    the    larl 
counties    where    several    gangs    are    emplol 
and  in  sections  where  the  convicts  are  sub 
vised  by  the  state  there  is  no  excuse  for 
condition   of   affairs,    and   accurate   cost 
should  by  all  means  be  kepi. 

In  other  sections,  with  the  possible  cxd 
lion  of  the  states  of  Washington  and  Ores 
road  construction  with  convict  labor  is  larj 
in  an  experimental  stage.  The  fragmenj 
records  available  indicate  that  most  of  the! 
perimeiits  have  been  successful.  We  bell 
that  in  sections  of  nearly  every  state  in  wf 
certain  types  of  road  may  be  built  the  usJ 
convicts  is  desirable  from  both  an  econorn 
and  a  humanitarian  standpoint,  and  in  ol 
sections  of  the  same  state  or  on  diffe| 
types  of  construction  their  use  is  not  acj 
able.  So  much  available  data  indicate 
complete  data  might  lead  to  different 
sions. 

In  this  issue  of  F.sgineeri.nt,  &  ContrI 
INC  an  article  is  published  illustrating  F 
methods  of  securing  costs  which  are  usej 
the  Alabama  Highway  Commission, 
system  is  worthy  of  close  study  by  those  I 
have  to  do  with  the  operation  of  convict  ll 
in  the  South.     In  its  main   features  it  "-f 
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adopted  by  a  county  without  change  in  or- 
ganization and  its  use  involves  little  addi- 
tional work  on  the  part  of  officials — merely  a 
systcmatization  of  their  former  work.  Briefly, 
its  advantages  are  that  it  is  simple  and  flex- 
ible to  meet  widely  varying  conditions  and 
very  little  computation  is  done  by  the  fore- 
man. The  last  feature  is  quite  important. 
The  writer  has  found  it  impracticable  to  ex- 
pect much  of  a  convict  construction  foreman 
in  the  way  of  coinputing  cost  data.  The 
pocket  memorandum  used  in  Alabama  is, 
however,  an  aid  to  the  foreman  in  pre- 
paring his  payrolls  and  from  the  data 
given  satisfactory,  if  not  absolutely  ac- 
curate, costs  may  be  derived.  The  records  of 
costs  of  maintenance  of  output  are  valuable 
and  if  kept  consistently  the  figures  from  Ala- 
bama will  in  a  few  years  be  of  utility  to  other 
states  in  the  South. 

We  wish  to  urge  road  officials  in  the  vari- 
ous counties  of  the  states  in  which  the  convict 
labor  system  is  well  established  to  keep  data 
of  this  nature.  In  doing  this  they  will  per- 
form a  service  to  engineers  in  general  and 
it  will  undoubtedly  aid  them  materially  in  in- 
troducing economies  in  their  own  work. 


Growing    Sentiment    Favoring    Meter- 
age in  Chicago. 
There  is  a  change  taking  place  in   Chicago 
m  the  attitude  of  citizens  toward  the  installa- 


tion of  water  meters.  A  short  time  ago,  in  a 
communication  to  the  city  council,  the  mayor 
stated  that  the  waste  of  city  water  is  so  great 
as  to  be  practically  a  municipal  crime.  The 
mayor  favors  an  extension  of  the  meter  sys- 
tem in  this  city  and  the  commissioner  of  pub- 
lic works,  the  city  engineer  and  the  superin- 
tendent of  water  concur  in  this  attitude  toward 
meterage.  The  city  council,  however,  is  still 
inclined,  it  seems,  to  look  upon  the  water 
meter  as  a  device  conceived  primarily  for  the 
purpose  of  separating  the  citizen  from  his 
money.  That  this  view  is  opposite  the  truth, 
especially  for  conditions  as  they  exist  in  Chi- 
cago, is  the  conviction  of  the  above  named 
officials.  The  problem  of  educating  the  city 
council  to  a  realizing  sense  of  the  economic 
advantage,  to  the  householder,  of  the  sale 
of  water  on  the  meter  basis,  is  a  problem  for 
the  Chicago  newspapers.  Consequently,  it  is 
gratifying  to  note  that  the  leading  daily  papers 
are  now,  for  the  first  time,  advocating  meter- 
age. Formerly  they  subscribed  to  the  doctrine 
that  water  should  be  as  free  as  air.  With  the 
lake  in  the  city's  front  yard  the  newspaper 
men  could  not  understand  why  a  limitation 
should  be  placed  on  the  waste  and  improper 
use  of  water.  These  men  have  now  discovered 
that  it  costs  money  to  distribute  the  water 
and  tliey  are.  consequently,  more  tolerant  of 
the  proposition  that  a  man  should  pay  for  the  . 
service  he  receives  in  proportion  as  he  is 
served. 


Uf  course  there  have  been  other  dissenting 
voices  than  those  heard  in  the  council  cham- 
ber. All  oi  the  old  objections  to  metering 
water  have  been  brought  forth  as  fresh  dis- 
coveries. Thus  we  hear  that  the  installation 
of  meters  will  deprive  poor  folks  of  sufficient 
water  for  their  actual  needs.  Sometimes  we 
wonder  where  that  thought  originated  and 
many  times  we  marvel  at  its  durability.  It  is 
the  hardiest  bit  of  misinformation  of  which 
we   have  knowledge. 

in  addition  to  the  well-seasoned  objections  to 
meterage  there  have  been  some  brand  new 
ones.  That  such  new  objections  would  be 
raised  might  have  been  anticipated  for  a  class 
ot  people,  not  without  experience  m  raising 
objections  in  other  lines,  have  been  admitted 
to  the  rights  of  citizenship  since  meterage  was 
last  agitated  in  Chicago.  Some  of  the  ob- 
jections raised  before  council  committee  by 
the  women  deserve  record  here.  One  feared 
that  "no  meter  could  measure  the  service  with 
the  water  as  thick  as  it  is."  Another  stated 
that  in  the  event  of  metering  all  services  the 
pavements  would  have  to  be  torn  up  at  inter- 
vals of  'J.5  ft.  on  each  side  of  the  street. 

Despite  the  foregoing  objections  the  com- 
ing of  meterage  in  Chicago  is  inevitable  be- 
cause the  meter  furnishes  the  only  way  of  sell- 
ing water  on  an  equitable  basis.  We  hope 
that  the  daily  newspapers  will  take  the  lead 
m  this  constructive  work  and  make  it  a  real 
issue   at   coming   aldermanic    elections. 


Architectural  Features  of  the  New  Sta- 
tion and  Office  Building  and  Other 
Terminal     Improvements     of     the 
Michigan  Central   Railroad   Co., 
at  Detroit,  Mich. 

CoMtributtd   bv  F.    A.    I'ruitt,   Detroit.    Mich. 
I. 

The  Michigan  Central  Railroad  Co.  has  re- 
cently completed,  at  a  cost  of  about  $2,.500.000, 
its  new  station  and  office  building  at  Detroit, 


ing  building,  hump  yard,  custom  house,  in- 
spection sheds,  wheel  pit,  signal  towers,  yard 
electrification,  team  tracks,  etc.  With  this 
work  completed  the  company  now  has  at  this 
point  one  of  the  most  complete  and  fully 
equipped  plants,  for  the  handling  of  freight 
and  passengers  to  be  found  in  this  country. 
In  this  issue  we  shall  treat,  principally,  of  the 
layout  and  architectural  features  of  this  im- 
provement, and  in  a  succeeding  issue  shall 
cover   the  structural   features   of   the  work. 


and  with  the  cross-overs  in  the  train  shed  in 
use  about  30  minutes  can  be  saved  in  making 
up  the  trains  and  getting  them  across  the 
river,  from  that  required  to  operate  to  and 
from  the  Third  St.  Station. 

The  general  scheme  is  that  of  a  through 
station  layout  with  10  passenger  tracks  and  1 
express  track  under  the  cover  of  the  train 
shed.  There  are  7  through  freight  tracks  in 
the  open  south  of  the  train  shed  and  parallel 
to  it  at  the  same  elevation.     All  of  the  tracks 


Fig.  1.  Layout  of  Passenger  Terminal  of  Michigan    Central  R.  R.  at  Detroit,  Mich. 


Mich.,  this  improvement  being  the  last  step 
in  the  extensive  plan  worked  out  by  this  com- 
pany. The  entire  project  includes  the  tunnels 
under  the  Detroit  River,  the  train  sheds, 
yards  and  equipment,  grade  separation  and 
bridges,  coach  yards,  service  building,  warm- 


CENKRAL    FEATLKES. 

To  avoid  the  shuttle  movement  of  all  trains 
which  was  necessary  when  entering  and  leav- 
ing the  old  station  the  new  terminal  was  lo- 
cated on  the  main  line  about  %  mile  north- 
west of  the  tunnel  portal.     With  this  location 


are  suiiported  on  a  steel  substructure  for  a 
distance  of  about  040  ft.,  the  usable  space 
under  the  right-of-way  being  occupied  by  the 
I'nited  States  mail  service  and  by  baggage 
and  express  companies,  etc.  (see  Fig.  1). 
In  designing  each  part  of  the  terminal  pro- 
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vision  has  been  made  for  a  considerable  in- 
crease in  traffic  above  that  now  required  by 
the  Michigan  Central,  in  order  that  other 
roads  in  the  city  may  be  accommodated  as 
tenants  at  any  time  they  so  desire.  There  is 
a  possibility  that  the  Grand  Trunk  and  Lake 
Shore  may  later  use  this  station.  The  Michi- 
gan Central  alone  handles,  on  an  average, 
5,000  passengers  daily,  with  an  estimated 
ma.ximum  of  9,i.K30  on  special  occasions.  The 
old  station  accommodated  7.5  trains,  with  a 
total  daily  capacity  of  544  cars. 

Location. — The  station  is  located  a  little 
more  than  1%  miles  west  of  the  City  Hall 
and  about  the  same  distance  from  the  old 
Third  Si.  Station.  It  is  about  800  ft.  south 
of  Michigan  .\ve.,  between  1.5th  and  17th 
Sts.  on  Depot  Esplanade,  a  new  street  and 
parkway,  which  was  opened  by  the  separa- 
tion of  grades   (see  Fig.   1). 

.■Approaches. — .\11  of  the  approaches  have 
been  designed  and  the  grades  separated  so 
as  to  give  the  most  efficient  and  easy  access 
to  the  station  and  train  shed,  both  for  the 
public  and  for  the  tenants  using  the  rooms 
under  the  tracks. 

At   the   east   end   of  the   station   there   is   a 


side  of  the  building.  This  court  is  used  by 
the  baggage  wagons,  the  baggage  room  being 
directly  opposite  under  the  tracks.  Further 
west  the  Depot  Esplanade  and  17th  St.  merge 
into  a  public  subway  leading  under  the  tracks 
and  connecting  with  17th  and  Newark  Sts. 
on  the  south  side  of  the  train  shed.  Just 
east  of  this  public  subway  and  parallel  to  it 
there  is  a  40-ft.  private  driveway  along  the 
west  end  of  the  baggage  and  e.xpress  rooms, 
which  is  used  by  baggage  and  express  ex- 
clusively. 

South  of  the  train  shed  and  parallel  to  it 
there  is  a  driveway  under  the  e.xpress  com- 
panies' offices,  which  is  used  entirely  bv  the 
latter. 

THE    MAIN    BUILDING. 

The  lower  story  of  the  main  building, 
which  includes  all  of  the  station  facilities, 
has  a  frontage  of  345  ft.  and  a  depth  of  2(56 
ft.  These  dimensions  are  maintained  up  to 
the  top  of  the  waiting  room  and  concourse 
roofs,  .■\bove  this  level  the  office  building, 
which  is  in  the  shape  of  the  letter  "I,"  rises 
to  a  height  of  approximately  240  ft.  from  the 
curb  to  the  top  of  the  penthouses.  Figure 
5  shows  a  front  elevation  of  the  staticii  and 


ft.  courts  with  hip-and-valley  tile  floors. 
These  courts  provide  light  for  all  offices  on 
these  levels,  which  would  otherwise  be  shut 
off  by  the  concourse  and  waiting  room  roofs 

Type  of  Construction. — The  entire  building 
is  of  fireproof  construction,  the  steel  skeleton 
framework  being  covered  with  stone,  brick 
terra   cotta   or   concrete. 

The  foundation  is  one  of  the  first  of  its 
kind  ever  attempted  for  a  building  of  this 
magnitude,  a  reinforced  concrete  mat  being 
used  under  the  entire  building.  The  original 
design  provided  for  caissons,  but  the  e.xperi- 
ence  of  the  Detroit  River  Co.  in  the  construc- 
tion of  its  tunnels  showed  that  the  blue  claj 
had  a  tendency  to  flow  under  heavy  pressure 
and  the  borings  showed  that  the  average  dis- 
tance to  rock  was  110  ft.  These  conditions 
together  with  the  fact  that  there  was  a  possi- 
bility of  striking  a  sulphur  vein,  such  as  was 
found  in  constructing  the  Ford  building,  leac 
to  a  very  exhaustive  series  of  tests  on  th« 
bearing  power  of  clay  and  of  several  types  oi 
concrete  piles.  This  series  of  tests  indicated 
that  piles  were  inadequate,  and  a  reinforced 
concrete  mat  was  decided  upon.  This  mal 
has  a  thickness  of  42  ios.  under  the  high  office 


Fig.  2.  View  cf  East   Portion  of  Main  Waiting  Room    of  Detroit  Station,  Showing   Interior  Finish. 


driveway  about  40  ft.  wide,  sloping  Imni 
15th  St.  downward  on  a  5  per  cent  grade  un- 
der the  covered  bridge  which  connects  the 
station  and  the  car  shelter.  This  driveway 
gives  access  to  the  basement  entrances  lead- 
ing to  the  basement  elevator  hall  and  to  the 
machinery  room  which  is  directly  under  the 
main  concourse  floor.  The  driveway  and  a 
similar  approach,  which  is  perpendicular  to 
and  just  south  of  the  car  shelter,  merge  into 
a  large  court  about  7H  ft.  wide  and  240  fi. 
long.  This  gives  readv  access  to  the  mail 
departnunt,  which  occupies  the  space  under 
the  tracks   adjacent   to  this  court. 

Just  north  of  the  station  and  its  surround- 
ing sidewalk  there  is  a  curved  driveway  about 
25  ft.  wide  leading  from  15th  St.  around  the 
granite  balustrade  to  Ifith  St.  Between  this 
driveway  and  the  Depot  Esplanade  there  is 
an  ornamental  grass  plot  with  blue  flag  stone 
landing  and  granite  balustraile  and  benches. 

On  the  west  side  and  parallel  to  the  station 
there  is  a  40-ft.  driveway  leading  up  to  the 
carriage  entrance  which  is  under  a  low  roof 
outside  of  the  main  office  building.  West  of 
this  driveway  and  separated  from  it  by  a 
granite  balustrade  is  a  driveway  on  about  a 
3  per  cent  dfiwn  grade,  which  opens  into  a 
large  court  similar  to  the  one  on  the  opposite 


office  building  and  indicates  tlic  type  ol  con- 
struction  used. 

From  a  structural  standpoint  the  building 
may  be  described  as  consisting  of  three 
separate  parts.  .Mong  the  Depot  Esplanade 
the  general  waiting  room,  with  its  adjoining 
woniens'  room,  reading  room  and  tea  room, 
has  a  depth  of  104  ft.  and  a  height  of  about 
1)3  ft.  to  the  Guastavino  arch  ceiling.  Directly 
to  the  south  of  the  wailing  room  the  huililing 
rises  15  stories  above  the  high  arches  of  the 
arcade  ceiling.  The  "stem"  of  this  part  of 
the  building  is  54  ft.  wide  by  241  ft.  long.  .At 
each  end  of  this  narrow  stem  there  is  a  bay 
52  ft.  wide  by  |(h;  ft.  long  which  completes 
the   I-shaped   outline   of   the   office   portion. 

The  concourse  with  its  entrance  for  pedes- 
trians on  the  east  end  an<l  cab  entrance  on 
the  west  is  located  south  of  and  parallel  with 
the  office  portion.  This  room  is  78  ft.  wide, 
with  a  flat  copper  ceiling  about  41  ft.  above 
the  street  level.  Leading  south  frtim  this 
concourse  there  is  a  7(!-ft.  ramp,  which 
grades  down  on  a  7  per  cent  slope  into  the 
passenger  subway  under  the  tracks  of  the 
train   shed. 

The  high  portion  of  the  building  at  the 
pipe  loft  and  storage  floor  levels  is  separated 
from  the  waiting  room  and  concourse  by   13- 


porti<in  and  30  ins.  under  the  waiting  room 
and  concourse.  As  the  type  of  foundation 
was  changed  after  some  of  the  columns  were 
fabricated  it  was  necessary  to  buiUI  up  piers 
from  the  mat  for  some  of  the  columns. 

From  the  street  grade  up  to  the  sills  of 
the  large  waiting  room  windows  which  con- 
form to  grade  the  outside  walls  arc  of  pink 
granite.  From  this  elevation  to  the  window 
sills  of  the  first  oftice  floor  the  walls  are  of 
dark  blue  Bedford  limestone;  and  from  this 
level  up  to  the  12th  office  floor  a  light-colored 
pressed  brick,  which  harmonizes  with  the 
stone,  was  used. 

.■\t  the  12th  office  floor  the  building  sets  in 
about  2  ft.,  thus  providing  space  for  th( 
columns  and  festoon  spandrels  which  are  cor 
slnicted  of  light  gray  terra  cotta.  The  terr 
cotta  construction  continues  up  to  and  ii 
clu<les  the  massive  overhangine  cornice.  Tl 
entire  main  roof  of  the  office  building,  ; 
well  as  that  of  the  reading  room,  tea  roor 
women's  room  and  the  flat  roof  over  tl 
offices  of  the  low  building,  has  a  pitch-au' 
gravel  roofing.  A  copper  roofing  with  staU' 
ing  seams  is  used  for  the  waiting  room,  coi 
course,  cab  stand  and  car  shelter. 

"The    car    shelter    at    the    east    end    of    tl 
building  Is  reached   from  the  main  arcade  ■ 
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ihe  vestibule  at  the  east  end  of  the  concourse 
by  means  of  a  covered  bridge  which  is  21  ft. 
9  ins.  wide  and  wliich  extends  over  the  in- 
clined driveway  along  the  east  side  of  the 
building.  This  shelter  is  adjacent  to  the 
trolley  car  loop,  it  is  17  ft.  9  ins.  wide  and 
about  .300  ft.  long,  and  is  built  on  a  radius 
of  60  ft.  The  framework  of  the  shelter  is 
of  ornamental  steel  with  the  street  side  en- 
tirely enclosed  with  metal  sash  windows.  A 
"wood  floor  was  placed  in  this  shelter  tem- 
porarily until  the  back  fill  settles  to  its  final 
position,  at  which  time  it  is  intended  to  re- 
place it  with  reinforced  concrete  slab  con- 
struction. 

QU.-\N"TITIES   OF   M.\TERI.\LS. 

The  terminal  building  contains  7.000  tons  of 
structural  steel,  12.5,000  cu.  ft.  of  stone;  1,- 
500,000  face  brick,  and  7,000,000  common 
brick.  The  foundations  and  side  walls  re- 
quired about  20,000  cu.  yds.  of  concrete  and 
about  500  tons  of  reinforcing  bars.  The 
concrete  fireprooting  and  the  reinforced  con- 
cfete  floors  required  about  5,000  cu.  yds.,  in 
addition  to  that  used  in  the  train  shed  and 
other  outlying  buildings.  The  train  shed 
superstructure  required  3.500  tons  and  the 
substructure    about    !).0f)0    tons    of    structural 


dows  are  smaller  windows  8  ft.  wide  by  20 
ft.  high. 

Tlie  women's  room,  which  is  to  the  east  of 
the  waiting  room,  is  about  52  ft.  square.  It 
has  a  hard-wood  parquet  floor  set  in  mastic, 
paneled  oak  wainscoting,  beamed  ceiling,  and 
caen  stone  walls.  The  woodwork  in  this 
room,  as  in  the  reading  and  tea  rooms,  is  of 
quarter-sawed,  flaked  white-oak.  In  connec- 
tion with  this  room  are  the  free  and  pay  toil- 
ets and  dressing  rooms.  The  dressing  rooms 
are  equipped  with  lavatory,  tub  and  shower 
baths,  etc.,  and  are  intended  to  be  used  by 
those  who  wish  to  change  to  evening  attire 
for  evening  appointments  without  necessitat- 
ing the  use  of  a  hotel  room  for  this  pur- 
pose. 

The  reading  room,  which  is  to  the  west  of 
the  waiting  room,  is  39  ft.  by  52  ft.  This 
room  has  a  parquet  floor,  large  wood  paneled 
wainscoting,  and  an  ornamental  plastered  ceil- 
mg.  The  furniture  of  this  room,  as  well  as 
that  of  the  women's  room,  is  of  a  rich  design 
to  harmonize  with  the  woodwork  and  is  up- 
holstered in  green  Spanish  leather.  The  at- 
mosphere of  this  room  is  one  of  quiet  restful- 
ness,  and  it  is  thought  that  the  men  who  do 
not  wish   to   smoke   and   who   wish  to  be   re- 


master clock  in  the  station  master's  office. 
This  clock  is  in  direct  view  down  the  arcade 
as  the  passengers  enter  the  east  elevator 
hall.  On  each  side  of  the  arcade  there  is  a 
bank  of  three  elevators,  a  total  of  six  cars, 
five  for  passenger  and  one  for  freight  service. 
The  three  passenger  elevators  in  the  north 
bank  are  not  being  installed  at  this  time. 
Just  west  of  the  north  bank  of  elevators  and 
back  of  the  ticket  office  are  the  two  main 
fireproof  stair  halls  extending  the  entire 
height  of  the  building,  with  hose  reels  on 
each  floor. 

To  the  right  as  one  comes  down  the  arcade 
to  the  ticket  office  is  the  drug  store,  telegraph 
and  telephone  rooms,  and  the  newspaper 
booth  while  to  the  left  is  the  cigar  store, 
parcel    room    and    information    booth. 

The  barber  shop  is  directly  south  of  the 
elevator  hall.  It  has  a  white  tile  floor,  stat- 
uary marble  wainscoting  and  trim,  and  plas- 
tered beamed  ceiling  and  walls  painted  white. 
Just  across  the  hall  are  the  men's  bath  and 
dressing  rooms. 

The  concourse  is  similar  to  the  waiting 
room,  and  has  a  terrazo  floor  with  marble 
tile  panels.  The  walls  are  of  light  colored 
face  bricks,  the  same  as  are  found  on  the  ex- 


"ig.  3.  Interior  View  of  a  Portion  of  the  Bush  Train    Shed  of  M.  C.  R.  R.  Station  at  Detroit,  Mich. 


steel.     The    station   proper   has   a   volume   of 
about    11.000.000  cu.  ft. 

CROU.VD    FIXIOR    FACILITIES. 

The  entire  ground  floor  of  the  building  is 
nsed  for  station  purposes.  There  are  three 
entrances,  the  one  on  the  north  side  will  ac- 
commodate those  who  come  in  private  cars ; 
the  one  at  the  west  end  of  the  concourse  is 
for  those  arriving  in  taxicabs ;  and  the  one 
at  the  east  end  of  the  building  will  be  used 
by  people  arriving  in  street  cars.  It  is  esti- 
mated that  fully  75  per  cent  of  the  public 
will  use  this  entrance,  which  directs  them 
down  the  arcade,  past  the  ticket  lobby  to  the 
ticket  windows. 

The  waiting  room  (see  Fig.  2)  is  104  It. 
wide  by  243  ft.  long,  with  a  height  of  about 
83  ft.  The  floor  is  of  marble  tile,  and  the 
woodwork,  a?  in  all  other  public  spaces,  is 
of  East  India  mahogany.  The  wainscoting, 
pilasters  and  columns  are  of  kasota  stone, 
the  walls  are  of  caen  stone,  and  the  ceiling 
consists  of  Guastavino  arches,  the  color  of 
Tvhich  is  just  light  enough  to  blend  pleasantly 
with  the  marble  and  ornamental  plaster.  On 
the  north  side  of  the  waiting  room,  above  the 
main  entrance  and  symmetrical  with  it,  are 
three  large  double  metal  sash  windows  21  ft. 
wide  by  40  ft.  high.     Between  the  large  win- 


lieved  of  the  confusion  of  the  general  waiting 
room  will  find  this  pleasant  innovation.  Writ- 
ing and  reading  tables  and  the  best  of  litera- 
ture arc  to  be  found  here. 

The  tea  room  is  directly  to  the  south  of 
the  reading  room,  and  is  finished  in  a  manner 
similar  to  it.  It  is  possible  that  this  room 
will  be  used  as  a  buffet. 

The  restaurant  and  lunch  room  are  lo- 
cated to  the  west  of  the  ticket  office  and  south 
of  the  buffet.  The  lunch  room  is  39  ft.  by  54 
ft.,  and  is  separated  from  the  restaurant  by  a 
quarter-sawed,  flaked  white-oak  paneled 
screen.  It  may  be  entered  either  from  the 
waiting  room  or  from  the  concourse.  The 
restaurant  is  54  ft.  wide  by  78  ft.  long,  with 
a  9x9-in.  Welsh  quarry  tile  floor,  kasota 
stone  wainscot,  caen  stone  walls,  and  a  domed 
ceiling  of  the   same  material. 

The  ticket  office  has  a  total  frontage  of 
about  130  ft.,  and  has  19  ticket  windows  which 
are  accessible  cither  from  the  concourse,  the 
ticket  lobby,  or  the  waiting  room.  This  office 
is  finished  with  kasota  stone  wainscoting. 
Tennessee  marble  deal  plates,  bronze  window 
grilles,  and  a  continuous  bronze  suitcase  rack 
under   the  windows. 

Above  the  low  roof  of  the  ticket  office  there 
is   a    large   electric   clock   operated    from    the 


terior  of  the  office  building,  and  are  laid  in 
Flemish  bond,  with  panels  outlined  with  light 
terra  cotta  strips.  The  pilaster  caps  are  of 
the  same  material. 

The  molded  members  of  the  cornice,  beams, 
and  ceiling  are  of  copper,  with  a  large  area 
of  ceiling  lights  which  serve  to  diffuse  the 
light    from   the   skylights   above. 

There  is  an  ornamental  iron  fence  about 
8  ft.  high  and  110  ft.  long,  which  extends  16 
ft.  beyond  the  south  wall  of  the  concourse  and 
runs  the  full  width  of  the  ramp.  The  front 
of  this  fence  has  eight  ticket  gates  and  eight 
train  indicators  of  the  National  Indicator 
type.  The  ends  of  the  fence  are  equipped  with 
wide  folding  gates  which  serve  as  exits  for 
the  people  coming  from  inbound  trains.  The 
large  majority  of  the  incoming  passengers 
use  the  east  exit  and  go  directly  to  the  trolley 
cars  from  the  concourse;  the  remainder  taft^ 
the  west  exit  to  the  cab  ofiice  at  the  west  end 
of  the  concourse.  In  this  way  no  confusion 
between  incoming  and  outgoing  passengers 
is  anticipated. 

The  smoking  room  is  entered  from  the 
southeast  corner  of  the  concourse.  It  is  about 
26  ft.  wide  by  GO  ft.  long.  The  woodwork 
and  the  continuous  outside  seat  are  <jf  East 
India   mahogany    and    the   floor   is   of    Welsh 
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quarrv  tile,  with  plastered  walls  and  ceiling 
and  kasota  stone  wainscot.  Just  east  of  the 
smoking  room  is  the  anteroom  and  the  men  s 
free  and  fav  toilets. 

To  the  west  of  the  ramp  is  the  baggage 
room,  which  is  accessible  from  the  concourse; 
while  to  the  east  are  the  offices  for  the  sta- 
tion master  and  for  customs.  Below  these 
offices  in  the  basement  are  the  detention 
rooms. 

OFFICE    BUILDING. 

The  high  building,  w^hicK  rises  above  the 
center  of^the  station,  is  345  ft.  long  and  240 
ft  high,  the  central  portion  being  .54  ft.  wide 
and  the  wings  at  each  end  108  ft.  wide  (see 
Figs.  4  and  5).  ,    n  • 

The  first  floor  above  the  ground  floor  is 
the  mezzanine,  which  includes  the  rooms  west 


is  about  ten  cars.  From  the  bottom  of  the 
hopper  the  coal  passes  through  the  coal 
crusher  onto  a  motor-driven  belt  conveyor, 
which  delivers  it  through  the  large  concrete 
coal  and  ash  tunnel  to  the  electric-driven 
bucket  conveyor.  These  conveyors  work  in 
ui.ison.     The  bucket  conveyor  distributes  the 


The  surge  tank,  elevator  tank,  pneumatic 
tube  tanks,  etc.,  are  located  in  the  machinery 
room.  The  heating  system  for  the  ehtire 
office  building,  from  the  pipe  loft  up.  is  of  the 
down-feed  tvpe;  while  the  ground  and  mez- 
zanine floors  are  supplied  by  the  up-feed 
system.     Each   office   floor    has    72   radiators. 


Fig.  4.   Rear  Elevation  cf   M.  C.  R.  R. 


Terminal  at    Detroit,    Mich.,    Showing    Office    Building    and    Train   Shed. 


of  the  concourse  and  the  paymaster's,  tele- 
graph and  telephone  rooms,  etc.,  to  the  east  of 
the  concourse. 

The  next  floor  above  this  is  a  storage 
floor  with  a  few  offices  at  the  east  end.  At 
the  west  end  of  this  floor  and  directly  over 
the  restaurant  there  is  an  employees'  lunch 
room  which  is  operated  on  the  self-serve 
plan.  ... 

The  next  floor  is  the  pipe  loft,  which  will 
be  used  for  the  distribution  of  the  heating 
and  plumbing  systems,  etc.,  as  well  as  for  a 
store   room.  . 

Above  this  are  13  office  floors,  each. having 
an    area    of    about   24,000   sq.    ft.     The    story 
height   for   each   is   12   ft.  6  ins.,  and  the  ar- 
rangement of  offices  IS  similar.    .\  12-tt.  cor- 
ridor runs  along  the  central  axis  of  each  o. 
these    stories.     It    has    a    terrazo  floor,   cove 
and  base,  and  a  high  marble  wainscoting.  All 
vaults    throughout    the    ofi^ce    building    have 
cement  floors.     The  office  floors  are  of  w'oo<l 
laid    on    a    cinder    fill    supported    by    a    4-in. 
reinforced   concrete   slab.     All   the   woodwork 
in  the  offices  is  of  oak,  and  all  partitions  are 
made  of  plastered  terra  cotta  tiles.     The  ceil- 
ings   and    walls    are    painted,    and    the    ribbed 
glass  panels  in  the  upper  half  of  the  corridor 
doors,    together    with    an    almost    continuous 
line   of    transoms,    afford   good   light    for    the 
corridors.     Small  wooden  doors  are  provided 
to  the  pipe  spaces  in  the  pilasters.     The  wood 
base   is   provided   with   a   wire     mold.        ims 
mold,  together  with  the  picture  mold  provides 
a  place  for  all  the  wires  re(|uired  in  the  offices. 
At  the  east  end  the  corridor  widens  into  an 
elevator   hall    in    front   of    the    two   banks   of 
electric  elevators,  and  back  of  these  elevators 
there   is   the  main   stair  hall   running  the   en- 
tire height  of  the  building.     At  the  west  end 
there  are  two  more  elevators  and  to  the  east 
of  them  are  the  tvpical  toilet  rooms  and  an- 
other  stair  hall.     Onlv   eight  office   floors  are 
being   finished  at  this  time,  but  it  is  expected 
that    the    future    expansion    of    the    Michigan 
Central    will,   in    the   near    future,    require   the 
use  of  the  remaining  floors. 

MECH.\NIC.\L     IM.ANT. 

The  mechanical  plant  for  all  the  buildings 
and  yards  is  controlled  from  the  basement 
of  the  main  building  where  the  br.iler  plant 
and  the  machinerv  room  arc  located  I  he 
boiler  rdom  is  directly  under  the  cab  en- 
trance at  the  southwest  corner  of  the  liiph 
building  and  is  equipped  with  five  4o0-lll. 
"Toledo-Flanders"  water  tube  boilers,  with 
provisions  for  the  future  installation  of  an- 
other boiler   of   the   same   capacity. 

The  coal  for  the  plant  is  delivered  into  a 
reinforced  concrete  hopper  located  at  the 
south  end  of  the  service  building.  The  top 
of  the  hopper  is  at  the  elevation  of  the  rail, 
and  the  coal  cars  switch  over  the  hopper  and 
dump  bv  gravitv.     The  capacity  of  the  hopper 


coal  over  the  continuous  coal  bunker  in  front 
of  the  boilers,  where  it  is  fed  to  the  stoker 
grates  by  means  of  hand  chain  movable  chutes. 
The  ashes  are  loaded  into  the  ash  cars  di- 
rectlv  under  the  boilers.  These  cars  are  op- 
erated bv  hand  through  the  tunnel  on  a  nar- 
row-gage track,  and  are  dumped  into  the 
ash  pit  just  south  of  the  coal  crusher,  where 


the  total  radiation  for  the  whole  building  be- 
ing about  12.5,000  sq.  ft.  The  vacuum  re- 
turn is  used  for  the  station  as  well  as  all 
the  outlying  buildings  and  yards.  The  station 
proper  is  operated  under  the  "Johnson"  sys- 
tem of  thermostatic  control,  while  the  train 
sheds  and  other  buildings  are  under  hand 
control. 


.M^BLilfc 


Fig.  5.  Front  Elevation  of  M.  C.  R.  R.  Station  and   Office  Building  at  Detroit,  Micl 


the  ashes  arc  loaded  and  arc  conveyed  to 
the  cars  on  the  yard  tracks  above. 

The  machinery  room  is  equipped  with  tlie 
most  efficient  type  of  pumps,  compressors,  in- 
cinerator   plant,    refrigerating    system,    etc. 

The  large  house  and  fire  tanks  are  located 
in  the  west   penthouses  of  the  oftn-c  building. 


The  building  is  equipped  with  a  complel 
fire  alarm  and  protection  system,  a  cold  watc 
drinking  system,  a  pneumatic  tube  system,  an 
a  dictaphone  system. 

The  piping  and  wiring  have  been  complete 
for  a  watchman's  clock  system,  a  vacuui 
cleaning   system,   a   tram   announcing   systen 
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and  telautograph  system ;  but  these  systems 
will  not  be  installed  at  this  time. 

The  electric  power  is  4,600-volt,  three- 
phase  alternate  current.  In  order  to  eliminate 
as  nearly  as  possible  the  chances  of  failure 
of  supply,  three  independent  main  feed  cables 
were  installed.  Two  of  these  come  from  the 
Commonwealth-Edison  generating  plants,  and 
are  brought  in  from  opposite  sides  of  the 
building.  The  third  line  is  run  from  the  com- 
pany's sub-station  located  near  the  foot  of 
10th  St.  and  the  river.  The  current  first 
passes  through  hand  controlled  switches, 
down  through  the  transformers  and  then  to 
the  main  switchboard  or  motor  generators. 
Direct  lighting  is  used  throughout  the  ter- 
minal, with  the  exception  of  the  barber  shop, 
where  indirect  fi.xtures  have  been  installed. 

In  wiring  the  offices  provision  was  made  for 
easy  maintenance  by  use  of  a  removable  base 
mold,  back  of  which  the  wires  are  placed.  On 
the  floors  occupied  by  the  auditor's  depart- 
ments dictagraph  plugs  have  been  installed 
under  the  desks,  and  numerous  plugs  have 
been  installed  throughout  the  building  for 
fans,  drop  lights,  etc. 

An  automatic  telephone  system  has  been  in- 
stalled throughout  the  various  offices. 

The  electric  clock  system  is  controlled  by 
a  master  clock  in  the  station  master's  office. 
At  present  there  are  only  two  clocks  installed, 
in  addition  to  the  master  clock,  the  one  above 
the  ticket  office  and  the  one  on  the  cab  stand. 

B.-\GG.-\GE     AND     EXPRESS     ROOMS. 

The  baggage  rooms  occupy  about  35,000  sq. 
ft.  in  the  northwest  corner  of  the  terminal. 
This  space  is  fenced  in  by  means  of  a  wire 
partition  with  numerous  large  gates  and  is 
equipped  with  numerous  racks.  It  is  easily 
accessil)le  from  the  wagon  court  on  the  north 
and  from  the  private  drive  on  the  west.  All 
outside  walls  are  equipped  with  large  Kinnear 
rolling  doors  and  metal  sash  windows,  giv- 
ing a  large  area  of  openings  and  good  light. 
The  baggage  is  handled  from  the  various  ele- 
vators by  means  of  electric  trucks.  Provision 
is  made  so  that  these  loaded  trucks  can  run 
up  the  baggage  ramp  into  the  baggage  check- 
ing room  in  the  terminal. 

.As  a  continuation  of  the  main  ramp  in  the 
terminal  there  is  a  40-ft.  subway,  about  210 
ft.  long,  running  under  the  center  of  the  train 
shed  between  the  baggage  and  mail  rooms 
and  perpendicular  to  the  tracks.  This  ramp 
has  a  terrazo  floor  and  white  terra  cotta  walls 
and  ceiling  construction.  Wide,  easy  stair- 
w.iys  lead  up  from  the  subway  to  the  tracks 
on  the  east  and  west  side. 

.•\t  the  northeast  corner  of  the  terminal  the 
mail  department  and  Union  News  Co.  occupy 
about  17,000  sq.  ft.  of  space  adjacent  to  a 
wagon  court  on  the  north.  The  American 
Express  Co.  has  about  30,000  so.  ft.  of  space 
on  the  south  side  under  the  freight  tracks. 
All  of  these  areas  are  equipped  in  an  up-to- 
date  manner  and  give  excellent  locations  for 
the  purpose  for  which  they  are  used.  The 
eritire  floor  of  the  basement  is  of  concrete 
with  a  2-in.  mastic  covering,  which  makes  an 
easy  and  noiseless  floor. 

There  are  19  large  hydraulic  elevators,  each 
6  ft.  4  ins.  X  15  ft.  4  ins.,  for  the  use  of  all 
tenants  below.  These  elevators  are  at  both 
ends  of  the  basement,  two  on  each  platform 
and  seven  on  the  express  platform.  The  ar- 
rangement of  these  elevators  is  such  as  to  do 
away  with  almost  all  of  the  trucking  on  the 
platforms  above. 

TRAIN    SHED. 

The  train  shed  covers  ten  passenger  tracks, 
there  being  two  tracks  between  each  platform 
and  one  express  track  near  the  south  wall. 
The  north  and  south  sides  are  enclosed  with 
stone  and  face  bricks,  laid  in  a  similar  man- 
ner and  of  the  same  color  as  those  used  in 
the  construction  of  the  terminal. 

The  foundation  for  the  train  shed  sub- 
structure consists  of  a  continuous  reinforced 
concrete  footing  of  a  1:2:4  mixture.  This, 
together  with  the  concrete  floor  slabs  support- 
ing the  tracks  and  the  beam  and  girder  fire- 
proofing,  were  poured  under  the  direction  of 
the  bridge  engineer  during  the  summer  of 
l!Ui>.    The  concrete  used  for  practically  all  of 


the  terminal  and  outlying  buildings  was  also 
a  1 :2  :4  mixture. 

In  designing  the  train  shed  and  rooms  be- 
neath it  the  amount  of  headroom  was  limited 
by  the  city  sewer  below  and  by  the  vertical 
curves  of  the  tracks  above,  as  they  emerge 
from  the  tunnels.  Consequently  the  clear 
headroom  of  the  rooms  below  is  only  about 
10   ft. 

The  portion  of  the  train  shed  above  grade 
is  of  the  "Bush"  type,  and  is  246  ft.  wide  by 
1,106  ft.  long.  Figure  3  shows  an  inside  view 
of  a  portion  of  the  train  shed  and  indicates 
the  type  of  construction  used.  The  super- 
structure rests  on  latticed  steel  columns  spaced 
40  ft.  on  centers  north  and  south  and  35  ft. 
east  and  west.  The  trusses  are  curved,  and 
support  a  2%-in.  concrete  roof  slab  on  "Hy- 
rib."  with  Vz  in.  of  plaster  underneath. 

.\bout  28  per  cent  of  the  entire  roof  is  of 
the  "Anti-Pluvius"  skylight,  set  higher  on  the 
roof  than  is  usual  to  overcome  the  trouble 
caused  by  water  backing  up  in  the  gutters. 
An  adequate  system  of  drainage  has  been  in- 
stalled and  every  precaution  taken  to  over- 
come the  leaks  over  the  expansion  joints. 
Steam  jets  have  been  installed  in  the  drain 
stacks  to  overcome  the  trouble  of  freezing 
ii;   cold  weather. 

Two  cross-overs  on  each  track  have  been 
installed  with  "Transit"  smoke  jacks  above  to 
provide  for  the  breaking  up  of  trains  in  short 
order.  These  smoke  jacks  will  not  be  used, 
however,  unless  steam  locomotives  are  used 
for  the  switching. 

The  low  platform  type  has  been  used  and 
the  clearance  from  top  of  rail  to  bottom  of 
smoke  duct  is  15  ft.  6  ins.  The  platforms  are 
ISI  ft.  wide,  and  extend  for  some  dis- 
tance beyond  the  ends  of  the  shed.  The  plat- 
forms are  of  concrete,  with  a  liberal  supply 
of  vault  lights,  their  maximum  length  being 
about  1,400  ft.  The  field  of  the  platforms  is 
of  a  dull  red  color  and  the  borders  are  dark 
gray,  all  marked  at  about  2  ft.  centers  both 
ways.  Carborundum  was  used  in  the  finish 
to  obtain  an  effective  wearing  surface.  The 
whole  yard  is  equipped  for  electric  locomo- 
tives to  conform  with  the  equipment  of  the 
tunnels.  .AH  trains  are  hauled  through  the 
tunnels  by  means  of  the  electric  locomotives. 
I'igure  4  is  a  rear  view  of  the  terminal  and 
shows   the  completed  train   sheds. 

EXPRESS    OFFICE,    WARMING    HOUSE    AND    SERVICE 
BUILDING. 

The  express  office  is  south  of  the  seven 
freight  tracks  which  are  not  under  cover,  and 
is  at  the  same  elevation  as  these  tracks.  This 
building  is  one  story  high,  and  is  21  ft.  wide 
by  .530  ft.  long.  It  is  finished  with  metal 
sash  windows,  wood  floors,  terra  cotta  tile 
walls,  plastered  on  both  sides,  and  a  wood 
finish  to  match  that  of  the  terminal.  The 
offices  are  equipped  with  numerous  wire 
screen  partitions,  booths,  wood  counters,  toi- 
lets, lavatories,  etc.,  which  make  them  the 
most  desirable  the  company  has  ever  had. 

The  warming  house  is  a  one-story  building 
about  40  ft.  wide  by  320  ft.  long,  and  is  lo- 
cated at  20th  St.  and  the  tracks.  About  150 
ft.  of  it  is  parallel  to  20th  St.,  and  is  used 
as  a  wood  shop,  oil  and  repair  shed,  etc.  The 
wing  parallel  to  the  track  is  170  ft.  long,  and 
is  used  for  warming  Pullman  cars.  There  is 
an  inspection  pit  under  each  track,,  and  the 
building  has  enough  radiation  to  keep  the 
temperature  at  100"  F.  during  zero  weather. 
It  is  possible  to  thaw  out  four  coaches  in  a 
very    few   minutes. 

Just  north  of  this  structure  is  the  wheel 
jjit  building.  This  is  used  for  the  removal  of 
flat  wheels,  etc.,  and  it  is  equipped  so  as  to 
allow  a  pair  of  trucks  to  be  changed  in  15 
mimites. 

The  service  building  is  just  west  of  the 
main  building,  across  17th  St.  It  is  35  ft. 
wide  by  2fi0  ft.  long  and  is  three  stories  high. 
This  building,  as  well  as  the  w-arming  build- 
ing, is  finished  outside  to  harmonize  with  the 
terminal.  It  houses  the  Pullman  stores,  the 
cleaners'  and  porters',  and  the  linen  and  com- 
missary departments,  and  the  various  smaller 
offices  and  storerooms  of  the  Michigan  Cen- 
tral. 

Just    west    of    the    service    building    is    the 


jcoach  yard,  which  is  equipped  with  tunnels 
for  steam,  water  and  air  connections,  etc., 
as  well  as  various  truck  platforms  between 
the  tracks.  The  capacity  of  the  yard  is  about 
140  coaches.  All  brake  testing  is  done  in  this 
yard,  and  all  of  the  water,  steam,  air,  etc., 
comes  from  the  terminal  through  the  coal  and 
ash  tunnel.  This  yard  with  its  buildings  is 
considered  one  of  the  best  equipped  and  up- 
to-date  yards  in  the  country. 

PERSONNEL. 

The  whole  project  was  carried  out  under 
the  direction  of.  Mr.  H.  B.  Ledyard,  vice- 
president,  Detroit  River  Tunnel  Co.  The 
terminal  building  was  designed  by  Reed  & 
Stem  and  Warren  &  Wetmore,  architects,  un- 
der the  direction  of  Mr.  George  H.  Webb, 
chief  engineer,  Michigan  Central  R.  R.  and 
the  Detroit  River  Tunnel  Co,  The  steelwork 
for  the  terminal  building  was  designed  by 
Balcom  &  Darrow,  engineers.  The  train  shed 
and  the  outlying  buildings  were  designed  and 
the  construction  work  directed  by  the  rail- 
road's architect,  Mr.  Edward  W.  Smith.  Mr. 
W.  B.  Goddard,  Jr.,  w^as  engineer  in  charge 
of  the  inspection,  being  assisted  by  the  writer. 

The  George  A.  Fuller  Co.,  of  New  York, 
was  the  general  contractor.  The  steelwork 
was  fabricated  by  the  McClintic  Marshall 
Construction  Co.,  of  Pittsburgh. 


A  Summary  of  the  Results  of  a  Series 

of  Tests  to  Determine  the  Bond 

Between   Concrete 

and  Steel. 

.■\n  elaborate  series  of  tests  has  been  made 
at  the  Engineering  Experiment  Station,  Uni- 
versity of  Illinois,  to  secure  additional  in- 
formation on  the  nature  of  the  bond  re- 
sistance of  reinforcing  bars  in  concrete,  to 
determine  values  of  bond  resistance  for  a 
wide  range  of  conditions,  and  to  study  bond 
action  in  specimens  of  different  forms.  Tests 
were  made  on  pull-out  specimens  and  on  rein- 
forced concrete  beams.  In  both  forms  of 
specimens  attention  was  given  to  obtaining 
accurate  measurement  of  the  slip  of  bar 
through  the  concrete  as  the  loading  pro- 
gressed. In  many  of  the  beam  tests  the  slip 
of  bar  at  various  points  along  its  length  was 
measured  for  dift'erent  loads.  In  a  few  of 
the  beam  tests  the  distribution  of  bond  stress 
was  studied  by  measuring  the  changes  in 
stress  in  the  longitudinal  reinforcement 
throughout  the  length. 

In  the  pull-out  tests  the  concrete  block  was 
generally  8  ^ns.  in  diameter  and  8  ins.  long, 
with  the  rod  buried  axially.  The  size  of  bar 
varied  from  %-in.  to  lV4-in.  These  pull-out 
tests  covered  a  wide  range  and  included  the 
effect  of  dimensions  of  specimen,  of  form  of 
bar,  of  conditions  of  storage,  of  age  and  mix 
(using  both  plain  and  deformed  bars),  and 
of  different  mctliods  of  loading.  They  also 
considered  the  bond  resistance  of  concrete 
Setting  under  pressure,  the  effect  of  reap- 
plied loads,  a  comparison  with  bond  resist- 
ance of  reinforced  concrete  beams,  etc.  The 
tests  with  deformed  bars  were  intended  to 
bring  out  the  action  of  the  deformed  bar 
as  contrasted  with  the  plain  bar  and  not  to 
determine  the  value  of  particular  forms  of 
bars. 

.'\  special  effort  was  made  to  determine  the 
behavior  of  beams  subjected  to  high  bond 
stresses.  The  beams  tested  were  8x12  ins.  in 
section,  with  an  effective  depth  of  10  ins.,  the 
span  length  generally  being  6  ft.,  although  a 
few  beams  were  tested  with  span  lengths  of 
5  to  10  ft.  All  beams  were  tested  with  two 
symmetrical  loads,  generally  at  the  one-third 
points  of  the  span.  With  the  exception  of  six 
tests,  the  longitudinal  reinforcement  consist- 
ed of  a  single  bar  of  largo  diameter  placed 
horizontally  throughout  the  length  of  the 
beam,  both  plain  and  deformed  bars  being 
used. 

A  description  of  the  tests  and  of  the  results 
obtained  has  been  published  as  Bulletin  No. 
71,  "Tests  of  Bond  Between  Concrete  and 
Steel,"  by  Duff  A.  .Abrams,  the  work  being 
done  under  the  direction  of  Professor  A.  N. 
Talbot.     .As   the   tests   covered   a   wide   range 
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of  conditions,  the  results  have  a  significant 
bearing  on  the  nature  of  bond  resistance, 
the  action  of  bars  of  different  forms  under 
bond  stress,  and  the  behavior  of  beams  sub- 
jected to  high  bond  stresses.  The  load-slip 
determinations  have  given  definite  informa- 
tion on  the  nature  and  distribution  of  bond 
resistance.  The  following  is  a  summarj'  of 
the  principal  observations  and  conclusions  of 
this  series  of  tests.  Most  of  the  conclusions 
are  based  on  comparisons  involving  the  load- 
slip  relations,  although  in  a  few  of  the  tests 
the  bond  stress  was  determined  from  a  study 
of  the  variations  in  the  tensile  stress  in  the 
reinforcing  bar.  The  latter  method  furnishes 
a  much  more  direct  means  of  measuring  the 
bond  stress,  but  it  has  been  available  only 
since  the  recent  development  of  a  non-fixed 
extensometer. 

SUMMARV    OF   RESULTS    OF   PULL-OUT   TESTS. 

(1)  Bond  between  concrete  and  steel  may 
be  divided  into  two  principal  elements,  ad- 
hesive resistance  and  sliding  resistance.  The 
source  of  adhesive  resistance  is  not  known, 
but  its  presence  is  a  matter  of  universal  ex- 
perience with  materials  of  the  nature  of  mor- 
tar and  concrete.  Sliding  resistance  arises 
from  inequalities  of  the  surface  of  the  bar 
and  irregularities  of  its  section  and  align- 
ment, together  with  the  corresponding  con- 
formations in  the  concrete.  The  adhesive 
resistance  must  be  overcome  before  sliding 
resistance  comes  into  action.  In  other  words, 
the  two  elements  of  bond  resistance  are  not 
effective  at  the  same  time  at  a  given  point. 
Many  evidences  of  the  tests  indicate  that  ad- 
hesive resistance  is  much  the  more  important 
element  of  bond  resistance. 

(2)  Pull-out  tests  with  plain  bars  show- 
that  a  considerable  bond  stress  is  developed 
before  a  measurable  slip  is  produced.  Slip  of 
bar  begins  as  soon  as  the  adhesive  resistance 
is  overcome.  .After  the  adhesive  resistance 
is  overcome,  a  further  slip  without  an  oppor- 
tunity of  rest  is  accompanied  by  a  rapidly  in- 
creasing bond  stress  until  a  maximum  bond 
resistance  is  reached  at  a  definite  amount  of 
slip. 

(3)  The  true  relation  of  slip  of  bar  to  bond 
stress  can  best  be  studied  by  considering  the 
action  of  a  bar  over  a  very  short  section  of  the 
embedded  length.  The  difficulties  arising  from 
secondary  stresses  made  it  impracticable  to 
conduct  tests  on  bars  embcflded  for  very  short 
lengths.  The  desired  results  were  obtained 
by  varying  the  forms  of  the  specimens  in  such 
a  way  that  the  effect  of  different  combinations 
of  dimensions  could  be  studied. 

(4)  Pull-out  tests  with  plain  bars  of  the 
same  size  embedded  different  lengths  furnish 
data  which  suggest  the  values  of  bond  re- 
sistance over  a  very  short  length  of  embed- 
ment, or  indicate  values  of  bond  resistance 
which  are  independent  of  the  length  of  em- 
bedment. Tests  with  bars  of  different  size 
which  were  embedded  a  distance  proportional 
to  their  diameters  give  the  true  relation  when 
the  effect  of  size  of  bar  is  eliminated.  Two 
series  of  tests  of  this  kind  on  plain  round  bars 
of  ordinary  mill  surface  gave  almost  identical 
values  for  bond  resistance  after  eliminating 
the  effect  of  length  of  embedment  and  size 
of  bar,  and  we  may  consider  that  these  values 
represent  the  stresses  which  were  developed 
in  turn  over  each  unit  of  area  of  the  em- 
bedded bar  as  it  was  withdrawn  by  a  load 
applied  by  the  method  used  in  these  tests. 
These  tests  slti>wcd  that  for  concrete  of  the 
kind  used  (a  1-2-4  mix,  stored  in  damp  sand 
and  tester!  at  the  age  of  about  li'i  days)  the 
first  measurable  slip  of  bar  came  at  a  bond 
stress  of  about  2(iO  lbs.  per  .square  inch,  and 
that  the  maximum  bond  resistance  reached  an 
average  value  of  4411  lbs.  per  si|uare  inch.  If 
we  concluilc  that  adhesive  resistance  was  over- 
come at  the  first  measural)lc  slip,  it  will  be 
seen  that  the  adhesive  resistance  was  about 
CCi  per  cent  of  the  maximum  bond  resistance. 
This  ratio  did  not  vr^rv  much  for  a  wide 
range  of  mixes,  ages,  size  of  bar,  condition 
of   storage,  etc. 

(5)  Sliding  resistance  reached  its  maxi- 
mum value  for  plain  bars  of  ordinary  mill 
surface  at  a  slip  of  about  0,01  in.  The  con- 
stancy   in   the   amount   of   slip   corresponding 


to  the  maximum  bond  resistance  for  a  wide 
range  of  mixes,  ages,  sizes  of  bar,  conditions 
of  storages,  etc.,  is  a  noteworthy  feature  of 
the  tests.  With  further  slip  the  sliding  re- 
sistance decreased  slowly  at  first,  then  more 
rapidly,  until  with  a  slip  of  0.1  in.  the  bond 
resistance  was  about  one-half  its  maximum 
value. 

(ii)  Pull-out  tests  with  plain  round  bars 
show  end  slip  to  begin  at  an  average  bond 
stress  equal  to  about  one-sixth  the  compres- 
sive strength  of  6-in.  cubes  from  the  same 
concrete :  the  maximum  bond  resistance  is 
equal  to  about  one-fourth  the  compressive 
strength  of  6-in.  cubes.  These  values  were 
about  the  same  for  a  wide  range  of  mixes, 
ages  and  conditions  of  storage.  In  terms  of 
the  compressive  strength  of  8xl6-in.  concrete 
cylinders  these  values  would  be  about  13  per 
cent  for  first  end  slip  and  19  per  cent  for 
the  maximum  bond  resistance. 

(7)  The  tests  indicate  that  bond  stress  is 
not  uniformly  distributed  along  a  bar  em- 
bedded any  considerable  length  and  having 
the  load  applied  at  one  end.  Slip  of  bar  be- 
gins first  at  the  point  where  the  bar  enters 
the  concrete,  and  the  bond  stress  must  be 
greater  here  than  elsewhere  until  a  sufficient 
slip  has  occurred  to  develop  the  maximum 
bond  resistance  at  this  point.  Slip  of  bar  be- 
gins last  at  the  free  end  of  the  bar.  .After 
slip  becomes  general,  there  is  an  approximate 
equality  of  bond  stress  throughout  the  em- 
bedded length. 

(8)  Small  bars  gave  a  bond  resistance 
somewhat  higher  than  the  large  bars  during 
the  early  stages  of  the  test.  This  was  prob- 
ably on  account  of  greater  irregularity  of 
section  and  alignment  of  the  smaller  bars. 
The  maximum  bond  resistance  was  not  ma- 
terially different  for  bars  of  different  di- 
ameters. 

(9)  Computations  based  on  the  elastic 
properties  of  the  materials  indicate  that  in 
the  pull-out  tests  the  tensile  deformation  in 
the  bar  had  a  much  greater  effect  on  the 
amount  of  bond  stress  w-hich  permitted  a 
given  slip  of  bar  than  had  the  compressive 
deformation  in  the  concrete  block  in  which 
the  bar  was  embedded. 

(10)  Rusted  bars  gave  bond  resistances 
about  lo  per  cent  higher  than  similar  bars 
with  ordinary  mill  surface. 

(11)  The  tests  with  flat  bars  showed  wide 
variations  of  bond  resistance  and  were  not 
conclusive.  Square  bars  gave  values  of  unit- 
stress  about  75  per  cent  of  those  obtained 
with   plain   round  bars. 

(12)  T-bars  gave  lower  unit  bond  resist- 
ance than  plain  round  bars,  but  gave  about 
double  the  bond  resistance  per  unit  of  length 
that  was  found  for  the  plain  round  bars  of 
the  same  sectional  area. 

(13)  With  polished  bars  the  bond  resist- 
ance is  due  almost  entirely  to  adhesion  be- 
tween the  concrete  and  steel.  Numerous  tests 
with  polished  bars  embedded  in  1-2-4  con- 
crete and  tested  at  60  days  indicated  a  max- 
imum bond  resistance  of  about  liiO  lbs.  per 
square  inch,  or  about  60  per  cent  of  the  bond 
resistance  of  bars  of  ordinary  surface  at 
small  amounts  of  slip.  This  value  agrees 
closely  with  tests  reported  elsewhere,  and  ap- 
parently represents  the  value  of  the  tangential 
adhesion  between  any  clean  steel  and  concrete 
of  this  .quality.  The  sliding  resistance  of 
polished  bars  was  very  low. 

(14)  Tests  with  polished  bars  with  wedg- 
ing and  non-wedging  tapers  showed  that  ad- 
hesion was  broken  for  both  types  of  bar  at 
about  the  same  bond  stress  as  in  the  polished 
bars  of  uniform  section. 

(  b'l)  The  tests  with  polishc<l  bars  with 
wedging  taper  showed  that  after  the  adhesion 
was  broken  a  considerable  inovcnunt  of  the 
bar  (as  much  as  %-in.  with  the  smallest 
tapers)  was  required  belnre  the  liond  resist- 
ance again  reached  the  amount  which  was  at 
first  carried  by  the  adhesive  resistance.  The 
amount  of  movement  necessary  to  restore  the 
bond  stress  to  the  value  of  the  original  ad- 
hesive resistance  was  inversely  proportional 
to  the  amount  of  taper.  This  indicates  that 
a  .definite  normal  compression  must  lie  devel- 
oped   in    the    surrounding   concrete    before    a 


longitudinal  component  equivalent  to  the  orig- 
inal tangential  adhesion  is  produced. 

(16)  It  was  noted  in  the  tests  with  plain 
bars  that  sliding  resistance  was  due  to  inequal- 
ities of  the  surface  of  the  bar  and  to  irreg- 
ularities of  its  section  and  alignment.  The 
projections  on  a  deformed  bar  give  an  exag- 
gerated condition  of  inequality  of  surface  or 
irregularity  of  section.  Adhesive  resistance 
must  be  destroyed  and  the  usual  sliding  re- 
sistance largely  overcome  and  the  concrete 
ahead  of  the  projections  must  undergo  an  ap- 
preciable compressive  deformation  before  the 
projections  on  a  deformed  bar  become  effect- 
ive in  taking  bond  stress.  The  tests  indicate 
that  the  projections  do  not  materially  assist 
in  resisting  a  force  tending  to  withdraw  the 
bar  until  a  slip  has  occurred  approximating 
that  corresponding  to  the  maximum  sliding 
resistance  of  plain  bars.  As  slip  continues  a 
larger  and  larger  portion  of  the  bond  stress 
is  taken  by  direct  bearing  of  the  projections 
on  the  concrete  ahead. 

(17)  In  determining  the  comparative  mer- 
its of  deformed  bars,  the  bar  which  longest 
resists  beginning  of  slip  should  be  rated  high- 
est, other  considerations  being  equal.  The 
bond  stresses  developed  at  an  end  slip  of 
o.OOl  in.  furnished  the  principal  basis  of  com- 
parison for  the  different  types  of  deformed 
bars.  -At  an  end  slip  of  O.0<)l  in.  12  sets  of 
deformed  bars  of  %-in.  and  larger  sizes 
embedded  8  ins.  in  1-2-4  concrete,  tested  at  ' 
about  two  months,  developed  an  average  bond 
resistance  of  318  lbs.  per  square  inch.  4  per 
cent  higher  than  the  corresponding  value  for 
plain  bars.  .\t  this  stage  of  the  test,  two  sets 
of  deformed  bars  gave  practically  the  same 
bond  resistance,  five  sets  gave  lower  values, 
and  five  sets  higher  values  than  the  plain 
rounds.  At  an  end  slip  of  0.01  in.,  correspond- 
ing to  the  maximum  bond  resistance  of  plain 
bars,  the  average  bond  resistance  of  the  12 
sets  of  deformed  bars  was  445  lbs.  per  square 
inch,  10  per  cent  higher  than  plain  rounds.  .\t 
this  stage  of  the  test  two  sets  gave  about  the 
same  values,  two  sets  gave  lower  values,  and 
eight  sets  gave  higher  values  than  the  plain 
bars.  The  hooping  used  in  these  specimens 
had  a  marked  effect  in  increasing  the  bond 
resistance  even  at  small  amounts  of  slip. 

(18)  The  concrete  cylinders  of  the  pull-out 
specimens  with  deformed  bars  were  reinforced 
against   bursting   or   splitting,   because   it   was 
desired  to  study  the  load-slip  relation  through 
a   wide   range   of   values.    The   bond   stresses 
corresponding  to  an  end  slip  of  0.1  in.  are  the 
highest    stresses    reported    for    the    deformed  I 
bars.    In  only  a  few  tests  was  the  maximum | 
bond   resistance    reached   at   an   end    slip   k- 
than  0.1   in.    It  should  be  recognized  that,   inl 
general,    the    bond    stresses    reported    for   (k-l 
formed  bars  at   end   slip  of  0.05  and   0.1    in..r 
could  not  have  been  developed  with  bars  em-l 
bedded    in    unreinforced    blocks.     These    high! 
values  of  bond  resistance  must  not  be  consid-l 
ered   as   available  under  the   usual   conditions! 
of  bond  action  in  reinforced  concrete  members.! 
In  the  tests  in  which  the  blocks  were  not  rein-l 
forced,  evidence  of  splitting  of  the  blocks  was| 
found  at  end  slips  of  0.02  to  0.05  in. 

(l!n  The  normal  components  of  the  bear-| 
ing  stresses  developed  by  the  projections  on 
deformed  bar  may  .iroduce  very  destructi\ 
bursting  stresses  in  the  surrounding  concretcl 
The  bearing  stress  I.etween  the  projectionsf 
and  the  concrete  in  the  tests  with  certain  typ( 
of  commercial  deformed  bars  was  computed  Ir 
be  from  5.8(K1  to  14,000  lbs.  per  square  inc\\ 
at  the  highest  bond  stresses  considererl 
these  tests.  For  bars  having  projection- 
different  heights  and  spacing,  the  lieai 
stresses  on  the  projections  at  the  highest  liLn 
stresses  considered  were  inversely  proportional 
to  the  bond  stress  which  had  been  developeJ 
by  the  bar  at  an  end  slip  of  0.01  in.,  the  slij 
at  which  the  projections  were  beginning  to  hi 
effective.  These  considerations  show  that  thi 
ratio  of  the  area  of  the  projections  nieasure| 
at  right  angles  to  the  bar  to  the  superficia 
area  of  the  bar  in  the  same  length  is  thl 
proper  criterion  for  judging  of  the  effectivl 
i)ond  resistance  of  a  deformed  bar.  In  somi 
forms  of  bar  the  bearing  stresses  must  havl 
been  much  higher  than  the  values  given  abov^ 
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The  large  slip  and  the  high  bearing  stresses  de- 
veloped in  the  later  stages  of  the  tests  show 
the  absurdity  of  seriously  considering  the  ex- 
tremely high  values  that  are  usually  reported 
to  be  the  true  bond  resistance  of  many  types 
of  deformed  bars. 

(20)  Round  bars  with  standard  V-shaped 
threads  gave  much  higher  bond  resistance  at 
low  slips  than  the  commercial  deformed  bars. 
The  average  bond  resistance  at  an  end  slip  of 
0.001  in.  was  612  lbs.  per  square  inch.  The 
maximum  bond  resistance  was  745  lbs.  per 
square  inch.  These  were  the  only  deformed 
bar  tests  in  which  failure  came  by  shearing 
the  surrounding  concrete. 

(21)  In  a  deformed  bar  of  good  design  the 
projections  should  present  bearing  faces  as 
nearly  as  possible  at  right  angles  to  the  axis- 
of  the  bar.  The  areas  of  the  projections 
should  be  such  as  to  preserve  the  proper  ratio 
between  the  bearing  stress  against  the  con- 
crete ahead  of  the  projections  and  the  shear- 
ing stress  over  the  surrounding  envelope  of 
concrete.  Failure  by  shearing  of  the  concrete 
should  be  avoided.  The  tests  indicate  that  the 
areas  of  the  projections  measured  at  right 
angles  to  the  a.xis  of  the  bar  should  not  be 
less  than,  say,  20  per  cent  of  the  superficial 
area  of  the  bar.  A  closer  spacing  of  the 
projections  than  is  used  in  commercial  de- 
formed bars  would  be  of  advantage.  Advo- 
cates of  the  deformed  bar  would  do  well  to 
recognize  the  fact  that  in  a  deformed  bar 
which  may  be  expected  to  develop  a  high  bond 
resistance,  a  certain  amount  of  metal  must  be 
used  in  the  projections  which  probably  will  not 
be  available' for  taking  tensile  stress. 

(22)  The  1-in.  twisted  square  bars  gave  a 
bond  resistance  per  unit  of  surface  at  an  end 
slip  of  0.001  in.,  only  88  per  cent  of  that  for 
the  plain  rounds.  Following  an  end  slip  of 
about  0.01  in.,  these  bars  showed  a  decided 
decrease  in  bond  resistance,  and  a  slip  of  five 
to  ten  times  this  amount  was'  required  to 
cause  the  bond  resistance  to  regain  its  first 
maximum  value.  After  this,  the  bond  resist- 
ance gradually  rose  as  the  bar  was  withdrawn. 
Some  of  the  bars  were  withdrawn  2  or  3  ins. 
before  the  highest  resistance  was  reached. 
The  apparent  bond  stresses  at  these  slips  were 
very  high ;  but,  of  course,  such  stresses  and 
slips  could  not  be  developed  in  a  structure  and 
could  not  have  been  developed  in  the  tests 
had  the  blocks  not  been  reinforced  against 
bursting.  Such  values  are  entirely  meaningless 
under  any  rational  interpretation  of  the  tests. 

(23)  The  load-slip  curves  for  twisted 
square  bars  are  similar  to  those  for  polished 
bars  with  wedging  taper.  The  twisted  bar  is 
essentially  a  combination  of  the  wedging  and 
non-wedging  taper.  As  the  bar  is  drawn 
through  the  concrete  the  wedging  tapers  are 
drawn  more  firmly  against  the  concrete  ahead, 
while  at  the  same  time  the  non-wedging  tapers 
are  separated  from  the  concrete  with  which 
they  were  originally  in  contact.  The  drop  in 
the  load-slip  curves  after  an  end  slip  of  about 
0.01  in.  shows  that  the  separation  of  about 
one-half  of  the  surface  of  the  bar  from  its 
original  contact  and  the  continued  sliding  of 
the  flatter  portions  of  the  bar,  until  a  large 
slip  has  occurred,  have  a  greater  influence  in 
reducing  the  average  bond  resistance  than  the 
increased  bearing  of  the  wedging  tapers  has 
in  raising  the  bond  resistance.  The  results 
found  with  the  twisted  square  bar  do  not  jus- 
tify its  present  wide-spread  popularity  as  a 
reinforcing  material. 

(24)  The  tests  with  plain  round  bars  an- 
chored by  means  of  nuts  and  washers  and 
with  washers  only  showed  that  the  entire  bar 
must  slip  an  appreciable  amount  before  these 
forms  of  anchorage  come  into  action.  An- 
chorages of  the  dimensions  used  in  these  tests 
did  not  become  effective  until  the  bar  had 
slipped  an  amount  corresponding  to  the  max- 
imum bond  resistance  of  plain  bars.  With 
further  movement  the  apparent  bond  resist- 
ance was  high,  but  was  accompanied  by  ex- 
cessive bearing  stresses  on  the  concrete. 

(2-5)  The  load-slip  relation  for  bars  an- 
chored by  means  of  hooks  and  bends  was  not 
determined.  The  high  resistance  given  in 
these  tests  was  probably  a  result  of  the  bear- 


ing stresses  developed  in  the  concrete  ahead  of 
the  bends. 

(2fi)  Tests  on  specimens  stored  under  dif- 
ferent conditions  indicate  that  concrete  stored 
in  damp  sand  may  be  expected  to  give  about 
the  same  bond  resistance  and  compressive 
resistance  as  that  stored  in  water.  Water- 
stored  specimens  gave  values  of  maximum 
bond  resistance  higher  in  each  instance  than 
the  air-stored  specimens;  the  increase  for 
water  storage  ranged  from  10  to  4.5  per  cent. 
The  difference  seemed  to  increase  with  age. 
The  presence  of  water  not  only  did  not  injure 
the  bond  for  ages  up  to  three  years,  but  it  was 
an  important  factor  in  producing  conditions 
which  resulted  in  high  bond  resistances.  How- 
ever, it  was  found  that  specimens  tested  with 
the  concrete  in  a  saturated  condition  gave  ■ 
lower  values  for  bond  than  those  which  had 
been  allowed  to  dry  out  before  testing.  The 
bars  in  specimens  which  had  been  immersed 
in  water  as  long  as  3%  years  showed  no  signs 
of  rust  or  other  deterioration. 

(27)  Specimens  made  out-doors  in  freezing- 
weather,     where     they     probably     froze     and 
thawed  several  times  during  the  period  of  set- 
ting  and    hardening,   were    almost    devoid   of 
bond  strength. 

(28)  Pull-out  tests  made  at  early  ages 
gave  surprisingly  high  values  of  bond  re- 
sistance. Plain  Ijars  embedded  in  1-2-4  con- 
crete and  tested  at  2  days  did  not  show  end 
slip  of  bar  until  a  bond  stress  of  75  lbs.  per 
square  inch  was  developed.  Bond  resistance 
increases  most  rapidly  with  age  during  the 
first  month.  The  richer  mixes  show  a  more 
rapid  increase  than  the  leaner  ones.  The  tests 
on  concrete  at  ages  of  over  one  year  showed 
that  the  bond  resistance  of  specimens  stored 
in  a  damp  place  may  be  expected  ultimately 
to  reach  a  value  as  much  as  twice  that  devel- 
oped at  60  days. 

(29)  The  load-slip  relation  of  leaner  and 
richer  mixes  was  similar  to  that  for  1-2-4  con- 
crete. For  a  wide  range  of  mixes  the  bond 
(resistance  was  nearly  proportional  to  the 
amount  of  cement  used.  This  relation  did  not 
obtain  in  a  mix  from  which  the  coarse  aggre- 
gate had  been  omitted. 

(30)  When  the  application  of  load  was 
continued  over  a  considerable  period  of  time 
or  when  the  load  was  released  and  reapplied, 
the  usual  relation  of  slip  of  bar  to  bond  re- 
sistance was  considerably  modified.  The  few 
tests  which  were  made  indicate  that  the  bond  •. 
stress  corresponding  to  beginning  of  slip  is 
the  highest  stress  which  can  be  maintained  per- 
manently or  be  reapplied  indefinitely  without 
failure  of  bond.  The  effect  of  continued  and 
repeated  load,  impact,  etc.,  may  well  be  the 
subject  of  further  experimental  study. 

(31)  Little  difference  was  found  in  the 
pull-out  tests  whether  the  load  was  distributed 
over  the  entire  face  of  the  blocks  or  over  a 
narrow  ring  at  the  center  of  the  block  or 
around  the  edge  of  the  face  of  the  block. 

(32)  Specimens  molded  in  a  horizontal 
position  gave  lower  bond  resistance  than  those 
molded  in  a  vertical  position ;  when  settlement 
of  the  bar  with  the  settlement  of  the  concrete 
was  entirely  prevented,  the  bond  resistance 
was  reduced  to  about  60  per  cent  of  that 
found  for  similar  specimens  which  were 
molded  vifith  the  bars  in  a  vertical  position. 
Plain  bars  tested  by  being  pulled  in  the  same 
or  the  opposite  direction  from  the  settlement 
of  the  concrete  during  setting  gave  about  the 
same  bond  resistance,  but  in  the  tests  of  cer- 
tain deformed  bars  this  was  not  true. 

(33)  The  term  "autogenous  healing"  is 
used  to  designate  phenomena  observed  in  pull- 
out  tests  and  in  compression  tests  of  concrete 
cylinders  in  which  the  hardening  of  the  con- 
crete was  interrupted  by  loading  the  specimen 
at  early  ages  to  its  ultimate  resistance.  Up  to 
an  age  of  one  year  the  bond  resistance  of 
specimens  stored  in  damp  sand  was  not  af- 
fected by  as  many  as  four  loadings  at  inter- 
vals during  the  period  of  storage  up  to  the 
ultimate  resistance.  For  specimens  stored  in 
air  and  tested  in  the  same  way,  the  bond 
resistance  was  less  than  for  damp  sand  stor-. 
age,  but  the  tests  showed  a  steady  increase  in 
bond  resistance  with  each  loading  up  to  three 
months.    Specimens  which  had  been  stored  in 


air  for  two  months  before  the  first  test  and 
in  water  thereafter  showed  a  decrease  in 
bond  with  each  subsequent  loading,  although 
the  bond  resistance  in  the  last  test  was  fairly 
high.  The  presence  of  water  apparently  per- 
mits the  continuation  of  the  hydraulic  action 
of  the  cement  for  several  months  after  the 
mixing  of  the  concrete. 

EFFECT      OF     APPLYING      PRESSURE     OX      CONCRETE 
DURING    SETTING. 

(34)  Bond  resistance  of  plain  bars  is  great- 
ly increased  if  the  concrete  is  caused  to  set 
under  pressure.  With  a  pressure  of  10©  lbs. 
per  square  inch  on  the  fresh  concrete  for  five 
days  after  molding,  the  maximum  bond  re- 
sistance was  increased  92  per  cent  over  that 
of  similar  bars  in  concrete  which  had  set 
without  pressure.  The  greater  density  of  the 
concrete  and  its  more  intimate  contact  with 
the  bar  seems  to  be  responsible  for  the  in- 
creased bond  resistance.  Light  pressures  gave 
an  appreciable  increase  in  bond  resistance. 
With  polished  bars  the  effect  of  pressure  was 
slight. 

(35)  As  might  have  been  expected,  the 
compressive  resistance  of  concrete  setting 
under  pressure  was  increased  in  much  the 
same  ratio  as  the  bond  resistance.  At  the  age 
of  80  days  the  initial  modulus  of  elasticity  in 
compression  for  concrete  which  set  under  a 
pressure  of  100  lbs.  per  square  inch  was 
about  37  per  cent  higher  and  the  compressive 
strength  was  increased  by  about  73  per  cent 
over  that  of  concrete  which  had  set  without 
pressure.  The  density  of  the  concrete,  as  de- 
termined by  the  unit  weights,  was  increased 
about  4  per  cent  by  a  pressure  of  100  lbs.  per 
square  inch  on  the  fresh  concrete.  The  in- 
crease in  strength  and  density  was  relatively 
greater  for  the  low  than  for  the  high  pres- 
sures. A  pressure  continued  for  one  day,  or 
until  the  concrete  had  taken  its  final  set  and 
hardening  had  begun,  seems  to  have  produced 
the  same  effect  in  increasing  the  strength  and 
elastic  properties  of  the  concrete  as  when  the 
pressure  was  continued  for  a  much  longer 
period. 

(36)  Concrete  cylinders  tested  in  compres- 
sion at  age  of  80  days  after  having  been  loaded 
to  failure  at  7  days  gave  compressive  strengths 
nearly  as  high  as  those  tested  for  the  first 
time  at  the  same  age.  Retests  of  cylinders 
which  had  set  imder  pressure  gave  similar 
results. 

SUMMARY    OF    RESULTS    OF    BEAM    TESTS. 

(37)  Beams  of  comparatively  short  span, 
reinforced  with  bars  of  large  size,  were  used 
in  order  to  develop  high  bond  stresses  and 
give  bond  failures.  Most  of  the  beams  failed 
in  bond;  a  few  failed  by  a  combination  of 
bond  and  diagonal  tension  or  br  tension  in 
the  steel. 

(38)  The  usual  method  of  computing  the 
bond  stress  in  a  reinforced  concrete  beam  does 
not  take  account  of  all  the  phenomena  of 
bond  action.  Slip  of  bar  due  to  beam  bond 
action  and  the  presence  of  anti-stretch  slip 
may  be  expected  to  greatly  modify  the  dis- 
triiiution  of  bond  stress  over  the  length  of 
the  bar.  and  otherwise  to  affect  resistance  to 
beam  bond  stresses.  However,  the  nominal 
values  for  bond  resistance,  computed  by  the 
usual  formula,  form  a  useful  basis  for  com- 
parison in  beams  in  which  the  dimensions  and 
general  make-up  are  similar. 

(39)  Slip  of  bar  was  a  phenomenon  in  all 
beam  tests  in  which  careful  slip  observations 
were  made.  These  load-slip  relations  give  im- 
portant indications  as  to  the  bond  stress  de- 
veloped at  points  along  the  length  of  the 
beam. 

(10)  Slip  was  first  observed  in  the  middle 
region  of  the  span  at  loads  producing  a  tensile 
stress  in  the  steel  of  about  6.000  lbs.  per  square 
inch.  In  this  region  the  shear  is  zero  and 
hence  beam  bond  action,  as  usually  under- 
stood, is  absent.  As  the  load  was  increased, 
slip  of  bar  progressed  through  the  outer 
thirds  toward  the  ends  of  the  beam  at  a  rate 
nearly  proportional  to  the  increase  of  load. 
.'\fter  slip  occurred  at  the  ends,  the  outer 
thirds  of  the  length  of  the  bar  moved  toward 
the  middle  of  the  span  relative  to  the  adjacent 
concrete.  Slip  of  bar  was  probably  partly 
responsible   for  the  opening  of  outer  cracks. 
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since  slipping  was  observed  in  the  outer  thirds 
of  the  beams  before  the  cracks  became  visible. 

(41)  The  mean  computed  values  for  bond 
stresses  in  the  (l-ft.  beams  in  the  series  of 
1911  and  1912  were  as  given  below.  .Ml  beams 
were  of  1-2-4  concrete,  tested  at  two  to  eight 
months  by  loads  applied  at  the  one-third 
points  of  the  span.  Stresses  are  given  in 
pounds  per  square  inch. 

=       •=         °  E 

»        "  ii      =H       c  • 

CS       3IJ2         •oS  X  " 

=  7    i:^       Co       «i: 
Type  of  bar.  Z;i    to      Ed       S  m 

1  and  IH-in.  plain  round..  28  245  340  375 

%-in.   plain  round 3  186  242  274 

%-in.   plain  round 3'  172  235  255 

1-in.    plain   squaie 6  190  248  278 

1-in.  twisted  square 3  222  289  337 

1%-in.    corrugated   round..  9  251  360  488 

(42)  In  the  beams  reinforced  with  plain 
bars  end  slip  begins  at  67  per  aent  of  the 
maximum  bond  resistance;  for  the  corrugated 
rounds  this  ratio  is  51  per  cent,  and  for  the 
twisted  square>,  (>6  per  cent. 

(43)  The  bond  unit  resistance  in  beams 
reinforced  with  plain  square  bars,  computed 
on  the  superficial  area  of  the  bar.  was  about 
7.5  per  cent  of-  that  for  similar  beams  rein- 
forced with  plain  round  bars  of  similar  size. 

(44)  Beams  reinforced  with  twisted  square 
bars  gave  values  at  small  slips  about  85  per 
cent  of  those  found  foi  plain  rounds.  .At  the 
maximum  load,  the  bond-unit  stress  with  the 
twisted  bars  was  90  per  cent  of  that  with 
plain  round  bars  of  similar  size. 

(45>  In  the  beams  reinforced  with  1%-in. 
corrugated  rounds,  slip  of  the  end  of  the  bar 
was  observed  at  abou'  the  same  bond  stress 
as  in  the  plain  bars  of  comparable  size.  At 
an  end  slip  of  0.001  in.,  the  corrugated  bars 
gave  a  bond  resistance  about  fi  per  cent  higher 
and  at  *hc  maximum  load,  about  30  per  cent 
higher  than  the  plain  rounds. 

(4fi)  The  beams  in  which  the  longitudinal 
reinforcement  consisted  of  three  or  four  bars 
smaller  than  those  used  in  most  of  the  tests 
gave  bond  stresses  which,  according  to  the 
usual  method  of  computation,  were  about  70 
per  cent  of  the  stresses  obtained  in  the  beams 
reinforced  with  a  single  bar  of  large  size.  The 
procressive  opening  of  cracks  with  increase 
in  load  was  well  shown  in  these  tests.  These 
beams  showed  cracks  nearer  the  ends  than 
usual.  The  distances  of  the  outermost  cracks 
from  the  ends  of  the  beams  suggest  that  the 
unbroken  length  of  embedment  has  an  impor- 
tant bearing  on  the  maxinuim  loads  which  the 
beam?  may  be  expected  to  carry  before  failing 
by  bond.  It  seems  probable  that  the  lower 
computed  bond  stresses  in  these  tests  are  due 
to  errors  in  the  assumptions  made  as  to  the 
distribution  of  bond  stress  and  not  to  actual 
differences  of  bond  resistance  in  the  bars  of 
different  size. 

(47">  The  tests  on  beams  with  the  loads 
placed  in  different  positions  with  respect  to  the 
span  gave  little  variation  in  bond  resistance 
during  the  early  stages  of  the  tests.  The 
maximum  bond  resistances  increased  ranidly 
as  the  load  apnroached  the  supports.  These 
te'ts  indicate  that  the  variation  in  the  max- 
imum bond  stresses  must  be  due  to  the  pres- 
ence of  other  than  normal  beam  :iction. 

(45)  Nearlv  all  the  beams  tested  on  si)an 
lengths  of  7  to  10  ft.  failed  by  tension  in  the 
steel  and  did  not  develop  the  maximum  bond 
resistance,  although  high  bond  stcsse.i  were 
obtained  The  bond  stress  corresponding  to 
first  end  slip  of  bar  did  not  vary  much  with 
the  span  length. 

(40)  The  bond  stresses  developed  in  the 
beam  tests  indicate  that  with  beams  of  the 
same  cross-section  the  bond  «tres.scs  are  dis- 
tributed in  the  same  way  during  the  early 
stages  of  the  test  in  beams  varying  widely  in 
span  length  and  lo.ading.  During  the  later 
stages  of  the  test,  the  distribution  of  bond 
stress  seems  to  depcnti  largely  upon  the  con- 
ditions of  stress  in  the  concrete  through  the 
region  of  the  span  where  beam  bond  'tresses 
are  high.  The  distribution  of  bond  stresses  in 
beams    of    different    cross-section    apparently 


varies    with    the    relative    dimensions    of    the 
beam  and  the  reinforcing  bars. 

(50)  The  use  of  auxiliary  tensile  reinforce- 
ment in  the  outer  thirds  of  the  beam  served 
to  modify  the  distribution  of  bond  stress 
during  the  early  stages  of  the  test,  but  did  not 
have  any  influence  on  the  maximum  bond  re- 
sistance. While  the  auxiliar>'  bars  seemed  to 
prevent  the  opening  ot  outer  cracks,  the  tests 
indicate  that  interior  cracks  which  did  not 
appear  on  the  surface  of  the  beam  may  have 
opened  to  an  extent  that  permitted  the  same 
distribution  of  bond  stress  as  was  found  in 
other  tests. 

(51)  Increasing  the  thickness  of  the  con- 
crete below  the  reinforcing  bars  beyond  the 
depth  usually  employed  caused  a  very  large 
increase  in  the  resistance  to  bond  and  web 
stresses.  The  added  stiffness  of  the  beam  and 
the  increased  flexural  strength  throueh  the 
outer  thirds  of  the  span,  prevented  the  forma- 
tion of  cracks  in  these  regions.  In  the  other 
beam  tests  such  cracks  were  found  to  inter- 
rupt the  continuity  of  bond  action  and  to  be 
an  important  factor  in  producing  lower  aver- 
age bond   resistances. 

(52)  Increasing  the  length  of  overhang  of 
the  ends  of  the  beam  beyond  the  support  did 
not  increase  the  resistance  to  web  stresses  as 
indicated  by  the  opening  of  outer  cracks,  but 
it  had  an  influence  on  the  bond  resistance. 
The  bond  resistance  at  first  end  slip  was 
greater  in  the  beams  with  the  longer  overhang. 
The  maximum  bond  resistance  was  materially 
increased  by  the  additional  overhang. 

(53)  In  the  reinforced  concrete  beams  it 
was  found  that  very  small  amounts  of  slip  at 
the  ends  of  the  bar  represented  critical  condi- 
tions of  bond  stress.  For  beams  failing  in 
bond  the  load  at  an  end  slip  of  0.001  in.  was 
89  per  cent  to  94  per  cent  of  the  maximum 
load  found  in  beams  reinforced  with  plain 
bars,  and  79  per  cent  of  the  maximum  load 
for  similar  beams  reinforced  with  corrugated 
bars.  As  soon  as  slip  of  bar  became  general, 
other  conditions  were  introduced  which  soon 
cau.sed  the  failure  of  the  beam. 

(54)  The  bond  stresses  developed  in  a  re- 
inforced concrete  beam  by  a  load  applied  as 
in  these  tests  varies  widely  over  the  region  in 
which  beam  bond  stresses  are  present.  High 
bond  stresses  are  developed  just  outside  the 
load  points  at  comparatively  low  loads.  The 
load  which  first  developed  a  bond  stress  nearly 
equal  to  the  maximum  bond  resistance  in  the 
region  of  beam  bond  stresses  produced  a  stress 
near  the  support  which  was  not  more  than 
about  15  to  40  per  cent  of  the  maximimi  bond 
resistance.  .•Xs  the  load  is  increased,  the  region 
of  high  bond  stress  is  thrown  nearer  and 
nearer  the  support,  and  at  the  same  time  the 
bond  stress  over  the  region  just  outside  the 
load  point  becomes  steadily  smaller.  This  in- 
dicates a  piecemeal  development  of  the  max- 
imum bond  stress  as  the  load  is  increased. 
The  actual  bond  stresses  in  certain  tests  varied 
from  less  than  one-half  to  more  than  twice 
the  averace  bond  resistance  computed  in  the 
usual  manner. 

(55)  Slip  of  b.nr  in  a  reinforced  concrete 
beam  has  a  marked  intlucncc  in  increasing  the 
center  deflection  during  the  later  stages  of 
loading. 

(5t))  The  comparison  of  the  bond  stresses 
developed  in  beams  pnri  in  pull-out  snecimens 
from  the  same  materials  is  of  interest.  Such 
a  comparison  shoul  1  lit-  n>ade  for  similar 
amounts  of  slip.  In  the  pull-out  tests  the  max- 
inuim bond  resistance  came  at  a  slip  of  .nhout 
0.01  in.  for  plain  bars.  The  mean  bond  re- 
sistance for  the  deformed  bars  tested  was 
not  materially  different  from  that  of  the  plain 
bars  until  a  slip  of  about  0.01  in.  was  devel- 
oped :  with  a  continuation  of  slip  the  projec- 
tions came  into  action  and  with  nuich  larger 
slip  high  bond  stresses  were  developed.  The 
beam  tests  showed  that  .ilnut  79  to  94  per  cent 
of  lh«  maximum  bond  rrsi<tanor  was  being 
developed  when  the  bar  liarl  slinped  0.001  in. 
at  the  free  end;  hence  il-e  bond  stress  devel- 
oped at  an  end  slin  of  fl.flOl  in.  was  used  ns  a 
basis  of  the  principal  comparisons  in  the  pull- 
out  tests.  However,  it  is  recognized  that,  un- 
der certain  conditions,  the  stresses  <ieveloDed 
at   iTger  amoiipts   of   slip   may   h.nve   an   im- 


portant bearing  on  the  effective  bond   resist- 
ance of  the  bar. 

(57)  The  pull-out  tests  and  beam  tests 
gave  nearly  identical  bond  stresses  of  similar 
amounts  of  slip  in  many  groups  of  tests,  but 
it  seems  that  this  was  the  result  of  a  certain 
accidental  combination  of  dimensions  in  the 
two  forms  of  specimens  and  did  not  indicate 
that  the  computed  stresses  in  the  beams  were 
the  correct  stresses.  However,  it  is  believed 
that  a  properly  designed  pull-out  test  does 
give  the  correct  value  of  bond  resistance,  and 
gives  values  which  probably  closely  represent 
the  bond  stresses  which  actually  exist  in  a 
beam  or  other  member  as  slipping  is  produced 
from  point  to  point  along  the  bar.  The  relative 
position  of  the  bar  during  molding  may  be 
expected  to  influence  the  values  of  bond  re- 
sistance found  in  the  tests. 

(58)  A  properly  made  puU-ont  test  on  a 
specimen  of  correct  design  is  a  valuable  aid 
in  determining  the  bond  resistance  of  rein- 
forcing steel  in  concrete,  if  due  consideration 
is  given  to  the  load-slip  relation.  The  tensile 
stress  in  the  bar  should  be  kept  well  below  the 
elastic  limit.  Best  results  will  be  obtained  by 
using  a  relatively  short  embedment.  .An  em- 
bedment of  8  diameters  is  recommended. 

(59)  A  working  bond  stress  equal  to  4  per 
cent  of  the  compressive  strength  of  the  con- 
crete tested  in  the  form  of  8xl6-in.  cylinders 
at  the  age  of  28  days,  (equivalent  to  80  lbs. 
per  square  inch  in  concrete  having  a  com- 
pressive strength  of  2,000  lbs.  per  square  inch) 
is  as  high  a  stress  as  should  be  used.  This 
stress  is  equivalent  to  about  one-third  that 
causing  first  slip  of  bar  and  one-fifth  of  the 
maximum  bond  resistance  of  plain  round  bars 
as  determined  from  pull-out  tests.  The  use  of 
deformed  bars  of  proper  design  may  be  ex- 
pected to  guard  against  local  deficiencies  in 
bond  resistance  due  to  poor  workmanship  and 
their  presence  may  properly  be  considered  as 
an  additional  safeguard  against  ultimate  fail- 
ure by  bond.  However,  it  does  not  seem  wise 
to  place  the  working  bond  stress  for  deformed 
bars  higher  than  that  used  for  plain  bars. 


Iron  and  Steel  Exhibit  at  the  Pcmama  Ex 
position. — Tlie  iron  and  steel  industry  will  b 
given  a  prominent  place  among  the  variou 
attractions  at  the  Panama  Pacific  Internationa 
Exposition  at  San  Francisco  next  year  by  th 
comprehensive  exhibit  of  the  United  State 
Steel  Corporation  and  subsidiary  companies 

A  general  committee  headed  by  A.  T.  De 
Forest  of  the  U.  S.  Steel  Products  of  Sat 
Francisco  has  been  directing  the  work,  an 
H.  V.  Jamison,  advertising  manager  of  th 
.American  Sheet  &  Tin  Plate  Company  o 
Pittsburgh,  has  just  been  appointed  directo 
of  exhibits  for  the  entire  Corporation. 

The  process  of  manufacturing  iron  an 
steel  products  will  be  shown,  from  the  mine 
where  the  ore  is  taken  out  of  the  ground 
transportation  of  ore  by  rail  and  water,  doo' 
operations,  and  the  production  of  coal,  c.ik 
and  pig  iron,  to  the  specialized  lines  of  manu 
facture.  The  exhibit  will  even  go  so  far  as  t 
show  how  the  by-products  are  produced  an 
will  show  many  of  the  products  in  practioa 
use. 

A  motion  picture  show  will  be  part  of  th 
exhibit,  and  through  this  medium  will  be  p'lr 
trayed    the    operations     of     the    Corporatior 
throughout  all  its  departments.    The  Corpora 
tion's  manv  devices  for  insuring  safety  of  vn 
ploycs    will    be    exhibited    and    data    will 
given  as  to  the  enormous  amounts  expen.' 
for  this  purpose. 


Preservation  of  wooden  telegraph  poles 
iitg  way  at  the  base  is  being  accomplisheii 
the  East  St.  Louis  &  Suburban  Railway  !); 
placing  concrete  collars  around  the  rotte< 
parts.  The  first  method  of  transporting  th 
material  for  the  concrete  to  the  site,  unloaf' 
ing,  mixing  and  placing  by  hand  proved  t" 
costly.  .\s  a  solution,  a  mixer  was  placed  " 
a  flat  car  provided  at  one  end  with  a  cab  fo 
housing  the  control  apparatus.  The  car  am 
mixer  are  operated  by  one  man  and  the  con 
Crete  conveyed  to  place  by  means  of  a  Ion 
trough.  This  method  has  reduced  the  cos 
one-half. 
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Losses  of  Water  in  Irrigation  Systems. 

Contributed   by    F.    Jl.    Foss.    L'.    S.    Reclamation 
Sei'Vice,  from  an  Address  Before  the  Con- 
ference of   Operating   Knglneers   at 
Boise.  Idaho. 

The  matter  of  economy  in  the  use  and 
handhng  of  water  for  irrigation  is  one  which 
lias  attained  significance  in  this  coimtry  only 
in  recent  years,  and  is,  in  fact,  even  at  the 
present  time  usually  given  too  little  consid- 
eration, except  wdiere  necessity  is  the  controll- 
ing factor.  The  early  history  of  irrigation  in 
the  United  States  affords  an  excellent  exam- 
ple for  the  argument  of  the  conservationist, 
for  the  pioneers  in  irrigation  farming,  with 
lavish  use  of  apparently  inexhaustible  water 
supplies,  have  gradually  impaired  or  seeped 
and  rendered  worthless  many  thousands  of 
acres  of  land  in  the  arid  west.  Fortunately, 
most  of  the  sources  of  water  for  irrigation 
are  perennial ;  and  the  run-off  may  be  stored. 
Then,  too,  scientific  knowledge  is  concerning 
itself  with  the  drainage  of  swamped  and  alka- 
lied  lands,  so  that  in  time  it  may  be  expected 
that  the  prodigality  of  the  past  will,  in  some 
measure,  be  atoned  for. 

The  tremendous  growth  during  the  past  15 
years  of  irrigation  enterprises  in  this  country 
has  resulted  in  a  more  thorough  realization 
of  the  fact  that  even  with  the  most  careful 
and  economical  use  of  the  water  available  for 
the  irrigation  of  our  arid  lands  there  will 
always  remain  vast  areas  which  cannot  feas- 
ibly be  artificially  watered.  It  is  becoming  of 
increasing  importance,  therefore,  that  meth- 
ods of  true  economy  shall  be  employed  in  the 
management  and  utilization  of  water  as  ap- 
plied to  the  irrigation  of  land. 

There  are  many  ways  in  which  economy 
can  be  introduced  in  the  use  and  handling 
of  water,  but  this  discussion  is  confined  prin- 
cipally to  the  subject  of  losses  from  canals 
and  their  reduction  or  prevention.  There  can 
be  no  difference  of  opinion  as  to  the  desir- 
ability in  general  of  reducing  or  eliminating 
the  losses  which  occur  as  a  feature  of  opera- 
tion in  nearly  all  large  canal  systems.  Aside 
from  the  value  of  the  water  lost,  which  may 
or  may  not  be  very  significant  to  the  benefici- 
aries of  the  water  right,  but  which  is  of  un- 
doubted public  importance,  there  is  the  ten- 
dency for  the  subsurface  water  plane,  affected 
by  percolation  from  the  canals,  to  raise  to  a 
dangerous  extent,  carrying  deposits  of  alka- 
line salts  to  the  surface  of  the  soil.  E.xcept, 
therefore,  in  unusual  cases,  such  as  that  of 
the  Egin  bench  in  Idaho,  where  percolation 
from  the  distributaries  assists  in  successful 
sub-irrigation  of  the  lands  without  apparent 
detriment,  the  losses  constitute  an  unfortunate 
feature  of  operation. 

The  relative  importance  of  the  losses  to 
the  owners  of  any  particular  irrigation  system 
is  intimately  related  to  the  adequacy  of  the 
water  supply  for  the  lands  within  the  area 
to  be  irrigated.  Obviously,  if  the  water  sup- 
ply is  ample  for  the  system,  and  there  are  no 
apparent  harmful  effects  from  heavy  perco- 
lation losses,  it  might  be  very  difficult  to  cre- 
ate local  public  sentiment  favorable  to  the  ex- 
penditure of  a  large  investment  for  the  pur- 
pose of  materially  diminishing  the  canal  losses, 
either  as  a  matter  of  public  economy,  in  order 
that  the  water  thus  saved  might  be  available 
for  some  other  community,  or  that  the  ir- 
rigable area  in  the  same  locality  might  be 
considerably  enlarged.  On  the  other  hand,  if 
the  water  right  furnishes  but  an  insufficient 
supply  for  the  lands,  then  the  matter  of  losses 
from  the  system  becomes  one  of  great  mo- 
ment to  the  community,  and  may  directly  af- 
fect the  financial   success  of  the  enterprise. 

Local  custom  and  sentiment  are  frequently 
slow  to  change,  and  many  years  will  prob- 
ably elapse  before  public  attention  in  the  west 
is  focused  upon  the  necessity  for  adequate 
legislation  dealing  with  this  phase  of  irriga- 
tion. Thus  far  the  doctrine  of  economy  in 
the   use   of   water    for    this   purpose   has   not 


penetrated  very  appreciably  into  the  courts, 
although  some  advance  in  this  direction  is 
noticeable.  Possibly  through  further  devel- 
opment in  irrigation  enterprises  the  enact- 
ment of  state  laws  will  be  secured,  to  the  end 
that  a  policy  of  economy  will  be  gradually 
and  systematically  introduced  into  the  oper- 
ation  and   management  of  canal   systems. 

Many  factors  affect  the  problem  which 
confronts  the  engineer  who,  in  constructing 
new  works,  considers  the  phase  of  canal  loss- 
es, and  how  far  he  should  go  in  the  expendi- 
ture of  funds  to  reduce  them. 

In  the  design  of  pumping  systems,  the  mat- 
ter assumes  especial  importance,  for  the  cost 
of  a  certain  portion  of  the  capacity  of  the 
plant,  and  a  proportionate  share  of  its  oper- 
ation, up-keep  and  depreciation,  is  necessary 
solely  on  account  of  losses;  and  this  may  be 
balanced  against  the  cost  of  permanent  means 
for  reducing  them.  The  promoter  is  apt  to 
consider  expenditures  for  the  purpose  of  lin- 
ing or  puddling  the  canals,  as  unnecessary 
initially,  and  would  prefer  to  postpone  the 
solution  of  the  matter  to  a  later  date,  when 
its  cost  could  be  charged  against  upkeep.  In 
some  cases,  this  undoubtedly  is  the  best  plan 
to  pursue.  The  value  of  the  products  result- 
ing  from  irrigation   is  a   factor  of  prime  im- 


are,  however,  not  sufficiently  accurate  to  af- 
ford other  than  a  general  idea  of  the  varia- 
tion in  conditions  as  they  exist  in  different 
localities.  An  average  result  taken  from  the 
table  indicates  an  annual  evaporation  of  about 
7.5  ins. ;  the  maximum  being  reached  in  Ari- 
zona, and  the  minimum  in  Oregon  and  Ne- 
vada. At  Boise  the  annual  evaporation 
amounts  to  approximately  5  ft.  per  annum, 
of  which  4  ft.  occurs  during  the  irrigation 
season. 

The  actual  loss  from  this  cause,  so  far  as 
the  average  canal  system  is  concerned,  is  not 
very  significant,  as  will  be  apparent  when  it 
is  considered  that  for  an  irrigation  season  of 
eight  months  the  average  evaporation  loss  is 
equivalent  to  about  5  ft.  in  depth,  or  0.024  cu. 
ft.  per  square  foot  of  exposed  area  per  day. 
This  ranges  in  value  from  2  to  5  per  cent  of 
the  percolation  losses,  and  hence  is  usually 
included  with  the  latter  in  a  consideration  or 
determination  of  the  facts  for  any  canal  sys- 
tem. 

FIELD    EV.^POR.^TION. 

.Although  evaporation  from  the  field  during 
irrigation  bears  only  an  indirect  relation  to 
canal  losses,  this  feature  may  be  w-orthy  of 
mention  here.  There  is  much  more  consider- 
able  loss    from    evaporation   of    water   during 


TABLE  I.— SHOWING  DEPTH  OF  EVAPORATION, 
Ne- 

Month.                biaska.  Idaho.  Oregon.  Nevada. 

January    1.75  1.50  0.50  175 

February    1.7D  2.25  125  175 

March    3,00  4.00  3  57  '''25 

April    4.50  7.25  fi.64  3^25 

May     G.25  10.68  7.15  5  25 

June     S.05  11.05  6.99  7.S6 

July    10.95  11.15  8.01  9  86 

August    9.39  11.77  9.21  8  70 

.September     7.44  9.75  6.13  5  13 

October     5.59  5.40  2.50  3  35 

November    4.00  2.70  1.00  2  50 

December    3.00  1.50  0.50  2!o0 

Totals    65.67  79.00  53.45  53.65 

♦Engineering  News,  June  16,  1910. 
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portance  in  a  consideration  of  the  amount  of 
the  first  cost  of  the  works,  for  although  the 
efficiency  would  be  improved  by  lining  all  of 
the  canals  and  laterals  with  concrete,  the  re- 
sultant first  cost  of  the  system  might  be  en- 
tirely out  of  proportion  to  the  returns  which 
could  rea.sonably  be  expected  from  the  land, 
and  this  is  the  source  which  must  eventually 
be  depended   upon  to  repay  the  investment. 

Each  case  must,  therefore,  be  considered  on 
its  own  merits,  and  conclusions  drawn  ac- 
cordingly. 

F.V.'\P0R.-\TI0N   FROM   CANALS. 

Aside  from  preventable  overflow  w-astes, 
the  losses  from  a  canal  system  are  usually 
classed  as  evaporation  and  percolation.  Of 
these,  the  first  mentioned  is  relatively  unim- 
portant, and  can  be  entirely  eliminated  only 
by  carriage  of  the  water  in  pipes  or  covered 
conduits.  In  localities  where  such  is  the  prac- 
tice, in  order  to  conserve  the  water  and  pre- 
vent percolation,  evaporation  is,  of  course, 
also  prevented,  and  additional  saving  is  thus 
effected.  Ordinarily,  however,  such  construc- 
tion expense  would  not  be  justified  for  the 
prevention  of  the  evaporation   loss  alone. 

Other  conditions  being  similar,  the  loss 
due  to  evaporation-  w-ill  vary  directly  as  the 
area  of  water  surface  exposed,  and  it  follows, 
therefore,  that  a  wide  shallow  canal  section 
should  be  avoided,  if  practicable.  Numer- 
ous factors  enter  into  the  determination  of 
the  amount  of  the  loss  and  render  its  solu- 
tion complex  and  uncertain.  The  temperature 
of  the  water  at  the  surface,  the  degree  of 
humidity  of  the  atmosphere,  the  temperature 
of  the  air  and  the  action  of  the  wind  all  af- 
fect the  amount  of  evaporation.  The  loss  is 
naturally  greatest  during  the  hottest  months 
of  the  year,  usually  from  June  to  August; 
this  is  clearly  shown  in  Table  I  of  records 
obtained  in  several  of  the  arid  states  by  a  se- 
ries of  observations  on  evaporation  from  shal- 
low pans  set  on  the  ground.    The  conclusions 


actual  irrigation  than  is  experienced  in  the  op- 
eration of  the  canal  system  alone.  Here,  too, 
the  systematic  determination  of  the  amount 
of  such  loss  is  complicated  by  many  varying 
conditions,  such  as  to  render  it  very  difficult 
of  accurate  solution. 

The  topography  of  the  ground  surface,  the 
character  of  the  soil,  the  amount  and  kind  of 
vegetation  growing  thereon,  and  the  methods 
of  irrigating  all  affect  the  field  evaporation. 
By  the  use  of  the  furrow  method  of  irrigation, 
the  loss  may  be  rendered  considerably  less 
than  by  the  flooding  methods  commonly  in 
use,  for  in  the  latter  case,  large  areas  of  wa- 
ter surface  are  exposed  to  the  action  of  the 
sun  and  wind.  Irrigation  delivery  by  the  ro- 
tation system  assists  greatly  in  reducing  field 
evaporation  losses,  by  the  accomplishment  of 
the  desired  result  with  a  larger  head  of  water 
in  a  shorter  time.  Every  experienced  irri- 
gator is  familiar  with  the  sluggishness  of  the 
small  irrigation  stream  on  a  hot  sunny  day, 
especially  in  sandy  soil,  whereas  at  night  the 
same  stream  accomplishes  much  more  satis- 
factory results.  The  large  rotation  head  at 
more  infrequent  intervals  obviates  this  diffi- 
culty to  a  considerable  extent,  and  frequent 
cultivation  of  the  soil  tends  further  to  reduce 
evaporation  therefrom,  and  to  raise  the  duty 
of  water. 

It  is  estimated  that  20  per  cent  of  the  water 
delivered  to  the  farm  ditches  is  usually  lost 
through  field  evaporation  owing  to  the  use 
of  wasteful  methods  in  handling  the  supply. 
In  some  localities  the  highly  profitable  char- 
acter of  the  crops  raised,  coupled  with  scarc- 
ity of  water  for  irrigation,  has  rendered  it 
not  only  advisable,  but  practically  necessary, 
to  subirrigate  orchards  by  means  of  long 
lines  of  pipe  laid  in  the  soil  parallel  to  the 
rows  of  trees.  While  such  practice  is  feas- 
ible frorrt  a  financial  standpoint  only  under 
very  favorable  conditions  as  to  crops  and 
markets,  yet  it  indicates  an  extreme  to  which 
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methods  can  be  carried  in  order  to  effect  ar 
t-limination  of  the  field  evaporation  and  othei 
losses. 

LOSSES    FROM    PERCOLATION. 

The  most  serious  and  important  phase  oi 
the  subject  of  losses  from  canal  systems  with 
which  the  irrigation  engineer  is  compelled  to 
deal  arises  from  percolation  or  absorption  of 
the  water  within  the  wetted  area  of  the  canal 
sections.  From  8ii  to  .")0  per  cent  or  more  oi 
the  water  diverted  into  the  head  of  the  aver- 
age irrigation  canal  and  distributary  system 
is  lost  in  this  manner  before  it  reaches  the 
land   and   performs   any   useful   function. 

An  additional  amount  seeps  away  from  the 
small  ditches  of  the  farmer,  before  it  touches 
the  crop  roots,  so  that  even  less  of  the  orig- 
inal amount  diverted  is  readily  available  for 
the  crop.  This  applies  to  such  systems  as  are 
provided  with  earthen  channels  for  the  car- 
riage of  the  water  supply,  and  it  is  readily  to 
be  seen  that  the  annual  total  of  the  amount 
of  water  which  seeps  away  is  enormous.     In 


the  laws  of  capillary  attraction  and  of  grav- 
ity. Its  rate,  therefore,  is  a  function  of  the 
nature  of  the  soil  composing  the  canal  sec- 
tion and  of  its  condition  as  to  saturation.  Thus, 
soils  of  a  coarse,  granular  nature  will  absorb 
greatly,  until  the  surrounding  bxality  is  so 
thoroughly  saturated  that  the  losses  g:radually 
lessen,  or  until  natural  silting  results  in  tilling 
the  interstices  of  the  soil  panicles  so  that  the 
seinion   becomes  tight. 

Under  certain  conditions  it  is  not  unusual 
to  find  gains  in  the  discharges  of  canals,  where 
side  hill  locations  or  underground  conditions 
create  opportunities  to  "pick  up"  seepage  wa- 
ter from  adjacent  territory.  These  conditions 
are  far  less  frequent  than  those  where  losses 
obtain,  and  are  not  herein  treated.  The  data 
shown  in  Table  II  are  illustrative  of  the 
rather  wide  range  of  percentages  of  loss  in 
canal  systems  at  various  localities,  and  sur- 
rounded by  diverse  conditions  as  to  soil,  etc. 
The  data  were  secured  from  bulletins  of  the 
U.    S.    Department  of   Agriculture   and   other 


this  silted  layer  has  not  been  disturbed  by 
cleaning  processes.  In  other  cases,  however, 
where  the  velocity  of  the  discharge  has  been 
loo  great  to  permit  of  the  settling  of  silt, 
scour  has  prevented  such  beneficial  results, 
and  such  old  canals  probably  leak  as  badly 
as  when  first  constructed.  Lack  of  silt  in 
the  water  will  also  delay  the  natural  curing 
of  the  trouble. 

A  case  in  point  is  the  system  of  the  gravity 
unit  canals  on  the  Minidoka  Project  of  the  U. 
S.  Reclamation  Service,  in  Idaho.  These  ca- 
nals were  first  operated  in  19uT,  and  have 
been  used  each  season  since  then.  The  to- 
pography of  the  project  is  such  that  it  is  nec- 
essary to  check  the  flow  of  the  water  at  fre- 
quent intervals  in  order  to  effect  diversion  at 
the  proper  height,  and  this  lowers  the  veloci- 
ties, thus  increasing  the  percentages  of  loss 
by  percolation.  The  soil  of  which  the  canal 
sections  are  formed  is  in  many  cases  almost 
pure  sand  and  of  a  coarse  nature.  The  water 
from  Snake  River  which  supplies  the  system 


TABLE    II.— SHOWING    LOSSES    FROM    VARIOUS    CANALS. 


6. 
7. 
8. 

9. 
10. 
11. 

12. 
13. 


15. 
16. 
17. 
18, 
19. 
20. 
21. 


23. 
24. 

25. 
26. 
27. 

28. 

29. 

30. 
31. 
32. 


Name  of  Canal. 


Moore  Ditch. 
Moore  Ditch. 


Location.  ec* 

.Sacramento   Valley,   Cal.       0.8 
.Sacramento   Valley,   Cal.       4.0 


Moore   Ditch Sacramento  Valley,   Cal.  4.0 

Capay-Winters    Canal Sacramento   Valley,   Cal.  3.0 

Capay-Winters    Canal Sacramento  Valley,    Cal.  15. .t 

Stony    Creek Orland,   Cal 3.3 

Kennewick    Yakima  Valley.   Wash...  9.0 

Kennewick     Yakima,  Valley,  Wash.. .  9.0 

Logan  and  Richmond Utah    0.7 

V\  heatland  No.   2 Wyoming     17.0 

Bear    River Utah    1.5 


Bear    River Utah 

Bear    River Utah 


14.     Grand   Valley Colorado 


0.75 
3.25 


2.25 


Grand   Valley   (high   line).  .Colorado    21.25 

Lake   Colorado     18 

Sunnyside    Washington    8 

Sunnyside     Washington    5 

SunnyKlde    Washington    4 

Various    canals India    959 

Farmers'    Union Idaho   3.3 


Settlers'    Canal Idaho 

Jnddleton  Water  Co Idaho 


2.7 
1.7 


Ridenbaugh     Idaho  G.8 

Ridenbaugh  (high  line) Idaho   .' 9.0 

Main,  U.  S.  R.  S.,  Boise Idaho   6.6 

"G"     Canal,  U.     S.     R.     S., 

Minidoka    Idaho   18.0 

"H"    Canal,     U.    S.    R.    S., 

Minidoka    Idaho   22.2         Average    136                68 


5 

tage 
;r  mile. 

\A 

■=■30 

rt  O.J 

'   c  o, 

*"« 

a;  d  o 

m  >  ^ 

3^ 

Date  of  test. 

£«  =  * 

116 

9.4 

July.    1906. 

1864 

116 

1.0 

July,    1906. 

1864 

127 

4.1 

July,    1907. 

1864 

79 

15.3 

Aug.,  1907. 

1903 

43 

1.1 

Aug..  1907. 

1903 

80 

2.17 

May,    1907. 

1888 

123.0 

2.8 

Spt.,    1904. 

1902 

79 

1.4 

Oct.,    1906. 

1902 

59 

4.7 

2.5 

May,   1899. 

90 

1.0 

July,    1900. 

279 

3.3 

June,  1901. 

1889 

261 

2.5 

June,  1901. 

1889 

258 

.34 

June,  1901. 

1889 

260 

1.4 

July,    1901. 

1884 

140 

.39 

July,    1901. 

1883 

456 

.43 

June,  1901. 

1S92 

612 

0.7 

1.80 

June,  1908. 

1892 

451 

0.9 

1.84 

June,  1908.  ■ 

1892 

44 

5.2 
2.09 

2.74 
l.OU 
1.73 

June,  1908. 

1892 

125 

June,  1910. 

1905 

154 

.42 

.44 

Julv,    1909. 

1894 

101 

1.25 

.83 

July,    1909. 

1876 

65 

3.1 

2.48 

July,    1912. 

1889 

43 

5.9 

2.13 

July,    1912. 

1910 

617 

.085 

.12 

Ssn..    1912. 

1909 

Average      70 

1.56 

.78 

Ssn..    1913. 

190S 

"J"     Canal,     U.     S.     R.     S., 
Minidoka    Idaho    2.-..n         Average    1S2 


Main    North    U.    S.    U.    S., 

Minidoka    Idaho 

Main  South  U.  S.  R.  S.. 
Minidoka    Idaho 

C-2,   U.  S.  R.  S.,  Minidoka. Idaho 


7.8        Average    912 


13 

4.8 


Average    446 
Average      37 


.69 


1.11 

2.35 


Ssn.,    1913. 


Ssn.,    1912. 


.92         Ssn.,    1912. 
.60         Ssn.,    1912. 


1908  1 

&     )■ 

1913  J 

1908  1 

1912J 

1907 

19U 
1907 


Soil   and   other   conditions. 


Very   gravelly   bed. 

Heavj-  clay  loam,  trampled 
by  stock. 

Same  as  No.  2 — not  puddled 
by  stock. 

Wash  gravel  bottom. 

Clay  loam. 

Canal  section  much  eroded. 

Gravelly,  porous  soil. 

Same  as  No.  7,  after  pud- 
dling and  silting. 


Heavy     rock     and     disinteg- 
rated limestone. 

Porous  material. 

Sidehill  location,  heavy  soap- 
stone  formation. 

Heavy,    firm   clay  and   black 
shale. 

Partly  sidehill   location. 

Sandy  loam. 

Volcanic  ash. 

Sand  and  volcanic  ash. 

Porous  loam. 

Old   canals. 

Sidehill.    granite    and    sand- 
wash  formation. 

Cemented  sand   and  gravel. 

Clay    and    silt   overlaid   with 
ash. 

Clay     loam     underlaid     with  | 
hard  pan. 

Heavy    lava    ash    with     cla>  I 
and  sand.  I 

Volvanic  ash.  some  sand  and| 
rock. 

Clay  and  lava  ash  w'lth  some] 
gravel. 

Clay  and  lava  ash  with  soniol 
irravel. 


Clay  and  lava  ash  with 
gravel.  - 


Rock,   sand   and   gravel. 

Rock,  sand  and  clay. 
Heav>'  clay. 


this  discussion,  the  canal  losses  due  to  evap- 
oration have  not  been  segregated  from  those 
<lue  to  percolation,  for  as  has  l>ecn  stated  the 
former  loss  is  insignificant  compared  with 
the  latter. 

In  compiling  data  of  this  nature,  many  in- 
vestigators have  expressed  the  results  in  feet 
■of  depth  over  the  area  of  water  surface  hi 
a  given  time,  others  use  percentages  of  the 
total  discharge  of  the  can.nl  per  mile.  A  more 
satisfactory  method  is  to  arrange  the  amnunt 
of  loss  in  terms  of  volume  per  unit  of  weltefl 
area  for  a  given  time.  While  the  first  dc- 
scrilied  methods  afford  fairly  satisfactory 
means  for  general  comparisons,  they  take  no 
account  of  the  area  exposed  to  percolation, 
iior  of  the  velocitv  of  flow.  The  latter  method 
is  the  more  accurate,  for  percolation  loss 
bears  an  almost  direct  relation  to  the  area  of 
•^vetted   perimeter. 

Percolation  is  dependent  for  its  action  upon 


sources,  and  the  canal  sections  upon  which 
the  measurements  were  taken  were  all  un- 
lincd.  The  discharges  shown  range  from  Kt 
sec.  ft.  to  "27!)  sec.  ft.  While  at  first  glance  it 
appears  difficult  to  derive  any  general  conclu- 
sions from  such  a  range  of  seepage  values 
as  are  shown  here,  especially  as  the  data  in 
regard  to  the  area  of  wetted  perimeter  are 
lacking  in  many  of  the  cases,  yet  certain  facts 
arc   evident. 

The  large  percentage  of  loss  per  mile  in 
the  gravelly  or  coarse  soils  as  compared  with 
that  in  the  tighter  soils  is  quite  marked.  It 
is  also  plainly  evident  th.it  the  percentage  of 
loss  increases  rapidly  as  the  discharge  of  the 
canal  decreases,  other  cunditions  l)cing  sim- 
ilar. Long  usage  and  seasoning  of  the  canal 
in  many  cases  have  resulted  in  a- decrease  of 
percolation  losses,  especially  if  the  water  sup- 
ply has  carried  enough  silt  to  effect  a  par- 
tial closure  of  the  pores  of  the  soil  and   if 


is  usually  quite  free  from  silt  or  any  forcignl 
material,  and  such  as  may  he  suspended  there-I 
in  is  afforded  opportunity  for  being  depositedl 
in    Lake    Walcott.    which    acts    as    a    settling! 
basin  above  the  diversion  dam.     As  a  result.r 
the   canals    have    received    practically   no    siltl 
dei^osit.  and  the  leakage  is  quite  high  in  manyl 
of   them,   even   after   seven   years   of   service.! 
In   fact,  largely  as  a  result  of  the  perc(ilation| 
from   one  canal   of    180  sec.    ft.   capacity,   the 
surrounding   Kind    for   probably   a   quarter   of| 
a  mile  on  either  side  became  unfit   for  culti 
vation,   although   it  has  never   been   irrigaledj 
In   10r2  this  canal  seeped  to  a  greater  degree 
than   had   ever   before   been   known.   althougli| 
that  was  its  sixth  season  of  use,  and   it  ha'^ 
never    been    cleaned    out    or    disturbed.       Ir 
lfll3,  there  was  a  slight  amount  of  very  fine 
silt    carried    in    the    Snake    River    for   several 
weeks,  and   this   found  its  way  into  the  irri 
gation   system.     The  canal   in  question   tight-l 
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ened  up,  the  cvi!  effects  of  the  seepage  were 
markedly  less,  and  the  adjacent  land  dried 
out  to  a  considerable  extent.  It  may  be  added 
that  local  beds  of  clay  are  not  available  for 
puddling  or  silting,  and  the  problem  of  les- 
sening the  percolation  loss  is  one  for  which 
an  inexpensive  solution  has  not  been  found. 

In  Table  III  there  are  compiled  data  from 
several  of  the  projects  of  the  U.  S.  Reclama- 
tion Service,  covering  specific  cases  of  unlined 
smaller  canals  or  laterals,  with  discharges  of 
from  1.9.")  sec.  ft.  to  27.7  sec.  ft.  Here  again 
the  effect  of  the  loose  porous  soil  is  shown 
as  also  the  fact  that  for  the  smaller  sized  lat- 
erals the  values  of  the  percolation  loss  are 
greater  than  where  the  discharge  is  consid- 
erable. In  tliis  table  the  average  loss  in  cubic 
feet  per  square  foot  of  wetted  area  per  day 
is  seen  to  range  from  0.22  in  the  case  of  a 
mud  section  underlaid  with  hardpan  to  an 
extremely  high  value  of  o.l3,  where  the  ma- 
terial is  a  coarse  blow  sand  and  where  there 
is  very  little  velocity  in  the  lateral  on  ac- 
count of  the  necessity  for  checking  the  flow. 
The  average  range  of  the  values  is  from  1.0 
to  2.0  cubic   feet. 

From  a  large  number  of  experiments  con- 
ducted by  the  Department  of  Agriculture  the 
following  results  forcefully  indicate  the  ef- 
fect of  the  capacity  of  the  canal  upon  the 
loss   due  to  percolation.     As  these  investiga- 


less  than  0.4  or  0.5  cu.  ft.  even  in  practically 
impervious  material. 

In  the  design  of  the  canal  system  the  ne- 
cessity for  providing  sufficient  capacity  to 
care  for  the  losses  should  be  carefully  con- 
sidered, and  the  relative  permeability  of  the 
soils  to  be  traversed  should  be  determined, 
after  which  the  percolation  losses  may  be 
closely  calculated.  Mr.  E.  A.  Moritz  has  pro- 
posed a  formula  for  the  determination  in  sec- 
ond feet  per  mile  of  the  amount  of  seepage 
loss  in  any  canal,  where  sufficient  data  is  avail- 
able to  permit  of  assuming  a  loss  in  depth 
per  24  hours  over  the  wetted  area.  This  for- 
mula is  as  follows: 

S  =  0.2f 

_  F% 

where  S  —  seepage    loss    in    second    feet    per 
mile  of  canal, 
f^  depth  of   loss   in   feet  over   wetted 

area  in  24  hours. 
Q  =  discharge  of  the  canal   in   second- 
feet. 
F  =  velocity   of  water   in   feet  per   sec- 
ond. 
The  author  of  this   formula  eliminates  the 
factors  of  variation  in  canal   section  as  being 
non-essential  within  ordinary  limits,  and  thus 
involves  only  three  variables  in   the  equation, 
rendering  it  simple  of  application  to  the  usual 


eral  system  reached  a  maximum  of  39  per 
cent.  Even  though  successive  years  of  usage 
may  serve  to  reduce  the  heavy  percentage  of 
percolation,  it  is  clear  that  with  age  comes 
the  necessity  for  cleaning,  especially  in  the 
case  of  small  ditches,  and  thus  the  top  layer 
of  silted  soil  is  removed,  exposing  the  more 
open  soil  below.  In  an  unlined  or  untreated 
system,  therefore,  the  loss  is  likely  to  be  con- 
siderable as  long  as  it  is  used.  On  the  Ganges 
Canal  in  India,  several  hundred  miles  in 
length,  the  absorption  has  reached  as  high  as 
70  per  cent  in  some  years.  On  some  private 
projects  in  Utah  and  Wyoming,  the  canal 
losses  range  from  28  to  63  per  cent.  In  one 
case  4-5  per  cent  was  lost  in  a  distance  of  2S> 
miles.*  In  general  it  may  be  said  that  losses 
of  from  30  to  50  per  cent  are  common  in  un- 
protected earth  systems,  both  in  this  and  in 
older  irrigated  countries.  The  conditions 
surrounding  any  particular  case  should  be 
carefully  investigated  before  any  conclusions 
can  be  successfully  drawn,  however,  as  the 
factors  entering  into  the  result  are  many  and 
varied. 

Table  V  has  been  prepared  to  show  in  de- 
tail the  effect  on  losses  from  a  canal  system, 
taken  as  a  whole,  caused  by  the  varying  month- 
ly requirements  throughout  the  irrigation  sea- 
son. The  data  show  the  record  of  such  losses 
for    the     South    Side    Pumping     Unit   of    the 


TABLE  in.— SHOWIXG   LOSSHS  IN  LATERALS  ON   THREE   PROJECTS  OF  THE  U.  S.  RECLAMATION  SERVICE. 


Name  of  Project. 


State. 


1.  Sunnyside    (various    laterals) ..  Washington 

2.  Boise    (Mora)    Ulalio     

3.  Boise  (Teed)   Idalio    

4.  Boise  (Kennedy) Idaho    

5.  Boise    (Eight  Mile) Idaho     

6.  Boise   (Partridge) Idaho     

7.  Boise  (South  Nampa) Idaho    


9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 


""v.  ■a 

J  D  0) 

0) 

-ii 

■0^ 

cS*- 

?? . 

Co. 

O     - 

So 

m 

oj  cd  ■ 
o  a 

Date  of  test. 

Year  wh 
structerl, 
larged  o 
used. 

5.0 

1.95  to  4.05 

13.6 

1.4 

Ssn.. 

1908. 

2.1 

9.51 

2.52 

.22 

.Tulv, 

19(19. 

1904 

2.0 

11.20 

1.34 

1.39 

July, 

1909. 

1909 

5.8 

20.43 

.37 

.68 

July, 

1910. 

1910 

5.7 

32.3 

2.32 

1.18 

July, 

1910. 

1910 

2.7 

6.0 

3.55 

1.13 

July, 

1912. 

1911 

2.4 

Boise  (Deer  Flat,  low  line) Idaho    19.0 

1.5 

0.8 

0.8 

3.2 

1.8 

3.8 

4.4 

2.7 

2.4 


Jlinidoka    (210-2)     Idaho 

Minidoka    (125)    Idaho 

Minidoka  (97)    Idaho 

Minidoka    (1S5)    Idaho 

Minidoka  (1011)    Idaho 

Minidoka  (423)    Idaho 

Minidoka    (G-lS)    Idaho 

Minidoka  CG-19)    Idaho 

Minidoka  rj-191    Idaho 


17.0 
27.7 

12.3 
6.9 

16.6 
7.68 
9.82 
3.50 
6.2 
3.0 
4.4 


6.2 
2.15 

1.26 
40.00 
35.0 
15.7 
23.9 
24.4 

5.0 
17.25 

9.15 


1.27 

1.19 

2.56 
5.13 
4.73 
2.00 
2.02 
1.12 
.75 
1.53 
1.04 


July,    1912.         1910 
Ssn..    1912.         1909 


Ssn. 
Ssn. 
Ssn., 
Ssn. 
Ssn. 
Ssn., 
Ssn., 
Ssn., 
Ssn., 


1913. 
1913. 
1913. 
1913. 
1913. 
1913. 
1913. 
1913. 
1913. 


1913 
1913 
1912 
1912 
1913 
1912 
1909 
1909 
1909 


Soil    and    other    conditions. 


Sand. 

Mud,    underlaid    with    hardpan. 

Mud,    underlaid    with    hardpan. 

Mud,    underlaid    with    hardpan 

Mud,    underlaid    with    hardpan 

Volcanic  ash,  underlaid  with  hard- 
pan. 

Volcanic  ash  and  adobe,  underlaid 
with  hardpan. 

Sand  and  volcanic  ash. 

Sidehill. 

Sand  underlaid  with  fine  gravel. 

Blow  sand. 

Sand  and  sandy  loam. 

Clay  and  sand. 

Clay  and  sand. 

Sand  and  sandy  loam. 

Lava  ash. 

Sandy. 

Lava  ash  and  clay. 


tions  covered  a  wide  range  of  conditions,  the 
figures  may  be  assumed  to  be  fairly  represen- 
tative; 

Percent  loss 
per  mile. 
Canals  carrying  100  sec.   ft.   or  more        0.95 
Canals  carrying  50  to  100  sec.  ft....         2.58 

Canals  carrying  25  to  50  sec.   ft 4.21 

Canals  carrying  less  than  J5  sec.  ft..       11.28 

Compiling  the  results  of  observations  on 
several  hundred  miles  of  canals  in  eight  dif- 
ferent projects  of  the  U.  S.  Reclamation  Serv- 
ice, Mr.  E.  A.  Moritz  has  prepared  a  list  of 
average  values  for  losses  in  unlined  canals, 
constructed  in  various  types  of  soil.*  The 
data  agree  closely  with  the  results  indicated 
in  the  foregoing  tables. 

Loss  in  cu. 

ft.  per  sq. 

ft.  of  wetted 

Kind  of  material.  area  per  day. 

Cement,    gravel    and    hardpan    with 

sandy    loam    0.34 

Clay  and  clay  loam 0.41 

Sandy   loam    n.66 

Volcanic   ash    0.6.<! 

Volcanic    ash    with    some    sand 0.98 

Sand   and    volcanic   ash    or  clay 1.20 

Sandy  soil   with   some   rock l.fiS 

Sandy   and   gravelly   soli 2.20 

As  these  canals  were  generally  those  which 
had  been  in  use  from  three  to  six  years,  it 
appears  that  there  may  be  expected  in  an  un- 
lined earth  canal  svsteni  a  percolation  loss  of 
between  0.40  cu.  ft.  and  2.5  cu.  ft.  per  day 
for  each  square  foot  of  wetted  perimeter. 
In  cases  of  extremely  porous  material,  how- 
ever, this  maximum  figure  may  be  rxcpe'''pd 
hv  100  per  cent  as  has  been  shown  in  Table 
III.     The  minimum  value  will  not  usuallv  be 
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problems  of  this  nature.  It  is  quite  apparent 
from  a  casual  study  of  the  formula  that  ve- 
locities should  be  as  large  as  practicable,  in 
order  to  reduce  the  percentage  of  percolation 
loss. 

In  any  given  canal  svs<em  the  total  losses 
due  to  evaporation  and  percolation  where  n  j 
special  preventive  measures  have  been  adopted 
will  reach  considerable  proportions.  While 
the  rate  of  loss  in  depth  per  24  hours  affords 
a  proper  and  scientific  method  of  studying  the 
problem,  it  does  not,  without  further  compu- 
tation, give  an  adequate  idea  of  the  value 
which  these  losses  assume  in  terms  of  the 
total  amount  of  water  diverted  into  the  sys- 
tem. In  order  to  show  this  feature  more 
strongly  Table  IV  has  been  prepared  from 
data  covering  conditions  on  eight  of  the  pro- 
jects of  the  U.  S.  Reclamation  Service.  From 
this  table  it  is  apparent  that  from  17  to  45 
per  cent  of  the  water  which  was  diverted  at 
the  hcadgates  was  lost  before  it  was  diverted 
from  the  canals  into  the  distribution  systems. 
For  the  purposes  of  this  discussion,  a  dis- 
tinction is  here  made  between  the  canals  or 
larger  waterways  and  the  latcr.-ils  or  distribu- 
tion systems  with  their  brandies. 

Careful  measurements  on  the  South  Side 
Pumping  Unit  of  the  Minidoka  Project, 
Idaho,  where  the  lateral  system,  covering  48,- 
000  acres,  has  been  in  'use  for  four  years, 
show  that  in  1912  27  per  cent  and  in  1913  22 
per  cent  of  the  water  diverted  into  the  sub- 
lateral  system  was  lost.  On  the  Yakima. 
Wasliington,  project  in  1910  32  per  cent  of 
the  water  taken  into  the  lateral  system  was 
lost,  and  on  the  North  Platte,  Nebraska  pro- 
ject, the  losses  in   some  portions  of  the  lat- 


Minidoka  Project  for  the  season  of  1913.  The 
soils  throughout  the  tract  are  fairly  uniform 
in  character,  so  that  the  figures  should  be 
quite  typical  of  the  lava  ash  soils  common 
to  many  of  the  arid  states.  None  of  the  ca- 
nals or  laterals  are  lined  or  treated;  veloci- 
ties of  flow  do  not  exceed  2.5  to  3.0  ft.  per 
second,  as  a  rule,  and  the  laterals  are  in  many 
cases  quite  small,  inasmuch  as  deliveries  are 
carried  to  each  farm  unit ;  the  system  has 
been  operated  for  four  years. 

There  is  a  very  noticeable  peak  demand 
during  July  and  -August,  when  the  canals  are 
run  very  much  more  nearly  to  capacity  than 
either  earlier  or  later  in  the  season.  Never- 
theless, it  is  necessary,  owing  to  the  topog- 
raphy of  the  tract,  to  check  the  flow  to  nor- 
mal height  in  the  laterals  as  well  as  in  the 
canals  at  frequent  intervals  to  eft'ect  satisfac- 
tory deliveries.  This  has  its  eft'ect  on  the 
losses  in  a  noticeable  manner.  An  examina- 
tion of  the  tabic  will  show,  for  instance,  that 
of  the  total  amount  of  water  diverted  into 
the  lateral  system  in  May,  18.2  per  cent  was 
lost,  while  in  July,  one  of  the  months  of 
greatest  demand,  only  15. C  per  cent  was  lost, 
lluis  indicating  that  to  reduce  percolation,  it 
may  be  best  to  operate  the  ditches  to  full 
capacity  for  a  time  and  then  turn  the  water 
out.  In  this  instance,  it  has  been  customary 
to  operate  the  canals  continuously  during  the 
season  but  to  rotate  the  deliveries  of  large 
heads  I>etween  the  water  users.  The  table 
also  indicates  plainly  that  the  percentage  of 
losses  in  the  entire  system  expressed  in  terms 
of  the  amounts  mumped  in  each  month  is  at 
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a  maximum  at  the  beginning  and  at  the  end 
of  the  season  and  at  a  minimum  in  July; 
merely  additional  evidence  that  the  discharge 


lie  required  for  this  work,  but  details  arc  still 
to  be  perfected.  As  the  velocities  in  the 
canals  are  in  nearly  all  cases  necessarily  low, 


TABLE   IV.— SHOWING    COLLECTIVE    LOSSES   IN    CANAL    SYSTEMS    ON    EIGHT    PROJECTS 
OF    THE    v.    S.    RECLAMATION    SERVICE. 

■  c  ,  o 


.  K 


Oi 


Project. 


Umatilla   

Truckee-Caison    

OUanogan     

Orland     

Klamath     

Tieton     

Sunn\'side    

Minidoka,  north  side.... 
.Minidoka,  north  side.... 
Minidoka  pumping  unit. 
Minidoka   pumping  unit. 
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55 

77 
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32 
41 
45 
23 
48 
24 

1009 

S5 

IV 

linij 

71 

•'9 

191- 

72 

28 

imi 

6n 

•31 

1912 

60 

•34 

Soil   conditions. 

Sandy  loam  and  volcanic  ash. 

Sand,   sandv   loam  and   clay. 

Volcanic  ash  and  gravel. 

Sandy  and  gravelly   loam,  silt  loam. 

Decomposed   basalt. 

Sandy  loam,   gravel   and  volcanic  ash. 

Sand  and   volcanic   ash. 

Sand  and  sandy  loam. 

Sand  and  sandy  loam. 

Lava  ash. 

Lava  ash. 


♦This  includes  losses  in  the  lateral  system  also. 


and  the  velocity  are  very  essential  factors 
in  regulating  the  percolation  loss  of  an  un- 
lined   canal   system. 

In  a  discussion  of  the  "Economic  .Aspect  of 
Seepage"  Losses  in  Irrigation  Systems"  (Pro- 
ceedings .\merican  Society  of  Civil  Engineers. 
Deccmbtr,  1012).  Mr.  E,  G.  Hopson  has  point- 
ed to  the  value  of  such  losses  to  the  com- 
munity and  has  presented  valuable  data,  some 
of  which  has  already  been  quoted  in  Table 
IV.  As  above  stated,  the  problem  of  how  far 
methods  should  be  pursued  in  any  individual 
case  towards  the  reduction  of  the  canal  losses 
is  one  that  must  be  solved  on  its  own  merits; 
no  general  rule  can  be  given.  If  the  value 
of  the  water  to  a  communitv  is  not  yet  very 
important  owing  to  the  low  returns  from 
crops  produced,  and  if  the  percolation  appears 
imlikely  lo  seep  adjacent  lands,  it  would  per- 
liaps  be  an  unwise  investment  to  resort  to  ex- 
treme methods  for  saving  the  water,  until 
furtlier  developments  more  nearly  justified  the 
outlay.  There  arc  undoubtedly  many  locali- 
ties, however,  where  the  matter  should  be  vcrv 
-criously  considered  from  a  sound  financial 
basis,  and  it  is  believed  that  such  consideration 
would  show  that  preventive  measures  would 
Iiay. 

METHODS  OF  LOSS   PREVENTION. 

One  of  the  most  common  methods  of  reduc- 
ing losses  by  percolation  in  canals  consists  in 
ilie  introduction  of  qualities  of  finely  divided 
lay  into  the  water.  If  the  water  naturally 
carries  silt  in  suspension,  and  the  velocity  of 
flow  is  moderate  enough  to  permit  of  the  set- 
tling of  the  suspended  matter,  the  result  will 
he  beneficial  and  a  few  seasons  of  use  will 
tichten  the  upper  layer  of  the  canal  sections. 
Where  there  is  no  silt  in  the  source  of  sup- 
ply it  nay  be  placed  in  the  water  above  the 
points  where  seepage  conditions  arc  the  worst, 
and  permitted  to  travel  with  the  current,  the 
water  being  agitated,  if  necessary,  to  overcome 
a  tendency  tosvard  too  early  settling. 

On  the  Minidoka  project,  as  has  already 
Iicen  stated,  the  losses  by  percolation  from  the 
canals  and  the  distributing  system  north  of 
tlie  Snake  River  have  been  very  large.  This 
has  contributed  in  sopie  measure  to  the  con- 
('itions  which  brought  about  the  necessity  for 
drainage  works  and  these  works  are  now  un- 
der construction.  Except  in  the  westerly  por- 
tion of  the  project,  where  the  soil  is  a  heavy 
clav,  there  arc  practically  no  deposits  of  suit- 
able material  for  locally  treating  the  canals 
in  order  to  tighten  them  by  silting.  The  broad, 
shallow  sections  made  necessary  by  the  topog- 
raphy render  any  resort  to  lining  not  feasible, 
and  other  conditions  have  also  made  this  im- 
practicable. .Adjacent  to  the  upper  end  of  the 
main  canal,  however,  there  is  an  an-a  of  fine 
clav,  which  it  is  believed  will  be  suitable  for 
silting  ihc  canal  system,  and  plans  are  being 
made  to  accomplish  this  result  as  a  preveii- 
tive  feature  of  the  drainage  work.  It  is 
planned  to  loosen  the  material  with  giants  and 
sluice  it  to  a  pumping  plant,  from  which  it 
will  be  carried  to  the  canal  s  edge  and  de- 
posited in  the  water.  It  has  lieen  roughlv 
estimated  that  50,000  cu.  yds.  of  material  will 


ll-e  accomplishment  of  the  plan  as  a  far-reach- 
ing mei'.ns  of  tightening  the  canals  may  be 
attended  with  some  difficulty. 

In  the  article  quoted  abov;  Mr.  Moritz  re- 
lates that  a  very  porous  canal  P/4  miles  in 
lengtli  was  puddled  and  made  practically  tight 
by  throw-ing  finely  pulverized  material  into  the 
water,  and  having  it  w-orkcd  into  the  canal 
bottom  and  sides  by  men  wading  with  rub- 
ber boots.  On  the  canal  in  question,  which 
was  6  ft.  wide  on  the  bottom  and  3.7  ft.  deep, 
the  work  was  accomplished  for  about  $0.10 
per  square  yard. 

Another    method    of    redu-.;ing    percolation 


TABLE    VI. 


-COST    OF    LINING    IRRIGATION 

CANALS. 

^-     =1 


Description  of  lining.  c,^  Hoco 

Earth,    no    lining 0  

Cement— concrete  3  ins,  thick.,  SG.6  8.30 
Cement    lime    concrete,    3    ins, 

thick    6;"). 5  8.30 

Cement  mortar   (53.3  3.88 

Heavy  oil.    3%   gals,    per  sq   vd.  50.4  1.20 

Clay   puddle,   3  ,S   ins.   thick 47.8  3.90 

Heavy  oil,  3   gals,   per  sq.   yd...  38.0  1.00 

Heavy  oil,  2'^  gals,   per  sq,  vd.  27.3  0.77 

Thin   oil,   2.5  gals,   per   sq.   yd..       7.3  1.00 

losses  in  local  areas  of  canal  section,  and  one 
which  has  long  been  in  successful  use,  con- 
sists in  blanketing  and  puddling  the  bottom 
and  sides  with  a  more  impervious  material 
than  that  through  which  the  canal  was  con- 
structed. On  the  Kennewick  Canal,  in  the 
Yakima  Valley,  Washington,  the  gravelly,  por- 
ous soil  was  excavated  from  tlie  bottom  for 
a  foot  or  so  below  normal  grade,  and  this 
was  replaced  by  moist  clay,  tamped  into  place. 
The  bottom  and  sides  of  the  canal  were  then 
plastered  with  several  inches  of  soft  clay  mor- 


howeve"-,  to  locate  suitable  clay  deposits  which 
are  close  enough  to  render  the  work  economi- 
cal. 

.•\s  affording  an  interesting  comparison  of 
the  cost  and  primary  results  in  saving  of  per- 
colation losses,  due  to  different  methods  and 
materials  used  for  lining,  the  data  given  in 
Table  VI,  from  experiments  conducted  by  the 
U.  S.  Department  of  Agriculture  in  conjunc- 
tion with  the  University  of  California,  are  in- 
structive (Annual  Report  for  1907.  Office  of 
Experiment  Stations,  U.  S.  Dept.  of  Agricul- 
ture). The  costs  do  not  include  preparation 
of  the  ditch. 

It  appears  from  these  experiments  that  the 
rse  of  I'.eavy  oil  for  treating  the  wetted  sec- 
lion  of  the  canal  is,  next  to  ?.  mortar  or  con- 
crete lining,  the  most  effective  method  of  re- 
ducing losses  by  percolation.  The  oil  treat- 
ment, however,  is  not  permanent,  and  after  a 
season  or  two  must  be  repeated  if  the  good 
effects  are  to  be  continued.  One  of  its  ad- 
vantages lies  in  its  prevention  of  the  growth 
of  weeds  and  other  vegetable  matter  within 
the  area  treated.  The  use  of  any  cost  data 
for  purposes  of  estimates  on  similar  work 
should  be  attended  with  caution,  except  where 
full  details  are  available,  and  the  figures  here- 
in shown  are  for  purposes  of  general  com- 
parison only. 

Where  concrete  linings  have  been  placed 
in  large  canals  it  has,  with  but  few  exceptions, 
been  done  after  the  system  had  been  in  use 
for  some  years,  and  had  either  seeped  so  bad- 
ly as  to  justify  the  expense  of  lining  or  else 
required  additional  capacity,  which  could  be 
obtained  by  reducing  the  coeflicient  of  fric- 
tion with  concrete.  In  the  latter  case,  of 
course,  both  of  the  beneficial  results  would 
follow.  If  it  can  be  demonstrated  that  the 
installation  of  the  concrete  lining  is  justified 
at  the  time  of  initial  construction  this  would 
be  the  logical  time  for  it  to  be  placed,  as  a 
smaller  section  could  then  be  excavated  and 
steeper  side  and  bottom  slopes  provided,  re- 
sulting in  greater  velocities,  with  less  fric- 
tion, in  addition  to  the  saving  of  the  seepage 
loss  and  the  cost  of  numerous  drops  and 
checks  where  the  slope  of  the  ground  surface 
is  considerable. 

In  the  article  of  Mr.  Hopson  above  quoted 
the  saving  of  percolation  loss  as  a  result  of 
lining  a  lateral  on  the  Umatilla  project,  Ore- 
gon, was  sufficient  to  justify  the  conclusion 
that  these  losses  could  be  reduced  to  less  than 
10  per  cent  of  the  total  amount  of  water  di- 
verted, if  the  system  were  lined  in  its  entirety; 
unlincd  the  losses  were  50  per  cent.  In  the 
Gage  Canal,  near  Riverside,  California,  the 
losses  amount  to  but  G  per  cent,  due  to  the 
cement  lining. 

The  cost  of  the  thin  cement  mortar  linings 
used  on  several  miles  of  the  small  laterals  of 
the  Umatilla  project  varied  from  $i\48n  to 
$0,764  per  square  yard,  including  overhead 
charges.  The  lining  was  1%  ins.  to  2  ins. 
thick,  and  much  of  it  was  placed  during  cold 
weather.  It  was  trowelled  by  hand,  but 
mostly   mixed  by   machine.       The   results,   as 


Mi.nth. 


TABLE  v.— SHOWING,  IN  PERCENTAGES,  THE  AMOUNTS  DIV0RTED  INTO  AND  LOST 
FROM  THE  SOUTH  SIDE  PUMPING  STATION  UNIT,  MINIDOKA  PROJECT,  IDAHO, 
SEASON  OF  1913, 

Quantities  In  per-   -     =£  ' 
cent  of  .iinounts     ~  ~  " 
pumped  diirln«  the 
month  shown. 
Loss  In      Loss  In 
entire 
system. 
3B.9 
33.2 
30  6 
37.2 
37.6 


May    

June     

July     

AUKIISt      ... 
.•September 
Cictobor     . . 


Qiinntltlcs  In  percent  of  to 

tals  for  season 

Loss  In 

main 

cnnnls. 

IS.O 

H.3 

22.  S 

26.2 

17.8 

0.9 


Amount 
pumped. 

13.6 

IS. 6 

24.0 

25.2 

17.6 
10 


Loss  In 
Interal 
system. 

9.5 
22.0 
18.6 
27.4 
20.2 

2.3 


main 
canals. 
26.1 
15.0 
18.6 
20.4 
19.8 


=  £=i^ 


IS.: 

27.1 

ir,.<-. 


Total,    or    mean. 


100.0 


100.0 


100.0 


19.6 


35.1 


27.0 


22.: 


This  irnrt  eovers  about  48.000  acres,  and  Is  supplied  from  three  pumpliiR  stations  The 
soil  Is  prinrlpnilv  lava  ii.-'h.  with  some  heavier  clays  and  a  small  area  of  sandy  soil.  The  suD- 
Bolls   arc   jtrnvelly,    with   small  areas  tt  hardpan. 


•No   data   for   October   ahown;    water  was   run  only  4  daye. 


tar,  and  the  whole  was  then  covered  with 
gravel  lo  prevent  washing.  The  results  were 
quite    satisfactory.     It    is    frequently    difficult, 


stated  ?.bove,  were  very  satisfactory.  Similar 
work  was  accomplished  by  Mr.  Etcheverry  at 
about   the   same  cost.    It   would  appear  that 
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such  thin  linings  would  be  unsuitable  for  se- 
vere cHmates  where  heavy  frost  conditions 
might  lend  to  crack  and  heave  the  mortar.  Ex- 
cellent drainage  conditions  in  the  soil  beneath 
the  lining  would,  however,  doubtless  greatly 
assist  in  preventing  this.  The  removal  of  ac- 
cumulations of  blow  sand  or  trash  from  a 
lateral  lined  as  described  would  require  to  be 
handled  with  considerable  care,  and  possibly 
at  greater  expense  than  with  an  unlined  sec- 
tion. 

On  the  Boise,  Idaho,  Project  of  the  U.  S. 
Reclaination  Service,  the  main  canal  was  lined 
for  nearly  six  miles,  with  a  l:'\M  mixture  of 
concrete,  at  a  cost  of  less  than  $(l.lO  per 
square  foot.  The  lining  was  4  ins.  thick ;  the 
canal  section  40  ft.  on  the  bottom,  and  8  ft. 
deep,  with  1%  to  1  side  slopes.  In  this  in- 
stance, the  work  was  done  to  provide  addi- 
tional capacity  without  enlargement,  and  also 
to  reduce  the  danger  from  breaks,  as  well  as 
to  eliminate  percolation   losses. 

Timber  and  galvanized  metal  flumes  when 
used  as  part  of  a  distributing  system  serve 
several  purposes,  and  not  only  carry  a  greater 
discharge  for  a  given  area  of  section,  but  if 
properly  built  and  maintained  should  exhibit 
practically  no  seepage  loss.  The  same  is  true 
of  pipe  lines.  On  the  Umatilla  and  Yakima 
projects  of  the  U.  S.  Reclamation  Service, 
considerable  lengths  of  concrete  pipe  have 
been  installed,  and  operated  under  various 
heads.  Tests  showed  that  the  seepage  loss 
was  almost  directly  proportional  to  the  head 
on  the  pipe,  and  that  of  4.4  miles  of  4-ft.  pipe 
operated  under  heads  of  from  19  ft.  to  8.5  ft., 
the  seepage  loss  per  mile  ranged  from  0.O4 
sec.  ft.  to  0.20  sec.  ft.  or  about  0.021  sec.  ft. 
per  mile  for  each  10  ft.  of  head.  The  use  of 
pipes  and  flumes  for  crossing  draws  and 
coulees  also  frequently  saves  in  the  length 
of  the  line,  and  by  avoiding  long  detours  this 
prevents  the  exposure  of  the  system  to  that 
additional  extent. 

There  are  certain  practices  of  an  ordinary 
nature  that  may  be  avoided  with  but  little  ad- 
ditional expense,  tc  the  benefit  of  the  newly 
constructed  canal  system.  For  instance,  it  is 
not  unusual  in  the  planning  of  such  works, 
especially  where  economy  in  expenditures  is 
necessary,  to  omit  the  upper  bank  of  the  canal 
when  crossing  a  small  draw,  or  on  sidehill 
locations.  This  results  in  exposing  unneces- 
sarily large  areas  to  absorption  and  to  that 
extent  is  a  wasteful  method.  The  least  ex- 
posed area  of  water  surface,  coupled  with  the 
shortest  length  of  wetted  perimeter  and  the 
greatest  practicable  velocity  are,  from  this 
standpoint,  the  desired  ends  to  be  secured  in 
the  design  of  the  system  and  whenever  the 
more  fundamental  principles  will  permit,  these 
features  should  be  kept  well  in  the  fore- 
ground. Careful  attention  during  construc- 
tion to  the  bond  between  the  natural  ground 
surface  and  the  canal  embankments,  as  well 
as  to  the  necessity  for  thorough  rolling  or 
compacting  by  other  means  of  the  layers  of 
soil  composing  the  banks,  may  result  in  a 
considerable  reduction  of  seepage  loss.  It  is 
also  desirable  that  the  material  in  tlie  banks 
shall  be  disposed  of  in  such  a  way  that  the 
coarser  soils  shall  be  deposited  on  the  out- 
side. 

The  use  of  the  rotation  method  of  delivery 
of  water  has  already  been  touched  upon,  as 
desirable  for  reducing  evaporation  losses  in 
the  field  of  the  irrigator.  It  is  likewise  valu- 
able as  a  method  for  conserving  the  canal 
discharges   and    reducing    the    seepage   losses. 


On  some  projects,  it  is  found  to  be  feasible 
to  run  water  in  the  canal  system  for  a  period 
of  ten  days  to  two  weeks,  after  which  a  like 
period  will  ensue  during  which  the  entire  sys- 
tem is  dry.  The  advantage  of  this  in  the  re- 
duction of  losses  is  obvious.  Other  systems 
of  rotation  provide  for  carriage  of  water  at 
stated  intervals  in  the  laterals  only,  or  in  one 
part  of  a  lateral  while  the  other  portion  is 
empty;  still  other  methods  keep  the  distribut- 
ing system  full  continuously,  rotating  the  sup- 
ply between  the  various  water  users. 

Any  method  which  will  leave  a  portion  or 
all  of  the  canal  system  dry  for  a  jwrtion  of 
the  time  may  be  beneficial  so  far  as  the  sav- 
ing in  losses  is  concerned.  It  has  been  found 
on  the  other  hand  that  in  some  cases  the  alter- 
nate drying  and  wetting  of  the  silt  deposit 
formed  on  the  slopes  and  bottom  of  the  canal 
cracks  and  shingles  it,  with  the  result  that 
the  losses  are  apt  to  be  greater  than  if  the 
canal  had  been  kept  full  during  the  entire  sea- 
son. Timber  flumes  and  other  structures  may 
also  suffer  greater  deterioration  under  a  sys- 
tem of  periodic  flow  than  when  kept  wet.  The 
particular  method  to  be  adopted,  therefore, 
should  be  chosen  only  after  full  consideration 


percolation  loss  by  either  method ;  the  condi- 
tion is  an  unfortunate  one  in  that  it  continu- 
ally exposes  a  large  area  of  wetted  perimeter 
to  absorption. 

it  is  generally  recognized  also  that  in  nearly 
all  large  and  delicately  adjusted  systems  of 
canals  and  distributaries  it  is  advisable  to  flow 
a  little  too  much  rather  than  too  little  water  in 
the  main  canals  for  the  supply  of  the  various 
branches.  In  other  words,  operating  condi- 
tions can  rarely  be  adjusted  with  such  nicety 
that  all  demands,  including  those  of  seepage, 
are  met  to  the  exact  amount  required,  and 
there  should  be  wasteways  or  spillways  where 
the  slight  surplus  can  be  cared  for,  preferably 
in  such  a  way  that  it  may  be  rediverted  into 
another  canal  or  lateral  lower  in  the  system. 
A  third  source  of  waste  comes  from  the  field 
of  the  irrigator.  Even  with  careful  attention 
the  experienced  farmer  is  frequently  apt  to 
!ind  that  there  is  a  small  surplus  or  runoff 
at  the  lower  end  of  his  field,  when  his  ground 
has  a  good  slope,  and  the  furrows  are  steep; 
and  when  the  flooding  method  of  irrigation 
is  used  there  is  also  apt  to  be  a  surplus  of 
water  at  the  lower  end  of  the  field  unless 
considerable  care  is  exercised  in  handling  the 


TABLE    VII.— DATA    FROM    EXPERIMENTS    ON     THE     BOISE     PROJECT,     IDAHO, 
SHOWING    SURFACE  RUNOFF   FROM    IRRIGATION. 
Soil  conditions. 


IN     1910, 


Acreage 
in  plat. 


Nature  of  crop. 


■-       j;        i. 


135 


14.3 


12.1 
S.2 


Mostly      alfalfa,      timothy 
and    clover 

Alfalfa  

Wheat   

Alfalfa 


La\  a  ash  and  sand  under- 
laid   with    gravel    

Lava  ash  .^nd  sand  under- 
laid   with   gravel    

Lava  ash,  sand  and  adobe. 

Lciva  ash  and  adobe  under- 
laid   ivith    hardpan 


^•TZ  r  c  f^ 
S  =  c.S   - 

O  11  0^  -  o 

<,  P  ra  o  ^- 

4.07 


3.37 
.91 


2.99 


°'i  =?. 

c     E     ""^ 
QJfc  fc-  <ut;  c 

t-  c     .».-  •" 

0.  t  —  «  o-" 

11.4 

6.S 
28.4 


IS. 5 


of  the  requirements  of  each  case.  However, 
the  service  of  large  heads  of  water  to  the  in- 
dividual users  at  intervals  will  usually  effect 
a  saving  of  water  in  the  unlined  farm  laterals, 
regardless  of  the  method  adopted  in  the  op- 
eration of  the  canals,  and  should  be  encour- 
aged if  for  no  other  reason  than  this.  The 
use  of  the  large  head  of  water  properly  han- 
dled will  also  save  a  large  part  of  that  which 
is  usually  lost  by  percolation  in  the  field  when 
rotation  is  not  in  effect.  This  feature  also 
has  a  direct  bearing  on  the  evil  effects  of 
water-logging  the  land  due  to  the  use  of  too 
great  quantities  of  water  for  irrigation.  There 
can  be  no  question  but  that  where  it  is  at  all 
practicalile  the  rotation  method  of  delivery  is 
to  be  prefcred  to  other  methods. 

W.\STE    W.\TER. 

In  the  operation  of  a  large  system  of  canals, 
there  are  certain  conditions  to  be  met  in  order 
that  proper  service  may  be  effected.  Where 
the  topography  requires  that  the  water  shall 
be  delivered  at  all  times  during  the  irrigation 
season,  at  the  normal  elevation  or  full  height, 
the  system  must  either  be  provided  with  a 
series  of  checks  or  there  must  be  a  certain 
amount  of  water  run  into  the  canals  during 
the  early  and  late  portions  of  the  season,  over 
and  above  what  is  required  for  crops,  and  this 
nnist  be  wasted  back  into  some  convenient 
channel,  and  returned  to  the  river.  Tliere  is 
probably  but  little  difference  in  the  amount  of 


irrigation.  Within  reason,  and  under  some 
conditions,  this  too  may  be  classed  as  unpre- 
ventable  waste,  although  it  not  infrequently 
happens  that  a  portion  of  such  waste  water 
can  be  picked  up  into  a  lateral  and  used  again 
for   irrigation   at   a   lower   elevation. 

On  the  Boise  Project,  Idaho,  during  the 
irrigation  season  of  ISUO,  a  series  of  lueasure- 
mcnts  was  luade  by  the  Reclamation  Service 
ti'  determine  the  actual  duty  of  water  on  the 
land.  Among  other  data,  measurements  were 
taken  of  the  waste  water  from  the  various 
small  tracts  under  investigation.  The  results 
are  shown  in  Table  YII.  The  method  of  irri- 
gation used  was  almost  exclusively  the  flood- 
ing method  and  the  irrigators  were  permitted 
to  use  all  of  the  water  they  desired,  and  to 
apply  it  in  accordance  with  their  own  ideas 
and  practices.  It  affords  an  idea  of  how  the 
average  farmer  will  irrigate  on  ground  fairly 
well  suited  to  flooding,  and  in  a  locality  where 
water  is  not  so  valuable  as  to  exact  the 
greatest  care  in  its  use. 

It  may  be  observed  that  the  percentage  of 
runoff  varies  inversely  with  the  amount  of 
water  applied  to  the  field.  Probably  from  in 
to  1.5  per  cent  would  be  a  fairer  average  of  the 
surface  runoff'  or  waste  from  the  irrigated 
lands.  There  is  no  doubt  but  that  this  amount 
could  and  should  be  reduced  very  considerably 
to  the  end  that  economy  may  prevail  in  the 
use  of  water  for  irrigation. 
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Use  of  Compressed  Air  for  Mixing  and 
Placing  the  Concrete  Lining  for  the 
8-ft.  Rock  Tunnel  Intake  of  the  St. 
Louis  Water  Works. 

(ST.MF  ..\RTICLF..) 

The  designs  for  the  new  water  works  tun- 
nel and  intake  tower  of  the  St.  Louis  water 
works  were  descrilied  and  illustrated  in  an 
article   published    in   this   journal   of   Oct.   20, 


lf)l:i.  An  article  describing  the  contractor's 
plant  and  methods  employed  in  driving  this 
lunnel  through  rock  was  published  in  the  issue 
of  May  0,  HIM.  The  present  article  describes 
the  plant  and  methods  employed  in  placing  the 
concrete  lining  for  this  rock  tunnel  by  means 
of  the  compressed  air  system.  The  finished 
tunnel  will  be  8  ft.  in  clear  diameter  and  about 
2,71111  ft.  long.  The  concrete  lining  varies  in 
thickness  from  0  to  18  ins.  It  is  not  rein- 
forced.    The   tunnel    extends   2,200    ft.    under 


the  Mississippi  River,  at  the  Chain  of  Rocks, 
and  the  land  section  is  500  ft.  long.  The 
shore  shaft  is  00  ft.  deep. 

The  pneumatic  mixer  and  conveyor  was  set 
at  the  bottom  of  the  shore  shaft,  as  shown  in 
Fig.  1.  Arrangements  were  made  to  load  the 
mixer  frrni  the  top  of  the  shaft  by  biiilding 
a  measuring  hopper  at  the  shaft  top  with  an 
8-in.  pipe  leading  down  and  discharging  into 
the  mixer.  The  hopper  at  the  top  was  made 
with  a  sliding  door  at  its  bottom,  so  that  upon 
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signal  from  the  man  at  the  mixer,  this  door 
could  be  opei;ed,  thus  allowing  the  measured 
batch  to  drop  through  an  8-in.  pipe  into  the 
mixer.  The  man  who  operates  this  door  also 
lets  in  water  from  a  barrel  at  the  same  time 
that  the  batch  is  dropped.  The  water  is  either 
fed  into  the  8-in.  pipe  at  the  top  of  the  shaft 
or  is  discharged  directly  into  the  mixer  hop- 
per at  the  bottom  of  the  shaft  through  a  2-in. 
pipe  provided  for  that  purpose.  This  man 
also  unties  the  cement  bags  and  puts  the  prop- 
er amount  of  cement  into  the  hopper.  At  the 
bottom  of  the  8-in.  pipe  above  mentioned  a 
trough  or  chute  about  4  ft.  long,  lined  with 
metal,  was  placed  with  a  slope  of  45°.  This 
chute  WHS  placed  to  break  the  fall  of  the  con- 
crete materials. 

The  view  shown  in  Pig.  1  clearly  indicates 
the  construction  of  the  mixer.  Air  was  piped 
down  the  shaft  through  a  4-in.  pipe.  This 
pipe  was  reduced  to  3  ins.  near  the  lower  end 
and  the  three  smaller  air  pipes  shown  enter- 
ing the  machine  from  the  right-hand  side  of 
the  picture  are  fed  from  this  .3-in.  main  air 
pipe.  The  lower  air  pipe  is  2  ins.  in  diameter 
and,  as  shown,  it  discharges  directly  into  the 
machine   end   of   the   discharge  pipe  to  trans- 


long  and  are  provided  with  screw  jacks  built 
on  the  trucks  for  lowering  and  raising,  and 
with  turnbuckles  which  are  used  to  pull  the 
wings  in  laterally  to  provide  clearance  when 
moving  the  forms. 

The  forms  were  first  set  up  about  50  ft. 
from  the  Slid  of  the  tunnel  and  the  pipe  from 
the  mixer  was  run  through  them  to  carry  con- 
crete for  placing  the  invert.  After  this  sec- 
tion of  invert  was  placed  the  forms  were 
pushed  back  over  the  completed  invert  and 
were  made  ready  for  concreting  the  arch.  A 
heavy  bulkhead,  placed  at  the  rear,  was  re- 
inforced with  sand  bags.  The  concrete  dis- 
charge pipe  was  laid  along  the  tunnel  from  the 
machine  to  within  20  ft.  of  the  forms  and 
here  a  22M:°  elbow  was  inserted  and  then  a 
20-ft.  length  of  pipe  was  added,  which  brought 
the  pipe  up  to  the  roof  of  the  tunnel,  where 
another  22V^°  elbow  was  placed  in  the  line, 
then  a  straight  piece  of  pipe  about  18  ft.  long 
was  added,  which  carried  the  end  of  the  pipe 
over  the  top  of  the  form  to  about  the  middle 
point  of  its  length.  The  front  bulkhead  was 
made  by  bolting  a  9-in.  board  to  the  forms 
and  then,  as  the  concrete  began  to  fill  up, 
sand    bags    were    laid    to    complete    the    bulk- 


days  and  the  other  two  days  were  devoted  to 
running  invert,  etc.  On  the  days  for  run- 
ning the  arch  the  form  was  moved  in  the 
morning  and  made  ready  to  begin  concreting 
at  1  o'clock  in  the  afternoon,  as  it  was  found 
that  the  arch  was  always  completed  before  5 
p.  m.,  and  on  one  occasion  the  arch  was  run 
in  three  hours. 

The  compressor  plant  for  this  work  was 
originally  provided  for  the  excavation  of  the 
tunnel  and  consists  of  one  950  cu.  ft.  Ingersol- 
Rand  straight  line  machine  and  one  678  cu.  ft. 
Norwalk  tandem  compound  machine.  There 
are  three  air  tanks  on  the  work,  so  there  was 
an  opportunity  to  determine  by  e.xperiment 
how  much  air  was  required  to  operate  the 
pneumatic  mixer.  To  determine  the  amount 
of  air  used  all  three  of  the  tanks  were  first 
filled  to  80  lbs.  pressure.  The  compressor  was 
then  shut  down  and  a  V*  cu.  yd  batch  was  dis- 
charged. The  combined  space  in  the  tanks 
was  349  cu.  ft.  Two  of  the  tanks  are  125  cu. 
ft.  capacity  each  and  one  is  99  cu.  ft.  The 
secoi.d  batch  was  discharged  by  using  one  of 
the  large  tanks  and  a  small  one  and  the  third 
batch  was  discharged  using  one  of  the  125  cu. 
ft.  tanks.  The  amount  of  air  used  calculated 
by  reading  the  pressure  gage  after  the  first 
shot  was  1.7  cu.  ft.  of  free  air  per  lineal  foot 
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Fig.  1.     View  of  Compressed  Air    Concrete    IVlixing    and    Placing 
Machine    Employed    in    Placi  nc;    Concrete    Lining    of    8-ft. 
Water   Works    Intake    Tunnel    at   St.    Louis. 


Fig.   2.      View    Showing    Portion    of  Completed  Lining  of  St.   Louis 

Water   Works   Tunnel   as   Placed  by  Compressed  Air  Method, 

Construction  and  Method  of    Moving   Forms  Also  Shown. 


port  the  concrete  to  place  in  the  forms.  The 
upper  air  pipe  is  IVi  ins.  in  diameter  and.  as 
shown,  discharges  at  a  height  in  the  mixer 
sufficient  to  mix  the  concrete  and  to  aid  in 
transporting  it.  The  small  pipe  supplies  air 
to  the  small  cylinder  shown  on  the  side  of 
the  machine.  The  function  of  this  cylinder  is 
to  close  a  gale  at  the  top  of  the  mixer  when 
the  charge  of  concrete  materials  has  entered 
the  mixer.  This  gale,  of  course,  is  providcil 
to  prevent  the  escape  of  air  from  the  mixer 
top  when  the  transporting  or  mixing  blasts 
are  applied.  The  several  air  pipes  are  placc<l 
m  service  at  the  will  of  the  operator  to  con- 
trol the  sequence  of  charging,  mixing,  and 
transporting  operations. 

The  land  section  of  the  tunnel  was  first  con- 
creted. Work  was  begun  with  a  line  <if  8-in. 
discharpc  pipe  about  470  ft.  long  extending 
along  the  tunnel  to  the  forms.  The  forms 
are  built  of  structural  angles  and  channels 
with  wooden  lagging  and  light  sheet  metal 
nailed  to  the  lagging,  as  shown  in  Fig.  2.  The 
forms  were  portable  and  were  carried  on  two 
small  trucks  running  on  a  narrow  gage  track 
placed   on  the   invert.     The   forms  are  31!   ft. 


head  and  to  fill  up  the  irregularities  between 
the  9-in.  board  and  the  rock. 

The  concrete  in  discharging  from  the  pipe 
at  a  velocity  of  about  7.'i  to  l<"i  ft.  per  second 
is  discharged  against  the  back  end  of  the 
arch,  where  it  flows  down  over  both  sides 
and  assumes  about  a  30°  angle.  When  the 
form  is  filled  so  that  the  arch  is  within  a  foot 
or  so  of  the  pipe,  the  last  seclinn  nf  the  pipe 
is  removed  so  that  the  end  of  the  pipe  is  then 
projecting  just  through  the  bulkhead  and  the 
balance  of  the  section  is  completed.  The  con- 
crete is  blown  in  until  the  concrete  is  within 
a  foot  of  the  pipe  and  this  last  portion  of  the 
arch  may  he  filled  nearly  full  by  discharging 
a  small  batch  of  the  proper  volume.  The 
usual  practice,  however,  is  to  move  the  forms 
forward  until  it  just  overlaps  this  little  cavity. 

The  lirst  500  ft.  of  tunnel  was  started  April 
27  and  was  completed  May  22.  The  intention 
at  first  was  to  run  one  arch  every  other  day 
or  three  arches  a  week,  and  to  run  invert  on 
the  intermediate  days,  thus  allowing  the  arch 
to  stand  3(i  hours.  It  was  found,  however, 
that  the  arch  could  be  moved  every  day,  so 
that  it  resulted  in  running  four  arches  in  four 


of   pipe   when   using   the  three  tanks  and    u.. 
1.4  cu.   ft.  of    free  air  per  lineal   foot  of  pq 
when  using  two  tanks  and  was  1.1.  cu.  ft.  i 
free  air  when  using  a  single  tank.    This  show 
that  the  amount  of  air  used  may  he  kept  dou 
by  using  the  right  size  air  receiver  and,   ir. 
calculations  made  as  a   result   of   this  exiu  r 
ineiit,  it   shows  that  the  size  tank  required 
one    which    contains   30   cu.    ft.   of    space    I 
each    100   ft.  of  pipe  through  which   the 
Crete  is  to  he  transported. 

The  work  on  the  St.  Louis  water  works  t.ii 
nrl  is  now  being  started  on  the  section  uiuK 
the  river.  The  mixer  has  been  moved  t  • 
point  1,000  ft.  from  the  end  of  the  tunnel  .r 
IS  placed  in  a  hole  about  4  ft.  deep,  so  ili: 
the  material  for  concreting  may  be  drop] 
into  it  from  a  car  into  the  mixer  which  is  . 
the  level  of  the  track.  Two  forms  have  bei 
set  np,  one  at  the  end  of  the  tunnel  l,Ooi)  f 
from  the  machine  and  the  other  form  is  5( 
ft.  from  the  machine.  The  invert  for  th 
section  has  alrea<ly  been  placed  so  that  tl 
arch  forms  will  be  run  on  alternate  days.  Tl 
pipe  line  from  the  machine  is  elevated  abo 
3  ft.  above  the  invert  so  that  il  passes  throu} 


726 


Engineering    and    Contracting 


Vol.  XLI.     No.  25 


the  first  set  of  forms  and  will  not  have  to  be 
moved,  as  this  set  of  forms  approaches  the 
mixer. 

The  Fruin-Colnon  Contracting  Co.  of  St. 
Louis  are  the  general  contractors  on  the  con- 
struction of  the  new  tunnel  and  intake  tower. 
Mr.  A.  P.  Greensfelder  is  secretary  and  gen- 
eral superintendent  for  the  company  and  Mr. 
J.  E.  \'ollniar  is  contractor's  superintendent 
in  charge.  The  work  is  being  carried  out  for 
the  water  department  of  the  city  of  St.  Louis. 
Mr.  E.  E.  Wall  is  water  commissioner,  Mr. 
Gurdon  G.  Black  is  chief  engineer  of  the  sup- 
ply and  purifying  division,  and  Mr.  E.  C. 
Davis  is  resident  engineer  in  charge  for  the 
city.  The  compressed  air  concreting  apparatus 
here  illustrated  and  described  was  leased  to 
the  general  contractor  by  the  Concrete  Mix- 
ing &  Placing  Co.,  of  123  W.  Madison  St., 
Chicago.  \Vc  are  indebted  to  the  latter  com- 
pany for  the  information  from  which  this  ar- 
ticle has  been  prepared. 


Condition  of  Inside  of  48-In.  Steel  and 

Cast  Iron  Pipe  After  17  Years' 

Service,  New  Bedford,  Mass.. 

Waterworks. 

In  May  of  1913  an  inspection  was  made 
at  New  Bedford,  Mass.,  of  the  external  and 
internal  condition  of  the  48-in.  steel  and  cast 


one.  In  1908  the  number  of  tubercules  upon 
the  interior  surface  was  estimated  to  range 
from  3  to  TO  per  square  foot,  with  very  few 
sheets  showing  the  larger  number.  There 
has  since  been  a  probable  increase  of  from 
10  to  20  per  cent.  The  pittings  beneath  the 
tubercules  have  not  grown  materially  deeper, 
and  the  tubercules  have  not  so  far  as  could 
be  judged  increased  very  greatly,  either  in 
size  or  in  numbers.  The  average  depth  of 
the  pittings  now  ranges  from  .075  in.  to  .090 
in.  The  deepest  one  found  was  .110  in., 
which  is  no  deeper  than  one  found  five  years 
ago.  The  thickness  of  the  steel  plate  is  5/16 
or  .312  in.  It  will  thus  be  noted  that  this 
extreme  pitting  scarcely  exceeds  one-third  of 
the  thickness  of  the  steel,  and  this  pipe  has 
now  been  in  constant  service   for  17  years. 

In  the  cast  iron  pipe  the  tubercules  them- 
selves have  grown  considerably  in  size.  The 
extent  of  this  growth  is  Ijest  indicated  by 
the  four  outer  rings,  which  can  be  clearly 
seen  in  Fig.  1,  showing  the  under  or  contact 
side  of  tubercule.  Photographs  showing  side 
view  of  sample  tubercules  from  the  cast  iron 
pipe  are  shown  in  Fig.  2. 

Samples  of  tubercules  from  the  cast  iron 
pipe  which  enters  the  High  Hill  reservoir 
gate  house  were  collected  and  analyses  of  the 
soft  central  or  middle  portion  thereof  and  of 
the  tubercules  as  a  whole  were  made.  Re- 
sults of  these  analyses  are  as  follows  ; 


somewhat  increased  within  the  past  five  years. 
In  a  way  they  help  to  protect  the  steel,  for 
there  is  seldom  any  trace  of  rusting  found 
upon  the  steel  beneath  them.  Under  the 
blisters  the  steel  is  generally  sound  and 
smooth  and  in  most  instances  the  mill  scale, 
or  coating  of  magnetic  o.xide  of  iron  formed 
during  the  rolling  of  the  plate,  is  intact.  The 
water  held  by  these  blisters  is  of  an  alkaline 
nature.  It  is  not  as  alkaline  now  as  it  was 
five  years  ago.  Occasionally,  under  the  blis- 
ters, rust  is  beginning  to  appear,  but  not  yet 
sufficient  to  aflfect  the  surface  of  the  steel. 
These  blisters  are  of  all  sizes  up  to  2  and  3 
ins.  in  diameter. 

The  pipe  was  also  entered  at  the  "Bea\Tsr 
Dam."  This  section  was  previously  examined 
on  May  22,  1908,  and  again  on  Oct.  22,  190G. 
The  conditions  were  found  to  be  generally 
similar  to  those  at  the  time  of  the  last  ex- 
amination, although  it  is  quite  certain  that 
the  number  of  blisters  has  been  increasing 
while  the  tubercules  have  remained  practical- 
ly constant  as  to  numbers.  The  deepest  pit- 
ting found  was  0.112  ins.,  which  shows  no  in- 
crease over  the  extreme  depth  found  five 
years  ago.  Here  were  found  frequent  small 
patches  of  spongilla,  none  of  which  were  seen 
in  the  High  Hill  section.  Later  in  the  season 
these  will  be  very  much  larger  in  all  parts 
of  the   pipe. 

The  inside  asplialt  coating  in  the  steel  pipe 


Fig.  1.     Rear  View  of  Tubercules    Taken    From  48-in.   Cast    iron                       Fig.  2.    Side  View  of  Tubercules    Taken    From  48in.  Cast   Iron 

Water    Pipe   at    New    Bedford,  IVass.                                                                            Water   Pipe   at   New   Bedford,    Mass. 

iron  force-mains  of  the  city's  waterworks  sys-  Analyses  of  Tubercules. — Following  are  the  has    lost    most    of    its    original    elasticity,    hut 

tern.      The    investigation    was    made    by    Mr.  analyses  of  the  soft  central  portion  of  tuber-  the   facts  that  new  blisters  have   formed  and 

Thaddeus   Mcrriman  of   the  engineering  staff  cules    from    the   48-in.    cast    iron    pipe    which  that    old    ones    have    increased    in    size    seem 

of  the  Board  of  Water  Supply  of  New  York  enters  High  Hill  reservoir  gate  house  and  ot  to   indicate   that   some  elasticity   still   remains 

City,    Mr.    Leonard    Metcalf,    Mr.    George    H.  a  whole  tubercule:  and    that    the   coating   is    still    of   value    as   a 

Nye.  city  engineer,  and   Mr.  R.  C.   P.  Cogge-  Central  protection  to  the  steel.     Walking  through  this 

shall,    superintendent    of    the    New    Bedford  "tube'r-     tuber^-  P'P^  breaks  up  this  coating,  and  there  seems 

water  department.     The  results  of  the  inspec-  cule.       cule.  to  be  no  question   but  that  the  less  it  is   dis- 

lion   are   sumrharized  in  Mr.  Coggeshall's  an-  .Silica  and   Insoluble  m.ntter .1.24          1.7S  turbcd  the  better  it  is   for  the  pipe. 

nual   report   for   1913.     The   present   article   is  Ferric   oxide   FcjOj.... 69.12        08.62  It   seems   probable  that   the   carrving  capac- 

based  on   that  report.  Cao"^."."    ..   "!^.   ..'°"..!'.".  tracPS         traces  i'V  of   *'"«  piP^   has  not  changed   much    from 

The   partv    first    inspected    the   "High    Hill"  Sulphuric  anhydride  SO, 1.36         0.55  that    of    the    two    previous    exammations,    but 

Section.     This  pipe  was  installed  in   1896  and  Water  of  hydration  HjO 26.28        28.16  this  is  due  in  part  to  the  low  velocity  of  flow 

had  been   in  service    17  years  at   the  time  of  <^'''"'"'"  dioxide,  CO- none       none  through   it.     In  the  various  places   where  the 

tJie  inspection  here  reported.     It  was  last  in-  The  interior  of  the  steel  pipe  is  now  plen-  outside   coating   was   examined   it   was    found 

spected   in   May,   1908.     Internal  and  external  tifully   lined    with   blisters   as    well   as   tuber-  to  be  very  smooth  and  in  excellent  condition, 

conditions  were   found   to  be  much   the   same  cules.     The  blisters,  however,   far  outnumber  Thus  far  there  have  been  very  few  reliable 

it  the  latest  examination   as   at   the  previous  the   tubercules.     The   number   of   blisters   has  data    upon    which    to    base    the    probable    life 
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of  a  steel  pipe  of  this  character,  though  this 
life  is  dependent  on  the  quality  of  the  water 
carried.  When  this  pipe  was  laid  IT  years 
ago,  it  was  expected  to  last  at  least  25  years. 
Previous  to  this  installation  the  comparative 
merits  of  steel  and  cast  iron  pipe  was  the 
subject  of  much  discussion  by  the  water 
board,  with  their  constructing  engineers, 
Messrs.  George  S.  Rice  and  George  E.  Evans, 
who  convinced  the  board  that  the  cost  of 
the  steel  pipe  would  be  about  28  per  cent  less 
than  that  of  a  cast  iron  pipe  of  same  size, 
and  that  the  steel  pipe  would  have  an  as- 
sured life  of  at  least  25  years.  Thus  the  city 
could  well  afford  to  replace  the  steel  pipe 
every  25  years  rather  than  to  pay  the  extra 
cost  of  installing  the  cast  iron.  That  this  has 
proved  to  be  a  very  wise  decision  is  now  con- 
firmed by  the  fact  that  in  the  opinion  of 
those  who  have  just  examined  this  pipe,  it 
is  still  in  excellent  condition.  They  find  the 
interior  conditions  to  be  such  that  a  long  life 
is  still  in  sight.  It  seems  that  the  pitting  of 
the  steel  upon  the  interior  surface  instead  of 
advancing  by  penetrating  the  steel  more  deep- 
ly, has,  to  some  extent  at  least,  been  active 
in  spreading  itself  out  over  somewhat  larger 
areas  and  to  lesser  depths.  So  with  this  17 
years'  experience,  it  is  now  very  easy  to 
prophesy  its  reliability  and  usefulness  for 
many  years  exceeding  the  25  year  limit. 

Design    Features    of    the    New    Rapid 

Sand  Filtration  Plant  at  Waco. 

Texas. 

The  city  of  Waco,  Texas,  formerly  secured 
its  watt'-  from  wells  driven  in  the  bed  of  the 
Brazos  River.  As  the  consumption  of  wa- 
ter increased,  it  became  necessary  to  increase 
the  supply,  and  experience  with  the  wells  was 
not  such  as  to  encourage  the  idea  that  a  suf- 
ficiently increased  supply  could  be  secured  to 
meet  the  needs  of  the  city. 

The  Brazos  River  flows  through,  or  rather, 
immediately  beside  the  city,  and  it  was  de- 
termined after  a  very  thorough  and  careful 
investigation  of  the  whole  project  to  build 
an  entirely  new  waterworks  plant.  In  the 
spring  of  1312  a  bond  issue  of  $400,000  was 
passed  for  this  purpose  and  the  Board  of 
Commissioners  selected  as  the  consulting  en- 
gineer, for  the  elaboration  of  their  plans, 
Mr.  X.  Werenskiold  of  Dallas,  Texas.  His 
plans  were  drawn  after  a  thorough  study  of 
the  whole  situation  and  contemplated  the 
construction  of  a  new  pumping  station,  tak- 
ing water  from  the  river  and  filter  plant  to 
purify  it.  with  clear  water  storage  reservoir, 
all  located  some  distance  above  the  present 
plant,  and  on  the  side  of  the  river  on  which 
the  city  i*  situated. 

For  the  construction  of  the  filter  plant,  in 
the  fall  of  1912,  general  specifications  were 
drawn,  giving  the  general  outline  of  the  size 
of  plant  required,  the  type  of  construction, 
etc..  and  the  details  of  equipment  and  design 
were  left  by  the  city  to  the  bitlders  to  work 
out  and  submit  with  their  bid,  it  being  a  gen- 
eral understanding  that  the  city  desired  to 
put  in  a  thoroughly  first-class  and  up-to-date 
filtration  plant.  The  design  of  the  plant  was 
described  in  a  paper  before  the  Southwestern 
Waterworks  .Association  by  Mr.  F.  B.  Leo- 
pold, general  manager  of  the  Pittsburgh  Fil- 
ter Manufacturing  Co.  of  Pittsburgh,  Pa.  The 
information  here  given  is  taken  from  Mr. 
Leopold's  paper. 

In  general,  the  plant  consists  of  coagulat- 
ing basins  in  duplicate,  each  having  capacity 
of  about  600,000  gals.,  making  a  total  capac- 
ity of  about  1,200,000  gals.,  or  (J  hours  sedi- 
mentation  for  o.OOO.OHO  gals,   filter  capacity. 

The  filter  plant  consists  of  four  units  of 
1,225,000  gals,  capacity  each  and  the  clear 
well  storage'  in  a  covered  rcitangnlar  con- 
crete basin,  with  capacity  of  1,000,000  gals. 
The  plant  is  entirely  of  reinforced  concrete 
construction,  and  is  covered  with  a  brick 
building  with  a  tile  roof. 

There  were  some  unusual  conditions  in 
tlie  construction  of  this  plant  due  to  the  site. 
The  fact  th.Tt  the  entire  plant  was  built  on 
a  ledge  of  solid  rock  which  had  to  be  cut 
out   from  the  surface  the  entire  depth  of  the 


basins  for  the  installation  of  the  basin  and 
filters,  as  well  as  the  clear  well,  the  top  of 
the  settling  basin  wall  extending  only  about 
18  ins.  above  the  top  of  the  rock  surface  and 
about  15  ft.  into  the  rock.  The  large  amount 
of  rock  to  be  taken  out  consumed  a  consid- 
erable time,  being  rather  tedious  work,  and 
although  the  plant  was  contracted  for  in 
November,  1912,  it  was  not  completed  until 
about  the  1st  of  December,  1913,  and  only 
placed  in  actual  operation  in  .April,  1914,  due 
to  the  fact  that  the  pumping  station  and  other 
work  was  not  far  enough  advanced  to 
operate. 

This  plant  has  a  number  of  features  that 
are  incorporated  in  no  other  plant  of  its 
size  in  the  country  and  are  for  that  reason 
somewhat  unique.  The  low  service  pumps 
are  .Allis-Chalmers  direct  connected,  engine 
driven  turbine  pumps,  and  are  located  in  the 
pit  of  the  main  pumping  station.  They  take 
the  water  from  the  intake  conduit  leading 
from  the  Brazos  River,  from  which  point  it 
is  pumped  to  the  inlet  or  mi.xing  chamber, 
so-called,  of  the  filtration  plant.  These  pumps 
are  in  duplicate.  On  the  steam  supply  line, 
leading  to  the  engines,  is  an  automatic  chro- 
nometer valve  that  regulates  the  supply  of 
steam  to  the  engine,  and  is  in  turn  regu- 
lated by  the  water  level  in  the  coagulating 
basin  so  that  the  pumpage  is  practically  auto- 
matically taken  care  of — in  other  words,  when 


After  leaving  the  baiin,  the  water  is  passec 
through  a  conduit  between  the  two  rows  oi 
filters  and  distributed  to  each  individual  filtei 
through  a  hydraulically  operated  gate  valve 
The  head  house,  containing  the  coagulant  so- 
lution plant,  storage  room  and  laboratory,  v. 
built  over  a  portion  of  the  settling  basin  anc 
is  a  two-story  structure,  the  first  floor  beinj 
used  for  the  solution  tanks,  coagulating  reg- 
ulating apparatus  and  laboratory;  the  secont 
floor  for  the  mixing  of  chemicals  and  th< 
storage  of  the  coagulants.  This  arrangemen 
also  means  an  extremely  short  coagulant  so 
lution  line,  thereby  reducing  to  a  minimun 
troubles  due  to  incrustation  in  coag^ulan 
lines. 

The  plant  is  designed  for  the  use  of  lim( 
and  iron  and  hypo,  but  also  can  be  used  foi 
alum  if  desired.  It  has,  however,  so  far  beer 
used  with  lime  and  iron  and  the  results  havi 
proven  most  excellent  with  a  turbidity  of  a; 
great  as  22,000  p.  p.  m. 

The  solution  tanks  consist  of  six  tanks,  oi 
a  pair  of  tanks  for  each  solution,  with  dis 
solving  boxes  for  mixing  located  in  the  sec 
ond  floor.  Each  tank  is  equipped  with  ai 
electrically  driven  agitator,  for  agitating  thi 
solution,  and  the  building  is  equipped  witl 
a  hydraulic  elevator  for  raising  the  coagulan 
from  the  first  floor  up  to  the  storage  room. 

In  the  storage  room  there  is  a  track  witl 
H    traveler    extending    around    the    room    anc 


View  of   the    Rapid    Sand    Filtration    Plant  at   Waco,   Texas. 


tlie  water  rises  to  a  certain  elevation  in  the 
settling  basin,  the  steam  is  automatically  cut 
off  from  the  engine  and  the  pumps  are 
stopped.  .'\s  the  water  level  drops,  the  steam 
is  gradually  admitted  and  the  pumps  are 
automatically  started  in  operation  again,  so 
that  there  is  little  attention  required  between 
the  filter  plant  and  the  pumping  plant  to 
maintain  uniform  operation. 

The  water  is  delivered  into  the  inlet  or 
mixing  chamber  at  the  filtration  plant,  this 
chamber  holding  about  150,000  gals,  of  wa- 
ter or  practically  %  hour  supply  to  the  filters 
and  is  highly  baffled  with  a  series  of  up-and- 
down  wooden  baflles  in  order  to  insure  a 
thorough  mixture  of  the  chemical  solutions 
with  the  water  previous  to  the  entrance  to 
basin.  From  this  chamber  are  arranged  in- 
lets to  each  basin,  so  that  they  may  be  op- 
crated  in  parallel.  There  is  also  a  by-pass 
connection  from  basin  No.  1  to  basin  No.  2, 
cnai>ling  the  operation,  of  the  basin  in  scries — 
in  other  words,  the  water  passing  from  the 
mixing  chamber  is  taken  through  basin  No. 
1  and  brought  back  to  the  inlet  of  basin  No. 
2,  passing  through  basin  No.  2,  and  then 
to  the  filters.  There  is  also  a  by-pass  direct 
from  the  mixing  chamber  to  the  fillers  with- 
out going  through  either  basin  so  that  there 
is  a  possibility  of  operating  with  both  set- 
tling Dasins  out  of  commissi. )n,  thus  givinv: 
a  very  considerable  fltxihilily  in  the  opera- 
tion of  the  plant. 

The  settling  basins  are  about  115  ft.  in 
length  and  50  ft.  in  width,  with  a  depth  of 
10  ft.,  and  have  a  solid  dividing  wall  between 
them,  so  that  they  can  be  operated  either  in 
parallel,  in  series  or  independently  of  each 
other.  This  gives  an  opportunity  of  giving 
almost  any  desired  period  of  se'diiuentation 
after  the  addition  of  coagulant,  within  the 
limit  of  the  ultimate  capacity  of  both  basins. 


over    the    lop   of   the   solution   tanks,   so   tl 
the  chemicals  can  be  raised  up  to  the  travel 
and  carried  in  the  required  quantities  over 
the  dissolving  tank  with  the  least  amount 
labor. 

On  the  first  floor  is  located  the  chemi( 
regulating  apparatus.  This  consists  of  t 
Earl  automatic  controlling  devices.  These 
vices  were  illustrated  in  Engineering  a 
CoNTR.\CTiNC  of  Nov.  13,  1912.  Their  fui 
tion,  however,  is  to  apply  chemical  soluti 
automatically  in  proportion  to  the  supply 
water  delivered  to  the  coagulating  basin.  T 
apparatus  consists  of  what  is  known  as  t 
master  controller  and  the  individual  cher 
cal  controllers,  one  apparatus  for  each  of  I 
chemicals  provided. 

The   master   controller   is   regulated   by   I 
velocity    of    the    flow    of    water    through    I 
supply   pipe    to   the   coagulating   basin,    wliii 
through  a  pilot  and  pitomelcr  tube  bui'.ils 
a  head  in  the  master  controller  corresponds 
to  the  quantity  of  water  passing  through  t 
inlet  pipe,  and  this  ht.-^;d  of  course  autoin 
ically    changes    with    the   quantity    passiiii; 
the  coagulating  basin  and  is  transferred  in 
the  master  controller  to  the  individual  chci 
ical  controllers,  and  in  turn  regulates  pro]i, 
tionately    the   head    of    the   chemical    soluti 
over  the  orifice  feed  and  in  this  way  gives 
absolute    proportional    feed    of    the    chemi. 
solutions    to    the    quantity    of    water    filti-r- 
thus  securing  the  very  highest  possible  ih  L;t 
of   accuracy  and   economy  in  the  use  of   I 
congidants. 

While  this  apparatus  is  somewhat  elabor:. 
and  costly,  the  economy  in  operation  ful 
justifies  their  use,  although  in  smaller  plai 
it  is  not  generally  customary  to  do  so.  T 
same  type  of  apparatus  is  in  use  in  \t 
Orleans,  Minneapolis,  Grand  Rapids,  Mo 
trcal  and  other  places,  but  only  in  one  '  i! 
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plant  of  the  size  of  the  Waco  plant  or  any- 
where nearly  approaching  it,  that  is  at  Fargo, 
N.   D. 

By  the  use  of  an  absolutely  accurate  auto- 
matic treatment  there  is  of  course  the  ad- 
vantage of  the  highest  economy  in  the  use 
of  chemicals  as  well  as  the  knowledge  that 
at  all  times  the  water  is  properly  treated  and 
not  undertreatcd  at  one  time  and  at  another 
time  overtreated,  so  that  the  uniformity  of 
treatment  is  one  depending  upon  the  atten- 
tion of  the  operator  in  plants  that  are  not 
equipped  with  this  type  of  apparatus. 

In  addition  to  the  rutomatic  control  each 
of  the  solution  tanks  is  equipped  with  a 
recording  gage  which  gives  a  definite  record 
of  the  solutions  that  are  used  each  day,  thus 
giving  a  check  on  the  operation  of  the  plant 
also.  The  solution  apparatus  being  located 
directly  over  the  inlet  chamber,  the  supply 
line  to  the  inlet  chamber  is  extremely  short 
and  the  usual  troubles  from  this  source  are 
practically  eliminated. 

On  this  floor  is  located  also  the  laboratory, 
•which  is  complete  in  its  equipment,  and  up 
to  the  standard  found  in  most  of  the  larger 
plants  in   the  countrv. 

The  filter  buildinsAroper  consists  of  a  one- 
story  building  eSension  from  the  head  house 
and  the  filters  are  four  in  number,  two  lo- 
cated on  each  side  of  a  central  gallery.  They 
are  equipped  With  hydraulic  valves,  operating 
tables  and  recording  loss  of  head  gages,  which 
give  a  record  of  the  operation  of  the  filters. 

The  operating  tables  consist  of  a  marble 
top,  built  of  gray  Tennessee  marble,  on  which 
are  mounted  the  apparatus  for  controlling 
the  hydraulic  valves  and  the  indicators  show- 
ing the  position  of  the  valves;  also  the  loss 
of  head  gage  and  a  sampling  device  through 
which  a  sample  of  the  filtered  water  is  kept 
continually  in  circulation,  so  that  the  operator 
or  visitor  may  see  at  any  time  just  the  con- 
dition of  water  from  each  filter  and  may  se- 
cure his  samples  also  for  analysis  from  these 
points.  These  tables  are  duplicates  of  those 
used  in  the  60,000,000  gal.  plant  at  Minne- 
apolis and  the  100,000,000  gal.  plant  at  St. 
Louis,  Mo.,  and  are  the  very  best  type  of 
construction.  The  design,  construction  and 
cost  of  the  Minneapolis  plant  were  very  fully 
described  in  Engineering  and  Contr.\cting 
of  June  11,  June  2.^  and  Nov.  5,  191.3.  The 
design  of  the  St.  Louis  plant  was  described 
in  Engineering  and  Contracting  of  March 
18,  1914. 

The  filter  beds  themselves  are  rectangular 
concrete  units  and  are  equipped  with  both  air 
and  water  for  washing  purposes.  Each  bed 
is  equipped  with  three  wash  troughs  of  a 
diamond  shape,  open  at  the  top.  The  peculiar 
shape  of  this  design  is  to  prevent  the  loss  of 
sand  during  the  washing  operation  that  oc- 
curs where  a  straight  side  trough  is  used.  The 
water  delivered  into  the  filters  from  a  conduit 
that  is  carried  through  between  the  two  rows 
of  filters  and  passes  into  an  inlet  chamber 
at  one  end  and  from  there  is  distributed 
through  the  overflow  troughs  to  the  sand  bed, 
passing  down  through  the  sand  bed  in  the 
usual  manner  and  is  carried  out  through  the 
strainer  system  consisting  of  central  mani- 
folds with  2-in.  cast  iron  laterals  spaced  on 
2-in.  centers,  extending  from  manifold  to 
walls  of  filter  chamber,  and  having  fastened 
into  them  on  6-in.  centers,  brass  strainers. 
From  here  it  passes  through  the  effluent  into 
the  gallery  and  there  passes  through  the  Earl 
type  of  automatic  rate  controller  into  the 
clear  well.  This  rate  controller  provides 
against  the  filter  operating  to  exceed  its  cer- 
tain maximum  rate,  but  within  the  maximum 
rate  it  automatically  controls  the  filters  to 
maintain  a  uniform  level  of  water  in  the 
clear  well;  in  other  words,  as  the  consump- 
tion decreases  and  the  water  level  in  the  clear 
well  rises,  the  filters  are  gradually  closed  off 
and  the  rate  of  flow  decreased  until  when 
ihey  arrive  at  a  point  where  the  maximum 
level  of  the  water  in  the  clear  well  is  reached 
they  are  completely  closed  ofT  without  atten- 
tion from  the  operator.  If  'he  service  pump 
then  operates  at  a  rate  requiring  the  full  ca- 
pacity of  the  filters  to  sunply  ihem,  the  water 
gradually  receding  the  clear  well,  the  filters 
are    automatically    and    gradually    opened    to 


supply  the  increasing  need  until  the  limit  of 
maximum  flow  is  reached,  which  they  are  not 
allowed  to  exceed  but  which  will  be  main- 
tained until  the  consumption  has  so  decreased 
again  that  the  water  level  in  the  clear  well 
gradually  rises  and  again  puts  them  under 
control.  This  is  accomplished  by  a  master 
controller  which  controls  all  of  the  individual 
rate  controllers.  This  master  controller  is 
connected  to  the  clear  well  and  the  difference 
in  the  level  in  the  clear  well  is  used  to  con- 
trol the  rate  of  filtration  in  the  filter.  The 
master  controller  operated  by  this  head  then 
in  turn  connects  to  each  one  of  the  individual 
rate  controllers.  There  is  also  the  advantage, 
if  that  is  desired,  thnt  each  individual  filter 
rate  controller  can  be  disconnected  from  the 
master  controller  and  operated  independently 
as  a  fixed  rate  controller,  or  as  an  adjust- 
able rate  controller,  in  this  way  giving  the 
greatest  flexibility  of  control  of  any  apparatus 
that  has  so  far  been  devised  for  this  purpose. 

It  will  be  seen,  therefore,  that  this  plant 
is  practically  as  nearly  automatic  in  its  con- 
trol from  the  time  the  water  enters  the  set- 
tling basin  until  it  is  taken  out  of  the  clear 
water  basin  as  it  seems  possible  to  devise,  and 
it  is  the  only  plant  that  the  writer  knows  of 
so  thoroughly  equipped  with  automatic  de- 
vices. Many  of  the  larger  plants  have  some 
of  these  devices  but  I  know  of  no  plant  that 
is  completely  equipped  with  them.  All  of  the 
regulating  and  controlling  devices  were  man- 
ufactured and  supplied  by  the  Pittsburgh  Fil- 
ter Manufacturing  Co. 

For  washing,  a  steel  tank  is  used  instead 
of  the  usual  wash  pump,  for  several  reasons, 
one  being,  of  course,  that  under  equal  condi- 
tions the  wash  tank  is  preferable  as  it  gives 
a  uniform  pressure  that  is  almost  impossible 
to  secure  from  a  pump ;  another  one  is  that 
conditions  here  were  hardly  equal.  The  wa- 
ter could  be  supplied  to  the  wash  tank  with 
the  high  duty  pump,  probably  a  little  more 
cheaply  than  it  could  be  pumped  with  the 
ordinary  centrifugal  pump  direct,  also  the 
clear  water  well  being  located  some  little  dis- 
tance from  the  filter  plant  connections  would 
have  been  rather  inconvenient  and  compli- 
cated to  make,  to  use  the  pump.  The  wash 
tank  is  supplied  automatically  from  the  main 
and  when  filled  the  supply  is  closed.  .\s  the 
washing  operation  is  started  and  the  water 
level  in  the  tank  begins  to  recede,  the  supply 
valve  is  automatically  opened  and  remains 
open  until  the  water  level  in  the  tank  again 
reaches  its  maximum  level  when  it  is  auto- 
maticallv  cut   off. 


Southwestern  Practice  in  the  Purchase 

and     Testing     of     Pump     for 

Water  Works  Service. 

Progress  in  water  supply  engineering  has 
neither  been  accidental  nor  sudden  but  a 
scientific  development  based  on  mistakes,  ex- 
perience, collection  of  cost  data,  efficiency  re- 
p(jrts  and  tests,  efforts  to  attain  economy  of 
operation  and  above  all  the  application  of 
scientific  principles  of  hydraulic  engineering 
to  the  needs  and  requirements  of  the  various 
communities.  As  it  is  necessary  to  pump  the 
entire  water  supply,  except  in  rare  instances, 
the  .selection  of  the  type  of  pump  best  suited 
to  local  requirements  is  one  of  the  water 
works  engineer's  first  concerns.  The  present 
article  describes  the  prevailing  practice  in  the 
southwest  in  the  purchase  and  testing  of 
pumps,  as  given  by  Mr.  Charles  Schultz,  City 
Engineer  of  Muskogee,  Okla..  in  his  paper 
before  the  third  annual  convention  of  the 
Southwestern  Water  Works  Association. 

Early  in  the  development  of  modern  machin- 
ery it  became  necessary  on  account  of  the 
different  designs  on  the  market,  to  test  by 
the  various  methods  in  use  at  that  time  those 
ofTered  for  sale.  The  many  claims  made  by 
the  manufacturers  for  their  particular  pump 
as  well  as  the  difTerent  tests  insisted  upon  by 
various  engineers,  resulted  in  untold  con- 
fusion. This  creatcfl  so  much  dissatisfaction 
on  account  of  the  wide  variation  in  results 
that  in  1902  the  American  Society  of  Mechan- 
ical Engineers   adopted  a   standard  procedure 


which  is  now  generally  followed  for  conduct- 
ing tests  on  all  classes  of  pumps,  engines  and 
accessories. 

In  considering  the  efficiency  of  a  pumping 
unit  we  speak  of  the  duty  it  develops,  which 
represents  the  ratio  of  the  work  done  to  the 
energy  expended  in  doing  it;  this  may  be 
expressed  in  several  ways,  as  per  100  lbs.  of 
coal,  1,000,000  heat  units,  or  1,000  lbs.  of  dry 
steam,  the  second  being  the  most  desirable, 
yet  the  latter  the  most  commonly  used. 

A  brief  survey  of  the  pumps  used  in  the 
ordinary  pumping  stations  shows  a  wide  va- 
riation of   efficiency  as   follows: 

Duty  in 
1,000.000  ft.  lbs. 
Type   of   pump.  per  1,000  lbs. 

of  dry  steam. 
Turt>ine  or  engine  driven  centrifugal...    70-90 
Horizontal    duplex    direct    acting-    com- 
pound       50-75 

Horizontal  or  vertical  duplex  direct  act- 
ing triple   75-110 

Horizontal    cross    compound    crank    and 

fly  wheel   110-150 

Vertical   triple   expansion   crank   and   fly 
wheel    140-205.5 

This  last  and  highest  duty  having  been  at- 
tained quite  recently  in  the  test  of  a  new  20,- 
000,000  gal.  pump  installed  for  the  city  of 
St.  Louis,  which  is,  I  believe,  the  highest  rec- 
ord attained  to  date. 

In  specifications  as  usually  drawn  a  duty 
somewhere  within  the  above  limits  is  called 
for  with  or  without  a  bonus  or  forfeiture 
clause  as  the  purchaser  may  choose.  The  va- 
riation in  duty  being  considerable,  it  is  quite 
evident  that  the  proper  duty  to  specify  for 
given  conditions  is  often  not  easy  tp  decide 
upon.  In  most  instances  sealed  bids  for 
pumps  are  asked  for  under  the  specifications, 
all  bidders  being  permitted  to  submit  alter- 
nate specifications  and  bids  with  the  result 
that  in  many  instances  the  item  of  price  too 
largely  controls  the  selection  and  final  decision. 
It  is  at  this  period  in  tlie  purchase  of  a  pump 
that  the  experienced  salesman  appears  to  best 
advantage,  for  he  can  often  set  forth  the 
good  qualities  of  a  poor  pump  so  well  that  the 
recommendation  of  the  engineer  is  lightly  con- 
sidered and  the  purchaser  has  acquired  another 
piece  of  machinery  not  adapted  to  the  work  it 
will  be  called  upon  to  perform. 

In  the  selection  of  the  best  pump  offered  by 
bidders,  the  various  factors  to  be  considered, 
many  of  which  are  affected  by  local  conditions, ' 
are  as  follows : 

Cost  of  land. 

Cost  of  foundations. 

Cost  of  building. 

Cost  of  pump. 

Cost  of  boilers  required  to  supply  steam  to  en- 
gine. 

Cost  of  fuel. 

Cost  of  maintenance,  repairs,  lubricants  and 
waste. 

Cost  of  accessories. 

Efficiency  of  unit. 

Where  land  is  valuable,  as  in  our  large 
cities,  the  first  cost  of  a  site  together  with  the 
housing  of  tlie  installation  has  a  most  im- 
portant bearing  upon  the  final  cost.  .Another 
ajiplication  of  this  same  item  is  seen  in  the 
deep  well,  where  centrifugal  pumps  occupying 
the  same  space  or  less  are  delivering  double 
the  quantity  of  water  handled  by  a  larger,  but 
more  efficient  pump. 

In  1P12  the  writer  installed  for  the  city  of 
Muskogee,  one  0.000,000  gal.  low  duty  centrif- 
ugal pump  with  an  expense  of  $100  for  foun- 
dation, while  the  cost  of  foundation  for  a 
horizontal  cross  compound  high  duty  pump  of 
like  capacity  installed  at  the  same  time  was 
$9(10. 

The  boiler  and  fuel  required  to  furnish 
steam  to  the  engine  are  very  important  fac- 
tors, for  we  not  only  add  to  the  fixed  charges, 
but  also  to  the  operating  cost  by  purchasing 
an  engine  of  large  steam  consumption  and 
low  efficiency.  This  may  be  justifiable,  however, 
when  cheap  fuel  is  available  to  furni.sh  steam- 
at  a  low  cost,  as  is  possible  wMth  natural  gas, 
or  oil  as  in  Muskogee. 

Without  a  doubt,  the  least  considered  of  alt 
the  above  items  is  tha't  of  maintenance  and 
repair,  for  very  little  reliable  information  ap- 
plicable to  the  varying  conditions  to  be  met  in 
practice  is  available.  The  accessories  often 
are  an  important  feature,  the  writer  having 
personal  knowledge  of  a  condenser  being  in- 
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stalled  that  cost  two-thirds  as  much  as  the 
pump  it  served. 

It  is  evident  from  the  foregoing  that  the 
cost  and  efficiency  are  not  the  only  items  that 
should  be  considered  in  the  selection  of  a 
pump.  Give  a  clever  salesman  a  moderate 
price  and  a  high  guarantee  of  duty  and  he 
will  succeed  in  having  his  pump  selected  at 
the  average  letting. 

Many  pumps  no  doubt,  have  been  purchased 
because  of  a  high  duty  guarantee,  the  bidder 
trusting  to  some  future  supplemental  agree- 
ment to  aid  him  on  the  day  of  the  acceptance 
test.  This  test  is  usually  run  two  or  three 
months  after  the  pump  has  been  in  service, 
being  conducted  by  a  representative  of  each 
party  to  the  contract. 

It  is  at  this  test  that  the  company  furnish- 
ing the  machinery  has  the  distinct  advantage 
for  its  representative  is  a  mechanical  engineer, 
who  does  testing  exclusively  and  knows  the 
refinements  that  count  in  the  final  results,  in 
fact  an  expert  in  this  particular  branch  of 
engineering. 

Tlie  procedure  to  be  followed  in  conducting 
the  test  is  given  in  a  general  way  in  the  Code 
of  the  American  Society  of  Mechanical  Engi- 
neers above  mentioned,  and  will  not  be  enum- 
erated here  in  detail,  it  being  sufficient  for 
the  object  of  this  paper  to  say  that  the  prin- 
cipal items  to  be  determined  are  the  weight  of 
water  pumped  in  a  given  time  together  with 
the  amount  of  power  consumed  in  doing  same. 

It  is  in  the  determination  of  these  factors 
that  experience  and  skill  count  most  for  the 
reasons  as  ably  set  forth  in  the  Code  in  the 
following  language:  "No  specific  rule  caii  be 
laid  down  regarding  many  of  the  preparations 
to  be  made  for  a  test,  so  much  depends  upon 
the  local  conditions;  and  tlie  matter  is  one 
which  must  be  left  mainly  to  the  good  sense, 
tact,  judgment  and  ingenuity  of  the  party 
undertaking  it." 

Too  few  indeed  are  the  pumping  stations 
equipped  with  Vcnturi  meters  for  measuring 
accurately  the  quantity  of  water  pumped,  with 
the  result  that  in  many  cases  where  basins 
are  not  available  to  pump  from  the  pitometer, 
wier  or  other  appliances  are  made  use  of.    As 


all  these  require  skill  along  particular  lines, 
they  are  not  in  general  use,  resort  being  had 
to  the  leakage  test  to  determine  the  valve 
slippage. 

(liven  the  number  of  revolutions  and  plunger 
displacement  the  quantity  of  water  pumped 
during  a  test  is  determined  by  making  due 
allowance  for  the  slippage,  which  is  too  often 
only  estimated. 

The  determination  of  the  amount  of  energy 
used  in  a  certain  time  is  obtained  by  weighing 
the  amount  of  condensed  steam,  making  due 
allowance  for  moisture  and  pressure  of  the 
live  steam,  pressure  in  condenser,  air  pressure, 
temperature  of  air  and  several  other  variables 
that  affect  the  final  results. 

The  above  observation  although  touching 
upon  many  points  elementary  in  their  charac- 
ter are  intended  to  show  to  those  not  versed 
in  this  line  of  engineering,  that  the  proper 
testing  of  a  pump  calls  for  a  man  possessing 
judgment,  skill  and  experience  in  this  par- 
ticular line  of  work. 

Since  the  cost  of  the  pumping  station  is  but 
a  small  part  of  most  water  works  systems,  it 
has  become  the  custom  in  a  majority  of  in- 
stances to  have  the  civil  engineer  to  design  it 
along  with  the  rest  of  the  plant,  the  result 
being  that  the  best  arrangement  possible  is 
not  always  secured. 

The  particular  point  which  the  writer  desires 
to  impress  and  with  all  due  deference  and 
respect  to  the  abilities  of  the  average  design- 
ing engineer,  is  that  in  imposing  this  duty 
upon  him  the  client  does  not  obtain  the  best 
possible  results,  for  in  most  instances  the 
engineer  has  not  had  the  advantage  of  the 
special  training  and  experience  necessary  to 
properly  equip  him  for  this  particular  line  of 
duty;  placing  this  burden  upon  him  is  unfair 
and  too  often  the  hidden  fear  of  unjust 
criticism,  or  charge  of  lack  of  knowledge 
deter  him  from  asking  for  and  insisting  upon 
expert  advice  of  an  acknowledged  specialist 
or  authority  in  this  particular  line  of  engi- 
neering work.  False  ideas  of  economy  too 
often  control  city  oflicials  in  the  employment 
of  expert  service  for  unusual  or  particular 
prolilems,   as   well   as   blinding  them   to   what 


they    at    the    time    consider    extravagant    < 
penditures   for  testing  apparatus. 

Low  insurance  rates  securing  a  saving 
every  property  owner  are  inevitably  the  res 
of  an  efficient  water  service,  this  end  bei 
striven  for  alike  by  the  insurance  compan 
as  well  as  the  insured. 

To  provide  for  a  reliable  common  source 
expert  advice  and  service  at  a  nominal  c 
as  well  as  securing  almost  free  use  of  pro] 
testing  apparatus,  the  writer  ventures  to  m: 
a  suggestion  which  he  trusts  will  not  seen 
radical  departure,  nor  in  the  practical  appli 
tion  of  which  will  the  duties  and  prerogati' 
of  the  consulting  municipal  engineer  be 
vaded,  or  encroached  upon. 

I  would  respectfully  suggest  that  the  sc< 
of  the  powers  of  the  State  Insurance  Co 
missioner  be  enlarged  so  as  to  embrace  ■ 
employment  of  an  expert  hydraulic  engini 
and  the  purchase  of  proper  equipment  for 
usual  hydraulic  tests,  the  service  of  the  en 
neer  and  testing  equipment  to  be  furnisi 
free  or  at  nominal  cost  of  municipalities 
questing  the  same,  or  if  found  desirable 
might  be  made  obligatory  upon  municipalit 
to  have  their  plans  for  water  works  syste 
approved  by  their  depactmcriP. 

To   recapitulate,    we   ""ily)   have   a   cent 
source   of    authority    and    information    wh 
reliable  expert  advice  could  be  s_gcured  at  I 
cost,  thereby  securing  for  the  citjes  the  high 
efficiency  at  the  lowest  cost,  effectirtg  a  sav 
to  property  owners  in  reduced  'taxes  '^nd 
duced  insurance  rates.    The  municipalities, 
surance      commissioners      and      underwrit 
would  all   be  working  and   co-operating   w 
the  same  comon  purpose  in  view  ;  namely, 
lowering  of  the  fire  risk.    The  honest  mai 
facturer  would  no  doubt  welcome  such  an 
rangement  for  it  would  secure  proper  recog 
tion  of  meritorious  equipment. 

The    state    of    Wisconsin,    through    the   ■ 
tension   division   of   the   university,   is   mal 
preliminary   reports    for   water   and   sewci 
systems,   the   plans   and   details   of   which 
later  carried  out  by  practicing  engineers 
very    satisfactory    results    to   all    parties 
cerned. 
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Costs  Reported  from  a  Number  of 
American  Tunnels. 

A  compilation  of  tunnel  costs  from  data 
personallv  collected  is  given  in  Bureau  of 
Mines  I'.'ulk-tin  57  by  D.  W.  Brunton  and  J. 
.•\.  Davis.  Though  similar  figures  for  some 
of  the  same  tunnels  have  been  previously 
published,  the  tabulations  are  de.serving  of 
publication  even  at  the  expense  of  some  rep- 
etition. 

There  are  set  forth  in  the  following  pages 
as  complete  and  accurate  data  as  could  be 
obtained,  showing  the  cost  of  various  phases 
of  tunnel  work  at  a  number  of  different  tun- 
nels. .Although  the  writers  have  not  had 
the  advantage  of  auditing  the  books  from 
which  these  figures  were  taken  and  hence 
can  not  vouch  personally  fur  the  ab.solutc 
accuracy  of  the  figures,  the  data  were  in  all 
cases  procured  from  persons  in  charge  or 
who  were  in  a  position  to  know  what  the 
work  actually  cost.  Accompanying  the  figures 
is  a  brief  list  of  the  more  important  features 
of  the  tunnel,  without  which  it  is  impossible 
to  make  even  an  approximate  comparison  be- 
tween any  two  pieces  of  tunnel  work. 
GUNNISO.N  Tf.NNKI.. 

Im|)ortant  Detall.'i.— Lorntl»ii:  Montrose.  Colo. 
Purpose:  Irrifiatlon  and  reoliini.itlon.  Shape  of 
cross  si-ction:  Horseshoe.  Size;  10  ft.  wide  at 
the  bottom,  10  ft.  fi  Ins.  wide  at  the  HprlnR  lliu-, 
in  ft.  hlRh  at  the  spring  line.  12  ft.  4  Ins.  hldli 
at  the  center  of  the  arch.  TA>nKth:  3ii,64.')  ft. 
Character  of  rock  penetrated:  Chlelly  metamor- 
phosed granite  with  some  wator-benrliiif  clay 
and  gravel,  some  h.ard  black  shale,  and  a  zone 
of    faulted    and    broken    rock.     Type    of    power: 


.steam.  \'i"ntil:itor:  I'lessure  blower.  Size  of 
ventilating  pipe:  17  Ins.  Drills:  At  first,  pneu- 
matic hammer,  4  drills  in  the  heading:  after- 
wards, pneumatic,  iiiston,  4  drills  in  the  heading. 
Mounting  of  drills:  Horizontal  bar  for  the 
hammer  drills,  vertical  columns  for  the  piston 
drills.  Number  of  holes  per  round:  20  to  24  In 
the  heading  (approximately  one-half  of  the 
tunnel).  Average  dei)th  of  round:  6  to  7  ft. 
Number  of  drillers  and  helpers  per  shift:  4  drill- 
ers and  2  helpers.  Number  of  drill  shifts  per 
day:  X.  Explosive:  fio  per  cent  gelatin  dynamite, 
with  some  40  per  cent.  Number  of  muckers  per 
shift:  5  to  S.  Number  of  nnicking  shifts  per 
day:  .1.  Type  of  haulage:  Klectrlc.  Wages: 
Drillers.  «.1.r.O  and  $4:  helpers,  S3  and  »3.50: 
muckers,  ?2.50  and  ?3:  blacksmiths,  $3.riO  and 
$4:  motormen.  $3;  brakemen.  $2..'iO  and  J3: 
power  engineers,  $4.  Maximum  progress  In  any 
calendar  month:  449  ft.  Average  monthly  prog- 
re.s8:   2.10   ft.,  approximately. 

Cost    of   driving. 

Cost  per 
foot  of 
tunnel. 
lii.iil'.i  feet   driven  I'.v   nnderrul  heading  and 

subsei|uent     iMilargement $87.23 

20.62i;  feet  driven  by  top  heading  and  bench  62.18 
Average  cost  of  excavation  of  entire  tunnel  70.r!fi 

These  costs  Include  all  labor,  nil  materials, 
all  repairs,  all  power,  rlepredallon  llgured  n» 
100  per  cent  on  all  etiulpment,  with  a  propor- 
tionate charge  for  general  (supervisory)  and 
miscellaneous  expenses  ot  the  entire  reclnma- 
tlon   project. 

LARAMIE-roUDRR  TrNNEI>. 

Important  Details. — I>}catlon:  Home.  Colo. 
I'urpose:  Irrigation.  Cross  section:  Rectangular. 
Size:  !>V4  ft.  wide  by  7%  ft.  high.  Length:  11,306 
ft.    Character  of  rock  penetrated:  Clone-grained 


red  and  gray  granite.  Type  of  power:  H.vdr 
at  the  east  end,  electric  at  the  west,  Ventll 
Pressure  blower.  Size  of  ventilating  pipe 
and  la  ins.  Drills:  3  pneumatic  ban 
Mounting  of  drills:  Horizontal  bar.  Numb' 
holes  per  round:  21  to  23.  Average  depi 
round:  10  ft.  at  llrst.  7  to  8  ft.  later.  Numt 
drillers  and  helpers  per  shift:  3  drillers.  2 
ers.  Number  »(  drill  shifts  per  day:  3. 
plosive:  60  per  cent  gelatin  dynamite,  with 
100  per  cent  In  the  cut  holes.  Number  of  n 
ers  per  shift:  6.  Number  of  mucking  sbiftr 
day:  3.  Type  of  haulage:  Mules.  Wages:  1 
ers,  ?4.50:  helpers.  $4:  muckers,  53.50:  b 
smiths,  $S:  driver-s,  |4.r>0;  dumpmen. 
Maximum  progress  in  an.v  calemlar  month 
ft..  March,  IKll.  Average  monthl.v  progr«'s> 
ft.  (for  the  16  months  when  eompleti' 
operated).  Special  feature:  Inaccessibility 
tunnel  was  located  about  60  miles  from 
nearest  railroad  siding,  and  the  ron  ' 
mountainous  and  very  steep  In  places 
Cost  of  driving  tunnel    11.306   fi 


Superintendents    and    foremen 

Irrllllng   

Mucking   and    loading 

Tramming  and   dumping 

Track    and    pipe 

Power   bouse    

BlacHsmlthlng     

Repairs     

Bonus    to    workmen 

Maintenance  of  camps,  buildings,  and  fuel 

Maobiner>'    repairs    

Air  ilrllls  and  parts 

Picks,    shovels    and    steel 

Explosives   

Lamps  and  candles 

nil    and    waste 

Blacksmith  supplies   

Liability  insurance   


^30 
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)fflce   supplies,   telephone  and   bookkeep- 
ing     ^ 

$29.81 
'ermanent      equipment      (less      approxi-  ^ 

mately  10  per  cent  salvage) 9''' 

.$39.54 
The    permanent     equipment     included     power 
lant,    camp    buildings    and    furnishings,   pipes. 
ails,    etc. 

LOS  ANGELES  AQUEDUCT. 
Little  Lake  Division,  Tunnels  1  to  lOA. 
Important  Details.— Location:  Inyo  County, 
lal.  Purpose:  Water  supply,  power,  and  irrlga- 
ion.  Cross  section:  See  Fig.  1.  Size:  See  Fig.  1. 
"ype  of  power:  Electric  power  purchased  at  a 
ominal  cost  per  kilowatt-hour  from  a  hydraulic 
lant  constructed  and  owned  by  the  aqueduct, 
'entilators:  Pressure  blowers.  Size  of  ventilat- 
:ig  pipe;  12  ins.  Drills:  Pneumatic  hammer, 
sually  2  in  each  heading.  Mounting  of  drills: 
lorizental  bar.  Number  of  holes  per  round: 
Isually  14  to  16.  Average  depth  of  round:  6  to 
tl  ft.  Number  of  drillers  and  helpers  per  shift: 
drillers  and  2  helpers.  Number  of  drill  shifts 
er  day:  Usually  1,  but  sometimes  2.  Explosive: 
0  per  cent  gelatin  dynamite,  with  some  20  per 
ent  and  some  60  per  cent;  ammonia  dynamite 
Iso  tried.  Number  of  muckers  per  shift: 
rsually  u.  Number  of  mucking  shifts  per  day: 
■sually  1,  but  2  when  2  drill  shifts  were  em- 
loyed.  Type  of  haulage:  Tunnels  1  to  3-N, 
luldj  tunnels  3-S,  to  lOA-N,  electric:  tunnel 
DA-V  mules.  Wages;  Drillers  and  helpers,  $3; 
luckers,  $2.50;  blacksmiths,  $4;  helpers,  $2.50; 
lOtormen.  $2.75;  dumpmen,   $2.50. 

:OST  OF  DniVING  TUNNEL  IB-S   FOR   1,341 

FT. 

Driven    through    medium-hard    granite    at    an 

average  soeed  of  225   ft.  per  month.*] 

Cost  per 
foot  of 
tunnel- 

Ixcavation    $9.15 

Ingineering    . . ; -IS 

idit   proportion    -25 

'ermanent    equipment    (estimated) 2.oo 

'imberlng    (857    ft.) 1-02 

$12.98 

•The  average  speed  given  is  computed  on  the 
asis  of  one  heading  per  month. 

In  this  tunnel,  as  in  all  of  the  tunnels  of  this 
ivision  and  of  the  Grapevine  division,  the  cost 
f  excavation  includes  the  wages  of  shift  fore- 
len,  drillers,  helpers,  muckers,  motormen  or 
lule  drivers,  dumpmen.  blacksmiths  and  help- 
rs,  machinists,  electricians  (part),  and  power 
ngineers;  also  the  cost  of  powder,  fuse,  caps, 
mdles,  light  globes,  machine  oil,  blacksmith 
applies  and  fuel,  and  machinists'  supplies,  and 
le  cost  of  power  and  of  repairs  for  power, 
aulage.  compressor,  and  ventilating  machinery. 

••Engineering"  Includes  the  cost  of  giving  line 
nd   grade,   etc. 

•'Adit  proportion"  is  a  proportionate  charge 
er  foot  of  tunnel  to  defray  the  cost  of  an  adit 
•om  the  surface  to  the   tunnel  line. 

"Permanent-equipment"  costs  were  not  segre- 
ated  for  each  tunnel,  but  were  compiled  for 
le  whole  division,  so  the  charge  represents  a 
roportlonate  charge  per  foot  for  the  entire 
Ivision  cost,  without  salvage,  of  trolley  and 
ght  lines,  Including  freight  and  cost  of  in- 
tallation;  pressure  air  lines  with  freight  and 
istallatlon;  ventilating  lines  with  freight  and 
istallatlon;  water  lines  with  freight  and  in- 
tallation;  mine  locomotives  and  cars,  picks, 
lovels,  drills  and  drill  sharpeners,  with  repairs 
)r  the  last  four  Items. 
OST     OF    DRIVING     TUNNEL     2.     LENGTH 

1.739  FT. 

Driven    through    medium-hard    but    very    wet 

granite  at  an  average  speed  of  170  ft. 

pc:-  month.] 

Cost  per 
foot  of 
tunnel. 

Ixcavation     '^'JJ 

;nElneering    19 

dlt  proportion  -34 

ermanent  equipment   2.3,-> 

•Imberlng    (1.590    ft.) 3.28 

$14.97 

•OST    OF    DRIVING    TUNNEL    2A,    LENGTH 

1.322  FT. 

Driven    through    medium-hard    granite    at    an 

average  speed  of   150  ft.   per  month.] 

Cost  per 
foot  of 
tunnel.^ 

Ixcavatlon    $8.05 

engineering    16 

dit   proportion    34 


Permanent  equipment   2.35 

Timbering   (1,322  ft.) 2.51 

$13.41 
COST    OF    DRIVING    TUNNEL   3-N    FOR    1,148 

FT. 

[Driven    through    medium-hard    granite    at    an 

average    speed    of    150    ft.    per    month.] 

Cost  per 
foot  of 
tunnel. 

Excavation    $10.10 

Engineering    23 

Adit  proportion   .51 

Permanent  equipment  2.35 

Timbering    (956    ft.) 2.44 

$15.63 
COST    0¥-  DRIVING    TUNNEL   3-S    FOR    1,358 

FT. 
[Driven    through    granite   of   variable   hardness, 
and  containing  pockets  of  carbon-dioxide  gas, 
at  an  average  speed  of  155  ft.  per  month.] 

Cost  per 
foot  of 
tunnel. 

Excavation    $12,38 

Engineering    28 

Adit    proportion    .16 

Permanent  equipment  2.35 

Timbering   (1,244   ft.) 3.28 

$18.45 

COST  OF  DRIVING  TUNNEL  3  (3-N  AND  3-S). 

COMPLETE,  4,044  FT. 
[Driven  through  decomposed  granite  of  me- 
dium hardness,  dissected  by  slips  and  talcose 
planes  requiring  timber  where  ground  was 
wet.  and  also  containing  pockets  of  carbon- 
dioxide  gas,  making  work  difficult  and  requir- 
ing extra  provisions  for  ventilation.  Average 
speed,   140  ft.  per  month.] 

Cost  per 
foot  of 
tunnel. 

Excavation    $12.67 

Engineering    24 

Adit    proportion    .35 

Permanent  equipment   2.35 

Timbering    (3,570    ft.) 2.71 

$18.32 
COST  OF  DRIVING  TUNNEL  4.  LENGTH  2,033 

FT. 

[Driven  through  medium  hard   to   hard   granite 

at  an  average  speed  of  145  ft.   per  month.] 

Cost  per 
foot  of 
tunnel. 

Excavation    $12.00 

Engineering    .24 

Adit   proportion    .16 

Permanent  equipment  2.35 

Timbering   (1,705  ft.) 2.16 

$17.01 
COST     OF     DRIVING     TUNNEL     5,     LENGTH 

1.178  FT. 
[Driven    through    medium    hard    to    very    hard 
granite    at    an    average    speed    of    120    ft.    per 
month.] 

Cost  per 
foot  of 
tunnel. 

Excavation    $11.10 

Engineering 21 

Adit  pi-nportion   .08 

Permanent  equipment   2  35 

Timbering    (916    ft.) 1.83 

$15.57 
COST     OF    DRIVING     TUNNEL     7,     LENGTH 

3,596  FT. 
[Driven  through  biotite  granite  of  variable  hard- 
ness   at    an    average    speed    of    140    ft.    per 
month.] 

Cost  per 
foot  of 
tunnel. 

Excavation    $13.55 

Engineering    27 

Adit  proportion   13 

Permanent  equipment   2.35 

Timbering  (2,609  ft.) 3.60 

$19.90 

COST    OF    DRIVING    TUNNEL   8-S    FOR    1,334 

FT. 

[Driven   throush   medium   hard   to  hard   granite 

at  an  average  speed  of  135   ft.   per  month.] 

Cost  per 
foot  of 
tunnel. 

Excavation    $12.82 

Engineering    19 

Adit  proportion IS 

Permanent  equipment  2.35 

Timbering   (126   ft.) ^ 

$15.93 
COST  OF  DRIVING  TUNNEL  0  FOR  3.506  FT. 
[Driven   through   medium   hard    to  hard   granite 
at  an  average  speed  of  195  ft.   per  month] 

Cost  per 
foot  of 
tunnel. 

Excavation ^'^'M 

Engineering    18 

Adit  proportion  07 

Permanent  eoulpment  2.3.T 

Timbering    (305   ft.) £9 

$15.08 


COST  OF  DRIVING  TUNNEL  10  FOR  5,657  FT. 

[Driven   through   medium  hard   to   hard  granite 
at  an  average  speed  of  200  ft.  per  month.] 

Cost  per 
foot  of 

tunnel. 

Excavation    $13.50 

Engineering    .19 

Permanent  equipment  2  35 

Timbering  (194  ft.) 11 

$16.15 
COST  OF  DRIVING  TUNNEL  lOA-N  FOR  1,496 

FT. 

[Driven  through  medium  hard  to  hard  granite  at 

an  average  speed  of  165  ft.  per  month.] 

Cost  per 
foot  of 
tunnel. 

E.xcavation    $13.02 

Engineering    13 

Permanent  equipment   2  35 

Timbering    (24    ft.) 78 

$16.28 
COST  OF  DRIVING  TUNNEL  lOA-S  FOR  2,200 

FT. 

[Driven  through  medium  hard  to  hard  granite  at 

at  average  speed  of  200  ft.  per  month.] 

Cost  per 
foot  of 
tunnel. 

Excavation    $12.37 

Engineering    .20 

Permanent  equipment  2  35 

Timbering   (215   ft.) 1.15 

$16.07 
GRAPE  VINE  DI\1SION,  TUNNELS  12  TO 
17B. 
Important  Details. — Ixication:  Kern  County, 
Cal.  Purpose:  Water  supply,  power,  and  irriga- 
tion. Cross  section:  See  Fig.  1.  Size:  See  Fig.  1. 
Type  of  power:  Electric  power  purchased  from 
aqueduct  plant.  Ventilators:  Pressure  blowers. 
Size  of  ventilation  pipe:  12  ins.  Drills:  Pneu- 
matic hammer,  usually  2  in  each  heading. 
Mounting  of  drills:  Horizontal  bar.  Number  of 
holes  per  round;  Usually  IS  to  20.  Average  depth 
of  round:  6  to  8  ft.  Number  of  drillers  and 
helpers  per  shift:  2  drillers  and  2  helpers.  Num- 
ber of  drill  shifts  per  day;  Usually  2.  Explosive: 
40  per  cent  ammonia  dynamite,  but  60  per  cent 
and  75  per  cent  gelatin  dynamite  were  em- 
ployed in  hard  ground.  Number  of  muckers  per 
shift:  4  or  5.  Number  of  mucking  shifts  per 
day:  Usually  2.  Type  of  haulage:  Electric  after 
the  first  400  to  500  ft.  Wages:  Drillers  and  help- 
ers, $3;  muckers,  $2.50;  blacksmiths,  $4;  helpers, 
$2.50;   motormen.       $2.75;  dumpmen.  $2.50 

COST    OF    DRIVING    TUNNEL    12,     LENGTH 

4,900  FT. 

[Driven    through    hard    granite    at    an    average 

speed  of  185  ft.   per  month.] 

Cost  per 
foot  of 
tunnel. 

Excavation*    $22.10 

Engineering*    32 

Permanent   equipment*    2.35 

Timbering  (90  ft.) 08 

$24.75 


I 


*These    items   include   the   same    costs   as   for 
the  Little  I./ake  division. 

COST  OF  DRIVING  TUNNEL  13  FOR  1,525  FT. 

[Driven    through    hard    granite    at    an    average 
speed  of  130  ft.   per  month.] 

Cost  per 
foot  of 
tunnel. 

Excavation    $20.60 

Engineering    10 

Permanent  equipment   2.25 

Adit   proportion    37 

$23.32 
COST  OF  DRIVING  TUNNEL  14,  LENGTH  859 
FT. 

Cost  per 
foot  of 
tunnel. 

Excavation    $22.70 

Engineering    13 

Permanent  equipment   2.25 

Adit    proportion    72 

Timbering    (22    ft.)    16 

$25.9S 
COST  OF  DRIVING  TUNNEL  15.  LENGTH  895 

FT. 

Cost  per 
foot  of 
tunnel. 

Kxcavation    $23.28 

Engineering    .11 

Permanent  equipment   2.25 

Adit   proportion    2.42 

$28.0S 


Tune  24,  1914. 
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COST     OF    DRIVING    TUNNEL    16,     LENGTH 

2,723  FT. 

[Driven    through    hard    granite    at    an    average 

speed  of  145  feet  per  month.] 

Cost  per 
foot  of 
_  ..  tunnel. 

Excavation     120.07 

Engineering    "    17 

Permanent  equipment   .'..'.'       2.25 

.■\dit  proportion 55 

Timbering  (IS  ft.) 04 


$23.08 
COST    OF    DRmNG    TVNNEL    17,     LENGTH 
3,024  FT. 

Cost  per 

foot  of 

_  tunnel. 

Excavation    $20  47 

Engineering    21 

Permanent  equipment  2  ''5 

Timbering    (142   ft.) '2' 


$23.15 
COST   OF  DRIVING    TfNNEL   I'V.    FOR    1,345 

FT. 

[Driven  through  medium  hard  to  hard  granite  at 

an  average  speed  of  225  feet  per  month.] 

Cost  per 

foot  of 

„  tunnel. 

Excavation    $19.56 

Engineering    .31 

Permanent  equipment  2.25 


$22.12 
COST    OF    DRIVING    TUNNEL   17A    FOR    3,275 
FT. 

Cost  per 
foot  of 
tunnel. 

Excavation    $18.70 

Engineering    17 

Permanent    equipment    2.25 

Timbering  (441  ft.)   1.18 


$22.30 
COST    OF   DRIVING    TUNNEL    17B    FOR    4,915 
FT. 

Cost  per 
foot  of 
tunnel. 

Excavation    $21.09 

Engineering    .21 

Permanent  equipment  2.25 

Timbering  (163  ft.) 1.90 


$25.45 
ELIZABETH  DIVISION,  ELIZABETH  LAKE 
TUNNEL. 
Important  Details. — Location:  Los  Angeles 
County,  Cal.  Purpose:  Water  supply,  power  and 
irrigation.  Cross  section:  Rectangular,  with 
arched  roof.  Size:  12  by  12  ft.  Length:  26.S70 
ft.  Tj-pe  of  power:  Electric  power  purchased 
from  aqueduct  plant.  Ventilator:  Pressure 
blower.  Size  of  ventilating  pipe:  18  ins.  Drills: 
Pneumatic  hammer,  3  in  the  south  heading  and 
2  In  the  north.  Mounting  of  drills:  Horizontal 
bar.  Number  of  holes  per  round:  25  in  the 
south  heading,  16  in  the  north  heading.  Average 
depth  of  round:  8  to  10  ft.  Number  of  drillers 
and  helpers  per  shift:  2  drillers  and  2  helpers  at 
the  north  end,  3  drillers  and  3  helpers  at  the 
south  end.  Number  of  drill  shifts  per  day:  3. 
Explosive:  40  per  cent  and  60  per  cent  gelatin 
dynamite.  Number  of  muckers  per  shift:  6. 
Number  of  mucking  shifts  per  day:  3.  Type  of 
haulage:  Electric.  Wages:  Drillers  and  helpers, 
$3:  muckers,  $2.50;  blacksmiths,  $4;  helpers, 
$2.50;  motormen,  $2.75;  dumpmen,  $2.50.  Maxi- 
mum progress  in  any  calendar  month:  604  ft.. 
April,  1910.  Average  monthly  progress  per 
heading:  350  ft.  per  month. 

COST   OF  DRIVING   THE    NORTH   HEADING. 

EUZABETH   LAKE  TUNNEL. 

[Driven  -through  altered  granite,  requiring  much 

timbering,   13,370  ft  ] 

Cost  per 
foot  of 
_  tunnel. 

Drilling  and  blasting $11.25 

Mucking    and    tramming 11.70 

Engineering    and    superintendence 1.27 

Draln.ige     45 

Ventilation    22 

Light    and    power 6.55 

Timbering    (13,031    ft.) 8.48 

Cost  of  auxlllar>-  shaft 93 

Permanent    equipment     (full     charge,     no 
salvage;   estimated)    3.70 

$43.55 
COST   OF   DRIVING    THE   SOUTH    HEADLVG, 

ELIZABETH    LAKE    TUNNEL. 

[Driven   through   medium    hard    to   hard    granite, 

requiring  but    little    timbering.    13,500    ft] 

Cost  per 
foot  of 
tunnel. 

Drilling    and    blasting $14.65 

Mucking  and  tramming 11.10 

Engineering    and    superintendence 8«- 

Draln.'ige    .17 

Ventilation    41 


Light    and    power 493 

Permanent    equipment    (without   salvage: 

estimated)     370 

Timbering    (3.424    ft.)..    .  ...  . 


$38.01 
Li:CANIA    TUNNEL. 

Important  Details.— Location:  Idaho  Springs, 
Colo.  Purpose:  Mine  development  and  trans- 
portation. Cross  section:  Square.  Size:  8  by  S 
ft.  Length:  12.000  ft.  projected;  6.3«5  ft.  driven 
December  1,  1911.  Character  of  rock  penetrated; 
Hard  granite.  Type  of  power:  Purchased  elec- 
tric «^urrent.  Ventilator:  Pressure  blower.  Size 
of  ventilating  pipe:  18  and  19  ins.  Drills:  Pneu- 
matic hammer,  3  in  the  heading.  Mounting  of 
drills:  Vertical  columns.  Number  of  holes  per 
round:  25.  Average  depth  of  round:  8  to  9  ft. 
Number  of  drillers  and  helpers  per  shift:  3  drill- 
ers and  2  helpers.  Number  of  drilling  shifts  per 
day:  1.  Explosive;  50  per  cent  gelatin  dynamite. 
Number  of  muckers  per  shift:  3.  Number  of 
mucking  -shifts  per  day:  1.  Type  of  haulage: 
Horses.  Wages:  Head  driller,  $5;  drillers,  $4; 
nipper.  $3.50;  boss  mucker,  $5;  muckers.  $4; 
drivers,  $4;  power  engineers,  $4;  blacksmith.  $5. 
Maximum  progress  in  any  calendar  month:  263 
ft..  September,  1911.  Average  monthly  progress: 
125  ft.  per  month  for  the  first  4,500  ft.,  240  ft. 
per  month  for  the  last  1,575  ft. 
AVERAGE  COST  OF  DRIVING  FIRST  4.S00  FT. 

Cost  per 
foot  of 
.,    ^  tunnel. 

Labor   j8.86 

Powder    7.86 

Fuse   and   caps 17 

Candles  and   oil '21 

Horse   feed   and   shoeing '. .IS 

Power    1  64 

Repairs  .14 

Tunnel    equipment    2.75 

Surface  plant 1.25 


$23.06 
"Tunnel  equipment"  includes  the  cost  of  ma- 
terials and  installation  of  the  pressure  air  line, 
the  ventilating  line,  rails,  ties  and  fittings,  and 
the  drainage  ditch.  "Surface  plant"  includes 
buildings,  compressor  blower,  transformers, 
motors  and   drill  sharpener. 

Cost  of  driving  next  1,575  ft:  The  contractor 
received  $21.50  per  foot  to  cover  the  cost  of 
labor,  powder,  fuse,  caps,  candles,  oil.  horse 
feed  and  shoeing,  power  and  repairs,  and  the 
installation  of  the  tunnel  equipment. 

MARSHALL-RUSSELL  TUNNEL. 
Important  Details. — Location:  Empire,  Colo. 
Purpose:  Mine  drainage,  development  and  trans- 
portation. Cross  section:  Rectangular.  .Size:  8 
ft.  wide  by  9  ft.  high.  Length:  11.000  ft.  project- 
ed; 6,700  ft.  driven  January  1.  1913.  Character 
of  rock  penetrated:  Granite  and  gneiss.  Type 
of  power:  Purchased  electric  current;  also  a 
small  auxiliary  hydraulic  plant.  Ventilator:  Fan. 
Size  of  ventilating  pipe:  12  and  13  Ins.  Drills:  2. 
pneumatic  hammer.  Mounting  of  drills:  Vertical 
columns.  Number  of  holes  per  round:  18  to  20. 
Average  depth  of  round;  9  to  10  ft.  Number  of 
drillers  and  helpers  per  shift:  2  drillers  and  2 
helpers.  Number  of  drill  shifts  per  day:  1.  Ex- 
plosive: 40  per  cent  gelatin  dynamite:  with 
some.  SO  per  cent.  Number  of  muckers  per  shift: 
4.  Number  of  mucking  shifts  per  day:  1.  Type 
of  haulage:  Horses.  Wages:  Drillers,  $4;  help- 
ers. $3;  lilnrksmlHi.  S4;  helpers.  $3;  miirker«, 
$3.25;  trammers,  K.~'>;  dumpmen,  $.1.25;  power 
engineer,  $3.50;  shooters,  $3.25.  Maximum  prog- 
ress for  any  calend.ir  month:  187  ft.,  June,  1909. 
Average  monthly  progress:  125  ft. 

COST  OF  DUIVI.N'G  TUNNEL  6.700  FT. 

Cost  per 
foot  of 
tunnel. 

Lobor     $9.37 

Powder,  fuse,  caps  and  blacksmith  conl..       3.55 
Drills,  steel  and   repairs  (less  30  per  rent 

salvage)    1.34 

Power    1.41 

Permanent  equipment  and  general  ex- 
pense (less  30  per  cent  salvage  on  per- 
manent equipment)    S.41 


$18  88 
MISSION    TUNNEL. 

Important  Details. —  Ixicntlon:  .Snnfa  Iiarhara, 
Cal.  Purpose:  Water  supply.  Cros.M  section: 
Trapezoid.  Size:  fi  ft.  wide  at  the  base,  4H  ft 
wide  at  the  top.  7  ft.  high.  Length:  19.560  ft. 
Character  of  rock  penetrated:  Shal.>.  slate,  and 
hard  snnilstone.  Ventilator:  Pressure  blower. 
Size  of  ventilating  pipe:  10  Ins.    Drills;   1  pneu- 


matic  hammer.     Mounting  of   drills:    Horizoni 
bar.     Number    of    holes    per    round:    12    to 
Average  depth  of  round:   7  to  8  ft.    Number 
drillers    and    helpers    per    shift:    1.     Number 
drilling  shifts  per  day:  3.    Explosive:  40  per  ce 
and   60   per   cent   gelatin   dynamite.     Number 
muckers  per  shift:  4.    Number  of  mucking  shil 
per  day:   3.    Type  of  haulage:  Electric.    Wagt 
Drillers.     $3.50;     helpers,     $3;     muckers,     $2.^ 
blacksmiths.  $4;  helpers,       $3;   motormen,  $2.'; 
dumpmen,   $2.50;   power  engineers,   $2.75.     Ma> 
mum   progress  in   any  calendar  month:    414   f 
February,     1911.      Average     monthly     progres 
210  ft. 

COST  OF  DRIVING  THE  SOUTH  PORTA 
MI.SSION  TUNNEU  MAY.  VM».  TO  SEPTK 
BER,    1911,  5,515  FT. 

Cost  p 

foot  < 

,  ,„.    ,  .     .,  tunne 

Administration    jj 

Labor    q' 

Power    .'.'." ' 2 

ETxplosives i 

Timbering    (563    ft.) .........'. 

Track  and  pipe 1. 

Mi.'^cellaneous  supplies 2' 

Drill  parts  (including  steel) .'!!!!!.".'.'"'       1' 

Bonus    

$19. 
".Administration"  includes  superlntendenc 
office  supplies,  and  general  charges.  "Misce 
laneous  supplies"  includes  candles,  light  globe 
shovels,  picks,  blacksmiths'  supplies  and  fu< 
.ind   machinists'   supplies. 

NEWHOUSE    TUNNEL. 
Important    Details. — Location:    Idaho    Spring 
Colo.      Purpose:     Drainage    and    transportatlo 
Cross  section:  Square.    Size:  8  by  S  ft.    Lengt: 
22,000  ft.     Character  of  rock   penetrated:    Idal 
Spring  gneiss.     Type  of  power;  Purchased  ele^ 
trie   current.     Ventilator  Pressure   blower.     Si: 
of   ventilating   pipe:    18    ins.     Drills:    Pneumat 
hammer.      .Mounting  of   drills:    Vertical   colum 
Number  of  holes  per  round:    14   to  22.     Numb 
of  drill  shifts  per  day:    1   and   2.     Explosive: 
per   cent   gelatin    dynamite,    with    some    100   r 
cent  in   the  cut  holes.    Number  of  muckers  1 
shift:    3.     Number   of    mucking   shifts   per    d: 
1    and    2.     Type    of    haulage:    Electric.     Wag 
Drillers,  $4  to  $4.50;  helpers,  $3.25  to  $4:  r--; 
ers,    $3.50:      motormen,      $3.50;      dumpm- 
blacksmiths.   $3.50  to   $4.50;   helpers,   $3. 
COST   OF  DRIVING   THE   NEWHOUSE    Tt 
NEL. 


C  < 

.J      o    .-•      - 

^     ■**    ^     .^ 


Labor    $6.'72'  $6~9S     Jll 

Explosives     4.15  3.,;;         ^ 

Fuse    and    caps 39  36 

Transportation  of  materials 

broken    1.49  147 

Power    1.99  2  16 

Blacksmlthing     1.57  jisi 

Use    of    drills,    repairs    and 

steel     1.50  2.74 

Equipment,  ties,  rails,  pipe. 

^  etc.     1.74  1.7S 

Sundries     79  .so 


$20.34     $22.42 
RA^N-LEV   TUNNEL. 
Important    Details. — Location:    Bonanz.i 
Purpose:  Mine  drainage  and  development 
section:    Trapezoidal.     Size:    8    ft.    wide 
base.  7  ft.   wide  at  the  top.  7  ft.  high.    Lii.k 
6,235   ft.     Character  of  rock   penetrated:   Tou) 
hard    andeslte.      T>'pe    of    power:     Steam 
wood    for    fuel.      Ventilator;      Pressure    l.I. 
Size  of  ventilating  pipe:    12  and   13   Ins.     Drll 
2,  pneumatic  hammer.    Mounting  of  drills:  Ho 
zontal   bar.     Number  of  holes   per  round:    23 
25.    Average  depth  of  round:  8  to  9  ft.  at  first 
to   6   ft    Inter.     Number  of  drillers  and    help 
per  shift:   2  drillers  and   2  helpers.     Number 
drill  shifts  per  day;  2  at  first,  3  later.    ExplosI 
40  per  cent  and  60  per  cent  gelatin  dynamite 
the    proportion    of   about    2    to    1).     Number 
muckers  per  shitt:  4.    Number  of  mucking  shI 
per  day:  2  and  3.    Type  of  hauUige:  Horses 
mules.     Wages:    Drillers.    $4.50;    helpers,    $3. 
muckers,      $3.50;      blacksmiths,      $4.50;      drive 
$3.50;    power  engineers,   $4.     Maximum   progr 
In  any  calendar  nwnth:  585  ft,  July.  1912.    Av 
age  monthly  progreas:  Approximately  350  ft. 
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OST  OF   DRIVING  THE  TUNNEL,  C,235   FT.* 

Cost  per 
foot  of 
tunnel. 

rilling  and    firing    $5.25 

;uckin^     -.16 

ramming     1.13 

rack   and   pipe 44 

Iscellaneous    underground    expenses 1.41 

ower   plant    2.50 

lacksmithing     J3 

iscellaneous  surface  work .83 

eneral    expenses    1.^8 

ermanent    plant    3.24 

imbering    (1.618    ft.) 1.1^ 

carding   house,    debit   balance 04 

$20.98 
redit  by  salvage  on  permanent  plant...       1.11 

$19.87 
"Drilling  and  firing"  includes  labor,  powder, 
se,  caps,  supplies,  and  repairs.  "Mucking," 
rramming,"  and  "Track  and  pipe"  include 
bor  and  supplies.  "Miscellaneous  under- 
ound  expenses"  include  wages  of  foremen, 
idergrround  telephone,  etc.  "Power  plant"  in- 
udes  labor,  supplies,  and  fuel.  "Blacksmith- 
g"  and  "Miscellaneous  surface  work"  include 
bor  and  supplies.  "General  expenses"  include 
laries,  office  supplies,  telephone,  etc.  "Per- 
anent  plant"  includes  machinery  and  build- 
gs,  with  labor  of  installation,  steel  rails, 
rmanent  supplies,  and  repairs.  "Timbering" 
eludes  labor  and  supplies.  The  salvage  of 
e  permanent  plant  is  approximately  50  per 
nt  on  salable  articles,  such  as  machinery, 
ils,   cars,   etc. 

•A  more  detailed  statement  of  the  cost  of 
is  tunnel  mav  be  found  in  an  article  entitled 
A  Problem  in  Mining,  Together  With  Some 
ata  on  Tunnel  Driving,"  by  F.  M.  Simmons 
id  E.  Z  Burns.  Bull.  Am.  Inst.  Min.  Eng., 
arch,  1913.  p.  .IM. 

ROOSEVELT  TUNNEL. 
Important  Details.— Location:  Cripple  Creek, 
ilo.  Purpose:  Mine  drainage.  Cross  section: 
octangular,  with  large  ditch  at  the  side.  Size: 
ft.  wide  by  6  ft.  high.  Length:  15,700  ft. 
laracter  of  rock  penetrated:  Pikes  Peak  gran- 
;,  chiefly.  Type  of  power:  Purchased  electric 
rrent.  Ventilator:  Purchased  electric  current, 
mtilator:  Pressure  blower.  Size  of  ventilating 
pe:  16  and  17  ins.  Drills:  3,  pneumatic  ham- 
er.  Mounting  of  drills;  Horizontal  bar.  Num- 
r  of  holes  per  round:  24,  usually.  Average 
pth  of  round:  6  to  7  ft.  Number  of  drillers 
id  helpers  per  shift:  3  drillers,  2  helpers, 
jmber  of  drill  shifts  per  day:  3.  Explosive:  40 
r  cent,  60  per  cent,  and  some  100  ijer  cent 
tlatin  dynan^te.  Number  of  muckers  per 
ift;  4,  usually.  Number  of  mucking  shifts  per 
,y:  3.  Type  of  haulage:  Horses  and  mules. 
ages:  Drillers,  $5;  helpers.  $4;  muckers,  $3.50; 
iwer  engineer.  $4;  bl.acksmith.  $5;  helper,  $3.50; 
impman,  $3.50;  drivers,  inside,  $5;  outside,  $1. 
aximum  progress  in  any  calendar  month:  435 
,,  portal  heading,  January,  1909.  Average 
onthly  progress:  Portal  heading,  300  ft.:  shaft 
ladings,  270  ft.;  all  headings,  285  ft. 

COST    OF    DRIVING    TUNNEL. 

Jtal  cost  of  portal   work $111,980.06 

jntractor's    percentage 11.404.8S 

3St  of  shaft  heading 262,126.55 

Total   cost   of   tunnel $386,421.49 

umber  of  feet  driven 14,107 

verage    cost    per    foot $27.27 

DST  OF  DRIVING  THE  PORTAL  HEADING. 

Cost. 
08 —  . .  Feet,  per  foot. 

February    and    March 514        $22,690 

April     262  30.970 

Mav    268  26.760 

June     187  35.010 

July    203  29.600 

August    300  21.760 

September     351  19.600 

f),tol>er     287  23.000 

November    360  21.120 

December    334  18.350 

'09— 

January    435  16.410 

February    290  22.206 

March    340  21.745 

April     316  21.266 

Mav    402  18.763 

Juiie   f8  days)    62  40.600 

COST  OF  DRIVING  SHAFT  HEADINGS. 

Cost. 
,08 —  . .  Feet,  per  foot. 

October   (2   headings)    49      $105.52 

November    <2    headings) 141  44.38 

December   (2   headings) 177  40.11 

109— 

January    (2   headings) 261  24.06 

February    (2    headings) 601  23.70 

March    (2    headings) 639  26  256 

April    (2   headings) 670  25.02 


May   (2    headings) 552  28.34 

June     (2     headings) 49S  27.375 

July    (1     heading) 319  32.871 

August    <1    heading) 410  27.747 

September    (1    heading) 355  32.40 

October  (1  heading) 380  28.178 

November    (1    heading) 298  34.20 

December   (1   heading)    251  35.153 

1910— 

January  (1  heading)    282  28.82 

February    (1    heading)    259  30.636 

March    (1    heading)     344  27.62 

April   (1  heading)    376  25.313 

May    (1    heading) 393  24.856 

June    (1    heading)    373  26.616 

July    (1   heading) 350  25.247 

August    (1   heading) 372  25.029 

September    (1    heading) 342  28.45 

October    (1    heading) 372  27.361 

November   (1   heading) 192  27.786 

TYPICAL     DISTRIBUTION     OF     EXPENSES, 
PORTAL   HEADING,    JULY,    1908.    203    FT. 

Cost  per 
foot  of 
tunnel. 

Machinery  and  repairs $0.61 

Air   drills   and    parts .99 

Picks,    shovels    and    steel 1.90 

Ditch    men    1.09 

Explosives     6.90 

Candles     36 

Oil  and  waste   .09 

Electric   power    2.06 

Blacksmith    supplies    .09 

General    expense    16 

Liability  insurai:ce   17 

Lumber,    ties    and    wedges .01 

Horses   and   feed 01 

Compressor  men    1.79 

Drillers    and    helpers 4.21 

Blacksmiths  and   helpers 3.43 

Muckers    and    drivers 4.11 

Foremen     1.50 

Bookkeeper     12 

$29. M 
TYPICAL     DISTRIBUTION     OF     EXPENSES, 

SHAFT     HEADING,     FEBRUARY,     1910,     259 

FT. 

Cost  per 
foot  of 
tunilel. 

Maintenance  of  buildings,  tents,  etc $0,096 

Machinery    and    repairs 1.158 

Air    drills    and    parts 1.930 

Shovels,    picks   and    steel 1.930 

Pipe  and   fittings 193 

Ditch     men 1.480 

Explosives     5.032 

Lamps  and   candles    217 

Oil  and  waste ' 252 

.Electric    power 2.440 

Blacksmith    supplies    .150 

I.,iability    insurance    .213 

General    expen.se    .342 

Lumber,    ties    and    wedges .119 

Horses    and    feed .324 

Machine   men   and   helpers 4.050 

Muckers     3.063 

Blacksmiths  and  helpers 1.362 

Engineers     1.300 

Pipe  and   track   men 675 

Drivers  and  dump  men 2.355 

Foremen     1.752 

Mine     telephone 008 

Bookkeeper     193 

$30.63G 
STILWELL  TUNNEL. 
Important  Details. — Location:  Telluride.  Colo. 
Purpose:  Mine  drainage  and  development.  Cross 
section:  Square,  with  ditch  at  side.  Size:  7  by 
7  ft.  Length:  2,950  ft.  Character  of  rock  pene- 
trated: Conglomerate  and  andesite.  Type  of 
power'  Purchased  electric  current.  Ventilator: 
Fan.  Size  of  ventilating  pipe:  10  ins.  Drills: 
Started  with  electric  drills,  finished  with  pneu- 
matic piston  drills,  using  2  in  the  heading. 
Mounting  of  drills  Vertical  columns.  Number 
of  holes  per  round:  16.  Average  depth  of  round: 
fi  to  61.4  ft.  Number  of  drillers  and  helpers  per 
shift:  2  drillers  and  2  helpers.  Number  of  drill 
shifts  per  day:  1.  Explosive:  40  per  cent  gelatin 
dynamite.  Number  of  muckers  per  shift:  3 
Number  of  mucking  shifts  per  day:  1.  Type  of 
haulage:  Horses.  Wages:  Drillers,  $4.50;  help- 
ers. $4;  muckers  and  trammers,  $3.50;  black- 
smith. $4.50.  Maximum  progress  in  any  calendar 
month:  170  ft.,  August,  1904.  Average  monthly 
progress:   150  ft.    (last  10   months). 

COST  OF   DRIVING    THE   TUNNEL 

Cost  per 

foot  of 

Feet,    tunnel. 

1901     12        $23.88 

1901-2      490  22.98 

1902-3     377  27.94 

1903-4     702  21.09 

1904-5     1,077  21.19 

1905     292  30.37 

Average    for     2,950        $23.38 

These  costs  Include  all  labor,  supplies,  re- 
pairs, powder,  fuse,  caps,  candles,  tools,  lubri- 
cants, and  general  expenses,  and  the  total  value 
of  the  electrlc-driU  plant  with  which  the  tunnel 


was  started,  and  the  total  value  of  the  air-drill 
plant  which  succeeded  it.  together  with  tunnel 
buildings,  pipe,  rails,  and  the  ventilator,  with 
no  credit  for  salvage  on  any  of  this  permanent 
equipment.  The  fiscal  year  dated  from  Sept. 
30.  The  tunnel  was  driven  in  1901-3  with  elec- 
tric drills,  and  the  high  cost  for  1905:  292  ft., 
$30.37. 

STRAWBERRY  TUNNEL. 
Important  Details. — Location:  Utah  and  Wa- 
satch Counties,  Utah.  Purpose:  Irrigation  and 
reclamation.  Cross  section:  Straight  bottom  and 
walls,  with  arched  roof.  Size:  8  ft.  wide  by  91/2 
ft.  high.  Length:  19,100  ft.  Character  of  rock 
penetrated:  Limestone  with  interbedded  sand- 
stone, and  sandstone  with  interbedded  shale. 
Type  of  power:  Electric  power  generated  in  a 
hydraulic  plant  operated  in  connection  with  the 
tunnel.  Distance  of  transmission  from  west 
portal  to  power  house  approximately  23  miles. 
Ventilator:  Pressure  blower.  Size  of  ventilating 
pipe:  14  ins.  Drills:  Piston  pneumatic,  usually  2 
in  the  heading.  Mounting  of  drills:  Vertical  col- 
umns. Nunibei"  of  holes  per  round:  16  to  IS. 
Number  of  drillers  and  helpers  per  shift:  2  drill- 
ers and  2  helpers.  Number  of  drill  shifts  per 
day:  3.  Explosive:  40  per  cent  gelatin  dynamite. 
Number  of  muckers  per  shift;  6.  Number  of 
mucking  shifts  per  day;  3.  Type  of  haulage: 
Electric  after  first  2,000  ft.  Wages:  Drillers, 
$3.50;  helpers,  $3.25;  muckers,  $2.75;  motormen, 
.f3.25;  brakemen,  $2.75;  blacksmiths.  $4;  helpers. 
$2.75.  Maximum  progress  in  any  calendar 
month:  500  ft.,  November,  1910.  Average  month- 
ly progress:   320   ft.   per  heading. 

COST   OF   DRIVING   THE   TUNNEL. 

Cost  per 
foot  of 
West   heading —  Feet,    tunnel. 

Previous    to    1909 1,613         $60.05 

During     1909 3,892  33.58 

During    1910    5.021  30.56 

During     1911 3,491  41.52 

January    to   July,    1912 2,382  36.79 

East    heading,    October,     1911,    to 
July.   1912    2,682  33.04 

Average   for   19,081        $36.78 

DETAILED    COST    OF   DRIVING    THE    WEST 
HEADING  FOR  THE  YEAR  1909,  3,892  FT. 

Cost  per 

foot  of 

Labor —  tunnel. 

Engineering    $0.49 

Superintendence     .73 

Shift    bosses     1.22 

Timekeepers     .36 

Diillmen     and     helpers 3.15 

Miners    (for   handwork,   trimming,    etc.)         .23 

Muckers      2.96 

Track  and  dump  men .74 

Mule    drivers    .39 

Motormen   and   brakemen .44 

Electricians   and    blower  men 07 

Disabled     employes     19 

Timbermen     22 

Miscellaneous     40 

$11.59 
Materials — 

Powder,  fuse,  caps,  etc 3. OS 

Lumber     .29 

Oils,   candles,   etc .22 

Ventilating    pipe    ."4 

Track,  incl\idlng  ties .6S 

Pressure   air   pipe .40 

Drill    repair   parts    (including   hose) IS 

Miscellaneous     .1:) 

J5.68 
Repairs — 
Machine   shop   expense   (Including  labor 

and    supplies)    .93 

Blacksmith  shop  expense   (including  la- 
bor and   supplies) 1.22 

$2.15 

Power   (all   purposes)    7.65 

Depreciation — 

Haulage    equipment    .09 

General    equipment     1.00 

~$ro9 

General   expense    3.96 

Camp  expense  1.21 

Corral    expense    .25 

$5.42 

Total      $33.58 

"General  expense"  Includes  a  proportionate 
charge  for  the  expenses  of  the  Prove  office, 
such  as  salaries,  stationery,  telephone,  and 
supplies;  also  a  proportionate  charge  for  the 
expenses  of  the  Washington,  the  Chicago,  and 
the  supervising  engineer's  offices.  The  Provo 
office  covers  approximately  68  per  cent  of  this 
charge,  the  T\"ashlngton  office  23  per  cent,  the 
Chicago  office  2  per  cent,  and  the  supervising 
engineer's    office    7    per    cent. 


June  24,  1914. 
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DETAILED    COST    OF   DRmNG    THE    WEST 
HEADING  tOR  THE  YEAR  1910.  5.021  FT. 

Cost  per 
.    .  foot  of 

Labo'—  tunnel. 

Engineering    O.iil 

Superintenaence     60 

Shi  ft    bosses    1  2S 

Timekeepers     ..',  "2 

Drillmen  and   helpers 2  S.i 

Miners     2S 

Muckers 2!33 


Track  and  dump  men 

Motormen  and    brakemen 

Electricians    and    blower    men. 

Disabled  employes 

Timbermen     

Miscellaneous     


.71 
1.49 
.13 
.16 
.2.S 
.07 


Materials — 

Powder,  fuse,  caps,  etc 3.02 

Lumber     .22 

Oils,    candles,    etc 

Ventilating    pipe     

Track,    including   ties 

Pressure    air    pipe 

Drill   repair   parts   (including  hose) 

Miscellaneous     


.20 
.65 
.74 

.2S 
.24 
.07 


Repairs — 

Machine  shop  expense  (including  labor 
and    supplies)     

Blacksmith  shop  expense  (including  la- 
bor and   supplies)    


Power     (all     purposes) . 
Depreciation — 

Haulage   equipment    . 

General   eiiuipment    . . 


$5.92 


l.i3 


$2.13 
5.70 


General    expense 
Camp   expense    . . 
Corral    expense    . 


20 

i.no 

$1.20 

3.32 

63 

OS 

$4.03 

Total    • ; $30.56 

DETAILED    COST    OF    DRIVING    THE    WEST 
HE.-\DING,  FOR  THE  YEAR  1911,  3,419  FT 

Cost  per 
foot  of 
Labor —  tunnel. 


Engineering    

Superintendence     

Shift  bosses   

Timekeepers     

Drillmen    and    helpers 

Miners     

Muckers     

Track  and  dump  men 

Motormen    and    brakemen... 
Electricians  and  blowermen. 

Di.sablcd  employes  

Timbermen      

Miscellaneous     


$0.45 

.82 

1.65 

.38 

4.07 

.37 

5.13 

2.no 

1.S7 

.OS 

.4-! 

I.i2 

.05 


Materials — 

Powder,  fuse,  caps,  etc 

Lumber    •, . . 

Oils,    candles,    etc 

Ventilating    pipe    

Track,  including  ties   

Pressure   air   pipe 

Drill  repair  parts  (including  hose). 
Miscellaneous     


Repairs — 
Machine   shop   expense    (Including  labor 

and    supplies)     

Blacksmith  shop  expense   (Including  la- 
bor  and    supplies    


$19.07 

2.61 

.       .80 

.43 

1.52 
.36 
.34 
.25 

$7.0S 

2.16 

l.b4 

Power    (all    purposes) 

Depreciation — 

Haulage   equipment 
General    equipment 


General    expense 
Camp    expense 
Corral    expense 


$3.70 
5.20 

1.85 

50 

$2.35 

3.00 

1.10 

02 

$4.12 

Total    $41.52 

DICT  \II.KI>  COST  OF  DRIVINcl  THE  WEST 
HEADING.  JANITARY  TO  JULY.  1812,  2.3SJ 
FT. 

Cost  per 
foot  of 
Labor—  Hmnel. 

Eni^lneerinK    $0.;lii 

Sunerlntendence     56 

Shift   bnsaea   L0"< 

Timekeepers     26 

Drillmen   and   helpers    .' 3,08 

43 

4,05 

J.R5 

1,33 

IS 

4S 

2,sn 


Miners 

Muckers    

Track   and   dump  men    

Motormen  anil  l>r,'iki'men  .... 
Electricians  and   blowermen 

Disabled     employes     

Timbermen     


$16.85 
Materials — 

Powder,    fu.se,    cap,    etc •. . . .       2.72 

Lumber 2,13 

Oils,    candles,    etc 32 

Ventilating   pipe    70 


Track,   including  ties    

Pressure  air  pipe    

Drill   repair  parts   (including  hose). 
Miscellaneous 


Lol 
.30 
.32 
.39 

Repairs — 
Machine  shop  (including  labor  and  sup- 
plies)             i.r;!) 

Blacksmith    shop    (including    labor   and 
supplies)     1.02 


Power   (all   purposes) 

Depreciation — 
Haulage   equipment 
General   equipment    . 


$2,41 

3,13 


General    expense 
Camp   expense    . . 


2.20 
.50 

$2.70 
1.90 
.79 

$2.69 

Total    $36.79 

DETAILED  COST  OF  DRIVING  THE  EAST 
HEADING,  OCTOBER,  1911,  TO  JULY,  1912, 
2,6S2   FT. 

Cost  per 
foot  of 
Labor—  tunnel. 


Engineering    

Superintendence     

Shift   bosses    

Timekeepers     

Drillmen  and  helpers  

Muckers    

Track  and  dump  men   

Mule    drivers     

Timbermen    

Electricians   and    blowermen. 

Disabled   employes    

Miscellaneous     


etc. 


Materials — 

Powder,   fuse,   caps. 

Lumber     

Oils,   candles,   et? 

Ventilating    pipe    

Track,    including   ties    

Pressure  air  pipe    

Drill  repair  parts  (including  hose). 
Miscellaneous     


$0.19 

.77 

1.36 

.31 

3.62 

4.03 

2  00 

.89 

l.SO 

.30 

.09 

.21 

$15.87 


Repairs — 
Machine  shop  expenses  (labor  and  sup- 
plies)      

Blacksmith    shop    expenses    (labor    and 
supplies)     


$2.67 
.93 
.36 
.45 
.56 
.12 
.38 
.21 

$5.68 


Power    (all    purposes) 

Depreciation — 

Haulage    equipment 
General  equipment    . 


General  expenses 
Camp  expenses  .. 
Corral  expenses    . . 


Pumping  (labor  and  material). 
Total    


.62 

.65 

$1.27 
$3  21 

.47 
1.02 

$1.49 

1.86 

L35 

.95 

$4.16 
1.36 

$33.04 


City  Managers — Some  of  Their  Prob- 
lems anti  Their  Coming 
Convention. 

(Contributed.) 

.Arrangements  have  been  made  by  Mr. 
Charles  !•"..  .Vshburner,  city  manager  of  Spring- 
field, Ohio,  for  a  conference  of  the  City 
Managers  of  the  United  States  on  .Vug.  -l-o-G. 
IHil.  Tliis  convention  will  be  the  first  of  its 
kind  ever  held. 

Springfield  is  one  of  the  cities  governed  by 
this  new  plan  of  municipal  government — one 
of  the  first  ones  in  the  L'nited  States  to  adopt 
the  new  form — and  the  delegates  will  doubtless 
be  cordially  received.  They  can  make  a  study 
of  the  results  already  attained  in  the  city 
where  the  innovation  has  been  in  practice  the 
longest  time. 

There  are  many  good  points  in  favor  of  a 
conference  of  this  body.  Since  the  profession 
is  an  absolutely  new  one,  with  reference  to 
municipal  control,  it  is  reasonable  to  suppose 
that  there  is  need  of  organization.  With  unison 
in  effort  the  chances  for  success  are  nnich 
enhanced.  .\t  present  every  city  has  a  dilTercnt 
idea  as  to  just  what  the  cUilies  of  their  nian- 
afecr  or  superintendent  should  be,  and  each  of 
the  managers  no  doubt  finds  it  quite  puzzling 
at  limes  to  know  just  what  is  expected  of  him 
and  just  how  much  power  he  may  assume  he 
is  entrusted  with. 

To  make  this  new  scheme  of  municipal 
business  nianagenient  a  success  there  must  lie 
an  existence  of  harinony  between  the  govern- 
ing body  and  its  manager.    Therefore,  if  there 


could  be  some  definite  understanding  as 
what  requirements  should  be  set  forth  by  t 
different  cities,  then  it  would  be  easier  for  t 
manager  to  carry  out  the  plan.  It  is  an  apf 
rent  fact  that  there  will  never  be  an  existen 
of  harmony  if  these  matters  are  not  settled. 

Many  of  the  present  managers,  no  dou 
are  now  working  along  indefinite  lines.  Th 
may  have  sufficient  power  to  carry  on  the  cit; 
affairs  as  they  may  see  fit.  but  these  powe 
are  at  all  times  too  well  under  the  clecti 
body's  control.  Differences  in  opinion  W' 
doubtless  arise  and  so  long  as  the  manager  h 
to  depend  upon  the  commission  or  council  1 
the  o(:cupancy  of  his  office,  he  may  doubt  ji 
wiiat  independence  he  possesses. 

No  matter  what  the  charter  may  be,  und 
which    the    plan    is    operated,    there    must 
harmony,   and   when  this  condition   exists   t 
executive  body   will  not  hesitate  to  allow  t 
manager  full  control  of  the  city's  affairs. 

Suppose,  however,  that  we  imagine  such 
charter  as  would  make  it  compulsory  for  t 
elective  body  to  surrender  most  of  their  a 
thority  to  a  manager,  then  under  these  con< 
tions  imagine  a  fair,  representative  governi 
body  with  an  unfair  person  as  manager.  T 
results  would  be  hazardous  and  the  new  foi 
with  all  of  its  good  merits  would  be  co 
demned. 

Granting  that  good  legislative  measures  ci 
ating  a  charter,  defining  the  requirements 
this  new  form,  were  enacted,  would  it  be  prj 
ticable  for  the  different  states  to  lay  down  su 
rules  as  would  regulate  all  of  its  municipaliti 
in  one  general  charter?  It  seems  impossil 
to  do  this  without  affecting  certain  localities 
their  detriment. 

The  conditions  in  every  locality  are  su 
that  the  privilege  of  regulating  the  manage 
duties  should  be  put  under  the  power  of 
inhabitants.  For  example,  a  community  ha\ 
an  efficient  engineering  department  and  un 
conditions  which  would  favor  a  compe: 
person  as  general  supervisor  of  purely  busir 
matters,  such  as  promoting  and  encoura^ 
movements  of  industry,  or  the  general  devel 
ment  of  civic  conditions,  would  call  to 
combination  of  the  city's  governing  body 
the  chamber  of  commerce,  and  a  person 
the  head  known  as  city   supervisor. 

On  the  other  hand,  consider  a  municip:. 
with  no  particular  possibilities  for  licve 
ments  of  industries,  nor  deeming  it  neces^ 
to  co-operate  with  the  chamber  of  commc 
Here  we  have  the  most  common  state  of  aff 
and  the  one  which  seems  to  fit  the  majt 
of  places.  For  this  case  we  need  a  per 
fitted  to  advise  the  commission  or  council 
all  matters  pertaining  to  the  city's  busii 
and  one  who  can  carry  out  their  acts  with 
pert  judgment.  .\nd  since  practically  all  of 
city's  business  is  of  an  engineering  nature, 
person  should  be  an  engineer  and  defined  a^ 
engineer-manager. 

It   is   very  probable  that   such   questions 
suggested  are  already  being  measured  by  111 
of   the  different  cities,  municipal   league^, 
all  who  arc  interested  in  better  municipal  u 
ernment :  all  with  the  possible  idea  of  intr> 
ing  bills  before  the  next  legislature  to  rim 
these  matters. 

With   the   seeming  conditions  of   confu- 
now  existing  it  seems  very  necessary  for  - 
sort  of  meeting,  before  undesirable  action 
be  taken  which  will  only  retard  the  growil 
the  new  movement  instead  of  stimulati'ii- 


Overhead  wires  at  Richmond,  Indi.: 
carried  on  pole  lines  of  which  every  sci 
pole  is  crncrete.  A  25-fl.  pole,  11  ins.  sqi 
at  the  butt  and  (1  ins.  square  at  the  top,  1 
ST.n.'i,  not  much  more  than  a  good  cedar 
when  ilresscd  and  treated  ready  for  sett 
The  setting  cost  is  somewhat  heavier  than 
wood,  but  the  advantage  of  positive  anchor 
of  the  line  at  short  intervals  more  than  off 
the  added  cost.  During  a  recent  storm  a 
ft.  concrete  pole,  anchored  in  two  dirccti 
was  so  severely  strained  by  the  fallen  line 
Ixith  sides  that  one  anchor  was  pulled  enti 
out  of  the  ground.  When  the  strain  was 
licved  the  pole  went  back  into  place  witl 
apparent  harm. 
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\   Cost  Accounting  System  for   Con- 
tract, Convict    and    Hired    Labor 
Forces  Used  in  Alabama. 

Contributed    by    R.    P.    Boyd,    Assistant    State 
Highway  Engineer  of  Alabama. 

The  accounting  system  outlined  in  this  arti- 
:le  has  been  used  by  the  Alabama  Highway 
rommission    for    two    years.      While    not    so 


the  various  bills  and  labor  accounts  the  cost 
per  day  of  men  and  teams  and  using  these 
costs  in  determining  unit  costs  a  distribution 
of  lost  time,  overhead  charges  and  incidentals 
is  effected. 

In  using  the  various  cost  keeping  forms 
illustrated  the  rate  per  day  of  men  and  teams 
are  not  filled  in  until  these  daily  costs  are 
determined  at  the  end  of  the  month,  in  the 
case  of  convict  labor  and,  should  it  be  desir- 


the  number  of  days  worked,  and  the  amount 
earned  during  the  week.  These  are  made  in 
pad  form  with  carbon  and  must  be  sent  to 
the  resident  engineer  in  duplicate.  At  the 
end  of  the  week  the  foreman  makes  out  a  re- 
port. Fig.  3,  which  gives  in  detail  the  work 
accomplished  during  the  week,  between  what 
stations,  and  the  cost  of  it.  This  is  sent  with 
the  pay  roll,  Fig.  4,  which  has  all  the  bills  in- 
curred during  the  period  of  the  pay  roll  at- 


For  Week  Ending  April  IS.  I9i4 

.  o 
JO 

p 
H 

50 

50 

S 

$0.70 
0.70 

Total 

$10.50 

30 

30 

15 

3.55 

100 

100 

100 

UO 

120 

50 

0.70 
0.70 

23.50 

16. SO 

60 

40 

60 

60 

60 

30 

2.11 

65.50 

30 

30 

30 

30 

15 

0.70 

30 

30 

30 

30 

15 

0.211 

S 

12 

JO 

10 

10 

S.43 

42.15 

20 

20 

2.11 

S.44 

SO 

SO 

30 

2.11 

6  33 

At  wVi:^t  Station';  were  Culverts  or  Bridces  Dut  in  25-\-80    30-¥0(),  42  +  00 

?/)  \'n    ft     1  S"  Pine  DUt  in —  i  412  Cor  2  men        

20 

5 

0.70 

1.40 

1.05 

20 

5 

1.40 

Extra  Work                        —  '  /  team (Extends  across  two  pages) 

1.05 

STATE 
HIGHWAY  DEPARTMENT 

Foreman's  Memorandum 

County. 

Road. 

Type  of  Road. 

Width  of  Roadbed. 

Width  Surface. 

Engineer. 

P.  O. 

Foreman. 

P.O. 

INSTRUCTIONS. 

Use  this  book  to  keep  each  class 
of  work  separate.  On  Saturday 
night  make  out  your  report  on  the 
Foreman's  Weekly  Report  Blanks 
and  mail  to  the  Resident  Engineer 
in  charge  of  your  work. 

Neglect  to  keep  a  complete  record 
as  indicated  in  the  following  blanks 
will  be  sufficient  cause  for  removal. 

This  book  must  be  returned  to 
the  State  Highway  Department 
upon  the  completion  of  the  work. 

(Front  page  of  book  4i"'x8''  in  size) 


Fig.    1.     Typical    Pages   from    Foreman's    iVIemoranduni  Book. 


:omplete  in  some  of  its  details  as  those  in 
use  by  other  states  it  fits  southern  labor  con- 
ditions and  the  types  of  road  generally  con- 
structed in  .-Xlabama.  Little  difficulty  has 
been  experienced  by  counties  and  foremen  in 
understanding  and  conforming  to  its  details. 
This  system  is  satisfactory  in  Alabama  and 
I  believe  it  can  be  used,  with  slight  necessary 
n-.odifications,  in  any  county  in  the  South. 

ORGANIZATION    FOR    STATE    AID    IN    ALABAMA. 

The  organization  employed  on  state  aid 
work  fsomc  knowledge  of  which  is  necessary 
to  understand  the  system  of  cost  keeping  and 
accounts)    is,  briefly,  as   follows: 

On  state  aid  work,  one-half  of  the  cost  of 
which  is  paid  by  the  state,  resident  engineers 
are  employed  who  are  paid  jointly  by  the 
state  and  county.  Construction  work  may  be 
done  by  contract,  force  account  or  convicts, 
or  by  a  combination  of  them  all  The  work  is 
under  the  supervision  of  the  resident  engineer 
who  is  the  field  accountant,  making  up  re- 
ports which  are  submitted  to  the  chief  engi- 
near  and  secretary  of  the  commission,  W.  S. 
Keller,  who  returns  them  to  him  after  ap- 
proval. The  accounts  are  paid  by  the  county 
out  of  a  joint  state  and  coHnty  fund.  Dupli- 
cates of  accounts  are  retained  by  the  com- 
mission. 

The  road  to  be  improved  is  carefully  sur- 
veyed and  the  foreman  furnished  a  profile  or 
plan  showing  the  work  in  detail.  The  yardage 
tf  all  cuts  and  fills  and  points  where  borrow 
pits  are  needed  arc  shown.  The  size  and  lo- 
cation of  each  culvert  and  other  information 
of  use  to  the  foreman  is  given.  Quantities 
for  force  account  or  convict  work  should  be 
as  accurate  and  plans  as  carefully  prepared 
as  for  work  done  by  contract. 

ACCOUNTING    SYSTEM. 

.'Vccouoting  is  by  a  modified  voacher  sys- 
tem. Cost  keeping  is  separate  from  the  ac- 
counts yet  is  dependent  upon  them  for  ma- 
terial  and  labor  totals. 

It  will  be  noted  that  by  determining  at  suit- 
able  intervals    (usually   once   a   rwonth)    from 


able,  also  for  force  account  work.  The  cost 
of  contract  work  is  usually  taken  from  the 
estimate  sheets,  although  it  may  be  deter- 
mined  accurately   as   described   later. 

This  system  of  accounting  and  cost  keep- 
ing may  easily  be  elaborated  to  include  un- 
usual items  but  an  effort  has  been  made  to 
keep  it   simple   in   its  details.     However,   sim- 


tached  thereto.  The  resident  engineer  then 
makes  up  the  week's  pay  roll,  Fig.  4,  which 
shows  the  whole  cost  of  labor  taken  from  the 
form,  Fig.  '2;  and  the  cost  of  supplies,  taken 
from  bills  rendered.  He  sends  the  form,  Fig.  2, 
and  bills  in  duplicate  attached  to  the  form.  Fig. 
4,  to  the  chief  engineer  of  the  commission.  On 
the  back  of  the  form.  Fig.  4,  or  on  a  separate 


STATE  AID  ROAD 

WEEKLY   TIME  SHEET 


Fayette COUNTY 

For  Week  Ending April  IS 1914 

NAME 

Position 

Sun. 

Mon. 

Tues. 

Wed. 

Thur. 

Fri. 

Sat. 

Rate 
Per 
Day 

Amount 
Due 

SIGNATURE 

J  yo»« 

Foreman 

Month 
$100  00 

30.00 
30.00 
30.00 

$100.00 

30.00 
30.00 
30.00 

■I     Smith 

Month  o/  April 

,.        , 



Ci£  tr  i 



.•^^.^^^•^ 

^^^^^N^.v^.%^^^^^^^ 

(Original  form  81"  x  8  J"  in  size) 

T 


TOT.^L 


$190.00 


Approved: 


.  ir.  R.  K. 


Resident  Engineer. 


The  above  account  is  true  and  correct. 
J.  Jones . 


Foreman. 


Fig.    2.     Time    Sheet   for    Hired    Labor    Prepared  by  Foreman. 


pie  as  it  is  the  costs  are  sufficiently  accurate 
for  all  practical  purposes. 

Force  Account  U'ork. — The  foreman  is  fur- 
nished a  1.5-week  time  book,  4%x8  ins.  in  size. 
Fig.  1,  arranged  to  show  the  number  of  men, 
the  rate  per  day  of  each  man  and  the  point 
on  the  road  at  which  they  are  working.  In 
addition  to  this  an  individual  weekly  time 
sheet  is  kept  by  the  foreman.  Fig.  2,  showing 
each   man's  name,  the  character  of  his  work. 


sheet,  the  resident  engineer  shows  an  esti- 
mate of  the  work  done  during  the  period  of 
the  pay  roll  and  the  cost  of  each  class  of  work. 
VVheii  the  pay  roll  is  received  in  the  office  of 
the  commission,  it  is  checked  by  the  book- 
keeper and,  if  correct,  is  approved  and  re- 
turned to  the  county  for  payment.  The  book- 
keeper then  posts  his  book,  which  is  a  loose 
leaf  ledger,  Fig.  ."ib.  This  ledger  shows  each 
clasg   of   work;   the   amount   of  work   accom- 
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plished  being  written  in  black  ink  and  the 
cost  of  it  in  red  ink.  .At  any  time  a  glance  at 
the  ledger  shows  the  work  in  detail  and  the 
cost  of   each   separate  item. 

Contract  Work. — On  contract  work  the  en- 
gineer keeps  track  of  the  work  by  cross- 
sections,  taking  estimates  and  measuring  up 
work  each  month.  An  estimate  sheet,  Fig.  G, 
is  used,  on  the  reverse  side  of  which  a  dis- 
tribution is  made  as  illustrated.  The  items  of 
the  estimate  and  distribution  are  recorded 
in  the  office  of  the  commission  in  a  ledger,  the 
form  of  tabulation  being  shown  in  Fig.  5a. 

.Actual  costs  are  not  determined.  The  meth- 
od of  keeping  convict  and  force  account  labor 
costs  might  be  applied  to  their  work  with 
satisfactory  results,  but  would  require  co- 
operation between  the  contractor  and  engineer. 

Iri  Fig.  7  is  show^n  the  form  of  payroll  for 
engineering  services   in   use  on  all  classes  of 


ing,  clothing,  drugs,  medical  attention,  etc., 
$315.00;  a  total  of  $455.00  at  a  cost  of  $0.70 
per   day   per   convict. 

Suppose  there  are  10  teams  that  have  worked 
20  days,  then  there  are  200  team-days  for  the 
month  at  a  cost  of,  say,  one-half  salary  fore- 
man, $50.00,  cost  of  feed,  blacksmithing,  re- 
pairs, etc.,  $.")00.00;  total  $550.00,  or  a  cost  of 
$2.11  per  day. 

The  resident  engineer  turns  in  all  bills  with 
the  form,  Fig.  4,  and  the  rate  per  day  is 
checked  in  the  office.  From  the  forms.  Fig.  3 
(only  one  week's  work  is  illustrated),  the  num- 
ber of  men  and  teams  on  each  class  of  work  is 
obtained  and  the  cost  is  figured,  in  this  case, 
$0.70  per  day  for  each  man  and  $2.11  per  day 
for  each  team.  The  pay  roll  is  recorded  in 
the  ledger.   Fig.  5a,  as  described  before. 

Combined  Work. — Where  w-ork  is  performed 
by  a  combination  of  these  methods  the  same 


..5. 
..3. 


STATE  AID  ROAD 
Foreman's  Weekly  Repokt 

. ,  Favcttf County. 

.  .Camp Post  Office 

Clearing  and  Grubbing 

.men 25 days  @  f .  .  .  .0.70.  . .  .per  day 

.men -/J days  @  S. . .  .0.70 per  day 

.men days  @  S per  day 

.  teams days  @  $..... per  day 

Total     .     .     , 


Week  Ending April  18 I<)14 

Foreman J .  Jones 


.10.50. 
.  .1.15. 


....     S 13.65.. 

Clearing  and  grubbing  has  been  done  between  Station.  .50+00. .and  Station.  .70  +  50. . 

Grading 
.10 men 35 days  @  S. . .  .0.70. . .  .per  day     .     .     .     J Z'l.OO. . 


.12 


.men 24 days  &i  $. . .  .0.70. . .  .per  day 

men days  @  $ per  day 

men days  @  S per  day 

6 teams 30 days  @  S per  day 

teams ■ days  @  f per  day 


.16. SO. 


Grading  has  been  done  between  Station. 
Surfacing 

.3 men 13i days  ®  ?■.  . .  .0.70. 

.men /jj days  @  8 2.II . 

men days  ^  $ 


Total S. 

.25 .-ind  Station.  .30+50. 


.  Roller  men days  to  $ . 


. .per  day 
.  .per  day     . 
. .  per  day 
.  . .  per  day     . 

.  Machine  teams 5 days  @  5.  ■.  .  .*.4J. . .  .per  day     . 

teams days  fe  S per  day     . 

Coal tons  @  {^ per  ton 

Gasoline Gals.  @  S per  gallon 

Total     .... 
Surfacing  has  been  done  between  stations ....  ^ ....  and  station  . 
Culverts  and  Bridges 

.# men 16 days  @  $.  . .  .0.  70.  .  .  .per  day 

.3 men 3 days  @  $.  . .  .2. 11 .  .  .  .per  day     . 

.men .days  f")  S per  day     . 


S 9.45. 

S 2S.50. 

$ 

c 

f'.'.'.'.'.'.'.'.ii'.ys'. 

s 


.2 Teams  hauling 4. 


.days  @  S. 


.2. 11 . . . .per  day 

Total     .     .     . 


.SO.  10 


.  .  .11.20.  . 
6.33    . 


. . .  (a.  i 

.0.40. . 


.  .O.JJJ.  . . 
.per  sack 
.20.00 


!flO 

No.  cu.  yds.  gravel,  sand  or  rock  used  in  culverts.  ...  7.?. 

Number  sacks  cement  used lOS @  S.  .  .  . 

.\umber  feet  B.  M.  lumber  used  in  bridges  or  forms.  .  .500. 

Number  pounds  reinforcing  or  steel  beams  used 

Culvert  work  has  been  done  at  stations.  . ., 25+SO,  30+00.  42+00 

No.  feet  12-inch  pipe  put  in &^  $ per  lin.  foot 

No.  feet  15-inch  pipe  put  in 30 ^v  $ per  lin,  foot 

No.  feet  18-inch  pipe  put  in ©  $ per  lin.  foot 

No.  feet  24-inch   pipe  put  in 33 @  $ per  lin.  foot 

Total     .     .     , 

Pipe  has  been  put  in  at  Stations 30  +  00.  42  +  00 

Force  Account 

men  .  'lays  0}\  IF per  day 

men  days  ©  $ per  day 

men days  ^  $ per  day 

. .:   teams,. , .' days  &  $ per  day 


.4.00. 
.43.20. 
.10.00. 


S 

f 


.2.45. 


Force  account  has  been  done  at  Stations. 


.     S. 
Total JT 


Fig.   3.     Foreman's   Typical   Weekly   Summary   of  Work. 


work,  .\  filing  rtcortl  .'i  ins.  wide  is  printed  m 
a  fold  of  the  reverse  side.  This  form  is  made 
out  in  triplicate  and  handled  in  a  manner 
similar  to  the  monthly  estimate. 

Convict  Work. — When  ct)nvicl  forces  are 
used  the  work  is  reported  in  |)ractically  the 
same  manner  as  on  force  account  work  except 
that  costs  arc  figured  by  the  engineer  at  the 
end  of  the  month  In  this  case,  foremen  and 
guards  are  generally  the  only  paid  men.  The 
convict  counties  pay  off  monthly  and  all  bilK 
and  expenses  are  filed  before  the  engineer  can 
tell  at  what  rale  per  day  the  convicts  and 
teams  will  be  charped. 

In  computing  this  the  total  of  the  niinihcr 
of  men  reported  daily  by  the  foreman  is 
used,  hor  example,  say  there  are  2")  con- 
victs that  have  worked  for  20  days,  then  there 
arc  fi.'iO  convict-days,  the  cost  of  maintenance 
being  as  follows:  One-half  foreman's  salary 
$50.00  (half  charged  to  teams  and  half  to 
men)  ;  salary  of  tliree  guards  at  $30.00;   feed- 


forms  are  used,   separate  accounts  being  pro- 
vided for  each. 


Tunnel  in  Berlin. — The  construction  of  a 

tumul  under  Iterlin's  most  noted  avenue,  "L'n- 
ter  den  Linden,"  has  been  proposed  lo  relieve 
congestion  of  traffic.  The  plan  includes  par- 
allel eastern  and  western  sections,  with  mic 
northern  entrance  for  four  street  car  lines, 
ami  two  southern  entrances  fur  two  lines  each. 


Concrele  driveways  for  traction  engine  use 
are  being  built  throughout  the  yards  and 
shops  of  the  .'\vcrv  Co.  at  Peoria.  Illinois.  The 
concrele  is  15  ins.  thick  and  the  edges  arc 
proucled  from  sp.dling  liy  a  2x8-in.  plank  l;id 
flush  with  the  surface  of  the  road  and  bolted 
in  place.  Concrete  was  used  four  years  ago 
for  floors  in  the  erecting  and  testing  shopi, 
and  these  floors  arc  still  good  for  many  more 
vears  of  service. 


Statistics    and    Methods    of    Financin 
Repaving. 

The  following  abstract  from  a  report  < 
the  Municipal  Committee  of  the  Clevelar 
Chamber  of  Commerce  gives  statistics  c 
methods  of  financing  repaving  with  various  ii 
teresting   recommendations   in   regard  theret 

Under  the  charter  of  the  city  of  Clev 
land,  the  city  is  only  required,  at  the  optic 
of  the  city  council,  to  pay  for  new  pavemen 
and  for  repaving  (after  a  pavement  has  be< 
down  15  years)  2  per  cent  of  the  cost,  ph 
the  cost  ot  street  intersections.  The  prese; 
problem  is  largely  one  of  repaving  and  r 
pairing.  It  has  been  customary  in  the  pa 
for  the  city  to  pay  50  per  cent  of  the  cost  ( 
repaving,  the  owners  of  property  benefit( 
paying  the  balance.  By  decreasing  the  pe 
centage  which  the  city  is  required  to  pa 
the  city  council  can  shift  the  burden  fro 
the  city  to  the  property  owner. 

The    methods   of   apportioning   the   cost   ( 

pavements  in  fifty  of  the  important  cities 

this  country  are  as  follows : 

New  Paving— 

In  (>2  per  cent  of  these  cities  the  property  pa: 

all. 
In  6  per  cent  the  property  pays  50  per  cent. 
In  10  per  cent  the  property  pays  more  than 

per  cent  ajid  less  than  160  per  cent,  exce 

in  one  city,  where  the  property  pays  30  p 

cent. 
In  22  per  cent  of  these  cities  the  city  pays  a 
Repaving — 
In  42  per  cent  of  these  cities  the  property  pa 

all. 
In  10  per  rent  the  property  pays  50  per  cent. 
In   8   per   cent   the   property   pays   betw^een 

and  100  per  cenl. 
In  40  per  cent  the  city  pays  all. 

Approximately  25  per  cent  of  the  citi 
pay  the  major  part  of  the  original  pavin 
while  40  per  cent  of  the  cities  do  the  maj( 
part   of   repaving. 

Upon  certain  down  town  streets  where  t 
business   is  of   such  a  nature  that  the  con 
tion    of    the    streets    is    an    important    fact 
the    proportion    paid    by    tlie    property    owi 
might  well  be  increased.     This  might  also 
the    case    upon    certain    main    thoroughfa 
where    additional    tjenefits    are    derived    fr 
greater    traffic.      In    such    instances    the 
might  well  be  relieved  of  a  considerable  i 
of   the   cost    of   repaving.     For   other    stri 
the  cost  should  be  s'lared  in  just  proporti 
probably    under    the    old    method    of    50 
cent  for  the  city  and  50  per  cent  for  the  pr 
erty   owner.     There   could   be   little   object 
to  the  city  issuing   bonds   for   its   portion 
repaving  provided  such  bonds  were  issued 
a  term  of  years  equal  to  the  life  of  the  pa 
ment. 

We  believe  that  repaving  might  be  terr 
a  repair  or  a  renewal  of  pavements,  and  t 
the  city's  proportion  thereof,  theoretics 
should  be  provided  for  from  tax  recei] 
However,  assuming  the  life  of  a  pavement 
be  20  years,  it  would  be  impossible  to 
aside  from  the  city's  revcntie  a  suffici 
amount  for  this  purpose.  Cleveland  has 
miles  of  pavements,  the  original  cost  of  wl 
averaged,    approximately,    $()0,000    per    mill 

If    the    average    life    of    a  •pavement    is 
years,   an    average   of   25    miles    must   be 
paved  annually,  at  an  expense  of  $l,500,ii<Mi 
may  be   interesting   to  note  that   if   the  pi 
were    pursued    for    2(i    years    of    repaving 
miles    per    year,    and    20-ycar    paving    bo 
were   issued   at   the   rate  of  4H   per   cenl 
annum,  the  annual  cost   for  sinking   ft;n  1 
interest   would   be  $2,340,000. 

The   repair  of  pavements  is  clearly   an 
crating   cost.     It    should   be   paid   out   of 
receipts.    .\  survey  of  street  conditions  sho 
be    made    by    the    proper    department,    an( 
report    submitted    to   the   proper   city    I'lVic 
at    the    beginning    of    each    year;    the    Im 
nccess.iry    for   repaving   should   be   issued 
mediately  thereafter;   and  the   funds   repoi 
as    necessary     for    repairs    during    the    y 
should  be  appropriated  for  that  purpose. 

.\s  street  paving  is  without  doubt  one 
the  most  important  municipal  functions,  ii 
the  plain  duty  of  city  officials  to  keep 
pavements  in  good  condition.  We  bcli 
that  if  funds  are  not  available  for  all  of 
city  activities  which  arc  being  assun 
it    is    necessary     for    the    city,    as    it    ' 


'36 


Engineering   and    Contracting 


Vol.  X LI.    No.  25. 


Fayette. . . . 

STATE  AID                                                  No.  20 
Fayette COUNTY 

LABOR  PAY  ROLL 

COUNTY.     DR. 

TO William  Childers 

For  Labor  Pay  Roll 

NAME 

TITLE. 

Period 

of 
service 
inclu- 
sive 

Q 
6 

Q 

u 

< 

Amount 
Due 

Amount 
Received 

Signature 

E 

_e2 

pay  roll.    . 

$1D0.00 
200.00 
85.00 
15.00 
15.00 
420.00 
20.00 
60.00 

J.  J.  Grocery,   per  at- 
tached  bills 

ClolhinR    Co.,   per  at- 
tached bill 

Drug  Co.,  per  Attached 
bill 

Dr.    A.,    per   attached 
bill 

Grain    Co ,  feed,    per 
attached  bill 

Blacksmithing  repairs,  1 
per  attached                   1    . 

Hardware,  shoes,  nails ,  [ 
etc 1 

CONVICTS 

Foreman $50 

00 
00 
00 
00 
00 

Guards 90. 

Groceries  .         ....             200 

Clothing S5. 

Doctor J5 .00 

650)  $455.00(  70c  per  day 

TEAMS 
Foreman.                       .      .  .      $50 

00 
00 
00 

00 

Feed 420. 

Repairs 20. 

2 

2.11  per  day 

60)  $550.00  ( 

TOTAL 

$1005.00 

I  hereby  certify  that  this  pay  roll  is  correct 

W.R.K 

Resident  Engineer. 

(Origihal  form  9J"  x  1 5" 

Approved  for  payment 

W.S.K 

State  Highway  Engineer. 

n  size) 

STATE  AID 
.  Fayette County 


LABOR  PAY  ROLL 

Month  of 191  . 

Distribution 


Grading  2000  cu.  yds  . 

Clearing  and  grubbing 
2  acre  


Gravel  surfacing  400 
cu.  yds 


Sand-Clay  surfacing 
goo  cu.  yds 


Culverts . 


Total  . 


Dolls. 
405 

40 

250 

200 


11000 


Cts 
00 

00 

00 

00 


NOTE 

Resident  engineers  must 
make  these  pay  rolls  out  in 
triplicate  at  the  end  of  each 
month  or  at  the  termination 
of  work  in  the  County,  and 
mail  original  and  duplicate  to 
the  State  Highway  Engineer. 

The  duplicate  will  be  re- 
tained in  the  ofhce  of  the  State 
Highway  Department  and  the 
original,  after  being  approved 
by  the  State  Highway  Engi- 
neer, will  be  returned  to  the 
Resident  Engineer,  who  will 
present  it  to  the  proper  county 
authority  for  payment. 

(Note  on  second  fold.) 


(On  reverse  side.  3"  wide. 
to  fold.) 


for  a  business  firm  or  individual,  to  retrench; 
retrenchment  should  curtail  those  activities 
which  are  not  primarily  functions  of  munic- 
ipal government,  in  order  that  those  func- 
tions which  are  clearly  the  duty  of  the  mu- 
nicipality may  not  be  impaired. 


Fig.  4.    Labor  Payroll  Prepared  by  Resident   Engineer. 


Specifications  for  County  Road  Maps 

in  Montana. 

The  various  counties  of  the  state  of  Mon- 
tana are  required  to  furnish  to  the  state  high- 
way commission  a  county  road  map  which 
conforms  to  the  specifications  given  below: 

Scale  and  Symbols. — All  maps  shall  be  made 
upon  tracing  linen  in  sheets  34x37  ins.  over  all. 
Scale  shall  be  1  mile  per  inch  and  shall  show 
all  government  and  legal  .sub-divisions.  State 
line  to  be  heavy  black  line  of  dashes  and  two 
(lots.  County  lines  to  be  heavy  black  dashes  and 
one  dot.  Reservation  lines  to  be  heavy  dashes 
or  broken  line  in  black.  Mountain  crests  and 
important  divides  may  be  shown  where  ad- 
visable in  broken  black  lines.  Meridian,  parallel, 
township,  range  and  section  lines  in  full  black, 
varying  in  width  with  the  importance  of  the  line 
shovni.  Quarter  section  lines,  light  broken 
black  lines.  Subdivisional  lines,  light  black 
dots  or  dashes.  Railroads,  full  black  lines 
hatched.  Telephone  lines,  black  dots  and 
dashes.  Lakes  shown  in  blue  lines  shaded. 
Canals  In  light  black  lines,  lighter  than  natural 
water  courses.  Streams  in  full  blue  lines.  Dry 
streams,  coulees,  etc.,  in  dotted  blue  lines. 
Land '  marks  may  be  shown  where  desirable. 
State  highways  shown  in  broken  red  filler. 
Main  highways  shown  in  broken  yellow  filled. 
Towns  shown  hatched  In  black  in  proper  legal 
subdivisions  or  fractions.  Common  highways, 
double  lines,  spaced  1-50  in.  Location  of  road 
material  shown  by  red  circle  1-S  in.  in  diam- 
eter with  consecutive  numbers  inside  if  more 
than  one  on  a  sheet,  and  character  and  extent 
of  material  shown  in  legend.  Surveyed  roads, 
full  double  line  1-50  in.  space.  Unsurveyed 
roads,  broken  dotted  line  1-50  in.  space. 
Bridges  10-foot  span  or  over  designed  (thus 
I  20'  C)'  with  initial  of  material  and  span  in  feet 
In   fine  letters.     1100   S  T  would  indicate   a  100- 


COUNTY Winston AID  FOR  1914.  . 

CHARACTER  ROAD Gravel WIDTH  ROAD  BED.. 20..  Ft.        WIDTH  SURFACE,  .i^.  .Ft.        LENGTH  SURVEY.  .JO.  .  MILES 

ENGINEER M.S.  Bingham CONTRACTOR G.  B.Edgar DATE  OF  CONTRACT Oct.  1.  1913 FINISHED  ROAD MILES 
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(Original  form  163  in.  by  27  in.  in  size.) 
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COUNTY AID  FOR  191 . . 

CHARACTER  ROAD WIDTH  ROAD  BED Ft.    WIDTH  SURFACE Ft.    LENGTH  SURVEY MILES 

ENGINEER CONTRACTOR DATE  OF  CONTRACT FINISHED  ROAD MILES 
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Fig.  5.    Form  of  Permannt  Record   Made  by  State  Highway  Commission. 

(a)    Contract   work;    (b)    Convict    iLnd   force       account   uork. 


June  24,  1914. 
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ft.   steel  truys  bridge.     "C"  would   indicate  con- 
crete.  "W"   wood. 

Lettering. — Upper  case,  capitals  as  A,  B.  C. 
etc.,  and  lower  ease  a,  b.  c.  etc.  All  reservation 
letters  to  be  3-16  in.  shadow  letter,  all  capitals. 
Meridian,  parallel,  township  and  range,  letter- 
ing to  be  capitals,  and  lower  case;  capitals  and 
numbers    to    be    3-16    in.    high    and    lower    case 


Street  Sprinkling  and  Oiling  in  St. 
Paul,  Minn.,  in  1913. 
The  organization,  equipment  and  cost  of 
street  sprinkling  antl  oiling  in  St.  Paul.  Minn., 
is  given  in  a  recent  report  of  the  Commis- 
sioner of  Public  Works  of  that  city.  In  our 
issue  of  June  o,  1912,  and  Jan.   \o,  1913,  will 


STATE  AID   ROAD 

Wimlon COUNTY 

MONTHLY   ESTIMATE   No.   3 
.Winslott COUNTY.    Dr 


To. 

For  Work  Done  on 

From.  . .  .June  I  si. 


C.  B.  Edgar  : CONTRACTOR 

Old  Boiler Road 

To June  3Isl 1914 


STATION 


0-112 

112-I.U 

16  +  50 

48+00-77+50 

16+00 
0+00-34+00 


ITEMIZED  STATEMENT  OF 
QUANTITIES 


Earth  Excavalion.  1691.9 

Clearing  and  Grubbing  i  mile 

i7i  lin.ft.  double  strength  Pipe,  IS' 
6ii  lin.ft.  double  strength  Pipe.  24' 
Retaining  Wall  (dry),  7 .0  cu.  yds. 
770  cu.  yds.  Grave  I 


CONTRACT 
PRICE 


AMOUNT 


22  c 
$95.00 
1.40 
1.75 
4.50 
47\c 


$372.22 
47.50 
38.50 

109.37 
31.50 

365.75 


(Original  form  10' .x  15"  in  size) 


TOTAL 


Less  15  per  cent  retained. 


Amount  due  on  estimate. 


964 .  84 


820.12 


I  hereby  certify  that  this  estimate  is  correct, 
and  the  amounts  are  correct,  due  and  unpaid. 

M.  S.  B 

Resident  Engineer. 


Approved  for  payment. 

11'.  S.  K 

State  Highway  Engineer. 


STATE  AID  ROAD 

Winston COUNTY 

ESTIMATE  No.  J 

Month  of.  .  .  .January 19 W 

Distribution 

J5 

a 

372 

47 

31 

147 

365 

22 
50 
50 
17 
75 

Clearing  and  Grubbing  . . . 

Retaining  Walls 

Piping 

U 

TOTAL 

964 

Amount  Retained 

144 

72 

Amount  Due 

S20 

12 

NOTE 

Resident  Engineers  must  make 
these  pay  rolls  out  in  triplicate 
at  the  end  ot  each  month  or  at 
the  termination  of  work  in  the 
County,   and   mail    original  and 
duplicate  to  the  State  Highway 
Engineer. 

The  duplicate  will  be  retained 
in  the  office  of  the  State  High- 
way Department  and  the  origi- 
nal, after  being  approved  by  the 
State  Highway  Engineer,  will  be 
returned  to  the  Resident  Engi- 
neer, who  will  present  it  to  the 
proper  county  authority  for  pay- 
ment. 

(Note  on  second  fold) 

(On  reverse  side,  3"  wide,  to  fold) 

Fig.  6.    Monthly   Estimate  Sheet   Used   on   Contract  Work. 


wagons,  one  record  clerk  and  two  assessmeni 
clerks. 

The  oiling  organization  consisted  of  on( 
foreman,  five  double  teams  (oil  and  sane 
wagons)  three  attendants  to  the  oil  and  sane 
wagons,  one  engineer  and  one  night  watch' 
man  at  the  oil  plant. 

The  equipment  in  operation  consisted  o: 
five  oilers,  four  sand  spreaders,  101  sprinklinj 
wagons  and  one  Studebaker  automatic  oiler 
(iOO-gal.  capacity,  costing  $550;  one  Hvas 
Pillsburv  oil  distributor,  600  gal.  capacity-,  cost 
ing  $8.50;  two  Hvass  sand  spreaders.  IV*  cu 
yds.  capacity,  costing  $-375  each  and  six  Austin 
Western  water  sprinklers,  capacity  750  gals 
costing  $245  each,  added  to  the  sprinklini 
equipment  during  the  year:  making  a  total  o 
five  oilers,  four  sand  spreaders  and  101  sprinkl 
mg  wagons  in  service. 

Water  sprinkling  began  on  March  .31  am 
the  last  team  was  taken  off  Dec.  10.  This  i 
the  longest  sprinkling  season  yet  recorded 
■275V4  miles  of  streets  were  sprinkled  of  whid 
33  miles  of  macadam  were  oiled.  As  is  it  im 
practical  to  oil  streets  when  they  are  damp  v 
cold,  oiling  operations  rarely  begin  before  th 
last  of  Mav.  These  streets  were  therefor 
sprinkled  with  water  during  the  first  part  o 
the  season.  ' 

The  unit  costs  of  sprinkling  and  oiling  fo 
1912  and  1913  are  as  follows: 

Item.  1912.  1913, 

^Vater    spi  inl<lii.K     (2     trips    per 

dav)     pel     front    foot $0.02.  lo     $0,021 

Oiling    per    application,    per    sq.  ^  ^^^^        ^^^, 

These  increase  in  costs  were  influenced  b 
the  facts  that  sprinkler  drivers  were  increase 
in  pay  from  $100  to  $115  per  month,  and  th 
price  of  oil  increased  from  $0,035  to  S0.03( 
per  gallon.  The  total  amount  expended  o 
dust  prevention  was  as  follows :  _  .  , 

I  torn  Total  Ce 

w'te?'  i  99.««-'' 

Oil        .  .'.■...■......... K..053.: 

Calcium   chloride ^■'*^^- 

Total    niS.707. 

Table  I  is  a  tabulation  of  a  test  run  nia^ 
of  the  teams  in  one  sprinklinsr  district  (Xo.  1 
.\  test  of  this  kind  is  made  of  each  team  i 
the  ten  districts,  once  or  twice  a  year  as  r^ 
quired,  to  determine  whether  the  route  is  w« 
laid  out  and  whether  the  idle  travel  is  exce 
sive  and  to  determine  the  general  efficiency  < 
the  teamsters. 


letters  1-S  in.  high.  .Section  numbers  to  be  1-S 
in.  hi5h.  Lot  and  fractional  numhers  to  be  1-16 
In.  high.  Rivers  to  be  caps  and  lower  case  let- 
ters; caps  :t-16  and  lower  case  1-8  in.  Tributary 
streams,  caps  and  lower  case;  caps  1-S  in.  and 
lower  case  3-32  in.  Unincorporated  towns,  caps 
and  lower  case;  caps  1-8  in.  and  lower  case 
3-32  in.  Incorporated  towns  all  caps  1-S  In. 
Important  land  marks,  mountain,  peaks  and 
divides,  all  caps  and  lower  case;  caps  3-32  in. 
and  lower  case  1-16  In.  Railroads  all  caps  3-32 
in.  high.  Canals,  caps  and  lower  case;  caps  1-16 
In.  and  lower  case  to  conform.  Telephones,  caps 
and  lower  case;  1-16  in.  and  lower  case  to  con- 
form. Lakes  lettered  as  rivers,  tributaries  or 
land  marks  according  to  their  size  and  im- 
portance. Letters  to  be  plain  block  type  known 
as  the  "Ens.  News"  style;  names  all  In  caps 
to  be  vertical  and  those  having  caps  and  lower 
case  letters  to  be  inclined  at  an  angle  of  30' 
or  3  to  8. 

Index  Sheet. — Where  the  size  of  a  county 
lakes  more  than  two  of  the  .sheets  above  speci- 
fied, a  small  skeleton  outline  of  the  county 
should  be  made,  showing  thi-  boundaries  of 
each  .sheet  by  township  and  range.  Indexing  the 
sheets.  Vandyke  prints  with  skeleton  sketch 
for  lnd('X.  colored  to  Indicate  designated  high- 
ways will  be  furnished  Highway  Commission. 
When  Vandyke  prints  are  to  be  furnished  all 
lakes  and  streams  will  be  put  on  tracing  In 
black   line. 


Motor  Bui  Line  in  Asia. — .\  motor  bus 
service  i^^  proposed  across  .\sia  Minor  from 
Beirut  to  Bagdad.  The  busses  will  carry  mail 
an<l  passengers  and  will  travel  over  a  desert 
road  made  hv  horse  and  camel  traffic.  The 
trip  will  be  shortened  from  20  days  to  one 
week  or  less. 


.Winston COUNTY 


ENGINEERLN'G   PAY    ROLL 

.Winston COUNTY,    Dr. 

To 


A/,  i    B- 


For  Engineering  Pay  Roll. 


NAME 


M.  S.  B 

A.  Williams  . 


TITLl- 


Res.  Eng 

Assist 


'.  N( 

OF  Service 

■I.USIVE 

a 

!"■    ■ 

To 

0 

z 

1/1/14 
II  14 

1131114 
IM  14 

25 
10 

At  per 
Day 


$5.00 

2  on 


Amount 
Due 


$125.00 
20.00 


Amount 
Received 


SIGNATURE 


(Origin:!! 


Ml') 


TOTAL . 


$145.00 


I  hereby  certify  that  thi.  pay  roll  i.  correct,  and  the  7p°»S"ed'lor"paymcnt".l''"^  ""'"''''" 
.U.  S.  B 


Resident  Engineer. 


. .  H'.  S.  K-  „     , 

State  Highway  Engineer. 


Fig.   7.     Engineering    Payroll    Used    on    All    Classes  of  Work. 


be   found   further  data   in  regard  to  dust  pre- 
vention by  sprinkling  in  St.  Paul. 

The  organization,  under  the  sprinkling  en- 
gineer, consisted  of  one  general  i-ispeclor,  10 
district  inspectors,  with  8  to  15  teams  each, 
(me  repair  foreman  with  five  men  and  two 
single  teams,  making  repairs  lo  standpipes  and 


These  run-out  tests  arc  made  by  the 
speciors  and  are  in  each  case  of  one-half 
duration,  ihe  inspector  following  the  V 
and  recording  the  streets  traveled,  the  t 
etc.  These  records  are  platted  in  the  ofhci 
(lOO-ft.  scale  maps  showing  lengths  of  bio 
location  of  hvdranls,  etc.,  and  from  this  i' 
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Engineering   and    Contracting 


\'ol.  XLI.    No.  -\^. 


ting  the  productive  travel  and  idle  travel  are 
detcrinined. 

The  proportion  of  time  devoted  to  actual 
sprinkling  by  the  sprinkling  teamsters  is  given 
below.  Idle  time  is  unavoidable  and  consists 
of  rainy  days  and  days  following  when  dirt 
streets  can  not  be  sprinkled  without  making 
them  muddy. 

Item.  Time. 

Total  days   19,n42  =  651.4  team  months 

Total  days  worked i:!,701  =  456.7  team  months 

Total  days  idle 5.841  =  194  S  team  month.s 

Percentage  of  idle  time  to  total  days,  29.9. 

On  Mav  13,  1913,  a  lest  was  made  of  a 
Sauer  auto  sprinkler.  This  sprinkler  was  on 
its  way  to  St.  Cloud,  Minn.,  and  wa»s  exhibited 
Mere  by  the  agents  and  the  writer  made  a  test 
jf  it  on  Marshall,  Selby  and  Summit  Aves. 
The  cost  of  the  machine  was  $G,300,  tank  ca- 
pacity l."2t)0  gals.  The  average  of  these  tests 
ivas  as  follows :  Time  to  fill  from  standard 
2-in.  hydrants  7  minutes;  time  to  unload  1.2()(i 
?als.  traveling  at  a  speed  of  7%  miles,  8  min- 
Jtes.  Length  of  street  sprinkled  full  width 
,vith  one  tank  load,  one  mile.  Allowing  5 
ninutes'  loss  of  time  to  a  tank  load.  30  miles 


Notes  On  Roads  and  Streets. 

Office  and  Field  Equipment  for  County 
Road  Superintendents  in  Illinois. — The  fol- 
lowing is  the  equipment  reconunendcd  by  the 
Illinois  Association  of  Road  Superintendents 
to  be  supplied  by  counties  to  road  superintend- 
ents: 

Office  Equipment — Furniture  and  Supplies; 
(  I  )  Desk  containing  drawers  on  left  and 
vertical  letter  file  on  right ;  (2)  revolving  desk 
chair,  draftsman's  stool  and  office  chairs;  (3) 
typewriting  machine;  (4)  table  3  ft.  wide  and 
(i  to  8  ft.  long;  (5)  draftsman  table  42x60  ins. 
with  adjustable  stand;  (6)  small  drawing 
board  20x24  ins.;  (7)  tee  square;  (8)  map 
filing  cabinet;  (9)  sectional  filing  case  con- 
taining sections  for  books,  legal  blanks,  ver- 
tical letter  files,  card  index  and  drawers;  (10) 
county  atlas,  detail  paper,  tracing  cloth,  tracing 
paper,  plate  profile  paper,  waterproof  drawing 
inks,  pencils,  erasers,  thumb  tacks  and  lumber 
crayon,  stationery,  record  books  and  field  books 
4%  ins.  by  7  ins.,  left  hand  page  ruled  Vix% 
ins.,   right-hand  page  ruled   VaxVi;    (11)    each 


TABLE    I.— TEST    RUN    OF    SPRINKLERS    IN     DISTRICT  NO.  1,  ST.  PAUL,  MINN. 
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treets  per  day  could  be  sprinkled,  but  it  is 
vident  that  with  experienced  operators  that 
t  least  35  miles  per  day  could  be  covered  as 
he  auto  can  be  operated  at  a  speed  of  8  to 
0  miles  per  hour  with  greater  efficiency.     As 

horse-drawn  wagon  now  sprinkles  5  to  6 
liles  per  day,  this  auto  sprinkler  would  take 
he  place  of  at  least  0%  teams.  The  cost  of 
perating  one  team,  salary  of  teamster,  re- 
airs,  interest  and  depreciation  is  $128  per 
lonth ;  (3M>  teams  cost  $S^f2  per  month. 

The  estimated  cost  of  operation  of  the  abi)ve 
lotor  sprinkler,  salary  of  operators,  interest, 
epairs,  depreciation  and  gasoline  would  be 
463  a  month,  making  a  saving  on  team 
prinkling  of  $369  per  month  or  $2.-")83  for  the 
prinkling   season. 

The  above  cost  is  arrived  at  as  follows  : 

Item.  Cts.  per  mile 

;ost  of  tires $0,065 

Jasoltne    035 

)11  and  grease 0075 

lepalrs   .04 

$0.1475 
Per  sea- 
son month 
nvestment,  $6,300  at  5  per  cent,  $315....     $  45 
.lalntenancc,   14%   cts.   per  mile,  $7.25  a 

day   , 218 

Chauffeur,   $80:  leverman,  $60 140 

depreciation,  15  years'  life,  $420 60 

Estimated  cost  of  operation $463 

The  city  engineer  of  St.  Cloud  has  operated 
his  auto  sprinkler  during  six  months;  2,822 
anks  of  water  were  distributed  over  2,833 
niles  of  streets  using  .37  gals,  of  gasoline  per 
riile  or  12y2  gals,  per  day  at  a  cost  of  $2.20. 
rhe  motor  sprinkler  displaced  five  teams,  but 
:ave  more  frequent  sprinkling  than  was  done 
.y  the  teams.  The  average  sprinkling  per  day 
vas  34  miles  of  street,  full  width  and  the  av- 
rage  of  saving  over  team  hire  was  $20  a  day 
■r  a  total  saving  of  $1,667  for  the  season. 

The  city  of  Denver,  Colo.,  is  using  this  same 
nake  of  auto  sprinkler,  and  also  the  city  of 
)t.  Louis,  but  of  a  larger  size,  namely,  1,460 
;al.  capacity.  This  machine  cost  $7,300.  The 
nayor  of  Denver  states  that  one  machine  dis- 
ilaced  10  teams  and  is  satisfactory  on  all 
lasses  of  streets. 


county  superintendent  should  furnish  his. own 
triangles,  scales,  protractor,  drafting  instru- 
ments and  calculating  devices. 

Field  Equipment:  (1)  Engineer's  transit 
with  level  attachment;  (2)  ranging  poles;  (3) 
steel  chain  tape  100  ft.  long;  (4)  chaining 
pins;  (.5)  locke  hand  level;  (6)  Philadelphia 
leveling  rod,  sectional  or  extension;  (7)  me- 
tallic tape  .50  ft.  long;  (8)  gravel  testing  outfit 
(as  used  by  Highway  Commission)  ;  (9)  one 
soil  testing  outfit  for  bridge  sites. 


Efficiency  of  Teams  Hauling  Freight  from 
R.  R.  Warehouses. — In  an  address  before 
the  Electric  \'ehicle  Association,  Fred  A. 
Hortter,  car  accountant  of  the  Boston  and 
Maine  Railroad,  stated  that  observation  of  tht 
terminal  yard  teaming  in  the  Boston  &  Maine 
railroad  yards  in  Boston  showed  that  in  one 
dav  10,204  horse  drawn  vehicles  handled 
freight  to  the  outbound  freight  houses.  The 
total  outward  tonnage  for  the  week  amounted 
to  22,416  tons,  which  showed  an  average  horse 
vehicle  load  of  .36  of  a  ton  each.  The  (Efficiency 
of  a  five-ton  unit  operating  under  this  load 
factor  is  very  low.  In  another  observation  in 
a  trucking  concern  hauling  approximately  180,- 
000  tons  of  merchandise  annually,  the  ratio  of 
loaded  and  empty  mileage  of  the  horse  vehi- 
cles was  found  to  be  241:14.3,  while  the  actual 
moving  time  represented  but  22.9.")  per  cent  of 
the  total  day's  work.  Of  course  these  figures 
show  the  actual  conditions  studied  in  one  city 
during  but  a  comparatively  short  period. 
Nevertheless  they  inilicate  a  lack  of  efficiency. 
Additional  supervision  and  intelligent  regula- 
tion of  the  trucking  business  along  the  lines  in 
which  the  railroad  have  worked  at  their  han- 
dling of  freight  is  needed. 


Ohio  is  spending  seven  million  dollars  on 
itate  roads  this  year,  which  is  more  than  in 
he  preceding  eight  years. 


A  Poured  Bitumen  Sheet  Asphalt  Patch. — 

A  method  of  patching  sheet  asphalt  by  filling  in 
with  stone  and  pouring  bituminous  over  the 
tamped  surface  is  given  by  W.  M.  PuUar  in 
the  Proceedings  of  the  American  Society  of 
Civil  Engineers,  pp.  446,  as  follows: 

About  two  years  ago  the  writer  made  a  new 
experiment  in  repairing  sheet-asphalt  pave- 
ments. The  section  of  pavement  to  be  re- 
paired was  very  badly  cracked,  and  contained 
three  holes,  each  about  1  sq.  yd.  in  area.  The 
holes    were    first    cleaned    out   and    the   edges 


trimmed.  Stone,  ranging  from  %  to  1  in.  in 
diameter,  was  then  placed  in  each  hole  and 
tamped,  and  to  this  there  was  applied  about 
1  gal.  per  square  yard  of  a  heavy  asphalt  bin- 
der. Chips  were  then  spread  over  the  surface 
and  thoroughly  tamped  into  the  voids.  Then 
a  squeegee  or  seal  coat  was  applied  over  the 
entire  surface,  including  the  stone  patches.  A 
recent  inspection  of  this  small  strip  of  pave- 
ment showed  that  it  was  still  in  excellent  con- 
dition, so  that,  without  question,  this  method 
has  already  prolonged  the  life  of  that  par- 
ticular piece  of  pavement  two  years,  and  from 
indications  will  continue  to  prolong  its  life 
another  two  or  three  years.  On  account  of 
the  success  of  this  experiment  this  method  has 
been  used  for  repairing  sheet-asphalt  pavement 
in  two  or  three  other  small  cities  in  various 
parts  of  the  country,  and  up  to  the  present 
time,  reports  have  been  very  favorable.  This 
method  could  be  used  very  satisfactorily  in 
small  towns  and  villages,  and  would  be  much 
more  economical  than  the  use  of  brick  or 
cement  for  repairing  bituminous  surfaces. 


Rolling,  Maintenance,  and  Engineering  and 
Supervision    in    Illinois    for    Five    Years. — 

These  tables  from  the  last  report  of  the  Illi- 
nois Highway  Commission  show  costs  for 
machinery  owned  and  operated  by  the  com- 
mission. 


TABLE  I.— COST  FOR   ROLLING  ON   1.022,159 

SQ.    YDS.   OF  EXPERIMENTAL  ROADS. 

1908-1912. 

Salary  and  expenses  of  roller  oper- 
ators      $27,593.00 

Cost  of  maintenance  of  outfits 4,545.00 

Freight   on   outfits 1,749.00 

Total $36,887.00 

Cost  per  sq.  yd.   for  rolling — 

Salary  and  expenses  of  operators $0.0270 

Maintenance   of  outfits .0044 

Freight    on   outfits .0047 

Total     $0.0361 

TABLE  II.— COST  OF  MAINTENANCE  OF 

EXPERIMENTAL  ROAD  OUTFITS, 

1908-1912. 

Amount  of  road  built,  sq.  yds 1,022,159 

Amount  of  bituminous  macadam,  sq. 
yds 397,244 

Cost  of  eleven  macadam  outfits $37,579.00 

Cost  of  six  bituminous  outfits 6,62S.0u 

Cost  of  two  concrete  outfits 5.381.00 

Total     $49,588.00 

Cost  of  maintenance  of  macadam  out- 
fits         3,272.00 

Cost  of  maintenance  of  bituminous 
outfits     1.273.00 

Number  of  outfit  seasons  covered  by 
maintenance  charges  on  macadam 
outfits     52 

Number  of  outfit  seasons  covered  by 
maintenance  charges  on  bituminous 
outfits     12 

Cost  per  season  per  outfit  for  main- 
tenance of  macadam  outfits $        61. so 

Cost    per   season    per    outfit    for   maln- 

tenmce  of  bituminous  outfits 106,00 

Cost  per  square  yard   for  maintenance 

of    macadam    outfits $0,003 

Cost  per  square  yard  for  maintenance 
of    bituminous    outfits 0.003 

TABLE  III.  —  COST  OF   ENGINEERING,   SU- 
PERVISION AND  INSPECTION  OF  EX- 
PERIMENTAL ROADS,    1908-1912. 

Cost  of  work  constructed $650,183.00 

Square  yards  of  road  constructed 1.055,601 

Cost  of  1.055,501  sq.  yds.  of  road $624,319.00 

Total  cost  of  engineering,  superin- 
tendence and  inspection,  including 
office  expenses  for  all  road  work....     87,466.00 

Less  cost  of  engineering  furnished  on 
roads  not  built  by  tlie  commission 
(25    miles   at    $50.00) 1,250.00 

Less  cost  of  supervision  of  non-ex- 
perimental roads  using  penitentiary 
stone     1,335.00 

Total     expense     not    chargeable    to 
experimental  roads   2,585.00 

Cost    of    engineering    and    supervision 

on    experlment.il    roads 84,881.00 

Percentage  of  total  cost  of  experi- 
mental roads  expended  for  engineer- 
ing superintendence  and  Inspection, 
per  cent    13 

Cost  per  sq.  yd.  finished  road  for  en- 
gineering, supervision  and  inspection        $0,059 
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